(JIAE)

Journal of Integrated and Advanced Engineering

Vol. 4, No. 1, March 2024: 51-64
http://asasijournal.id/index.php/jiae
http://doi.org/10.51662/jiae.v4il.127

Assessment of factors causing landslides using the
Analytical Hierarchy Process (AHP) method

Andriani Andriani”, Bayu Martanto Adji, Elsa Eka Putri, Lafie Fathya Safira

Department of Civil Engineering, Faculty of Engineering, Universitas Andalas, Indonesia

Abstract

Landslides are Indonesia's second most common disaster in the last ten years.
Landslides cause losses, reaching hundreds of billions and threatening human
safety. For this reason, it is necessary to take action to reduce the negative impact
of landslides. Physical and non-physical mitigation can occur before, during, and
after a disaster. The most essential thing in disaster mitigation is knowing the
major factors that cause landslides. This research aims to analyze the major and
minor factors that cause landslides using the Analytical Hierarchy Process (AHP)
and the Likert scale. Respondents in this research are experts in disasters,
especially landslides—respondents from universities in Indonesia, practitioners,
and people involved in disaster mitigation. Validity and reliability tests were
carried out on each question used in the questionnaire. The research results show
that the landslide disaster was caused by a disruption in balance that occurred due
to internal and external disturbance factors. The major external factors that cause
slope failures are the cutting of hills and changes in land use to built-up areas. In
contrast, the major internal factors that trigger landslides are heavy rainfall and
steep topographic conditions. The results of this research in the form of weight and
scoring values for each factor causing landslides can be used as a reference for
mapping landslide areas to identify areas with the potential for landslides.
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INTRODUCTION

A landslide is a movement down or off a slope by a mass of soil or rocks that make up
the slope or a mixture of the two as debris due to disruption of the soil or rocks' stability
[1]. Another definition of a landslide or ground movement is the movement of a mass of
soil or rock, which causes displacement from its original position in a vertical, horizontal,
or inclined direction [2, 3, 4]. Its occurs because the stability of the soil or rocks that make
up the slope has been disturbed. Landslides are the second largest disaster, with 846 out of
2853 incidents after floods observed in the last ten years. There are around 733 locations in
Indonesia that have the potential for landslides. Of the 733 areas, there are three provinces
where landslides occur most frequently, namely, Central Java, West Java, and East Java,
because most of these locations are mountainous and hilly [5][6]. Figure 1 shows the
potential for landslides in Indonesia [7]. Landslide disasters cause losses reaching hundreds
of billions and threaten human safety. For this reason, it is necessary to take action that can
reduce losses arising from landslides. One method that can be used is to look for the major
factors of landslides. The causes of landslides can vary greatly, including geological,
hydrological, climatic, topographic, and anthropogenic factors [8, 9, 10].

Mapping areas with the potential for landslides is a form of mitigation before a disaster
occurs. With a landslide hazard vulnerability map, it is hoped that people will be more alert
to reduce negative impacts. To determine the weight and scoring value of each factor that
causes landslides, an assessment is carried out, one of which is using the Analytical
Hierarchy Process (AHP).
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Figure 1. Indonesia's Disaster Landslide of Risk [7]

The AHP method is a decision analysis tool applied in various contexts, from business
management to environmental science. AHP is a powerful method for measuring and
grouping factors influencing a decision or complex phenomenon. The application of AHP
in the context of research into landslide causal factors can contribute to a better
understanding of the relative importance of these various factors. The analytic hierarchy
process (AHP) method is used to determine the dominant factors in landslides. The AHP
method was developed by Thomas L. Saaty and is used to make decisions using a hierarchical
structure whose primary input is human perception [11]. The AHP method allows measuring
factors causing landslides using a multicriteria approach, allowing researchers to consider
many different factors simultaneously [12, 13, 14]. More knowledge extraction allows for
ranking causal factors, and AHP can help identify the most significant factors in a particular
area or condition [15][16]. The results of the AHP analysis can be used to assist decision-
making in developing more effective landslide prevention and mitigation strategies. This
research will adopt the AHP method to evaluate and prioritize factors causing landslides in
certain areas [17][18]. AHP is a qualitative method used to determine the weight and scoring
values of landslide-causing factors by involving people who are experts in their fields. This
method provides a descriptive solution for landslide susceptibility mapping, and the
assessment is subjective depending on the expert. It is the simplest technique because no
historical data is needed regarding landslides. Meanwhile, the quantitative approach considers
the mathematical relationship between the occurrence of landslides and the causal factors, and
this method relies on the spatial distribution of landslides and their relationship with the
causal factors [19, 20, 21].

METHOD
This research consists of several stages, namely:

1. Literature Study aims to collect data from written sources, books, archives, articles,
magazines, and documents related to general factors causing landslides and the AHP
method.

2. Creation and distribution of questionnaires
The questionnaire was created using the AHP method, which was guided by literature
studies that had been carried out previously. Questionnaires were distributed using Google
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Forms and direct interviews with respondents. Questionnaires were distributed to experts
with experience in landslides and came from universities in Indonesia.
3. Data processing
The data that has been obtained will then be processed using the AHP method and Likert
scale using Mircosoft Excel. Primary data was obtained by distributing questionnaires to
people with experience (experts) in landslide disaster problems. Respondents in the
research were 20 experts from universities in Indonesia, practitioners, and landslide
disaster mitigation experts.
3.a. Comparative analysis with AHP (Figure 2)
The use of the AHP method aims to provide an assessment of each factor that causes
landslides by comparing each available alternative. Using this method will produce a
weight value for each alternative. The following steps are taken to obtain a weight value
for each alternative.
3. b. Establishment of Hierarchy
The formation of the hierarchy corresponds to the following levels:
Level 1: The target of the decision is placed at the top of the hierarchy. The target of this
decision is the most dominant factor causing landslides. Level 2: At this level, we will be
given what factors cause landslides. Level 3: Level three is a classification or sub-chapter
of the second level.

| FACTORS CAUSING LANDSUIDE |

I Natral Factoe I | Nea Nagural Factor I LEVEL1

| | 1 | | |
Geclogy Laed Laed
Soi type Ramfall | Topograly ‘.;‘\ f.- Vibration (fmﬂ Vegetation Density Cuaaing of Slope| LEVEL 2
T o
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v Vey Hewr Very Steep Joints Earthquake exdustral meas Diern Yegttation 12°
Sand Heavy - AR e Moderate Vegetation . ’
Stzep Folds Valickes and plartations . 15 -0 LEVEL 2}
Sdt Moderate a bit teep Fauks Othess Forest Sparse Vegetation 31- 44°
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flt

Figure 2. Landslide Disaster Factor Assessment Structure

Assessment Using Analytical Hierarchy Process (AHP)

In the AHP structure, each element is assessed, the assessment of each criterion follows the
formulated AHP rules, and the level of importance of each alternative is determined based on
expert assessment (survey). The assessment scale uses a scale from 1-9, where each scale has
its meaning. Figure 3 shows the assessment flow chart using AHP.

Assessment Matrix

A pairwise comparison of all elements of the factors that cause landslides intends to
produce a scale of the relative importance of each element; the results obtained are in the form
of a rating scale in the form of numbers. When combined, pairwise comparisons in matrix
form will produce a priority scale for the major factors causing landslides. Table 1 shows
pairwise comparisons of each element causing landslide factors.

A. Andriani et al., Assessment of factors causing landslides using the Analytical Hierarchy Process (AHP) 53



Journal of Integrated and Advanced Engineering (JIAE)
Vol. 4, No. 1, March 2024: 51-64

| Assessment Matrix |

|
| Normalization |
|

| Priority Vector |

l

|  Eigen Maximum |

|

| consistency |

Figure 3. The Assessment Process Uses the AHP Method

Table 1. Comparison Matrix for Assessment of Landslide Causing Factors

Pairwise Rainfall  Soil Topography Geology Vibration Cutting Vegetation Land

type of Slope Density use/
Land
Cover
Rainfall all al2 al3 al4 al5 al6 al7 al8
Soil Type a2l a22 a23 az4 a25 a26 a27 a28
Topography a3l a32 a33 a34 a3b a36 a37 a38
Geology a4l ad2 a43 add a45 a46 ad7 a648
Vibration a51 a52 a53 ab4 a55 ab6 a57 ab8
Cutting of a6l a62 a63 a64 a65 a66 a67 a68
Slope
Vegetation arl ar2 ar3 ard ars ar6 ari’ ar8
Density
Land Use/ agdl ag2 a83 ad4 ag5 a86 ag7 a88
Land Cover

Process Normalization
Normalization is carried out by dividing the value of each element in the matrix by the
total value of each column. The following is the data normalization process.

all a

all al2 al3 1""1 ;
a2l a22 u23) —_—

"
a3l a32 a33 ail @

2 a1l

2 a

1)

I«.‘

H

with:
H =all+a2l+a3l
I  =al2+a22 +a32
J =al3+a23+a33

Priority Vector Calculation

Obtaining priority values requires a comparison of the total rows in the matrix, where the
total rows are obtained from the sum of the total row values of the calculated matrix, which
have been compared with the total matrix values in each column. Table 2 listed the Priority
Vector used in this research.
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Table 2. Priority Vector

Alternative A B C Total Priority Vector
A all/H al2/l al3/d D D/3
B a2l/H a22/1 a23/J E E/3
C a3l/H a32/l a33/J F F/3
Total 1 1 1 3 1

Table 3. Maximum Eigen

Alternative Matrix Product (MP) Priority Vector (PV) MP/ PV
A K D/3 (K): D/3
B L E/3 (L) : Ef3
C M F/3 (M) : FI3
Maximum Eigen (Amax) Q

Calculate Maximum Eigen

To determine priorities and eigenvalues, use matrices and vectors. The priority value will
be obtained by comparing the total rows in the matrix. To get the priority value, a comparison
of the total rows in the matrix is required. The total number of multiplications of the priority
values in the matrix compared to the priority values will produce the eigenvalues. The
maximum Eigen is listed in Table 3.

b @)
all al2 al3 ; K
a2l a22 a23| x 3 =1L
a3l a32 a33 F M
3
The formula was used:
o DI o E, . . F
[(K:=) +i{Le=)+ (=]
Amax = 2 2 2 (3)

3

Hierarchical Consistency

In contrast to other methods, the AHP method has absolute consistency requirements. The
maximum eigenvalue determines this consistency. The following is the formula used to test
consistency:

Cl=(max—-n)/(n-1) (4)
Where:
Cl : consistency deviation ratio.
A max - largest eigenvalue of a matrix of order n
n > matrix order

The matrix is consistent if the Cl value equals 0 (pairwise comparison). According to the
formula, the inconsistency limit has been determined by saaty using the consistency ratio
(CR), obtained by comparing the consistency index with the random index (RI) value.

CR= CI/CR (5)

Where:
CR : Consistency Ratio
Rl : Random index
The RI value is obtained from the Table 4.

A. Andriani et al., Assessment of factors causing landslides using the Analytical Hierarchy Process (AHP) 55



Journal of Integrated and Advanced Engineering (JIAE)
Vol. 4, No. 1, March 2024: 51-64

Table 4. Random index value [16]
N 1 2 3 4 5 6 7 8 9 10
RI 000 000 058 090 112 124 132 141 145 148

The paired matrix has a CR greater than 0.100, so the expert makes inconsistent decisions so
that judgment cannot be used.

Geomean

Geomean or average equation is a consistent unification of opinions or assessments on
questionnaires. To get the geomean value, all consistent data is multiplied and then taken to
the square root by the amount of consistent data. With Formula:

GM =1/(x1) (X2) ......(Xn) (6)

Where:

GM : Geometric Mean

X1 : 1% Expert

X2 2" Expert

Xn :n"expert
A hierarchical consistency test is still carried out for each respondent using the same formula.
If the pairwise comparison matrix has a CR value of less than 0.1, the expert assessments that
have been combined are consistent.

Assessment Using a Likert Scale

The Likert scale is an assessment using a widely used scale in questionnaires, developed
by Likert in 1932. When responding to questions on this Likert scale, experts will be given
several scales: the level of expert agreement with the questions asked. Assessment using
Likert is used as an additional assessment of the classification of each factor causing
landslides. When filling out the questionnaire, experts can choose a scale that is the level of
expert agreement with the questions asked. The scale used is:
Very Not Dominant: 1
Not Dominant: 2
Dominant (D): 3
Very Dominant (SD): 4

RESULTS AND DISCUSSION

The research results are in the form of weight values and scores for each factor that causes
landslides. The weight and scoring values will be used to map areas with potential landslides.
Pairwise comparisons were carried out, then a hierarchical structure was arranged based on
the factors causing landslides with guidance from previous studies, news, and annual data on
landslides.

The results of this research are the results of a hierarchical structure that has been created
into three levels. The comparison starts at the second level, which is the classification of the
factors that cause landslides, and the third level is the division of each factor at the second
level, which will be compared between the indicators.
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Assessment of Factors Causing Landslide at Level 1

The results of the analysis show that, in general, landslide disasters occur due to a
combination of natural and non-natural factors. Human activities will trigger landslides,
which are naturally susceptible to landslides. At level one, natural and non-natural factors
weigh the same as landslide triggers.

Assessment of Factor Causing Landslide at Level 2

At level two, eight factors cause landslides: rainfall, soil type, topography, geology,
vibrations, hill cutting, vegetation density, and land use. By using pairwise comparisons and
data processing using AHP, the weight values of the eight factors that cause landslides are
obtained. Figure 4 shows the weight values at level two.

The assessment results show that the most dominant factor is hill cutting, with a weight of
0.193; the second highest weight is topography at 0.138; The third highest weight is the
vegetation density factor of 0.136; and the lowest weight is vibration, with a weight of 0.081.

Hill cutting is one of the external disturbance factors that triggers the potential for
landslides. Slope cutting that does not respect environmental rules and development that does
not pay attention to soil stability are also triggers, such as changing the geometry of cliff
contours or slopes that were initially gentle to steep; hill cutting also causes slope instability.
It is caused by humans, such as mining, tunneling, and widening houses on the slope's edge
[22]. Cutting the slope will disrupt the slope's stability, increasing the slope angle and thereby
losing the holding force [23].

Assessment of Faktor Causing Landslide at Level 3
The assessment at Level Three is calculated for each type of classification of landslide
factors. The assessment was carried out using the Likert scale method.

Rainfall

Rainfall with very high and prolonged intensity can trigger landslides due to increased
water infiltration, which causes the soil to become saturated with water so that pores. Soil is
easily destroyed, and soil aggregation becomes very weak so that the shear resistance of the
soil decreases.

Bainfall
Soil Type
Topography
Geology
Vibration

Cutting of Slope 0.193

Factors Causing Landslide

Vegetation Density

Land uze 0.124

0 0.0z 0.1 0.1z 0z 025
Weight Value

Figure 4. The Weight Value of Factors Causing Landslides with AHP Method
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Saturated soil will also cause additional soil load, triggering landslides from higher places to
higher places. The research results show that very high rainfall (weight = 0.34) is the major
factor causing landslides, as shown in Figure 5.

Soil Type

The result analysis shows that silt and clay soil types are soil types that are prone to
landslides; this is because clay and silt soils have low shear strength (t) and are very
susceptible to water. High rainfall causes the water pressure (u) on clay and silt soil to
increase while the effective stress (¢”) becomes low; if the effective stress becomes zero (¢’ =
0), the soil cannot support its overburden, so landslides occur.

Topography

The assessment results show that the steeper the topography, the greater the landslide
potential, as depicted in Figure 6. The weight value for very steep topography gives a value of
0.29, and flat topography has a value of 0.11. Hilly and steep areas have a high risk of
landslides. Steep and hilly areas will cause the driving force on the upper slope to be greater

than the resisting force. On steep slopes, the soil volume is effortless to move or slide down,
so landslides will occur.

|

Very Heavy 034
&
-H
&
0 003 01 015 02 023 03 0.33 0.4
Weight Value
(a)
=
&
3
Silt 032
1} 003 01 013 02 023 03 033
Weight Value
(b)

Figure 5. (a) The Weight Value of Causing Landslide by Rainfall
(b) The Weight Value of Causing Landslide by Soil Type
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Figure 6. The Weight Value of Causing Landslide by Topography

Topography

Geology
The geological factor assessment shows that the highest weight is fault geology, with a

weight of 0.41, and the lowest is joint geology at 0.11 as represented in Figure 7. The
landslide disaster in Banjarnegara and Kebumen was caused by the geological structure in the
form of faults in the area, which greatly influenced the landslides [24].

Vibration
Vibration is a dynamic factor that causes landslides. Vibrations can cause the balance of

the soil to be disturbed so that the soil becomes unstable. Vibrations can come from
earthquakes, vehicles, and others. The assessment results of the factors that cause slope
failures show that earthquakes are the major factor that causes landslides with a weight value
of 0.61, as shown in Figure 8. Earthquakes are one of the causes of landslides that often occur.
Earthquakes cause vibrations, pressure on mineral particles, and weak areas in rock and soil
masses. Landslides and earthquake disasters result from subduction activity, which causes

landslides on cliffs or mountains [25].

Structure of Geology

Joints

bt
ba
(=5

LA

0.1 02 0.3 04 0.
Weigth Value

Figure 7. The Weight Value of Causing Landslide by Geology
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Figure 8. (a) The Weight Value of Causing Landslide by Vibration
(b) The Weight Value of Causing Landslide by Cutting of Slope

Cutting of Slope

Cutting the slope will disrupt the balance of the slopes and trigger landslides because the
opening of the surface layer of the soil and the increasingly vertical degree of cutting of the
slopes cause the driving force to become more significant. In contrast, the holding force
becomes lower. The results of the expert assessment show that the steeper the slope, the
higher the potential for landslides as shown in Figure 8, because cliffs will increase the
driving force.

Vegetation Density

Figure 9 shows that dense vegetation (weight value is 0.14) has a small potential weight
value for landslides compared to non-vegetation areas (weight value is 0.37) because non-
vegetation areas have large surface flow coefficient values, which trigger soil erosion and
cause landslides. Dense vegetation consisting of trees can hold and control rainwater that
enters the soil. However, when the trees disappear, the area becomes open land, and the plants
cannot control the rainwater that enters the soil.
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Figure 9. The Weight Value of Causing Landslide by Vegetation Density

Land Use / Land Cover

Changes in land use will disrupt the hydrological conditions of slopes; the carrying
capacity of an environment dramatically influences the occurrence of landslides. If there is
more bare land and a lack of trees, this will increase the risk of landslides. The research
results show that bare land will have a high potential for landslides compared to forest or
agricultural areas because of the high runoff coefficient on bare land and residential areas,
which triggers soil surface erosion because there is no vegetation to hold water, causing
landslides. The situation is depicted in Figure 10.

Table 5 shows the overall results of factors causing landslides using the AHP method.
Figure 11 shows a landslide incident in the Gunung Sarik area, Padang. Observation results
show that the landslide was caused by cutting slope activities for mining, exposing the top
layer (no vegetation), and heavy rainfall with prolonged intensity. The balance of the soil is
disturbed due to increased pore water pressure (u) while the effective stress (c”) decreases so
that it cannot withstand the load. Weathered soil on an impermeable rock on moderate to
steep slopes has the potential for landslides during the rainy season due to high rainfall. If a
hilly area does not have solid and deep-rooted plants, then the area is prone to landslides.

Bare land 0.33
5
5
a
—
E:
D Agricultural land and plantations [ 0.19
=
g
=l
Residential and industrial areas 031

0 005 01 015 02 025 03 035
Weight Value
Figure 10. The Weight Value of Causing Landslide by Land Use/ Land Cover

A. Andriani et al., Assessment of factors causing landslides using the Analytical Hierarchy Process (AHP) 61



Journal of Integrated and Advanced Engineering (JIAE)
Vol. 4, No. 1, March 2024: 51-64

Table 5. Assessment of All Levels of The Hierarchical Structure

No. Factors Weight  Weight 2 Total
1 Weight
1 Rainfall 0.117
Very heavy 0.34 3.98
Heavy 0.32 3.74
Moderate 0.21 2.46
Low 0.13 1.52
Total 1.00 11.70
2 Soil Type 0.113
Gravel 0.17 1.939
Sand 0.20 2.314
Clay 0.31 3.440
Silt 0.32 3.565
Total 1.00 11.30
3  Topography 0.138
Very Steep (>45 %) 0.29 4.00
Steep (25 — 45 %) 0.28 3.86
A bit Steep (15-25 %) 0.20 2.76
Sloping (8-15 %) 0.13 1.80
Flat (0 — 8 %) 0.10 1.38
Total 1.00 13.80
4  Geology 0.097
Joins 0.28 2.72
Faults 0.41 3.98
Folds 0.31 3.00
Total 1.00 9.70
5  Vibration 0.081
Earthquake 0.61 4.94
Vehicle and others 0.39 3.16
Total 1.00 8.10
6  Cutting of Slope 0.193
45°-60° 0.35 6.76
31° —44° 0.30 5.79
15° —30° 0.20 3.85
< 15° 0.15 2.90
Total 1.00 19.30
7  Vegetation Density 0.136
Non-Vegetation 0.37 5.03
Sparse Vegetation 0.29 3.95
Moderate Vegetation 0.20 2.72
Dense Vegetation 0.14 1.90
Total 1.00 0.136
8 Land Use/ Land Cover  0.124
Bare land 0.33 4.10
Forest 0.18 2.23
Agriculture and 0.19 2.36
Plantations
Residential and Industry 0.31 3.85
areas
Total 1.00 0.124
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Figure 11. Landslide incident on Gunung Sarik, Kuranji - Padang (November 15, 2021) [26]

CONCLUSION

Based on the Analysis Hierarchy Process (AHP) of the factors causing landslides, it can be
identified that some factors contribute more significantly than others to landslide events. The
analytical hierarchy process (AHP) produces weight values and scoring factors that cause
landslides; from the assessment results, it is found that natural and non-natural factors have
the same weight value as triggers for landslides. Slope cutting (weight value = 0.193), very
steep topography (weight value = 0.138), changes in land use (weight value = 0.124), and
very high rainfall (weight value = 0.114) are the major factors causing landslides. By knowing
the weight and scoring value of each factor that causes landslides, mapping of potential
landslide-prone areas in an area can be carried out so that areas with the potential for
landslides can be identified. Mitigation can be applied to these areas to reduce negative
impacts.

ACKNOWLEDGMENT
The author would like to thank all parties involved, especially experts and Universitas
Andalas, for the support provided.

REFERENCES

[1] R. Couture R., “Landslide Terminology National Technical Guidelines and Best Practices on Landslides,"
Geological Survey of Canada, 2011.

[2] NAOS USGS, “Partnerships for Reducing Landslide Risk: Assessment of the National Landslide Hazards
Mitigation Strategy," National Research Council, Washington, DC: The National Academies Press, 2004,
doi: 10.17226/10946.

[3] L.A. Owen, U, Kamp, G.A. Khattak, E.L. Harp, D. K. Keefer, and M.A. Bauer, “Landslides triggered by
the October 8, 2005, Kashmir earthquake,” Geomorphology, vol. 94, pp. 1 — 9, 2008, doi:
/10.1016/j.geomorph.2007.04.007

[4] D. Karnawati, “Bencana Alam Gerakan Massa Tanah di Indonesia dan Upaya Penanggulangannya,”
Yogyakarta: Jur. Geologi FT UGM, Indonesia, 2005.

[5] V.C. Westen, “Intorduction to landslides”, ITC., Enschede, The Netherlands, 2014.

[6] NN, Data Informasi Bencana Indonesia (DIBI), Badan Nasional Penanggulangan Bencana (BNPB), 2020

[71 NN, Indeks Resiko Bencana Indonesia (IRBI), Badan Nasional Penanggulangan Bencana (BNPB), 2022

A. Andriani et al., Assessment of factors causing landslides using the Analytical Hierarchy Process (AHP) 63



Journal of Integrated and Advanced Engineering (JIAE)
Vol. 4, No. 1, March 2024: 51-64

[8] D.M. Cruden, and D.J. Varnes, “Landslide Type and Processes”, Landslide Investigation and Mitigation,
vol. 247, pp. 36-37, 1996.

[9] M. Latif, A. Andriani, and A. Hakam, “Analysis of the Level and Distribution of Landslide Disasters in
Bengkulu Tengah Regency,” BENTANG: Jurnal Teoritis dan Terapan Bidang Rekayasa Sipil, vol. 11, no.
2, pp: 217-226, 2023.

[10] A. Andriani, H. G. Putra, M. Syukur, and U. Sadewo, "Effect of Slope on Landslide Potential at Kuranji
Watershed," Ecology, Environment and Conservation Paper, vol. 28, pp. 98-102, 2022.

[11] T.L. Saaty, “The Fundamental of Decision Making and Priority Theory with the Analytic Hierarchy
Process," Pittsburgh: RWS Publications, 1994.

[12] R. Kumar, and R. Anbalagan, “Landslide susceptibility mapping using analytic hierarchy process (AHP) in
Tehri Reservoir Rim Region, Uttrakhand,” Journal Geological Society of India, vol. 87, pp. 1-16, 2016.

[13] A. E. Jazouli, A. Barakat, and R. Khelloud, “GIS-multicriteria evaluation using AHP for landslide
susceptibility mapping in Oum Er Rabia high basin (Morocco)," Geoenvironmental Disasters, vol. 6, pp. 1—
12, 2009, doi: 10.1186/s40677-019-0119-7

[14] 1. Milevski, S. Dragic'evic', and M. Zorn, “Statistical and expert-based landslide susceptibility modeling on
a national scale applied to North Macedonia,” Open Geosciences, vol. 11, no. 1, 2019, doi: 10.1515/geo-
2019-0059

[15] A. Yalcin, “GlS-based landslide susceptibility mapping using analytical hierarchy process bivariate
statistics in Ardesen (Turkey): Comparisons of results and confirmation," Catena, vol. 72, no. 1, pp.1-12,
2008, doi: /10.1016/j.catena.2007.01.003

[16] T. L. Saaty, “The Analytical Hierarchy Process”, McGraw Hill, New York, 1980.

[17] T. L. Saaty, “Decision making with the Analytic Hierarchy Process," International Journal of Services
Sciences, vol. 1, no. 1, pp. 83-98, 2008, doi: 10.1504/1JSSCI.2008.017590.

[18] D. Myronidis, C. Papageorgiou, and S. Theophanous, “Landslide susceptibility mapping based on landslide
history and analytic hierarchy process (AHP),” Nat Hazards, vol. 81, pp. 245-63, 2016, doi:
10.1007/s11069-015-2075-1

[19] P. Kayastha, M.R. Dhital, and F.D. Smedt, “Application of the analytical hierarchy process (AHP) for
landslide susceptibility mapping: A case study from the Tinau watershed, west Nepal,” Computers &
Geosciences, vol. 52, pp.398-408, 2019, doi: 10.1016/j.cageo.2012.11.003

[20] G. Zhang, Y. Cai, Z. Zheng, Y. Liu, and K. Huang, "Integration of the Statistical Index Method and the
Analytic Hierarchy Process technique for the assessment of landslide susceptibility in Huizhou, China,"
Catena, vol. 142, pp. 233-244, 2016, doi: 10.1016/j.catena.2016.03.028

[21] A. Andriani, B. M. Adji, and S. Ramadhani, "The Analysis of Impact and Mitigation of Landslides Using
Analytical Hierarchy Process (AHP) Method," Lecture Note in Civil Engineering (LNCE), vol. 225, 2023,
doi: 10.1007/978-981-16-9348-9_40

[22] T. Siddique, and S.P. Pradhan, V. Vishal, M. E. A Mondal, T. N. Singh, “Stability assessment of
Himalayan Road cut slopes along National Highway 58, Environmental Earth Sciences, vol. 76, no. 22,
2017, doi: 10.1007/s12665-017-7091-x

[23] E. Subowo, H.Z. Anwa, Y.S. Wibowo, and Y. Kumoro Y, “Characterisation of Landslide Hazard at
Warungkiara-Cigaru Segmen, Pelabuhan Ratu, West Java, Indonesia,” Proc of 3rd Asian Symposium on
Engineering Geology and the Environment, Indonesia, 2001

[24] P. Aleotti, and R. Chowdhury, “Landslide hazard assessment: summary review and new perspectives,”
Bulletin of Engineering Geology and the Environment, vol. 1, no. 58, pp. 21-44, 1999, doi: 10.1007
/s100640050066

[25] E. P. Utomo, “Longsor yang dipicu Gempa Bumi (Studi kasus: Longsoran Warungkiara, Sukabumi, Jawa
Barat dan Longsoran Raksasa Gowa, Sulawesi Selatan),” Prosiding Pemaparan Hasil Penelitian Puslit
Geoteknologi, Indonesia, 2008.

[26] NN, “Dua Pekerja Tambang Clay di Gunung Sarik Padang Tertimbun Longsor,” Prokabar.com,

https://prokabar.com/dua-pekerja-tambang-clay-di-gunung-sarik-padang-tertimbun-longsor, accessed date :
Oktober 20, 2023)

64 A. Andriani et al., Assessment of factors causing landslides using the Analytical Hierarchy Process (AHP)


https://prokabar.com/dua-pekerja-tambang-clay-di-gunung-sarik-padang-tertimbun-longsor

