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Abstract 

Landslides are natural disasters that can be caused by high rainfall intensity. Aceh Besar Regency has been hit by landslides 40 

times from 2014 to 2023. Aceh Besar Regency serves as an economic connecting route from other cities to the provincial capital 

of Aceh, Banda Aceh. Therefore, when landslides occur in that area, it will disrupt the economic stability and logistic distribution 

to other regions. The weighted overlay method maps landslide-prone areas in Aceh Besar Regency. This research aims to create a 

map of landslide-prone areas in Aceh Besar Regency based on parameters causing landslides, namely slope inclination, rainfall, 

rock type, soil type, and land cover. The research findings indicate that almost the entire region of Aceh Besar has a moderate to 

high potential for landslide disasters. The main factor causing landslides in Aceh Besar is its topography, which is dominated by 

mountains and hills, and the moderate to very high rainfall intensity. The landslide-prone disaster map is validated by landslide 

incidents recorded by BPBD Aceh Besar from 2014 to 2023, showing results that align with the historical data. This map can be 

used by relevant authorities and the general public to undertake landslide disaster mitigation in Aceh Besar Regency. 
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1. Introduction  

Landslides can cause property damage, endanger lives, and 

damage the surrounding environment (Agustina et al., 2020). 

Although landslides are a local disaster, many areas in 

Indonesia are affected, so it is very important to mitigate the 

disaster (Naryanto et al., 2019, Adi et al., 2024, Andinisari et 

al., 2024, Ansari et al., 2024). Aceh Besar Regency is one of the 

areas north of Sumatra Island that experienced 40 landslides 

from 2014 to 2023 (Firdaus, 2023, Ansari et al., 2024, Asnawi 

et al., 2020, Asnawi et al., 2022). Naryanto and Akhirianto 

(2016) stated that landslides are caused by the disruption of soil 

or rock stability forming the slope.  

The disruption of stability on the slope can be influenced by 

various factors, such as the shape of the slope (especially the 

slope), the nature of rock or soil forming the slope, and 

hydrological conditions around the slope (Faizana et al., 2015). 

Rainfall is also the biggest factor besides slope to trigger 

landslides, the volume of water that seeps into the ground due 

to high rainfall can trigger landslides (Campbell, 1975; Larsen 

et al., 1999, Pasari et al., 2021). In addition to rainfall and slope, 

rock type is also one of the factors causing landslides, volcanic 

rock type is the biggest factor causing landslides due to poor 

permeability. Many cracks in the lithology under the volcanic 

soil cause water to enter and overload the slope until landslides 

occur (Simanjuntak & Ansari, 2022, Sembiring et al., 2023). 

Naturally, a slope is balanced against the forces acting on 

it. The slope will also seek a natural balance point to adjust to 

the forces or disturbances it receives (Khodijah et al., 2022). In 

some conditions where steep slopes are found, there are often 

no landslides. This is because the level of slope stability and 

vegetation in the location is very good (Aini et al., 2018). 

This study used landslide parameter weighting to map areas 

potentially prone to landslides (Arifin et al., 2015). The 

parameters included in this weighting are slope gradient, 

rainfall, rock type, soil type, and land cover (Sulistiarto, 2008). 

After weighting the landslide parameters, the data was 

processed using a geographic information system (GIS) 

(Rahmad et al., 2018). Mapping of landslide-prone areas can be 

classified into 4 categories: low vulnerability, moderate 

vulnerability, high vulnerability, and very high vulnerability 

(Susetyo et al., 2023, Nurana et al., 2021 Kuncoro et al., 2024). 

Considering the significant impact caused by landslides, 

efforts are needed to mitigate them. This research, through the 

analysis and mapping of landslide-prone areas, hopes to 

significantly contribute to mitigating landslide disasters. 

2. Data and Methods 

This research was conducted in Aceh Besar Regency, Aceh, 

Indonesia. The study's location map is in Figure 1. The data for 

this research utilizes slope inclination data obtained from DEM 

SRTM 30m (Digital Elevation Model Shuttle Radar 

Topographic Mission 30m), average annual rainfall data for the 

period from 2014 to 2023 from the Class IV Climatology 

Station of Aceh Province, soil and rock type data sourced from 

the geological map of Banda Aceh sheet in 1981, and land cover 

map data sourced from Indonesia Geospatial in 2019. The 

weighted overlay method creates a landslide hazard map. This 

method assigns scores and weights to several parameters 

influencing landslides (Khusnawati and Kusuma, 2020). 
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Fig. 1. Administrative map of 23 sub-districts in Aceh Besar Regency. 
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Tabel 3. Weight and score for rock type. 

 

Tabel 4. Weight and score for type of soil. 

No Type of Soil Weight Score 

1 Regosol 

 

10% 

 

5 

2 
Andosol, 

Podzolic 
4 

3 Brown latosol 3 

4 

 

 

Yellowish brown 

latosol 

association 

 

2 

 

5 Alluvial 1 

 

Table 5. Weight and score for land cover 

 

No. Land Cover Weight Score 

1 Moor, Rice fields 

20% 

5 

2 Shrubs 4 

3 Forest and Plantation 3 

4 City or Sttelement 

20% 

2 

5 
Ponds, Reservoirs, 

Waters 
1 

 

The modelling of landslide hazard maps using a combination of 

values from several parameter scores from Table 1 to Table 5 

can be formulated as follows: 

 

Total score=(SW x SS)+(RW x RS)+(RTW x RTS)+(TSW x  

      TSS)+(LCW x LCS)   (1) 

where SW is slope weight, SS is slope score, RW is rainfall 

weight, RS is rainfall score, RTW is rock type weight, RTS is 

rock type score, TSW is type soil weight, TSS is type soil score, 

No Slope 

Inclination (%) 

Information Weight Score 

1 0 – 8 Flat 

20% 

1 

2 8 – 15 Sloping 2 

3 

4 

15 – 25 

25 – 45 

A bit steep 

Steep 

3 

4 

5 >45 Very steep 5 

No Rainfall 

(mm/year) 

Information Weight Score 

1 0 – 1500 Very low 

30% 

1 

2 1500 – 2000 low 2 

3 2000 – 2500 Moderate 3 

No Rock Type Weight Score 

1 Alluvial 

20% 

1 

2 Sediment 2 

3 Volcanic 3 
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LCW is land cover weight, dan LCS is land cover score.  

Creating landslide hazard maps using the QGIS application 

involves combining the five parameters contributing to 

landslides (Puslittanak, 2004, Simanjuntak et al., 2018, 

Simanjuntak & Ansari, 2023). The process of analyzing slope 

inclination, rainfall, rock type, soil type, and land cover is 

conducted by inputting the available data into the QGIS 

application and weighting and scoring each parameter. After the 

weighting and scoring process, all the data is merged into one, 

forming the modelling of the landslide hazard map. 

 

3. Results and Discussion 

Parameters of Landslide Prone Areas 

 

1. Effect of Slope 

Slope inclination measures the steepness of a terrain surface 

relative to the horizontal, expressed in degrees or percentages 

(Lesmana et al., 2021, Simanjuntak et al., 2024). Puslittanak, in 

2004, classified slope inclination in percentage as follows: 0 to 

8 is flat terrain, 8 to 15 is gentle terrain, 15 to 25 is moderately 

steep terrain, 25 to 45 is steep terrain, and more than 45 is highly 

steep terrain. 

 

 
Fig. 2. Historical data on landslides that occurred in Aceh Besar Regency, dominated by slopes of 15 to more than 45%. 

The influence of slope inclination on landslides is that the 

greater the percentage of slope inclination, the steeper it is, the 

faster landslides will occur, and the greater the volume of 

landslide material produced (Muhajir et al., 2021, Saputra et al., 

2022). Slope inclination data was obtained from DEM SRTM 

30m for Aceh Besar Regency. Figure 2 shows the processed 

data of landslide incidents in Aceh Besar, which is plotted on 

the slope inclination map using the QGIS application.  

The slope inclination in Aceh Besar Regency varies widely 

from 0 to more than 45% due to the topographic conditions of 

Aceh Besar, located in hilly and mountainous areas. Based on 

the historical landslide incidents in Aceh Besar Subdistrict from 

2014 to 2019, they were predominantly occurring on slopes 

with inclinations between 15 and more than 45%. Landslide 

incidents also occurred on slopes with inclinations between 8 

and 15%, attributed to other factors, namely high rainfall during 

those incidents. 

 

2. Influence of Rock Type on Landslides 

Rock type is one of the parameters that causes landslides. 

Volcanic rocks are easily weathered, causing the material to be 

easily carried away by water during high rainfall intensity 

(Widagdo et al., 2021). The rock type map is based on 

comprehensive geological data from the Banda Aceh sheet by 

Bennet in 1981. This thorough research reveals that Aceh Besar 

Regency is an area with a rock structure dominated by volcanic 

rocks and sediments, influenced by the topography surrounded 

by mountains and hills. Figure 3 shows that volcanic rocks and 

sediments dominate more than 50% of the rock distribution in 

Aceh Besar Regency, while other areas consist of alluvial rocks. 

Based on the historical landslide incidents in Aceh Besar 

Subdistrict from 2014 to 2019, these incidents were 

predominantly in areas with volcanic rock types. However, 

several landslide incidents occurred in areas with alluvial and 

sedimentary rock types, such as in Peukan Bada, Suka Makmur, 

and Darul Imarah. These incidents were caused by other 

landslide parameters, namely high rainfall during incidents. 
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Fig. 3. Historical data on landslides that occurred in Aceh Besar Regency, dominated by volcanic rocks. 

3. Soil Conditions in the Landslide Areas 

The type of soil is closely related to erosion 

(Miftachurroifah et al., 2023), as the properties of the soil 

play a crucial role in the vulnerability level of an area to 

erosion, with several aspects of its relationship being soil 

texture, soil structure, and humus content. Erosion is the 

process of soil or mineral erosion influenced by water or 

wind, occurring naturally or as a result of human activities 

(Sumarna, 2015). 

 

 
Fig. 4. Historical data on landslides that occurred in Aceh Besar Regency, dominated by the Latosol Soil Type and the 

Yellowish-Brown Latosol Association. 
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The soil type mapping, based on data from the Food and 

Agriculture Organization (FAO) of the United Nations, reveals 

a diverse landscape in Aceh Besar Regency, as shown in Figure 

4. The southern region, dominated by Regosol soil types, is 

prone to erosion. The eastern and western regions, 

characterized by brown latosol soil types, are primarily clay 

soil. The central and northern regions, dominated by alluvial 

and associated brownish-yellow latosol soil types, have 

relatively lower erosion levels.  

This diversity underscores the need for a nuanced approach 

to land management and disaster risk reduction. Based on the 

historical landslide incidents in Aceh Besar Subdistrict from 

2014 to 2019, the majority occurred in brown latosol soil types, 

with 16 landslide incidents and 10 landslide incidents in areas 

with andosol and podzolic soil types. Landslide incidents also 

occurred in areas with soil types that are not prone to landslides 

but were caused by other landslide parameters, namely high 

rainfall and steep to very steep slope inclinations. 

4. The Relationship Between Land Cover and Landslide 

The mapping of land cover uses data sourced from the 

Indonesian Geospatial Agency in 2019. Land cover is closely 

related to the level of soil stability and vegetation density. One 

effect of land cover is to act as a barrier to the rate of erosion by 

rainwater and to prevent soil materials from descending down 

the slope (Susetyo et al., 2023). 

Figure 5 shows that land cover in the Aceh Besar region is 

highly diverse, with almost 50% consisting of forests and 

plantations. In some areas, land use is depicted as dry fields, 

rice fields, and shrubland, where such land use increases the 

likelihood of landslides due to the easily movable nature of 

paddy fields. Land use for settlements, ponds, and reservoirs is 

minimal compared to others. Based on the historical landslide 

incidents in Aceh Besar Subdistrict from 2014 to 2019, 

landslides predominantly occurred in areas with land cover, 

such as rice fields and shrubland. 

 

 
Fig. 5. Historical data on landslides that occurred in Aceh Besar Regency, dominated by areas with land cover as rice 

fields and shrubs. 

5. The Relationship Between Rainfall and Landslides 

The rainfall map of Aceh Besar Regency is based on direct 

observation data from rain monitoring stations distributed in 

each Subdistrict in Aceh Besar. The data was obtained from the 

Climatology Stations of Aceh Province as annual averages from 

2014 to 2023. Rainfall data is interpolated using the Inverse 

Distance Weighted (IDW) Interpolation method to estimate 

values at specific locations based on known values at each 

point, resulting in the rainfall map of Aceh Besar Regency. 

High to very high-intensity rainfall in Figure 6 is distributed 

in several Subdistricts, namely Lhoong, Kota Jantho, 

Seulimeum, Lembah Seulawah, Leupung, Lhoknga, Kuta Cot 

Glie, and Suka Makmur, while other Subdistricts are in areas 

with very low to moderate intensity. Rainfall impacts landslides 

by triggering them through the addition of slope load and a 

decrease in soil shear strength. High rainfall intensity affects 

soil conditions by increasing the water content, saturating the 

soil and causing landslides (Bujung et al., 2019). Based on the 

historical landslide events in Aceh Besar Subdistricts from 

2014 to 2019, landslides occurred in areas with moderate to 

high rainfall intensity.
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Fig. 6. Historical data on landslides that occurred in Aceh Besar District, dominated by areas with moderate to high 

rainfall intensity. 

 

Landslide events in Aceh Besar Regency are directly 

proportional to the slope gradient and rainfall intensity, so the 

higher the rainfall intensity and the steeper the slope gradient, 

the faster the surface flow velocity and the larger the surface 

water volume (Martono, 2004). 

 

Analysis of Landslide Prone Areas in Aceh Besar Regency 

 

Based on the mapping, weighting, and classification of 

scores for landslide disaster factors, a landslide-prone area 

map has been created by combining all scores at each point in 

the Aceh Besar region. Figure 7 is a map of landslide-prone 

areas in Aceh Besar Regency verified by historical landslide 

data in Aceh Besar and classified into 5 potential categories: 

very low, low, moderate, high, and very high.  

The research results indicate that historical landslide 

incidents in the Aceh Besar region are scattered at points with 

high to very high vulnerability levels. However, there are 

incidents in areas with low to moderate vulnerability due to 

the monthly average rainfall during the landslide incidents 

reaching 551 mm, categorized as very high for the monthly 

average (Qalbi and Fitrohim, 2023). 

 

Tabel 6. Location of the Aceh Besar Landslide Event 2014 to 2016 (Firdaus, 2023). 

No Date Landslide Subdistrict No Date Landslide Subdistrict 

1 4 Nov 2014 3 Lhoong 20 10 Aug 2020 1 Pulo Aceh 

2 13 June 2016 1 Leupung 21 11 Sept 2020 1 Pulo Aceh 

3 16 July 2016 1 Seulimeum 22 22 Nov 2020 1 Seulimeum 

4 26 Feb 2017 1 Seulimeum 23 12 Jan 2021 1 Kuta Cot Glie 

5 28 Mar 2017 1 Seulimeum 24 13 Jan 2021 1 Seulimeum 

6 1 Jan 2018 1 Seulimeum 25 20 Jan 2021 1 Lembah Seulawah 

7 18 Nov 2018 1 Seulimeum 26 20 Jan 2021 1 Seulimeum 
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8 19 Nov 2018 1 Seulimeum 27 20 Jan 2021 1 Suka Makmur 

9 22 Nov 2018 1 Seulimeum 28 20 Jan 2021 1 Kuta Cot Glie 

10 

11 

10 Dec 2018 

8 June 2019 

1 

1 

Lhoong 

Leupung 

29 

30 

9 July 2021 

10 Aug 2021 

1 

1 

Lhoong 

Lhoong 

12 9 June 2019 1 Kuta Cot Glie 31 19 Sept 2022 1 Darul Imarah 

13 16 Feb 2020 1 Seulimeum 32 19 Sept 2022 1 Peukan Bada 

14 7 May 2020 1 Leupung 33 16 Oct 2022 1 Lhoong 

15 7 May 2020 1 Lembah Seulawah 34 23 Jan 2023 1 Seulimeum 

16 7 May 2020 1 Lhoknga 35 26 Jan 2023 1 Lembah Seulawah 

17 7 May 2020 1 Lhoong 36 1 Feb 2023 1 Seulimeum 

18 10 Aug 2020 2 Lhoong 37 10 Feb 2023 1 Seulimeum 

19 10 Aug 2020 1 Peukan Bada     

 
Fig. 7. Historical Landslide Data in Aceh Besar District Plotted to Verify Analysis of Landslide Prone Areas. 

Areas with a high to very high potential for landslides 

cover more than 50% of the regions in Kota Jantho, Lhoong, 

Pulo Aceh, Lembah Seulawah, Seulimeum, Kuta Cot Glie, 

Seulimeum, some parts of Indrapuri, and Leupung. Regions 

with a moderate to high potential for landslides include some 

parts of Indrapuri, Darul Imarah, 50% of the areas in Kuta 

Malaka, Suka Makmur, Simpang Tiga, Darul Kamal, 

Lhoknga, Peukanbada, Darul Imarah, Montasik, Blang 

Bintang, Baitussalam, Darussalam, Mesjid Raya, and Kuta 

Baro. Areas with a very low to low potential for landslides 

include Ingin Jaya, Krueng Barona Jaya, more than 50% of the 

areas in Darul Imarah, some parts of Baitussalam, Darussalam, 

Mesjid Raya, Kuta Baro, Blang Bintang, Montasik, and 

Indrapuri. The main factor triggering landslides in Aceh Besar 

Regency is steep to very steep slope inclination. High to very 

high rainfall intensity in areas with slope inclinations above 

25% causes the soil to become saturated, leading to surface 

runoff. Land use also significantly influences surface runoff 

that the land cannot retain, resulting in soil movement down 

the slope. The recorded landslide disaster events by the 
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Regional Disaster Management Agency (BPBD) of Aceh 

Besar occurred 40 times from 2014 to 2023, as shown in Table 

6, in areas highly vulnerable to landslide disasters. This proves 

the research aligns with historical data on landslide disasters 

in Aceh Besar Regency. 

 

Conclusion  

Based on the research results, landslide-prone areas in Aceh 

Besar Regency are classified into 5 classifications: very low, 

low, moderate, high, and very high vulnerability. The research 

findings indicate that almost all areas in Aceh Besar fall into the 

moderate to high vulnerability level for landslides. The 

landslide-prone area map produced by the research was 

validated with landslide disaster reports recorded by BPBA 

Aceh Besar, showing results consistent with historical data. 

Future research should include additional parameters such as 

rock weathering, soil depth, and layer structure to obtain more 

accurate results. The findings of this research can be utilized by 

relevant government agencies and the wider community for 

landslide disaster mitigation. 
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