
Increase of shear wave velocity before the 1998 eruption of Merapi

volcano (Indonesia)
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[1] We infer temporal changes in the elastic properties of the
edifice of Merapi volcano (Java, Indonesia) before its
eruption in 1998 by analyzing multiply scattered elastic
waves excited by a repeatable controlled seismic source. A
pre-eruptive increase of shear wave velocity, which correlates
well with pre-eruptive seismicity and dome-growth is
revealed. The method can be used as a ‘‘pressure-gauge’’
for pressure changes inside of volcanoes, because increasing
pressures in rocks are known to cause proportionally
increasing elastic wave velocities. Citation: Wegler, U.,

B.-G. Lühr, R. Snieder, and A. Ratdomopurbo (2006), Increase

of shear wave velocity before the 1998 eruption of Merapi

volcano (Indonesia), Geophys. Res. Lett., 33, L09303,

doi:10.1029/2006GL025928.

1. Introduction

[2] Merapi volcano, located in Java, Indonesia, is one of
the most active strato volcanoes on earth. Its recent activity
is characterized by repeated dome growth and (partial)
dome collapse causing a permanent danger of pyroclastic
flows. The 1998 eruption started on 11 July and had a
second major event on 19 July. Precursors were observed in
near summit tilt and in an increase of seismicity starting
several weeks before the eruption [Voight et al., 2000]. At
the same time an active seismic experiment was carried out
at Merapi volcano [Wegler and Lühr, 2001; Wegler et al.,
1999]. In this experiment airguns were shot in three water
basins made of concrete to excite elastic waves. The main
goal was to study the internal structure of the volcano with
seismic methods. The seismic signals were mainly recorded
along three seismic profiles, which changed their position
from day to day [Wegler and Lühr, 2001]. However, a few
permanent seismometers are installed at Merapi volcano for
monitoring purposes [Wassermann and Ohrnberger, 2001].
At these permanent stations we observed the seismic signals
excited by the repeatable airgun source on several different
days. The combination of an active seismic experiment
using a repeatable source with the onset of a volcanic
eruption is a unique coincidence. It allows us to study, in
detail, temporal changes in the structure of the volcano
preceding the eruption. Here, we apply the concept of coda
wave interferometry [Snieder et al., 2002]. This method

uses multiply scattered waves, which traveled through the
volcanic edifice along numerous paths, to infer tiny tempo-
ral changes in the mean shear wave velocity. Using this
method we are able to monitor temporal changes in relative
velocity with an accuracy as small as dv/v = 2 � 10�4.
Previously, such temporal changes were observed e. g. in
fault zones comparing data before and after large earth-
quakes [Poupinet et al., 1984; Nishimura et al., 2000]. At
Merapi volcano earthquake multiplets were studied to infer
an increase of shear wave velocity of 1.2% 8 months before
the 1992 eruption [Ratdomopurbo and Poupinet, 1995].
Unfortunately, in that study the observation of an increasing
velocity ended 4 months before the eruption. Because no
more similar earthquakes occurred, further analysis was
impossible. The temporal velocity changes are supposed
to be caused by temporal variations of ambient stress.
Laboratory experiments have shown that as a first approx-
imation pressure changes dp cause a proportional change in
the elastic wave velocities (dp � dv) [Nur, 1971; Grêt et al.,
2006]. Therefore, in the future, the applied method has the
potential to be used as a ‘‘pressure-gauge’’ for monitoring
pressure changes inside volcanoes. This is one of the most
important parameters to predict volcanic eruptions.

2. Observation

[3] The airgun shots in water basins excited elastic waves
in a stable and repeatable way. This fact can be used to
sample exactly the same part of the volcano at different
times to monitor changes in the volcano. We use the sources
and receivers shown in Figure 1. The source BEB on the
southern slope of Merapi volcano was shot on four different
days. These shots showed sufficient signal to noise ratio at
the permanent mini-array KEN with a source receiver
distance of r � 2.3 km. Source BAT in the north-east was
shot on three different days and signals were recorded at
monitoring array GRW (r � 3.6 km). Other source receiver
combinations showed insufficient signal to noise ratio for
our present study. Each permanent mini-array consisted of
three three-component seismometers with interstation dis-
tances of 100–400 m resulting in a total of 9 channels
[Wassermann and Ohrnberger, 2001]. At each day the
airgun was shot for up to 100 times with a shot interval
of 90 s. The recorded seismograms were stacked for each
day. Since the observed signals mainly contain energy
between 4 and 12 Hz, we applied a 2 Hz high pass filter
to reduce the noise level. Additionally, we interpolated the
data to decrease the sampling interval of the digital seismo-
grams from an original value of 0.02 s to 0.004 s.
[4] The recorded seismograms mainly consist of multiple

scattered waves and their envelopes were successfully
explained using the diffusion model [Wegler and Lühr,
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