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The topographic condition of Tidore Island, where 50% of the area is on a
steep slope, makes Tidore Island prone to landslides during the rainy season.
This research aims to spatially identify landslide prone areas in Tidore Island
using slope morphology method. SMORPH method is conducted by identifying
and classifying potential landslide areas based on slope shape and slope angle
matrix. The result of this study shows that high landslide potential area is
2,569.42 ha, medium potential area is 3,296.99 ha, low potential area is
4,778.46 ha, and very low potential area is 1,126.55 ha. Among the sub-
districts in Tidore Island, North Tidore has the largest presentation area of
892.48 ha. It can be concluded that areas with steep slopes and convex or
concave slope shapes have higher landslide potential. The findings of this
research are expected to help local government in future spatial planning
efforts for landslide mitigation.
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Kondisi topografi Pulau Tidore yang 50% wilayahnya berada pada
kemiringan lereng yang curam, menyebabkan Pulau Tidore rawan longsor
pada saat musim hujan. Penelitian ini bertujuan untuk mengidentifikasi secara
spasial daerah rawan longsor di Pulau Tidore dengan menggunakan metode
morfologi lereng. Metode SMORPH dilakukan dengan mengidentifikasi dan
mengklasifikasikan daerah yang berpotensi longsor berdasarkan matriks
bentuk lereng dan sudut lereng. Hasil dari penelitian ini menunjukkan bahwa
daerah yang berpotensi longsor tinggi seluas 2.569,42 ha, daerah yang
berpotensi sedang seluas 3.296,99 ha, daerah yang berpotensi rendah seluas
4.778,46 ha, dan daerah yang berpotensi sangat rendah seluas 1.126,55 ha. Di
antara kecamatan-kecamatan yang ada di Pulau Tidore, Tidore Utara
memiliki luas presentasi terbesar yaitu 892,48 ha. Dapat disimpulkan bahwa
daerah dengan lereng yang curam dan bentuk lereng yang cembung atau
cekung memiliki potensi longsor yang lebih tinggi. Temuan penelitian ini
diharapkan dapat membantu pemerintah daerah dalam upaya perencanaan
tata ruang di masa depan untuk mitigasi bencana longsor.
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INTRODUCTION

According to data from the Indonesian
Disaster Prone Index (Indeks Risiko Bencana
Indonesia/IRBI), Tidore Island is known for its
high potential for landslides in the North
Maluku region (BNPB, 2022). Particularly
during the rainy season, landslides frequently
occur on the island. These natural disasters,
which typically happen in mountainous or steep
areas, are often triggered by heavy rainfall or
earthquakes (Khalil et al., 2020; Somae et al.,
2022). Tidore |Island boasts a diverse
topography, characterized by steep slopes and
easily erodible soil. Such landslides can result
in significant loss of life, damage to property
and infrastructure, and have a lasting impact on
the local economy (Comert et al., 2019; Safriani
& Wibowo, 2022).

In order to prevent and reduce the risk of
landslides, it is crucial to conduct a spatial
analysis to identify areas prone to landslides on
Tidore Island. Spatial analysis is a method used
to study and map the spatial patterns and
relationships of geographical phenomena
(Ristya et al., 2019; Susetyo et al., 2022;
Sugandhi et al., 2023). Geographic Information
System is a very important tool to identify
spatially and temporally potential landslide
areas in Ambon City (Bhunia & Shit, 2022; Van
Phong et al., 2022). One of the simplest and
most accurate GIS methods to identify potential
landslide areas is the slope morphology or
SMORPH method (Ramdhoni et al., 2020).
According to previous researchers, the
SMORPH method is quite good and simple to
help identify landslide potential in an area that
only uses slope shape and slope slope variables
obtained from Digital Elevation Model (DEM)
data processing (Ramdhoni et al., 2020;
Mufidawati et al., 2021)

In this study, the Slope Morphology
method is employed for spatial analysis to
identify potential landslide areas based on
elevation data, such as slope inclination and
slope shape. By conducting this analysis, local
government and relevant organizations can
develop effective strategies to mitigate the risks
(Rakuasa et al., 2022; Muin & Rakuasa, 2023).
These measures may include appropriate land-
use regulations, implementation of soail
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conservation practices, monitoring rainfall,
establishing early warning systems, and
constructing infrastructure that can withstand
landslides (Rahim et al., 2018; Firdaus, 2022;
Pakniany et al., 2023).

Based on the background mentioned
above, the objective of this study is to identify
the areas on Tidore Island that are prone to
landslides, using spatial analysis. The research
findings are expected to provide a solid
foundation for making informed decisions in
order to prevent and minimize the impact of
landslide disasters on the island. Ultimately, the
aim is to ensure the safety and sustainability of
the community on Tidore Island in the face of
natural hazards.

METHOD

This research was conducted on Tidore
Island, located in the North Maluku Province.
The Slope Morphology (SMORPH) method
was used to identify areas on Tidore Island that
are prone to landslides, based on the variables
of slope inclination and slope shape.

Slope Morphology method is a
geospatial analysis method used to understand
and identify the shape and characteristics of
slopes or topography of an area (Sugandhi et al.,
2023). The main objective of this method is to
identify areas with potential risk of landslide
based on the shape and slope. In the Slope
Morphology method, topographic data or DEM
data is used to map and analyze the slope
morphology in the studied area (Saraswati et al.,
2019)

The study utilized administrative
boundary data of sub-districts and digital
elevation data obtained from the Geospatial
Information Agency. The data processing
involved converting the DEM into slope
inclination and slope shape using ArcGIS 10.8
software. The slope inclination was classified
into six categories: 0-8%, 8-15%, 15-25%, 25-
45%, 46-65%, and >65%, while the slope shape
was classified into three categories: Concave,
Flat, and Convex. The results of analyzing the
slope inclination and slope shape data were then
combined to determine the classes of landslide
potential based on the SMORPH matrix
presented in Table 1.
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Table 1. SMORPH Matrix

JoGSE

Slope Shape Slope Angel
0-8% 8-15% 15-25% 25-45% 46-65% >65%
Concave Very Low Low Low Low Low Medium
Flat Very Low Low Low Low Medium High
Convex Very Low Low Medium High High High

Source: Ramdhoni et al. 2020; Somae et al. 2022

RESULT AND DISCUSSION
Slope Inclination

Slope inclination has a significant
influence on landslide hazards (Triwahyuni et
al., 2017; Susetyo et al., 2022). Steep slopes
pose a higher risk of landslides due to the
increased vulnerability of soil or rock stability
on those slopes (Ristya et al., 2019; Asmare,
2022). Steep slope gradients impose greater
load on the soil or rock. When this load exceeds
the soil or rock’s strength limit, it results in soil
movement and potential landslides. The steeper
the slope, the greater the pressure exerted on the
soil or rock, thus increasing the likelihood of

0°45'0°N

0°40'0°'N

127°25'0"E

127°250°E

landslides (Permadi et al., 2019). According to
Figure 1, slope inclination on Tidore Island is
mainly represented by slopes ranging from 25-
45%, covering an area of 3,210.06 hectares or
27.44%. This is followed by slopes with an
inclination of 15-25%, which occupy an area of
2,586.92 hectares or 22.11%. Slopes with an
inclination of 8-15% cover 2,043.24 hectares or
17.46% of the land. Slopes ranging from 45-
65% account for 1,799.60 hectares or 15.38%.
Areas with slopes of 0-8% cover 1,126.55
hectares or 9.63%, while slopes exceeding 65%
make up 932.92 hectares or 7.97% of the total
area.

0745'0"N

0°40'0°'N

Slope

I 0-8%

I 8-15%
15-25%

25-45%
N 45-65%
B >65%

Figure 1. Slope Inclination
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Slope Shape

The shape of slopes is a crucial factor that
influences slope stability and the potential for
landslides on Tidore Island. Slope shape refers
to the visual appearance of a slope in a given
sequence (Ramdhoni et al., 2020). Typically, a
slope consists of different sections, including
the summit, convex areas, concave areas, and
footslope (Triwahyuni et al., 2017). he summit
area is the highest point prone to erosion, while
the middle part of the slope, which can be either
convex or concave, often experiences
significant surface runoff erosion. The
footslope area is where sediment deposition
occurs (Harist et al., 2018). On Tidore Island,
the slopes exhibit different shapes, including
convex slopes covering an area of 1,673.96
hectares, flat slopes covering 8,370.03 hectares
(71.38% of the total area), and concave land
shapes covering 1,682.35 hectares (14.35% of

0°45'0°N

0°40'0'N
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the total area). The spatial distribution of slope
shapes can be observed in Figure 2.

Landslide Potential Areas

The combination of slope shape and
slope inclination results in the identification of
potential landslide areas. Using the SMORPH
method, landslide potential is categorized into
four classes: very low, low, medium, and high.
The research findings reveal that 21.83% of the
study area is classified as having a high
landslide potential, covering an area of 2,569.42
hectares. Areas with a medium landslide
potential account for 28.01% of the area,
totaling 3,296.99 hectares. Regions with a low
landslide potential cover 40.59% of the area,
spanning 4,778.46 hectares. Lastly, areas with a
very low landslide potential encompass 9.57%
of the total area, equivalent to 1,126.55 hectares
within the study area.

0°45'0"N

0°40'0°N

Slope Shape
B Flat

Concave

I Convex

Figure 2. Slope Shape

Journal of Geographical Sciences and Education

15



Latue et al. (2023)

Table 2. Potential Landslide Areas by Sub-district

JoGSE

Sub-district (ha)

Landslide Potential Class

Tidore Tidore Selatan  Tidore Timur Tidore Utara
Non Potential 282.51 62.32 276.47 505.26
Low Potential 951.93 1.047.34 876.46 1.902.73
Moderate Potential 608.99 592.08 1.020.73 1.075.20
High Potential 476.10 365.35 835.49 892.48

Based on Table 2 and Figure 2, it is
evident that Tidore Utara Sub-district has the
highest percentage of land area compared to
other sub-districts on Tidore Island in each
landslide potential category. Tidore Utara Sub-
district is predominantly characterized by a low
landslide potential class, covering an area of
1,902.73 hectares. Tidore Timur Sub-district is

0"45'0°'N

0°40'0°N

127°250°E

127°250°E

mostly classified as a moderate landslide
potential class, spanning an area of 1,020.73
hectares. Similarly, Tidore Selatan Sub-district
and Tidore  Sub-district are  mainly
characterized by a moderate landslide potential
class, covering areas of 1,047.34 hectares and
951.93 hectares, respectively.

Landslide Potential Areas
I Non Potential
Low Potential

Moderate Potential
— High Potential

0°45'0°N

0°40'0°'N

Figure 3. Landslide Prone Areas on Tidore Island

In simpler terms, the spatial analysis
using the SMORPH method shows a direct
relationship with the characteristics of the
research location. Areas with steep slopes and
concave or convex slope shapes are highly
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prone to landslides. This finding aligns with
previous studies, which have demonstrated that
steep slopes accompanied by concave or convex
slope shapes increase the likelihood of
landslides in those areas. On the other hand,
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areas with smaller slope gradients and relatively
flat slopes have a lower landslide potential
(Harist et al., 2018; Rakuasa & Rifai, 2021;
Rakuasa et al., 2022; Somae et al., 2022)

The findings of this research contribute
to a better understanding of landslide-prone
areas on Tidore Island. Through spatial analysis
and geographic data, the study successfully
generates clear maps highlighting high-risk
regions. This information holds significant
value for regional development planning,
infrastructure location decisions, and disaster
mitigation strategies (Fan etal., 2019; Sarkar &
Dorji, 2019) Ultimately, the research outcomes
provide a solid foundation for effective disaster
risk reduction planning on Tidore Island. By
identifying landslide-prone areas and analyzing
the influencing factors, the study aids in the
identification of practical strategies and actions
to minimize the risks (Latue et al., 2023). For
instance, recommendations may include
implementing proper slope management,
enhancing drainage systems, selecting suitable
building materials, and regulating land use
practices accordingly (Manakane et al., 2023).

The weakness of using the SMORPH
method in this study is that it only relies on
topographic data from the shape of the slope
(concave, planar, or convex) and its gradient. It
is expected that future researchers can add other
variables such as land use, rainfall, soil type and
others or can combine this method with other
methods to get better results.

The findings of this study hold great
potential to increase awareness among the local
community and government about the risks of
landslides on Tidore Island. By making the
research results accessible to the public,
educational initiatives can be undertaken to
inform people about the dangers of landslides
and the necessary preventive measures.
Furthermore, this information can serve as a
valuable guide for the government and relevant
organizations in implementing more effective
policies and mitigation programs. In this way,
the study can make a significant contribution to
the management of landslide risks, community
protection, and sustainable development on
Tidore Island.

CONCLUSION

Tidore Utara Sub-district stands out
among other sub-districts on Tidore Island as
having the highest percentage of land area

Journal of Geographical Sciences and Education

JOGSE

prone to landslides across various categories.
Tidore Island features a diverse landscape with
different slope shapes and gradients, and
landslides primarily occur on concave and
convex slopes. The terrain is characterized by
hills and mountains with steep slopes. The
findings from the SMORPH method clearly
indicate that steeper slopes accompanied by
concave or convex shapes increase the
likelihood of landslides in those specific regions.
These research results are expected to provide
valuable assistance to the local government in
their future efforts to mitigate landslide
disasters and to guide them in spatial planning
that prioritizes disaster mitigation measures.
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