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Evaluating predictive ability of background seismicity, aftershocks and induced
earthquakes
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Fig.1 The CSEP Japan Testing Centers requires forecasting probabilities to be given in all discrete bins of
space and magnitude for three months forecasting, for example.
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Gutenberg-Richter model X Background rate of HIST-ETAS model
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Fig.2 Left panels show location-dependent b-value variation (top) and also m-value variation (bottom) of
the background seismicity of the Hierarchical space-time ETAS model. These have been estimated
from micro-earthquakes data (ANSS) in the period till 2005. Thus, we can predict occurrence rate of
large earthquakes of M5 and larger during the next 5 years span as indicated in the color table. Blue
triangles are such earthquakes actually occurred during the period 2006-2011.
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Fig.3 This table illustrates forecast probabilities, number of occurred earthquakes and their relative

frequencies. Boltzmann calculated probability of the relative frequencies expected from the forecast

probabilities, and approximate the probability factorials. This is the famous relative entropy, which is
related to the log-likelihood.
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(ware | [ xe ) [ mmre | EskkE )

Models AlnL Likelihood Likelihood0 density
1 325.82 3.1756E+141 1 0.521558
2 325.39 2.0658E+141 0.6505091 0.339278
3 324.29 6.8763E+140 0.2165357 0.112936

4 322.83 |....|.. L:3209Ex140 | 1 0.0502874 .L.... 0.026228.....
........... 5 . 28207 3.1728E+122 9.991E-20 5.21E-20
6 268.16 2.8867E+116 9.09E-26 4.74E-26
7 247.61 3.4329E+107 1.081E-34 5.64E-35
8 252.67 5.4099E+109 1.704E-32 8.89E-33
9 229.10 3.1395E+99 9.886E-43 5.16E-43
10 0.00 1 1.85E-110 9.6E-111

sum \\6.0887E+141/) _ 1.9173322 A 1

#5414 CSEPHA D3 AT MO EIEA 3T D—f.
HFEER T O TV
Fig.4 An example of log-likelihood scores of forecasts ordered in the order from the largest to the smallest.
The #10 model forecasts spatially uniform probability throughout Japan. The last column in the table
represents the normalized likelihood scores of respective models. The first 3 or 4 models are non
negligible models and the other models are negligible by too small scores..
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How is the AIC derived?

Assume that the Present Data x =(x,,x,,...,x,) and Future Data

¥ = (¥, ¥5,..., ¥,) are from the same probability law. Consider a set of
parametric model (f(y16);0¢c O}

A Plug-in Type Predictor: f(y| ,8(x))

Expected Negentropy of the predictor

1 g(Y) _ Y)l- In ax
EI[E,{H——-{(YI’ 9()())H E,[In g(Y)]- E,E,[In f(¥1 ,6(X))]

Future data Y available ~ const. — In (Y é(X))

Predictive log-likelihood of a model
Future data Y not available

~ const.—lnf(X|ép(X))+p ~%

~

AIC
Predictive likelihood of a model 0oC €XPp —T

B ARBTEHREHEAICIIREET VOO TFUOR S 2, FOREDT -5 DAT, HE
TEHRMMAITELTERALONR L. EHTHOMIZRRD T — 5239 CHN W67
EIZHERTH 5.

Fig.5 Akaike information criterion (AIC) estimate the prediction evaluation score in advance using only

current data. This is useful for evaluation of the long-term forecast, for example, where we take long
time to examine the performance of the forecast..
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Fig.6 It is difficult to evaluate the forecast result In a long-term prediction. This is because we have
to obtain enough future data or to divide the present data into two parts for the prediction and
for estimation, respectively. The appropriateness of the coefficient o of the BPT distribution is a
current issue in Japan. The maximum likelihood estimate for the 91 inland active faults improve the
predictive ability in the sense of the AIC values.
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Fig.7 Seismic activity of M3 or more in the closed area that corresponds to the southern Kanto region of the
Earthquake Research Committee. The ETAS seismicity forecast until now is improved by addition of
the trend of Omori Utsu law that is triggered by the M9 Tohoku-Oki earthquake. Hence the long-term
(30 years) prediction of earthquakes of M3 and larger increases number of earthquakes by this model.
On the other hand, empirical magnitude distribution in the Kanto region appears to be two states
GR distributions with different b-values. Simulating the ETAS + (Omori-Utsu trend) model together
with the resampling by this magnitude distribution provides the long-term forecast of the M7 class
earthquakes, which provides black cumulative probabilities in per cent. This is compared with gray
cumulative function that stands for the simulation using only ETAS model without taking the M9
triggering effect into account..
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Fig.8 The earthquake activity in the Tamba region induced by the 1995 Hyogo-ken Nanbu earthquake
(M7.3) was also able to predict well for a period by using the ETAS model plus the Omori-Utsu
trend. But we see a decreasing tendency from expected cumulative curve after 2001. This decelerated
seismicity rate (relative quiescence) may be caused by stress-shadow having covered the Tamba area
due to the slow slip beneath the Lake Hamana during 2000-2004.
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Fig.9 Often predictive power in the shallow seismic activity get higher by the models that takes yearly

periodicity corresponding to changes in precipitation. For example, the above figure is seismicity
in New Zealand (Ma and Vere-Jones, 1997), below is micro-seismicity near Canberra, Australia.
Form of the periodicity factor is well correlated with the annual precipitation pattern of Sydney,
rather than that of Canberra. The rainfall along the east coast reach the Great Artesian Basin through
the underground water migration. Thus the seismic periodicity component may reflect amount of
groundwater beneath Canberra.
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Schuster®d I TEDHUERRT i & > TEORMR ORI IR & WFLEBH D RIS 2 61
@ﬁm%iCmmmaagmzxm)ﬁ%ﬁ@%ﬁn&% W L oM % REHSK L
EXLFUMIORITEND & BV, SGBRIANEF VST 5 2 £ 0% L BN 73,
EFHY I tH)xﬁ%?)lx@?ﬁE%E@ﬁf Oz bz HEST 52 L2 HIFL 72w, 208485
THORMWBIZOLES Lo lc—HBle LT, KEBEHMEIZFHTR S N2 kIS #H
BB L ORI H 5. THIZOWTIZETASIZMA THEmIZBE L - BI % % 2 %
L, INDAICE RN SEL, TORMOBEOMLT S R .2 % (Iwata and Katao, 2006,
GRL). Hiso M2 HEEICET VLT 2L, L) RVWEEIRENE (GH - AR,
20064 B2 H AR R %)
There are many papers reported examples that the earth tide and seismic activity are synchronized
preceding great earthquakes using the test statistic of the periodicity of the Schuster. Also, there is
a point-process based study to model such synchronization. I hope to use the synchronizations as
anomaly phenomena to predict large earthquakes. For seismic activity of the Tamba region that has
been induced by 1995 Kobe earthquake, the ETAS model associated with attenuation trends and the
moon periodicities considerably improved the AIC (Iwata and Katao , 2006, GRL). Furthermore,
product-type modeling of the periodicity and other components shows better fit (Iwata-Katao, 2006,
SSJ meeting). This is an example that the synchronization has not been the precursor of an large
earthquake for at least 20 years.
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