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From AGU25 Presentation on Dec. 16, 2025 (New Orleansm, USA)-S. lkeda and K. Umeno-
Result : for M9.1 2011 Tohoku-Oki mainshock
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From ~80 min before the mainshock: rongitude

Predicted epicenter (the grid point with the max anomaly at each epoch)
located near the area north of the USGS[1] epicenter

Anomaly score increased and peaked just before the mainshock
— consistent with [B&N2023][T&U2025]
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From ~80 min before the mainshock:

Predicted epicenter (the grid point with the max anomaly at each epoch)
located near the area north of the USGS epicenter

Anomaly score increased and peaked just before the mainshock
— consistent with [B&N2023][T&U2025]



Data and Method : (EEOEREEMD O—D2D T U v F-(20X20km )% HETE)

(OData
Nevada Geodetic Laboratory (NGL[1])

(OMethod

Apply CRA to relative GNSS displacements ;
relative to the 48-24h pre-earthquake median position[2-3]

Discretize the epicenter search region into a grid(20 X 20km)

i

Compute CRA-based features at each grid point k and time ¢;

Latitude

Synchronized slip of nearby stations : C,(t) (m?)
— Mean C(t) among nearby stations

Distance decay of synchronized slip : R?,(t) ' H
— power-law fit (y = ax™# + y) to mean C(t) i

Estimate anomaly score and predicted epicenter over time Longitude

[1]Nevada Geodetic Laboratory, [2]Bletery and Nocquet 2023, [3] Tanaka and Umeno 2025



Data and Method :

(Data T§ Crustal Deformation
Nevada Geodetic Laboratory (NGL[1]) o
OMethod >
Apply CRA to relative GNSS displacements %
relative to the 48-24h pre-earthquake median position[2-3] [
)
Discretize the epicenter search region into a grid(20 x 20km)  © Epicentral distance (km)
Compute CRA-based features at each grid point k and time ¢; -~
_ _ _ _ & Background
Synchronized slip of nearby stations : Cy(t) (m?) o
— Mean C(t) among nearby stations TE R*=0
Distance decay of synchronized slip : R%,(t) § e C
— power-law fit (y = ax™F + y) to mean C(t) = ¢ ° .
Estimate anomaly score and predicted epicenter over time S

Epicentral distance (km)

[1]Nevada Geodetic Laboratory, [2]Bletery and Nocquet 2023, [3] Tanaka and Umeno 2025
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Fig.3 The ground tilt changes calculated from closure errors of the precise leveling around Kakaegawa
by Mogi (1982) and the ground tilt estimated from the level instability.
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