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Abstract

A number of landslides have occured in Kokap Sub-
District, Kulon Progo Regency, Yogyakarta Special
Province, Indonesia, which have influenced the com-
munities. The natural disaster is commonly asso-
ciated with a few days of heavy rainfall events. To
mitigate the impact of landslides in this area, a land-
slide susceptibility assessment needs to be carried
out. The main objective of this research is to develop
a landslide susceptibility zonation in the research
area by applying a logistic regression (LR) method.
Field observation was conducted at 68 locations in
the research area, in which 46 landslides occured.
Data of slope angle, lithology, geologic structure and
groundwater conditions were collected. The rela-
tionship between landslide occurrence and the slope
angle, lithology, geologic structure and groundwa-
ter conditions was analysed using the LR method.
The analysis results showed a 0.984 standard er-
ror, implying a good-fit model. The study area was
classified into very low, low, moderate, high and
very high landslide susceptibility zones with 0-20%,
20-40%, 40-60%, 60-80%, and 80-100%, respec-
tively, probabilities of occurrence. A 60% area of the
total study area was classified as a moderate to very
high susceptibility to landslide. From 47 landslides,
80% landslides occured in high and very high land-
slide susceptibility zones, 17% landslides occured in
the moderate susceptibility zone and 2% landslides

“Corresponding author: S. MAKEALOUN, Wa-
ter Resources Department, Faculty of Engineer-
ing, National University of Laos. E-mail: makeal-
oun.somyot@gmail.com

53

occured in the low susceptible zone. None of land-
slides occured in the very low landslide susceptibil-
ity zone. The analysis results show that LR method
is a very useful method for landslide prediction.
Keywords: landslide susceptibility, multiple logis-
tic regression, Kokap Kulon Progo-Indonesia

1 Introduction

Indonesia is one of the countries in the world
that has suffered frequently from natural disas-
ters, such as flood, drought, volcanic eruption,
earthquake, tsunami and landslide. The disas-
ters occur due to natural, climate, or environ-
mental conditions. As landslides are defined
as the movement of slope forming materials
under the influence of gravity (Varnes, 1978),
they usually occur in hilly or mountainous ar-
eas with high slope angle. Kokap Sub-district of
Kulon Progo is located on Kulon Progo Moun-
tains, which are about 30 km from Yogyakarta
City of Indonesia (Figure . Rockfall and de-
bris flow types of landslides have commonly
occurred in this area and are commonly asso-
ciated with a few days of heavy rainfall events
and steep slope angle. The occurrence of land-
slides cannot be averted, but understanding of
the hazard can lead to proper mitigation strate-
gies and therefore significant reduction of the
impacts. One of important means in landslide
hazard mitigation is a development of a land-
slide hazard zonation or landslide susceptibil-
ity map. In this paper, the term of susceptibility
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Figure 1: Location of the study area.

is used to represent the propensity of an area to
undergo a landslide.

According to Van Westen et al. (1999), there
are two methods of landslide susceptibility
zonation, which are direct and indirect meth-
ods. The direct method is determined by ex-
perience and knowledge of the terrain and the
indirect method is determined based on statisti-
cal method, such as LR analysis or deterministic
method or other indirect approaches. A num-
ber of applications of LR method in landslide
susceptibility assessment has been reported by
Rupert et.al. (2002), Chau and Chan (2005), Das
et al. (2010) and Bai et al. (2010). Chau and
Chan (2005) explicitly mentioned that accord-
ing to Rowlotham and Dudycha (1998), the LR
method was the most useful method for land-
slide susceptibility assessment. The LR method
is therefore applied in this study to assess the
susceptibility of the research area to landslide.

2 Geological condition

Kulon Progo mountains are composed of vol-
canic rocks, which are dominated by volcanic
clastic materials and andesite intrusion (Syafri
et al., 2013). Rahardjo et al. (1995) named this
volcanic rocks as the Old Andesite Formation.
Below the volcanic rocks of the Old Andesite

Formation, the oldest stratigraphic unit in the
area is known as Nanggulan Formation, con-
sisting of sandstones with lignite, sandy marl,
mudstone with limonite, marl, sandstone, tuff
(Rahardjo et al., 1995). The whole succession
was overlain by sandy tuff and limestone and
the youngest rock found in the area is quater-
nary alluvial deposits. The morphology of Ku-
lon Progo mountains forms an elliptical-shape
dome (Syafri et al., 2013). The slope with a
number of radially pattern faults can be recog-
nized in the Geological Map of Yogyakarta (Ra-
hardjo et al., 1995). The study area has an un-
dulating to steep hilly morphology with min-
imum and maximum elevations of about 6 m
and 850 m above the sea level, respectively (Fig-
ure Pa—c). The slopes in the study area range
from about 3 to 50°. The exposed lithologies
in the study area (i.e., andesite breccias, sand-
stone, limestone) are mostly weathered (Figure

D).

3 Logistic regression

Logistic regression has been used extensively
in the health and social sciences since the late
1960s to predict a binary response from ex-
planatory variables (diagnostic — prediction
model). Logistic regression is a statistical
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Figure 2: (a—c) Steep hilly to undulating morphology in the study area; (d) Andesite breccia; (e)
Tufaceous sandstone, and (f) Limestone, which are exposed in the study area.

method that predicts a probability of occur-
rence. It is similar to a linear regression model
but it is suited to models where the dependent
variable is dichotomous or binary (Hosmer et
al., 2013). In term of landslide, binary variable
will be “0” for “no landslide” and “1” for “yes
there is a landslide occurrence” on an observed
locations. The equation of multiple logistic
regression is shown in Eq. 1 below:

A+ BLX1+B2X2+ -+ BiXi
T 1 4 et BPIXTHP2X2 4+ PiXi @

Py

where: P, = probability of occurrence (0 to 1);
X = independent variable; a = statistically con-
stant coefficient; B = statistically derived coeffi-
cient.

The equation of LR analysis is called a LR
model. The performance of LR model can be
evaluated using several statistical measures. In-
dividual regression coefficients are considered
to be statistically significant if the p-value of
the Wald statistic is less than or equal to 0.05
(95-percent confidence or greater). The Wald
statistic follows a chi-squared distribution and
is used to indicate where the model coefficients
are significantly different from zero. A simple

but sometimes subjective technique to evalu-
ate if the model is statistically stable is to in-
spect the magnitude of the standard error (SE)
of each variable. According to Chan (2004), the
acceptable magnitude of the SE is around 0.001-
5.0. However, there are no fixed criteria on how
small the SE should be but a matter of judg-
ment.

4 Landslide causative factors

According to Karnawati (2005), causative fac-
tors of landslide can be differentiated into two
factors, which are controlling and triggering
factors. The controlling factors of landslide
include the slope morphology, slope stratigra-
phy, slope material, structural geology (joints,
faults), groundwater condition and also some
intrinsic factors related to the slope condition.
The triggering factors are natural triggering fac-
tors, such as rainfall and earthquake. Human
influence, such as forest devastation or change
of land use can also become the triggering fac-
tors. Chau and Chan (2005) mentioned that the
causative factors of landslide may vary from
one region to another. Therefore, it is necessary
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and reasonable that local landslide inventory in
conjunction with local slope condition must be
well examined to obtain reliable landslide pre-
dictions.

5 Methodology

In this study, the causative factors of land-
slide used to predict a landslide in the study
area are slope angle, lithology, distance from
faults or lineaments and groundwater condi-
tion. Slope angle and distance from lineaments
were assessed from evaluation of Digital El-
evation Model (DEM) in GIS and were also
checked in the field. Data of lithologies and
faults were obtained from field observation and
literature. Data of groundwater condition were
obtained from field measurements of ground-
water depth.

The landslide susceptibility assessment was
performed by quantifying each of the causative
factors of landslide at 68 random observation
locations. The quantification of the causative
factors of landslide is shown in Table All
of the 68 data were then analysed by multiple
LR to obtain the LR model of landslide pre-
diction in the study area by applying the land-
slide occurrence as dependent variable and the
causative factors of landslide (i.e., slope angle,
slope lithology, distance from faults or linea-
ments and groundwater depth) as independent
variables. The data of each causative factors are
shown in Figure 3] to Figure [fl The LR equa-
tions obtained from this analysis were used to
develop a landslide susceptibility map of the
study area using the Geographical Information
System (GIS).

6 Results and discussion

The LR analysis results are presented in Table
From this table, it can be seen that the SE of
the multiple logistic regression is between 0.001
and 5.0, meaning that the LR model is accept-
able. Based on the value of constant and de-
rived coefficient from Table 3} the final equation
of logistic regression of landslide occurrences
versus landslide causative factors (i.e., lithology
type, slope angle, distance from faults and lin-

eaments and groundwater condition) can be ob-
tained.

By applying these coefficients of LR equation
to the GIS, a final map of landslide susceptibil-
ity of the study area can be produced, as shown
in Figure [/} The LR analyses show that proba-
bilities of landslide occurrence in the study area
are from 0% (no landslide will be occurred in
this area) to 100% (absolute occurrence of land-
slide in this area). Based on the probability, the
study area can be classified into very low, low,
moderate, high and very high landslide suscep-
tibility zones with 0-20%, 20-40%, 40-60%, 60—
80%, and 80-100%, respectively, probabilities of
occurrence. Based on the landslide susceptibil-
ity map, the moderate to very high landslide
susceptibility zones occupied 60% area of the
whole study area.

Comparison between the number of land-
slide occurrence and landslide susceptibility
can be used to investigate the reliability of the
developed susceptibility map. Table 3| shows
the comparison between the numbers of land-
slide and the class of landslide susceptibility. It
can be concluded that the occurrence of land-
slides matches with the class of susceptibility.
From 47 landslides occurred in the study area, a
38% of the landslides occurred in the very high
susceptibility class, a 43% of the landslides oc-
curred in the high susceptibility class, a 17% of
the landslides occurred in the moderate suscep-
tibility class, one landslide occurred in the low
susceptibility class and no landslide occurred in
the very low susceptibility class.

Although the ratio of landslide occurrence
appears to match with the susceptibility class,
predictions of landslide occurrence in the high
and very high landslide susceptibility classes
were not too precise. Both classes of suscepti-
bility show almost similar percentages of land-
slide occurrence. This may occur due to differ-
ent local conditions, such as amount of rainfall,
sunshine, and vegetation cover, that have not
been examined in this study.

7 Conclusion

Despite the unsatisfactorily prediction of land-
slide occurrence in the high and very high sus-

56 © 2014 Department of Geological Engineering, Gadjah Mada University



Table 1: Quantification of data for landslide prediction by using LR analysis in this study.
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Figure 3: Slope angle distribution in the study area.
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Figure 5: Map showing distance from faults and lineaments in the study area.
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Figure 6: Groundwater depth distribution in the study area.

Table 2: Logistic regression model coefficient and SE value for prediction of the probability of land-

slide occurrence in the study area.

Model Variable B SE
Slope 1 -0.805 0.984
2 -0.871 0.989
3 -0.094 0.815
Lithology 1 0.672 0.781
2 0.685 0.761
3 1.379 0.566
4 1.387 1.766
5 0.748 1.698
Distance from 1 0.861 1.019
faults/lineaments 2 -0.619 1.011
3 -0.212 1.019
Groundwater depth 1 0.232 1.177
2 1.113 1.012
3 0.876 2.032
Constant o 0.876
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Figure 7: The LR landslide susceptibility map of the study area.

Table 3: Comparison between zones of susceptibility and number of landslide occurrence.

Class of Landslide Number Percentage
susceptibility of Landslide landslide occurrence
Very Low None 0
Low 1 2%
Moderate 8 17%
High 20 43%
Very High 18 38%
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ceptibility classes, the LR method has been
proven to be a reliable method for the devel-
opment of landslide susceptibility map in the
study area. Satisfactorily prediction may be ob-
tained if more landslide causative factors are
taken into account in the analyses, particularly
factors related to the local conditions.
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