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Official Annual earthquake predictions made by
China Earthqguake Administration
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20| O regions
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Chinese annual earthquake
predictions in 1996.

The alarmed regions are marked in
yellow and the earthquakes with
M5 and above are represented by
red dots. The numbers on the
alarmed regions are the magnitude
ranges of the expected future
earthquakes.

Gambling Scores analysed by
Zhuang and Jiang (2012, Tectonophysics)
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Bin < (time)x(space)x(magnitude)
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bins 1 2 3 *** mn sums
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#quakes my ms mz * * * myl|E m=N m=0
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Cwure | ( xE ) [ smxkE | ESeiE
Models AlnL Likelihood LikelihoodO density
1 325.82 3.1756E+141 1 0.521558
325.39 2.0658E+141 0.6505091 0.339278
3 324.29 6.8763E+140 0.2165357 0.112936

4 32283 | | 15969E+140 | | 0.0502874 | . 0.026228...]
........... 5 28207 e S ooie 20 e
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 h g \ 6.0887E+141/ \ 1.9173322 A 1
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Gutenberg-Richter model X Background rate of HIST-ETAS model
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How iIs the AIC derived?

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

y=(¥, ¥5,-..., ¥,) are from the same probability law. Consider a set of
parametric model {f(yv168).0< O)

A. Plug-in Type Predictor: f(v| P.‘f-}[x}}

Expected Negentropy of the predictor

ey | | P
E, E,{In - = E[lng(Y)l-EE,[In f(Y] ,6(X))]
[’[ fﬁ"lp&‘(?ﬂ}d | |

l

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

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

~ const. —In f(X]4,(X)+p ~AC
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A) Test area

B) Test data and completeness

J. Woessner, S. Hainzl, W. Marzocchi, M.J. Werner,
A.M. Lombardi, F. Catalli, B. Enescu, M. Cocco,
M.C. Gerstenberger, and S. Wiemer (2011, JGR)

A retrospective comparative forecast test on the
1992 Landers sequence.

Magnitude

Table 2. Number of Learmning and Target Earthquakes and Focal
Mechanisms Available in the Testing Region®

5 225 3
Days after main shock

Events With Fault

. (@] Testing class scheme
Relocated Events Plane Solution ™ by Dy bas Das Doo
Period M, > 0.1 M, >3 M, > 0.1 M, =45 __,t-—-———— )
) tey Teq

1984 < T, 38041 670 10102 15 - - - - - - - ——
Ty — Ty + 90d 21647 1245 4354 31 ot t Te2 o0 tronTeo0

‘ o [ 4 -ttt ]

“Tyy is the main shock time of the 1992 M, 7.3 Landers earthquake. " e S e Time

Table 1. Overview of the Forecast Models That Contributed Forecasts for the Retrospective Testing Experiment®

Model Type/ Total/Free
Model Name Features Parameters Modeler/Reference
0 STEP-0 generic STEP My, = 6 reference model 6/0 Woessner/Gerstenberger et al. [2005]
1 STEP-1 modified STEP My, =25 6/6 Woessner/Gerstenberger et al. [2005]
2 ETAS-1 space-independent parameters 717 Hainzl/Hainzl et al. [2008]
stationary homogeneous bg.
3 ETAS-2 K is space dependent stationary 7/7 Hainzl/Hainzl et al. [2008]
homogeneous bg.
4 ETAS-3 stationary heterogeneous bg. 8/7g=1.5 Lombardi/Lombardi et al. [2010]
5 ETAS-4 NETAS nonstationary heterogeneous bg. 9/8 g =1.5 Lombardi/Lombardi et al. [2006]
6 ETAS-5 stationary heterogeneous bg. 6/0 Werner/Helmstetter et al. [2006, 2007]
“effective parameters”
7 ETAS-6 stationary heterogeneous bg. updating 6/5 Werner/Helmstetter et al. [2006, 2007]
“effective parameters”
8 CRS-1 space-dependent stressing rate 1/1 Catalli/Catalli et al. [2008]
nonuniform reference seismicity
9 CRS-2 stationary heterogeneous background 4/1 r not fix Enescw/Toda et al. [1998]
10 CRS-3 stress heterogeneity CV stationary uniform bg. 4/3 t, fix Hainzl/Hainzl et al. [2009]
11 CRS-4 stress heterogeneity CF stationary uniform bg. 4/3 1, fix Hainzl/Hainzl et al. [2009]

poroelastic & coseismic

“The model number, the model class, first-order features, the number of total and free parameters, as well as the modeler and the reference(s) of the
models are given. My, is a threshold magnitude that determines which earthquakes are used as triggering events in the STEP model.



Table 6. Joint Log Likelihood LLg and Probability Gain Per

Earthquake Gain(S) for All Models®

/ Model LLg Gain(S) Rank
STEP-0 —5187.40 1.00
STEP-1 —4099.87 3.02 8
ETAS-1 —3160.40 7.86 4
ETAS-2 —3012.83 9.14 3
ETAS-3 —3708.66 4.50 6
ETAS-4 —3308.43 6.76 3
ETAS-5 —2905.26 10.19 1
ETAS-6 —2907.27 10.17 2
CRS-1 -inf 0.00 11
CRS-2 —5351.49 0.85 10
CRS-3 —3932.49 3.58 7

QRSJI —4298.86/ 2.47 9

Log-Likelihood  Log-Likelihood

Log-Likelihood

“The probability gain is computed against the reference model STEP-0.
The rank denotes the comparative ranking based on the spatial predictive
power of the models.
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