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Monitoring of seismic activity in Philippine and Indonesia regions

PULIDO, Nelson1∗, KUMAGAI, Hiroyuki 1, INOUE, Hiroshi1, Renato U.Solidum2, YAMASHINA, Tadashi3, Ishmael C.
Narag2, Baby Jane T. Punonbayan2, Melquiades S. Figueroa II2, Arnaldo A. Melosantos2, Suhardjono4, MAEDA, Yuta1

1National Research Institute for Earth Science and Disaster Prevention,2Philippine Institute of Volcanology and Seismology
(PHIVOLCS),3Kochi Univ., 4BMKG

In this study we describe the implementation of an automated system for estimations of earthquake source parameters in
Philippines and Indonesia using regional broadband seismic waveform data. This system is an updated version of the automated
CMT inversion system originally developed for Indonesia (Nakano et al., 2010). The updated system can receive continuously
near real-time waveform data at NIED, from 7 broadband stations in the Philippines, operated by PHIVOLCS, as well as 143
broadband stations in Indonesia (122 operated by BMKG and 21 by GFZ). The broadband stations in the Philippines are be-
ing deployed within the framework of a five years SATREPS project (2010-2014) entitled, ’Enhancing Earthquake and Volcano
Monitoring Capabilities and Promoting Effective Utilization of the Disaster Information in the Philippines’, managed by NIED.
The BMKG stations in Indonesia include 17 stations originally deployed by NIED (JISNET network).

The data acquisition system at NIED is based on the seedlink and SeisComP programs developed by GFZ, which allow us
the near real-time collection of data feeds in miniSEED format, from seedlink servers in PHIVOLCS (Philippines) and BMKG
(Indonesia). This system receives the data in a ring buffer, and then archives it periodically. After an e-mail alert with event
information is received, the automatic centroid moment tensor inversion calculation is performed by SWIFT. Then a manual
check of the events is performed in a daily basis. In the SWIFT system the inverse problem is solved in the frequency domain for
efficient computation. A double couple focal mechanism is assumed in the inversion to stabilize the solution by using data from
a small number of seismic stations (Nakano et al., 2008). The SWIFT system has been updated to be able to process data from
miniSEED format, which is a convenient format for data exchange with networks abroad.

As an example of the performance of our system we present results of estimations of source parameters of the February 6,
2012 Negros earthquake in the Philippines and its major aftershocks (NIED, 2012). This shallow thrust earthquake with a mo-
ment magnitude (Mw) of 6.7 occurred in the Tanon strait, Central Philippines, in a region where no earthquakes shallower than
50 km and with magnitude (Mw) larger than 5 have occurred in the last 36 years, according to the Global CMT Project catalogue.
The SWIFT CMT solutions of the mainshock and its major aftershocks are spread in a region of approximately 70 km along the
Tanon strait. These events highlighted the importance of a combined use of stations in Philippines and Indonesia to improve the
accuracy of event locations in the SWIFT system.
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Free mode excitation of the Pacific Basin during the 2011 large Tohoku tsunami
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Several studies showed that the March 2011 large tsunami offshore northeastern Japan caused long oscillations in the Pacific
Basin persisting almost 4-5 days. Analysis of tide gauge records of this tsunami revealed that relatively high-energy waves caused
by this tsunami persisted at least 3 days in the Pacific Basin. Therefore, speculations were made in the tsunami community
attributing these long energetic oscillations to free-mode excitation of the Pacific Basin. Free mode excitation is the main source
of long oscillations and sloshing inside closed or semi-closed basins which results in long-duration and energetic waves in the
basins. This is typical of harbors and lakes. However, when the source is large like the one for the March 2011 Japan tsunami,
free-mode excitation may occur in large basin like the Pacific Basin. It is clear that a basin as big as the Pacific one can have
several eigen modes and that a particular tsunami source can excite one or some of the free modes.

To examine this hypothesis, here first we apply a numerical algorithm to estimate the free modes of the Pacific Basin. This
algorithm is based on numerical modeling of tsunami and spectral analysis of the wave time-series recorded at different locations.
We then study the spectral characteristics of the selected tide gauge records of the March 11, 2011 Tohoku tsunami to examine
if some of the free modes of the basin are present in the tide gauge records or not. Comparative study is performed to determine
the contribution of the free mode excitation of the basin to the total energy of the March 2011 tsunami.
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Eruption Scenario of Sinabung volcano, North Sumatra, Indonesia
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Sinabung Volcano is an andesitic stratovolcano located 40 km northwest of Lake Toba, North Sumatra The edifice consists
mainly of multiple thick lava flows, lava domes and block-and-ash flow and associated surge deposits. The latest spine is located
at the southern end of one of the summit craters trending in N-S. The youngest block-and-ash flow and associated surge deposits
derived from the spine distributed at the southeastern flank are considered to be emplaced at ca. 1.1 ka, based on the radiocarbon
ages of charcoals in the deposits. The flow deposits reached about 5 km southeast of the vent. Historical eruptions have not been
reported prior to the phreatic eruptions during August-September 2010. The latest eruption caused panic among the people living
around the volcano.

One of the plausible scenarios for future eruption may be proposed based on the eruption history and the chemical charac-
teristics of the volcano. The geology of this volcano shows dome-forming lava extrusion or lava flowing, being associated with
pyroclastic flows (block-and-ash flows or surges) and a debris avalanche, the latter which were generated from partial failure
of the lava domes/flows or the upper part of the volcanic edifice. On the contrary, ashfall deposits suggesting relatively large
explosive eruptions such as plinian- to subplinian-types were not found, implying no occurrence of large explosive explosions
in this volcano throughout its history. Therefore, a dome-forming eruption or lava flowing near the summit is highly possible as
a future eruption. During dome growth, partial collapse of the lava dome will generate pyroclastic flows (block-and-ash flows
and surges). If a large lava dome grows at the summit crater, the most serious scenario will be a failure of the old and weak
volcanic edifice due to the load of the dome. Relatively large-scale collapse of the volcanic edifice may generate a lateral blast
preceding the pyroclastic avalanche, such as observed in the 1997 event at Soufriere Hills volcano, Montserrat, where the crater
wall on which the growing lava dome overrode collapsed together with a part of the overlying dome. In this scenario significant
earthquakes and the flank deformation would be expected several days or weeks before the failure as observed in Montserrat. If
magma is less viscous due to low SiO2 content or higher temperature driven by a high effusion rate, lava will flow down on the
flank from the summit crater, being associated with minor pyroclastic flows from the flow front. Evolution of scenarios may be
tracked and judged by continuous monitoring of volcanic earthquakes and ground deformation.
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Evaluation of activity of Guntur, Sinabung and Merapi volcanoes, in Indonesia based on
continuous GPS observations
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Indonesia has 127 active volcanoes along its archipelago and the volcanoes have experienced tremendous disasters in the past
with variety of eruption styles and appearance of volcanic disaster. Therefore, prediction of volcanic eruption and mitigation
of volcanic hazards are urgently required. However, many active volcanoes are equipped with only one seismic station. For
the mid- and long- term prediction and evaluation of post-eruptive activity, continuous observations of ground deformations are
necessary. Therefore, we have installed GPS stations in Guntur, Sinabung and Merapi volcanoes, by a project ”Multi-disciplinary
Hazard Reduction from Earthquakes and Volcanoes in Indonesia” under the Science and Technology Research Partnership for
Sustainable Development (SATREPS) started in 2009.

Guntur volcano complex is located 35 km SE of Bandung, West Java. The volcano was quite active, repeating volcanic explo-
sions and effusion of lava flows in 18th and 19th centuries. Although Guntur volcano has been dormant in eruptive activity since
1847, seismicity s is active and this volcano is regarded as one of the high-risk volcanoes due to the dense population SE of the
volcano. For the mid- and long-term prediction, continuous observations of ground deformation are necessary.

Mt. Sinabung is an andesitic stratovolcano (2460-m-high) located 40 km northwest of Lake Toba, North Sumatra. Historical
eruptions have not been reported prior to the phreatic eruptions during August-September 2010. Although the eruptive activity
declined after September, seismicity on and around the volcano was still high .

An explosive eruption occurred on October 26, 2010 at Merapi volcano in Central Java and the eruptive activity was followed
by continuous occurrence of pyroclastic flow from the summit crater during the period from November 3- 5.

Four stations were installed around Gntur volcano in October 2009, Merapi volcano in December 2010 and Sinabung volcano
in February 2011, where three stations are located on the volcano edifice and one at a base station at the foot of the each volcano.
GPS stations on the edifice are connected to the base station via WLAN. We applied a PPP (precise point positioning) using GPS
analysis software, GIPSY-OASIS II Ver.6.1 to the data of Guntur and Merapi volcanoes. In the analysis, JPL precise ephemeris
is used, and dairy coordinates are calculated in the frame of ITRF2008. From the obtained coordinates, we can calculate baseline
among stations. The GPS data at Sinabung volcano is being analyzed automatically using Leica GNSS Spider software.

As a result in Guntur volcano, inflation was detected 5 months prior to seismic crisis in September 2011, suggesting intrusion
of magma beneath the volcano at that time. Also, inflation was detected in Merapi volocano, suggesting restart of magma accu-
mulation just after the huge eruption in 2010. And almost no deformation has been detected in Sinabung volcano suggesting little
possibility of imminent magmatic eruption.
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Land form and flooding of central plain of Thailand in 2011

HARUYAMA, Shigeko1∗
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Result of landform mapping of the central plain of Thailand is showing several important landform units related with flooding,
such as natural levees, back swamps, alluvial fans, former river courses, mad spits and delta, and the landform units are roles
of flood expansion along the Chao Phraya River in 2011. The geomorphologic land classification map describing is showing
the specific condition of flood inundation period, inundation depth and week points of dike break etc. in each micro-landform.
Compared with inundation situation and recent land use change, flood risk near Bangkok Metropolitan area has been larger
before.
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The detection of seismo-ionospheric phenomena: approaches and problems
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During several decades the effects related with seismic activity were extensively studied. The nonregular ionospheric varia-
tions, associated with pre- and co-seismic activity, were investigated by various radiophysical and in-situ measurements over
different seismo-active regions. Nowadays one of the most effective tools for diagnostic of seismo-ionospheric phenomenon in a
global scale is the method based on analysis of TEC variations obtained from global navigation systems signals (GPS/GLONASS).
The influence on the ionosphere from ground is frequently weaker in compare with effects of solar or geomagnetic origin. By
this reason it is very actual the problem of detection of seismo-ionospheric anomalies on the background of strong regular and
quasi-regular variation of space weather parameters.

For analysis of seismo-ionospheric effects the traditional approach consists in statistical processing of long-term datasets, cal-
culation of non-disturbed averaged diurnal variation of TEC, estimation of differences and anomaly recognizing. Many scientists
studied seismo-ionospheric phenomena have reported about different precursors appearance for the same earthquakes.

Results of analysis of possible ionospheric anomalies associated with earthquakes of 2007-2011 was indicated that estimation
of differences, obtained by traditional techniques can led to anomalies during seismo-quite periods, but strongly correlated with
variations of solar ionizing radiation. Also similar effects can be caused by superimposing effects of waves in the ionosphere
(planetary 2-3 day period waves, terminator waves, Poincare waves, etc).

In this work we analyze the influence of different factors (separate and superimposed) on the reliability of detection seismo-
ionospheric anomalies. It was considered the specific temporal intervals used for background calculation and revealed most
optimal variants. It is proposed several approaches in order to take into account the space weather factors and ionospheric waves
during process of seismo-ionospheric phenomenon recognizing.

The research leading to these results has received funding from the European Union Sevenths Framework Program (FP7/20017-
2013) under grant agreement N. 263502 - PRE-EARTHQUAKES project.
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Use of multi-instrumental radiophysical measurements to study seismo-ionospheric ef-
fects

CHERNIAK, Iurii1∗, ZAKHARENKOVA, Irina1, SHAGIMURATOV, Irk1, Olga Suslova2

1West Department of IZMIRAN, Kaliningrad, Russia,2I. Kant Baltic Federal University, Kaliningrad, Russia

Though lithosphere-atmosphere-ionosphere coupling has been intensively discussed for several decades, it does not mean that
the ionospheric morphology above seismically active regions is investigated sufficiently well. Investigation of seismo-ionospheric
phenomena is a rather complicated task which consists of the identification and localization of weak anomaly pattern at the back-
ground of ionospheric changes under various space weather conditions. Analysis of the previous works on lithosphere-ionosphere
interactions confirmed the necessity to use simultaneous observations form several independent diagnostics tools in order to raise
the reliability of the observed seismo-ionospheric effects. For the given research we propose to use integrated processing of the
ionospheric data from different sources: total electron content (TEC) data obtained on the basis of regular GPS observations of
IGS stations located in Japan region, ionospheric E and F2 layers peak parameters, derived from data of Japan ionosonde network
and electron density profiles, obtained by FORMOSAT-3/COSMIC radio occultation measurements. It allows us to estimate the
contribution of different parts of the ionosphere into the GPS TEC values and to reveal the ionospheric regions that are affected to
a greater extent by the possible influence from below. There is also estimated the cross-correlation between spaced measurements
and data obtained by different techniques. The proposed approach was applied to the case-study of Japan earthquake occurred on
May 7, 2008 with magnitude of 6.9. The obtained results and further testing of the method are discussed in the report.

We acknowledge the University Corporation for Atmospheric Research (UCAR) for providing the COSMIC data, IGS com-
munity for GPS permanent data and WDC for Ionosphere, Tokyo, National Institute of Information and Communications Tech-
nology (NICT) for ionosonde data. This work was supported by Russian Federation President grant MK-2058.2011.5.
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