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Introduction

preparedness of seismic risk includes three
perspectives:

science: monitoring and modeling for the estimation
of seismic hazard

engineering: estimation of seismic risk based on
hazard and vulnerability

management: activities planned and implemented by
considering both seismic and social factors

this talk will be focusing on the first one



firstly
a few words about China and
about the 2008 Wenchuan earthquake

what did we see before the earthquake
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we are saying a mixture of interplate and intraplate eaMhquakes.

when we say tectppnic blocks,

we are saying different kinds of tectonic units, some are rigid, but

others are deformable.
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key regions subject to intense seismic risk
2006~2020 and the concept of block tectonics for continental

earthquakes in China
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seismic intensity zonation seems to be problematic
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not only the result in China but also those in other places...
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Fig. 3. World-wide application of the Pl method. Colored areas are
the forecast hotspots for the occurrence of M>7 earthquakes during
the period 2000-2010 [derived using the PI method. The color scale
gives values of the log,,( P/ Pax). Also shown are the locations
of the sixty three earthquakes with M>7 that have occurred in the
region since 1 January 2000.




after the Wenchuan earthquake GPS measurement was criticized...

e £ %
from Institute of Earthquake Science, CEA R Gy ) o

i



strain rate calculated by GPS result
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secondly
monitoring and modeling for

forecast/prediction/preparedness

what could be learnt from Wenchuan



BASIC TYPES OF PREMONITORY PHENOMENA

An extreme event is preceded by the following changes
in relevant observed fields:

‘premonitory anomalies’ (in ageneral § | i oww ~ k|
sense) considered for the O 00
forecast/prediction/preparedness B em TN

These phenomena are reminiscent of asymptotics near the phase transition
of second kind. However, we consider not the return to equilibrium, but the
growing disequilibrium, culminated by an extreme event.

e regularities of seismic activity (statistical — intermediate-term)

« time-dependent average of (small) earthquake population
(statistical — intermediate-term)

« abnormal change of geophysical fields (empirical — short-term)

 response of local seismic activity to some stimulating/loading
factors such as the stress change caused by Earth tides or by
other earthquakes (physical — intermediate-term/short-term )

« stories of stress or deformation (physical —long-term and
Intermediate-term)

« one of the problems of the current study on time-dependent
earthquake hazard is that even if the idea of ‘premonitory
anomalies’ is correct, the test of these ‘premonitory anomalies’
Is still problematic — why ?



new techniques potentially important for
providing new ingredients to the estimation of
time-dependent seismic hazard

active source

continuous GPS

earthquake interaction calculation
ETS or DLF

high-precision seismology

NCF and CWI technique

Pl algorithm

repeating events and slip rate in deep
RTP

stress measurement techniques

test of these new techniques also needs a correct road-map
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geomagnetism and geo-electricity monitoring
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before the earthquake — not after

scenario rupture
expected ‘premonitory anomalies’

effective constraint of the earthquake preparation model
effective monitoring of the expected ‘premonitory anomalies’
effective test of the proposed forecast or hazard assessment




temporal variation of anomalies reported in Sichuan
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proposing a concept
‘seismological engineering

different from
earthquake engineering
and
engineering seismology

Indicating the
design, evaluation, and implementation of
monitoring systems

to facilitate the monitoring and modeling for
forecast/prediction/preparedness



thirdly
why some of the worldwide-valid algorithm
falled to indicate the approaching of the
Wenchuan earthquake

Importance of the consideration
of local situations



Plot of Log,, (Seismic Potential)
Increase in Potential for significant earthquakes, ~ 2000 to 2010
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Figure 14. Pattern informatics method forecast for southern
California for the period 2000-2010 [Tiampo et al., 2002a;
Rundle et al., 2002]. Relative probabilities log,,(AP/AP,,..) are
given using the color code at the top of Figure 14. The times
used were 7, = 1 January 1932, ¢, = 1 January 1990, and ¢, =
31 December 1999. Earthquakes with m > 5.0 that took place
during 1990-1999 are shown as inverted triangles. Circles
represent events with magnitude m > 5.0 that have occurred so
far during the time period of the forecast.
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from Rundle et al., 2003, Reviews of Geophysics
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Figure 2. Taiwan Pl map over the change interval from
t, = November 1993 to ¢, = June 1999, Circles represent
earthquakes with M > 6 that occurred after +, and inverted
triangles represent earthquakes with M > 6 that occurred
between ¢; and ¢,. Colored pixels (hotspots) represent areas
with large seismicity change caused by both the seismic
activation and quiescence, indicating high probability for
future large events.

from Chen et al., 2005. Geophys. Res. Lett.
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spatial distribution of
earthquakes larger than
Mg5.5 since 1970 in
Sichuan-Yunnan region.

temporal distribution, with
the three vertical dash lines
to the right representing t;
the starting time of the
‘anomaly training window’,
t, the ending time of the
‘anomaly training window’
and the starting time of the
‘forecast window’, and t,
the ending time of the
‘forecast window’. For the
sliding window considered
in this figure, the catalogue
is selected to start from t,.



parameter settings of the retrospective forecast test:
earthquakes in Sichuan-Yunnan region since 1988.

regional earthquake catalogue down to M, 3.0 from 1970 to
2008 was used.

the ‘target magnitude’ for the forecast test was Mg5.5.
fifteen-year long ‘sliding time window’ was used in the PI
calculation, with ‘anomaly training time window’ being 5 years

and ‘forecast time window’ being 5 years, respectively.

spatial grid size is selected as 0.2°.
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retrospective test of Pl
algorithm: Sichuan-Yunnan
region, period of
01/01/1992~01/01/1997.

color-coded hot spots
highlight the relative
probability increase for
earthquakes above Mg5.5.

blue circles stand for the
earthquakes above M¢5.5
occurring within the ‘forecast
window’, while gray reverse
triangles show the
earthquakes above M¢5.5
occurring within the ‘anomaly
training window'.
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Yunnan region: period of
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the ROC result for the Pl
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ROC result for the RI
forecast, and black broken
line the result for random
forecast.

gray broken line shows
the difference between the
‘hit rate’ of Pl algorithm
and that of Rl algorithm.
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 (b) Pl forecast versus RI forecast — difference between the hit rate of Pl
algorithm and Rl algorithm changing with false alarm rate. Gray zone
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1.0° and cutoff magnitude M 3.0. (a)
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t,=01/01/2006; (d) t,=01/01/2007; (e)
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= 5 years.
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increasing cutoff magnitude?

hotspot maps of Pl algorithm for
different ‘forecasting time windows’ with
grid size 1.0° and cutoff magnitude M 4.0.
(a) 1,=01/01/2004;. (b) t,=01/01/2005; (c)
t,=01/01/2006; (d) t,=01/01/2007; (e)
t,=01/01/2007. ‘Forecast time window’ t,—
t, = 5 years.



what is the nature of the roles of local
seismic data ?

Information provided as an input of the
algorithm/s



local seismic data seems much more useful
than we thought

also related to Wenchuan there are still
some puzzles to be solved
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at last
serving the society within the present limit
of scientific capability

be prepared so as to avoid the
next Wenchuan disaster



« values of retrospective case studies: limited, but
uniquely useful




earthquake forecast/prediction or seismic
hazard assessment products in China

zonation map (intensity and/or strong ground motion
parameters, probability of exceedance 10% for 50 years)
long-term (10~15 years) key-regions with higher probability of
earthquakes and key-regions with higher needs for
preparedness

three year estimation of earthquake probabilities

annual earthquake probabilities (the Annual Consultation on
the Likelihood of Earthquakes)

evaluation of short-term precursors/anomalies and predictions
earthquake alarm — hardly to be successful as that of Haicheng
evaluation of aftershock/swarm tendencies

a wide spectra of products serving the public within the present
limit of seismology



annual forecast for 2006 by IGP, CEA
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simplified evaluation score of the performance of
forecast used in China — R value

. (hit rate) — (false alarm rate)

* Ng = successful predictions

N = total number of earthquakes
« S, =false alarm area

e S, = total aseismic area

T'ITI

 When all the predictions are successful, R =1
 When all the predictions are wrong, R = -1
 Forrandom prediction, R =0



Hit Rate = Success Rate

H=

Receiver (Relative) Operating Characteristic (ROC) Diagrams

Bounds on confidence limits were computed by a
procedure developed by J Zechar and T Jordan (2005)
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1991

1992

1993

R value from 1990 to 1998 is 0.18 on average significantly larger than O (for random guess)
but ... the forecast is to much extent based on the knowledge of seismicity

1997

1998

From Shi, Y. L., et al. (2000)



capabilities of earthquake forecast or time-
dependent seismic hazard assessment

——long term and intermediate-term forecast
significantly outperforming random guess
potentially useful for earthquake preparedness

no plans yet for the Zhongdian Jianshi-Fangyu Qu
(the key region for enhanced monitoring and preparedness )

——annual consultation

real forward forecast test

successful cases for several M~6 earthquakes

mechanism of gathering information problematic
——short-term forecast

hit rate 40% for M~6 earthquakes

‘new parameter earthquake catalogues’ may be interesting

problematic for M~5 earthquakes

very few experiences for M~7 earthquakes
——evaluation and test

R-value and evaluation committee

lack of public understandings



what are needed

firstly, doing the best for deepening the
understandings of earthquake predictability

at the time scales of century, year, and even
months

secondly, making full use of the present
knowledge of earthquake predictability for the
preparedness of seismic risk



T. Jordan: tracking earthquake cascades
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a few words about strong aftershocks

what can we do to serve the public



aftershocks: what we have known

 Gutenberg-Richter'slaw: logN=a-b M

e Omori’slaw: N (t) ~(t + ty) P

* Bé_th’S IaW: M mainshock ~— M strongest aftershock =~ 1.2

e Coulomb’s law: for most of aftershocks ACFS >0

QUESTIONS ADDRESSED about the strong aftershocks:
Time — how long
Place —where
Size — how big Is the maximum
Rate — how many



i |

The Abdus Salam -}
International Centre for Theoretical Physics

©

= farye
e
Mainsheo ks !
dir. of I
o gqa.n?ga_;zn%f—: S

THO=

AlTershocks

/ Fjgcnmj Pll.f‘ GAH"‘ ’I.ﬂjé (/ar’g.’) e’.
-,[‘u #..-zj “'MW ..6"‘:1:” (L $1-[ 5 ﬂ.'ﬂ ":" 4 4“, ”

St Tectdu :

(f > P:./n‘ '.‘.3.'.7.'2% relorebinnt > 1’3“&_&&
czrr-a.;t. S"G‘J’ m ‘.’ u- r.,r." ‘.(.’
3(«.“&/ rnecreas i

Aestb, offluce clus leced Afoca /I"e/)
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zUSGS . Contac

science for a changing world d Search

Today's Ma 24-Hour Aftershock Forecast Map

What Is This Map? Forecast for 06/09/2008 05:30 AM PDT
How Do We Make This through 6/10/2008 05:30 AM PDT
Map?

What Are Aftershocks.
Foreshocks and
Earthquake Clusters?

How Can | Use This?

Map Archive

These maps are made
with contributions from
ETH-Zurich,
Switzerland, and the
Southern California
Earthquake Center
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http://pasadena.wr.usgs.gov/step/
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the USGS Aftershock Forecast Map project



forecast by Jiancang Zhuang (Japan)
based on ETAS model

Here are the probability forcasts for the 18th day after the mainshock

Expected # Prob. Waiting time quantile (1% 5% 50% 95% 99%)

M>=4.0
M>=4.5
M>=5.0
M>=5.5
M>=6.0

2.17
1.03
0.36
0.12
0.07

0.89
0.64
0.30
0.11
0.07

0.44
0.89
2.40
6.53
10.01

0.004 0.022 0.298 1.296 1.934
0.010 0.048 0.605 2.655 4.061
0.024 0.125 1.677 7.472 11.92
0.058 0.339 4.306 20.08 32.89
0.087 0.460 6.466 31.15 49.15



stress changes from the 12 May, 2008 M=7.9 earthquake
calculated for major faults beneath the Sichuan basin, China
by Tom Parsons and Chen Ji

h. Southeast Chengdu thrust

a.Wenchuan fault: south of mainshock rupture
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Wenchuan earthquake promotes failure on major strike-slip faults,
by Shinji Toda, Jian Lin, Mustapha Meghraoui, and Ross S. Stein

Strike = 229 deg
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from Department for Monitoring and Prediction, CEA
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summary

firstly
a few words about China and about the
2008 Wenchuan earthquake

what did we see before the earthquake



summary

secondly
monitoring and modeling for

forecast/prediction/preparedness

what could be learnt from Wenchuan



summary

thirdly
why some of the worldwide-valid algorithm
falled to indicate the approaching of the
Wenchuan earthquake

Importance of the consideration
of local situations



summary

at last
serving the society within the present limit
of scientific capability

be prepared so as to avoid the
next Wenchuan disaster



earthquakes provided valuable lessons
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appendix: related publications of the lecturer —
just for your reference

Wu, Z. L., Liu, J., Zhu, C. Z., Jiang, C. S. and Huang, F. Q., 2007. Annual
consultation on the likelihood of earthquakes in continental China: Its scientific
and practical merits. Earthquake Research in China, 21: 365~371.

Jiang, C. S. and Wu, Z. L., 2008. Retrospective forecasting test of a statistical
physics model for earthquakes in Sichuan-Yunnan region. Science in China,
Series D: Earth Sciences, 51: 1401~1410.

Zhao, Y. Z. and Wu, Z. L., 2008. Mapping the b-values along the Longmenshan
fault zone before and after the 12 May 2008, Wenchuan, China, MS8.0
earthquake. Nat. Hazards Earth Syst. Sci., 8: 1375~1385.

Jiang, C. S. and Wu, Z. L., 2009. Seismic moment release before the May 12,
2008, Wenchuan earthquake in Sichuan of southwest China. Concurrency
Computat.: Pract. Exper., Wiley InterScience (www.interscience.wiley.com),
DOI: 10.1002/cpe.1522.

Zhao, Y. Z.,Wu, Z. L., Jiang, C. S. and Zhu, C. Z., 2010. Reverse tracing of
precursors applied to the annual earthquake forecast: Retrospective test of the

Annual Consultation in the Sichuan-Yunnan Region of southwest China.
PAGEOPH, 167: DOI 10.1007/s00024-010-0077-1.

Jiang, C. S. and Wu, Z. L., 2010. Pl Forecast for the Sichuan-Yunnan region:
Retrospective test after the May 12, 2008, Wenchuan earthquake. PAGEOPH,
167: DOI 10.1007/s00024-010-0070-8.

Zhao, Y. Z.,Wu, Z. L., Jiang, C. S. and Zhu, C. Z., 2010. Is the deformation rate
of the Longmenshan fault zone really small? Insight from seismic data at the
two-decade time scale. Earth, Planets and Space, 62: in press.



Earthquake Prediction Experiment Site: Design, Performance Evaluation, and Implementation
Working Group NEPTUNE, China Earthquake Administration, 100036 Beijing, China

Presented at the International Symposium on Earthquake Seismology and Earthquake Predictability, July 5-9, 2009, Beijing

4 Introduction

Since the beginning of 2009, the
Department for Earthquake Monitoring and
Prediction of China Earthquake
Administration (CEA) has been organizing
the planning of the Earthquake Prediction
Experiment Site in the southern part of the
Central North-South Seismic Zone.
Working Group ‘National Earthquake
Prediction Test-site with Unified
Networking and Experiment’ (W orking
Group NEPTUNE) has been working on
this planning. This presentation briefly
introduces the planning works and the
strategies for the planning.

Location of the
experiment site, its =

tectonics, and -

seismic activity

Historical background of earthquake
prediction experiment site: what are their
experiences, and what are their lessons?

Lessons of Wenchuan

ERET

A model of earthquake preparation
(left: inter-seismic, right: co-seismic,
Zhang et al., 2009)

COTmER | g

‘Expected anomalies’ (triangles are
scenario observation stations. red: long-
to intermediate-term anomalies expected;
blue: short-term anomalies expected;
green: few anomalies expected )

o Bt

* Ditumaion snemay | L}
®  Flad anomaly X

* Elactio-magrese anamaly

Precursors observed before the
Wenchuan earthquake (Liu et al., 2009)
and its relation with the earthquake
preparation model

Lesson: the importance of the concept
Modeling and Monitoring for
Prediction

Scenario rupture
Expected anomalies

For a certain segment of active fault or
block boundary zone which accommodate
future earthquakes, a ‘scenario rupture’ is
considered to provide different versions of
the earthquake preparation model. Based
on the earthquake preparation scenario,
detection programs and monitoring
systems are designed. The system is to be
oriented at the effective constraint of the
earthquake preparation model, the
effective monitoring of ‘expected’
anomalies, and the effective test of the
forecast/prediction schemes.

Effective constraint
Effective monitoring
Effective testing

Key regions subject to the risk of
strong earthquakes (2006-2020)
and the distribution of tectonic
block boundaries

Scientific problems associated with
the earthquake prediction
experiment site:

How to deploy monitoring systems for
the prediction of a geologically
imminent earthquake?

How to test new technologies
potentially useful for capturing
earthquake precursors?

Playing game
with earthquakes

Considering the usefulness and
uncertainties of intermediate-term medium-
range earthquake forecast, region-specific
models of seismic activity and seismo-
tectonics are considered in the design of
the monitoring and experiment system.
That is to ask:

How long should be the observation?
How far away should be the station?

Statistics from earthquake cases in
China (Jiang et al., 2009)

How many M>6.5 earthquakes
are expected during the experiment?

Earthquake
rate: total - 1
(Left) & 1 o R
background |- [ e
(Right) : :

Earthquake prediction
experiment site as a
big-science device

In the perspective of technology, the
experiment site is treated as a ‘big-science’
device, emphasizing the robustness of the
performance of the system with complex
multi-layer and multi-component structures,
and the sustainable functioning of the
system ensuring the effective ‘close-in
contact’ with earthquakes and ‘standard
testing norms’ of predictive models and

schemes. 7




