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Abstract: The Yogyakarta region is located in the earthquake-prone areas of Indonesia. An earthquake
hazard can be assessed by identifying the site conditions from Vs30 to estimate the potential amplification of
ground shaking. Site conditions are affected by the earth surface relief and material composition. The landform is
characterized by differences in geomorphological structures and processes, relief/topography, and material. This
research aims to analyze the characteristics and spatial distribution of Vs30 based on MASW and microtremor
inversion for each landform unit in the Yogyakarta region. We collected 545 microtremor and MASW responses
from field measurements. Data inversion was performed to obtain a 1D Vs30 model and estimate the Vs30 value.
The results are presented in the Vs30 spatial distribution map and site classification. They show that the value of
Vs30 is varied in a range of 140 — 1092 m/s. The site classification ranges from SE to SB. The Vs30 value tends to
be similar to the USGS model, except in the karst landform in the Gunungkidul area. Here, the site class ranges
from SC to SB, while the USGS model ranges from SD to SC. Based on the landform analysis, the higher average
values of Vs30 are for karst, followed by structural, denudational, volcanic, fluvial, marine, and aeolian landforms.
This difference indicates that local conditions significantly affect the VVs30. The higher the elevation and the steeper
the slope, the larger the Vs30 value. Moreover, the higher values of Vs30 are determined by harder and
solid/consolidated material.
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1. Introduction

Yogyakarta region and its surrounding areas are
tectonically one of the most active areas in Indonesia
due to the location of Yogyakarta, which is close to the
subduction zone of the Indo-Australian Plate and the
Eurasian Plate in the Indian Ocean in the south of Java
Island. Therefore, the Yogyakarta Region and
surrounding areas are highly prone to earthquakes
because of the subduction activity and the activity of
local faults. The seismicity map of Yogyakarta and the
surrounding areas for the period 2009 to 2020 shows
that the seismic activity in Yogyakarta is indeed very
high (Figure 1).
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Fig. 1 Seismicity map of Yogyakarta and surrounding areas, period
2009-2020

When efforts to predict an earthquake have not been
successful, earthquake mitigation is the best measure to
prevent earthquake disasters. The first step in
mitigating before an earthquake occurs is mapping
earthquake risk. One of the variables for developing
earthquake risk maps is earthquake hazard data.
Earthquake hazard assessment in an area can be done
by identifying local site characteristics to estimate the
potential ~ amplification  of ground  motion.
Amplification of ground motion is caused by three
factors: the earthquake source, the propagation path
effect, and the local site effect. Local site conditions
can be determined using the value of the shear wave
velocity at a depth of 30 meters (Vs30) [1-3]. Vs30 is a
good indicator to illustrate the characteristics of soil
stiffness and strength.

Soil characteristics and seismic vulnerability are
affected by the earth surface relief and the nature of the

landform material, so landforms provide information
regarding site conditions and earthquake vulnerability.
The landform is a part of the earth's surface with a
unique topographic shape due to the strong influence of
natural processes and geological structures on the rock
material in a particular spatial and chronological
setting. Each landform is characterized by differences
in  geomorphological structures and processes,
relief/topography, and material. Landforms correlate
well with building damage when an earthquake occurs
[4-6]. Therefore, geomorphologic classification is a
more appropriate index for estimating site conditions
and Vs30 than the topography slope [7].

Currently, several methods are used to calculate
Vs30, including geophysical survey methods using
MASW (Multichannel Analysis of Surface Waves) and
the microtremor inversion of the Horizontal to Vertical
Ratio (HVSR) curve [8-9]. In this research, the
landform units are used as the study object of the Vs30,
obtained by a geophysical method from a Vs30
measurement at each landform unit. By knowing the
value of Vs30 in each landform unit, it is expected that
we can estimate the response of each landform unit to
seismic waves so that we can explain the relationship
between the value of VVs30 and the landform unit.

This research aims to analyze the characteristics and
spatial distribution of Vs30 for each landform unit in
the Yogyakarta region using the inversion of MASW
and microtremor measurements. The Vs30 value
obtained in this study is useful for disaster mitigation
programs and as a basis for regional development
planning based on earthquake risk reduction.

2. Methods

2.1.Research Area and Data Collecting

The research area is located in Yogyakarta Special
Province on Java Island, Indonesia. We used 545 site
measurement data obtained by the MASW method (98
sites) and the microtremor (447 sites) to estimate the
Vs30 values in the Yogyakarta region. The MASW
data were obtained by direct field surveys (19 sites),
from BMKG (Meteorological Climatological and
Geophysical Agency of Indonesia) data (66 sites), and
previous studies (13 sites). The microtremor data were
obtained by direct field surveys (92 sites) and BMKG
data (355 sites). The research area and distribution map
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of measurement sites used is presented in Figure 2.
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Fig. 2 The research area and distribution map of Vs30 sites

measurement

2.2. MASW Method

MASW is a seismic technique performed at the
ground surface to characterize shear wave velocity
distribution in the shallow subsurface. This method
utilizes the dispersion properties of surface waves that
pass through the medium by extracting Rayleigh wave
data into the frequency-phase velocity domain [10].
The Seislmager software was used to analyze the data.
The results were converted into a dispersion curve. The
dispersion curve picking process was used for
fundamental model selection [10-11]. Subsequently,
the inversion of the shear wave velocity profile was
obtained following the Seislmager/SW software
manual. Inversion was performed to obtain a one-
dimensional (1D) model of shear wave velocity (Vs)
concerning depth by considering the resulting Root
Mean Square Error (RMSE). The smaller the RMSE,
the better the 1D model [10].

2.3. Microtremor Processing and Inversion

Microtremor data is a time series of ground
vibrations with small amplitudes in three orthogonal
directions NS, EW, and vertical [12]. The Horizontal-
to-Vertical Spectral Ratio (HVSR) method was used
for microtremor data processing. The HVSR amplitude
spectrum was obtained using the Geopsy software. The
average HVSR in each window can be determined by
equation (1).

HVSR = /FZ + F%/(2F2) (1)
where FN, FE, and FV are the Fourier amplitude
spectrum in the north-south, east-west, and vertical
components.

The value of the shear wave velocity is determined
using the HVSR inversion process by minimizing the
objective function, namely the difference between the
observed and calculated HVSR [10]. OpenHVSR
Software [13] was used for HVSR inversion to obtain a
subsurface Vs model. HVSR inversion was carried out
using forward modeling (FWD). The subsurface layer

was assumed to be a homogeneous viscoelastic layer
stacked over half the space. A 1D subsurface model
was defined for each location. A constraint was needed
during the inversion process of the HVSR curve to get
an accurate value of Vs [10]. In this case, we used the
drill data provided for initialization or the input entered
when inverting.

2.4. Vs30 Estimation and Site Class

The National Standard of Indonesia (SNI)
1726:2019 [14] issued rules for estimating the value of
Vs30 by calculating based on equation (2).

ny,.
V30 = Zip
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where Vs30 is the average shear wave velocity to a
depth of 30 m, hi and Vsi are the thickness of the soil
layer, and the shear wave velocity in each layer,
respectively.

The earthquake resistance building planning is
strongly influenced by the location and soil conditions.
SNI 1726:2019 [14] classified site classes into six
types: hard rock, rock, hard soil, dense and soft rock,
medium soil, soft soil, and specific soil (Table 1).

Table 1 Site classification SNI 1726-2019 [14]

Site Classes Vs30 (m/s)
SA (hard rock) > 1500

SB (rock) > 750-1500
SC (hard soil, dense > 350-750

and soft rock)

SD (medium soil) 175-350

SE (soft soil) <175

SF (specific soil) Requires specific geotechnical
investigations and site-specific
response analysis

2.5. Characteristics and Spatial Distribution of Vs30
through Landform Unit Approach

The landform units were obtained based on
morphology, morphogenesis, and material type
interpretation. First, the morphology was interpreted
based on digital elevation models of SRTM (Shuttle
Radar Topographic Mapping Mission) from USGS (the
United States Geological Survey) [15]. Next, the
morphogenesis was interpreted from the Land System
map from the Geospatial Information Agency (BIG)
[16]. Finally, the material type was interpreted based
on the geological map from the Geological Agency
[17-18].

The spatial distribution of the Vs30 values in
Yogyakarta was obtained by interpolating all Vs30
values between sites one to another using the Kriging
method. Furthermore, the spatial distribution of Vs30,
as a result of our interpolation, was reclassified into
eight classes following the USGS. In addition, we also
reclassified into five classes based on the site
classification of SNI 1796:2019 [14]. Furthermore, this
spatial distribution was used to identify the relationship
between the Vs30 values, landform characteristics, and
lithological characteristics. In addition, the research
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results were compared with the USGS model.

3. Results and Discussion

3.1. Characteristics of Vs30 by Each Landform Unit

The Vs30 values in the Yogyakarta region were
obtained after the inversion of the MASW and
microtremor data. Figure 3 shows the dispersion curve
and 1D model of Vs30 at the T16 MASW
measurement site, while Figure 4 shows results from
the inversion of the HVSR curve and the 1D model of
Vs at the LB_030 microtremor measurement site. The
value of Vs30 from 545 site measurements was
calculated using equation (2). The data processing

Source=-2.0m Phase velocity (m/sec)
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results show that the value of Vs30 is in the range of
140 — 1092 m/s. The Vs30 analysis results at 545 sites
are shown in Table 2 and Table 3.

We classified the Yogyakarta region into seven
main landform units according to the morphogenesis
proposed by Verstappen [19], which was interpreted
based on the land system map from BIG [16]. The
seven types of main landform units are presented in
Table 2 and shown in Figure 5a. Furthermore, we
reclassified the main landform units into twenty-one
sub landform units according to the morphology,
morphogenesis, and material type. The twenty-one
types of sub landform units are presented in Table 3
and shown in Figure 5b.
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Fig. 3 (a) Dispersion curve obtained from the MASW at T16, (b) 1D model of Vs obtained from MASW data processing at T16
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Fig. 4 (a) The results from the inversion of the HVSR curve, (b) 1D model of Vs obtained from microtremor data processing at LB_030

Table 2 The value of Vs30 analysis results at 545 sites by main landform units

No Main landformunit Code Vs30 (m/s) Data counts
Mean Minimum Maximum Standard deviation

1 Karst K 737 550 1092 110 74

2 Structural S 620 477 859 114 57

3 Denudational D 480 320 900 127 71

4 Volcanic Vv 424 318 693 82 65

5 Fluvial F 258 140 415 41 254

6 Marine M 243 216 278 17 21

7 Aeolian A 243 224 260 18 3

Table 3 The value of Vs30 analysis results at 545 sites by sub landform units

No Sub landform unit Code Vs30 (m/s) Data counts
Mean Minimum Maximum Standard
deviation
1 Karst hill of coral limestone K1-Cls 758 565 1092 114 54
2 Basin of silt limestone K2-Sil 678 550 787 74 20
3 Monocline hill of breccia S3-Brc 827 790 859 30 4
4 Structural hill of conglomerate limestone S1-Col 639 497 850 120 8
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Continuation of Table 3

5 Structural hill of old volcanic rocks S1-Ovr 601 477 850 105 39
6 Structural hill of sandstone S1-Sas 587 546 640 43 4

7 Structural hill of marl tuff S1-Mat 567 524 610 61 2

8 Denudational hill of marl sandstone D1-Mas 754 622 900 109 5

9 Denudational hill of old volcanic rocks D1-Ovr 527 422 715 83 36
10  Denudational hill of marl limestone D1-Mal 377 320 477 48 30
11 Volcanic cone and upper slope of pyroclastic  V1-Pym 670 651 693 21 3
12 Volcanic middle slope of pyroclastic V2-Pym 526 472 566 32 8
13  Volcanic lower slope of pyroclastic V3-Pym 450 389 519 34 14
14 Volcanic footslope of pyroclastic V4-Pym 376 318 475 32 40
15  Fluvio-colluvial plain of marl tuff F3-Mat 387 365 415 24 4
16  Fluvio-volcanic plain of pyroclastic F2-Pym 288 242 362 26 79
17 Alluvial plain F1-Alv 243 140 336 34 158
18  Fluvio-marine plain of sandstone F4-Sas 225 202 238 11 13
19  Beach of sandstone M1-Sas 249 216 278 18 12
20  Beach ridge of sandstone M2-Sas 235 224 258 11 9
21  Dunes of sandstone Al-Sas 243 224 260 18 3
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Fig. 5 (a) Main landform unit map in Yogyakarta region, (b) sub landform unit map in Yogyakarta region
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Fig. 6 (a) Mean value and standard deviation of Vs30 by main landform unit, (b) mean value and standard deviation of V's30 by sub landform
unit

Figure 6 shows the analysis results on the mean
value and standard deviation of Vs30 by main and sub
landform unit. The horizontal axis corresponds to the
landform unit code, and the vertical axis corresponds to
the Vs30 value. The numbers in a small font on the
tops of standard deviation bars represent the data
counts. As for the main landform unit, the analysis
results are shown in Figure 6a. The mean values of
Vs30 are in order of high to low values, namely Karst

(737 m/s) > Structural (620 m/s) > Denudational >
Volcanic (424 m/s) > Fluvial (258 m/s) > Marine (243
m/s) > Aeolian (243 m/s). This tendency is regarded as
reasonable considering the land formation process and
composer material of each landform unit.

Organic sedimentary rocks dominate the karst
landforms (rock dissolving activity). It results from the
metamorphosis of coral reefs in limestones that form a
karst topography [20]. The structural landforms
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(tectonic activity) result from lifting processes due to
the subduction zone of the Indian Ocean plate under
the Eurasian plate in the south of Java. The
denudational landform (degradational activity) is also
known as stripping the earth surface due to weathering
processes of very old rocks that trigger erosional
processes and rock mass movements. This landform is
characterized by frequent occurrences of mass
movement in the form of landslides and rockfalls on
the slopes of the foothills and steep mountains. The
volcanic landform process (volcanic activity) results
from endogenous processes due to magma activity and
exogenous processes due to other geomorphological
forces such as weather activities, mass wasting,
erosion, and transportation. Pyroclastic materials
dominate volcanic landforms. The fluvial landform
process (river flow activity) results from water flow
processes that cause erosion, transport, and
sedimentation. The fluvial landform in the Yogyakarta
region is dominated by volcanic material due to the
activity of the Merapi mountain in the north, which
flows to the south. The marine landform process (wave
activity) is due to the deposition of Holocene-aged
marine material, which is dominated by fine to coarse-
grained sand. The aeolian landform process (wind
activity) is due to moving clastic and loose materials
such as sand by wind power from one place. The
aeolian landforms are usually formed in dry climates or
coastal areas.

As for the sub landform unit, the analysis results are
shown in Figure 6b. As for the karst, the mean value of
Vs30 of karst hill of coral limestone (758 m/s) is higher
than that of the silt-limestone basin (678 m/s). As for
the structural, the highest is the monocline hill of
breccia (827 m/s), followed by the structural hill of
conglomerate limestone (639 m/s), structural hill of old
volcanic rocks (601 m/s), structural hill of sandstone
(587 m/s), and structural hill of marl tuff (567 m/s). As
for the denudational, the highest is the denudational hill
of marl sandstone (754 m/s), followed by the
denudational hill of old volcanic rocks (527 m/s), and
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the denudational hill of marl limestone (377 m/s). As
for the volcanic, the highest is the volcanic cone and
upper slope of pyroclastic flow (670 m/s), followed by
the volcanic middle slope (526 m/s), volcanic lower
slope (450 m/s), and Volcanic footslope of pyroclastic
flow (376m/s). As for the fluvial, the highest is Fluvio-
colluvial plain of marl tuff (387 m/s), followed by the
fluvio-volcanic plain of pyroclastic (288 m/s), alluvial
plain (243 m/s), and fluvio-marine plain of sandstone
(225 m /s). As for the marine, the beach of sandstone
(249 m/s) is higher than the beach ridge of sandstone
(235 m/s). As for the aeolian, there are only sandstone
dunes (243 m/s).

The correlation between Vs30 and elevation, as well
as slope, is shown in Figure 7. In general, the higher
the elevation and the steeper the slope, the larger the
Vs30 value [3, 7, 21]. Areas with high values include
karst, structural, denudational, and volcanic landforms
with an average value of VVs30 above 400 m/s. They are
located in hilly and mountainous areas with an average
elevation above 100 m and a slope above 10%. In
contrast, the lower the elevation and the slope flatter,
the smaller the Vs30 value. Areas with low values
include fluvial, marine, and aeolian landforms with an
average Vs30 below 300 m/s located in lowland and
coastal areas with an average elevation below 100 m
and a slope of below 10%.

However, the type of material also has a very
significant contribution to the value of Vs30. The
higher the value of Vs30, the harder and more
solid/consolidated the material is. On the other hand,
the lower the Vs30 value, the softer the material and
the less solid/unconsolidated. As for karst landforms,
which are generally composed of coral limestone
material, the values of Vs30 are high. Furthermore, the
structural, volcanic, and denudational landforms
typically consist of old volcanic rock, breccia, andesite,
tuff marl, sandstone, and claystone. On the other hand,
as for the fluvial, marine, and aeolian, the values of
Vs30 are low. Generally, they consist of alluvial
material, clay, silt clay, sand, gravel, and fine sand.
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Fig. 7 (a) The correlation between elevation and Vs30, (b) the correlation between slope and Vs30
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3.2. Spatial Distribution of Vs30 in the Yogyakarta
Region

The data processing results at 545 measurement
sites show that the value of Vs30 in the Yogyakarta
region varies from low to high in the range of 140-1092
m/s, as shown in Tables 2 and 3. Low Vs30 values
were found in the following areas:

1) The fluvial landforms in Kota Yogyakarta,
central and western parts of Bantul, the southern parts
of Sleman, and southeast and south of Kulon Progo are
140-415 m/s;

2) The marine landform in the southern part of
Bantul and Kulon Progo is 216-278 m/s;

3) The aeolian landform in the south of Bantul is in
the range of 224-260 m/s.

High Vs30 values were found in the following
areas:

1) The karst landform in the central and southern
part of Gunungkidul (550-1092 m/s);

2) The structural landform in the eastern part of
Bantul and north of Gunungkidul (477-859 m/s);

3) The denudational landform in the western and
southeastern parts of Kulon Progo and the western part
of Bantul (320-900 m/s);

4) The volcanic landform in the northern part of
Sleman (358-693 m/s).

Referring to the site classification of SNI 1796:2019
in Table 1 [14], the site class value for the Yogyakarta
region is in the range of site class SE (soft soil) to SB
(rock). The 545 site measurements show that 48 sites
are in the SB class, 204 sites are in the SC class, 288
sites are in the SD class, and five sites are in the SE
class. The spatial distribution and site classification
map of the Vs30 from site measurements is shown in
Figures 8a and 8b.

The low value of Vs30 is related to the thick
sediment layer rather than the solid and unconsolidated
material. These materials are alluvial, clay, sand, and
gravel deposits. Because of these conditions, major
earthquakes in these areas cause severe damage and
loss of life. One of them is the Yogyakarta earthquake
on May 27, 2006, with a magnitude of 6.3, which
caused 5,716 fatalities and economic losses of more
than US$ 3,134 million [22]. The high value of Vs30 is
related to shallow sediment layers or rock outcrops,
solid and consolidated material, generally located in the
highlands. Due to these conditions, minor damage
occurs in these areas during large earthquakes. Each
site class responds differently to an earthquake,
including increasing the amplitude of the earthquake
waves or just continuing the waves [23-24]. In the site
class, SC or lower, earthquake waves propagate with
lower velocity but higher amplitude.

On the other hand, earthquake waves are transmitted
only in site class SA or SB [24]. As a result, subsurface
deposits with lower Vs than the bedrock tend to
amplify earthquake shaking while prolonging the

duration. This kind of amplification potential is
commonly referred to as the local site effect.

In general, our proposed spatial distribution of Vs30
has similar values to the USGS model, as shown in
Figures 9a and 9b. The Vs30 value of the USGS model
is a proxy of the topographic slope developed by Wald
and Allen [3, 25-26]. This similarity is shown in
Sleman, Kulon Progo, Bantul, Kota Yogyakarta, and
part of Gunungkidul in volcanic, denudational, fluvial,
marine, aeolian, and structural landforms. However,
there is a significant discrepancy between the Vs30
results of this study and the Vs30 predictions from the
topographic slope proxy, especially in the Karst
landform, which has a gentle slope. A comparison of
the results of this study with the USGS model shows
that the estimated value of Vs30 based on the USGS
model is not appropriate for the karst landform in the
Gunungkidul region. These areas include the Wonosari
basin area and the Gunung Sewu karst plateau [10].
The resulting value of Vs30 is 350-750 m/s or site class
SC, while the USGS model assumes 175-350 m/s or
site class SD. As for the karst landform in the south of
Gunungkidul, this study is 750-1500 m/s or site class
SB, while the USGS assumes 350-750 m/s or site class
SC.

The landforms are correlated with the Vs30 (site
conditions) value and seismic vulnerability [4, 7].
Based on the average value of Vs30, it shows changes
that follow the landform. Landforms composed of
alluvial material tend to have lower Vs30 values and
higher seismic vulnerability when compared to
landforms consisting of hard rock [27-29].
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Fig. 8 (a) Spatial distribution map of the Vs30 from site
measurement, (b) spatial distribution map of site measurement



Wijayanto et al. Characteristics and Spatial Distribution of VVs30 Based on Microtremor Inversion and MASW Data through Landform Unit

147

in Yogyakarta, Indonesia, VVol. 49 No. 6 June 2022

III)"I‘)‘O"E 110'1‘50"5 110‘3’7‘0“5 "0“‘5‘0"5

7450°S
7450'S

#00s
#00°S

V$30 value (USGS)

. <180
[ 190 - 240

C »430 - 620

B >620 - 760 0 0 0
B >760 - —

B'|5I'0"S

T T T T
110°00"E 110°15°0"E 110°300"E 10°450°E

no‘?'o‘E 110‘1‘5‘0"5 110‘3‘0'0“5 110‘&5'0‘{

l

"
\

f Kota Yogyakarta

T450°S
1
T
T450°S

B AN

Kulon Progo

U
8°00"S

Gunungkidul

SNI Site Classification (USGS)
B E(<175)

B A>1,500) ' o 5 10

=
¥
8*15'0"S

Ve 10°150"E 110°30'0"E
(b)
Fig. 9 (a) Spatial distribution map of the Vs30 from USGS, (b)
spatial distribution map of site classification from USGS

110°45'0"E

According to [6], the landforms composed of thick
unconsolidated material such as the fluvial, marine, and
aeolian landforms are earthquake-prone. Severe
damage occurred in these areas in the past. In contrast,
the landforms composed of consolidated material such
as the structural, denudational, and solutional
landforms are earthquake-safe. Only slight damage
occurred in these areas.

This research shows that local conditions
significantly affect Vs30 in the Yogyakarta region.
Therefore, considering the landform effect when
estimating the value of Vs30 is required. Regarding the
validity of the inversion results, they may not match
with the actual Vs30. However, the MASW and
microtremor inversion program has proven valuable
and powerful for interpreting the Vs30 model [30].
Furthermore, increased evenly distributed data density
will improve the quality of spatial distribution of the
Vs30.

Further assessment for developing the model of
Vs30 based on the landform unit is necessary.
Nevertheless, the Vs30 obtained in this study provides
a valuable assessment, especially for the Yogyakarta
region affected by local site effects. The spatial
distribution of Vs30 that we propose is a significant
step in the disaster mitigation program and can be used

as the basis for regional development based on
earthquake risk reduction.

4. Conclusion

Assessment of the characteristics and spatial
distribution of Vs30 is fundamental to understanding
local site characteristics and estimating the potential
amplification of ground motions. In this study, the
characteristics and spatial distribution of Vs30 in the
Yogyakarta region were investigated using the MASW
method and microtremor inversion through the
landform unit. The results indicate that the value of
Vs30 in the Yogyakarta region varies in a range of 140-
1092 m/s. The site class for the Yogyakarta region
varies in the range from SE to SB. The spatial
distribution of Vs30 shows similarities to the USGS
model for volcanic, denudational, fluvial, marine,
aeolian, and structural landforms. A significant
discrepancy is noted for the karst landform. The site
class of this study is in the range of SC to SB, while the
USGS model is in the range of SD to SC.

Based on the landform analysis, the mean values of
Vs30 in each main landform unit are in the order of
karst (737 mi/s), structural (620 m/s), denudational,
volcanic (424 m/s), fluvial (258 m/s), marine (243
m/s), and aeolian (243 m/s). The analysis results of the
sub landform unit indicate that the values of Vs30 have
a trend following the characteristics of morphology,
morphogenesis, and material. Based on the
morphology, the higher the elevation and the steeper
the slope, the larger the Vs30 value. Areas with high
Vs30 values are located in hilly and mountainous
regions, while areas with low values are located in
lowland and coastal regions. Moreover, the material
type significantly influences the value of Vs30. The
higher Vs30 values result from harder and consolidated
materials, while the lower Vs30 values are due to softer
and unconsolidated materials.

The average values of Vs30 show that they follow
the landform.  Furthermore, local conditions
significantly affect the Vs30 value. Measuring Vs30
using the MASW and microtremor method provides a
reliable subsurface profile, but it is time-consuming
and not cheap. Further assessment for developing the
Vs30 model based on the landform unit is necessary
due to the limitation of the data and its uneven
distribution. For future planning of the Yogyakarta
region, the spatial distribution of Vs30 should be
considered in the planning of earthquake-resistant
infrastructure.
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