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O tliOutlines

Part I: How to use the background seismicity inPart I: How to use the background seismicity in 
long-term earthquake forecasting?

Part II: How to use gambling scores without aPart II: How to use gambling scores without a 
reference model?
Non referenced gambling scoresNon-referenced gambling scores



Part IPart I
Using BackgroundUsing Background 

Seismicity as aSeismicity as a 
Reference ModelReference Model  



S i l lSpatiotemporal long-term 
earthquake probability modelsearthquake probability models

Poisson model (smoothed seismicity) – overpredict
numbersnumbers
Poisson model (smoothed declustered catalogs) –
argument on declustering algorithmsargument on declustering algorithms
Background seismicity models – Obtained from 
stochastic declustering based on a clustering model, 
explicitly (space-time ETAS model) or implicitly 
(MISD)(MISD). 



Question: How to use backgroundQuestion: How to use background 
seismicity for long-term earthquake 

probability forecast
ETAS model = Background  + Triggered seismicity
I d l f “b k d i i it ” +Is a model of “background seismicity” + 
“Gutenberg-Richter law” still valid?
Answer: Yes, but only for background seismicity, 
not for the biggest event.   



Assumptions of the model (A simpler p ( p
version of the ETAS model)

Background seismicity            :  function of spatial 
locations but stationary in time
Each event of magnitude      triggers a cluster of 
mean size .mean size          . 
The magnitude distribution of all the events are 
identically independently distributed according to theidentically independently distributed according to the 
Gutenberg-Richter law

Temporal component is neglected, for the process is p p g , p
stationary
Spatial component is neglected because clustersSpatial component is neglected, because clusters  
concentrate at the location of the mainshock. 



M it d di t ib ti f th l t t iMagnitude distribution of the largest event in a 
cluster is not G-R law any longer, but

Zhuang & Ogata (PRE, 2006)



Magnitude distribution of the g
largest event

Magnitude distribution of the largest event in a 
cluster is not G R law any longer butcluster is not G-R law any longer, but

a functional equation but can be solved    
numerically. The complementary functionnumerically.  The complementary function 
(Zhuang and Ogata, 2006, Physical Review E)



S l ti f th f ti l tiSolution of the functional equation

Solving

by iterations: for each my



P ti f f tiProperties of function 

From Zhuang and Ogata, Physical Review E, 2006
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Distribution of the biggest 
i d i imagnitude in a space-time 

windowswindows 
Notations:

Space-time window V
Expected number of clusters in VExpected number of clusters in V,

Probability mass function for the number of clusters 
(background events) in V,

Magnitude p.d.f. 



Distribution of the biggest 
it d i timagnitude in a space-time 

windows (cont )windows (cont.)
Cumulative probability distribution function for the p y
biggest magnitude in V



Distribution of the biggest 
it d i timagnitude in a space-time 

windows (cont )windows (cont.)
Cumulative probability distribution function for the p y
biggest magnitude in V

However, it is still hard to evaluate the number of 
earthquake at a certain magnitude ranges, but only 
possible to evaluate the number of earthquake 
clusters covers this range. 



Results: background ratesin the g
Japan region 

（events/day/deg2)



Results: b-value in the Japan regionResults: b-value in the Japan region 



Results: Reference probability
(M>=5, 6, 7) 



Results: Reference probabilityResults: Reference probability 
Pr{#(M>=5) in 1deg×1deg×1yr 

grid}



Results: Reference probabilityResults: Reference probability 
Pr{#(M>=6) in 1deg×1deg×1yr 

grid}



Results: Reference probabilityResults: Reference probability 
Pr{#(M>=7) in 1deg×1deg×1yr 

grid}



Future researches

1. Incorporating spatially varying A and alpha values –
HIST ETAS d lHIST ETAS model

2. Model testing against other models of smoothed 
seismicity 



Part II 
G bli i th dGambling scoring method



G bliGambling score
Question: How to reward the forecaster for a successQuestion: How to reward the forecaster for a success 

fairly?
Answer:

Return for each prediction

Earthquake occurrence Yes No 

Forecaster predicts  Yes Gyes -1

Forecaster predicts  No -1 Gno

Forecaster predicts Yes Gyesp-(1-p)   (1-p)Gno-pp
with prob. p

yesp ( p) ( p) no p
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Gambling score without a reference g
model

Binary occurrence of earthquakes: 1 for grids y q g
with earthquake, and 0 for non-earthquake grid

Modeler i betsModeler i bets



Gambling score without a reference g
model

Reward principle: the winners take and divide 
all.all.
Reward to Modeller i

The model that gets the highest reward is the best.



Gambling score without a reference g
model

Numbers of earthquakes on each grids:q g

Modeler i bets



Gambling score without a reference g
model

Reward principle: the winners take and divide p p
all.
R d t M d ll i f th jth idReward to Modeller i for the jth grid

h d l h h hi h d i hThe model that gets the highest reward is the 
best.



Gambling score without a reference g
model

occurrence of earthquakes:q
{(ti, xi, mi): i=1,2,…}

M d l i i diti l i t itModeler i gives a conditional intensity



Gambling score without a reference g
model

Reward principle: the winners take and divide p p
all.
R d t M d ll i f th jth idReward to Modeller i for the jth grid

The model that gets the highest reward is theThe model that gets the highest reward is the 
best.


