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Abstract: Tritis is a hamlet in Kulon Progo Regency, located in an area with steep slope topography making
it vulnerable to landslides. Ground movement vulnerability due to earthquakes is controlled by several factors,
one of which is the seismic vulnerability index whose value can be obtained through microtremor measurements
by H/V analysis. In addition, the dynamic trigger factor for landslides is the slope. The slope of the surface
is not always the same as the slope of the slip surface because it is observed from the surface, while the slip
surface is under the soil layer and requires measurements using the geophysical method to determine the surface
model. For this reason, an analysis is needed to compare the landslide vulnerability between these two factors,
the slope of the surface and the slope of the slip surface. From the measurement results, there is a significant
difference between the slope and the slope of the slip surface at the same site in the north of the slope by 15.17◦

with a seismic vulnerability index (kg) of 2.5. The distribution of seismic vulnerability index in all slopes ranges
from 0.075 to 7.33, dominated by areas with slopes > 18◦. High landslide vulnerability is in the southern and
northern areas.
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I. INTRODUCTION

Landslides occur due to the instability of the soil on the
slopes, resulting in a process of attaining an equilibrium state
towards a new, relatively more stable state. The process of
achieving an equilibrium state can occur due to a disturbance
in the slope balance, resulting in an imbalance condition [1].
Disruption to slope balance can occur due to a combination of
several natural factors, such as slope, rock and soil conditions,
groundwater conditions on the slopes, and other triggering
factors, such as high rainfall, material taking, construction of
roads/buildings that cut slopes, and earthquake [2]. Massive
ground movement due to earthquakes in an area occurs when
the shear strain is 1000 ×10−6 and experiences landslides
and liquefaction if the shear strain is greater than or equal to
10,000×10−6 [3]. The value of the shear strain is controlled
by the seismic vulnerability index (Kg), which is mathemati-
cally related to amplification and the natural frequency in the
area.

The amplification factor in the soil is the response of the
surface layer to an earthquake which reflects the amplification
of the wave as it passes through the lower impedance layer
boundary. The amplification factor illustrates the amplifica-
tion of the accelerated ground motion from the bedrock to the
surface. This increase is due to the impedance contrast be-

tween the bedrock and surface layer [4].

The slope of the surface is a dynamic triggering factor for
landslides, a trigger that causes changes in the resultant force
due to changes in dynamic factors. The greater the slope an-
gle, the higher the potential for landslides to occur [5]. In
many landslide studies, the surface slope is a parameter to
determine the level of landslide vulnerability in an area [6].
Meanwhile, the landslide event maintains contact between the
moving soil mass and the layer below it [7]. This means that
the soil mass moves over a surface, which is called the slip sur-
face, which is the plane that lies between the moving soil mass
and the hard rock below it. The implication is that the land-
slide vulnerability which is determined by the surface slope
and the slope of the slip surface can obtain different values.

Tritis Hamlet is located in Ngargosari Village, Samigaluh
District, Kulon Progo Regency. This area has many areas with
a sloping appearance. Also, this area is used as a tourist desti-
nation, so there needs to be a study of landslide vulnerability
around this area. The study of determining the landslide vul-
nerability due to the earthquake was carried out on a slope in
Tritis Village, by comparing the level of vulnerability result-
ing from the surface slope parameter and the slip surface slope
parameter.
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FIG. 1: H/V curve of 1 site in the southern area.

II. METHOD

The slope area is located on the border between Yogyakarta
and Central Java Provinces. The location is within the coordi-
nates of 110◦08’52.0”E to 110◦08’53.55”E and 7◦38’57.11”S
to 7◦38’52.55”S. At this location, the determination of the
seismic vulnerability index and the depth of the slip surface
was carried out by HVSR (Horizontal to Vertical Spectral Ra-
tio) analysis and using the data of the soil thickness from the
author’s research results in the thesis which can be accessed
through the UGM repository [8]. From the results of the
HVSR analysis, amplification values and natural frequencies
can be obtained, then the seismic vulnerability index value can
be calculated using the following equation [9]:

Kg =
A2

f2
◦

(1)

where A is amplification, and f◦ is the natural frequency (Hz).
The seismic vulnerability index (Kg) is an index that describes
the level of vulnerability to the deformation of a soil layer on
the surface due to earthquakes which can cause soil movement
on slopes. Meanwhile, to obtain the accurate slope, altitude
measurements were made using 2 Trimble GPS, with one re-
ceiver measuring the height at the base and the other receiver
recording the data at the receiver rover.

The determination of landslide vulnerability was analyzed
using the Simple Additive Weight (SAW) method. This
method involves several criteria that are used to analyze a
decision in determining priority, evaluation, and selecting at-
tributes that consist of several alternatives [10]. In this pro-
cess, normalization of the input matrix is required so that it
can be compared with all the alternative ratings. Because the
seismic vulnerability index and the slope parameter are the
trigger factors, meaning that the higher the value, the higher
the landslide vulnerability level, so that the normalization for-

FIG. 2: The map of vulnerability index.

mulation can be calculated using the following equation:

rij =
xij

maxixij
(2)

where rij is normalization, xij is the row and column of the
matrix, and maxi is the maximum value of each row and col-
umn.

In this study, the seismic vulnerability index and the slope
parameter have the same weight. Thus, the landslide vulnera-
bility level with these two criteria can be calculated using the
following equation:

Vi = Σn
j=1 wjrij (3)

where Vi is the final alternative value which is the landslide
vulnerability level and wj is the criterion weight.

III. RESULT AND DISCUSSION

The natural frequency and maximum amplification at a
point are obtained through H/V analysis on microtremor data.
From this analysis, the H/V curve in Fig. 1 shows the value of
natural frequency (frequency at high H/V amplitude) and am-
plification (highest amplitude on the H/V curve). By model-
ing the HVSR curve with thickness variation input, it is known
that thickness variations only have a significant effect on nat-
ural frequencies, whereas with the input of the shear wave ve-
locity variations affect natural frequencies and amplification
[11]. This shows that the natural frequency and the amplifica-
tion are not significantly correlated.
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FIG. 3: The surface slope and slip surface profile.

Because amplification and frequency are not correlated sig-
nificantly, in the assessment, the local effect hazard uses a soil
vulnerability index which can be calculated by Eq.(1). The
estimation results of this vulnerability index as in Fig. 2 show
that the distribution of the seismic vulnerability index ranges
from 0.075-7.33 with the index high vulnerability spreads in
the south, while the low vulnerability index relatively spreads
to the north. The southern area becomes a weak zone to ex-
perience ground movement due to earthquakes. There are 3
points in the south with a vulnerability index > 3,4, where this
magnitude indicates that in this area, the soil layer is suscep-
tible to deformation in the form of cracks due to earthquakes
[12].

From the data of soil slope obtained through measurements
with GPS and the data of soil thickness on the Tritis slope, a
3D model of the slope was created which can be seen in Fig.
3. In general, the slope is dominated by areas with a slope
greater than 18o, with varying slope distribution. Landslides
occur when there is a displacement of soil mass caused by
gravity. On slopes, the magnitude of the gravitational force
on the soil mass is affected by the slope as a dynamic trig-
ger [13]. Meanwhile, rainfall, soil thickness, land use, rock
weathering, bed structure, and soil texture are the trigger fac-
tors. This makes the slope of the surface factor has a great
weight in many landslide vulnerabilities analyzes. By looking
at the surface structure of the slip surface on the Tritis slope,
in general, the shape of the soil layer above it follows the ge-
ometry of the slip surface below it. However, in the northern
area where the soil layer is relatively thick, the geometry of

the slip surface is slightly steep compared to the shape of the
overlying subsoil.

The northern area is the focus of this study because of the
difference in structure and slope between the soil layer and
the slip surface underneath as shown in the upper right of Fig.
3. The slope of this area reaches 42.50◦ with the large layer
thickness. Meanwhile, the slope of the slip surface in the same
zone reaches 57.67◦, so there is a quite large difference, which
is 15.17◦ relative to the measured slope above it. Whereas in
the central and southern regions, the geometry of the slip sur-
face relatively follows the geometry of the surface slope, with
an average slope of 26.80◦ with a difference of 1◦-5◦ in the
central area of the slope, and an average slope of 18.90◦ with
a difference of 1◦-3◦ in the southern area. These results are
calculated based on the slope difference between the surface
slope and the slip surface slope below it.

The slope difference between the structure of the slip sur-
face and the surface slopes will affect the levels of landslide
vulnerability when the vulnerability mapping is carried out. A
mass slipping over an inclined plane should be affected by the
slope of the plane, and not affected by the slope of the mass
itself. The use of surface slope parameters as the cause of
landslides usually assumes that the geometry of the slip sur-
face is congruent with the geometry of the surface slope so
that the slopes of both are assumed to be the same. However,
in reality, the geometries of the two slopes are not always con-
gruent, so the use of surface slope parameters as the cause of
landslides is not correct for the slopes in Tritis.

Fig. 4 shows two landslide vulnerability maps using the
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FIG. 4: H/V curve of 1 site in the southern area.

SAW method, based on two different vulnerability param-
eters, the surface slope factor, and the slip surface slope
factor. Based on the two vulnerability maps in Fig. 4, the
areas with high vulnerability are in the south of the slope,
while from Fig. 4(b), the areas with high vulnerability are
in the north and south of the slopes. In the south of the
slope, both Fig. 4(a) and Figure 4.b show the similarity
because the surface slope and the slip surface are not much
different so that the vulnerability in this area is thought to
be controlled only by the high seismic vulnerability index.
In the northern slope area, Fig. 4(b) shows high landslide
vulnerability while Fig.4(a) shows a medium level. This
difference in vulnerability is affected by the difference in
slope and slip surface, which is quite large, reaching 15.17◦

so that it seems like a potential disaster that cannot be seen on
the surface. Moreover, the slopes are dominated by clay and
in the northern area, the layers are quite thick, which means

that the high accumulation of water when it rains will create a
slip plane zone which increases the potential for landslides in
this area [14]. However, soil conditions in the northern area
are assumed to vary because not all areas in the north have a
high seismic vulnerability index.

A seismic vulnerability index that is not quite high in the
north area indicates the solid and compact soil conditions.
However, Fig. 2 shows an increasing trend of vulnerability
in the UTM coordinates at 9154490 of north-south and at
406027 of west-east reaching 2.5, where this point is an area
with high soil thickness and high slope differences in surface
slope and slip surface slope.

IV. CONCLUSION

Earthquake-prone zones are located on the north and
south areas of the slope. In the south, the high vulnerability
is controlled by a high seismic vulnerability index, while
in the north, the high vulnerability is controlled by two
parameters, the seismic vulnerability index and the slip
surface slope. In the north of the slope, the slope difference
in angle between the surface slope and the slip surface is
quite high, so that the potential for ground motion seems
low when viewed from the surface with the surface slope
parameter as a vulnerability parameter, even though the
potential for ground motion in this area is quite high be-
cause of the steep slope of the slip surface below the soil layer.
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