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INTRODUCTION 

The impact of climate change has become a 
global environmental damage phenomenon that 
poses serious threats to various aspects and sec-
tors of life (IPCC, 2014). Coastal areas are no 
exception, as land and sea interaction areas con-
sist of natural and social systems (Harvey et al., 
2008). Global temperature changes, followed by 
massive sea level rise as well as an increase in the 

frequency and intensity of extreme storms, threat-
en coastal stability (IPCC, 2023). The problem of 
climate change automatically becomes a danger 
alarm for archipelagic countries, including In-
donesian coastal areas (Hecht, 2016; Suroso et 
al., 2011). Physical changes to the coast due to 
inundation and erosion as well as the increasing 
frequency of overtopping on coastal buildings are 
concrete illustrations of the direct impacts that 
occur (Fahmi et al., 2017; Yuliani et al., 2020). 
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ABSTRACT
According to national climate resilience projections, the coastal area of Bolaang Mongondow has experienced 
an increase in wave height of around 1 meter. It is in the top priority category with high potential hazards and 
vulnerability or risk of climate change disasters. The rise of the global sea level affects the increase in coastal 
submergence and erosion and increases the frequency of overtopping of coastal buildings. This research aimed 
to analyze the extent of the physical vulnerability of coastal Bolaang Mongondow related to the climate change 
impacts. The coastal area of Bolaang Mongondow was chosen because it is a coastal area with varied lowlands 
that directly face the Sulawesi Sea (Pacific Ocean). The vulnerability assessment method used in this study was 
calculating the Coastal Vulnerability Index (CVI). Spatial data interpretation of the parameters of coastal geomor-
phology, elevation, coastal slope, shoreline change, sea level rise, tides, and significant wave height will contribute 
to the final vulnerability index value. The results showed that the weight of each analyzed variable varied, ranging 
from not vulnerable, moderate, vulnerable, and very vulnerable. The CVI assessment shows the less vulnerable 
category class in all analyzed coastal areas, with index values of 5.86 in Poigar District, 13.1 both in East Bolaang 
and Bolaang Districts, 14.6 in Lolak District, and 6.55 in Sangtombolang District. Thus, this research concludes 
that the physical condition of the Bolaang Mongondow coast is less vulnerable to the impacts of climate change. 
However, it is still threatened in several specific aspects. Although it has not considered socio-economic factors, 
the assessment of the physical vulnerability of the Bolaang Mongondow coastline produced in this study can be 
used to formulate targeted mitigation strategies and adaptation measures in the area.
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These conditions damage infrastructure and eco-
nomic assets as well as threaten natural habitats 
that are important for biodiversity (Bellard et al., 
2012; Zlateva et al., 2024). Therefore, consider-
ing these risks, it is important to assess coastal 
vulnerability. Vulnerability itself is a familiar 
idea in relation to climate change impacts. The 
Intergovernmental Panel on Climate Change 
(IPCC) defines vulnerability as the tendency 
of a system to be adversely affected by climate 
change, including variability that depends on the 
type, magnitude, degree of climate variation, 
and the system’s capacity to adapt (Denmark 
et al., 2001). In addition, vulnerability must be 
considered the opposite of disaster management 
resilience (Hinkel et al., 2009).

The coast of Bolaang Mongondow is an 
eastern part of Indonesia with a coastline length 
of approximately 150.79 km directly facing 
the Sulawesi Sea (Pacific Ocean) (BPS, 2019; 
Mokoginta et al., 2023). On the basis of climate 
change hazard studies by experts, the wave height 
in these waters has increased up to 1 m due to cli-
mate change and is closer to the coastal area than 
historical conditions, so it is necessary to increase 
public awareness (Bappenas, 2018). Then, in the 
exclusive summary document of the national 
climate resilience development policy, placing 
the Bolaang Mongondow coastal area in the top 
priority category, or an area that has high hazard 
potential with one of its high vulnerabilities or 
risks to the impacts of climate change (Bappenas, 
2021). This argument is parallel to the character-
istic conditions of the coast, which is low-lying 
and has striking differences in geomorphology 
and elevation in each area. This has led to this 
research hypothesis that the Bolaang Mongon-
dow coast is vulnerable to the impacts of climate 
change. The hypothesis focuses on the physical 
components of the coast that have the potential 
to experience seawater inundation, erosion, and 
other catastrophic damage. Physical components 
in coastal areas are very important because they 
directly affect and are affected by various en-
vironmental, biological, and human processes 
(Cheng et al., 2022; Elko et al., 2022).

Furthermore, the hazards of climate change 
impacts in coastal Bolaang Mongondow have 
not been matched by adequate scientific re-
search. This means that the scientific studies as-
sessing coastal vulnerability due to the impacts 
of climate change are still quite limited today; 
most studies that show the vulnerability of these 

waters are still carried out on a broad (national) 
scale. For example, Cintra et al. (2017) con-
ducted the vulnerability assessment of capture 
fishermen due to climate change impacts by 
comparing coastal areas in several Indonesian 
provinces. Likewise, the National Development 
Planning Agency studied the physical vulnera-
bility of all Indonesian coasts (Bappenas, 2018). 
These studies can provide a useful information 
baseline, but the explanatory framework is al-
ways presented more generally.

Meanwhile, localized studies are needed to 
provide detailed data and information for imple-
mentation at the community or specific area level 
(KLHK, 2017). This is still considered a gap re-
garding climate change issues in certain areas that 
needs to be bridged. Therefore, to bridge this gap 
and answer the hypothesis, this research aimed 
to assess the extent of physical vulnerability of 
the coastal areas of Bolaang Mongondow to the 
impacts of climate change. The assessment was 
conducted by quantitatively analyzing physi-
cal variables (coastal geomorphology, shoreline 
change, elevation, and coast slope) and oceano-
graphic variables (sea level rise, tidal range, and 
significant wave height).

MATERIAL AND METHOD

Study area

Data collection and analysis procedures 

The data used is secondary data from the 
digitization of satellite imagery in the last ten 
years (2014–2024) and obtained from credible 
sources (Figure 1). 

Coastal geomorphology

Geomorphology was obtained through land-
forms from image data interpretation and direct 
field observations as validation. The initial pro-
cess was to visit the website https://earthexplorer.
usgs.gov/ and select the location according to 
the study for download. The data was then pre-
processed using normalized difference vegetation 
index (NDVI) software, which included radio-
metric calibration, atmospheric correction, and 
geometric correction. Each of these processes 
aims to correct pixel values for surface reflec-
tance. Secondly, atmospheric influences such as 
clouds and dust particles were removed from the 
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image recording. Thirdly, the image recording 
was adjusted to map coordinates that match the 
position on the ground. Then, supervised classi-
fication was performed to identify various geo-
morphological features, followed by identifying 
landforms, such as rivers, rice fields, and hills, by 
looking at the patterns and colors in the image. 
Next, geomorphological features were extracted 
to separate them from vegetation using the NDVI 
algorithm. Digital elevation model (DEM) data 
and Landsat-8 imagery were combined to obtain 
a detailed picture of topography and landforms. 
Finally, a direct field review was conducted to 
validate the accuracy level.

Shoreline change

Shoreline changes were obtained from 2014 
and 2024 Landsat-8 image data that had under-
gone the same correction and classification pro-
cess. The image data was then used as input to 
determine the shoreline by digitizing each image. 
The digitized results were analyzed using Digital 
Shoreline Analysis System (DSAS) software. The 
initial step of DSAS is to determine the baseline 
that refers to the 2014 coastline. Next, transects of 
the same length or more were made to cover the 
entire shoreline, setting the transect distance of 
about 20 m from the baseline. The baseline shore-
line length of 2024 was added, then the end point 

rate (EPR) statistical calculation method was run 
to analyze the rate of shoreline change calculated 
based on two points in time (beginning and end). 
The statistical results will be stored in the transect 
attribute table and then visualized in ArcGIS to 
display shoreline changes in map form.

Tidal

The tides were obtained from page 
10.24381/cds.6edf04e0. After previously reg-
istering and searching with the keyword ‘tidal 
range.’, the data download menu was selected 
and the filter items were filled in according to 
data needs. Both water lever and tidal indicator 
variables were selected. The tidal indicator is 
a tidal range with absolute value-derived vari-
ables. The product type is ERA5 reanalysis and 
ten-year statistics. The confidence interval is the 
best fit, and the confidence interval is the high 
limit. Then, the experiment was determined by 
selecting historical and future. The selected pe-
riod is 2015–2024. Next, the dataset was down-
loaded in the GeoTIFF format. The data is then 
rasterized and cut according to the boundaries 
of the study area that have been corrected previ-
ously with the extract by mask configuration in 
ArcGis software. Finally, zonal statistical anal-
ysis was performed to determine the compari-
son of data in several specified periods.

Figure 1. The research location covers five sub-districts along the coast of Bolaang Mongondow Regency. Each 
sub-district generally has similarities and differences in the physical characteristics of the beaches to be studied
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Significant wave height

The wave height data was obtained from page 
10.24381/cds.adbb2d47, which results from the 
ERA5 reanalysis with a selected period of 2014 
to 2024. The process was the same as before, 
with only the keywords changed to “significant 
wave height.” The product type selected was 
a reanalysis with the combined height of wind 
waves and significant swell variables. Next, the 
year, month, day, and hour were selected accord-
ing to the needs of this research. Further stages 
are made easier by directly entering coordinates 
according to the research location on the web 
page. Then, the data set using NetCDF format 
was downloaded. The analysis continued in Ar-
cGis software by importing the NetCDF data. 
Select significant wave variable data, adjust di-
mensions such as time, latitude, and longitude, 
and continue adding layers to the map to form a 
raster. Then, the data wase displayed as a feature 
layer. The symbolization was changed to dis-
play the data informatively with color gradation. 
Next, the time interval to was set see significant 
changes in wave data over time.

Sea level rise

Sea level rise was obtained through data mon-
itored by DUACS multimission altimetry satellite 
imagery for the period 2015 to 2024 via https://
doi.org/10.48670/moi-00149 and 10.24381/
cds.4c328c78. Data combination was performed 
for temporal coverage. The original database 
is distributed by Aviso+ with no change in sci-
entific content. The website provides global sea 
level data, so the dataset in NetCDF format had 
to be downloaded first, with the variable sea level 
height selection above sea level. The next step of 
data processing via ArcGIS software is the same 
as the previous procedure for interpreting signifi-
cant wave height data.

Elevation

Coastal elevation was obtained from the Na-
tional Digital Elevation Model (DEMNAS) and 
combined with the topography of the 1:300,000 
scale Rupa Bumi Indonesia (RBI) map download-
ed from https://tanahair.indonesia.go.id/portal-
web/. After registration. The downloaded Digital 
Elevation Model (DEM) data had to cover the en-
tire study site. Next, the DEMNAS data and RBI 
map were imported into the ArcGIS project. The 
topographic data of the RBI map was overlayed 

on top of the DEMNAS data to find detailed lo-
cation information. After that, the raster reclas-
sification tool was used to classify the elevation 
values according to the specified class. The raster 
was converted to a polygon, elevation colors were 
created, and the land elevation was identified. 

Beach slope

The coastal slope assessment utilized the Na-
tional Bathymetry data (BATNAS) downloaded 
from https://tanahair.indonesia.go.id/portal-web/. 
Batrimetry is a subsurface elevation. The data 
was downloaded in GeoTIFF format according to 
the scope of the study area. The analysis process 
uses the buffer zone technique in ArcGis software 
to the sea as far as 2 km with the baseline of the 
2022 coastline that has been previously digitized 
from Landsat-8 images. This buffer was used to 
evaluate the slope of the beach from the coast-
line. The next step was to extract bathymetry data 
within the buffer zone. The Clip tool in the Data 
Management Tools toolbox was used to cut the 
bathymetry data according to the buffer zone that 
has been created. The bathymetry layer was se-
lected as the input raster and the buffer zone as 
the mask for the clip. Then, the slope was cal-
culated using the slope tool in the spatial analyst 
tools toolbox. The raster from the clip was select-
ed as the input raster. Then, the Zonal Statistics 
tool was used to calculate slope statistics for each 
buffer zone. The buffer zone was selected as the 
zone data input and the slope raster as the value 
raster input. The beach slope results were visu-
alized with a map showing the buffer zone and 
slope distribution.

After all the variables were analyzed, the ac-
tual values obtained were classified on the vulner-
ability scoring scale formulated by Gornitz et al. 
(1997) and Pendleton et al. (2010) (Table 1). 

 Scoring values were then calculated using 
the CVI formula (Gornitz et al., 1994) (Equa-
tion 1). CVI is calculated as the square root of the 
ranked variables divided by the total number of 
variables. The index value indicates the coastal 
response to the sum of these variables.

	 	 (1)

where: CVI, a – geomorphology, b – rate of shore-
line change (m/year), c = land elevation 
(m), d – coastal slope (%), e – sea level 
rise (mm/year), f – average tidal ridge (m) 
and g – wave height (m).
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Furthermore, the results of the calculation 
of the Bolaang Mongondow coastal vulner-
ability index are classified based on the vulner-
ability class category (Table 2) according to the 
formulation of Hammar-Klose et al. (2003) and 
Suhana et al. (2017).

RESULTS AND DISCUSSION

On the basis of the results of direct surveys 
and interpretation of satellite data, the value of 
each variable had a fairly varied level of vulner-
ability in each sub-district, ranging from the cat-
egory of not vulnerable to very vulnerable (Table 3). 

Furthermore, these findings are discussed in this 
study, especially how each variable intersects with 
the impact of climate change itself.

Geomorphological vulnerability

To validate accuracy, coastal geomorphology 
was determined using remote sensing data and di-
rect observation. The conducted analysis found that 
the coastal characteristics of Bolaang Mongondow 
Regency are dominated by sandy beaches in all 
sub-districts. There are also estuaries, more resi-
dential areas in three sub-districts (Poigar, East Bo-
laang, and Bolaang), as well as mangrove vegeta-
tion and coral reefs in only two sub-districts (Lolak 
and Sangtombolang). According to Supriyadi et al. 
(2019), who conducted vulnerability research on 
the coast of Bintan, Riau Islands, argue that sandy 
beaches with sloping land and hills have a risk of 
erosion by weathered rocks and cause the land to 
be covered with more sediment deposits. As there 
are geological variations at each station, assess-
ment of this variable was focused on the tendency 
of sandy, gently sloping beaches and the presence 

Tabel 1. Scale and weight of CVI variable score

No. Variables Not vulnerable 
(score 1)

Less vulnerable 
(score 2)

Medium
(score 3)

Vulnerable
(score 4)

Highly vulnerable 
(score 5)

1. Geomorphology High cliffs
Moderate cliffs 
and indented 

shores

Low cliffs, 
alluvial land

Coastal buildings, 
beaches, estuaries 

and lagoons

Coastal barriers, 
sandy beaches, 

mudflats, mangroves 
and deltas.

2. Shoreline change 
(m/yr)

> 2.0 
(Accretion)

1.0–2.0 
(Accretion)

+1.0 to –1.0 
(Stable)

–1.1 to –2.0 
(Abrasion) ≤ –2.0 (Abrasion)

3. Elevation (m) > 30 20.1–30 10.1–20 5.1–10 0–0.5

4. Coastal slope (%) > 2 1.3–1.9 0.9–1.3 0.6–0.9 < 0.6

5. Relative sea level 
rise (mm/yr) < 1.8 1.8–2.5 2.5–3.0 3.0–3.4 > 3.4

6. Tidal (m) < 1.0 1.0–2.0 2.0–4.0 4.0–6.0 > 6.0

7. Wave height (m) < 0.55 0.55–0.85 0.85–1.05 1.05–1.25 > 1.25

Table 2. Coastal vulnerability class categories
CVI value Vulnerability class

0.38–4.28 Not vulnerable

4.29–17.68 Less vulnerable

17.69–48.38 Medium

48.39–105.63 Vulnerable

105.64 Highly vulnerable

Table 3. Vulnerability variables scoring results

Subdistrict 
name

Weight score vulnerability (variable)

Geomophology Shoreline 
change Elevation Beach slope Sea level rise Tidal Significant 

wave height

Poigar 4 (vulnerable) 5 (highly 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable) 3 (medium) 4 (vulnerable)

Bolaang timur 4 (vulnerable) 5 (highly 
vulnerable)

5 (highly 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable) 3 (medium) 4 (vulnerable)

Bolaang 4 (vulnerable) 5 (highly 
vulnerable)

5 (highly 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable) 3 (medium) 4 (vulnerable)

Lolak 5 (highly 
vulnerable)

5 (highly 
vulnerable)

5 (highly 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable) 3 (medium) 4 (vulnerable)

Sangtombolang 5 (highly 
vulnerable)

5 (highly 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable)

1 (not 
vulnerable) 3 (medium) 4 (vulnerable)
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of coral reef areas and mangrove vegetation char-
acterized by muddy substrates. Therefore, the coast 
of Bolaang Mongondow Regency is categorized as 
Vulnerable and Highly Vulnerable – the description 
of coastal geomorphology in Table 4. In addition, 
researchers also found high cliff land in Poigar 
and Sangtombolang sub-districts. However, it is 
still quite risky because the land type is alluvial, 
as seen from the presence of sewahs and commu-
nity ponds at points. Alluvial plains make an area 
prone to climate change disasters such as abrasion, 
accretion, and coastal erosion. (Huda et al., 2019). 

Shoreline vulnerability

Changes in the coastal shoreline of Bolaang 
Mongondow Regency experience significant 
dynamics. The results of the Digital Shoreline 
Analysis System from Landsat image data from 
2014 to 2024 show that the distance of shoreline 
change is included in the very vulnerable class. 

Table 5 shows that the weighted vulnerabil-
ity value of shoreline change is well below minus 
2.0 m/year. In other words, all of Bolaang Mon-
gondow’s coastal sub-districts have experienced 
abrasion in the last ten years. The largest abrasion 
occurred in East Bolaang, and the lowest was in 
Sangtombolang. This condition cannot be sepa-
rated from the impact of climate change, such as 
tides, increased waves, and storms that continu-
ously erode coastal land (Lyddon et al., 2019; San-
ford et al., 2017). This positively correlates with 
the results of coastal geomorphology, tidal, and 
wave height studies, which are quite influential in 
the study area. In addition, some damage to tour-
ism infrastructure and residential housing found in 
the field is a strong indication of vulnerability due 
to changes, although anthropogenic factors may 
contribute in this context.

Elevation vulnerability

DEMNAS data was used in the elevation 
analysis, which is data on land height above sea 

level. The results of the conversion of analog 
mapping data show that the elevation conditions 
of the Bolaang Mongondow coast are on a scale 
of not vulnerable and very vulnerable. The val-
ues obtained are in the range of 1.65 to > 30 m. 
The land position that is quite sloping on the land 
surface is in the sub-districts of Bolaang, East Bo-
laang, and Lolak, with elevations that are below 
average. Although Poigar and Sangtombolang 
sub-districts have some sloping land, they have 
hilly cliffs that lead directly to the coastal area 
and form a barrier between beaches. This theo-
retically has the potential to experience erosion 
threats but is still translated as not vulnerable, be-
cause it tends to experience a greater reduction in 
wave energy before reaching land (Davidson et 
al., 2019; Supriyadi et al., 2019). The elevation 
level ratio can be seen in Table 6.

Calculating the elevation of coastal areas is 
very important in estimating their vulnerability, 
because the potential impact of the advance and 
retreat of the coastline due to climate change de-
pends on the elevation of the land area. When there 
is a tidal wave, the beach with a high elevation will 
prevent water from entering the land; otherwise, if 

Table 4. Coastal geomorphology characteristics of Bolaang Mongondow
No. Subdistrict name Geomorphology

1. Poigar Beach building, sandy beach, estuary, alluvial

2. Bolaang Timur Beach building, sandy beach

3. Bolaang Beach building, sandy beach, estuary

4. Lolak Beach buildings, sandy beaches, mangrove vegetation, coral reefs

5. Sangtombolang Beach building, sandy beach, mangrove vegetation, coral reef, alluvial plain

Table 5. Shoreline change rate in 2014 and 2024
No. Subdistrict name Shoreline change (m/year)

1. Poigar -39.7

2. Bolaang Timur -100

3. Bolaang -97.3

4. Lolak -67.4

5. Sangtombolang -31.1

Table 6. Coastal elevation of Bolaang Mongondow
No. Subdistrict name Elevation (m)

1. Poigar > 30

2. Bolaang timur 1.78

3. Bolaang 1.65

4. Lolak 3.98

5. Sangtombolang > 30
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the elevation is low, it will cause water to enter the 
land with the risk of extensive overflow (Marwasta 
et al., 2016). In addition, it is important to note that 
regardless of the land cover in the coastal area, the 
lower elevations of land remain vulnerable to inun-
dation by seawater (Hamuna et al., 2019).

Coastal slope vulnerability

The coastal slope level of the Bolaang Mon-
gondow coast is the data from the bathymetry 
contour map or the slope of the water bottom 
slope, which is approximately 2 km from the 
coastline. The analysis results obtained a slope 
value of more than 2% or in the percentage range 
of 2.56–431% at all sub-district points. This 
means that the Bolaang Mongondow coastal 
area has a slope that is not steep below sea level 
and is not sufficiently risky to coastal dynamics. 
The physical parameter of the coastal slope is 
very important as data for coastal vulnerability 
research and climate change hazards. This is be-
cause low-slope beaches have the potential for 
shoreline retreat or accretion due to tidal fluc-
tuations and wave activity (Boruff et al., 2005; 
Handartoputra et al., 2015). This is briefly re-
lated to the results of the analysis of changes in 
the coastline experiencing abrasion. The level of 
the coastal slope is presented in Table 7.

Relative sea level rise vulnerability

Sea level rise along the Bolaang Mongondow 
coast was obtained through altimetry satellite im-
agery data available from 1993, while the data used 
was only from 2015 to 2024. The relative surface 
rise value obtained is 0.071–0.073 mm/year or in 
the non-vulnerable category (Figure 2a). This value 
is obtained from considering local land activities 
such as subsidence or uplift. However, despite the 
non-vulnerable status, Topex/Poseidon altimetry 
satellite monitoring data in this area shows a peri-
odic annual rise in sea level (MSL) of 0.051–0.096 
mm/year (Figure 2b). The vulnerability status of 
this study generally applies at the local scale, while 
national projections through several scenarios sug-
gest Indonesia’s coastal position will be highly vul-
nerable in the future (ICCSR, 2010b; Vinata et al., 
2023). Sea level rise is a major risk and indicator of 
climate change. According to the Intergovernmental 

Table 7. Beach slope
No. Subdistrict name Beach slope (%)

1. Poigar 4.31

2. Bolaang Timur 4.27

3. Bolaang 2.56

4. Lolak 2.98

5. Sangtombolang 2.91

Figure 2. a) Relative water level rise b) Average yearly sea level rise. Generated using E.U. Copernicus marine 
service information; https://doi.org/10.48670/moi-00149
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Panel on Climate Change (IPCC) study in the 
Fourth Assessment Report document, there are at 
least two main causes of sea level rise: the increase 
by thermal expansion of seawater due to rising sea 
temperatures and the increase due to the melting of 
polar ice caps and other areas that can increase the 
volume of seawater. (Mackay, 2008).

Tidal

Determination of the coastal vulnerability 
index with tidal parameters generally uses the 
tidal range value obtained from the difference 
between the Mean Highest Water level (MHWL) 
and the Mean Lowest Water Level (MHWL). 
The average tidal range value in the coastal wa-
ters of Bolaang Mongondow is in the range of 
2.14 to 2.24 m or in the medium vulnerability 
scale. Tidal Ridges can be seen in (Table 8). The 
tidal type of the Bolaang Mongondow coastal 
area is a mixed semi-diurnal tide. This is in line 
with the findings of [Lesmana et al., 2021; Mu-
lyabakti et al., 2016], considering the proximity 
of the study area that covers the waters of North 
Sulawesi. Tidal criteria and type as a climate 
change variable correlate with coastal vulner-
ability because they indicate sediment transport 
and erosion (Georgiou et al., 2024). On the ba-
sis of these findings, it is not an exaggeration to 
say that the occurrence of significant shoreline 
changes in the Bolaang Mongondow coastal area 
has a large contribution from the tides that occur.

Significant wave height vulnerability

The results of the ERA5 reanalysis of signifi-
cant wave heights on the coast of Bolaang Mon-
gondow Regency are grouped in the vulnerable 
class. The range of values for each sub-district is 
1.13–1.15 m, with the highest wave dynamics oc-
curring in Poigar and East Bolaang and the low-
est in Sangtombolang (Table 9). Being directly 
facing the Sulawesi Sea, the results of this study 
intersect with the study of Molle et al. (2022) in 

the waters of Bunaken Island, Mantehage, and 
Nain Island, North Sulawesi, with significant 
wave height findings in the range of mild to high 
criteria. This is not separated from the influence 
of climatic activities in the Pacific Ocean. High 
wave intensity is strongly influenced by changes 
in air circulation (direction and speed), because 
the wind supplies energy in wave activity, the 
greater the wind strength or in the size of the 
storm, the greater the wave intensity (Yuliani et 
al., 2020). In addition, according to Benkhattab et 
al. (2020), the storm surge phenomenon increases 
the vulnerability of the coastline with the threat of 
abrasion and its destructive impact when a disas-
ter occurs. This is quite consistent with estimat-
ing the variable of shoreline change in this coastal 
area, which is experiencing abrasion.

Coastal vulnerability index of Bolaang 
Mongondow Regency 

 On the basis of the results of the analysis, the 
highest vulnerability index value is in Lolak Sub-
district with CVI = 14.6, followed by Bolaang and 
East Bolaang, respectively, with the same value of 
CVI = 13.1, and the lowest in the remaining two 
sub-districts, namely Sangtombolang with CVI = 
6.55 and Poigar with a value of CVI = 5.86. Thus, 
overall, the coastal areas of Bolaang Mongon-
dow are categorized as less vulnerable to climate 
change risks (Table 10). The same category class 
with different CVI values here is a general de-
scription of the level of risk variation faced. This 
finding also confirms the not-so-deep difference 

Table 8. Coastal tidal ridges of Bolaang Mongondow Regency 2015–2024
District 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Poigar 2.18 2.16 2.17 2.20 2.21 2.19 2.21 2.23 2.24 2.23

Bolaang Timur 2.19 2.17 2.17 2.20 2.21 2.19 2.20 2.23 2.24 2.22

Bolaang 2.18 2.16 2.17 2.19 2.21 2.19 2.20 2.23 2.23 2.21

Lolak 2.15 2.14 2.15 2.17 2.18 2.18 2.19 2.21 2.21 2.21

Sangtombolang 2.17 2.16 2.16 2.18 2.20 2.17 2.19 2.21 2.23 2.21

Table 9. Significant wave height
No. Subdistrict name Significant wave height (m)

1. Poigar 1.13

2. Bolaang Timur 1.13

3. Bolaang 1.14

4. Lolak 1.13

5. Sangtombolang 1.15
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with the results of the National Marine and Fish-
eries Research Agency’s (MMAF) study of all In-
donesian coastal areas in 2010, where the coastal 
vulnerability index indicated on the map (specific 
to our research location) was in the category of not 
vulnerable (Bappenas, 2018; ICCSR, 2010a).

As it was previously explained, the weight-
ing of vulnerability variables is the basis for the 
assessment that the less vulnerable category does 

not mean any risk. Still, it has the potential for 
exposure to climate change impacts, specifically 
on specific physical components. Therefore, tar-
geted adaptation and mitigation measures need to 
be pursued. While it is not possible to completely 
prevent natural disasters, the opportunity is there 
to assess and develop the solutions to reduce the 
destructive impacts on coastal areas. (Malehmir et 
al., 2016; Pratiwi et al., 2023). The physical vari-
able vulnerability scale and coastal CVI vulner-
ability can be seen in Figure 3 (a, b, c, d, e, f, g, h).

CONCLUSIONS

This study succeeded in answering the re-
search objectives and hypotheses by identifying 
the value of the Bolaang Mongondow coastal 
vulnerability index as less vulnerable to climate 
change impacts in all observation areas. The CVI 

Table 10. Bolaang Mongondow Regency coastal 
vulnerability index

No. Subdistrict name CVI index Category

1. Poigar 5.86 Less vulnerable

2. Bolaang Timur 13.1 Less vulnerable

3. Bolaang 13.1 Less vulnerable

4. Lolak 14.6 Less vulnerable

5. Sangtombolang 6.55 Less vulnerable

Figure 3. Vulnerability scale of physical variables and CVI vulnerability of the Bolaang Mongondow coast. The 
figure follows the structure of the review, (a) with maps of geomorphology, (b)shoreline change, (c) elevation, 

(d) coastal slope, (e) sea level rise, (f) tides, (g) significant waves, and (h) CVI vulnerability index.
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values in the range of 5.86–14.6 illustrate the dif-
ferent levels of risk at each point as well as dif-
ferences with the proposed hypothesis. This is 
directly influenced by coastal physical indicators 
that show varying scales of vulnerability. The real 
values of variables that are not vulnerable are 
coastal slope, sea level rise, and elevation. Sea 
tides are in moderate condition. In turn, vulner-
able to highly vulnerable conditions are found in 
geomorphology, shoreline changes, coastal eleva-
tion, and significant waves. Thus, this scientific 
discovery contributes to the information gap on 
the vulnerability of specific local coastal areas 
that has never been done before. Thus, there is 
an opportunity to utilize the data found as a refer-
ence for targeted coastal climate change adapta-
tion and mitigation efforts. Experts recommend 
coastal vulnerability studies as the first step in 
climate change disaster mitigation efforts at local, 
national and global scales.
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