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INTRODUCTION 

 

Forest clearing is an effort to acquire forest products. This clearing of forests is the initial step of using the land for conversion for 

specific purposes, including agricultural land and plantations. Increasingly rampant forest clearing for non-rule-based and arbitrary 

forest land conversion, deforestation without selective logging, expansion of settlements in rugged topographic areas impacts land 

productivity, disruption of watershed hydrological conditions (DAS), and can cause landslides [1]. This landslide's characteristic 

feature is that the mass of soil that moves gravity contains much-saturated water. Landslides that occur due to forest clearing can 

occur due to the movement of rocks or soil masses of various types [2]. [3] Steep slopes, high rainfall, and unstable soil are the 

factors that cause landslides in Southeast Asia which has a tropical climate, especially in areas located in mountains and valleys. 

Then it has been explained in previous research that in addition to climate and geotectonic, human factors, that is, human activity 

on land that overwhelms the slopes, can also accelerate the occurrence of landslides [4]. The conversion of forest lands to non-

forest designations is one of the approach problems that have been faced from the past until now [5]. 

 

Impacts have occurred due to landslides, including casualties, losses due to damaged infrastructure, a stagnant economy, declining 

land prices in the local area, and psychological trauma for survivors, causing mild and severe mental disorders [6]. The high level 

of losses experienced is due to the community's lack of information about the possibility of disasters occurring around them, so 

the awareness of disaster response is minimal. Therefore, initial data on disaster potential and risk is one way of information used 

as primary education for community disaster response [7]. 

 

Landslide hazards can be identified through remote sensing and geographic information systems by processing the parameters that 

cause landslides and reinforced with remote sensing data - that is, satellite images that are then analyzed using remote sensing and 

GIS technology [8]. For mapping the landslide hazard, there are two methods, namely the direct and indirect mapping method. In 

this study, an indirect mapping method is used, namely the frequency ratio method. This method is based on the relationship 

between the location of the landslide event and the factors that control it. The higher the proportion, the greater the relationship 

between landslides and the factors associated with these landslides, while the smaller the proportion, the lower the relationship 

between landslides and related factors [9]. 

Abstract 
This study aims to analyze the relationship between changes in land use and the extent of landslides. This research was conducted 

from August 2019 to January 2020 in the Bua-bua watershed, Selayar Islands Regency. The data collected includes maps of land 

use change from 2013 to 2019 and landslide identification data from the results of the interpretation of satellite imagery field 

studies. The results showed that open field was a land use change factor that had the most significant effect on the area of landslides 

in 2019 because it had a p-value of 0.04 less than the ά of 0.05. This is because open field has a density of vegetation that is rarely 

uniform, which can hinder the infiltration process and lead to excessive surface flow that can lead to landslides. 
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Bua-bua Watershed (DAS) is one of the watershed areas that experienced flooding and landslides in January 2019. [10] Based on 

data collected from the National Disaster Management Agency (BNPB) in Selayar Islands Regency recorded two people were 

killed, 109 people were displaced, 53 houses were damaged, two government facilities were damaged, 1 bridge and educational 

facilities. The Bua-bua watershed covers 38.5919 km² or 3859.19 ha, which includes three sub-districts, namely Benteng district, 

Bontoharu district, and Bontomanai district, with land cover classifications in the form of secondary dryland forest, shrubs, 

settlements, dryland agriculture mixed with shrubs and shrubs grove. Therefore, an investigation is needed to analyze the 

vulnerability level to landslides as a result of a forest clearing in the Bua-bua watershed using the frequency ratio method. This 

should be done as informational material to anticipate and mitigate disasters in the area. 

The purpose of this study was to analyze the relationship between changes in land use and the extent of landslides in the Bua-bua 

Watershed, Regency of the Selayar Islands. 

 

MATERIALS AND METHODS 

  
This research was conducted in the Bua-bua watershed, Selayar Island Regency. The process for determining the factors that cause 

land-use change with landslides that occurred using logistic regression analysis. This analysis is used to predict an event's 

probability by matching the data in the logit function. The total area (ha) of other uses that becomes a particular land use is an 

independent variable. The landslide incidence area in the study area is the dependent variable, a dummy variable where the 

landslide area above 5% of the village area is denoted by Pi, while 1-Pi denotes the landslide area land below 5%. The Pi logit 

model is defined as follows: 
 
 

𝑙𝑛 (
𝑃𝑖

1 − 𝑃𝑖
) = 𝛽0 + ∑(𝛽𝑖 + 𝑋𝑖) 

Pi =
exp 𝛽0 + ∑(𝛽𝑖 + 𝑋𝑖)

1 + exp 𝛽0 + ∑(𝛽𝑖 + 𝑋𝑖)
= 𝑒𝛽0+ ∑(𝛽𝑖+𝑋𝑖)/  1 + 𝑒𝛽0+ ∑(𝛽𝑖+𝑋𝑖) 

𝑙𝑛 (
𝑃𝑖

1 − 𝑃𝑖
) = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 

Information : 

Pi = the area of landslide above 5% of the village area (1) and the area of a landslide below 5% of the village area (0) 

𝛽𝑜 = intercept 

𝛽1  = coefficient of each independent variable 

𝑋1  = total area of other uses converted into settlements (ha) 

𝑋2  = total area of other uses converted to open field (ha) 

𝑋3  = total area of other uses that became plantations (ha) 

𝑋4  = total area of other uses that became shrubs (ha) 

 

 

RESULT AND DISCUSSION 

Land Use Change 

Bua-bua watershed is one of the watershed areas of the BPDAS-HL Jeneberang Walanae working area with 3,859.19 hectares. 

Bua-bua watershed encompasses 3 districts of Selayar Islands rulership, namely Benteng district, Bontoharu district and 

Bontomanai district. Based on the interpretation of Landsat 8 images, land use in the Bua-bua watershed in 2013 was classified 

into 5 types, namely, 3.69% settlements or an area of 142.16 ha, primary dryland forest 1979.87 ha or 51.31. %, secondary dryland 

forest of 1,570.31 ha or 40.69%, open field of 21.39 ha or 0.55%, while shrubs of 145.46 ha or 3.76%. From these data, land use 

in the Bua-bua watershed is dominated by lands with vegetation in the form of primary and secondary dryland forests (Table 1). 

 

Table 1: Land Use Area of Bua-bua watershed in 2013 

No. Land Use Category 

Extension of Land 

Use 

Ha % 

1 
Primary Dryland 

Forest 1979,87 
51,31 

2 
Secondary Dryland 

Forest 1570,31 
40,69 

3 Settlements 142,16 3,69 

4 Open field 21,39 0,55 

5 Shrubs 145,46 3,76 

Total 3859,19 100 
Source: Interpretation of Landsat 8 images 2013 
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Table 2 illustrates the condition of land use in 2019. We can see from the percentage of each land use there is no significant 

difference with land use in 2013, as, in 2019, land use for primary dryland forest was still in the first position. However, some 

lands experienced a percentage decrease, such as primary dryland forest, which decreased to 40.99%, and secondary dryland forest 

decreased to 28.34%. While land use for open field became 1.26%, shrubs became 16.02% and settlements increased to 6.48% 

due to increased population growth from 2013 to 2019. An increase in this population growth requires land while the land area in 

an area will not increase. Increasing demands for the land encourage land conversion activities, especially changes from vegetated 

lands to settlements. 

 

Furthermore, the classification of land uses previously in 2013 was classified into 5 types, but in 2019 there were 6 types of land 

use with the addition of plantations covering an area of 267.02 ha or 6.91%. The conversion of forest to non-forest functions in 

the form of plantations is carried out due to economic and educational factors. The economic factor in question is supporting the 

household's economic needs in line with the increase in the number of family members. In contrast, the educational aspect in 

question is the diverse community's education level, such as only primary school graduates (SD), junior high school (SMP) and 

some upper senior high school graduates. (SMA). This requires the broader community to obtain a source of income through 

gardening/agriculture activity because the quality of human resources is still limited, so the opportunity to get ahead of economic 

income is also little. 

 

Table 2: Land Use Area of Bua-bua watershed in 2019 

No. Land Use Category 

Extension of Land 

Use 

Ha % 

1 
Primary Dryland 

Forest 1581,72 
40,99 

2 
Secondary Dryland 

Forest 1093,53 
28,34 

3 Settlements 250,12 6,48 

4 Open field 48,75 1,26 

5 Shrubs 618,05 16,02 

6 Plantation 267,02 6,91 

Total 3859,19 100 
Source: Interpretation of Landsat 8 images 2019 
 

Table 3. describes the changes in land use that occurred in the interval between the starting point and the end year, that is, from 

2013 to 2019. The changes that have occurred are very varied, such as the primary forest of dryland experiencing a relatively high 

rate of change to secondary dryland forest to 436.55 ha, shrubs amounting to 184.96 ha, and settlements to 97.38 ha, while 

secondary dryland forest which has undergone a reasonably significant change in shrubs to 357.71 ha and plantations to 203.79 

ha. 

 

Table 3: Area of Land Use Change in 2013 - 2019 

Area of Land Use Change 

(Ha) 

 2019 

Primary 

Dryland Forest 

Secondary 

Dryland Forest 

Open 

Field 
Plantation 

Settleme

nt 
Shrubs 

1 2 3 4 5 6 7 8 

2013 

Primary Dryland 

Forest 
1199,92 436,55 21,76 39,88 97,38 184,96 

Secondary 

Dryland Forest 
345,74 634,37 15,63 203,79 13,44 357,71 

1 2 3 4 5 6 7 8 

2
0

1
3
 Open Field 3,68 1,72 1,16 8,68 6,15 - 

Settlement 10,14 1,36 1,27 1,06 127,45 0,11 

Shrubs 22,29 19,57 8,96 13,63 5,75 75,29 

Source: Analysis results 2020 

 

The Settlements, open fields and shrubs area have changed slightly compared to primary dryland forest and secondary dryland 

forest. According to Table 3, the total area change that occurs from the three types of land use is around 22.29 ha for shrubs, 

around 8.68 ha of open field for plantations and 10.14 it has settlements that become dry forests. The increase in shrubland occurred 

due to Guntai land's development that the new owner's land was left only to be covered with shrubs even though the ground was 

productive previously [11]. The land uses change map for 2013 until 2019 is shown in Figure 1. 
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Figure 1. Land Use Change Map in 2013 – 2019  

 

Identification of Landslide Distribution 

The identification of the landslide distribution was obtained from satellite images' interpretation in 2013 and 2019 using Google 

Earth Pro aerial photographs and field studies. The obtained data was digitized from Google Earth Pro to ArcGIS and the data 

were digitized images of the time series with the interpretation of images of landslides that were later identified with a total of 693 

polygons. The distribution of landslides occurring in the study area based on Figure 4 shows that landslides tend to happen in the 

eastern part of the Bua-bua watershed because this area is an area with a dominant steep topography with a dominant slope of> 

45%. This figure also shows that in 2019 the number of events identified by landslides was the number of events that were more 

distributed than in 2013. 
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Figure 2. Identification of Landslide Distribution in 2013 – 2019  

 

 

The Effect of land Use Change on Landslide Area 

Land-use change is an increase from one use side land use to another followed by a reduction in other types of land use from one 

moment to the next or changes in land roles in different periods. To identify changes in land use, temporal-spatial data was needed. 

This spatial data is obtained from the results of image analysis, as well as from government agencies. In this study, the total area 

of other land uses that are converted to land will be tested to determine which land changes most influence the occurrence of 

landslides in the study area. 

 

Based on the data area (ha) of land-use change in the study area,  all land uses that change to another land use is accumulated and 

totalized to become the independent variable to be tested. [11]. For example, data for the area (ha) of land-use change in primary 

dryland forest, secondary dryland forest, open field and shrubs converted to settlements in 2013-2019 are accumulated and totalized 

into an independent variable. There are four independent variables of land-use change: land use other than primary dryland forest 

and secondary dryland forest. These factors include open fields, plantations, shrubs, and settlements. The dependent variable is in 

the form of landslide area data in 2019, which is a dummy variable where the value = 1 is an area with a landslide area greater 

than or equal to 5% of the village area and the value = 0 is an area with a landslide area of less than 5% of the village area. The 

test uses logistic regression analysis because the dependent variable is a dummy variable. The factors of land-use change affecting 

landslides in 2019 are presented in Table 4. 

 

Table 4: Factors of Land Use Change Affecting of Landslide in 2019 

 df Sig. 

Open field 1 0,046 

Plantation 1 0,784 

Settlements 1 0,180 

Shrubs 1 0,485 

Constant 1 1,000 

Source: Analysis result in 2020 

 

According to Table 4, the land-use change factor that has the most significant effect on the area of landslides in 2019 at the actual 

level of 95% is an open field, while land use in the form of plantations, settlements and shrubs do not have a significant effect on 

the extent of landslides that occur at the study location. The open field has a p-value of 0.04 less than 0.05, while plantations, 

settlements, and shrubs have a p-value of 0.78, 0.18, and 0.48, respectively, of p-value 0.05. Open field has the probability to 

increase the incidence of landslides because land use in the form of the open area has little or no vegetation density, which can 

hamper the infiltration process, resulting in excessive surface flow and finally, it causes floods and landslides [12]. 
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Based on the research results [13], it was claimed that dry land or open field was one of the factors determining the dominant 

landslide hazard class that occurred at Agam Regency and Padang Pariaman Regency. This is in line with the research results [14], 

in the same year, which stated that the use of the open field in the Karangsambung area, Central Java was the result of the 

sedimentation process of the Lokulo river found In the floodplain in addition to this type of open field use, the rainwater will be 

converted mainly into overland flow and minimal infiltration into the soil. Almost no vegetative cover makes vapour fall and flow 

very low or non-existent, so most of the water becomes runoff. This is the beginning of the landslide incident. 

 

CONCLUSION: 

Based on the results of the calculation of the data analysis obtained, it can be concluded that the land-use change factor that 

has the most significant effect on the landslide area in 2019 is the open field with a p-value of 0.04 less than the ά value of 0.05, 

while plantations, settlements and shrubs have p-values of 0.78, 0.18 and 0.48, respectively, from the of the value of 0.05. This is 

because the open field has a density of vegetation that is rarely uniform, which can hinder the infiltration process and lead to 

excessive surface flow that can lead to landslides. 
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