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Abstract
The earth’s surface is under the continuous influence of a variety of natural forces such as earth-
quake, wave, wind, tide, air pressure, precipitation and a variety of human induced sources, which
create noise when monitoring geodetic strain. Eliminating these noise input from the raw strain data
requires proper statistical modeling, for automatic processing of geodetic strain data. In the area of
the next anticipated Tokai earthquake, the Japan Meteorological Agency (JMA) continuously mon-
itors strain data by the real time automated processing. As an example, the network of strainmeters
has been monitoring short-term slow slip events (SSE) synchronized with nearby low frequency
earthquakes and tremors since 2005 (Kobayashi et al., 2006). It is desirable to apply the state space
modeling to noisy Tokai strain data in order to detect precursors of the expected Tokai earthquake.
The method is based on the general state space modeling, recursive filtering and smoothing algo-
rithms. The first attempt to apply this method to actual strain data was made using data from the
2003 Tokachi-oki earthquake (M8.0) recorded by the Sacks-Evertson strainmeter, which has been
operating since 1982 at Urakawa Seismological Observatory (KMU) of Hokkaido University in the
southern part of the Hidaka Mountains (Takanami et al., 2009). Here, the same state space modeling
is applied to the strain data before and after the 2009 earthquake (M6.5) occurred in Suruga-Bay.
Finally, the present study demonstrates the uncommon strain change just before the

2009 Suruga Bay earthquake occurred within the Philippine plate.
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Fig.1 Left: Observation data recorded at Urakawa, Hokkaido, (a) volumetric strain, (b) air pressure,
(c) precipitation. Right: Decomposition by state space modeling, (a) raw data with jumps and de-
composed trend component (smooth curve), (b) air pressure effect, (c) earth tide effect, (d) precipi-
tation response, (e) level jump component, and (f) model residuals.
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Fig. 2. Observation data recorded at Makinohara, Shizuoka. Raw volumetric strain (upper left), pre-
cipitation (lower left), and air pressure (upper right). A time series of strains was obtained through
pre-process, downward arrow indicates contraction and observation data in shaded square is used in
the state space modeling (lower right).
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Fig. 3. A various strain changes at selected stations in the Tokai observation network. The down-
ward arrow indicates the time of occurrence of the Suruga-Bay earthquake (M6.5). The all stations
locate around the Suruga-Bay. Several stations show synchronized slow strain changes in the be-
ginning of the data. The irregular changes appeared just before the earthquake.
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