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Introduction
In this study, we use the hierarchical 

space-time ETAS (HIST-ETAS) model 
to perform short-term forecasts of 
regionally dependent seismic activity 
and to separate the background 
seismicity rates over a wide area, 
such as all of Japan and inland areas. 
In order to improve the resolution of 
the forecasts and estimate of the 
background seismic rates, magnitude 
threshold of the JMA hypocenter 
catalog can be appropriately lowered. 
However, this requires taking into 
account the artificial spatio-temporal 
heterogeneity of the data in the long 
run. At the same time, a large number 
of successive aftershocks occur 
immediately after a major earthquake, 
resulting in overlapping aftershock 
waveforms, and missing many smaller 
aftershocks. Therefore, by estimating 
the aftershock detection rate, we can 
re-estimate the unbiased parameters 
of the HIST-ETAS model. As a result, 
we can visualize how the seismic 
activity is corrected after a large 
earthquake, and predict and animate 
the spatio-temporal earthquake rate in 
quasi-real time. 

These figures show the interpretation of the frequency 
distribution of detected earthquakes. The straight lines 
indicate the G-R relation on a logarithmic scale. The 
increasing curve in the top middle panel shows the 
detection rate of events at each magnitude in linear 
scale, where we adopt the cumulative function of the 
Normal distribution.  Here the parameter for the 
average µ represents the magnitude of 50% detection, 
and the standard deviation σ represents the range of 
partially detected magnitudes.

-- to be continued the next column.

Long-term earthquake magnitude dataset in the 
rectangular area, south off coast Hokkaido, can be 
decomposed into the three components the respective 
smoothing constraints. To check the solution we divide 
the time period into five subintervals (at the ends of 
1945, 65, 75 and 83): Right-hand-side panels show the 
estimated density function calculated at the middle of 
the subinterval, and "+" sign dots indicate histogram of 
the frequency in each subinterval. We see a good 
coincidence between the + dots and curves. 

A spatio-temporal magnitude detection model for mainland 
Japan. Marginals of ｈistogram and the time series of the 
optimally smoothed MAP solutions on a 3D Delaunay 
partition, where time is the order of occurrence to the 
earthquake. From the top row, b-value, μ-value and σ-value. 
As typically shown in μ-value time series,  the technical 
difficulty in predicting the probability of aftershock activity 
in real time is that the detection rates of small aftershocks 
are extremely low for a while after a major earthquake, and 
then it recovers like this series with the passage of time. 
The red vertical line indicates the occurrence of an 
earthquake of M7 or greater. To cover such missing data, we 
consider a smoothed spatio-temporal detection model. The 
The first and second arrow is the unification of the JMA 
catalog with other observations and the 2011 M9 Tohoku-
Oki earthquake, respectively.

(2) However, as the data size increases and as the region 
get wider, each parameter of the model takes significantly 
different values from place to place. Therefore we have to 
further consider that each parameter is a function of 
location. We call this the Hierarchical Space-Time ETAS 
model; in short HIST-ETAS model. The parameters, except 
c and d, depend on location with the positive values 
where the φ - functions are piece-wise linear functions on 
the Delaunay triangle tiles defined by epicenter locations 
and the constant baseline parameters are indicated by 
bars. (3) Then we calibrate the HIST-ETAS parameters 
taking consideration of the rate of missing events that 
were estimated by the space-time detection rate.

Spatio-temporal seismic detection rate 
We want to increase the resolution of the forecast 

by increasing the number of data with a sufficiently 
low threshold magnitude value. In this case, we 
need to compensate for the non-uniformity of the 
long-term data, and at the same time, we need to 
compensate for the bias caused by the lower 
aftershock detection rate immediately after a large 
earthquake, so that we can estimate and predict the 
HIST-ETAS model correctly. For this purpose, we 
prepare a spatio-temporal detection model on a 
Delaunay tetrahedral net created from the epicenter. 

Spatio-temporal variation of magnitude with over 99% 
detection rate, snapshot at the above time of the movie 
(launch the YouTube video on the top right). The colors in 
the color table correspond to the magnitude numbers 
below (roughly in the range of M0~6), and you can see 
that the detection rate drops in the epicenter and 
surrounding areas when the M9 Tohoku earthquake 
occurs. At the same time, the spatio-temporal changes of 
b-value and ¥sigma value are obtained, but we will skip。

(1) This is the version of ETAS model extended to the 2D 
space, which eventually best fitted to the Japanese data 
by the AIC. 

Visualization of how seismic activity is corrected for in 
the HIST-ETAS model. A 3D contour surfaces of the ratio 
in the conditional intensity rates of the HIST-ETAS (left 
panel) and contours on the plane at the longitude 
141°38' E through time  (right panel). 
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(1) Space-time ETAS model

Using the nonhomogeneous data of magnitude 4 and 
above in the JMA catalog, we have created a movie 
(launch the YouTube video on the bottom right) of the 
long-term variation of spatio-temporal seismic activity 
until recently. [Left panel]: the estimated modified HIST-
ETAS model show the spread of the incidence of 
aftershocks induced by large earthquakes, which is 
visualized by contour surfaces. [Right panel]: this 
snapshot corresponds to the time shown in the top, and 
also to the sliced horizontal flat surface in the left panel.

Detection Magnitude Model

The hierarchical space-time ETAS 
(HIST-ETAS) model

Modified estimation of the HIST-
ETAS model
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