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S [he extreme catastrophic nature of
earthquakes is known for
centuries due to resultea

devastation in many of them.

The abruptness along with

apparent irregularity and
iInfrequency of earthquake
occurrences facilitate formation
of a common perception that
earthquakes are random
unpredictable phenomena.
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Witere carthquakes happ%“"’f

-
“

r

29 June 2007 Predictability of Natural Disasters ¢ The Abdus Salam ICTP ¢ Miramare




How often...

_—

Global NumberorEarthguakes vs. Time

Data Base CD-ROM, 1989. I 5S, Denver, CO. and its PDE and QED updates to the present
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EISMIC activity ISSe S|m| L1 F=T —
SICE e ploneering Works; off Keliti AK and ML A. Sadovsky

OEUOMEPHESIE AkT, 1987, Eractal geometry in the San Andueas Fault system. J. Geop/liys. Res., 92 (Bl), 345-356; CapoBckmit
VIS ixoBamEoEs IR NTTcapCHROMIdNN OB N0 CEOVCIBE NI CKDCTHO S TOPHBIX HOP O/, 56, AL CCCP: Dysuka

Semnu, No 12, 3-18;
Cat i, MLA., T.B. ['onyoesa, B.®. HI/IcapeHKO v MLIF. [lTanpman, 1984. XapaktepHbie pa3Mepbl TOPHOW HOPOABL 1

-

= vepapxuueckre cBorcTBa ceneMuanocty. HMssecmusi AH CCCP. @uzuxa 3emau, 20: 87-96 .

if] hderstandlng of the fractal nature of earthquakes and
== seismic processes keeps growing.

Tfhe Unified Scaling Law for Earthguakes
== that generalizes Gutenberg-Richter relation suggests -

IogmN A+B-(5-M)+ C-log,,L

where N = N(M, L) is the expected annual number of

earthquakes with magnitude M in an earthquake-prone area
of linear dimension L.
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_ﬂiﬂe‘global map of thhe USLE coefficients;

Recurrience (A,)
‘E"‘-&iﬂ} _ T T o
R, ' . | Can

. F
. “ I

Logarithm of recurrence

29 June 2007 Predictability of Natural Disasters ¢ The Abdus Salam ICTP ¢ Miramare




ENglobal map of the USLE coefficients:
Balance of magnitiees, ((By)
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Balance between magnitude ranges D]:I:I_:D] Unit of B
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ENglobal map of the USLE coefficients:
Fractal dimension of seismic skeleton (€.
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erw.. Implications for assessing SEISmics

flel rd at a given"location (e.g:, in'a mega city)

ates for Los Angeles (SCSN data 1984- 2001)
=1 28; B =0.95; C=1.21 (o, = 0.035)

a | traditional assessment of recurrence of a large

= "Uake in Los Angeles, ie., an area with L about 40 km,
= from data on the entire southern California, i.e., an area with L

—= about 400 km, being underestimated by a factor of
102/10121=1009> 6 !

Scaling for unified application of a earthquake
prediction method.
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girearthquakesiin Space and . imes
. Clustering and cascade -
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|str|bdm'f-—earthquakes In Space and Jime:

Clustering and cascades ‘f—' ——
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|strlbm—earthquakes N Space and Jime:

Clusterlng and cascades, .

Lhe mre o -aftershocks did ehange in a

_ Jrj}j BENannertom 10 (magnitude
= mﬁarger guakes) per hour to 1.1 per
f-heUT'_untlT thHe swarm of 25-27 January,

SWhIchHeUiSt hore than 500 events.
Ihen the rate has drop to about 11 per
day during February, then drop again
o6 per day till 28 March 2005 Nias

Mw&.7 earthquake. ........==

29 June 2007 Predictability of Natural Disasters ¢ The Abdus Salam ICTP ¢ Miramare 13




1000

100 -

, days

N
|
O

ent time

o o
=}
O
o
o
g
o
(o]e)
o (o)
(o}

= —
- [
(o}
o) (o)
B 8
038& [0} o}
O O O 0@ | O O
O O O O
(o] (o)
@O0 O 00O |0 O [ o)
ao o aao O | O @O
O e 200

(o))

1 ) . .
c — — ) O
~ n
d ainle c <0
7 — a0
A
A
o A
N
o
- a o A A
o A “
o
" g A N -
o o
! 1 4 =
o o° OAAO oo amO %
o =g o 54 © A op S =5} w e
IN o Blo o " ° BB 2o (uC:’EP ©°f o J
o%o o S C&R° ® 2@ SR8 % o ol
o cPD% 00%@000 2 N ™9 o .
Co B Bod:? 3 QQOO K: % = ’
o
5 O% % o IS o of| © g wa © o § ©
o e = %o 8
o Oo o°) ® © a °
o S o° 3 o©°58 | Ho = Dg)EU @ 8 °©
. = S 3 o o
&5 2 @ > 8 o [=Y) F oo &
0 Joo o> gOD%Q 08, 3 a g a S o8
%) %ggo e b oo O mo gl o fp ooo
° 0 O % % P & Fgoece = =@ o e °
S0, o o © ; .
o 88&0 o o “ & B & OAUDA @ @ =0 =
8 o ® o B o o° pgo B8 g :
o of 8 ° 3
oF | BB o & sota O gea® ©
o o o
o
o o &0 o” o s U °
‘8 ®® 0 D, m =} o -
o o o U W . = .
® T m A 24 [= SR = =] R
. ® NDmD @@ O oo o o
ad ah 0 3 3 M) - 2 =WAi\ele dld -



- Epeﬂ!ﬁnalyss of aftershocks

_(evidence from southern CA)
—

SE——

q ences of southern California are extremely different — e.g. the total
‘r‘e aftershocks in 100 days can be 0 for some main shocks up to
e 5. .0 (about 10-25% of the total for different magnitudes) and can differ
1O or more for magnitude 6.0 main shocks (for Whittier Narrows, 1987,
ME:2, the *7 hmber of M2.0+ aftershocks is about one hundred, while for Joshua
;;.— g, 1992, M6.1, it is above 19 hundred). For M7.0+, the recent Landers, 1992,
-3, has about 8.5 thousand, while Hector Mine, 1999, M7.1, has only 4.6
thc-)usand of M2.0+ aftershocks.
Therefore, epoch analysis of the aftershock series is analogous to measuring of the
average patients’ temperature in a clinic, while “an average behavior of the
seismicity” in the region is analogous to crossing the pond through the middle of its
waters, which is the average of walking around it, either by turning to the left or to

the right.

e
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e

® Thus, the “old good” Omori’s law for
aftershocks Is hardly a solidly documented
fact

e (aespite that it /s wiaely used in conceptual
/100eJs).
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GONSEnss definition of earthguakeprediction

—

ates NationallResearch CouneiliPanel on

e Prediction of therCommittee on Selsmology
pllewing defnitien (LOY6, p.7):

—

NI take prediction must specify the expected magnitude
ENBERIEIgERgraphical area within which it will occur, and the
tirne ]ni’*‘ it which it will happen with sufficient precision so
EisgERlliiale success or failure of the prediction can readily be

juclejs 3akOnly by careful recording and analysis of failures as well

S sliccesses can the eventual success of the total effort be
,_:sevaluated and-future directions charted. Moreover, SC|ent|sts
: should alse assign a confidence level to each predlctlon

Allen, C.R. (Chaiman), W. Edwards, W.J. Hall, L. Knopoff, C.B. Raleigh, C.H. Savit, M.N. Toksoz, and R.H. Turner,
1976. Predicting earthquakes: A scientific and technical evaluation — with implications for society. Panel on
Earthquake Prediction of the Committee on Seismology, Assembly of Mathematical and Physical Sciences,
National Research Council, U.S. National Academy of Sciences, Washington, D.C.
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-.i
.ges of earthquake prieaictions

Nierm-less prediction ) of earthquake-prone areas

2 Hrar letionl of tfegle zielel [gczitor) of zlg) ezlgiple[Ulzl<er o)
CENtAINIMagnitiide

Tegy all inryears Spatial, in source zone size L

_é_rm 10 | Long-range up to 100
— u-Ji rmedlate-term 1 | Middle-range 5-10

lj‘Short term 0.01-0.1 | Narrow 73
- | Immediate 0.001 |Exact 1

* 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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S“?

Jenm-less;
apprOX|mat|on

P N S The 73 D-intersections of

BN Coalinga [ morphostructural lineaments in
RN Ty N, *  California and Nevada
NN o determined by Gelfand et al.

5 ' — Hr_-e ' (1976_) as earthquake—pror_me for

e Lanas | magnitude 6.5+ events. Since

» Q‘é} 1976 fourteen magnitude 6.5+

W\  carthquakes occurred, all in a

.mr.a. Valley] narrow vicinity of the D-

Intersections
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iewly discovered faults, i.e., the. Puente:

Wt (J.H. Shaw and Shearer P.M., 1999. An elusive bl mw
0 m gs exactly.
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BILAN ST IS It a Comudence-for

ONVEdnesday morning, September 24th,

ZoOSENeVEIVAtiorappeared in the eastern J a I awa-'

Shiplier, the crescent moonf
NERVIERCUR: Twe dayslater ...

200359826 B 048550 200399 H26 H068F08
bl D118 203
aliatlo tig42.0E tig41 SE

REZF1439E REF1439F
R E 25km R 35km

M7.7 M7.4
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MONE o even a few observations is not enough
-E‘Claim causality and reject the alternative of

e “coincidence by chance.
-— Probablllty theory helps when a long series of

_F_'

~  observations permits to suggest a suitable
probability model.

-
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{Earthguakes are
sercomplicated that
BWwe must apply

=" Some Statistics.”

.
pa—

[~ Ngam
Keiiti Akil (1930-2005)
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S

ahEEnelyEEIedatainevitablyinvolves some trafficking withithe ﬂ3|d-ﬂf"§tatIStICS that'gray”
ZeEMnichiisinet quite a branchiofifmathematics - and Just as surely not quite a branch
Piseiencenin the following sections, you willlrepeatedly encounter the following
ozlreicigrrl:
ZeelyASOIE Termul2No therdaia to compute arstatistic®

ConlY yienwhnererthe value of that statisticifalls in a probability distribution that is
C Off o ted on the baSIS ofi some "null hypothesis

P

_[J:C} | ypothe3|s S false for your data set

—-\_

lr 1Cialls inrarreasoenable part of the distribution, you must not make the mistake of
= ffﬁ“@m'ieludmg that the null" hypothesis is "verified" or "proved”. That is the curse of

—

~‘"stat|s’t|cs that it can never prove things, only disprove them! At best, you can

= substantiate a hypothesis by ruling out, statistically, a whole long list of competing
hypotheses, every one that has ever been proposed. After a while your adversaries and
competitors will give up trying to think of alternative hypotheses, or else they will grow

old and die, and then your hypothesis will become accepted. Sounds crazy, we know,
but that's how science works!”

(William H. Press et al., Numerical Recipes, p.603)

29 June 2007 Predictability of Natural Disasters ¢ The Abdus Salam ICTP ¢ Miramare 24




Selsmic
Roulette

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 1, 2007)

33

19120 |21
22 123 | 24
31| 32

2101(2t07|2101

N
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SeismictRoulette™

SONISIdEREMeUIEeWHEEIWIthFas many seciors as the
IumeEr Oli events in a sample catalog, a sector per each
—\\ St

2 1¥ Eke VOur bet according to prediction: determine, which
PEVents are inside area of alarm, and put one chlp In each of
= ’che corresponding sectors.

__.- “Nature turns the wheel.
" |f'seismic roulette is not perfect...
then systematically you can win! ©

and lose ... ®
[ you are smart enough and your predictions are effective

the first will outscore the second! © © ® © © © ® © © ©

=3 = r
- = ———

“
.—.'-
-
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Statisticalfsignificance and effectiveness of predictions

A statistical conclusion about the effectiveness and reliability of an earthquake prediction e

-l algorithm could be attributed in the following way.

| Let T and Sbe the total time and territory considered; A is the territory covered by the alarms
at time t; T is a measure on TxS (we consider here a direct product measure txp reserving a
general case of a time-space dependent measure v for future more sophisticated null-

hypotheses); N counts the total number of large earthquakes with M > M, within TxS and n

counts how many of them are predicted. The time-space occupied by alarms, A= JA, , in
T

percentage to the total space-time considered equals
p = [d(zxw) / [d(zx p).
A TxS
The statistical significance level of the prediction results equals

1 -B(n-1, N, p),

where B is the cumulative binomial distribution function.

Measure t<u: For time we assume the uniform measure t, which corresponds to the Poisson,
random recurrence of earthquakes. For space we assume the measure p proportional to spatial
density of epicenters. Specifically, the measure p of an area is proportional to the number of

epicenters of earthquakes from a sample catalog.
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.
IMISESIpIe; comparison with rando_m guessing
rugoly 0 any prediction method.

2 QAH IEOHY
2 G liéscence hypothesis
SEHEVAN method
i) Jackson -Kagan forecast probability maps
_:“i e Kushida method

—

Surprisingly, most of the authors seem avoiding real-
time testing, evaluation and verification...
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AW TOUake prediction methodsyork?

— _—

HIEUICIINOIearthglakes IS asieasy.as one-two-three.
RSIEnNRDEN oyAeLpIEsUispROEtECtibNInstiUmEntsatthe site
SIRNEICOMING eartnguake.
R Jata bases, e.g. US GS/NEIC
St ;;'.: Petect and recognize the precursors.

= ?—l-_-_te-term algorithms, e.g. M8

Trr-;St"ep 3: Get all your colleagues to agree and then publicly predict

ihe earthguake through approved channels.”

Scholz, C.H., 1997. Whatever happened to earthquake prediction.
Geotimes, 42(3), 16-19
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6. Seismol. Soc. Am., El Cerrito, CA, 1997)

M8=*a1’g5rithm'

ed Py retreactive analysis o dynamics of seismic

y preceding the greatest, magnitude 8.0 or more,
rg quakes worldwide, hence its name.

J'b prototype (Keilis-Borok and Kossobokov, 1984) and the original
===l arsion (Keilis-Borok and Kossobokov, 1987) were tested
_ =a=;«-=":_retroact|vely The original version of M8 is subject to the on-
: going real-time experimental testing. After a decade the

-riesults confirm predictability of the great earthquakes beyond
any. reasonable doubt.

Tfhe algorithm is based on a simple physical scheme...

QDI () ,~

(D
i (\5
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| Target earthquake | b

1975 1980 1990 1 Time

Magnitude

The period (t, t+1) is Time of Increased Probability of a
target earthquake, isn’t it?

-
@)
—
O
©
@
5
o
e
@)
(b
=
(b
e
&)
0p)
qv)
S
(b
C
(ab)
@)

Yes < No
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—
Criterion in thesphase space™

= e algenthm, VIG, uses traditional
description oi'a dynamical’ system adding
tora 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.

Péa.ze Qtace
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I
VIS aIgonthm_peﬂcarrTTanee—-

(in the retrespect applications)

ife Spectlvely (Kellis-Borok andlKossobokov, 1990) the

ydard version ofi the algorithm was applied to predict

_ argest earthguakes (with M, ranging from 8.0'to 4.9)
H4Tegions.

™)~
r:‘
rr
S
sz

25 C)Ut EiF 28I predicted in 16% of the space-time
_ ﬁ?f:conSIdered

8 — =

Modified versions in 4 regions of lower seismic activity
predicted

all'the 11 largest earthquakes in 26 % of the space-time
considered.

29 June 2007
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N
Secc dfEppreximation predictioaimethod™

P

e EUOHI m| for reducing the area of alarm (Kossobokov, Keilis-Borok, Smith, 1990)
WasKdesigned by retroactive analysis of the detailed regional seismic catalog
r)rJor re ihe EUreka earthquake (1980, M=7.2) near Cape Mendocino in
SZliieria; hence its name abbreviated to MSc.

.an‘-’; tneViSc algorithm outlines such an area of the territory of alarm
= hereithel activity, from the beginning of seismic inverse cascade recognized
;__j:sy the Tirst approximation prediction algorithm (e.g. by M8), is continuously

= highrand infrequently. drops for a short time. Such an alternation of activity
must have a sufficient temporal and/or spatial span.

The bhenomenon, 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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Second approximation
of alarm area Th e I\_{L,S:Q Alefoyrfirien

‘V.......A-......‘ - —

high level of seismic activity during

formation of a TIP and after its

declaration.

"Sufficiently large" size of clusters

Alarm area suggests large scale correlations in
the recent times.

- /////
— e Tihe prediction is localized to a
L spatial projection of all recent
— "Quiet"” "sufficiently | " clust
] . sufficiently large” clusters
— = lime-space of squares
] = volumes being in state of
i o= "anomalous quiescence”.

g = i ...’

ol ea—— mmn - ] .. - i

3;4*= : Hil Anomalous quiescence” suggests

B |
||
||
||
||
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erSpItak (AlnEnIes

e
arthguake was the

first tragic.

2ffiicIency o
M8-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 7 target
large earthquakes were
predicted with an average
probability gain about 7 (at the
M8 approximation).
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ByoepialRENeenponents, necessary. for reproducible ieal-
uigeprediction, 1.€., an unambiguous delinition efiine

b algorithms and the data base,

WeElie speciiied In publications

Alejor] Ry MS' (Keilis-Borok andlKossobokov, 1984, 1987, 1990) Was
JESIOREd by retroactiver analysis of seismic dynamics
r)r dlng the greatest (M>=8) earthguakes worldwide,
S eII as the MSc algorithm for reducing the area of
~ a a*rm (Kossobokov,Keilis-Borok, Smith, 1990)

=he National Earthquake Information Center Global
= Hypocenters Data Base (us GS/NEIC GHDB, 1989) iS
suificiently complete since 1963.

* This allowed a systematic application of M8 and MSc
algorithm since 1985.
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Real=timeNsreaiction of the world largest earthquakes

PLLER /A mitp.rur or hittps//Aww. phys:ualberta.calmilions/iil —9

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

90~ 135° 180~

A0
"'u.:'
S

/Fiusgian Acadday ot Stiences - indicates no increased probability
| International institute of =~ -
i\ _Earthquake Prediction Theory

“and Mathematical Geophysics - indicates reduction of the alarm area

0 Knesabok b VoG flaindyvagiming i by the MSc algorithim

- indicates increased probability
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135 80°
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Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2007 (subject to update on July 1, 2007)
45° 90° 135° 180° 135° :
T

! Rissian Acadsan of Stiences 0 - Indicates no increased probability

Anternational Institute.of .~~~ - indicates increased probability

iNv4 Earthquake Prediction Theory
" and Mathematical Geophysics - indicates reduction of the alarm area
= Kossobabiol VG voibdyagiimite ) by the MSec algorithm

T
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Although the M8-MSc predictions are
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
easlly accessed, although available on the
web-pages of restricted access provided to
about 150 members of the Mailing List.
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SEZIRE prediction of the worla Iargest EatNaUakes

( m‘o AVAWWEMILRL U Ot NS, ualberta Ca/mlrrors/mlt

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2007 (subject to update on July 1, 2007)
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d and Mathama.t:t:nl -Gﬂuphymcs - Indicates reduction of the alarm area -
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M8-MSc prediction:

Target - M8.0+ RTP_prediction:
TIPs until 2007/07/01 in Target - MZ7:2.or larger
Circles of Investigation The two chains of alarm

## 80-82 reducedto

(V.I. Keilis-Borok & P.N. Shebalin

*Experimentin prospective earthquake prediction using RTP"
hitp /fwww.igpp.ucla.edu/prediction/rtp/RTP10a_confirmed.pdf,
hitp://www.igpp ticla. 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. GEOLOGICAL SURVEY NEIC/WDCS-D
MONTHLY AND QUICK EPICENTER DETERMINATIONS (NO. 7-016, JAN 16, 2007)
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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
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REZISiime prediction of the world largest eartiguiakes,

I b0/t oL U Gt H/AAANE D S UIbE eI oTe it

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2007 (subject to update on July 1, 2007)
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- -  Russian Acaseany of Stiences - Indicates no increased probability
» Anternational institute of ..~ - . . .
\ e ke e el i - indicates increased probabilit
: '.ig _Earthgquake Prediction Theory I I P y

“and Mathematical Geophysics - indicates reduction of the alarm arga
Fo e WssnBikio N G feniodyagiimitg ) by the MSc algorithm
4c0 o 0 o (a} (s} o
45 90 135 180° 135 90 45"
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M8-MSc Prediction aimed at M7.5+
& the epicenters of 01 April 2007
main shock and its first aftershocks

Latitude: 8.481+

Longitude: 156.978 E

Depth; 10

Magnitude: 8.1 (7.8 MsUSGS)

Cls ## 20,22: TIPs until 2010/01/01
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TONGA 06/05/03 15:26:35 UTC: The first automatic determinations

0.03S 174.23W

RCE PARAMETERS
itude: Me 8.3
gy: Es 6.3*10**16 Nm
12 _Focal mech. F

Zoom of M8-MSc predictions
for M8.0+ and-the-epicenter

Earthquake p r__edié-fed in
both approximations

Cls ## 1-5: TIPs until 2006/07/01

29 June 2007

Epicenter: -20.035 -174.227

Depth 5_ W 44 wl——
USGS MOMENT TENSOR SOLUTION

Best Double Couple:M0o=1.8*10**21 Nm
Moment magnitude: MW 8.1

L A i
Mw 8.1

{USGE Rapid Moment-Tensor Solution)

Date: 3 MAY 2008

Time: 15:268:3518 UTC
Epicentar: -20.035 -174 227
Depth: & km
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REZISiime prediction of the world largest eartiguiakes,

I b0/t oL U Gt H/AAANE D S UIbE eI oTe it

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2006 (subject to update on July 1, 2006)
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- Hesmnbnkn bV oo iniodvaiiims ol b}" the MSc Elgﬂﬂ[hm
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TONGA 06/05/03 15:26:35 UTC: Updated determinations

ge and location may be
en additional data and,
alysis results are available™ ==

Zoom of M8-MSc predictions
for M7.5+ and the epicenter

w

Cl # 2: TIP until 2010/01/01

Earthquake predicted in the
M8 approximation and
missed by MSc

29 June 2007

Epicenter: -20.035 -174.227
Depth 79 \ ; L
USGS MOMENT TENSOR SOLUTION
Best Double Couple:Mo=8.5*10**20 Nm
Moment magnitude: MW 7.9

TONGA
Mw 7.9

{USGS Rapid Moment-Tensor Solution)

ey -
- iy =

p——

Date: 3 MAY 2008

Time: 15:28:3518 UTC
Epicenter: -20.035 -174 227
Depth: 78 Km
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Worldmerformance ofiearthguake: prediction
erithims:M6&.and MB-MSc: Magnituadercro: s

Lange eanthguakes Measure ofi | Confidence
et Predicted by alarms; %% evel, %

M8 M8-MSe | M& M8-MSc | M8 M8-MSc

14 10 S 23560 1053 99.6s 99.0

12 3 6 28 .14 .., 199.: 99.6;

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

1o drive the achieved confidence level below 95%, the Test should
encounter four failures-to-predict in a row.
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Worldmerformance ofiearthguake: prediction
EligmsiVi6 and MB-MSe; Magnitude/asrer morcmes

Lange eanthguakes Measure ofi | Confidence
et Predicted by alarms; %% evel, %

M8 M8-MSe | M& M8-MSc | M8 M8-MSc

Test
oargel =

3
i

1985

= present

55 31 16  [31.0: 10.05 |99.9099.99
e | 43 21 10 |25 9.0 |99.0499.ss

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

Tthe prediction for M7.5+ is less effective than for M8.0+.

To drive the achieved confidence level below 95%, the Test should encounter 17(!) failures-to-predict in a row. VA€

continue testing the M8 and MSc algorithms for these & smaller magnitude ranges.
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The ta-rgetingMgf?nitude earthguakes, at regional scales may reguire
application ol a recently proposed scheme for the spatial stablllzatlon of the

enEsiziesierm middle-range predictions. The schem Ualantees ap
merEIen|Ective and reliable diagnesis of times offinecreased! probability and
ISHESSNESIrctive to Input seismic data

The M8S was 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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iEYecent disasterin IndianfOcean™

eI NIVARZ0045seomEsRENIaciecnisuificiently,ambilious tejexicna
zloglice tionorn the Me'a goritamiintertae tncalivrated magnitude range
iEeIIEUNGVID. 0% earthguakes, he or she would have diagnosed Time of
WEIEZEEdNEiekanility in advance of the 2004 Great Asian Quake.
Jr Enately; inithe on-going Global Testing of M8-MSc predictions aimed
VIBI0T eVents, it was a case of one not being able to see the forest for

Ff]v‘ F "‘

——
—

.-|-I—

.--" The 'E)ecember 26 event seems to be the first indication that the algorithm,

= —;aésugned for prediction of M8.0+ earthquakes can be rescaled for

~  prediction of both smaller magnitude earthquakes (e.g., down to M5.5+ in
Italy ttps/www. mitp.ru/m8s/M8s italy.html) and for mega-earthquakes of
M9.0+. The event is not full verification, but very important for general
understanding of our methodology (Nonllnear Dynamics of the Lithosphere
and Earthquake Prediction. Keilis-Borok, V.I., & A.A. Soloviev (Eds).
Springer, Heidelberg, 2003) and the Problem of Earthquake Prediction.
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26/12/2004: Mw2. 0 Great Asian mega-thrust earthquake

Time (Years)

S 2004 Asian Quake
SISt aftershocks:

Distance, km Magnitude

2] j‘ . . bﬂ-\, X o b !.___'.'4
T T .| 3
ol 5 . E N
[ i J:I-‘;-l'ln. . 'l L
1 o - - I~ * el 3
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L] g piedeg Jel 1
S 5T T o L
| | _
o
—— - -l"‘"".;
e LESIE 2
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8 b | ] L = __‘_...i"""
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Cl #34 of the M8 Te%t
(R=667 km) s

[T 111

Cl of R=3000 km

m~ 000

Functions of M8 in CI (R
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The;r- evant obsemvation: =

nr* »1952/11704, Mw9.0; Andreanoff Islands, 1957/03/09, Mw9.1; Chile, 1960/05/22,
WIEBAIEska, 1964/03/28, vwa.2) appened within a narrow interval
of rJr IE. Stichi a cluster is unlikely with a 99%

CON idence for uniformly distributed independent
= events.

= =r:’|cé good evidence suggests that seismic events
‘- —mcludlng mega-earthquakes cluster, It is possible
~ that we will have further confirmation of the

prediction within 5-10 years in other regions.

The 28 March 2005 Nias Mw8.7 mega-earthquake seems
to be the first confirmation.

5 Braestifourmesaeanthouakes of the20thicentuny
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ConclusidisSEaiiie FOEREieljefils

— —

il cal valldlty of predictions confirms the underlylng
Ori c Ing

SESEISIIC premonitory patterns exist;

= _:(}'nﬂatlon of earthquake precursors at scale of years
3 "‘E‘“’”’ “nvolves 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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Conclusiggsi=ssigisic RHetlleitenis o perfect

AYERIESE preaictions useful?
= ve s, »n‘ USEd 1 a knowledgeahble way.

-~ Th gift accuracy is already enough for undertaking
*'_— _arthquake preparedness measures, which would

1©revent a considerable part of damage and human
~ loss; although far from the total.

® The methodology linking prediction with disaster
management strategies does exist (vmoichan, 1997).

,_-ll—-—'
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SLRBNEIENS — |mplications for Physiess
. —

N

SNlENedictionsiprovideneliahbleiempiricaliconstiains

NSVANTN B BNV AN

IGINNOOEINGI eartnguakes and earthguake sequences.

SREVidence that distributed seismic activity is a problem
s atistical physics.

BREAVOr the hypothesis that earthguakes follow a
_Ueneral Rlerarchical process that proceeds via a
~ Seguence of inverse cascades to produce self-similar
- -scallng (/ntermediate asymptotic), which then
truncates at the largest scales bursting into direct
cascades (Gabrielov, Newman, Turcotte, 1999).
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S
Hatsanethe NeExt-Stepe?

JUERAlgorthms are neither optimal’ nor unique (cn,
SS-E ere -Jones “probabilistic” version of M8, RTP, R.E.L.M., E.T.A.S.,

¢ pots etc.). | NEIr non- -randomness could be
iecked and their accuracy could be improved by a
stematlc monitoring of the alarm areas and by
_eS|gn|ng a new generation of earthquake
predlctlon technique.

.;._and an obvious general one -

® More data should be analyzed systematically to
establish reliable correlations between the
occurrence of extreme events and observable
phenomena.
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