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ABSTRACT	

Canggu	Beach,	Bali,	is	a	multifunctional	coastal	area	facing	increasing	environmental	pressures	from	erosion	and	rapid	coastal	
development.	This	study	analyzed	shoreline	changes	during	the	period	2016-2024	using	multitemporal	Sentinel-2	imagery	
processed	on	the	Google	Earth	Engine	(GEE)	platform.	Shoreline	extraction	was	employed	the	NDWI	index	and	Otsu	threshold	
method,	with	 sea	 level	 stability	was	 controlled	using	HYCOM	data.	 Shoreline	 change	analysis	was	 conducted	using	Digital	
Shoreline	Analysis	System	(DSAS)	on	247	transects	with	Net	Shoreline	Movement	(NSM)	and	End	Point	Rate	(EPR)	approaches.	
Results	showed	a	dominant	trend	of	accretion	(NSM	+16.61	m;	EPR	+2.26	m/year),	with	localized	erosion	(NSM	-8.8	m;	EPR	
-1.2	m/year),	 identified	 around	 estuary	 and	 structured	 areas.	 Spatial	 patterns	 of	 change	 were	 visualized	 in	 the	 form	 of	
multitemporal	maps	and	statistical	histograms,	revealing	uneven	shoreline	dynamics.	The	integration	of	GEE	and	DSAS	proved	
effective	for	large-scale	shoreline	monitoring,	and	the	results	can	provide	a	basis	for	adaptive	coastal	management	in	dynamic,	
multi-functional	coastal	areas.	
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1 Introduction	

As	 an	 archipelagic	 country	 with	 approximately	
80.000	 km	 of	 shoreline	 and	 a	 dominant	 maritime	
territory,	Indonesia's	coastal	areas	are	vital	centers	of	
economic,	 social,	 and	 cultural	 activity	 [1],	 [2].	
However,	 intensive	 exploitation	 of	 coastal	 areas	 has	
triggered	 various	 environmental	 problems,	 such	 as	
erosion,	 accretion,	 and	damage	 to	 coastal	protection	
structures	 [3].	 Therefore,	 changes	 in	 the	 shoreline	
need	to	be	monitored	continuously	as	a	key	indicator	
in	anticipating	more	serious	ecological	impacts	[4].	

Canggu	 Beach,	 Bali,	 is	 a	 multifunctional	 area	
combining	 global	 tourism,	 spiritual	 activities,	 and	
fishing	livelihoods.	However,	this	area	faces	ecological	
pressures	due	to	erosion	at	a	rate	of	1.42–2.05	m/year,	
driven	 by	 infrastructure	 expansion	 and	 natural	
dynamics	[5].	As	a	worldclass	tourist	destination	that	
once	ranked	39th	among	the	top	100	beaches	in	CNN’s	
2013	 list,	 Canggu	 Beach	 faces	 the	 risk	 of	 shoreline	
changes	 that	 could	 disrupt	 the	 sustainability	 of	 the	
ecosystem,	 the	 functions	 of	 the	 area,	 and	 its	 socio-
cultural	values	[5]–[9].	

Regular	 monitoring	 of	 shoreline	 changes	 is	
important	 for	 understanding	 coastal	 dynamics	 and	
their	 long-term	 impacts	 on	 the	 environment,	
economy,	 and	 spatial	 planning	 [10].	 Conventional	
survey	 methods	 often	 have	 limitations	 because	
considered	costly	and	inefficient	[11]	and	are	unable	
to	capture	rapid	changes	[12].	The	land–sea	boundary	
ambiguity	 often	 leads	 to	 interpretation	 errors	 [13],		
while	 historical	 data	 are	 difficult	 to	 obtain,	 causing	
long-term	dynamics	to	be	overlooked	[14].	Therefore,	
remote	 sensing	 and	 DSAS-based	 approaches	 are	
increasingly	 adopted	 as	 they	 provide	more	 accurate	
multitemporal	shoreline	monitoring	[15]–[17].	In	this	
context,	 cloud	 computing-based	 platforms	 such	 as	
Google	 Earth	 Engine	 further	 support	 large-scale	
geospatial	data	analysis	with	higher	efficiency	[18].	

To	 address	 these	 limitations,	 cloud	 computing	
based	 approaches	 offer	 a	 relevant	 solution.	 Google	
Earth	Engine	(GEE)	emerges	as	an	innovative	platform	
enabling	 large-scale	 geospatial	 data	 processing	with	
high	 efficiency.	 With	 open	 access	 to	 global	 satellite	
image	archives	and	advanced	analysis	algorithms,	GEE	
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supports	remote	sensing	research	that	requires	high	
spatial	and	temporal	accuracy	[18]–[20].	

The	 use	 of	 Google	 Earth	 Engine-based	 remote	
sensing	not	only	improves	the	accuracy	of	erosion	and	
accretion	detection	[21],	but	also	provides	a	scientific	
basis	 for	 the	 formulation	 of	 adaptive	 policies	 that	
integrate	 environmental	mitigation	with	 sustainable	
development	 needs	 [22].	 Satellite	 based	 remote	
sensing	is	an	efficient	approach	to	obtain	data	in	areas	
with	limited	time	series	field	observations	[23].		

This	 study	 aims	 to	 analyze	 the	 multitemporal	
dynamics	 (2016–2024)	 of	 the	 shoreline	 at	 Canggu	
Beach	 by	 integrating	 satellite	 data	 processing	 using	

Google	 Earth	 Engine	 (GEE)	 and	 statistical	 analysis	
through	the	Digital	Shoreline	Analysis	System	(DSAS).	
The	 results	 of	 this	 study	 are	 expected	 to	 serve	 as	 a	
basis	 for	 developing	 adaptive	 technical	
recommendations	for	coastal	protection,	particularly	
for	 areas	 with	 dual	 functions	 such	 as	 tourism,	
spirituality,	and	fishing	activities.	

2 Data	and	Methods	

2.1 Research	Location	
The	research	location	is	at	Canggu	Beach,	which	

is	 located	 in	 Canggu	 Village,	 Kuta	 Utara	 District,	
Badung	Regency,	Bali,	Indonesia	(Figure	1).	

	
Figure	1.	Map	of	the	study	area	and	drone	documentation	photos	of	Canggu	Beach	

2.2 Data	Sources	
This	 study	 utilized	 multitemporal	 Sentinel-2	

satellite	 imagery	 accessed	 from	 the	 Google	 Earth	
Engine	 (GEE)	 platform	 to	 analyze	 changes	 in	 the	
shoreline	 of	 Canggu	 Beach	 during	 the	 period	 2016–
2024	 (Figure	 3).	 The	 selection	 of	 image	 acquisition	
dates	it	was	conducted	based	on	two	main	criteria:	(1)	
cloud-free	 atmospheric	 conditions,	 and	 (2)	 sea	 level	
stability	within	 a	 range	 of	 0.4–0.6	meters.	However,	
the	 accuracy	 of	 satellite	 image	 classification	 results	
can	 be	 affected	 by	 sensor	 quality,	 processing	
algorithms,	 and	 atmospheric	 conditions	 such	 as	
aerosols	 and	air	 turbulence,	which	 can	 cause	 spatial	
distortion	 and	 reduce	 the	 accuracy	 of	 shoreline	
extraction	[24],	[25].	

Sea	 surface	 elevation	 data	 were	 obtained	 from	
the	Hybrid	Coordinate	Ocean	Model	(HYCOM)	system,	
which	provides	satellite-based	tidal	information.	With	
technological	advancements,	 remote	sensing	enables	
widespread	and	periodic	 sea	 surface	measurements,	

making	it	an	essential	tool	for	monitoring	coastal	area	
changes	[26].		

Figure	2	presents	a	graph	of	sea	surface	elevation	
fluctuations	at	Canggu	Beach	from	2016	to	2024	based	
on	HYCOM	data.	The	horizontal	line	within	the	0.4–0.6	
m	range	indicates	the	stable	elevation	range	used	as	a	
reference	 for	 selecting	 Sentinel-2	 image	 acquisition	
dates	for	shoreline	change	analysis.		

	
Figure	2.	Sea	surface	elevation	graph	of	Canggu	Beach	
(2016–2024)	
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Figure	3.	Sentinel-2	imagery	of	Canggu	Beach	(2016–
2024)	

2.3 Pre-Processing	and	NDWI	Calculation	
The	Normalized	Difference	Water	Index	(NDWI)	

is	 calculated	 from	 green	 and	 NIR	 channels,	 because	
water	reflects	more	green	 light	and	absorbs	more	of	
the	 NIR	 spectrum,	 making	 it	 easier	 to	 accurately	
separate	 water	 areas	 from	 land	 [27],	 [28].	 The	
advantage	 of	 NDWI	 lies	 in	 its	 ability	 to	 distinguish	
between	water	 and	 non-water	 areas,	 particularly	 in	
complex	 urban	 environments	 where	 built-up	 areas	
and	water	 bodies	 often	 overlap	 spectrally	 [29].	 This	
index	 has	 been	 widely	 used	 to	 monitor	 changes	 in	
water	 surfaces	 and	 support	 environmental	 analysis,	
including	 flood	 mitigation	 and	 natural	 resource	
conservation	[30],	[31].	NDWI	is	calculated	using	two	
spectral	bands:	the	green	(Green)	band	and	the	near-
infrared	(NIR)	band.	The	formulation	of	the	NDWI	can	
be	 expressed	 using	 Equation	 1.	 The	 NDWI	 output	
results	for	selected	dates	are	visualized	in	Figure	4.	

𝑁𝐷𝑊𝐼 =
𝐺𝑟𝑒𝑒𝑛 − 𝑁𝐼𝑅
𝐺𝑟𝑒𝑒𝑛 + 𝑁𝐼𝑅	

(1)	
	

This	formula	allows	clear	differentiation	between	
water	and	non-water	surfaces	based	on	differences	in	
reflectance,	 and	 has	 been	 used	 effectively	 in	
land/water	 boundary	 identification	 and	 shoreline		
monitoring	[32].	

	 	

	 	

	
Figure	 4.	 NDWI	 outputs	 for	 shoreline	 extraction	
(2016–2024)	

2.4 NDWI	 Thresholding	 Process	 Using	 the	 Otsu	
Method	
NDWI	 images	 are	 classified	 into	 binary	 images	

using	the	Otsu	automatic	thresholding	method,	which	
globally	 determines	 the	 optimal	 threshold	 value	 to	
distinguish	 water	 and	 land	 pixels	 [33],	 [34].	 The	
binary	 classification	 results	 based	 on	 Otsu	
thresholding	are	visualized	in	Figure	5.	The	advantage	
of	 the	 Otsu	 technique	 lies	 in	 its	 ability	 to	 perform	
unsupervised	 segmentation,	 making	 it	 efficient	 in	
water	information	extraction.		

The	combination	of	Otsu	with	NDWI	and	Sentinel	
data	is	effective	in	detecting	flooded	areas	[35]	and	can	
improve	extraction	accuracy	and	speed	when	applied	
to	radar	images	[36].	

From	the	evaluation	of	various	studies,	it	can	be	
concluded	that	 the	Otsu	method	 is	a	valuable	tool	 in	
NDWI	 image	 processing,	 providing	 advantages	 in	
improving	 the	 accuracy	 of	 water	 body	 mapping,	
especially	when	applied	to	complex	images	where	the	
interaction	 between	 water	 and	 non-water	 land	
dominates.	The	Otsu	method,	adopted	in	several	other	
water	 extraction	 approaches,	 continues	 to	 prove	 its	
usefulness	 in	 addressing	 the	 challenges	 faced	 in	
accurately	monitoring	water	resources	[35]–[37].	
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Figure	 5.	 NDWI	 thresholding	 results	 using	 the	 otsu	
method	(2016–2024)	

2.5 Vector	Processing	and	Land	Separation	
The	binary	image	resulting	from	thresholding	is	

converted	into	a	vector	and	cleaned	by	removing	land	
areas	that	are	not	part	of	water	objects.	This	process	
aims	to	leave	the	boundary	between	water	and	land	as	
a	 representation	 of	 the	 shoreline.	 The	 Otsu	
thresholding	 technique	 has	 proven	 effective	 in	
enhancing	 water	 segmentation	 accuracy	 by	
optimizing	inter-class	variance	in	NDWI	images	[38],	
[39].	The	cleaned	shoreline	is	visualized	in	Figure	6.	

	 	

	 	

	
Figure	6.	NDWI	vector	after	land	cleaning	

2.6 Polygonal	Shoreline	Extraction	Result	
The	 binary	 classification	 results	 were	 then	

converted	 into	 vector	 features	 using	 QGIS	 software,	
resulting	in	a	shoreline	representation	in	the	form	of	
polygons.	This	representation	serves	as	the	basis	for	
spatial	and	quantitative	analysis	of	shoreline	changes	
[40].	The	final	polygonal	shoreline	extraction	result	is	
visualized	in	Figure	7.	

	 	

	 	

	
Figure	7.	Polygonal	shoreline	extraction	result	

3 Results	and	Discussion	

3.1 Existing	Conditions	of	Canggu	Beach	
Canggu	Beach	is	actively	used	for	social,	cultural,	

and	 economic	 purposes	 [41],	 including	 religious	
activities	 marked	 by	 temples	 (Figure	 8)	 and	
traditional	 fishing	 activities	 with	 visible	 boats	 and	
landing	sites	(Figure	9).	

From	 a	 tourism	 perspective,	 Canggu	 Beach	
features	 various	 supporting	 facilities	 (Figure	 10),	
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reflecting	 its	 strong	 socio-cultural	 role	 and	 high	
economic	value	as	an	international	tourist	destination.	

However,	 the	 area	 also	 faces	 physical	 issues,	
including	 seawall	 damage	 around	 Pura	 Batu	 Mejan	

due	 to	 wave	 pressure,	 as	 well	 as	 altered	 esstuary	
patterns	 and	 partial	 sedimentation,	 which	 could	
disrupt	coastal	dynamics	(Figure	11).		

	
a. Pura	Dalem	Magada	

	
b. Pura	Batu	Mejan	

	
c. Pura	Luhur	Dalem	Segara	

	
d. Pura	Batu	Bolong	

	
e. Pura	Segara	

	
f. Pura	Segara		

Figure	8.		Spiritual	area	around	Canggu	Beach	

	 	 	
Figure	9.		Fishing	base	and	supporting	facilities	at	Canggu	Beach	

	
a. Beach	Club	

	
b. Café	and	Bar 

	
c. Hotel 

	
d. Surf	School	

 
e. Restaurant 

 
f. Local	Eateries	

Figure	10.		Tourism	facilities	and	recreational	areas	in	Canggu	Beach	
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Figure	11.	Seawall	damage	and	changes	in	estuary	flow	direction

3.2 Multitemporal	Shoreline	Visualization	
The	 shoreline	 of	 Canggu	 Beach	 was	 extracted	

from	 Sentinel-2	 images	 for	 the	 period	 2016-2024	
using	the	Google	Earth	Engine	(GEE)	platform	and	the	
NDWI	 classification	 method.	 The	 extraction	 results	
were	 then	 spatially	 analyzed	 to	map	 changes	 in	 the	
position	of	the	shoreline	over	time.		

Figure 12	 shows	 a	 multitemporal	 shoreline	
visualization	 displaying	 five	 extracted	 lines	 in	 2016,	
2018,	2020,	2022	and	2024,	with	accretion	trends,	as	
well	 as	 local	 erosion	 in	 the	 estuary	 area	 and	 near	
coastal	protection	structures.	These	shifts	reflect	the	
interaction	of	natural	factors	such	as	currents,	waves,	
and	 estuary	 dynamics,	 as	 well	 as	 anthropogenic	
factors	such	as	coastal	infrastructure	development.	

 
Figure	12.	Annual	shoreline	map	period	(2016-2024)	
Canggu	Beach	Badung	Regency	

3.3 Statistical	Analysis	of	Shoreline	Changes	
A	total	of	247	transects	were	analyzed	using	the	

Net	 Shoreline	Movement	 (NSM)	 and	End	Point	Rate	
(EPR)	 methods	 via	 the	 DSAS	 plugin.	 The	 results	
indicate	 that	 the	 Canggu	 shoreline	 generally	

experienced	accretion,	with	an	average	NSM	value	of	
+16.61	meters	and	an	EPR	of	+2.26	m/year.	However,	
there	are	also	segments	experiencing	erosion,	with	an	
average	NSM	value	of	–8.8	meters	and	an	EPR	of	–1.2	
m/year.	 This	 statistical	 distribution	 is	 presented	 in	
Table	 1,	 while	 Figure	 13	 and	 Figure	 14	 provide	 its	
spatial	visualization.	

Statistically	mapping	shoreline	changes	not	only	
provides	a	quantitative	overview,	but	also	provides	an	
important	basis	for	spatial	assessments	displayed	on	
histograms	of	NSM		(Figure	13)	and	EPR	(Figure	14)	
values.	 This	 visualization	makes	 it	 easier	 to	 identify	
areas	 with	 dominant	 erosion	 and	 accretion	 trends	
along	the	shoreline.	Although	changes	generally	tend	
to	indicate	accretion,	eroding	segments	still	need	to	be	
considered	 in	 coastal	 management	 planning.	 The	
extreme	 values	 found	 in	 both	 methods	 reflect	
significant	 coastal	 dynamics,	making	 it	 important	 to	
incorporate	 these	 results	 into	 mitigation	 strategies	
and	sustainable	management	of	the	area.	

The	 highest	 accretion	 values	 occurred	 around	
Batu	 Bolong	 Beach	 and	 Nelayan	 Beach.	 This	 can	 be	
attributed	to	sediment	accumulation	due	to	longshore	
currents	 and	 changes	 in	 estuarine	 morphology	 that	
accelerate	 material	 deposition.	 Conversely,	 the	
highest	erosion	values	were	identified	around	estuary	
areas	 with	 damaged	 coastal	 protection	 structures.	
This	 suggests	 that	 anthropogenic	 activities	 are	
reinforcing	 the	 natural	 processes	 occurring	 in	 these	
areas.	

This	spatial	pattern	is	in	line	with	the	results	of	
previous	research		that	found	accretion	trends	in	the	
central	part	of	Canggu	Beach	and	erosion	around	the	
estuary	[5].	Similarly,	research	in	the	Batu	Mejan	area	
showed	 that	 the	 presence	 of	 coastal	 structures	 can	
trigger	local	erosion	[7].	Thus,	the	results	of	this	study	
not	only	confirm	previous	findings	but	also	provide	a	
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more	detailed	quantitative	and	spatial	picture	of	 the	
intensity	of	shoreline	change	in	Canggu.	

Table	1.	Global	summary	of	shoreline	change	statistics	
(2016-2024)	

Method	 Unit	 Min	 Max	
Mean	

Erosion	 Accretion	

NSM	 m	 -21.5	 47.6	 -8.8	 16.61	
EPR	 m/year	 -2.9	 6.5	 -1.2	 2.26	

	
Figure	13.	Histogram	of	 the	distribution	of	shoreline	
values	(NSM)		

	
Figure	14.	Histogram	of	 the	distribution	of	shoreline	
change	values	(EPR)	

3.4 Spatial	Distribution	of	Shoreline	Changes	
The	results	of	the	statistical	classification	of	EPR	

and	 NSM	 are	 visualized	 spatially	 to	 illustrate	 the	
direction	 and	 intensity	 of	 shoreline	 changes.	 Each	
transect	 segment	 is	 grouped	 into	 three	 categories,	
namely:	
- Accretion	(shifting	toward	the	sea),	
- Erosion	(shifting	inland),	and	
- Constant	(no	change).	

Figure	 15	 presents	 a	 map	 of	 shoreline	 change	
classification	during	the	period	2016–2024.	This	map	
shows	that	accretion	occurred	predominantly	in	most	
areas,	 especially	 around	 Batu	 Bolong	 Beach	 and	

Nelayan	 Beach.	 However,	 erosion	 segments	 also	
appeared	locally,	especially	at	Batu	Bolong	Beach	and	
around	the	estuary	area.	

This	 visualization	 clarifies	 the	 spatial	
distribution	 of	 shoreline	 changes	 and	 supports	
previous	statistical	results.		

 
Figure	 15.	 Spatial	 classification	 map	 of	 shoreline	
changes	 in	 Canggu	 Beach	 (EPR	 and	 NSM	 Methods,	
2016–2024)	

The	distribution	pattern	of	shoreline	changes	in	
the	 Canggu	 area	 is	 influenced	 by	 a	 combination	 of	
natural	 and	 anthropogenic	 factors.	 Naturally,	 the	
dominant	 wind	 direction,	 waves	 and	 longshore	
currents	 cause	 sediment	 redistribution	 [42].	 In	
addition,	the	existence	of	estuary	and	changes	in	their	
channels	 can	 create	 local	 turbulence	 zones	 that	
accelerate	the	erosion	and	accumulation	of	sediments	
[43].	

From	 an	 anthropogenic	 perspective,	 the	 rapid	
development	 of	 tourism	 infrastructure	 and	 coastal	
construction	 (such	as	 seawalls	 and	settlements	near	
the	 shoreline)	 can	 disrupt	 the	 dynamic	 balance	 of	
coastal	systems	and	trigger	local	erosion	or	accretion.	
Therefore,	understanding	these	causes	is	important	as	
a	 basis	 for	 formulating	 effective	 and	 sustainable	
coastal	management	strategies	[44].	

4 Conclusion	
Google	Earth	Engine	(GEE)	and	Digital	Shoreline	

Analysis	System	(DSAS)	proved	effective	in	analyzing	
spatial	 and	 temporal	 shoreline	 changes	 in	 Canggu	
Beach	during	the	period	2016-2024.	The	results	of	the	
analysis	 showed	 that	 most	 areas	 experienced	 an	
accretion	 trend	 with	 an	 average	 Net	 Shoreline	
Movement	 (NSM)	 of	 +16.61	 meters	 and	 End	 Point	
Rate	(EPR)	of	+2.26	m/year,	while	local	erosion	was	
identified	around	river	mouths	and	areas	adjacent	to	
coastal	structures.		

These	 shoreline	 changes	 are	 influenced	 by	
natural	 factors	 such	 as	 currents,	waves,	 and	 estuary	
dynamics,	as	well	as	anthropogenic	pressures	such	as	
coastal	 infrastructure	 development.	 These	 findings	
are	 expected	 to	 be	 the	 basis	 for	 adaptive	 technical	
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planning	in	the	management	of	multifunctional	coastal	
areas	such	as	Canggu	Beach.	

Acknowledgement	
This	research	is	part	of	a	Thesis	titled	"Analysis	

of	Shoreline	Changes	and	Hydrodynamic	Modeling	for	
Alternative	 Coastal	 Management	 in	 Canggu,	 Badung	
Regency."	The	author	would	like	to	express	gratitude	
to	the	supervisor,	 the	academic	team	of	the	Master's	
Program	 in	Civil	 Engineering	 at	Udayana	University,	
and	 all	 parties	 who	 have	 provided	 guidance,	 data	
support,	and	valuable	 input	 throughout	 the	research	
process	and	the	preparation	of	this	scientific	work.		

References	
[1]	 B.	Triatmodjo,	Buku	Teknik	Pantai.	Yogyakarta:	Beta	Offset	

Yogyakarta,	2016.	
[2]	 G.	 M.	 Al	 Muqoddis	 and	 F.	 Masitoh,	 “Analisis	 Perubahan	

Garis	Pantai	dengan	Pengindraan	Jarak	Jauh	di	Kabupaten	
Badung,	Bali	Indonesia,”	vol.	5,	no.	2,	pp.	129–136,	2024.	

[3]	 Sutrisno,	 A.	 M.	 Faradj,	 and	 F.	 A.	 F.	 Wijaksa,	 “Pemetaan	
Kebutuhan	Tangkis	Laut	Di	Wilayah	Daratan	-	Kecamatan	
Ambunten,	Dasuk,	Dan	Batu	Putih	Kabupaten	Sumenep,”	J.	
“	MITSU	”	Media	Inf.	Tek.	Sipil	UNIJA,	vol.	4,	no.	2,	p.	2339,	
2016.	

[4]	 M.	 Wibowo,	 “Penilaian	 Tingkat	 Kerusakandan	 Prioritas	
Penanganan	 Pantai	 Kuwaru,Kabupaten	 Bantul,	
Yogyakarta,”	Pertem.	Ilm.	Nas.	Tah.	XIII	ISOI,	pp.	1–2,	2016.	

[5]	 S.	P.	C.	Astiti,	T.	Osawa,	and	I.	W.	Nuarsa,	“Identification	of	
Shoreline	 Changes	 Using	 Sentinel	 2	 Imagery	 Data	 In	
Canggu	Coastal	Area,”	ECOTROPIC,	vol.	13,	no.	2,	pp.	191–
204,	2019.	

[6]	 Ig.	 A.	 P.	 Eryani,	 “Analysis	 of	 Coastal	 Characteristics	 in	
Canggu	Area	Badung	Regency,”	pp.	1–8,	2019.	

[7]	 N.	 N.	 Pujianiki,	 D.	 I.	 G.	 Astawa,	 M.	 W.	 Jayantri,	 and	 I.	
Mataram,	“Coastal	Protection	Work	for	Batu	Mejan	Beach,	
Bali,”	MATEC	Web	Conf.,	vol.	276,	p.	04019,	2019.	

[8]	 E.	 Ismi,	 M.	 Fauzi,	 and	 M.	 Yusa,	 “Penilaian	 Tingkat	
Kerusakan	Pesisir	Pulau	Singkep	Sebagai	Upaya	Mitigasi,”	
SAINSTEK,	vol.	10,	no.	2,	pp.	161–170,	2022.	

[9]	 A.	Dimas	and	I.	Bagus,	“International	Journal	of	Research	
Publication	and	Reviews	Tourism	Gentrification :	The	Case	
of	Canggu	Village	,	North	Kuta	District	,	Badung	Regency	,	
Bali,”	Int.	J.	Res.	Publ.	Rev.,	no.	8,	pp.	834–838,	2024.	

[10]	 A.	Isdianto,	I.	M.	Asyari,	M.	F.	Haykal,	F.	Adibah,	M.	J.	Irsyad,	
and	S.	Supriyadi,	“Analisis	Perubahan	Garis	Pantai	Dalam	
Mendukung	Ketahanan	Ekosistem	Pesisir,”	Jukung	(Jurnal	
Tek.	Lingkungan),	vol.	6,	no.	2,	2020.	

[11]	 N.	Oktaviani,	P.	Hartanto,	D.	B.	Susetyo,	H.	A.	Kusuma,	Y.	
Ardhitasari,	 and	 R.	 Dewi,	 “Coastline	 Modeling	 Using	
Stacked	Curve	Spline	Tension	Interpolation,”	Teknik,	vol.	
42,	no.	2,	pp.	210–217,	2021.	

[12]	 S.	A.	D.	Fallahiyah,	A.	Sawiji,	and	N.	Noverma,	“Pemetaan	
Tingkat	Kerentanan	Wilayah	Pesisir	Terhadap	Perubahan	
Iklim	Di	Kecamatan	Gending,	Kabupaten	Probolinggo,”	 J.	
Kelaut.	Nas.,	vol.	18,	no.	2,	p.	127,	2023.	

[13]	 L.	D.	A.	Nugraini,	W.	Ratri,	M.	Yudinugroho,	and	D.	A.	Safitri,	
“Perbandingan	Metode	Delineasi	Garis	Pantai	Pada	Citra	
Landsat	8,”	J.	Imagi,	vol.	3,	no.	1,	p.	14,	2023.	

[14]	 K.	 Adyatama,	 R.	 Y.	 Setiawan,	 S.	 B.	 Priyono,	 and	 N.	
Probosunu,	 “Perubahan	 Spasial	 Wilayah	 Pesisir	
Kabupaten	 Kendal	 Periode	 1990-2020,”	 J.	 Hidrogr.	
Indones.,	vol.	4,	no.	1,	pp.	1–12,	2024.	

[15]	 Y.	 P.	 Ramadhani,	 I.	 Praktikto,	 and	 C.	 A.	 Suryono,	
“Perubahan	 Garis	 Pantai	 Menggunakan	 Citra	 Satelit	
Landsat	Di	Pesisir	Kecamatan	Sayung,	Kabupaten	Demak,”	
J.	Mar.	Res.,	vol.	10,	no.	2,	pp.	299–305,	2021.	

[16]	 R.	 P.	 Pasaribu,	 L.	 P.	 Hapsari,	 A.	 A.	 Djari,	 A.	 Rahman,	 A.	
Tanjung,	and	F.	A.	Kapitan,	“Perubahan	Garis	Pantai	Akibat	

Adanya	Breakwater	Di	Pulau	Pramuka,	Kepulauan	Seribu,	
Indonesia,”	 J.	Teknol.	Perikan.	Dan	Kelaut.,	vol.	14,	no.	2,	
pp.	125–136,	2023.	

[17]	 B.	 Hamuna	 and	 J.	 D.	 Kalor,	 “Analisis	 Perubahan	 Garis	
Pantai	 Menggunakan	 Digital	 Shoreline	 Analysis	 System:	
Studi	 Kasus	 Wilayah	 Pesisir	 Kota	 Jayapura,	 Provinsi	
Papua,”	Acropora	J.	Ilmu	Kelaut.	Dan	Perikan.	Papua,	vol.	5,	
no.	2,	pp.	101–110,	2022.	

[18]	 M.	F.	Khoer	and	N.	Heryana,	“Tinjauan	Sistematik	Literatur	
Tentang	 Cloud	 Computing	 Dan	 Analisis	 Data:	 Arsitektur	
Dan	Metodologi,”	 J.	 Inform.	Dan	Tek.	 Elektro	Terap.,	 vol.	
12,	no.	3,	2024.	

[19]	 S.	Arjasakusuma,	S.	S.	Kusuma,	S.	Saringatin,	P.	Wicaksono,	
B.	W.	Mutaqin,	 and	R.	Rafif,	 “Shoreline	Dynamics	 in	East	
Java	Province,	Indonesia,	From	2000	to	2019	Using	Multi-
Sensor	Remote	Sensing	Data,”	Land,	vol.	10,	no.	2,	p.	100,	
2021.	

[20]	 M.	 Amani	 et	 al.,	 “Google	 Earth	 Engine	 Cloud	 Computing	
Platform	 for	 Remote	 Sensing	 Big	 Data	 Applications:	 A	
Comprehensive	Review,”	Ieee	J.	Sel.	Top.	Appl.	Earth	Obs.	
Remote	Sens.,	vol.	13,	pp.	5326–5350,	2020.	

[21]	 O.	C.	Pattipawaej	and	K.	Oktaviani,	“Analysis	of	Shoreline	
Changes	 in	 Yogyakarta	 Coastal	 Areas	 Using	 Remote	
Sensing	 Method,”	 Iop	 Conf.	 Ser.	 Earth	 Environ.	 Sci.,	 vol.	
1134,	no.	1,	p.	12012,	2023.	

[22]	 J.	 Ankrah,	 A.	 Monteiro,	 and	 H.	 Madureira,	 “Shoreline	
Change	and	Coastal	Erosion	in	West	Africa:	A	Systematic	
Review	 of	 Research	 Progress	 and	 Policy	
Recommendation,”	Geosciences,	vol.	13,	no.	2,	p.	59,	2023.	

[23]	 Putu	 Aryastana,	 Maria	 Imaculata	 Goran	 Mosa,	 Wayan	
Widiana,	 I	Made	Eryana	Eka	Putra,	and	Gede	Rustiawan,	
“Application	of	normalized	difference	vegetation	index	in	
classifying	land	cover	change	over	Bangli	regency	by	using	
Landsat	8	imagery,”	J.	Infrastruct.	Plan.	Eng.,	vol.	1,	no.	1,	
pp.	8–14,	2022.	

[24]	 H.	 Hosseini	 and	 M.	 Khoshsima,	 “Comprehensive	
Investigation	 of	 the	 Atmospheric	 Modulation	 Transfer	
Function	 (MTF)	 for	 Satellite	 Imaging	 Payloads:	
Considering	Turbulence	and	Aerosol	Effects	Over	Tehran,”	
Phys.	Scr.,	vol.	99,	no.	7,	p.	75044,	2024.	

[25]	 S.	 Kuter,	 G.	 Weber,	 and	 Z.	 Akyürek,	 “A	 Progressive	
Approach	 for	 Processing	 Satellite	 Data	 by	 Operational	
Research,”	Oper.	Res.,	vol.	17,	no.	2,	pp.	371–393,	2016.	

[26]	 S.	Antoni,	R.	A.	R.	Bantan,	T.	A.	Al-Dubai,	M.	 Z.	 Lubis,	W.	
Anurogo,	and	R.	D.	Silaban,	“Chlorophyll-A,	and	Sea	Surface	
Temperature	(SST)	as	Proxies	 for	Climate	Changes:	Case	
Study	in	Batu	Ampar	Waters,	Riau	Islands,”	Iop	Conf.	Ser.	
Earth	Environ.	Sci.,	vol.	273,	no.	1,	p.	12012,	2019.	

[27]	 S.	Suwarsono,	F.	Yulianto,	H.	L.	Fitriana,	U.	C.	Nugroho,	K.	
A.	 D.	 Sukowati,	 and	 M.	 R.	 Khomarudin,	 “Detecting	 the	
Surface	Water	Area	in	Cirata	Dam	Upstream	Citarum	Using	
a	Water	Index	From	Sentinel-2,”	Int.	J.	Remote	Sens.	Earth	
Sci.,	vol.	17,	no.	1,	p.	1,	2020.	

[28]	 W.	 Jiang	et	al.,	 “A	New	 Index	 for	 Identifying	Water	Body	
From	Sentinel-2	Satellite	Remote	Sensing	Imagery,”	Isprs	
Ann.	 Photogramm.	 Remote	 Sens.	 Spat.	 Inf.	 Sci.,	 vol.	 V-3–
2020,	pp.	33–38,	2020.	

[29]	 Ľ.	 Kseňak,	 K.	 Pukanská,	 K.	 Bartoš,	 and	 P.	 Blišťan,	
“Assessment	of	 the	Usability	of	SAR	and	Optical	Satellite	
Data	 for	Monitoring	Spatio-Temporal	Changes	 in	Surface	
Water:	Bodrog	River	Case	Study,”	Water,	vol.	14,	no.	3,	p.	
299,	2022.	

[30]	 L.	Liuzzo,	V.	Puleo,	S.	Nizza,	and	G.	Freni,	“Parameterization	
of	 a	 Bayesian	 Normalized	 Difference	 Water	 Index	 for	
Surface	Water	 Detection,”	 Geosciences,	 vol.	 10,	 no.	 7,	 p.	
260,	2020.	

[31]	 A.	 Hegyi	 and	 Ά.	 Αγαπίου,	 “Rapid	 Assessment	 of	 2022	
Floods	 Around	 the	 UNESCO	 Site	 of	 Mohenjo-Daro	 in	
Pakistan	 by	 Using	 Sentinel	 and	 Planet	 Labs	 Missions,”	
Sustainability,	vol.	15,	no.	3,	p.	2084,	2023.	

[32]	 F.	 Karslı,	 Ü.	 Özdemir,	 and	 M.	 Dihkan,	 “Spatio-Temporal	
Shoreline	Changes	Along	 the	Southern	Black	Sea	Coastal	
Zone,”	J.	Appl.	Remote	Sens.,	vol.	5,	no.	1,	p.	53545,	2011.	

[33]	 A.	 O.	 Siregar,	 “Pemetaan	 Sebaran	 Dan	 Tutupan	 Lamun	



Damayanthi,	et	al.	 	 Journal	of	Infrastructure	Planning	and	Engineering,	2025,	Vol.	4	(2)	
	

91	

Menggunakan	 	 Citra	 Satelit	 Sentinel-2	 Di	 Pulau	 Dua	
Kecamatan	 Enggano	 Provinsi	 Bengkulu,”	 J.	 Laut	
Khatulistiwa,	vol.	5,	no.	3,	p.	125,	2022.	

[34]	 L.	Bi,	B.	Fu,	P.	Lou,	and	T.	Tang,	“Delineation	Water	of	Pearl	
River	 Basin	 Using	 Landsat	 Images	 From	 Google	 Earth	
Engine,”	 Int.	 Arch.	 Photogramm.	 Remote	 Sens.	 Spat.	 Inf.	
Sci.,	vol.	XLII-3/W10,	pp.	5–10,	2020.	

[35]	 N.	Neeti,	A.	Pandey,	and	V.	M.	Chowdary,	 “Delineation	of	
Waterlogged	 Areas	 Using	 Geospatial	 Technologies	 and	
Google	Earth	Engine	Cloud	Platform,”	pp.	125–135,	2021.	

[36]	 S.	 Zhou,	 P.	 Kan,	 J.	 Silbernagel,	 and	 J.	 Jin,	 “Application	 of	
Image	 Segmentation	 in	 Surface	 Water	 Extraction	 of	
Freshwater	 Lakes	 Using	 Radar	 Data,”	 Isprs	 Int.	 J.	 Geo-
Information,	vol.	9,	no.	7,	p.	424,	2020.	

[37]	 K.	H.	Tran,	M.	Menenti,	and	J.	Li,	“Surface	Water	Mapping	
and	Flood	Monitoring	in	the	Mekong	Delta	Using	Sentinel-
1	SAR	Time	Series	and	Otsu	Threshold,”	Remote	Sens.,	vol.	
14,	no.	22,	p.	5721,	2022.	

[38]	 Y.	Wang	et	al.,	“Is	It	Feasible	to	Use	a	Single	Remote	Sensing	
Optical	 Water	 Index	 for	 Rapid	 Mapping	 of	 Water	
Resources?,”	2024.	

[39]	 S.	 K.	 M.	 Abujayyab	 et	 al.,	 “Effects	 of	 Meteorological	
Parameters	on	Surface	Water	Loss	in	Burdur	Lake,	Turkey	
Over	34	Years	Landsat	Google	Earth	Engine	Time-Series,”	
Land,	vol.	10,	no.	12,	p.	1301,	2021.	

[40]	 D.	 Jiang,	 Y.	 Li,	 Q.	 Liu,	 and	 C.	 Huang,	 “Evaluating	 the	
Sustainable	Development	Science	Satellite	1	 (SDGSAT-1)	
Multi-Spectral	 Data	 for	 River	 Water	 Mapping:	 A	
Comparative	Study	With	Sentinel-2,”	Remote	Sens.,	vol.	16,	
no.	15,	p.	2716,	2024.	

[41]	 A.	 A.	 N.	 A.	 D.	 Sukmajaya,	 I.	 G.	 N.	 P.	 Dirgayusa,	 and	 G.	 S.	
Indrawan,	“Indeks	Kesesuaian	Wisata	Pantai	Batu	Bolong,	
Canggu,	Badung,”	 J.	Mar.	Aquat.	 Sci.,	 vol.	 9,	 no.	2,	 p.	 196,	
2023.	

[42]	 I.	G.	A.	P.	Eryani	and	M.	W.	Jayantari,	“Management	of	the	
Yeh	Luwi	Estuary	Area	as	a	Disaster	Mitigation	Strategy	for	
Climate	 Change,”	 IOP	 Conf.	 Ser.	 Earth	 Environ.	 Sci.,	 vol.	
1416,	no.	1,	2024.	

[43]	 N.	 M.	 K.	 Werdi	 and	 I.	 G.	 A.	 P.	 Eryani,	 “Alternatif	
Perencanaan	 Jetty	 Di	 Muara	 Tukad	 Pangi	 Kabupaten	
Badung,”	Padur.	J.	Tek.	Sipil	Univ.	Warmadewa,	vol.	9,	no.	
1,	pp.	102–113,	2020.	

[44]	 S.	 Aldiansyah	 and	 R.	 A.	 Saputra,	 “Monitoring	 Shoreline	
Changes	 for	 Evaluation	 of	 Regional	 Spatial	 Plans	 Using	
Google	Earth	Engine	in	West	Wawonii	District,”	J.	Geogr.,	
vol.	20,	no.	1,	pp.	1–8,	2023.	

	
	


