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Introduction

Abstract: Coda wave data from four stations are to understand seismic
attenuation on Sumba Island. Specifically, we estimate the quality factor at
1 Hz (Qo) and its frequency dependence (77) across multiple window lengths
(20-120 s) and frequency bands (1-7 Hz) using waveform data from 394 local
earthquakes. The aim is to evaluate how these parameters reflect crustal
heterogeneity and tectonic activity. Results show that Q, increases with
window length, indicating that coda waves progressively sample deeper
and more homogeneous layers, while high # values at shorter windows
suggest significant near-surface heterogeneity. These findings highlight a
depth-dependent variation in seismic attenuation and structural complexity.
The study reveals spatial variability, with MELO station showing
anomalously high Q, values, likely due to localized site conditions or deeper
structural influences. Sumba’s location within the tectonically active Sunda-
Banda arc transition zone further supports these observations. The
combination of low Q, and high 7 values confirms high tectonic activity, and
the use of coda wave attenuation analysis offers a reliable, parameter-based
framework for assessing seismic hazard potential in regions with complex
geodynamics. This work fills a research gap by providing empirical data and
interpretation for a previously underexplored area in eastern Indonesia.
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also by how seismic waves propagate and dissipate as
they travel through the Earth's medium.

Earthquakes are natural hazard phenomena caused
by the sudden release of energy stored within the Earth's
crust. This energy release generates seismic waves that
propagate through the Earth's interior and surface,
causing ground shaking of varying intensities. After
arriving at the Earth's surface, these vibrations can
damage buildings and infrastructure, leading to
material losses or even fatalities (Sunarjo et al., 2012).
The movement of tectonic plates, volcanic activity, and
human-induced processes such as reservoir-induced
seismicity and underground explosions can trigger
earthquakes. The impact of earthquakes is not only
determined by the magnitude of energy released but

How to Cite:

Attenuation decreases the amplitude of seismic
waves propagating through the Earth’s medium and
causes energy loss due to various physical mechanisms.
Seismic attenuation can be caused by intrinsic
absorption and wave scattering (Ma’hood et al., 2009).
While intrinsic absorption refers to the transformation of
seismic energy into heat, scattering results in the
redistribution of energy due to the interaction of seismic
waves with the medium's heterogeneities such as
fractures, faults, or lithological contrasts. These
heterogeneities may act as scatterers that redistribute
seismic energy leading to amplitude decay. The
occurrence of scattering depends on the ratio between
the size of the heterogeneities and the wavelength, as
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well as the distance the wave travels through the
heterogeneous area (Sato & Fehler, 2009).

The process occurs due to reflection and
transmission at layer boundaries, geometrical
spreading, or seismic energy conversion into heat.
Seismic attenuation estimates are derived from the
decay of coda waves, which appear after S-waves at the
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end of seismic recording events and consist of
incoherent =~ waves  scattered by  subsurface
inhomogeneities (Filippucci et al., 2021). Several studies
showed that scattering attenuation can be significant in
regions with complex structures, such as active fault
zones or volcanic regions (Carcole & Sato, 2010;
Havskov et al., 2016; Pezzo, 2008; Prudencio et al., 2017).
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Figure 1. Distribution of earthquakes recorded at four stations: BULE, KPAR, MELO, and NAPU, using a window length of 60
seconds. The scattering ellipses (left) and the raypath of seismic wave propagation (right) are shown. Red circles indicate
earthquake locations, whereas white triangles represent station locations.

Attenuation is characterized by the Quality factor
(Q), which describes the ratio of energy retained in a
propagating seismic wave to the energy lost per cycle,
where higher (Q values indicate lower energy
attenuation (Sharma & Mitra, 2018; Wang & Shearer,
2017). A higher Q value suggests a more homogeneous
medium that absorbs less seismic energy, whereas a
lower Q value indicates a more heterogeneous medium
that absorbs more energy. Studies across different
tectonic settings have demonstrated this relationship
between Q values and geological conditions (Havskov et
al., 2016; Sharma & Mitra, 2018). For instance, stable
continental crusts show high Q. values (200-800),
reflecting minimal attenuation due to their old, uniform
structure (Mitchell, 1995; Singh et al., 2019). In contrast,
active or complex regions such as the Zagros collision
zone or volcanic arcs show significantly lower Q. values,
often below 100, due to increased faulting, fracturing,
elevated temperatures, or the presence of fluids and
magma (Talebi et al., 2024; Wu et al.,, 2006). These
variations illustrate how Q can serve as a diagnostic

parameter for subsurface complexity and seismic
potential.

Aki & Chouet (1975) demonstrated that coda waves
can be used to determine a specific quality factor known
as Q. The amplitude of coda waves as a function of
frequency and time for a local earthquake, at a lapse time
(measured from the event origin) is given by Equation 1.

nft

A0 = S(Pepe @

where A(f, t) represents the amplitude of the coda wave
at time () and frequency (f). The function S(f) represents
the coda source factor, which depends on frequency but
remains independent of time and radiation patterns,
making it a constant for a specific narrow frequency
band (Dasovi¢ et al., 2012). The parameters f and Q.
correspond to the geometrical spreading factor and the
coda quality factor, respectively, where f is typically
taken as 1 for body-wave scattering (Jin & Aki, 1988; Sato
& Fehler, 1998). The frequency dependence of Q. is
written as on Equation 2.
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Qo represents the quality factor (Q.) at a reference
frequency fy (typically 1 Hz) and # denotes the frequency
dependency (Hwang & Mitchell, 1987). The parameters
Qoand 7 provide essential insights into the seismic
properties of a region. Qo, which represents the reference
quality factor, is influenced by factors such as tectonic
setup, subsurface medium, and the degree of fracturing
(Singh et al., 2019). Low Qo values typically indicate
more heterogeneous regions with higher seismic energy
dissipation. The correlation between Qpand # has also
been carried out by other studies which indicate that
active tectonic regions tend to have higher 1 values and
lower Qo values (Aki, 1980a, 1980b; Jin & Aki, 1988;
Roecker et al., 1982; Singh & Herrmann, 1983). In this
way, the results obtained will be useful for scenario
hazard assessment of the area.

Building on these theoretical foundations, this
study applies coda wave analysis to examine seismic
attenuation in a geologically complex region: Sumba
Island. Sumba is located in East Nusa Tenggara,
Indonesia, within a highly active seismic zone
influenced by the interaction of the Indo-Australian and
Eurasian plates. Tectonically, Sumba occupies a forearc
position within the Australian-Indonesian convergent
margin, representing a sliver of arc crust that has been
displaced from its original position (Keep et al., 2003).
This tectonic setting is very complex, as it represents a
transition from subduction along the Sunda arc to
collision in the Banda arc (Syuhada et al., 2020). In the
western region of Sumba, the Indo-Australian plate
subducts beneath the Eurasian plate at a rate of
approximately 70 mm/year in a N13E direction,
gradually slowing to around 15 mm/year near the
Timor Trough as it moves eastward (Bock et al., 2003;
Curray, 1989).

Although plate convergence rates differ across the
region, their connection to seismic activity is complex
and non-linear. The variation in convergence rates (from
~70 mm/year in western Sumba to ~15 mm/year near
the Timor Trough) contributes to differential stress
accumulation across the region. Regions with higher
convergence rates may accumulate more stress,
potentially generating larger but less frequent
earthquakes in the western part of the island, while areas
with slower convergence might experience more
frequent but lower-magnitude seismic events
(McCaffrey, 2009). Nonetheless, the pattern of seismicity
is also shaped by other crucial factors such as variations
in coupling coefficient, fault geometry, rheological
properties of the lithosphere, and pre-existing structural
discontinuities. Particularly, the transition from oceanic
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to continental subduction along the Sunda-Banda arc
boundary, where Sumba is located, generates a complex
stress field that cannot be explained by convergence
rates alone. This complexity makes Sumba Island an
important location for studying how variations in plate

boundary characteristics affect seismic energy
propagation and attenuation.
This complex tectonic framework not only

influences the dynamics of plate convergence, but also
governs the structural deformation expressed across the
island. Sumba lies at the transition zone between oceanic
and continental lithosphere subduction, where tectonic
forces have resulted in significant upper-plate
deformation. The island is currently undergoing dextral
en-échelon folding, and offshore to the west, focal
mechanisms reveal active reverse and strike-slip faulting
that defines a dextral transpressional zone. These
structures reflect strong shear stress transfer from the
subducting Indo-Australian plate to the overriding
Eurasian plate, a process favored by strong interplate
coupling. The uplift of Sumba and lateral shearing of the
accretionary prism are attributed to the Plio-Quaternary
subduction of the western edge of the Australian
continental margin. Together, these tectonic features
contribute to the active seismicity in the region and
illustrate the complex deformation patterns arising at
the transition from oceanic to continental subduction
(Authemayou et al., 2022). The presence of intense
faulting, structural complexity, and lateral variations in
crustal properties makes Sumba Island a compelling
natural laboratory for investigating coda wave
attenuation. The heterogeneity of the upper crust
associated with this tectonic complexity enhances
seismic wave scattering, which is precisely the behavior

that coda wave analysis is designed to capture.
Research on seismic attenuation in Indonesia
remains relatively scarce, despite the country's high
level of seismicity and its complex tectonic setting.
Previous research has primarily focused on isolated
volcanic regions or specific high-risk areas. For instance,
Priyono et al. (2011) conducted a three-dimensional
seismic attenuation study of Mt. Guntur in West Java,
while more recently, Priyono et al. (2021) performed
seismic attenuation tomography following the 2018
Lombok earthquakes. However, comprehensive
attenuation studies across the Indonesian archipelago
remain sparse, with a notable absence of research
specifically addressing the Sumba Island region. This
research gap is particularly significant given Sumba's
unique position within the transition zone between the
Sunda and Banda arcs, where changes in subduction
dynamics could substantially influence seismic wave
propagation and attenuation patterns. In light of this, the
present study investigates seismic wave attenuation,
with a specific focus on coda wave attenuation estimates
954
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using data from four different stations for a tectonic
analysis of the region (Figure 1). Analyzing coda waves
can provide crucial insights into the scattering and
attenuation processes within the subsurface, helping to
characterize the region’s seismic properties.

This study represents the first comprehensive
analysis of coda wave attenuation in Sumba Island, a
region of significant tectonic complexity that has
received limited attention in seismic attenuation studies
despite its unique position at the Sunda-Banda transition
zone. Previous seismic investigations in this region have
primarily focused on velocity tomography and
earthquake distribution. In contrast, our research fills a
critical knowledge gap by characterizing the seismic
attenuation properties specifically in Sumba Island
using data from multiple stations. The novelty of this
work lies in its integration of quality factor analysis
across varying window lengths and frequencies to
develop a three-dimensional understanding of
subsurface heterogeneity in this transitional tectonic
setting. The findings may contribute significantly to
regional seismic hazard assessment by providing
quantitative parameters (Q, and # values) that can be
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incorporated into ground motion prediction equations
and seismic hazard models. Additionally, this research
advances our fundamental understanding of how
complex tectonic transitions affect seismic wave
propagation characteristics, with implications for
similar tectonic settings globally.

Method

This study employs earthquake waveform data in
the Seismic Analysis Code (SAC) format from seismic
project: Transitions in the Banda Arc-Australia
continental collision which recording the seismic activity
along Banda Arc temporarily between 2014-2016 (Miller,
2019). AusPass provided the data: Australian Passive
Seismic Server with network code of YS. Four seismic
stations were deployed on Sumba Island, namely BULE,
KPAR, MELO, and NAPU, with a sampling rate of 50
Hz. The sensors used are Streckeisen STS-2 G3 with
Quanterra 330 data logger, which record three
components (BH1, BH2, BHZ).

BULE STATION

Distance (km)

340 KPAR STATION

T
100 200

T(s)
NAPU STATION

250

T(s)

Distance (km)

Figure 2. Recorded waveforms at BULE, KPAR, MELO, and NAPU stations. The red dashed lines, marked as ts and 2ts,
indicate the estimated arrival times of the S-wave and coda wave.
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The coda attenuation analysis requires a local
earthquake event with epicentral distance less than 350
km and depth less than 40 km. The earthquake event
was searched from the International Seismological
Center (ISC) catalog for magnitudes ranging from 3 to 6,
and 1136 events were found. The shallow earthquake is
chosen because the coda wave mechanism should come
from the scattering wave on the earth's crust, assuming
the average crust depth is 40 km. The coda wave
amplitude decay from distinct earthquakes depends on
the lapse time from origin time but is independent of
distance. In addition, the amplitude decay also does not
depend on the magnitude of earthquakes with a
magnitude of less than 6 (Aki, 1969; Aki & Chouet, 1975).
Early data selection is done by inspecting each
waveform, especially the vertical component (BHZ)
used in the calculation. The process plots the waveform
to ensure it fully records the event without missing data.
The main criteria are that the P and S wave arrivals are
distinguishable. Instrument correction was applied to
remove the bias and distortion caused by the sensor
frequency response and sensitivity. This ensured that
the data represented actual ground motion without
instrument affection, and the data value was converted
from count/second into velocity (m/s). P and S waves'
arrival times were manually picked for each waveform.
This step is essential for calculating the signal-to-noise
ratio and determining the coda start time. The noise
portion is 10 seconds before P arrival, and the signal part
of the coda wave is twice the arrival of the S wave. The
coda waveform segment, starting at 2ts, and the vertical
component analysis for a 60-second window are
illustrated in Figure 2.

The only waveforms with an SNR greater than five
were selected in this study. A total of 394 waveforms of
vertical components fulfills the requirement for coda
attenuation analysis. The essential step before
calculating coda attenuation is separating the data into
several frequency bands. All waveforms are filtered by a
four-pole Butterworth filter with a central frequency of
1,1.5,2,3,4,5,6,and 7 Hz, which is determined based
on the Nyquist frequency. This filtering process assures
that the analysis captures the frequency-dependent
characteristics of coda wave attenuation. By dividing the
data into narrow frequency bands, we can more
accurately identify and isolate the coda waves. The
calculations were performed based on coda wave data
for each window lengths, ensuring a comprehensive
frequency-dependent Q. estimation.

Each frequency band is centered around a specific
frequency, and the data within that band is filtered to
retain only the components falling within 1/3 of the
central frequency range. This approach allows for a
detailed examination of how coda wave attenuation
varies across different frequencies, providing insight
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into the frequency-dependent behavior of seismic
waves.

Based on the empirical approach by Aki & Chouet
(1975), the root-mean-square amplitude A(f[t), which is
manually drawn and smoothed, is roughly two times the
power spectral density P(f|t) and the bandwidth is
expressed as:

A(flt) = 2[2P(fl)Af]V/? ®)

Later, this equation's power spectra density term is
substituted from the diffusion theory, resulting in
Equation (1).

The parameters f and Q. correspond to the
geometrical spreading constant, 0.5 for surface waves
and 1 for body waves, and the coda quality factor,
respectively. f is a taken as one since the coda wave
results from the scattering of the body, dominantly S
wave (Jin & Aki, 1988; Sato & Fehler, 1998). The process
of estimating the Q. is done by taking the natural
logarithm of eq (1) to linearize the equation:

InA(f,t) = InS(f) — BIn(t) - bt 4)
by fitting a linear regression line to In(A(f, t)) vs t, we can
calculate Q. from the slope b as:

=" ©)

The envelope of the coda as a function of time
theoretically does not depend on the source factor. So,
for two nearby events recorded in the same station,
assuming that the time-dependent variable is the same
for both events, the ratio of coda amplitude is equal to
the ratio of coda source factor. Likewise, the source
factor in Equation (4) can be disregard.

This calculation of the Q. method assumes that the
coda waves are backscattered from the region around
the earthquake hypocenter and station location in an
elipsoidal halfspace (Sato, 1977). The 2 dimension
geometry is reduced by replacing the hypocenter with
the earthquake’s epicenter, and this simplification is
valid for local earthquakes with shallow depth (Sharma
& Mitra, 2018). The elliptical shape depends on
epicentral distance (R) and the maximum coda lapse
time (Tuax). The lateral resolution of coda Q is influenced
by the Tiuax, which larger the time means the coda waves
sampled a larger area. Based on Pulli (1984), the length
of the ellipse semimajor axis calculated by a; = Vit;;45/2
and the semiminor axis a, = y/a; — (R/2)?. Where V; is
the mean S wave velocity, which is taken at 3.5 km/sec.

Alongside with the calculation of Q:7, the Q. at
reference frequency (fp = 1 hz) denotes as (Q also
estimated. The estimation of Qo express by Hwang &
Mitchell (1987) as:

0. =0~

%)n fo=1 ©)
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In(Q) = In(Qo) + n In(f) @)

the 1 represents the frequency dependency of coda Q,
then by taking the natural logarithm of equation (6) the
In(Q,) is obtained from the intercept and slope (7). The
values of Qyand 1 were determined using each window
lengths ranging from 20 to 120 seconds, with an
increment of 5 seconds. The selection of the maximum
window length for coda wave analysis depends on the

April 2025, Volume 11, Issue 4, 952-963

decay rate of coda energy for each earthquake event. A
5-second increment was applied to monitor the trend
and changes in Q, values with increasing sampling time.
The entire dataset was selected based on an epicentral
distance range of 0-350 km. Finally, the obtained values
of Qs Q, and 7 were analyzed to examine their
relationship with the tectonic dynamics of the study
area. The earthquake data processing workflow is
illustrated in Figure 3.

1,15,2,3,4,5,
6,&7Hz

Splitting data into

Pre-processing:
Instrument corr,
P & S arrival pick,

multiple window
length and data
filter with central
frequency

Quality control SNR

I

Compute Q for
each window
length &
frequancy

Compute @y and 5

nft

Af,0) = S(f)ePe %

Figure 3. The flowchart of this research

Result and Discussion

The study of coda wave attenuation from seismic
data recorded at multiple stations reveals that Q,
increases with increasing window length. The scattering
ellipse represents volume where coda sampling the
medium (Figure 1). Based on Table 1, the Q, values at all
stations remain below 200, with relatively high n values,
indicating that the study area exhibits tectonically active
characteristics. Figure 4 further supports this
interpretation by showing a dense distribution of
shallow to intermediate-depth earthquakes along the
southern margin of Sumba Island, consistent with the
activity of an underlying subduction zone. The spatial
pattern of seismicity aligns well with the tectonic
framework inferred from the Q, and 7 characteristics.
This finding aligns with previous studies, which suggest
that low Q, values (< 200) are commonly found in
regions with high tectonic activity. In contrast, higher Q,
values (> 600) are associated with stable tectonic regions
(Mak et al., 2004). Furthermore, previous studies have
also shown that 7 values tend to be higher in tectonically
active  regions, reflecting  greater  structural
heterogeneity and elevated seismic activity (Aki, 1980a,
1980b; Roecker et al., 1982).

Table 1. Recapitulation of the results of coda wave
attenuation calculations at the recording station

Window length (s) Qo std n +std

BULE 20 51.32+7.71 1.22 +£0.07
40 130.64 +14.91 0.90 0.0t

60 148.74+6.93 0.86 + 0.0z

80 161.98+6.75 0.81 +0.0z

100 161.43 £4.96 0.84 +£0.02

120  160.66 £4.15 0.90 +£0.02

MELO 20 100.91 £9.39 0.83 +0.0¢
40  159.23 +£9.28 0.78 0.0t

60 181.25+7.11 0.79 +£0.04

80 206.75 +8.47 0.79 £0.04

100 215.93 £8.49 0.85 +0.04

120 231.39£9.38 0.90 +£0.02

KPAR 20 95.56 +25.95 0.94 +£0.1¢
40 126.28 +10.82 0.91 +£0.07

60 149.78 +13.09 0.84 +0.0¢

80 160.07 +11.62 0.80 £0.02

100  158.09 £8.31 0.86 +0.04

120 16229 £5.55 0.95 +0.0¢

NAPU 20 96.44 £13.46 0.92 +0.0¢
40  136.47 +£6.82 0.85 £ 0.0z

60 154.57 £5.10 0.82 0.0z

80 169.33 £4.40 0.81 +£0.0z

100 174.34 £3.66 0.84 +0.0z

120 179.32+£2.90 0.87 0.0z
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At the BULE station, Q, increases from 51.33 £ 7.71
at 20 sto 160.66 +4.15 at 120's, indicating that coda waves
sample deeper medium layers as the window length
increases. A similar trend is observed at the MELO
station, where Q, increases from 100.91 + 9.39 at 20 s to
231.39 + 9.38 at 120 s. The other stations, KPAR and
NAPU, show a consistent increase, with Q, reaching
162.29 + 5.55 and 179.32 £ 2.91 at 120 s, respectively. In
addition to Q,, the 7 values also exhibit significant
variation across different stations. At BULE, # decreases
from 1.221 + 0.0717 at 20 s to 0.9023 + 0.0384 at 120 s,
indicating that the sampled medium becomes more
homogeneous at longer window lengths. In contrast, at
MELO, 7 increases slightly from 0.8325 + 0.0841 to 0.9002
1 0.0366 over the same window length interval. Similar
trends are observed at KPAR (0.9449 £ 0.1042 to 0.9561 +
0.0613) and NAPU (0.9249 + 0.0645 to 0.8777 + 0.0233),
reflecting differences in the degree of subsurface
heterogeneity across stations. These differences in 7
values likely reflect spatial variations in tectonic
deformation, lithological heterogeneity, and crustal
fracturing across the study area. Previous studies have
similarly reported that Q, and # are influenced by
factors such as tectonic setup, subsurface medium
properties, and seismicity levels (Aggarwal & Khan,
2016; Jin & Aki, 1989; Mitchell, 1995; Rahimi et al., 2010;
Rahimi & Hamzehloo, 2008; Singh et al., 2001).

April 2025, Volume 11, Issue 4, 952-963

The x-axis of Figure 5 represents the coda wave
window length (in seconds), while the y-axis shows the
corresponding values of Q, and #. The trends observed
in Figure 5 support the interpretation of the results by
showing a consistent increase in Q, and associated
variations in # with increasing window length. At
shorter window lengths (20-50 seconds), Q, increases
rapidly and # varies significantly, indicating that coda
waves are sampling shallower, more heterogeneous
structures. Beyond 50 seconds, the trends of Q, and #
become relatively stable, suggesting that coda waves
progressively interact with deeper, more homogeneous
layers where scattering and attenuation are reduced.
This indicates that coda waves in longer window lengths
propagate through a larger portion of the lithosphere,
including the lower crust and upper mantle (Singh et al.,
2019). This interpretation is further supported by
previous studies, which have shown that coda waves at
longer lapse times reflect the propagation of
backscattered body waves through the more

homogeneous lower crust and upper mantle (Kumar et
al., 2005; Parvez et al., 2008; Woodgold, 1994; Zelt et al.,
1999). This finding supports the hypothesis that regions
with high tectonic activity tend to have lower Q, values
and higher 7 values than more stable areas (Jin & Aki,
1988; Singh & Herrmann, 1983).

118°E 119°E 120°E

121°E 122°E

LEGEND

Data during Jan 01, 2010
to Dec 31, 2024

Earthquakes
7471 events

T T T P ke
o 50 100 150 200
Eq_depth

meter

o 1000 2000
Elewation

Figure 4. Epicenter distribution earthquakes around Sumbea Island from 2010 to 2024, color-coded by earthquake depth. The
size of each circle corresponds to earthquake magnitude (M3-M7). White triangles indicate the locations of seismic stations
BULE, NAPU, KPAR, and MELO. The dense seismicity reflects active subduction along the southern boundary of the island.
Inset shows the regional location of Sumba Island within eastern Indonesia.
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Figure 5. Qyand 7 as a function of window length calculated at an epicentral distance of 0-350 km.

The analysis of coda attenuation (Q,) across four
stations on Sumba Island (NAPU, BULE, KPAR, and
MELO) reveals a notable anomaly: MELO, situated on
Quaternary sediments (Authemayou et al, 2022),
exhibits a relatively higher Q, compared to the other
stations (BULE and KPAR) located on Tertiary
sediments (Authemayou et al., 2022). This observation
contradicts the general expectation that younger, less
consolidated Quaternary sediments typically exhibit
higher attenuation than older, more lithified Tertiary
sediments. While the surface geology suggests higher

attenuation at MELO and NAPU due to potential higher
porosity and fluid content in the younger sediments, the
higher Q, at MELO implies a locally less attenuating
environment, possibly due to specific properties of the
Quaternary sediments there (e.g., being well-drained or
thin) or the influence of deeper structures.

Further complicating this picture is the finding from
receiver function studies indicating a low-velocity zone
(LVZ) beneath the MELO station (Syuhada et al., 2016).
LVZs are typically associated with higher attenuation.
The fact that MELO shows higher Q, despite this
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underlying LVZ suggests that the coda waves analyzed
might not be strongly influenced by this deeper
attenuating zone, possibly due to its depth or localized
scattering characteristics. Alternatively, the near-surface
conditions at MELO might contribute to a lower overall
attenuation of the scattered waves. The variability in Q,
across Sumba likely reflects a complex interplay of
surface geology (Authemayou et al., 2022), local tectonic
deformation related to the active subduction zone, and
deeper velocity/attenuation structures like the LVZ
beneath MELO (Syuhada et al., 2016), highlighting the
need for integrated geophysical studies to understand
seismic wave propagation on the island entirely. This
pattern is consistent with the tectonic setting of the
Sunda-Banda arc transition, where active subduction
and oblique collision contribute to crustal deformation
and fragmentation. These tectonic processes increase
lithological heterogeneity and fracturing in the upper
crust, which are known to enhance seismic attenuation
and lead to lower Q, and higher # values in shallow
layers.

Besides window length, epicentral distance also
influences coda wave propagation by affecting the depth
of sampled structures. Greater distances allow coda
waves to interact with deeper, more stable geological
layers with lower attenuation. Higher # values indicate
propagation through heterogeneous media at shorter
window lengths, while higher Q, values reflect
sampling of deeper, more homogeneous structures at
longer windows. Further analysis shows that, for a fixed
window length, Q, and 77 exhibit no systematic variation
with epicentral distance, consistent with Sharma & Mitra
(2018), which suggested that this behavior is possibly a
result of averaging across different tectonic units with
varying Qc values sampled by single-trace
measurements. In contrast, increasing the window
length at a given distance consistently results in rising
Qo and decreasing 7 values, which is attributed to
deeper sampling volumes enabled by longer coda
windows, where seismic attenuation diminishes as the
Earth's structure becomes more homogeneous. As depth
increases, intrinsic attenuation becomes less significant,
leading to higher quality factors and reduced frequency
dependence. While both epicentral distance and
window length influence the sampling of Earth's
interior, the variations observed in Q, and 7 in this study
appear more strongly associated with changes in
window length, consistent with the depth-dependent
coda wave behavior reported by Sharma & Mitra (2018).

These attenuation patterns not only reflect general
seismic propagation behavior but also offer important
insights into the tectonic characteristics of the study area.
The Qp and 7 characteristics derived from coda wave
attenuation analysis in Sumba Island, East Nusa
Tenggara, Indonesia, reflect a complex tectonic setting
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due to its location within the Sunda-Banda transition
zone. This region lies at the boundary between the
Eurasian and Indo-Australian Plates, which undergoes
active convergence, subduction, and collisional
tectonics. The low Q, values (< 200) and relatively high
n values at shorter window lengths indicate that the
subsurface medium in this region exhibits high
heterogeneity and significant wave attenuation, typical
of areas experiencing intense tectonic deformation.
Moreover, the increase in Q, at longer window lengths
suggests that coda waves persisting for extended
periods sample deeper, more homogeneous, and
mechanically stable layers, likely extending into the
lower crust and upper mantle.

Conclusion

This study demonstrates that coda wave
attenuation analysis is valuable for identifying whether
aregion is tectonically active or stable, based on Q, and
n values. The results indicate that Sumba Island is an
active tectonic region, as evidenced by its average Q,
values below 200, suggesting a high susceptibility to
tectonic hazards. In contrast, higher 7 values reflect
greater medium heterogeneity of the earth’s crust.
Furthermore, tectonic events occurring in the Banda Arc
region are likely to influence the tectonic dynamics of
Sumba Island, further contributing to its seismic
vulnerability. Calculations in this study were conducted
at four seismic stations: BULE, NAPU, KPAR, and
MELO, with the MELO station exhibiting a higher
quality factor (Q) than the others, indicating lower
seismic wave attenuation in that area. This suggests that
seismic energy is better preserved at MELO, making it
less attenuated than other regions. Our findings on
Sumba Island show a surprising result about how
seismic waves are attenuated. At a location with young,
soft ground (MELO), the waves faded less than with
older, harder ground. This is not what we usually
expect, as soft ground typically causes waves to lose
energy more quickly. Additionally, astudy found a slow
zone deep beneath MELO, which should also lead to
faster wave weakening. This suggests that the
underground conditions significantly affect how
earthquake waves travel, more so than just the type of
ground we see at the surface. Therefore, to better predict
how strong earthquake shaking will be in different parts
of Sumba, we must consider both the surface geology
and the deeper structures within the crust.
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