






Space-Time Epidemic Type Aftershock Sequence 
(ETAS) model

§Seismicity rate = "background" + “Triggered seismicity":

§Time distribution: 

the Omori-Utsu law 1 >
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the Omori-Utsu law

§Spatial location distribution of children: 

§productivity: mean number of children
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• Conventional Declustering

j is from background}= 0 or 1



• j

),,,(

),()(

jjjj

jjj

j
myxt

yxms

λ
µ

ϕ =

),()()( yyxxfttgms −−−

j is from background}

),,,(

),()()(

jjjj

ijijijj

ij
myxt

yyxxfttgms

λ
ρ

−−−
=j is from i}

j

jϕ jjjj ,121  ..., , , −ρρρ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ



•

 









−−−+= ∑

<tti

iiii

i

yyxxfttgmyxmsmyxt
:

),()()(),()(),,,( κµλ
 <tti i:

),( yxλ

jϕ



Solution—estimating parameters and 
background rate simultaneously

Algorithm:
1. Assume an initial background rate.

2. Using MLE to estimate parameters in the clustering 
structures.

3. Using the assumed background and estimated clustering 3. Using the assumed background and estimated clustering 
parameters to evaluate     .

4. Using      to get a better background rate.

5. Update the background rate by this better one.

6. Go to Steps 2 to 5 until results converge.

:  Estimate of probability that event j is of backgroundjϕ

jϕ
jϕ
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Ea r t h q u a ke ca ta l o g+H is t o r i ca l ca ta l o g
P l i

Es t i m a t in g b a c k g r o un dp r o b a b i l i t i e sw i t h o u t o p t i m iz a t i on S i m u l a t i on s e is m i c i ty int h e f o r e ca s t in g r e g i ona n d t i m e in t e r va l

. P o l y g on r e g i onf o r m o d e l f i t t in g2 . M a gn i t u d e t h r e s h o l d3 . B a n d w i d t hs f o re s t i m a t in gb a c k g r o un d ra t e s4 . B a n d w i d t hs f o rs m o o t h in g inf o r e ca s t in g5 . T i m e in t e r va l s f o rt ra in in g a n d f o r e ca s t Es t i m a t in gm o d e l p a ra m e t e rsv i a o p t i m iz a t i on ( M L E )
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