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Prediction and validation of long-term earthquake probabilities in inland Japan using the
hierarchical space—time ETAS and space—time Poisson process models
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Fig. 1 The points in the left figure show the epicenter locations of M>4.0 earthquakes that occurred in inland Japan during the
learning period (1923-2018) in addition to Utsu’s data for 1885-1922. The right figure shows the Delaunay partition
connecting the epicenters (the points in the left figure) and additional points outside the inland interior. The Delaunay
triangle defines a local linear function of interpolation. The optimal smoothing is determined by the Akaike Bayesian
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Information Criterion (ABIC) and the coefficients of the Delaunay function are obtained by an inverse problem
which is called the maximum a posteriori (MAP) estimate.
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Fig. 2 MAP estimates of the non-homogeneous Poisson space model for the inland data for the different periods shown in the
panel. Colors and contours are on the log scale of the expected number of M > 4 earthquakes/deg?/day.

JE—# Poisson TV

HIST-ETAS-pKET IV

HIST-ETAS-5paE®T /L

45
Q

45

1923 ~2018

40
40

log,, ﬂ:(x,y)

-4
Logio(M=4 HE / degr2 / day)
T T

30
30

1923 ~2018

logg &, (%, %)

T 1
-4 -3 -2

‘ “5f Logiwo(M=4 HhEE / degh2 / day)
T T

135 140 145

130 135 140 145

45

40

35

1923 ~2018

logy, £, (%, )
]

T T 1
-4 -3 -2

Logio(M=4 Hi 7 / degh2 / day)
T

130

135 140 145

FI3E EROFHEZRMART7TY ETIL (b). FRED HIST-ETAS-1K ETIL (c). BHERD HIST-ETAS-5pa ET )L
() OHEPORILT—RITxd 5 MAP #HEE, BLESREIR2OLOLERALTH S,

Fig. 3 MAP estimates of the non-homogeneous spatial Poisson model (b) in the left panel, the HIST-ETAS- 2K model (c) in the
middle and the HIST-ETAS-5pa model (d) in the right, for the same data in the period. Colors and contours are the same

as those in Fig. 2.
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Fig.4 Estimated background intensity image of the HIST-ETAS-5pa model for M > 4 earthquake data for the period of interest
1926-1995 where image colors range 108 ~ 10 /km?/day as shown in the color bar. The circles on the image show (a)
shallow M > 6 earthquakes for period 2000 -2016 and (b) the locations of historical damaging earthquakes of M > 6.8 for

the period from 599-1884.
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Fig. 5 The study period was set to 1995, and predictions were made and validated from 1996 to 2021. Top panels: Images and
contours of the non-uniform Poisson model and the HIST-ETAS-5pa background intensity density model, respectively,
competing for first and second place. Bottom table: Log-likelihood scores for earthquake predictions in each magnitude
range. Scores are relative to the score of the "inland uniform Poisson" model (a). Red numbers are the best predictions;
blue numbers are the second best predictions.
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Fig. 6 Color scheme and contours are the estimated background density of the HIST-ETAS-5pa model for the 1926-2019 M >
4 earthquake data. The inset shows the cumulative number of earthquakes versus the age of the detected historical
damage earthquakes and the M-T diagram. Blue and red circles on the image indicate the location and size of the
earthquakes from 599 to 1584 and 1585 to 1884, respectively. The top score table is the log-likelihood for
each-magnitude range rating of each model for all historical damage earthquake records, and the bottom table is the
log-likelihood rating of each model for earthquakes restricted south of 38°N from 1585 to 1884.
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Fig. 7 Assuming a uniform nationwide b value of 0.9, the left figure shows the ordinary logarithm of the probability of an M > 4



earthquake occurring in each 0.1° x 0.1° (approx. 100 km?) cell in inland Japan on a single day. The figure on the right
shows the probability of an M > 6 earthquake occurring in each 0.2° x 0.2° (about 400 km?) cell over the next 30 years.



