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filiquake prediction definition
Bfmediate-term middle-range earthquake

Jediction algorithms M8 and MSc
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- ¢ Global Test of M8-MSc
* Tests in ltaly, Vrancea region, and Armenia
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—_——
at Is earthquake prediction?”

e =

i - arthquake Prediction of the
e on elsmology suggested the oIIowmg definition (1976, p.7):

artwquake prediction must specify the
vected magnitude range, the geographical area
| m which 1t will occur, and the time interval
Within which it will happen with sufficient precision

_-_--_._.-++-»1¢ ‘that the ultimate success or failure of the
""—-prEdICtlon can readily be judged. Only by careful
= recording and analysis of failures as well as
- successes 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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ges of earthquake prediction-

~Term- Iess predlctlon of earthquake prone areas

— ycation of an earthquake of
‘ertain magnltude

,in years Spatial, in source zone size L

T

I -term 10 | Long-range up to 100

&}

-'-'_“ rmedlate term 1 | Middle-range 5-10

—

—FShortterm 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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ry, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 1997)

M8-algorithm™

armediate-term earthquake prediction method was

signed by retroactive analysis of dynamics of seismic
cti |ty preceding the greatest, magnitude 8.0 or more,
r _hquakes worldwide, hence its name.

= _5":; (Keilis Borok and Kossobokov, 1984) and the

il
—

f—__;i—— - 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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Criterion in the phase space

Pé‘;de Qtace

he algorithm M8 uses traditional
description of 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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diction aimed at magnitude M,

. aimed at'earthquakes of magnitude M,
larger from the range My+ = [M,,M,+AM] (where
' 1). Magnitude scale should refloect the size of
quake sources (accordlngly, MS usually taken for
[ger magnitudes, while mb is used for smaller ones).

, }: ie data permits, we set different M+ with a step

==l

- i -

j° ‘Overlapping circles, with the diameter
D(M,) = ( exp(M,- 5.6)+1 )° in degrees of the Earth
meridian, Scan the seismic region under study.
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M8-algorithm-performance

ilis-Borok-and Kossobokov, 1990) the
dard version of the algorlthm was applied to
dlct the largest earthquakes (with M, ranging from
O to 4.9) in 14 regions.

= out of 28 predicted in 16% of the space-time

—_--.-_ ~ considered.

= e

—.':-_'-: ~Modified 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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fithm for reducing the area of alarm (Kossobokov, Keilis-Borok, Smith,
)was designed by retroactive analysis of the detailed regional
Smic catalog prior to the Eureka earthquake (1980, M=7.2) near
pe Mendocino in California, hence its name abbreviated to MSc.

alitatively, the MSc algorithm outlines such an area of the territory of
= alarm where the activity, from the beginning of seismic inverse
f-%ascade recognlzed by the first approximation prediction algorithm
'_(e g. by M8), is continuously high and infrequently drops for a short
~  time. Such an alternation of activity must have a sufficient temporal
and/or spatial span.

The 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 Spitak (Armenia)
ea ke wa
first tragic
confirmation of the
high efficiency of
| the M8-MSc
monitoring achieved
in the real-time
prediction mode.

Wy, S The results of the
hooYT | | | monitoring of the FSU
1988A2/07 S0 |

147

5 ‘ seismic regions (1986-1990)
\ 0.8

h were encouraging: 6 out of
\/\/\/\// 4 7 target large earthquakes

W i SO A At O R T were predicted with an

o o hil average probability gain
The M8-MSc prediction for July-December 1988: about 7 (at the first

Caucasus, M6.5+ | approximation,
| i.e. the M8 stage).
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By 1992 all the components necessary for reproducible
Ime prediction, i.e., an unambiguous definition of

the algorithms and the data base,

were specified in publications

orithm M8 (Keilis-Borok and Kossobokov, 1984, 1987, 1990)
deS|gned by retroactive analysis of seismic
ilhamics preceding the greatest (M>8)
rthquakes worldwide, as well as the MSc

- a gorlthm for reducing the area of alarm
== ~(Kossobokov,Keilis-Borok, Smith, 1990)

— < 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 Earthquake
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. 20/10/1986 Kermadek Earthquake
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Outside Test Area,
NOT COUNTED in
the overall statistics

23/05/1989 Macquarie Earthquake
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08/08/1993 Guam Earthquake
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NOT COUNTED in
the overall statistics

cesCHCETICER - 09/06/1994 Bolivia Deep Earthquake

| _p Bolivia
"'_.';-‘io occur after
= 09 J 1994, MB. E
tde une
6 ErecRth 595 Bolivia Deep EEII'th[]UEIk.E"'"
and its aftershocks

—kr :-1;- quake at distance of
‘ ;ﬁbEt"QSO km. 2

~ The previous earthquake that
deep happened here in 1963.

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15




. 04/10/1994 Shikotan Earthquake
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04 October 1994, M3 3
Shikotan earthquake
and its aftershocks
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. 07/04/1995 Samoa Earthquake
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03/12/1995 lturup Earthquake

5

> a L7
E = c.*-;ﬁ‘h.;ﬁ {n% i |¢
- .;:h;. \ %':f’fi-_:_ h} b L
3P E 140°E 150FE 1GIFE 170°E % g geERERNEEr il
5 i -; 1 s o pa -
E i L = l:'-c-a-':l [ ¥ *
r:l ﬁh o - K i A *'-'h i‘:“ﬂ' &
T el | 3 e 1| | ] e a2 S
15 a0 35 oa a5 o
Iturup, 1995/12/03, M=8.0 —»
I o
N1 ol —v+"
50°H =0°H L"“T“{u | —’H‘"”f | -
Nz ] QII
s T
L1 ]
Lt b et T Rias
r B
0°H 40°M Lz
03 December 1995, M8.0 2l | ﬂ,,J.i
kurup earthquake _ T ]
and its aftershocks T 1 |t ST _{
72| " /" )
[TTY ] L4
130PE 140°E 150PE 1BIFE 170°E ™l |
] 1]
[[LE:

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and

Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 20



et d‘ i T P T T ¥ 1T A
ol =h 2l aida b b7 @ [ )
E LM LR IR
a i N B s e
120PE 140°E R E SN E R NN R au
ﬁ T 1 o;.g.?h.f':_:f'ﬁ-ﬂ 'ﬂ-ﬁﬁiﬁi .;.E -:.""
I:'_i : bl = I 4= L I ) 3 * od” I p:
57 b * " & i hel d N
oo , T 10N 5 a0 35 a0 a5 oo
17 February 1996, M3.2 New Guinea, 1996/02/17, M=8.2 —»
b LB New Guinea earthquake
and its aftershocks —
" M’Pﬁ#m (Tt e il N
s —
ME | ).
a o o] o
’ ’ A T T LT e [ L L]
. L1 )w‘!fﬂ’*l‘*“*ﬂlﬂ/mw##””wlc,ﬁ H—-I\T
:_ 3
= L2 wwmrn‘%“’ ST et ]
= 1 |
i0°5 = 1075 71 i ol
; . 22 Lo hd
ﬂ-l,.ﬂ'"‘wr'
130PE 140°E =
; LLQSL ':I
— e | =
a0 35 .

15

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and

Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 21




Outside Test Area, 25/03/1998 Balleny Sea Earthquake
NOT COUNTED in

the overall statistics
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1104/06/2000 South Sumatera Earthquake

E

20°E 100F E TIFE 120PE

Distance, km
a

04 June 2000, M8.0
South Sumatera
Earthquake and its
aftershocks

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 23



- .

S

.ase history of the South ngér_patera___
Earthquake
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91 1992-1994107 | 1994/07-1996/07

S
\‘\ X
= .
* 4
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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
probability gain
of more than 20
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26/01/2001 Gujarat, India earthquake

-~ 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
earthquake was in state

) of alarm, although the

R

I nr_:::f:ini{rblﬂ
L ; i

2001/01/26, iEJIZ]I - . .
™ Gujarat, mﬂ?ﬂ;quak& > %ﬁg MSc predicts an opposite

Tm—

P andityaftershocks Le side of it as the most

Jotw aane vie it iy, dangerous area.

-
d
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This earthquake Is
the first failure-to-
predict in M8-MSc

testing aimed at
magnitude 8.0+.
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14/11/2001 QINGHAI, CHINA earthquake

The Abdus Salam ICTP
Miramare ¢ 30/09/2011

| I No earthquake of suehrmagnitude had-been
J 1[.,.;. . ever reported inside C1#233 before the 2001
L Qinghai earthquake.

M-
The largest one in the 20th century has
magnitude MS= 7.9 and 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+
alarms in
1985-1999.

1005 Bpems, ro,qg

Time, years
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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 uyTc HOKKAIDO, JAPAN REGION earthquake

— —
-

This is the second failure-to-predict
uakes in

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-

magnitude 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 # 64: TIP until 2006/07/01 we can not.

TIP as on July 1, 2003
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2006 (subject to update on July 1, 2006)

Tt 1R 1EEE

06/05/03 Mw8 T (i\/Ie8 c))

earthquake

- Indicates no ncreased probability
- indicates increased probability

- Indicates reduction of the alarm area
by the ‘-ﬂSa algorithim
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I-tim’e"m?ﬂ’fction of the world largest earthquakes

(. ttp://WWW.mitD.ru ) - -

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

/Rilssian Acaddiny of Stences - Indicates no increased probability
[nternational institute of
_Earthquake Prediction Theory
and Mathematical Geophysics - indicates reduction of the alarm area
7 Mossnbeknl Voa ialvarBiit il by the MSc algorithm
i

- indicates increased probability
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on of the

world largest earthquakes

-.( httﬁ://\{vww.mitp.ru
= ——ﬁ___g_—-

Cls ## 18, 21, 22: TIPs until 2007/07/01

Date: 2007/04/01

Time: 20:39:56 §

Latitude: 8.481 N
ngitude: 156.978 E
Depth; 10

nitude: 8.1

M8-MSc Prediction aimed at M8.0+ / -
& the epicenters of 01 April 2007
main shock and its first aftershocks

The Abdus Salam ICTP
Miramare ¢ 30/09/2011

M8-MSc prediction:
Target - M8.0+
TIPs until 2007/07/01 in

Circles of Investigation
## 80-82 reducedto

-.

RTP _prediction:
Target - M7.2,0r larger
The two chains of alarm

(V1. Keilis-Barok & P.N. Shebalin
“Experimentin prospective earthquake prediction using RTP"
http://waww.igpp.ucla.edu/prediction/rtp/RTP 10a_confirmed.pdf,

hitp:/www.igpp Licka.edu/prediction/rtp/RTP10a_confirmed1.pdf)

2006/11/15 11:14:13
6.5mb 7.8Ms
(8.3MWHRYV, 7.9MWGS)
and its first aftershocks

U.S. GECLOGICAL SURVEY NEIC/WDCS-D
MONTHLY AND QUICK EPICENTER DETERMINATIONS (NO. 7-016, JAN 16, 2007)
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lon of the world largest earthquak‘es

2007/09/12 Ms8.5 and Ms8.1
earthquakes and their aftershocks
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arthquakes that were not predicted u%he Global Test
“are either in the area of the scoring next-to-critical or

of correlated earthqual?es connected with M8-MSc prediction.

25/09/2003 19:50:06 ute' HOKKAIDO, JAR
earthquake and its

ea of thsM&’ scores next to the critical, @
<\ stead” of the reqtnred 4:6; 1 'h- .

Cl # 64: TIP until 2006/07/01
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Real-time prediction of the world largest earthquakes
( htt://www.mit.ru)

i ——

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2009 (subject to update on Januar}f 1 2010}

A r\llr.l 93-.'-3

T

Rusian Acsdssmy of Scifices : - Indicates no increased probabifity
International Institute of
Earthquake Prediction Theory

and Mathamatm&l Geophysics - indicates reduction of the alarm area
HemnBiaknl YO, uaii st by the MSc algorithm

= indicates increazed probability

135 90° 45°

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 37




S
ime prediction of the world Iargefé@,aﬂhqualﬁﬁ'i-

( http-r#w_ww.mitp.ru)

Magnitude 8.0 - SAMOA
Cls ## 1-2: TIPs until 2010/07/01 ISLANDS REGION
e 2009 September 29 17:48:10 UTC

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

1 12
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Real-time prediction of the world largest earthquakes

( http.//www.mitp.ru ) _
- .r..__:""' e

——

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

Rugssian Acaseny of Stiences et indicates no increased probability
o International Institute of =~ s ) .
[ T b e e = indicates increased probabilit
! Earthguake Pradiction Theory | I 2 Y
! a.n-::l Ma!hematu:nl Gnuphysacs - indicates reduction of the alarm area
by the MSc algorithim

| =
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Real~tlme predlctlon of the world Iargest__arthquahﬁs_

[ o5 AR e (http [Iwwwemitp. ru)

The 27 February 2010 mega-earthquake
" OFFSHORE MAULE, CHILE has ruptured
the 600-km portion of the South
«Cis #4 162-165: American subduction zone, which was
. TIPs until 2012/07/01 recognized (yellow outline) as capable of
. producing a magnitude M8.0+ event
before mid-2012 in the regular 2010a
Update. The earthquake epicenter
missed the reduced area of alarm (red
outline) diagnosed in the second
approximation by algorithm MSc.

and its first aftershocks

EFFSHORE MAULE, CHILE The failure of MSc algorithm is

somewhat natural, taking into account
the linear extent of the event, which

. & % Is about a half of the area alerted in the
3 first approximation.
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Real-time prediction of the world largest earthquakes

Qllp://www.mitp.ru or http://www.phys.ualberta.ca/mirrors/mit )
—— M—

— g —
o—

——

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2010 (subject to update on January 1, 2011)

- Russlan Acsdsny of Stiences & L - Indicates no increazed probability
International Institute of =
Earthquake Prediction Theory -
‘and Mathematical Geophysics - indicates reduction of the alarm area
by the MSc algorithim
T

= indicates increased probability

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 30/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 41




Worldwid ormance of earthquake prediction
ithms M3 and M8-MSc: Magnitude M8. 0+

Target earthquakes | Measure of | Confidence
Total  Predicted by | alarms,% level, %

M8 M8-MSc | M8 M8-MSc | M8 M8-MSc

19 14 10 33.1616.89 99-96 99-96
17 12 8 30.09 15.04 99-93 99-82

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 nine failures-to-predict in a row.
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tion of the world largest earthquakes
e —

( http.//www.mitp.ru )

March 2011 MWGCMT 9.0 Tohoku mega-thrust —
- the 2011 Great East Japan Earthquake

EAST COAST OF HONSHU, JAPAN

f“}’&?r'

R
!,34 _.!,
%

"®

\ : i{f;
e

2011/03/09 02:45:18 UTC
7.3 MWPGS

The Abdus Salam ICTP
Miramare ¢ 30/09/2011
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 Space-time history of M8-MSc predictions.in

West Pacific .

1985 1990 1995 2000 2005 2010

5

1985 1990 1995 2000 2005 2010
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TEODH3HYECKHE IIPOILJECCHI H BHOC®EPA, 2011, T 10, Ne 2, ¢. 5-21

Mecaszemnempsacenusa npeocxkasyemoi? 21

ARE MEGA EARTHQUAKES PREDICTABLE?

V.G. Kossobokov'”

! International Institute of Earthquake Prediction Theory and Mathematical Geophysics,
Russian Academy of Sciences, Moscow, Russia
* Institut de Physique du Globe de Paris, Paris, France

Abstract. In the course of the ongoing since 1992 Global Test of the intermediate-term middle-range
earthquake forecast/predictions by the algorithms M8 and MSc place and time of each of the mega-
earthquakes of 27 February 2010 in Chile and 11 March 2011 1n Japan were recognized as in state of
increased probability of such events in advance their occurrences. In conjunction with a retrospective
analysis of seismic activity preceding the first of a series of mega earthquakes of the 21st century, 1.e.
26 December 2004 in the Indian Ocean. these evidences give grounds for assuming that the algorithms
of proven validated effectiveness in magnitude ranges M7.5+ and M8.0+ can be applied to predict the
mega-earthquakes as well.

Keywords: earthquake. mega earthquake. forecast, prediction, algorithm, statistical hypothesis testing,
random guessing, confidence level.
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26/12/2004 |\/|W9 3 Great AS|an mega earthquake

3
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Was it predicted?.. .

was. The manuscript GJI-04-0498 - Temporal changes in the
ulative piece-wise gradlent of a variant of the Gutenberg-Richter

n, and the g of extreme events - by J. Latchman,
) rgan, and W. Asplnall was submitted to Geophysical Journal
itional three weeks in advance the 26 December 2004 Indian
A Disaster concluding the imminence of a mega-earthquake from the
al data analysis. ..

Latchman et al., 2007, Earth Science Reviews /
http://dx.doi.org/10.1016/j.earscirev.2007.11.001

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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it predicted in the Test of M82..
No, however...

n July 1, 2004 someone had been sufficiently
bitious to extend application of the M8
Igorlthm Into the uncalibrated magnitude range
argetlng M9.0+ earthquakes, he or she would
_#,_C have diagnosed Time of Increased Probability in
= — advance of the 2004 Great Asian Quake.

= 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

Time (Years)
@ h -1 4] 45
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] L1 1| AT o o oL )
E 1 _\:' =a o :I..v ; s
o ""E ""?q'-lf-l:'-l ..?.u{h_i- ‘::’%t E:"
17 § choam bé ™ 1 ""ﬁt’
0 anﬁ s § = Fﬁ' HE T+ ks
o
-g - L‘___.—-'
§ - LT "f“‘-"- _.u..-i"".
= T e i o T d
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—

pnclusions: — —

Id Conference on Disaster Reduction, Special Session on the Indian
Disaster, 20 January 2005, Kobe (JAPAN)

"December 26 event happened to be the first
ication that the algorithm, designed for
ediction of M8.0+ earthquakes can be rescaled
or prediction of mega-earthquakes of M9.0+.

==(The algorithm efficiency in prediction of smaller magnitude
= earthquakes, e.g., M7.5+ worldwide, M5.5+ in ltaly has been proved by
=~ growing statistics of the on-going real-time experimental testing.)
— * The event is not full verification, but it is very
Important for general understanding of our

meth OdO'Ogy (Ke///Ls‘-Borok, V.1., and A.A. Soloviev (Editors). Nonlinear
Dynamics of the Lithosphere and Earz‘h&uake Prediction. Springer, Herdelberg,

2003 ) and the Problem of Earthquake Prediction.
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Location ‘E‘_‘ Date UTC Magnitude Latitude Longitude
mchatka 4-Nov-1952 9.0 52.76 N 160.06 E

ds, Alaska 9-Mar-1957 94 5156N 17539W

22-May-1960 95 3824S  73.05W

'-_-_ liam Sound, Alaska 28-Mar-1964 9.2 61.02 N 147.65 W

; : 26:Dec-2004 9.3 330N 9578 E

frelevant 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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Top magnitude earthquakes
cluster in time -
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t conclusions on predictability of
nega-earthquakes reported in 2005:

‘Since good evidence suggests that
mega-earthquakes as other seismic
* events cluster, it is likely that we
- shall evidence further confirmations

of the prediction within 5-10 years.”

Kossobokov, V.G., 2005. 26 December 2004 Greatest Asian Quake: When
to expect the next one? Statement at Special Session on the Indian
Ocean Disaster: risk reauction for a safer future. UN World Conference
on Disaster Reduction, 18-22 January 2005, Kobe, Hyogo, JAPAN.

Further confirmations expected...
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e extent of the M9.0+ alerts in space and

Time IS tholtlant bro AAAI herewasone
luster of the M8 TIPs in 1984-1989 around
western Mediterranean (compact union of eight out of
“the 262 CI's) and another one in 1994-1999
= around the Cascadia subduction zone (compact
" union of the five CI's off coast of the western U.S. )

-e|ther of these produced an M9.0+ event.

The current extent of precursory mega-seismic
activation remains spread globally, although it
has decreased

from 126 Cl’s in 2004 to 41 CI’s today.
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resan, A., and Panza, G.F., 2001. Stabilizing
hguake predictions, Preprint, IC/2001/168, The
heoretical Physics. ICTP, Trieste, Italy, 20 p.

. Panza, and A. Peresan. Stabilizing
hguake predictions. J. Seismology Earthquake

M8S algorithm

S( heme for the spatial stabilization of the M8
=predic Tlon makes use of the natural heterogeneity of
:;‘e“atthuake distribution and eliminates subjectivity in the

positioning areas of investigation.

In addition to that M8S guaranties stability of diagnosis,
hence its name.
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A'Simplified desecription of the M88
algorithmyis«as follows™

der the territory covered by data
m a given catalogue and exclude
na or apout V.oR-1T.UR near Its
1dary, where R is the radius of
es of investigation.

N the territory with smaller circles
buted over a fine grid and find

=] ocal seismically active places,
= Keeping the grid points with the

==l

;:_f: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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- * Apply M81§T§0rithm using the
of investigation centered
each of the remaining grid

.—!’

o
-

- - - Al C
centered on the grld points
a not satisfy the following
stering condition:

" The overwhelming majority of

— i

‘the circles of investigation,
= —:eentered 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 |

oooooo

grid points from a 3x3-grid square.)
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The adjustable parameters of the
M8S.algorithm™

| . Simie Tardimension of the target
- earthquake source length.
ﬁa ‘Smaller circles: Set to 28 km (may differ from
| agion to region depending on the earthquake catalog
e overage and completeness).

j ude threshold for background activity count:
= Depends on a catalog available.

“The* overwhelmlng majority” threshold: Set to 75%.

= = —
=
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The targeting,,mnagnitude earthquakes at regional scales may
equire applicationof a recently proposed scheme for the spatial
on of the intermediate-term middle-range predictions. The
S guarantees a more abjectlve and rel"ablé“'afagnoss of times
2ased probability and is less restrictive to input seismic data.

The M8S was designed originally
to improve reliability of predictions made by the modlfled versions of the M8
algorithm applicable in the areas of deficient earthquake data available.
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1985-2003. « =

w“-ﬂhﬁm..%_- .Reduction

nw Zealand 2 2 90 75 1.2

lstern Asia 2 39 22 1.8

1atka — Japan —
= gnnin Isls 2 38 1.3

;'--Z-\reutrans Alaska 0 14 2.0

~ Western U.S. 0 6 1.5
Central America 1/0 14 35
Southern America 0 29 4.8

Total score: 11 716 38 25 1.5
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“Reé=establishing M8 monitoring in
Armenia and adjacent areas_. =

1 oy

de
A e

SR

NSSP catalog, 1962 2006
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P catalog, 1962-2006:

‘Gutenberg-Richter plot
ency Magnitude vs Time
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e S

NSSP catalog, 1962-2006:

Inter-event time (individual and 10 per moving average) VEIrsus Time

1/1/1962 1711972 11111982 1/1/1992 112002 Date
n
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>P catalog, 1962-2006:

the decline of seismic observations in other former Soviet
lics, the regional seismic network of Armenia has managed to
ome the hardships keeping reliable reports on every magnitude 3
:g_ake in the region. A comprehensive analysis of the earthquake
@alogs available from Armenia and neighboring countries results a

= #:‘ Aclusion on feasibility to re-establish monitoring intermediate-term
= j_“'ﬂ‘-’l’l.dd|e -range precursory changes of seismic activity at least inside the
— = territory between 42-48°N and 38-42°E. The data available is suitable
- for monitoring 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 M8.

The experiment did start anew from January 2007.
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Eonclusions=The FourParadigms

stical validity of predictions confirms the
erlylng paradigms:

IsmIC premonltory patterns exist;

— ormatlon of earthquake precursors at scale of
~ﬁfi“:4years Involves large size fault system;

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

. and In other complex non-linear systems.
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of the HUi&

rom na ural disasters continue to increase mainly due
8 lack of knowledge and poor understanding by
Ttific community, as well as by decision makers and
e the three components of Risk, i.e.,

Hazard, Exposure, and Vulnerability.

= Caﬁtemporary 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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