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Pre-eruptive deformation of Shinmoe-dake in Kirishima volcano, Japan: geodetic observations and modeling

ABSTRACT
        Ryukyu volcanic arc is Japan’s triple junction formed by the subduction of the Philippine Sea Plate beneath the Eurasian Plate. Lying on the north of this arc, Kyushu Island volca-
noes could severely disrupt over 110 million people’s everyday life (Tatsumi and Suzuki, 2014, PJA Ser.B) due to potential catastrophic caldera-forming eruption. 2011 Shinmoe-dake 
eruption is the latest magmatic eruption on Kyushu Island. GPS based modeling has been conducted, but no InSAR research has been done on its pre-eruptive deformation yet.

        We processed three tracks of ALOS L-band SAR data covering Shinmoe-dake crater using time series InSAR technique. All show deflation on and around the crater. A shallow source 
of about 800 m below the sea level is estimated using a spherical model with 3D finite element modeling technique. This confirms that shallow source is preferential on strike-slip tec-
tonic settings (Chaussard and Amelung, 2014, G3). Deflation and inflation activities are also detected on Kuju volcano and Sakurajima caldera.
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•  Data: 4 tracks (2 Asc, 2 Desc) 276 ALOS images (2006-2011) from JAXA, and 0.4 arc-second (~10 m) Digital Ellipsoidal 
Height Model from GSI, Japan [Tobita et al., 2002]
•  InSAR processing: 331 interferograms (Ifgs) produced after generating SLCs with Gamma.
•  Time series InSAR: Small Baseline Subset (SBAS) [Berardino et al., 2002, TGRS] using PySAR developed at Univ of Miami.

o  Pairs selection: threshold (1000 days and 1 km), drop low coherent Ifgs manually.
o  Phase correction: tropospheric phase estimation using ECMWF weather re-analysis data with PyAPS [Jolivet et al., 
2011, GRL], DEM error correction [Fattahi and Amelung, 2013, TGRS] and quadratic ramp removal.

•  Source modeling: Spherical source embedded in an elastic homogeneous medium with 3D Finite Element Modeling (FEM)
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Fig. 1. Location and shaded-relief map of the Kirishima volcano group. The shaded-relief map was produced by the Asia Air Survey Co. Ltd. (JMA,
2005).

drained back into the conduit. Since Tsutsui et al. (2005)
concluded that the latest magmatic eruption at Shinmoe-
dake occurred in 1716–1717, the lava at the crater bottom
probably is the product of the 1716–17 eruption.

3. Monitoring and Observation at Shinmoe-dake
The volcanic activity of Shinmoe-dake has been moni-

tored by Japan Meteorological Agency (JMA), Geospatial
Information Authority of Japan (GIAJ), National Institute
for Earth Science and Natural Disasters (NIED), national
universities and the Kagoshima Prefecture. After the sub-
plinian events at the end of January 2011, the monitoring
network was strengthened by each organization. The sum-
mit of Shinmoe-dake was monitored with real-time cameras
at Onami-ike, about 3 km west-northwest of Shimoe-dake
by the Kagoshima Prefecture and at Inokoishi, about 8 km
south-southwest of Shinmoe-dake by JMA. Those cam-
era records were very helpful to understand the temporal
changes in eruption condition, including the height of ash
column, the location of eruption site and topography of the
summit crater. The Doppler radars in Fukuoka and Tane-
gashima JMA stations were also used to measure the erup-
tion column height (Shimbori and Fukui, 2012). Satellite
SAR images, especially JAXA EROC and terra SAR-X im-
ages, were very useful to understand what happened within
the crater even in cloudy days and estimate the volume of
lava accumulated within the crater (NIED, 2012).
Geological field survey was carried out several times

since the afternoon of 27 January 2011. As of the summer
2012, the summit area was restricted to approach even for
researchers and observation of deposits near or within the
crater area was insufficient. This situation results in large
uncertainty of estimation of tephra volume of this eruption.
In order to watch the volcanic activity, air inspections were
carried our many times with helicopters by JMA, being sup-
ported by Self Defense Force, Ministry of Land, Infrastruc-
ture and Transport, and Kagoshima Prefecture, and with air-
planes hired by researchers.

4. Chronology of the 2011 Eruption
4.1 Phreatic stage and precursory phenomena
The chronology of the 2011 eruption is summarized in

Table 1. The eruption was preceded by phreatic events
which occurred on 22 August 2008 (Geshi et al., 2010)
and were repeated during March to July 2010. The 2008
event occurred along a fissure in the western outer slope
of the crater, the western rim and bottom of the crater
(Fig. 4(A)). Vents on the western rim produced successive
phreatic events during March–July 2010 (JMA, 2011).
Rapid inflation of the Kirishima volcano group before

the main phase of the 2011 eruption was clearly detected
in the GPS network by Geospatial Information Authority
of Japan (Fig. 5, GIAJ, 2011, 2012). The three baselines
of the triangle GPS network anchored at the Ebino (about
15 km N of Shimoe-dake), Makizono (about 13 km WSW)
and Miyakonojo (about 10 km ENE) stations, surrounding

Red Relief DEM
Japan Meteorological Agent, 2005

Shinmoe-dake

1) TIME SERIES INSAR

METHODOLOGY

3) SOURCE MODELING
        We use 3D Finite Element Modeling (FEM) to model to the ground deformation of the volcano. Taking into account the topography, we consider a spherical source em-
bedded in an ĞůĂƐƟĐ�ŚŽŵŽŐĞŶĞŽƵƐ�ŵĞĚŝƵŵ, to retrieve the position (Es, Ns, Zs) and radius (Rs) of the source. Elastic parameters and source overpressure are fixed in the 
model.
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Parameter for best fit model:
    Radius (m)  Depth (m)  East  North
Ascending:   134   -724  678035 3532342
Descending:  112   -801  678272 3532558

Note: depth is relative the sea level; coordinate system is UTM-WGS-84.

Constant parameter:

Shear modulus G = 12e9 Pa
Poission’s ratio v = 0.25
Overpressure DP = 20e6 Pa

CONCLUSIONS
•  Obivious pre-eruptive deformation is observed in both InSAR and GPS result:
 - three independent tracks of InSAR data 
 - GEONET continuous GPS data.
•  The source responsible for pre-eruptive deformation of Shinmoe-dake is shallow and small. 
 - It could be related to magma cooling process or a hydrothermal system?
•  Questions in the future:
 1. 200 m disagreement (EW and NS) of source position between ascending and descend-
ing InSAR data modeling;
 2. Double source system: deep source observed by GPS and shallow source observed by 
InSAR
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