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ABSTRACT 

Samarinda has experienced a frequent landslide disaster, totaling 30% from the total disaster 
occurring in 2019. Based on these data, it is necessary to carry out the analysis on the landslide 

hazard as the mitigation to minimize the damage that may be caused by the landslides. The 

research was conducted in GIS based processing, by collecting secondary data supported by 
field observations and quantitative analysis to produce the landslide hazard map. Slope 

gradient, geology, soil type, and rainfall are the parameters used to determine the landslide 

susceptibility zonation in the research area. These parameters are then processed using a 
weighted overlay method. The zoning results show most of Samarinda is included in the 

intermediate landslide hazard zone, followed by the high landslide hazard zone, and the low 

landslide hazard zone which has the narrowest distribution. The high landslide hazard zone 
has a distribution associated with geological structures identified as fold which are included in 

the Samarinda anticlinorium and thrust fault in north-south direction. The distribution of the 

landslide hazard zones indicates that the slope gradient, lithology which consists of 
sedimentary rock, and fold and fault structures, are the main controlling factors for landslides 

in Samarinda. 

 

Keywords: Landslide Hazard, Geographic Information System (GIS), Controlling Factor of 
Landslide, Samarinda. 

 

INTRODUCTION  

Indonesia is one of the countries which are 

located on the equator and controlled by 
tectonic activities. One of the effects are 

Indonesia is prone to natural disasters. 

According to the National Disaster 
Management Authority (BNBP), Indonesia 

has experienced 5402 disasters in 2021, with 

landslides being the second of the most 
frequent disasters, accounting for 1321 

incidents (BNPB, 2022).  

The disaster also happened in the Capital of 
the East Kalimantan Province, Samarinda. 

From the regional disaster management 

agency (BPBD), Landslides in Samarinda City 
are ranked third in terms of disaster events 

after forest and land fires and floods, 

calculated as 30% of the total disasters that 

occurred. Based on 2019 BPBD data, out of 
41 landslide incidents, there were losses for 

the community in the form of damage to 

residents' houses and caused injuries (2 
people), fatalities (3 people), and 422 people 

suffered minor injuries (BPBD, 2019) 

Currently, publications related to landslide 

hazard in Samarinda have only been in the 

form of disaster data, as well as publication of 
slope analysis at various locations, such as in 

the Selili area of Samarinda (Sutan et al., 

2017). However, publication of landslide 
hazard zoning in the entire capital city of East 

Kalimantan has not occurred.  Therefore, 

research to analyze and create the landslide 
hazard map needs to be carried out. This 

research is one of the initial mitigation efforts 

to minimize the impact of the disaster from 
the landslide disaster in Samarinda City. In 

this study, the discussion of landslide hazard 

factors is focused on geological factors, 
including slope gradient, lithology, and 

geological structure. The landslide hazard 

map is also compared to the actual landslides 

occurrences as the validation of the analysis 
that was conducted.  

The mass movement or landslide can be 

categorized according to the type of 
movement and its material. The materials of 

the landslide can be composed of rocks, soil, 

or the combination of both materials (Cruden 
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and Varnes, 1996; Najib et al., 2015). There 
are two factors that can cause landslides, 

identified as controlling factors and 

movement triggering factors. Controlling 
factors of mass movement are components 

that can make slopes vulnerable to 

movement, including morphological 

conditions, lithological types, relationships 
between lithology, geological structures, 

geohydrology, and land use (Karnawati, 

2005; Vasudevan and Ramanathan, 2016; Yu 
et al., 2021).  The controlling or conditioning 

factor of the mass movements can be various 

depending on the location (Chau and Chan, 
2005). Moreover, there are processes which 

may cause the slope to become critical and 

mass movement occurred, known as 
triggering factors, which are rain infiltration, 

vibration that can be caused by the 

earthquakes or human activities, and the 
utilization of land in the slope area 

(Karnawati, 2005).  The National Disaster 

Management Authority (BNBP) defines that 

landslide hazard is controlled by several 
parameters which include morphology, 

geology, soil, and hydrology. Based on these 

factors, it is necessary to investigate the 
landslide hazard in Samarinda as an effort to 

minimize damage from the disaster. 

 
REGIONAL GEOLOGY 

Samarinda is a part of the Kutai Basin. Kutai 

Basin occupies most of the East Kalimantan 
area with its sediment supply coming from 

the central part of Kalimantan Island. This 

suggests that the central part of Kalimantan 

experienced uplift and erosion during the 

Tertiary Period. Kutai Basin is divided into 
western Inner Kutai Basin and eastern Outer 

Kutai Basin, and Samarinda area is included 

in eastern Outer or Lower Kutai Basin. The 
Lower Kutai Basin is primarily made up of 

Miocene sedimentary rocks (Chambers et al., 

2004; Moss and Chambers, 1999) (Fig. 1). 

According to the regional geology map by 
(Supriatna et al., 1995), Samarinda is 

composed by Tertiary Pulau Balang and 

Balikpapan Formation, also Quaternary 
Alluvium. Pulau Balang Formation consists of 

interbedded greywacke and quartz sandstone 

with intercalation of limestone, claystone, 
coal, and dacitic tuff formed in the Middle 

Miocene – Late Miocene. The Balikpapan 

formation has interfinger relations with Pulau 
Balang Formation indicates it formed in the 

same period. Balikpapan Formation consists 

of sandstone interbedded with claystone 
intercalation with silt, shale, limestone, and 

coal. Quaternary Alluvium is composed of 

gravel, sand, and mud occupied around 

Mahakam River. Regionally, Samarinda is 
controlled by a geological structure mainly 

known as Samarinda Anticlinorium elongated 

in the North – South direction. The thrust 
fault with North – South direction also occurs 

in the central part of the Samarinda City 

(Supriatna et al., 1995; Witts et al., 2016).   
Those mentioned geological structures form 

the regional morphology of Samarinda which 

dominantly categorized as structural 
landform and affect the slope of the 

geomorphology in the research area 

(Poedjoprajitno et al., 1998). 

 
Fig. 1.  The regional geology of the Samarinda (blue rectangle) that included in Lower Kutai 

Basin composed by Miocene sedimentary rocks and controlled by folding known as 

Samarinda anticlinorium (modified from Moss and Chambers, 1999) 
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RESEARCH METHOD 
The research was located in Samarinda and 

conducted in various processes, including a 

literature review, secondary data gathering, 
field observation, and data analysis to create 

the landslide hazard map. The secondary data 

that were used are (1) Digital Elevation Model 

(DEM) from the DEMNAS (Badan Informasi 
Geospasial (BIG), 2022; Hell and Jakobsson, 

2011) website 

(https://tanahair.indonesia.go.id/demnas/). 
DEM was utilized to analyze the morphology 

and slope of the research area. (2) Geological 

data which collected from the regional 
geology map to identify the lithology and 

geological structure formed in Samarinda. (3) 

The rainfall data from last ten years (2013 – 
2022) is collected from Climate Hazards 

Group InfraRed Precipitation with Station 

data (CHIRPS, 2022; Funk et al., 2015). (4) 
Soil types are collected from the Geonetwork 

website associated with the Food and 

Agriculture Organization (FAO) of the United 

Nation. The soil classification used in this 
paper is also based on the FAO classification 

system (Nachtergaele, 2017; Subardja et al., 

2014). This data is collected as the controlling 
factors of the mass movement (BNPB, 2016; 

Karnawati, 2005). (3) The administrative 

border of the Samarinda which is then 
processed in a geospatial information system 

to delineate the border of the research area 

and produce landslide hazard maps.  

The field observation which includes 
geological and landslide location observation. 

The analysis of slope from the DEM, 

geological, rainfall, and geological data are 
processed in GIS. These Data then delineate 

with the administrative border of Samarinda. 

Therefore, the landslide hazard map can be 
made.   The record of the landslide location 

occurred from 2020 – 2022 also collected to 

compare the landslide hazard map that 
produced with the actual events occurred. 

The landslide hazard index is obtained 

from the delineation of the landslide zone with 
cutoff of minimum slope is 15% or angle of 

slope 8.51°. The procession of the data using 

the deterministic method which each of the 

controlling parameters of the landslide has 
their score and weight according to (BNPB, 

2019, 2016) (Table 1).  

 
Table 1.  The score and weight of the parameters for determination of the landslide hazard in 

Samarinda (modification of (BNPB, 2019, 2016)). 

No Data Parameters Classification Score Weight 

1 DEM Slope 15 – 30% 0.250 0.40 

   30 – 50% 0.500 

   50 – 70% 0.750 

   >70% 1.000 

2 Geology Lithology Alluvium 0.333 0.20 

   Sedimentary 

Rocks 

0.667 

   Volcanic Rocks 1.000 

  Distances 

from 

structures 

>400 m 0.200 0.05 

   300 – 400 m 0.400 

   200 – 300 m 0.600 

   100 – 200 m 0.800 

   0 – 100 m 1.000 

3. Soil Soil type Sandy 0.333 0.150 

   Clayey - sandy 0.667 

   Clay 1.000 

4.  Hydrology Annual 

rainfall 

<2000 mm 0.333 0.20 

   2000 – 3000 

mm 

0.667 

   >3000 mm 1.000 

Each of the parameters then calculated with 

weight overlay parameters method based on 
the dominance of each landslide controlling 

parameters to the landslide that may occurs 

(BNPB, 2019, 2012), including slope, 
geology, soil, and hydrology. Based on BNPB 

(2019, 2012), each data’s weight is 

determined using the Analytic Hierarchy 

Process (AHP) method, in which the slope is 

determined as the dominance factor and 
distances from structures is the least 

significant factor (Table 1). The formula of 

landslide hazard calculation to produce  a 
hazard index map of the research area is 

written in Eqn.1  (BNPB, 2019; Lanto et al., 

2022; Yulianto et al., 2019).  

https://tanahair.indonesia.go.id/demnas/
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H (weight) = (0.40 × A) + (0.20 × B) + (0.05 

× C) + (0.15 × D) + (0.20 × E) (1) 

 
Where: A  = score of slope parameter 

B  = score of lithology parameter 

 C   = score of distances from   

structures parameter 
 D  = score of soil types parameter 

 E   = score of annual rainfall 

parameter 
The result from the hazard calculation then 

divided in to three categories of landslide 

hazard index based on the classification of the 
hazard index in the Peraturan Kepala Badan 

Nasional Penanggulangan Bencana Nomor 02 

Tahun 2012 (BNPB, 2019, 2012), namely low, 
intermediate, and high hazard index. The H 

index, which maximum value is 1 then divided 

into three class, class 1 for low hazard, 2 for 
intermediate, and 3 for high hazard. Then it 

calculated with the weight of class, accounted 

for 100% (BNPB, 2019, 2012). The 

determination of the hazard zone is shown in 
Table 2.  

 
Table 2.  The landslide hazard zone 

categories determination (modification from 

(BNPB, 2019, 2012). 

Hazard zone value Weight Score 

Low  1  

100% 

0.333 

Intermediate 2 0.666 

High  3 1.000 

 

Therefore, each hazard index zone has 
interval value, which are low hazard index 

ranging from H ≤ 0.333, intermediate hazard 

index ranging from 0.333< H ≤ 0.666 and 
high hazard index with H value more than 

0.666. The landslide hazard map that was 

produced then compared with the actual 
landslide occurrences to validate the data that 

obtained.  

The flow diagram of the landslide hazard map 

making is presented in Fig. 2. (BNPB, 2019, 
2016; Polawan and Raharjanti, 2022). 

 

RESULT AND DISCUSSION 
The slope was analyzed using slope 

classification (BNPB, 2016; Van Zuidam, 

1985) and the cut off of the landslide 

potential according to (BNPB, 2019) which is 
15%, therefore the slope in Samarinda is 

divided into four categories, gentle sloping  

(< 15%), moderately steep (15% – 30%), 
steep (25% - 50%), and extremely steep (50 

- 70%) (Fig. 3 and Fig. 4).  

 
Fig. 2. The flowchart of the landslide hazard 

map production (modified from (BNPB, 
2019, 2016; Polawan and Raharjanti, 2022). 

 

The slope is categorized according to 
morphometry or quantitative slope evaluation 

based on the slope percentage by (Van 

Zuidam, 1985). Meanwhile, the division of 
slope classes refers to the BNPB landslide 

hazard classification (BNPB, 2019). 

 In Fig. 3 shows Samarinda is dominated 
by the gentle sloping area (<15%) rather 

than the steep sloping area. The steep slope 

zone has a lineament in north – south 
direction. The lineament in Samarinda which 

has steep slope are associated with regional 

geological structures known as Samarinda 

anticlinorium (Supriatna et al., 1995; Witts et 
al., 2016). The geological characteristics of 

the research area showcases Samarinda 

consists of sedimentary rocks and alluvium.  
Lithology is composed by sandstone, 

claystone, quartz sandstone, and alluvium 

deposit (Fig. 5).  The sandstone has bedding 
structures, intercalated with coal. The 

claystone in the research area also 

predominantly identified in bedding lithology 
structure.
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Fig. 3. The Slope Map of Samarinda City, East Kalimantan. 

 

The lithology in Samarinda is strongly 
controlled by geological structure 

predominantly folding (Fig. 4). Therefore, the 

lithology in the research has experienced 
deformation, the strike is dominated in NNE-

SSW direction measured as N354°E dan 

N20°E and the dipping varies from 36 – 65 °. 
According to the regional geology data, the 

lithology in Samarinda is part of the 

Balikpapan and Pulau Balang Formation, 
which formed in Middle Miocene to Upper 

Miocene. 

The structural geology that formed in 

research area is folding identified as 
Samarinda anticlinorium which extend from 

north to south with an average slope of 60° 

(Permana et al., 2022; Supriatna et al., 
1995). In addition, the thrust fault was also 

observed, cutting through the Mahakam River 

and has a north-south direction (Fig. 5). 

Sutan et al., (2017) stated that the thrust 
fault in the research area is identified by the 

abrupt   diversion of the river channel from 

relatively west – east direction (130°E) to 
relatively north - south  (195°E) (Sutan et al., 

2017). 

Samarinda is composed by three types of soil 
according to the FAO classification, namely 

Orthic Acrisols (Ao), Cambic Arenosols (Qc), 

and Dystric Fluvisols (Jd) (Nachtergaele, 
2017).  The Orthic Acrisols soil is 

characterized by low accumulation of clays 

and low base saturation. 

The Cambic arenosols have coarse texture 
characteristics, often composed of sandy and 

clayey - sandy grain. Hence, both of soils type 

is classified as clayey – sandy soil for 
landslide hazard analysis based on BNPB 

(2019) classification (Fig. 6).

 

 
Fig. 4. (Left) the morphological features show the steep slope morphology and (right) the 

appearance of sandstone with coal intercalation and has been influenced by folds resulting in 

inclination of the rock bedding. The photos were taken facing the south direction. 
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Fig. 5.  The geological map of Samarinda, displaying the lithology and structural geology in 

the research area. 

The Dystric Fluvisols are formed by alluvial 

deposits, which in Samarinda consist of sandy 
grainsize. Therefore, this soil zone is included 

as sandy soil zone (BNPB, 2019; Subardja et 

al., 2014; Supriatna et al., 1995).  The 

analysis of the annual rainfall showing that 

the rainfall in Samarinda is relatively uniform, 
classified in 2000 – 3000 mm per year (Fig. 

6.) (CHIRPS, 2022).

 

 
Fig. 6.  The distribution soil type and annual rainfall map in Samarinda City, East Kalimantan. 

The result of the landslide hazard index of the 

Samarinda indicates that the research area is 

mostly covered by intermediate hazard index 

(Fig 7.). The lowest landslide hazard area has 

the smallest distribution, concentrated in the 

flat area on the north side of the Mahakam 
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River. The high landslide susceptibility zone 
shows a north – south pattern which 

interpreted associated with the geological 

structures occur in the Samarinda. The 
plotting of landslide occurrences in 

Samarinda also proves that the landslide is 

associated with the lineament of the 

geological structures (Fig. 6). 
The landslide is heavily controlled by the 

gradient of the slope, the steep slope is 

associated with the higher landslide 
susceptibility. The measurement in two 

locations of the landslide occurring in the 

research area shows that the slope is 34° and 
71° respectively (Fig. 7). From field 

observation, it is identified that joint in the 

rock bedding which become more vulnerable 
to the mass movement.  

The slope value is one of the main factors in 

landslide hazard zoning in Samarinda City. 
The high landslide hazard zone in the study 

area is associated with areas with high slope 

percentages (Fig. 3 and Fig. 8 A-C). This is in 

accordance with Karnawati (2005), the 
morphology is one of the main factors 

controlling the occurrence of mass movement 

with higher slopes having a higher potential 
for landslide hazard as well.  

Karnawati (2005) states that one of the 

conditioning factors for the occurrence of 

mass movement is geological structures in 
which identified as anticlinorium and thrust 

fault (Fig. 5.) (Supriatna et al., 1995; Witts et 

al., 2016).  The deformation process makes 
the rocks bedding incline and the slope of the 

morphology become steep, so that they form 

movement planes in the rock layers. The 

geological structure is also a controlling factor 
for the formation of Samarinda's morphology 

so that it becomes a hilly area with relatively 

steep slopes. Furthermore, there are 
landslide locations that have a slope direction 

in the same direction as the dipping of the 

lithology, thereby increasing the landslide 
susceptibility in the research area (Fig. 8C) 

(Benzougagh et al., 2020; Yulianto et al., 

2019).  
Lithological factors, including lithology and 

stratigraphic relationships between rocks, are 

also controlling factors for mass movement 
(Cruden and Varnes, 1996; Mario et al., 

2023; Trisnawati et al., 2022). BNPB (2016) 

classifies lithology into three types, namely 

volcanic rock, sedimentary rock, and alluvial 
rock with the highest to lowest landslide 

hazard class values, volcanic rock, 

sedimentary rock, and alluvium.  
 

 
Fig. 7.  The landslide hazard map of Samarinda, East Kalimantan. 
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Fig. 8. Landslides occurrences in research 

area. 

 
Based on BNPB (2016) classification, the 

study area is composed of two types of 

lithology, identified as sedimentary rock 
consisting of sandstone, claystone, and 

quartz sandstone, which is considered to have 

a higher landslide hazard value than alluvium. 
Alluvium is considered to have a low hazard 

class because alluvial is associated with a 

zone with low slopes so that it has a low 
danger of landslides (Sejati et al., 2020). 

Alluvium deposit is also considered to have a 

low level of erodibility. This low erodibility 

also reduces the level of danger of landslides 
occurring in an area (Purba et al., 2014). 

Research that was conducted in Selili 

Samarinda area shows lithology that 
composing the area from the bottom layer up 

is claystone and sandstone, claystone is 

composed of phyllosilicate minerals, known 
as clay minerals and have impermeable 

characteristics. This is interpreted as an 

avalanche slip plane in the Selili Area. The 
presence of clay minerals can also reduce 

rock strength (Regmi et al., 2013; Sutan, 

2020). On the other hand, the sandstones in 

the Selili Area have characteristics brownish 
yellow color with consits quartz and iron oxide 

minerals (Sutan 2020). These sedimentary 

rocks are formed in bedding structures which 
can be landslide slip planes. Sedimentary 

rock’s particles also do not have high cohesive 

adhesion and the strength of these rocks is 
relatively moderate – weak. This causes 

sedimentary rocks to have a high landslide 

hazard index (Hunt, 2007; Yamagishi and 
Iwahashi, 2007). 

Another controlling factor of the landslide 
susceptibility of an area is hydrology and soil 

aspects. The hydrology represented by the 

annual rainfall data in Samarinda has uniform 
intensity, around 2300 to 2500 mm per year 

which classified in to second class (2000 – 

3000 mm) according to BNPB classification 

(Fig. 6). The intensity of the rainfall affects 
the water saturation in the soil layer. The 

higher of the water content in the soil, the 

value of shear strength will decrease, hence 
the area is more vulnerable of the landslide 

(Budianta et al., 2022; Mario et al., 2023). 

Soil type which in the research area is 
categorized into two types, sandy and clayey 

– sandy. The soil containing clay is considered 

more prone to landslides.  The clay in the soil 
increases the plasticity and lowers the shear 

strength. Moreover, the clay content in soil 

has potential for swelling which increase the 
vulnerability to the landslide (Budianta et al., 

2022; Yalcin, 2007). 

The comparison on the landslide occurrences 

and the hazard map indicates that landslides 
in Samarinda (Fig. 7.) mainly controlled by 

the morphology and geological features. The 

landslide are more often happen in the steep 
morphology which formed by anticlinorium 

and thrust fault, this can be interpreted that 

geological structures also one of the main 
factor of the landslide (Benzougagh et al., 

2020; Supriatna et al., 1995). Lithology type 

is identified as the controlling factors as the 
landslide are more likely to occur in the 

sandstone and claystone lithology, while in 

quartz sandstone lithology the disaster occurs 

less intense (Karnawati, 2005; Trisnawati et 
al., 2022). 

  

Conclusion 
Analysis on the landslide hazard in Samarinda 

shows result that the area is predominantly 

included in the intermediate landslide hazard 
zone. Areas which are categorized as high 

hazard zone are identified associated with the 

steep slope controlled by the folds and thrust 
fault, indicating that morphology and 

geological structures are the controlling factor 

of the Landslide. The lithology also 
contributes to the landslides in the research 

area, proves by more occurrences of the 

landslide is identified in the sandstone and 

claystone lithology.  
Further research for landslide risk analysis 

including analysis of landslide vulnerability 

and capacity in Samarinda City is 
recommended to be carried out. This can be 

used as a basis for identifying potential losses 

and risk management caused by landslides as 
a method of disaster mitigation. 
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