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EBrthguake prediction definition
ediate-term middle-range earthquake
OlE! diction algerithms M8 and MSc

=l rst ietrospective tests

-:"-Global Test of M8-MSc
_* Tests in Italy, Vrancea and Armenia
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Wiiatis earthguake priediction?™

ghenited) JrJ esiNationaliResearchiCounciliyPanel on Earthqguake Prediction of the
SOmmittee on Seismology. suggestedt efo Iowmg definition (1976, p.7):

“An arthquake prediction must specifty the
~,<of' magnitude range, the geographical area
WJ aiehr it will eccur, and the time interval

3 which: it will happen with sufficient precision

_fﬂe that (e ultimate success or failure of the
pr,edlctlon can readily be judged. Only by careful
iecording and analysis of failures as well as
suceesses can the eventual success of the total
effort be evaluated and future directions charted.
Moreover, scientists should also assign a
confidence level to each prediction.”
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_e geS o earthquake predictions

SIem-less predlctlon Off eanthguake-prone: areas

Erediclivheitinerandieeationiefianiearnthauake of:
i magnitude

e

Terngorell IeEEs Spatial, in source zone size L

(L Q_l' _erm 10 | Long-range up to 100
-ermedlate term 1 | Middle-range 5-10

"‘.l

— =3
i
=

_—-"-' FShort-term 0.01-0.1 | Narrow 2-3
Immediate 0.001 | Exact 1

* Moreover, the Gutenberg-Richter law suggests limiting
magnitude range of prediction to about one unit. Otherwise, the

statistics would be essentially related to dominating smallest earthquakes.
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, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 1997)

MiSsalgoritarT

IEARIEEd I gteRErmreaithigUakerpredicionmethod was
JESIGNETI DY retroactive analysis of dynamics of seismic
216y ityipreceding| the greatest, magnitude 8.0 or more,
Santhguakes worldwide, hence its name.

JFJJG roetetype (Keilis-Borok and Kossobokov, 1984) and the
‘oniginall version (Keilis-Borok and Kossobokov, 1987) were

~ tested retroactively at 143 points, of which 132 are recorded

_epicenters of earthquakes of magnitude 8.0 or greater from 1857-
1983.

The algorithm is based on a simple physical scheme...
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B Criterion. inithe phase space”

péé.-de Qtace

NE aleprithm VG Uses traditional
description ol a dynamical’ system
adding to a common phase space of
rate (N) and rate differential (L)
dimensionless concentration (Z) and a
characteristic measure of clustering (B).

The algorithm recognizes criterion,
defined by extreme values of the phase
space coordinates, as a vicinity of the
system singularity. When a trajectory
enters the criterion, probability of
extreme event increases to the level
sufficient for its effective provision.
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MEuiclion aimed at magmtude Y/

S AICHONNE aimed ot earthguakes of magnituderiviy
ziricl fzlfejels from the range M,+ = [M,,M,+AM] (where
YR Magnitude scale should refloect the size of
2lithouake sources (accordlngly, MS usually taken for
Ie idermagnitudes, while mb is used for smaller ones).

e

he data permits, we set different M,+ with a step

| ' Overlapping circles, with the diameter
D(M,) = ( exp(Mgy- 5.6)+1 )° in degrees of the Earth
meridian, scan the seismic region under study.
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ViGralgoerithmipereriiance™

e irosoactyaly (Keilis-Boral apel Kossorokoy. LIed) i) e
gdand version oi the algoerithm was applied to
dlct ihe langest earthguakes (with M, ranging from

f’sa 1614.9) In 14 regions.

_:)n putiof 28 predicted in 16% of the space-time
= considered.

= \lodified' versions in 4 regions of lower seismic
activity predicted

all'the 11 largest earthquakes in 26 % of the space-
time considered.
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conle approxmahon predictionimeinee
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igEthn fer reducing the areai ofi alarm (Kessehoekoy, Keilis-Borok, Smith,
S RVESIdEsIgnedr sy elroacveEranalysis olthie detailed regional

r catalog prior to the Eureka earthquake (1980, M=7.2) near

sViendocino inf California, hence its name abbreviated to MSc.

ely, the MSc algorithm outlines such an area of the territory of
Ff pWherne the activity, from the beginning of seismic inverse
ENGCEISCACE recognlzed by the first approximation prediction algorithm
S ‘-' 21g: by M), is continuously high and infrequently drops for a short
e ' & {ime. Such an alternation of activity must have a sufficient temporal

— — and/or spatial span.

== Th_e phenomenon, which is used in the MSc algorithm, might reflect the
second (possibly, shorter-term and, definitely, narrow-range) stage of

the premonitory rise of seismic activity near the incipient source of
main shock.
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The M8-MSc predictiofn for July-December 1988:
Caucasus, M6.5+

The Abdus Salam ICTP

The Spitak (Armenia)

eart e 'v‘v?hg
first tragic

a confirmation of the

_high efficiency of

e Mé-MSc
monitoring achieved
in the real-time
prediction mode.

The results of the
monitoring of the FSU
seismic regions (1986-1990)
were encouraging: 6 out of
[ target large earthquakes
were predicted with an
average probability gain
about 7 (at the first
approximation,

l.e. the M8 stage).

Miramare ¢ 07/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction 11




L ByAiSezZialfthiescomponents necessary. for reproducible
[z J~r meprediction, i.e., an unambiguous;deiinition;of
ter algorlthms and'the data base,

Wwere specifiediin publications

T —— i —

Alejo); Ithm |\/|8 (Keilis- Borok and Kossobokov, 1984, 1987, 1990)
WeS: deS|gned by retroactive analysis of seismic
rJyr Amies preceding the greatest (IM=8)
Aithauakes worldwide, as well as the MSc
= gorlthm for reducing the area of alarm
;' —— -Kossobokov Keilis-Borok, Smith, 1990)

-l—"__--"_

= * The National Earthquake Information Center
- Global Hypocenters Data Base (us GS/NEIC GHDB,
1989) IS sufficiently complete since 1963.

* This allowed a systematic application of M8 and
MSc algorithm since 1985.
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19/09/1985 Mexico Earthguake
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1,‘J. September 1985, M6.1 . 7
Mezico earthquake
and its aftershocks

The Abdus Salam ICTP
Miramare ¢ 07/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction



e 20/10/1986 Kermadek Earthquake
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Outside Test Area, 23/05/1989 Macquarie Earthquake
NOT COUNTED in

the overall statistics
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08/08/1993 Guam Earthquake
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N 09/06/1994 Bolivia Deep Earthguake
NOT COUNTED in
the overall statistics

reat Deep Bolivia
: ake did occur
e January 10,
magnltude 6.9, 09 June 1994, MB. E

Bolivia Deep Earthquake ,
and its aftershocks

= :-" 1595 km earthquake
= .-—-:at—:cﬁtance of about 250
e km.

The previous earthquake
that deep happened here
in 1963.

Py = BTy @y By
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. 04/10/1994 Shikotan Earthquake
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Shikotan, 1994/10/04, M=8.3

04 October 1994, M3 3
Shikotan earthquake
and its aftershocks
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e 07/04/1995 Samoa Earthguake

EET
18P TPCPY % ool o Y O I .
T AT PR E
i} gcﬁil *ﬂ- L] ':::u; K o . . -k & I-;::‘
Cl-aa? IRREESEN SN S ﬁaﬁf“_ | P,
5 a0 o5 =0 as 00
Sarmoa 1995/04/07, M=8.1 —»
1
10°5 10°5 " Aﬁ&ﬁ; hﬁm?Fﬁ_T
= ————'—_—- » N2z jlo-l‘w =
.-:E'_'_- 1 i | _;,--“"' 'P-"-':"'-:.ra-c"':"- e r‘rl: |
: s L “ﬂ‘hr"‘*”ﬂ T =)
e 07 April 1995, M8.1 8 At Tt
= Samoa earthguake [ A
S o Eaw,
— ahd its aftershocks L2l 47 \m« (4.0, \[/ ;Q'Hnarﬁ«
21 LA o

T
72 wLw‘“Mka T T /%

J
150P 1TOPYY '—;ﬁ

The Abdus Salam ICTP
Miramare ¢ 07/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction




03/12/1995 lturup Earthquake
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Outside Test Area, 25/03/1998 Balleny Sea Earthquake
NOT COUNTED in -
the overall statistics
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N04/06/2000 South Sumatera Earthguake
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Earthquake and its
aftershocks
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history of the South S_uzrpat-era_,__
- Earthquake
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Seismic events that big
were reported in the
|-Indian‘Ocean subduction
zones only twice in the
20t century:

These are

the 1941 Andaman,
Ms8.1 and

the 1977 Sumbawa,
Ms8.0 earthquakes.

This implies local
1 probability gain
of more than 20
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SNEEEREEINEERN. 26/01/2001 Gujarat, India earthquake
NOT COUNTED in
the overall statistics

-~ The 26 Jan 2001 Gujarat,
India earthquake is just
outside the area, where
the NEIC data permits to
run the original version of
the M8 algorithm. Note
that one of the circles,
nearest to the epicenter
of the 2001 Gujarat
CE U VELCRVEER RS EIE

SN : of alarm, although the

e

2001/01/26, iBJD . ; -
™ Gujarat mﬁ?ﬂ;quak& > @D MSc predicts an opposite

7 andityAftershocks T side of it as the most
J .rfflf‘.ll 460 TIF imlil ?‘.’I‘II‘IFI/1/1.\“' dangerOUS area

-
rd
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This earthquake is
the first failure-to-
predict in M8-MS¢

testing aimed at
magnitude 8.0+.
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4/411/2001 QINGHAI, CHINA earthquake

| I No earthqguake of SUCHNIEGNIUCENEANEET
g Ever reportedNnSItECl#233 hefore the 2001
"'l. F 3
’ QInghareartiguake:

[ s
IeNargest one imrtne 201 CeEntury has

magnitude MS=7.91and happened on
November 08, 1997 four months after
declaration of the M8 alarm in our Test. (The
next largest magnitude is 7.3.)

A conservative estimation of probability gain
IS about 20, so that the prediction IS not
trivial indeed.

The nearest magnitude 8.0+ earthquake
happened on November 18, 1951 near Lhasa,
Xizang (Tibet) 375 miles (600 km) south of the
November 14, 2001 epicenter.
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Time, years

The M8.0+ S
alarms in ===
el 1985-1999. o

1990 1995 Bpems, rogel
>

Time, years
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Anrexample of false_alarm in CI’s ## 156-157

—

—

The TIP in these
Circles of Investigation
lasted for 6.5 years
from 1989 to the
middle of 1995.

No magnitude 8.0 or
larger earthquake
occurred.
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25/09/2003 19:50:06 ttc HOKKAIDO, JAPAN REGION earthquake
— ﬁ!_‘

Thisiis the second failure-to-predict
rgestiearthquakesiin

course the Global real-time prediction

experiment aimed at M8.0+ events.

Can we exclude a possibility that the
Time of Increases Probability, TIP, in
Cl#64 is related to the occurrence of
25 September 2003 great quake?

The analysis at a shorter-term lower-

maghnitude scales [shebalin, Keilis-Borok, Zaliapin,
Uyeda, Nagao, Tsybin, 2003. Short-term Premonitory Rise of
the Earthquake Correlation Range. In [IUGG2003, June 30 —

July 11, 2003 ] suggests that, perhaps,

Cl# 84 71p as on July 1, 2003 we can not.

The Abdus Salam ICTP
Miramare ¢ 07/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction 31




Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2006 (subject to update on July 1, 2006)

ot enictoh TON S
06/05/03 Mw8.1 (Me8.3)
| earthquake F 5

- Indicates no ncreased probability
- indicates increased probability

- Indicates reduction of the alarm area
by the ‘-ﬂSa algorithim
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ion of the werld largest earthguakes
LR aamtoseritin://wwwaphysiualber e ITeTe it ) w—

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2007 (subject to update on July 1, 2007)

45° 0° 135° 180° 135° 0°
ST

.ﬁq.-;_s._|e.r.'.a_-:g.-=aaigc.-_-!-,.- ol Setenicss e . - indicates no increased probabilivy
[nternational institute of
_Earthquake Prediction Theory
and Mathematical Geophysics - indicates reduction of the alarm area
Fod o Kogsoboknl VG (unlodyagdiming 1 by the MSc algarithm
o |

- indicates increased probability

-

90° 3 180" 135° 90°
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_ . M8-MSc prediction:
Cls ## 18, 21, 22: TIPs until 2007/07/01 iR RTP prediction:

TIRs until 2007/07/01 in Target - M7.2,0r larger
Date: 2007/04/01 Circles of Investigation The two chainls of alarm

T_ime: 20:39:56 g ## 80-82 reducedto
LatltUde: 8481 N (V1. Keilis-Barok & P.N. Shebalin

ngitude: 156.978 E ) “Experimentin prospective earthquake prediction using RTP”
http://waww.igpp.ucla.edu/prediction/rtp/RTP 10a_confirmed.pdf,
Depth, 10 i {5 gpp P P _ p

_ hitp:/www.igpp Licka.edu/prediction/rtp/RTP10a_confirmed1.pdf)
nitude: 8.1 | ’

2006/11/15 11:14:13
6.5mb 7.8Ms

M8-MSc Prediction aimed at M8.0+ / (8.3MWHRYV, 7.9MWGS)
& the epicenters of 01 April 2007 and its first aftershocks
. b , U.S. GEOLOGICAL SURVEY NEIC/WDCS-D
main shock and its first aftershocks MONTHLY AND QUICK EPICENTER DETERMINATIONS (NO. 7-016, JAN 16, 2007)
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SAlEtIm 'ﬁh‘tion of the werld largest earthguakes

( A UENRe LR WAV S LAl ES

-\.El

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2007 (subject to update on January 1, 2008)

135° 180° 135° 90°

=
fr

3 F‘IJu'!aIul‘ .ﬁ:.aulam-.- o1 5 -&rc:e

.-Intnmatlnnal institute. nf

/ Earthquak& Prediction Thnury

g and Mathemﬂtu:al Gﬂuphysacs
Ko isubokol ¥l [iniodyagimitef

- indicates no increazed probability
- indicates increased probability

- indicates reduction of the alarm anea

by the MSc algorithim
e

135° 180° 135°
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jon of the werld'largest earthquak’es

itesreRhttnsWwwaphys: ualbemm@g ) ——
&

vy

Fa|Iure-_ [ tedlct thev15 AUG 2007, M8.0 earthquake:

2007/09/12 Ms8.5 and Ms8.1
earthquakes and their aftershocks
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Real-timeNpnediction of the world largest earthguakes

N

Ny AvanEmitpLill or hittp:/Mww. phys.Ualberta. calmimersSinil )

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2009 (subject to update on January 1, 2010)

e
135"

18

0° 115 90° 45°

Cls ## 1-2: TIPs until 2010/07/01 600

30°
I:]':'
30"
- indicates no increased probability Ey
= indicates increased probability y F-UO
T - indicates reduction of the alarm area pj{;' :
by the MSc algorithim
2009/09/29 17:48:10 UTC = =
0 no -0 0 A0
Ms=8.1 MwGS=8.0 135 180 135 90 45
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e "e?m-two types-of failures-to=predict

AN IENIVE! J\JJQ’ earthquakes that were not predicted |r‘}.%(§€!the Global Test
are elther in the areatofithe scoring nextrtorcrtical or

chiain of correlated earthquakes connected with M8-MSc prediction.

— —

Jieict thei2 JON 2001, M8.2 earthquake: = 25/09/2003 15:50:08 b6 HOKKAIDO, JAR

earthquake and its’

rea of thsM&” scores next to the critical, @
WL stead” of the reqmred 4:6; 1 'h- .

Cl # 64: TIP until 2006/07/01
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= | e

N raWiE B erGrmance of garthguake prediction
ZlgEtlams: VI8 and MB-MSc:, Vagnitueers: D ass

Large earthguakes Measuire: of
Siotal " Predicted by [ alarms, o6
M8 M8-MSc | M8 M8-MSc

Confidence
levelr %

M8 M8-MSe

18 13 10 |32.x16.x
Che 16 11 8 |29, 14.

e el O
L =
=3

~ | present

99.5: 99.55

99.: 99.s

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

To drive the achieved confidence level below 95%, the Test
should encounter eight failures-to-predict in a row.
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resan, A., and Panza, G.F., 2001. Stabilizing
guake predictions, Preprint, IC/2001/168, The
eoretical Physics. ICTP, Trieste, Italy, 20 p.

. Panza, and A. Peresan. Stabilizing

guake predictions. J. Seismology Earthquake

M8S algorithm

T J,_.&é““ leme for the spatial stabilization of the M8
=olediction makes use of the natural heterogeneity of
~—é’a*rthquake distribution and eliminates subjectivity in the

- pesitiening areas of investigation.

Inraddition to that M8S guaranties stability of diagnosis,
nence its name.
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ANEiTpified desehiption efithedVBs
Ellefarlicler] 1S 215 dalloyysi

Cosisicsr e lerritory coverearvy data
iTeMZeIveEn cataleoguerandiexciide
fre bar—c‘ PiraPEUT OrSR=AT ORI AEAr IS
pelREaR, Where R s the radius of
C Jrfléw loftinvestigation.

sanithe ternitory with smaller circles
rJJJt duted over a fine grid and find
llNocal seismically active places,
: %eplng the grid points with the
::"'l-average annual rate of seismic
= activity, In the small circle, above a
certain threshold.

Exclude the grid points, where the data is insufficient for
application of M8 algorithm in the circles of investigation
centered on them. Then remove isolated grid points and
pairs of points.
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ey

e Apply V8 algerithm using the
cliclssgie ivestigation centered
Of] gzlef of the remaining grid
9OJILE
SEIIGVETNETCINCIESTTNISTALETC
ale fimrcentered on the grid points
iiEiReeIeL satisty the following

Juj ening condition:

= iie overwhelming majority of
= e C|rcles of Investigation,
-—:c:entered on the neighboring grid

poInts that remain in the analysis,

are In state of alarm.

(The overwhelming majority is defined

by 75% of the remaining neighboring
grid points from a 3x3-grid square.)
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Trls adjlil.stable parameters of the
M8S.algorithm*

2Flne gr]d- |Zex Setterthelineardimension of the target
garthiguake source length.
Padius g smaller circles: Set to 28 km (may differ from
rc gionIte region depending on the earthquake catalog

- Depends on a catalog avallable
The “everwhelming majority” threshold: Set to 75%.
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- The targetingﬂ@mnragnitude earthquakes at regional scales may,
2guire application’ol a recently propesed scheme for'the f_patial

S
Siclizziien efithe intermediate-term middle-range ictions. e

SEhHEme guarantees a morejobjective and reliable diagnosis of times
GINEIEASEd probability andiis IEssirestrictive to Input seismic data.

e

2004.02.23{ 55 Lo
| 9 %“_ﬁ_‘%ﬁ;ﬁ a5

The M8Siwas designed originally
to improve reliability of predictions made by the modified versions of the M8
algorithm: applicable in the areas of deficient earthquake data available.
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1985-2003. ™

H“M—_Reduction
otal” " vig/mss M8 M8S factor
90 75 1.2

: _:?'tern Asia 2 39 22 1.8

, _'tka — Japan -
Bonnin Isls 38 29 1.3

Aleutians - Alaska 14 2.0
~ Western U.S. 6 1.5

Central America 14 3.5

Southern America 0 29 4.8
Total score: 11 7/6 38 1.5
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wRe/establlshmg \Vike] monltormg in the

% \Vran e@%\k Jofleln Iﬁé\stagda d'yersion ofV8
algorithn; épp =dito ROMPIUIS ¢atal g: M7.0+
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BRERESZblishing M8 moenitoring, in :
Armenia and adjacent areas,

g Em 10
a0

A T e

cF
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S

NSSPIcatalog, 1962-2006:

-

e
-
=1

FEGlERcy Viagnitude vs Time
clizigjreles

~ o R
= — - -r. --
gei— —
e m — w

-

-
Q

Number

-

0 .
19862 1966 1970 1974 1978 1982 19886 1990 1994 1998 2002 2006

Year
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NSSP catalog;1962-2006:

|
=1 ; o . ;
- Inter-event time (individual and 10 per moving average) VEIrsus Time
_:1-.-|
4 1711882 1/1/1972 1/1/1882 11171982 1/1/2002 Date
@ | oo : .
B | 10 R e e i o eatl Lt b sadel ens gt e gl Rt e e
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NSSE catalog, 1962-20006:

TR jm—.

UilikeERie decline of seismic observations in other former Soviet
%ouoﬂc the regional seismic network off Armenia has managed to
overro WEthe handships keeping reliable reports on every magnitude 3
:arrnc ke the region. A comprehensive analysis of the earthquake
Rezliciosavailable from Armenia and neighboring countries results a
S CONC clbision: on: feasibility to re-establish: monitoring intermediate-term
_:*‘Em_iddle range precursory changes of seismic activity at least inside the
— territory. between 42-48°N and 38-42°E. The data available is suitable
~ fermonitoring the times of increased probability of strong (magnitude
6.0-6.9) and major (magnitude 7.0-7.9) earthquakes in the region by

means of the intermediate-term earthquake prediction algorithm MS.

The experiment did start anew from January 2007.
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26/12/2004 Mw9.3 Great Asian mega earthquake

100E
Earthquakes

M agnitude

100E
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Was it predicted 2. —

REEENIES: The manuscript GJI=04=04'98 - Temporal changes in the
CLifg)! JI’T s |ece-W|se gradlent of a varlant of the Gutenberg-Richter

ralzitlonsnl oy cileligal ahce of'ext arevents = by i Catchman;
=PI Grgan, and . Aspmall Was submltted to' Geophysical Journal
Jnmmfmo three weeks In advance the 26' December 2004 Indian

Oceell lsaster concluding the imminence of a mega-earthquake from the

JI0.0_;_:]-'@ analysis...

— Latchman et al., 2007, Earth Science Reviews /

e

e hittp://dx.doi.org/10.1016/j.earscirev.2007.11.004

e e T —
i O e
et T o —- =
L, ——
e — _—

mi—

— The manuscript - Does the Earth show up an impending mega-
' earthquake? — by L.L. Romashkova
http://ru.arxiv.org/ftp/physics/papers/0703/0703241.pdf

confirms the conclusion and enhances the description of global activation
of seismic activity in advance 26 December 2004 at the level of statistical
perfection of the arguments.
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Lﬁ
Wasiitipredicted in the Test.eifVieZ.

Y 'I-d-'

INO; NOWEVET...

Jr on Ju y 1, 002" Someone had been suiticiently
mbitieus; te extend application of the M&
orlthm Into the uncalibrated magnitude range
-getlng M9.0+ earthquakes, he or she would
3 ave diagnosed Time of Increased Probability in

~— dvance ofi the 2004 Great Asian Quake.

:1' In the on- going Global Testing of M8-MSc
- predictions aimed at M8.0+ events, It was a case

of ONe not being able to see the forest
for the trees.
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26/12/2004 Mw9.3 Great Asian mega-thrust earthquake
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—
FSisonclusions: — —

Uyl \/\/JFJ Coniierence on DisasterReduction, Special Session on the Indian
Oceanibisaster, 20 January 2005, Kobe (JAPAN)

IR i —

her ecember 20 event happened to be the first

Jmn sationi that the algorithm, designed for
srediction of M8.0+ earthquakes can be rescaled

o grediction of mega-earthquakes of M9.0+.

BN(iihe algorithm efficiency in prediction of smaller magnitude
-.-_;.=~_+—-'~ , e.g., M7.5+ worldwide, M5.5+ in ltaly has been proved by

-gTﬂwmg statistics of the on- going real-time experimental testing.)
“** The event is not full verification, but it is very
important for general understandlng of our

meth OdOlOgy (Ke///s Borok, V.1I., and A.A. Soloviev (Ediitors). Nonlinear
Dynamics of the Lithosphere and Earthguake Prediction. Springer, Heidelberg,

2002') and the Problem of Earthquake Prediction.
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Location :‘h Date UTC Magnitude Latitude Longitude

atka 4-Nov-1952 9.0 5276N  160.06 E
ds, Alaska 9-Mar-1957 94+ 5156 N 17539W

, ~ 22.May-1960 95 38.24S  73.05W

e William Sound, Alaska 28-Mar-1964 9.2 61.02N  147.65W

= 9.3 3.30N 95.78 E

IMENEIEVant observation:

All four mega-earthquakes

of the 20th century
happened within a narrow
interval of time. Such a
cluster is unlikely with a
99% confidence for
uniformly distributed
independent events.
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- .
ISICONCIUSIONS: e
ROSSOPKOV, 2005. 26 December 2004' Greatest Asian Quake: When to‘&"pect the next one ?
UNWVEId Conference on Disaster Reduction, Special Session
gistiENdian Ocean Disastelr, 20 Januan/ 2005, Kebe (JAPAN)

1
=

BSilce good evidence suggests that
B mega-earthquakes as other seismic

== events cluster, it is likely that we

-

= shall evidence further confirmations
~ of the prediction within 5-10 years.
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Irn E
’. f

e extent of the M9.0%+ alerts in space and
LINENSieUERpeYeKIREINEEIWaSI0RE
glUSter off them inr 1984=-1989 around western
Wiediterranean (compact union of eight out of the 262
NCIe) and another one in 1994-1999 around
Ptiie Cascadia subduction zone (compact union of

S the five Cl's off coast of the western U.S.).

- e

Neither of these produced an M9.0+ event.

e
= - —

' The extent of precursory seismic mega-activation
remains widespread globally, although it has
decreased

from 126 CI’s in 2004 to 47 CI’s today.
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urther*eenfirmations expected:
INSEPIEMber 2007, M8:5 eanthguake

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2007 (subject to update on January 1, 2008)

90° 135° 180° 135° 90° 3

}

-F‘Ju'!ql r.ﬁ:.aulam-.-ﬂ i -&rc:e

.-Intnmatlnnal institute. nf
/ Earthquak& Prediction Thnury
g and Mathemﬂtu:al Geophysics
: ] l"l'.‘l- bt. I.- hL'CILILL L.t-:ll'p'l.l |

- indicates no increazed probability
- indicates increased probability

- indicates reduction of the alarm anea
by the MSc algorithim
e
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sonfirmations expect
2007, M&r5 earthgUake

95E 100E

!
R

2007/09/12 Ms8.5 and Ms8.1
earthquakes and their aftershocks

95E 100E
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urth e'l"%ienfirmations expected:
ber 2007_,, VIG% 5 earthqua'ke

——

}Prellmlnary Result of
the ' Sep 12, 2007
Sumatra’Earthquake

Chen Ji, UCSB

98" 100° 102° 104° 106°
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SBIICIUSIONS=—NIE FoUR PEradigms

IR i —

Slellis Hcal vaI|d|ty of predlctlons confirms the
L erlymg palradigms:

2 5 -|sm|c premonltory patterns exist;

= ormatlon of earthquake precursors at scale of
| i?f-?years Involves large size fault system;

s [The phenomena are similar in a wide range of
tectonic environment...

. and In other complex non-linear systems.

T
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O olnllc
of the UG

rom natural disasters continue to increase mainly due
 Jack of knowledge and poor understanding by
|f|c community, as well as by decision makers and
ple, the three components of Risk, i.e.,

Hazard, Exposure, and Vulnerability.

-—Cgﬁtiémporary Science (Geophysics and Seismology, In
~particular) is responsible for not coping with the challenging
changes of Exposures and their Vulnerabllity inflicted by
growing population, its concentration, etc., which result in
the observed steady increase of social Losses due to Natural
Hazards. Scientists owe to the Society for lack of knowledge,

education, and communication...
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