The Abdus Salam

THOs

International Centre for Theoretical Physics (&)
‘s‘_'_e
5%
g
er
SMR.1676 - 52

8th Workshop on Non-Linear Dynamics
and Earthquake Prediction

3 - 15 October, 2005

Real-time Prediction of Earthquakes:
State-of-the-art and Perspectives

Vladimir G. Kossobokov
Russian Academy of Sciences
International Inst. of Earthquake Prediction Theory and
Matematical Geophysics
Warshavskoye Sh. 79. Kor2
117556 Moscow
Russia

These are preliminary lecture notes, intended only for distribution to participants

Strada Costiera | |, 34014 Trieste, ltaly - Tel. +39 040 2240 |1 |; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



e predictiontor earthguiekess
Le-of—t_he?art and Berspectives

INSTITUTDEPHYSIQU ---I ‘- | V = KOSSO bo kOV1 ’2

DU GLOBE DE PARIS

International Institute of Earthquake Prediction Theory and Mathematical Geophysics,
Russian Academy of Sciences,
79-2 Warshavskoye Shosse, Moscow 113556, Russian Federation

Institute de Physique du Globe de Paris,
4 Place Jussieu, 75252 Paris, Cedex 05, France

E-mail: or

The Abdus Salam ICTP
Miramare ¢ 13/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




Areas where the epicerters

Ter-m -less,
aﬁ"proxmatlon-

e The 73 D-intersections of:
morphostructural lineaments in
California and' Nevada
determined by Gelfand et al.

H;c;ur Mine i (1976) as earthquake-prone for

Big Bear SRk E

L & @4 Landers D | magnitude 6.5+ events. Since

Horthridge i

W . 1976 fourteen magnitude 6.5+
P o5thquakes occurred, all in a
RN narrow vicinity of the D-
intersections
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0/ 999 Heétor Mine, CA

S7.4'earthguake

. L L — e

L ap I)J‘JA ationg  I'he M8 algorithm in
CJFCJdJ of m estlgatlon centered at the 73 D-
Iritarsaetlo; fsiend run on July 1, 1999
cletSnlin éd alarms in two of them.

=
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& SEeond approximation: The MSc algorithm

= Harrewed the prediction to a location between

~ 34.68N-33.82N and 117.23W-116.17W, where
the epicenter of the Hector Mine earthquake
and most of its aftershocks occurred on

October 16.
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sealtimenprediction ofi the werld largest earthquakes

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2005 (subject to update on January 1, 2006)
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Although the M8-MSc predictions are

—
—

-

et

intermediate-term middle-range and
by no means imply any "red alert",
some colleagues have expressed a
legitimate concern about maintaining
necessary confidentiality. Therefore,
the up-to-date predictions are not
shown here, although available on
web-pages of restricted access
provided to about 150 members of
the Mailing List.
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Regions of Increased Probability of Magnitude 7.5+ Earthquakes

as on July 1, 2005 (subject to update on January 1, 2006)
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azed probability

- ry
and Ma!hemnt:ual -Gaophg_rsm: - - indicates reduction of the alarm area

by the MSe algorithm
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S——TA Uﬂm\éﬁformance effearnthguake prediction s
AlEprithims,Vi8.and M8-MSc: MagnituderCii S

=
| Large CafthgUakes Measurerels | Confidence
- | Tota Dicellgicie) 1) dIdifiis; 7o evel, 7o
& | M8 MB-MSc | M8 M8-MSc | M8 M8-MSc
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t = 17 9 7 33..:17.14 [99.: 99.0

39- 9 7 5 28.214.5; |99.6c 99.s

I present

The significance level estimates use the most conservative measure of the
alarm volume accounting for empirical distribution of epicenters.

o drive the achieved confidence level below 95%, the Test should
encounter four failures-to-predict in a row.
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-~ W Uﬂm\éﬁformance effealithguake: prediciion™
SIS msaVIBiand M8-MSc: Magnitlide@aionmorc s
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The significance level estimates use the most conservative measure of the

alarm volume accounting for empirical distribution of epicenters.

The prediction for M7.5+ is less effective than for M8.0+. Nevertheless, we
continue testing the algorithms for this and smaller magnitude ranges.
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Usions = The FouRParatigiemes

Wmmﬁrmﬁe-uﬁdeﬂymg

3m; premonltory Patterns; exist;

FOrl Jation’ of earthguake precursors at scale of years
Ve Ves large size fault system;

FfThe ‘phenomena are similar in a wide range of tectonic

-~ éenvironment...
.. and in other complex non-linear systems.
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SIEGRAB06-20 sequenceps

-

HEoimma-Repeater 1806-20 s the source in
‘| Jkﬁ aiflis, firem Which more thania hundred X-ray

thns have pbeen detected. Its location on the
(1806 =20/ refier to celestial coordinates: 18 hours 06 minutes right

O U) 'ﬁi
(— (_l

'U 2
';l"“._

— _f;en5|on -20i degrees declination) IS Near the Galactic
“center, which is 25,000 light years away.

The energy of one burst varies from 1.4:10%% erg to
5.3:10% erg (the largest earthquakes release about

1025 erg).

'('IS
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SO general featiesps S

-

AN IntEmental property. of multiple fracturing is the
pOEElawidistribution of energy.  log,,ME) = & +
Jlde)ija

(Gutenberg-Richter relation)

EMERGY (erg)
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e
Symptoms ofi transitionio: thg.-

.

- main rupture

. Escalation of fracturing
lasting nearly: 1000 days and
culminated with the largest
starguake on November 16

e [he power-law increase of
activity, e.g. Benioff strain
release ¢(t), with a possible
trace of the four log-periodic
oscillations.
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Eia

SGR 12806820
T 1983 8:34:39 AM 51710 erg

® Pattern X ~ £2/3

Borok & Malinovskaya, 1964

® Pattern B Keilis-
Borok, Knopoff & Rotwain, 1980

e M8 algorithm

Keilis-Borok & Kossobokov, 1990
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L Similarity of starquakes ands
muakes

— Omori power-law

;__St;':irquakes evidence drastic expansion of the Realm of:
Multiple Fracturing previously observed from the lithosphere
ofi the Earth to laboratory samples

IKGEEBBRBVIKEis Borok & Cheng, 2000
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eVt Explainsuch similarty? =

IERSINPIESE anSWEN IS —
SVNILRIE fracturing reflects scenarios of: critical
biensition, common for a broader class of non-
INEZIFSYStems

e

—

e

— als and Chaos in Geophysics.

lov, & Turcotte, editors. 1994.
Nonlinear Dynamics and
of Geophysical Phenomena.
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One example from ENESOTT Tibet™

J. Elotnicki et al. £ Tectonophysics 334 (2004 ) 259-270

T e An ULF
2 5 G‘“MZ’ZEW - electromagnetic
signal around 21
July 1995, M5.7,
Yong Deng (China)

earthguake

Lafitude(®, North) Wm%
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S— SCHEMatic representation o

e electromagnetlc stau@n-eel?'Sbng Shan®

2 ! Tectonophvsics 334 (2001 ) 259-270

® Two independent, 110
S and 250 m long, lines

Teﬂmc lines

\
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S ErEqUERGYAlime diagrams for the NS 250umiline
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Time to EQ, days

Time since EQ, days

f<=The sig

Sl
, ——
co)llzlerse

The Yong Deng earthquake has occurred in a
near vicinity of electromagnetic
observations at the time when the
characteristic ULF and/or its exponential
show decrease, on the component
pointing at epicenter.

The start of the ULF decrease was
accompanied with a seismic activation of
associate segment of Haiyuan fault
system.

The collapse of the characteristic ULF
happened just before the Yong Deng
aftershocks vanished exponentially.
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Seismic
Roulette

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 1, 20017)
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indicates redudion ofthe alam area
srithem
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IOnS — Selsmlc RoUleHENS o
= — perfect

WIESE PIedICtions USertl?
3 hused N a knowledgeable way.
raccuracy IS already enough for undertaking

(1
U 2
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&Dh |(\|\ ‘—\—
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{

rthguake preparedness measures, which would

fevent a considerable part of damage and human
Ioss dlthough far from the total.

~ e The methodology linking prediction with disaster
Management strategies does exist (Moichan, 1997).
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SO i
IR onRorSecretary-General’'s,Annual Report onﬂeﬂﬂ the OI‘M

S NN Etibns) 1999 - A/54/1 -

"Wore effective prevepiion siraiegieswaiild save noianltyiemsgf oillioptofdallams o
save tens o ’7’ \ousdnds of Lives, fipds kel Soeni o inigryapiian did kgligf ol
be deyoted to 0 e e couiiablerand susiaimable developmient mstead, whiclh would
N (IR IV Ao Or - Wi anid. disasier: Building a culture of prevention i 1ol
NI NICR) IEACOS 1500 prevention liave to. be paid.in. the present, its-benefits lie ind
dliy r'n}z;r'; SVoyeovers e benefits are not tangible; they are the disasters that did

Ehe’:conseq tiences of the recent disasters (26 pec 2004 indian
e Ocean eartriguake and tsunami, hurricanes Katrina and Rita, 8 Oct 2005

" Muzafiarabad, Pakistan earthquake) have risen the understanding
of the necessity to pay forward for mitigation of the
catastrophes.
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“QIJ\, SIONS — Impllcatlons fo:..Phy Jgs,.

NNENTEdichionsiprovidENEliableempircaliconsiiains

for rrleelSigle earthquakes and earthquake Seguences:.

5 Eyicle) celthat distributed: seismic activity is a problem
Ir) St jrstlcal PhYSICS.

SRREVOIFtiE Nypothesis that earthguakes follow a
= general hierarchical process that proceeds via a
= Saquence of inverse cascades to produce self-similar
~ scaling (/ntermediate asymptotic), which then
truncates at the largest scales bursting into direct
cascades (Gabrielov, Newman, Turcotte, 1999).
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Whatiare thengrﬁéps?'

| GetHEIEEMEItERGRIIMBINGRURIGUE (N,
2rie-Jones “probabilistic” version of M8, etc. ) e accurac

olidNBE Improved by a systematlc monitoring of the
2l

glifiiareastand by designing a new generation of

ahtngtiake prediction technique (Seismic Reversal” - SR,
:_E C ‘Accord, RTP, etc.).

> and an obvious general one -

f More data should be analyzed systematically to

~—establish reliable correlations between the occurrence
of extreme events and observable phenomena.

J
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