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Timelines with DVJ and statistical 
seismology

• 1995           First time to know
• 1996  Summer:          Working with Ma Li
• 1996.10~1997.10      visiting DVJ in ISOR, VUW, NZ
• 1998.7   1st Statsei Meeting in Hangzhou, China

meeting Y. Ogata
• 1999.12‐2000.1    Visiting MCS, VUW
• 2000‐2003      Studying at ISM
• 2001    Statsei‐2, Wellington 
• 2002    Workshop in Beijing, DVJ’s visiting
• 2003‐2010  Visiting each other 
• 2008     working on the Bath law, gambling score, 

Foreshocks
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Influential earthquake prediction methods

 M8
 RTL (Region‐Time‐Length)
 ARM (Accelerating moment release) 
 VAN (Seismo‐electric Signals)
 RTP (Reversed Tracing Precursors)
 PI (Pattern Informatics)
 GAP theory
 Quiescence hypothesis

Institute of Statistical Mathematics, Tokyo

Influential earthquake prediction methods

Seismicity‐based precursors:
M8, ARM, RTL (Region‐Time‐Length),
RTP (Reversed Tracing Precursors), 
PI (Pattern Informatics), GAP theory,
Quiescence hypothesis

Non‐Seismicity based precursors:
VAN (Seismo‐electric Signals), Emission of radon, etc. 
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Influential earthquake prediction methods
VAN (Seismo‐electric Signals): 
by Varotsos, Alexopoulos and Nomicos in the 1980s
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Influential earthquake prediction methods
VAN (Seismo‐electric Signals): 
by Varotsos, Alexopoulos and Nomicos in the 1980s

Testing against earthquake clustering

Using Hawkes’ model to model auxiliary 
anomalies and earthquake clustering 

(Zhuang, Vere‐Jones, et al. 2005, PAGEOPH)
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• Conditional intensity (rate) function (Linlin model, from Ogata)

EQ rate

Station names

H: Huailai
L: Langfang
S: Sanhe
Q Qingxian
C: Changli

Earthquake data:
1982.01.01 –1998.01.31 
4.0 ≤ M ≤ 6.3



Sanhe station: (b) Hazard rate (c) self‐excitation (d) external excitation

The prediction 
powers of 
anomalies are much  
lower than the 
clustering effects.

Influential earthquake prediction methods

M8 (Keilis‐Borok and Kossobokov, 1984):  designed by retroactive analysis of the 
seismicity preceding the greatest (M8+) earthquakes worldwide. 
Prediction is aimed at earthquakes of magnitude M0 and above. Overlapping circles with 
the diameter D(M0) scan the seismic territory. Within each circle the sequence of 
earthquakes is considered with aftershocks removed {ti, mi, hi, bi(e)}, i = 1, 2 ... Here ti is 
the origin time, ti <= t i + 1; mi is the magnitude, hi is focal depth, and bi(e) is the 
number of aftershocks during the first e days. 
N(t), the number of main shocks; 
L(t), the deviation of N(t) from the long‐term trend, 
Z(t), linear concentration of the main shocks estimated as the ratio of the average 
diameter of the source, l, to the average distance, r, between them; and 
B(t) = max{bi}, the maximal number of aftershocks.
Each of the functions N, L, Z is calculated for С = 20 and С = 10. 
An alarm or a TIP, “time of increased probability”, is declared for five years, when at least 
six out of seven functions, including B, become "very large" within a narrow time 
window (t ‐ u, t). To stabilize prediction, this condition is required for two consecutive 
moments, t and t+0.5 years.

26/12/2004 Mw9.0 Great Asian mega-thrust earthquake 

(A slide from Kossobokov’s seminar)



Real-time prediction of the world largest earthquakes 
( http://www.mitp.ru or http://www.phys.ualberta.ca/mirrors/mitp )

(A slide from Kossobokov’s seminar) 14

1.2 Introduction to the ETAS model
• Epidemic-type aftershock sequence (ETAS) model 

(Omori, 1894)
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Daily after frequency of the 1995/01/17 
Kobe earthquake (M7.2), Japan
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(Ogata, 1988; 1989)

：Conditional intensity, hazard 
function conditioning on the past 
history
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Temporal ETAS model

 Conditional intensity
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2.  Time p.d.f (Omori‐Utsu):

 Likelihood function
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Space-tine ETAS model
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1.  Magnitude p.d.f (G‐R):

2.  Direct productivity:

3.  Time p.d.f (Omori‐Utsu):

4.  Location p.d.f:

(Ogata, 1988, 2006; zhuang et al. 2005)

2010年西部论坛Combining quiescence with clustering
1. Transformed Time sequence (Ogata, 1992, JGR)

0
( )it

i it u du   
If {ti} is the observation of a process with λ(t), the {τi} is a standard Poisson process. 

2010年西部论坛Combining quiescence with clustering
2. Quiescence in background seismicity (Zhuang et al., 2005)

Space-time ETAS model

• Time varying seismicity rate (conditional 
intensity or stochastic intensity) at event  j
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2010年西部论坛Combining quiescence with clustering
2. Quiescence in background seismicity (Zhuang et al., 2005)
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2010年西部论坛

Combining the ETAS model with PI 
(Jiang & Wu, 2010, NHESS)

Pattern Informatics (PI)
• PI is a technique developed at University of California, Davis for 

analyzing earthquake seismic records to forecast regions with high 
future seismic activity.
– They have correctly forecasted the locations of 15 of last 16 

earthquakes with magnitude > 5.0 in California.
• See Tiampo, K. F., Rundle, J. B., McGinnis, S. A., & Klein, W.  Pattern 

dynamics and forecast methods in seismically active regions. Pure Ap. 
Geophys. 159, 2429‐2467 (2002). 
– http://citebase.eprints.org/cgi‐

bin/fulltext?format=application/pdf&identifier=oai%3AarXiv.org%3Aco
nd‐mat%2F0102032

• PI is being applied other regions of the world, and John has gotten a lot 
of press.
– Google “John Rundle UC Davis Pattern Informatics”

2010年西部论坛

Combining the ETAS model with PI 
(Jiang & Wu, 2010, NHESS)



2010年西部论坛

Combining the ETAS

model with PI 
(Jiang & Wu, 2010, NHESS)

Event Box 

Events in Box  ( )  replaced by
 

i

k
k i

i N t





， ,

Conclusion: using background events in the 
PI forecasts seems to improve performance 
slightly, for the region that they investigate. 

Space-time ETAS model

• Time varying seismicity rate (conditional 
intensity or stochastic intensity) at event  j
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2010年西部论坛

Combining the ETAS model and LURR 
(Zhang & Zhuang 2011, Tectophysics)

Outlines

1. What is LURR (Load/Unload response ratio)?

2. The ETAS model and a new model

3. Estimating LURR through residuals

4. Application to the Wenchuan earthquake 

Introduction to the LURR 
(load/unload response ration)

Response rate

LURR
XY
X







X+：Loading response rate

X-： Unloading response rate

Δ 0

ΔX lim
Δ






Basic theory
• Three phases of solid materials when being loaded:

Elastic, Plastic, & fracture. 
•

Typical stress strain 
curve for solid materials

Loading

Unloading

• LURR: useful for describing evolution of damaging process 
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The windows for study of earthquake cycles

Insensitive Period
Sensitive Period

How to load/unload the crust

Using tidal stresses

re te ti+ sin( )
re resultant stress
te     tectonic stress
ti tidal stress

kt A t       

：

：

：     
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Choose the response variable

small earthquakes   >   micro-fractures 
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Energies released by earthquakes
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Examples for the LURR research groups

LURR before several earthquake 
in China

Yin et al., 2000
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Laboratory experiment on rock fractures

Zhang et al., 2006 
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Comibine LURR and ETAS model
Baseline model (ETAS model)

New model with response rate
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: loading response
: unloading response
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Comibine LURR and ETAS model
Baseline model (ETAS model)

New model with response rate
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How to estimate?!

( ),  loading period    
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( ),  unloading period
: loading response
: unloading response
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A property of the conditional intensity 

Given a marked point process N equipped with a 
conditional intensity λ(t, m), if h(t, m) is a predictable 
marked process, then for any fixed interval S
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Combine LURR and ETAS model
Baseline model (ETAS model)

New model with response rate
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A property of the conditional intensity 

Given a marked point process N equipped with a 
conditional intensity λ(t, m), if h(t, m) is a predictable 
marked process, then for any fixed interval S
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Combining LURR and ETAS model
For a loading period,  S+

Similarly, for the unloading period, S--
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Combining LURR and ETAS model
For a loading period,  S+

Similarly, for the unloading period, S--
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Ratio‐unbiased estimate
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3.1 1997 Jiashi earthquake swarm, 
Xinjiang, China

M-t plot Epicenter locations
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LURR Curves 
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Aftershock sequence of the 2008 Wenchuan
Earthquake, Sichuan, China

M-t plot Locations of earthquake epicenters

(Huang et al.，2008；Burchifiel et al., 2008)
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Conclusions
 Up to now, biggest known non-randomness is the clustering effect 

of earthquakes, which out-performs the other available earthquake 
prediction methods. 

 Making use of the ETAS model and the techniques of residual 
analysis, almost all the available prediction algorithms can be 
revised into new versions with the elimination of the earthquake 
clustering effect. 

 Even though the clustering effect of earthquakes can be  eliminated 
with the techniques introduced in this presentation, the final 
prediction performance depends on potential of the prediction 
powers of the algorithm. 

 Further studies are necessary to apply the above techniques to other 
algorithms. 


