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Abstract: Spatial modeling of landslide hazards in the Tarusan watershed is an effort to reduce losses due to
landslide disasters. The purpose of this article is; determine the frequency ratio value of each parameter that causes
landslides, and perform spatial modeling of landslide hazards using the frequency ratio method. The method used is

a quantitative method with a modeling approach to determine the pixel value based on the frequency ratio. The

results of the research show that the largest frequency value is found in the land cover parameter in the form of

mixed gardens with an FR value of 2, 10, and rainfall with an FR value of 2.06. Thus, the triggering factors for
landslides in the Tarusan watershed are changes in land cover and rainfall. The results of landslide hazard
modeling in the Tarusan watershed show a high hazard area of 2095.41 ha or 7.39%, a medium hazard area of
4148.73 ha or 14.63%, and a low hazard area of 22117.46 ha or 77.98%.
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1. Introduction

The intensity of natural disasters lately
tends to increase, this is caused by natural and non-
natural factors, [3,6,8,12]. Many natural factors that
cause disasters are global climate change, while non-
natural factors that trigger natural disasters are human
intervention on nature,[5,9,14,16]. Human
intervention on the environment is mostly caused by
the urge to fulfill the needs of human life, so that
humans do a lot of land functions to meet the needs
of life, [10,14,16,].
Uncontrolled land conversion often triggers natural
disasters in the form of microclimate changes, land
degradation, floods, droughts, and landslides,
The method used in this research is quantitative using
remote sensing basic data and shape file data in
ArcGis software to convert to raster data which is the
main requirement in the modeling process,[1,2,8].
The sample in this study is in the form of everything

N= N/(1+(N x %)
Where:
n = number of samples
N = total population (pixels)
E = precision
To determine the size of the sample class, the
formula proposed by [1,2] is as follows;

Ni

niL = W .n
Where;
ni = number of sample members by class
Ni = number of population members by class

[4,7,11,13]. Landslide natural disasters have caused
many losses, both property and human loss,
[6,15,18,]. One of the areas that experienced natural
landslides is the Tarusan watershed which is located
in the western part of the island of Sumatra. Tarusan
watershed is a connecting route that connects the
citiecs of Padang and Painan and Bengkulu
Province,[3,4,]. The impact of the landslide natural
disaster in this area was the disconnection of the land
route connecting Padang City to Painan and Benkulu
Province, especially for the flow of goods and
people. The impact of natural disasters from
landslides also caused fallen trees and casualties.

2. Research Method

contained in the Tarusan watershed with the
population in the form of the number of pixels from
the modeling results. To determine the size of the
research sample, it is determined based on the
formula as follows;

N = total population
n = total number of sample members

To determine the landslide hazard model, the
frequency ratio proposed by [5,14] has the following
formulation;

nNpix (1) /Npix(2)

1= SNpix 3)/ S Npix (4)
Where;
Fr = frequency ratio
Npix (1) = number of pixels containing landslides in

class i
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Npix (2) = total number of pixels from each class in
the entire area

Npix(3) = total number of pixels containing
landslide
Npix4) = total number of pixels in the study area.

To determine the landslide hazard class, the
following formula is used;

Lhm =
0.25*fr1+0.25*Fr2+0.20*Fr3+0.10*Fr4+0.10*fr5+0.
6*Fr6

Where;

Fr= frequency ratio

N = constant number of selected landslide-causing
factors

To determine the accuracy of the landslide hazard
model, an accuracy test using overall accuracy, user
To determine the landslide hazard model in the
research area, the frequency ratio value of the slope,
soil, rainfall, geology, geomorphology, and land

accuracy, and producer accuracy is used with the
formula proposed by [1,2,17] as follows;

User accuracy = ;%'ix 100%

xii
roducer accuracy = ,—+x 100%
xi

r

T xil

Overall accuracy = x 100%
Where;
Xii = the diagonal value of the ith row and

ith column contingency matrix

Xi = number of pixels in row_i
X+ = Number of pixels in column i
N = number of pixels in sample

3. Results and Discussion

cover parameters is used. For more details can be
seen in the following table;

Table 1.Frequency Ratio of Slope for Tarusan Watershed Class

Number  Percentage  Landslide Percentage
Slope class of pixel (%) pixel (%) FR
flat 45.697 14,50 123 0,06 0,00
sloping 6.396 2,03 3.258 154 0,76
Medium 87.284 27,70 38.778 18,32 0,66
steep 154.292 48,96 153.464 72,50 1,48
Very steep 21.460 6,81 16.048 7,58 1,11
Total 315.129 100,00  211.671 100,00 4,02

Source; 2021 Data Analysis

The table above shows that the highest slope

frequency ratio value is 1.48 which is found in the

steep slope class and the lowest is 0, which is found
on the flat slope.

Table 2. Frequency Ratio of Soil Type in Tarusan Watershed

Number  Percentage = Number  Percentang
Soil type of pixel (%) of pixel (%) FR
Andosol 118.508 37,61 33.571 48,28 1,28
Latosol 47.128 14,96 7.335 10,55 0,71
Litosol 107.944 34,25 28.615 41,15 1,20
Alluvial 41.550 13,19 9 0,01 0,00
Total 315.129 100,00 69.529 100,00 3,19

Source; 2021 Data Analysis

The highest FR value is 1.28 which is found in the

Andosol soil type and the lowest with an FR value of

0.00 is found in the alluvial soil type.

Table 3.Frequency Ratio of Rainfall in Tarusan Watershed
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Rain fall Number percentage  Number  percentage
(mm) of pixel (%) of pixel (%) FR
1500 - 2000 16.439 5,22 7.491 10,76 2,06
2000 - 2500 193.920 61,54 46.444 66,72 1,08
2500 - 3000 98.736 31,33 15.659 22,50 0,72
> 3000 6.035 1,91 12 0,02 0,01
Total 315.129 100,00 69.606 100,00 3,87

The highest FR value of rainfall is 2.06 which is
found in areas with rainfall ranging from 1,500 —

Source; 2021 data analysis

mm/year

2,000 mm/year, and the lowest with an FR value of

Table 4. Frequency Ratio of Rock Types in Tarusan Watershed

0.01 which is found in areas with rainfall > 3,000

Number  Percentage Landslide Percentage
Geology type of pixel (%) pixel (%) FR
Alluvium 38.990 12,37 45 0,06 0,01
Breccia 144.633 45,90 22.310 31,86 0,69
Extrusif intermediate Polymict 60.126 19,08 24.228 34,60 1,81
IntrusifFesicGranitoid 27.834 8,83 4.208 6,01 0,68
Quarzite 43.547 13,82 19.230 27,46 1,99
Total 315.129 100,00 70.020 100,00 5,18
Source; 2021 data analysis
The highest FR value for geological conditions in the
study area is 1.99, which is Quarzite rock type and
the lowest is 0.01 in alluvium rock.
Table 5. Frequency Ratio oftLandformUnit of the Tarusan Watershed
Number  Percentage Landslide Percentage
Landform unit of pixel (%) pixel (%) FR
Dataranaluvial 40.066 12,71 5 0,01 0,00
PerbukitanVulkanik 44.159 14,01 6.335 9,07 0,65
PegununganVulkanik 230.905 73,27 63.539 90,93 1,24
Total 315.129 100,00 69.879 100,00 1,89

Source; 2021 Data Analysis

The highest FR value of the landform unit is 1.24
which is found in the volcanic mountain landform
unit, and the lowest is found in the alluvial plain
landform unit with an FR value of 0.00.

Table 6. Frequency Ratio of Land CoverTarusan Watershed

Number  percentage Landslide Percentage
Land Cover of pixel (%) pixel (%) FR
Primeryforenst 169.164 53,68 28.049 40,18 0,75
Secondary forest 62.412 19,80 14.698 21,05 1,06
Palm 28 0,01 0 0,00 0,00
Mangrove 39 0,01 0 0,00 0,00
Water body 2.417 0,77 0 0,00 0,00
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Build up area 11.221
Paddy fiel 15.401
Dryland farming 1.749
Mixed ochard 52.730
Total 315.161

3,56
4,89
0,55
16,73
100,00

1.748
455
374

24.492
69.816

2,50
0,65
0,54
35,08
100,00

0,70
0,13
0,97
2,10
5,71

Source; Data Analysis Year, 2021

The highest FR value of land cover is 2.10 in mixed
garden land cover and the lowest is found in
mangrove, oil palm, and water bodies with an FR
value of 0.00. The picture frequency ratio can be seen
in the following figure;

Figure 1. Frequency Ratio Value of Parameters Cause of Landslide

Source; 2022 Data Analysis

The picture above shows that the magnitude of the
frequency ratio value of several parameters that cause
landslides. The high value of the frequency ratio
causes the area to have a high potential for landslides.
The high value of the frequency ratio indicates that
the area has a lot of pixel values for landslide natural
disasters and the lower the frequency ratio value
indicates that the area has a low potential for
landslides. For more details, the results of landslide
hazard modeling based on the frequency ratio value
can be seen in the following figure;



Sumatra Journal of Disaster, Geography and Geography EducationJune, 2022. Vol.6. No.2. pp. 1-7

Disaster, Geography, Geography Education http://sjdgge.ppj.unp.ac.id/index.php/Sjdgge

ISSN : 2580 - 4030 ( Print ) 2580 - 1775 ( Online), Indonesia

i
LANDSLIDE HAZARD MODEL

Source; 2022 Data Analysis

The picture above shows areas that have the potential
for landslides in the Tarusan watershed. The area that
has a high hazard is 2095.41 ha or 7.39%, an area
that has a moderate landslide hazard is 4148.73 ha or
14.63%, and an area that has a low landslide hazard
is 22117.46 ha or 77 ,98%. The data above shows
that the Tarusan watershed has an area that has a
broad landslide hazard, namely a low hazard, this is
because most of the area has flat slopes, and areas
that have steep slopes generally have land cover in
the form of forest, either forest or forest. primary and
secondary forest. The level of landslide hazard in the
Tarusan watershed by village or nagari has a different
area from one village to another, this is due to the
characteristics of the triggering factors for landslides
that are different in each village. For more details can
be seen in the following table;

Table7. Landslide Hazard of Tarusan Watershed

No Landslide Hazard
Village
Low Medium High
1 AmpangPulai 33.11 0.00 0.00

2 Barung-BarungBalantai Selatan
3Barung-BarungBalantai Tengah
4 Barung-BarungBalantaiTimur
5 Barung-BarungBalantai
6 BatuHampar
7 BatuHampar Selatan
8 Duku Utara
9Duku
10 JinangKampungpansurAmpangPulai
11 KampungBaru Korong Nan Ampek
12 Kapuh
13 Kapuh Utara
14 Nanggalo
15 PulauKaramAmpangPulai
16 SetaraNanggalo
17 Siguntur
18 SigunturTua
19 Taratak Sungai Lundang
Total

540.18 129.02 113.71
1203.28 217.06 101.79
1391.63 270.63 293.99

881.52 178.08 86.23

378.00 2.89 9.23
227.53 13.99 1.10
1557.64 227.08 295.57
1166.02 131.54 2.43
147.16 0.00 0.00
2138.36 533.21 293.04
582.10 30.19 0.00
437.44 22.40 0.83
302.96 26.89 0.00
161.39 0.00 0.00
146.49 0.00 0.00

2287.06 531.09 377.54
750.42 210.96 77.36
7785.16  1623.71 442.59
22117.46  4148.73 2095.42

Source; 2022 Data Analysis
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The table above shows that each nagari has an area
that has different potential for landslide natural
disasters. Nagari which has the highest landslide
hazard is NagariTaratak Sungai Lundang with a high
landslide hazard area of 442.59 ha. The Nagari which
has the widest moderate landslide hazard is
NagariTaratak Sungai Lundang with an area of
1623.71 ha, and the Nagari which has the widest low
landslide hazard is also found in NagariTaratak
Sungai Lundang with an area of 7785.16 ha.
NagariTaratak Sungai Lundang has the widest
potential low, medium and high landslide hazard in

the Tarusan watershed, this is because the area has a
large area and has slopes that vary from flat to very
steep slopes, has weathered rocks, and high rainfall
and the morphology of the area in the form of
volcanic hills and volcanic mountains.

To determine the accuracy of a model, it is necessary
to do an accuracy test, where the accuracy test used is
in the form of user accuracy, producer accuracy, and
overall accuracy. For more details can be seen in the
following table;Environmental Disaster Static Spatial
Model Accuracy Test Table

Table 8. Landslide Hazard TarusanWatershed of year 2022

User
No 1 2 Amount accuracy
25 1 3 29 86,21
2 3 51 5 59 86,44
3 6 3 302 311 97,11
34 55 310 399
Producer 75,76 83,61 97,42

overall accuracy

25+51+302=378/399 94,74

Source; 2022 Data Analysis
Description: 1 = High, 2 = Medium, 3 = Low

The table above shows that the accuracy test by user
accuracy shows the highest value of 97.11%, the
accuracy test value by producer accuracy shows the
highest value of 97.74%, and the overall accuracy
value shows the value of 94.74%. The overall
accuracy value of 94.74% indicates that the results of
landslide hazard modeling using the frequency ratio
are very good.

4. Conclusion
Based on the above description of
landslide hazard modeling based on the frequency
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