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Introduction 
One of the impacts of climate change that 
continues to be discussed by the international 
community is rising sea levels. Rising sea 
levels will have negative impacts on coastal 
areas such as coastline erosion, inundation 
of coastal areas, increased risk of flooding, 
coastal erosion, tsunamis, tropical storms, and 
seawater intrusion (Nicholls, 2003; Hopkinson 
et al., 2008; Marfai et al., 2011; McEvoy et al., 
2021). Recent studies by several researchers 
have made similar findings of rising sea levels 
impacting coastal areas such as tidal flooding 
and disruption to coastal ecosystems and 
biodiversity (Zainuri et al., 2022; Jasour et 
al., 2022; De Bosschere, 2023). Other studies 
found rising sea levels resulted in changes in 
water quality (De Bosschere, 2023) and  coastal 
morphology (Anwar et al., 2022), as well as 
increased incidences of tidal waves (Bachtiar, 
2012; Ulfah et al., 2023).

Rising sea levels can threaten the existence 
of archipelagic countries and the maritime 
interests of nations. The increase in sea levels 

is felt in almost all areas directly adjacent to 
the sea, especially Indonesia, an archipelagic 
country with many small islands that are 
vulnerable to rising sea levels (Ministry of 
National Development and Planning, 2014). 

The Intergovernmental Panel on Climate 
Change (IPCC) has carried out simulations 
on the impact of rising sea levels worldwide 
reaching 110 cm by 2100 while the Asian 
Development Bank (2007) estimates that sea 
levels, especially in Indonesia could rise as 
much as 15 cm to 90 cm by 2100. This increase 
in sea level is expected to affect the coastal 
areas of Indonesia, at least by increasing the 
area of inundation in coastal areas, thereby 
causing coastline erosion and increasing the 
area of areas experiencing saltwater intrusion. 
This condition will impact the environment 
in coastal areas because it has the potential to 
sink and lose coastal ecosystems (IPCC, 2022). 
In light of the numerous adverse effects of sea 
level rise on coastal regions, it is essential to 
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assess the vulnerability of these areas to rising 
sea levels. This vulnerability level data will be 
used as a reference for disaster management in 
coastal areas. It is expected to protect, conserve, 
rehabilitate, utilise, and enrich coastal resources 
sustainably (Law of the Republic of Indonesia 
Number 27, 2007). The focus of this study is the 
coastal area of North Bali. According to results 
of the BNPB data analysis released via inaris.
bnpb.go.id, North Bali could be impacted by 
rising sea levels, especially tidal waves.

Methods
This research was conducted along the coastal 
area of northern Bali, focusing on the western, 
central, and eastern regions, as presented in 
Figure 1.

Referring to Figure 1, the vulnerability 
analysis in this study was conducted spatially 
by combining all components of vulnerability 
obtained by combining several constituent 
parameters as shown in Figure 2. The 
constituent components and vulnerability 
parameters consist of social, physical, 
economic, and environmental vulnerability. 

The data sources used to analyse, as shown in 
Figure 2 are presented in Table 1.

Based on the guidelines in Table 1, an 
overlay analysis is then carried out to obtain 
the coastal area vulnerability index, which 
is facilitated using Geographic Information 
Systems (GIS) software. Each score of each 
indicator greatly affects the coastal area 
vulnerability index. The determination of the 
coastal area vulnerability index after the overlay 
process is shown in Table 2.

Results and Discussion
Vulnerability is the inability of a region, 
including the elements within it to face the 
threat of disaster (Cannon & Muler, 2010). 
Vulnerability consists of physical, social, 
economic, and environmental vulnerabilities. 
Based on the results of data analysis referring to 
the guidelines in Tables 1 and 2, the results are 
obtained as presented in the Table 3.

Based on Table 3, each village has a quite 
varied spatial distribution of vulnerability 
indices, which is greatly influenced by the 
index of each vulnerability indicator. Although 

Figure 1: Research location on the North Bali Coast
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Figure 2: Vulnerability components and parameters of each vulnerability component

the index of one indicator is low because the 
other indicator is at high vulnerability, the area 
generally has a high category vulnerability 
index. In general, the spatial distribution of the 
vulnerability level of northern Bali’s coastal 
area and the data analysis results are presented 
in Figure 3. 

Based on Figure 3 and Table 3, it is known 
that the spatial distribution of the coastal area 
vulnerability index due to the increase in sea 
level and extreme waves on the coast of North 
Bali is in the medium and high categories. 
Villages with a dominant high vulnerability 
index are found in all coastal villages except 
Pacung Village and Purwakerthi Village. The 
variation in the coastal area vulnerability index 
is mainly because in these areas, the physical 
vulnerability index at several points is in the low 
category. The low physical vulnerability index 
in the two villages is because some of the coasts 
comprise high cliffs, so they can be a safeguard 
against increasing sea levels and tidal waves. 
Further analysis of Table 3 was carried out in 
one of the villages that has been developed into a 
tourist destination, namely Baktiseraga Village. 
The results of the overlay of social, physical, 

economic, and environmental vulnerability 
indicators obtained the following results.

Based on Figure 4, the coastal area 
vulnerability index of Baktiseraga Village 
is in the high category. There is a location 
in Baktiseraga Village whose economic 
vulnerability index is in the very high category 
because the area has a cultural heritage in the 
form of the Segara Penimbangan Temple. 
There is also a location in Baktiseraga Village 
whose physical vulnerability index is in 
the high category because in the area, there 
are residential houses, which is also in line 
with the research results of Marfai (2011) 
and Roukounis and Tsihrintzis (2022). After 
overlaying all these vulnerabilities, the coastal 
area vulnerability index is in the high category. 
However, in terms of social vulnerability, it is in 
the medium category because in the area, there 
are population activities that result in physical 
development, as shown in Figure 5, which will 
cause a high level of vulnerability. Physical 
factors are closely related to the condition 
of the area both naturally and after human 
intervention through physical development in 
coastal areas.

Data collection

Overlay (determination of
vulnerability index)

Coastal area vulnerability
index map
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vulnerability

indicators

Economic
vulnerability

indicators

Physical
vulnerability

indicators

Social
vulnerability

indicators



I Wayan Krisna Eka Putra et al.			   156

Journal of Sustainability Science and Management Volume 20 Number 1, January 2025: 153-163

Ta
bl

e 
1:

 V
ul

ne
ra

bi
lit

y 
in

di
ca

to
rs

N
o.

In
di

ca
to

rs
U

ni
t

C
ri

te
ri

a
S.

 R
.

R
M

T
S.

 T
.

Sc
or

e 
1

Sc
or

e 
2

Sc
or

e 
3

Sc
or

e 
4

Sc
or

e 
5

So
ci

al
 v

ul
ne

ra
bi

lit
y

1

a.
	P

op
ul

at
io

n 
de

ns
ity

So
ul

/h
a

< 
5

5-
7.

5
7.

5-
10

10
-1

2.
5

> 
12

.5
b.

	S
ex

 ra
tio

%
> 

40
40

-3
0

30
-2

0
20

-1
0

< 
10

c.
	P

oo
r p

op
ul

at
io

n 
ra

tio
%

< 
10

10
-2

0
20

-3
0

30
-4

0
> 

40
d.

	D
is

ab
le

d 
ra

tio
%

< 
10

10
-2

0
20

-3
0

30
-4

0
> 

40
e.

	A
ge

 g
ro

up
 ra

tio
%

< 
10

10
-2

0
20

-3
0

30
-4

0
> 

40

f.	
Ed

uc
at

io
n

-
H

ig
h 

sc
ho

ol
 

an
d 

ab
ov

e
H

ig
h 

sc
ho

ol
Ju

ni
or

 h
ig

h 
sc

ho
ol

El
em

en
ta

ry
 sc

ho
ol

N
o 

sc
ho

ol

g.
	P

op
ul

at
io

n 
aw

ar
en

es
s

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
Ec

on
om

ic
 v

ul
ne

ra
bi

lit
y

2

a.
	C

oa
st

al
 in

co
m

e
-

N
ot

hi
ng

-
-

-
Av

ai
la

bl
e

b.
	C

oa
st

al
 jo

bs
/li

ve
lih

oo
ds

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
c.

	C
ul

tu
ra

l h
er

ita
ge

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
d.

	G
R

D
P

R
p1

,0
00

44
9,

50
0

44
9,

50
0-

36
,2

50
36

2,
50

0-
24

6,
50

0
24

6,
50

0-
13

0,
50

0
< 

13
0,

50
0

e.
	P

ro
du

ct
iv

e 
la

nd
 (c

ul
tiv

at
ed

 
ar

ea
s)

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e

Ph
ys

ic
al

 v
ul

ne
ra

bi
lit

y

3

a.
	H

ou
se

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
b.

	H
ou

se
 ty

pe
-

Pe
rm

an
en

t
-

-
-

N
ot

 p
er

m
an

en
t

c.
	C

oa
st

al
 ty

po
lo

gy
-

M
ou

nt
ai

n 
re

lie
f

M
ou

nt
ai

n 
re

lie
f

H
ill

 re
lie

f
W

av
y 

re
lie

f
Fl

at
 re

lie
f

d.
	G

eo
m

or
ph

ol
og

ic
al

 fo
rm

s
-

H
ig

h 
cl

iff
M

ed
iu

m
 c

lif
fs

, 
in

de
nt

ed
 c

oa
st

s
Lo

w
 c

lif
fs

, c
or

al
 

re
ef

s, 
m

an
gr

ov
es

R
oc

ky
 sa

nd
, 

la
go

on
 a

llu
vi

al
 

pl
ai

ns

B
ea

ch
 w

ith
 

bu
ild

in
gs

, s
an

d,
 

m
ud

dy
 d

el
ta

e.
	E

le
va

tio
n

m
> 

30
20

-3
0

10
-2

0
5-

10
< 

5



SPATIAL DISTRIBUTION OF VULNERABILITY 	 157

Journal of Sustainability Science and Management Volume 20 Number 1, January 2025: 153-163

f.	
R

at
e 

of
 c

oa
st

lin
e 

ch
an

ge
%

 p
er

 re
gi

on
Le

ss
 th

an
 2

0%
 

of
 th

e 
co

as
tli

ne
 

is
 e

ro
de

d
-

B
et

w
ee

n 
20

%
 

to
 6

0%
 o

f t
he

 
co

as
tli

ne
 is

 
er

od
ed

-
O

ve
r 6

0%
 o

f t
he

 
co

as
tli

ne
 is

 e
ro

de
d

g.
	C

oa
st

al
 sl

op
e

%
> 

1/
10

1/
10

-1
/2

0
1/

20
-1

/3
0

1/
30

-1
/5

0
1/

50
-1

/1
00

h.
	E

xt
re

m
e 

w
av

e 
ev

en
ts

m
< 

1
1-

1.
6

1.
6-

2.
2

2.
2-

2.
8

> 
2.

8
i.	

Ti
de

m
< 

1
1-

2
2-

4
4-

6
> 

6
j.	

D
is

ta
nc

e 
fr

om
 th

e 
be

ac
h

m
> 

4,
50

0
4,

50
0-

2,
10

0
2,

09
9-

90
0

89
9-

30
0

< 
30

0

k.
	G

eo
lo

gi
ca

l t
yp

e
-

Vo
lc

an
ic

C
on

gl
om

er
at

e
Se

di
m

en
t

C
on

so
lid

at
ed

 
se

di
m

en
ts

, c
la

y,
 

si
lt

C
on

so
lid

at
ed

 
se

di
m

en
t, 

gr
av

el
, 

sa
nd

l.	
Su

rf
ac

e 
ro

ug
hn

es
s

-
Fo

re
st

M
ou

nt
ai

n 
re

lie
f

La
nd

 w
ith

ou
t 

co
ve

r
R

ur
al

 se
ttl

em
en

ts
U

rb
an

 se
ttl

em
en

ts

m
.	S

tru
ct

ur
al

 se
cu

rit
y

-
Av

ai
la

bl
e

-
-

-
N

ot
hi

ng
n.

	I
nf

ra
st

ru
ct

ur
e

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
o.

	E
st

ua
ry

-
N

ot
hi

ng
-

-
-

Av
ai

la
bl

e
En

vi
ro

nm
en

ta
l v

ul
ne

ra
bi

lit
y

4

a.
	P

ro
te

ct
ed

 fo
re

st
s

-
Av

ai
la

bl
e

-
-

-
N

ot
hi

ng
b.

	N
at

ur
al

 fo
re

st
s

-
Av

ai
la

bl
e

-
-

-
N

ot
hi

ng
c.

	M
an

gr
ov

e 
fo

re
st

s
-

Av
ai

la
bl

e
-

-
-

N
ot

hi
ng

d.
	S

hr
ub

s
-

Av
ai

la
bl

e
-

-
-

N
ot

hi
ng

So
ur

ce
: G

or
ni

tz
 e

t a
l. 

(1
99

1)
, M

ar
fa

i (
20

11
), 

H
an

da
ya

ni
 e

t a
l. 

(2
01

7)
, B

N
PB

 D
is

as
te

r R
is

k 
A

ss
es

sm
en

t T
ec

hn
ic

al
 M

od
ul

e 
(2

01
9)

, T
hi

el
er

 a
nd

 H
am

m
ar

-K
lo

se
 (2

00
0)

, F
ur

la
n 

et
 a

l. 
(2

02
1)

, a
nd

 R
ou

ko
un

is
 a

nd
 T

si
hr

in
tz

is
 (2

02
2)

. 



I Wayan Krisna Eka Putra et al.			   158

Journal of Sustainability Science and Management Volume 20 Number 1, January 2025: 153-163

Table 2: Coastal area vulnerability index criteria

Coastal Area Vulnerability Index Calculation Criteria Information
Very low (S. R.) < 55.8

The score range is adjusted 
according to the number of 

indicators used

Low (R) 55.8 < 80.6
Medium (M) 80.6 < 105.4
High (T) 105.4 < 130.2
Very high (S. T.) > 130.2

Figure 3: Spatial distribution of vulnerability index for potentially impacted by sea level rise and extreme 
wave disasters on the North Bali Coast

Figure 4: Overlay process for determining coastal area vulnerability

Economic

EnvironmentalPhysical

Social
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Figure 5: Development of settlement on coastal borders in coastal areas

Developing coastal areas with various 
physical facilities will affect social indicators, 
especially the high number of people living in 
coastal areas (Roukounis & Tsihrintzis, 2022). 
The impact of various activities of residents 
living in coastal areas is the tendency of people 
to depend on their income from coastal areas, 
especially for fishermen. Likewise, from an 
environmental perspective because coastal 
areas have been subject to various community 
interventions, changes in the type of land use 
will affect environmental vulnerability (Furlan 
et al., 2021). Generally, coastal areas filled with 
protected forests, nature, or mangroves will 
have lower vulnerability because these natural 
features can mitigate damage to coastal areas. 

However, because there have been various 
physical buildings in coastal areas, this condition 
increases the vulnerability of coastal areas. 
The existence of physical, social, economic 
activities, and changes in terms of environmental 
conditions are in line with research conducted 
by Siagian et al. (2014), Hamuna et al. (2018), 
Kim and Gim (2020), and other researchers who 
focus on coastal area vulnerability. In addition to 
being influenced by natural physical conditions, 
aspects of population activity, local wisdom, 
and suboptimal law enforcement are also 
contributing factors to the high vulnerability 
index of the area on the coast of North Bali. 
In terms of  physical condition, the dominant 
factors influencing the high vulnerability index 
are typology, geomorphology, elevation and 
slope of the area, and the presence of physical 
facilities. The natural physical conditions at 

the research location have turned out to be the 
dominant factor causing the high vulnerability.

Moreover, the situation is exacerbated by  
the physical conditions of the area as a result 
of community intervention, for example, the 
construction of houses. That is in line with 
research conducted by Roukounis and Tsihrintzis 
(2022), which found that the physical presence 
of buildings in coastal areas contributes to the 
increasing vulnerability of coastal areas. In 
terms of aspects of human activity that impact 
social vulnerability, it is known that coastal areas 
are where residents live, especially fishermen, 
including activities related to tourism activities. 
Bali’s coastal area is almost entirely used as a 
tourist destination. People in coastal areas carry 
out various activities as a source of livelihood, 
either as fishermen, farmers, or tourism actors. 
These activities will also cause high population 
density and increase the built-up area in coastal 
areas. That is the cause of high vulnerability, 
as also expressed by Moftakhari et al. (2017), 
Martyr-Koller et al. (2021), and van den Hurk 
et al. (2022).

Conclusions
Based on the results of the analysis that has 
been carried out, it was found that the coastal 
area of North Bali has a vulnerability index 
that is generally in the high category against 
the threat of rising sea levels and tidal waves. 
Development of the coastal area brings a 
multiplier effect on other activities that increase 
the vulnerability index of the coastal area. It is 
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also strengthened by the increasing optimisation 
of the coastal border area not only for residential 
development but also for economic activities, 
increasing the density of occupational activities 
in the coastal area.
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