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Eavthguake B
Prediction .
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Lﬁ —
sually, forecast/prediClionroliuss

aneme eventsis not anieasy task.

-.‘fi——\_ i —

s by (Jf IRItion, AN extreme event is rare one in a
SETIES O klndred phenomena. lTherefore, it
yf raIIy Implies a delicate application of small
mple statistics methodologles to data of different

-__, curacy collected in different environment.

*—*Tﬂany extreme events are clustered (far from
_= independent, e.g., Poisson process) and follow fractal
~ (far from uniform) distribution. Evidently, such an
“unusual” situation complicates search and
definition of precursory behaviors to be used for
forecast/prediction purposes.
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Makin‘gmcast/prediction claims quantitatively
plewelilistic.in the frames ofi the mosiyeePLIa R
ejEctivists’ viewpointon probability requires a
IBRERSErIES of " yes/nor ferecast/preaiction
PUCOMEs, Which cannot be obtained without an
SXEnded rigorous test of the candidate method.

I 'rF’ SSetiof errors ("success/faillure” scores and
Space- -lime measure of alarms) and other
= " jformation obtained in such a test supplies us
| ::‘i_-: SWithrdata necessary to judge the candidate’s

s

= potential as a forecast/prediction tool and,
~ eventually, to find its improvements.

* This is to be done first in comparison against
random guessing, which results confidence
(measured in terms of statistical significance).
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o Note that'an application of the for—ecast/prediction
'rooﬁl icould be very different in cases of different
,s aind benefits, and, therefore, requires

-s e ermlnatlon of optimal strategies.

.A:ﬂﬁ there turn case specific costs and benefits may
== “Suggest an optimal modification of the
forecast/prediction tools.
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e m | he extreme catastrophic nature
oy of earthquakes is known for
centuries due to resulted

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 ¢ arthqua-kes happen

.
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How often...

Global NumberoirEarthquakes vs. Time

Denver, CO. and its PDE and QED updates to the present
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m—
SEISMIC activity 15 self SIMIEIE

Since't m- gleeerng WorksreiKelti Akl and M A. Sadovsky:

Olubyori> G Ko AKil 1987, Fractal geometiy inithe San Andreas Fault system J. Geophys. Res., 92 (B1), 345-356;
Canouscru VA " Bosteoissiton JIL 0, [lcaps i IS OB CEOVCABCHICKDCAHO CAVNIOPHBI 0P O /56! AL
¥ : CCCP. @usura 3emi, No 12, 3-18;

SRV iEciaisVIBAS ML B TFomyoera, B.D. HI/IcapeHKo, v MLT. [Tavpman, 1984. XapakTtepHble pasMepbl FOPHOW HOPOIbL U
viepapxudeckre ceorcaBa cenemmunoctn. Azsecmusi AH CCCP. @uzuxa 3emau, 20: 87-96 .

I—

Lrld rstandlng Of the fractal nature of earthguakes and
seismic processes keeps growing.

- Jfhe Unified Scaling Law for Earthguakes
at 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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The ﬁTSt reSUItS (Kossobokov: and Maziikenov, 1968)

ethod was tested successfiully on antificialicatalogs: with preflxed

12 KOSOBOKOV AND MAZHKENOV: SIMILARITY IN SPATIAL DISTRIBUTION OF SEISMICITY
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Fig. 2. Examples of spatial distribution of epicentets from catalogs of mainshocks. (a) Eastern Hemisphere, {b) Lake Baikal
area. (¢} Southern California. (d) The Cape Mendodine vicinity.
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A Brand C and appliediinta dezen of selected seismic regions from
e the hemispheres, of the Earth tora certain; intersection ofi faults.
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Fig. 3. Esxamples of log N(M, L) graphe. (a) Enstern Hemisphere. (b) Lake Baikal area. (c) Southern Culrﬂumm {d) The

Cape Mendocina vicinity.
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- The.glmmap of the USLE coefflc:lents

Balance between Magmtude ranges =

JJre t |mpllcat|ons for assessmg seismic azard
- at a given location (e.g., in a mega city)

The estimates for Los Angeles (SCSN data, 1984-2001) -
A=-128; B=0.95; C =121 (o, = 0.035)

y a tradltlonal assessment of recurrence of a large earthquake in Los Angeles,
i.e., 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 = 1007 > 6 !

Scaling for unified application of an earthquake
prediction method.
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carthqguakes in Space andi lime:
. Clustering and cascades

—
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D trlbuﬁm-earthquakes In Space and Hme:

Clusterlng and cascades, s ——
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D) tnbuti“ﬂ%‘f-earthquakes In Space and Time:

Clustering and cascades —

12/26/95 12125 96
f

QUEREEYeiEicrshocks did change

ir) fb PEWISE manner from 10
oz 15 tude 45eKlarger quakes) per
-1‘-’1@;]1"’[:0 S perhour until the swarm
= of Zo=21-Jdanuary, which burst more
~— than 500 events.
Then the rate has drop to about 11
Per day during February, then drop
again to 6 per day till 28 March

|
2005 Nias Mw8&. 7 earthquake. ..........
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Epoch analysis of aftershocks

(evidence from southern CA) —

g :
- L_J—
—

e

ck sequences of southern California are extremely different — e.g. the
er of M2.0+ aftershocks in 100 days can be 0 for some main shocks
agnitude 5.0 (about 10-25% of the total for different magnitudes) and
81 by a factor 10 or more for magnitude 6.0 main shocks (for Whittier
__%-f- __?;987, M6.2, the number of M2.0+ aftershocks is about one hundred,
'iToshua Tree, 1992, M6.1, it is above 19 hundred). For M7.0+, the
8Nt Landers, 1992, M7.3, has about 8.5 thousand, while Hector Mine, 1999,

£.1, has only 4.6 thousand of M2.0+ aftershocks.
'.;- ferefore, epoch analysis of the aftershock series is analogous to measuring of
— _—’Eﬁe—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.

Thus; the “old good™ Omori’'s law for aftershocks is hardly a
solidly' documented fact
(despite that It Is widely used in conceptual models).
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nse”mefinition of*earthquakerprediction

rrw URiearstates, NationalkResearch Co*un‘(’:ﬁ'lganel on
EElhouieke Prediction of the Committee on Seismology
S| IeEEsied theseliowi def ition (1976, 1. 7);

AVRE IFE quake prediction must specify the expected

rragnitt oe IdNOE; the geographical area within which it will
sitliigiaineftnEtime  interval within which it will- happen with
Jlm JENL Precision so that the ultimate success or failure of

= ;rr prediction can readily be judged. Only by careful
=recording and analysis of failures as well as successes can
-Te eventuiali success of the total effort be evaluated and
ftture directions charted. Moreover, scientists should also
assignia confidence level to each prediction.”

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
soclety. Panel on Earthguake 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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Es of earthquake predictions

Erm-less predlctlon Off eanthquake-prone areas

NEredictionefitimerandiosationiefian eartiguake of
fCENtain magnitude

e

1"'- iy " » ] N
T@m@'e IRRy/ears Spatial, In source zone size L

-*term 10 | Long-range up to 100

];' rmedlate term 1 | Middle-range 5-10
= --;Short term 0.01-0.1 | Narrow 2-3
| Immediate 0.001 | Exact (

* 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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Tenmeless.
apPProXimation:

® The 73 D-intersections of
morphostructural lineaments
In California and Nevada
determined by Ge/fand et al.
=S Htrruine '" (1976) as earthquake-prone
mdl&' rTANW  for magnitude 6.5+ events.
e * ‘“@} Since 1976 fourteen
5“"“""““5“"'5 ' N magnitude 6.5+ earthquakes
.mna. valleg| occurred, all in a narrow

vicinity of the D-intersections
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Mve newly disceyvered faults, I.e., the
llls;thirust fault (J.H. Shaw and Shearer P.V.,.999) An elusiveim
PlnEEd RSt fault beneath metropolitanﬂ&@sq_Angeles. Scienc&éﬁfﬁ 518),
sOIMCIVES, exactly with the/lineament drawn in 1976.
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Is It a coincidence

On W eelp

*- e ’
222 00BN OVElN irio appearned.in the __‘m'rga I W

Twe days later ...

A RE
20039 H26 H 0415 200349 H 26 H 0615
5070 11F 087703%
SHeadE Jbia2.00 Jbia1 8
1439 R 143.9%
X 25km P X 35km
M?7.7 M?7.4
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Isn’t It a colncidence,z.

———
-
.

WARM BEFORE THE STORM: An earthquake killed more than 20 000 people on
26 January 2001 in the Indian state of Gujarat. NASA's Terra satellite made infrared
maps of the region on 6, 21, and 28 January [left to right]. Five days before the
earthquake [middle], the area near the epicenter [white square] gave off an unusual
amount of infrared radiation [red]. Just two days after the quake [right], the radiation

was gone.
IMAGES: NASA
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“Orbit of DEMETER above

on August 29, 2004. Isn’t It a COinC_idenCe___,?__

Ir il ates the
r Of an earthquake of
ie 7.1 which will occur
tember 5, 2004 in the
Cii-Peninsula

! ®
.'. 0./ O

DEMETER Aug. 29 2004

< line on the orbit
' hs'to the period
‘an ionospheric
ion is observed with
-'= R (next Figure).”

ISL Flectron density (Neb

2.1%10%
1.59%108
E 1?)(108— h
Z | mx10f
13108 i
EF'FddT_the top to the bottom the panels successively show a sgyy [P Electron tarmperdtive (12
spe.c:rrogram of a magnetic component between 0 and 2 kHz, < :;z:

~ the ion density given by IAP, the electron density and
temperature, and the earthquakes seen by DEMETER along 3323
the orbit. In"this last panel, the Y-coordinate gives the distance

between DEMETER and the earthquake hypocenter. The red

color of the symbol which size is proportional to the magnitude

shows that DEMETER is flying over the region before the

earthquake. A large variation of the ionosphere parameters is it RO AL O i L
observed when the satellite is above the seismic zone (in the st e by v vl
top panel, the two bursts of interferences correspond to periods

where wheels, which are used for the satellite attitude control,

are desaturated).”

Enrthguakes
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The explosive eruption of Asama volcano
on September 01, which ash-fall covered a
narrow elongated area reaching ca 250 km

to Pacific Ocean seems a better alternative
= than the two earthquakes of M7.2 and M7.4
on September 05, 2004 in Japan,
doesn’t it ?
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0 he OF' even a few observations Is not
Enpughito claim causality and reject the

alternatlve of coincidence by chance.
}":';‘“':" Probablllty theory helps when a long

o

~ series of observations permits to suggest
a suitable probability model.
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“Th 2 ElEiEeiidatalinevitablyinvolves some;traffickingpwiththeNield of statistes; ==
frizit Jr"‘ areawhich is; not' quiteraMsranch) ofi mathematics = and just as surely not
] NiieseNsranch of science. Inithe following sections, you will repeatedly encounter:
EN ollowrrrﬂ delrzlellefnsl —
ZPplyAsSeme iomulartertne data o) compute ‘a statistic®
soIplienwhere the value of that statistic falls inja probability distribution that
iSicomputedionthe basis of some "null hypothesis”
imiterallshiniaivery unlikely spot, way out on a tail of the distribution, conclude
i_the null' hypothesis is false for your data set

_ Jr_‘,u 2 1Shc falls in'a reasonable part of the distribution, you must not make the
'**‘ﬁmstake off concluding that the null hypothesis is "verified" or "proved". That is the

-l—'"_--"_

~— — CUrse of statistics, 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)
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ompllcated
that We must

apply some
Statistics.”
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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, 2007)

45° 90° 135° 180° 135 a0°
e 7 — n B
/Zw‘f:%g'%mﬁ S
7 A "‘z;,
§

[ I Fussan fcadamy ot Sasnoes [ -indicstes no incressed probsbilty
International Institute of . i
){g Earthguzke Prediction Theory | [ - inicates increased probakility
L B s o eeviega s [l - indicstes recudionotthe alam area
7 | by the MSc algorthm
I F o

G (o @y 1)
a0 1357 180°

45°
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SeismicRouletté™

IR i —

GONSIUer 2l rolletie WHeel with' as Many Seclors as tne
pUImEr off events In a sample catalog, a sector per
_, event.

iakeyour bet according to prediction: determine,

= _--ﬂ yRIchrevents are inside area of alarm, and put one
chlp In'each ofi the corresponding sectors.

~INature turns the wheel.
" seismic roulette is not perfect...
then systematically you can win! ©

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

the first will outscore the second! © © ® © © © ® © © ©
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Statisticalfsignificance and effectiveness of predictions

N P10l e LD

il

04 December 2006

—

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

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; Txp is a measure on TxXS (we consider here a direct product measure Tx 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(zxp) / [d(zx ).

TS
The statistical significance level of the prediction results equals
1 -B(n-1, N, p),

where B is the cumulative binomial distribution function.

Measure txu: 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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ISESIi; Ie comparison With randems s

SSir ile apply to any predlctloh method

- —

: JF\H: eory
- fécence hypothesis

e VANI method

'-? e Jackson- -Kagan forecast probability maps

= ﬁ Kushida method

i
=
———
-ﬂ'—'_

— = etc

Surprisingly, most of the authors seem avoiding
real-time testing, evaluation and verification...
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BB SN GUERe prediction methodspoTke

ravclingleanthguakes 1STESIEasy. as One- 5illj0; three

Sreo (ADEp ByA/BIRIEsIISORIEEstioRnsumEents atithe
the COMING| eartnguiake.

data bases, e.g. US GS/NEIC
80 2; Detect and recognize the precursors.

-_'i'-_'ate Bslgorithms, e.9. M8

— Sfep 3: Get all your colleagues to agree and then publicly
- predict the earthquake through approved channels.”

_s have been predicted

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

REd Y retroactive analysis of dynamics of seismic
ty preceding the greatest, magnitude 8.0 or more,

hquakes worldwide, hence Its hame.
Jr,) o Ototype (Kellls Borok and Kossobokov, 1984) and the

S0riginal version (Keilis-Borok and Kossobokov, 1987) were
iested retroactlvely The original version of M8 is subject
~ {0 the on-going real-time experimental testing. After a
~decade the results confirm predictability of the great
earthguakes beyond any reasonable doubt.

The algorithm is based on a simple physical scheme...
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| Target earthquake | b

=
§ s MM

1975 1980 19 1990

>

Time

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

-
@
—
&)
©
b)
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O
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D
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e
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©
| -
b
c
b)
@)

Yes @ NoO
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:-‘!l_h-__‘h
B Criterion, inithe phase space”

= e algenthm VIS uses tiaditional
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.

péé.-de Qtace
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.
M8 algorithm; pesfermfances

(In‘the retiespect applications)

{Ql Ospectively (Kellis-Borok and' Kossobokov, 1990) the
tendand version of the algorithm was applled to

| aedlct the largest earthquakes (withi M, ranging from
1670/t 4.9) in 14 regions.

= 225 0t 0f 28 predicted in 16% of the space-time
;.-.-::-=-:=~=r~ considered.

-—"'_ _--"_
—

- o

*=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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_ m—
SEsErapproximationspredictiegimetied

.-|—

- —

g zllgjor _thm fior reducing the area of alarm (Kossobokov, Keilis-Borok, Smith,
| QJU)t\ 2s de3|gned by retroactive analysis ofi the detailed regional
SEISIT! i cataleg prior to the Eureka earthquake (1980, M=7.2) near
Ce eViendocino in California, hence its name abbreviated to MSc.

< aﬁvely, the MSc algorithm outlines such an area of the territory of

= ‘arm where the activity, from the beginning of seismic inverse
= :*""*Ecascade recognlzed by the first approximation prediction algorithm
= (&.g. by M8), is continuously high and infrequently drops for a short

time. Sueh 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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il

Second approximation

of alarm area

A

"Ouiet"

e

04 December 2006

time-space
volumes

Vo

e Small

Alarm area

The MScpalgoniim

Tfhe prediction is localized to a
spatial projection of all recent
“sufficiently large”

clusters of squares

being in state of

"anomalous quiescence”.

"Anomalous quiescence”
suggests high level of seismic
activity during formation of a TIP
and after its declaration.
"Sufficiently large” size of
clusters suggests large scale
correlations in the recent times.
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By 82 alINENcomponents, necessary. for reprodugcible

EEIRBENerediction, 1.e., an unamblguous cfgilgliifonl e
ues algorlthms Andithe data pase,

Were SPECIiiEdn 1l PLBIICAIONS

/—\U( Ithm VIS (Keilis- Borok and Kossobokov, 1984, 1987, 1990)

WWels deS|gned by retroactive analysis of seismic

rJyr 2micsi preceding the greatest (M=8)
rhguakes worldwide, as well as the MSc

S gorlthm for reducing the area of alarm
': Kossobokov Keilis-Borok, Smith, 1990)

- -lI-II-
p— =
. -—"'_ —

— _-—
et

- 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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1905 Bpewms, roabl

The M8.0+
alarms in
s==2= 1985-1999.

1905 Bpems, rogel

ime, years
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Real-imeNprnediction of the world largest earthguakes

N

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2006 (subject to update on January 1, 2007)

45° 90° 135° 180° 135° 90° 45°
R

International Ins of 8 [ - indicates increased probability

| =% ﬁg:glar‘.:,ygmiecqv ek [ - indicates no increased probability
‘K Earthquake Prediction Th ry
- - indicates reduction of the alarm area

by the MSc algorithm

04 December 2006

Ny AvanEmitpLill or hittp:/Mww. phys. Ualberta. calmiersSimil

)

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 easily accessed,
although available on the web-pages of
restricted access provided to about 150
members of the Mailing List.

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2006 (subject to update on January 1, 2007)

Q° 45° 90° 135° 180° 135° 90° 45°

SR

[ - indicates no increased probability
[ - indicates increased probability

5 - - indicates reduction of the alarm area f’

by the MSc algorithm

iternational Institute
quake Predictior

135°
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RECIEIME prediction of the world Iargest_le_arthqua}ggs,,

(‘ tt_://www.mit.ru f prtio /[y ela) s.ualberfé.05757rors/mit )

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

0° 45° 90° 15 80° 15 f&%”

7%

Rahan Aoy of Stheaces T : - Indicates no increazed probability
Y International Instifute of
4 Earthquake Prediction Theory
and Mathematical Geophysics - indicates reduction of the alarm area
“Hozenbioknl V6 fiolody gt ) by the MSC E|Qﬂﬂlhm

- indicates increased probability
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TONGA 06/05/03 15:26:35 UTC: The first automatic determinations

or 20.03S 174.23W

RCE PARAMETERS
agnitude: Me 8.3 -
nergy: Es 6.3*10**16 Nm
3: 12 Focal mech. F

Zoom of M8-MSc predictions
{e]g M8.0+ and the-epicenter

E.art\h guake pre d-'i':cted
in both approximations

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

04 December 2006

Epicenter: -20.035 -174.227
Depth 5 NEMET'Sta: 44 ~_———
USGS MOMENT TENSOR SOLUTION
Best Double Couple:M0o=1.8*10**21 Nm
Moment magnitude: MW 8.1

& N\ i
Mw 8.1

Solution)

= = =

Date: 3 MAY 2008

Time: 15:.268:3618 UTC
Epicenter: -20.035 -174 227
Depth: & kKm
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|Sime prediction of the world largest eanthquakes

( tt_://www.mit.ru f prtio /[y ela) s.uaIber’Eé.ca?fﬁ'i'rrors/mit )

e

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2006 (subject to update on July 1, 2006)

o} it o = 0 0
U 45" 90 3 180 139 80

ot

45"

a2 ey Chet)
{'__':JGL.I * = .-'I' 1 :

= Y : 2
4
= y e ! %-
f LE
ey g : :
L) i “‘_
.,LI
30"
5 p
FCaalan Arndidmy of SENE o i - Indicates no increazed probability e "

e [ Y International Institute of
60 w4 Earthquake Prediction Theory

and Mathematical Geophysics - indicates reduction of the alarm area
- Kesnbaknb W G lwibayaiiimits adl L'Ij" the MSc Elgﬂﬂ[hm

% e R i S R R {

- indicates increased probability

90" 1357 180° 135" 90°
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TONGA 06/05/03 15:26:35 UTC: Updated determinations

: Epicenter: -20.035 -174.227
fleand location may be Depth 79 ORBRETEE 13 i
BAWReEn additional data andy..  UsGS MOMENT TENSOR SOLUTION
QSIS results are available: Best Double Couple:Mo=8.5*10**20 Nm
Moment magnitude: MW 7.9

_ - 5
Zoom of M8-MSc predictions Mw 7.9

g {USGES Rapid Moment-Tensor Solution
for M7.5+ and the epicenter — e e —

Cl # 2: TIP until 2010/01/01

Earthquake predicted in
the M8 approximation and Date: 3 MAY 2006
: Time: 15:26:36.19 UTC
missed by MSc Epicenter: 20036 -174 227

Depth: 79 km
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B aWiE B erGrmance of garthguake prediction
zZlgEtiams: VI8 and MB-MSc:, VagnituEers: D

Large earthguakes. | Measure of | Confidence

st - -
o | Total” Predicted’by | alarms,% Ievel;"%

gerigel

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

9 7 33.24 17.14 99-87 99.92
9 V4 5 28 ., 14 .5 199.66 99.5

~ | present

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

T o drive the achieved confidence level below 95%, the Test
should encounter four failures-to-predict in a row.
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B aWiE B erGrmance of garthguake prediction
clgElhiugisiliciand VIS-MSc: Magnitudew@sror moenes

S| Lo eaninguiakesi  iVieasure oft | Confidence
B Gtal  Predicted by | alarms, %6 [ level; 9%
veflgd

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

D> 52 30 16 |34.:511.5/99.0599.00

S present

-'-'::*:*oo D
 — 2 -

e | 40 20 10 |28.710.5:(99.599.c4

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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The targetingﬁl@mnagnitude earthquakes at regional scales may,
2guire application of a recently proposed scheme for the spatial
Stelllizetionief the. intermediate-term middle-range predictions. Jihess
SEHEMIE guarantees a more mbjectlve and rel'éblg'ﬁmgnoss of times
of If)

sieaSed probability andiis IESs restrictive toinput seismic data.

The M8Siwas designed originally

to improve reliability of predictions made by the mOdIerd versions of the I\/I8
algorithm: applicable in the areas of deficient earthquake data available.
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Lﬁ u n n
pENiecent disaster In Indian ©ceans

——

IERNBLIYEEE2004 someone had beenisuificiently ambitious to extend
cpplicaiipn ofithe Vs algenithm into ine uncalibraied magniiude
eEERaIgeungiviS 0 Eannguares; neror she Would'have diagnosed
Tirnig gf JnereEel Probablllty in advance of the 2004 Great Asian
@ueEkerniertunately, in the on-going Global Testing of M8-MSc

orediei ions aimed at M8.0+ events, it was a case of one not being
oJe ,r-,c 'SEe the forest for the trees.

ecember 261 event seems to be the first indication that the
= :-=-a9|§érlthm designed for prediction of M8.0+ earthquakes can be
*— rescaled for prediction of both smaller magnitude earthquakes (e.g.,
= = dewnito M5.5+ in Italy http://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
(Nenlinear Dynamics of the Lithosphere and Earthquake Prediction.

Kellis-Borok, V.I., & A.A. Soloviev (Eds). Springer, Heidelberg, 2003)
and the Problem of Earthquake Prediction.
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26/12/2004: VWO 0 Great Asian mega-thrust earthquake

Time (Years)

1]
g
=
! =
S tle : o
2004 Asian Quake =
et 5! '- Shﬂcks et E
L I."" % ,..'_ i "'1._.‘ A" 5
]
=
8
@
0

£ L

o m

z 2 [
= )
t Cl#34 of the M8 Test~ =
: (R=667 km) e {;:"'
o km: 1000 / i K %
Cl of R=3000 km I
=
il =5 o . Lol m
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IENelevant observation'

e —

AJJiprer argest four mega- earthquakes of the 20th
IR (Kamcehatkesdios2/ad/04, Iiwe OpAnplieanpiilslandsyd957/03/09, Mwoid;
IIEWIG60)/05/22, MWO.5; Alaska, 1964/03/28, Mw9.2 Tiappened withinra
HENEW interval ofi time. Such a cluster is unlikely

Withfa 990, confidence for uniformly distributed
mr ependent events.

Silice good evidence suggests that seismic
-r”"—*** including mega-earthquakes cluster, it
=is pOSS|bIe 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.

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare




m——
sNEIons. J e FouRaieigmse

Bticalwalidityacfipredictionsiconfirmssthe
| derlylng palradigms:

_\ Sismic premonitory patterns exist;
ormatlon Off earthquake precursors at scale of

~
S lelr
L

tectonic environment...
. and In other complex non-linear systems.
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. —
Cor ‘ SIS SeismicHRoulcHeNENToPEECH

e

Are th ESENprEdicionsrusefilzasss
Ya\ ifUSEd 1 a knowledgeahle way.

SRE acclracy Is already enough for undertaking
_arthquake preparedness measures, which would

: »—_prevent a considerable part of damage and
“human loss, although far from the total.

® he methodology linking prediction with disaster
management strategies does exist (Molchan, 1997).
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ﬁAnrﬁi

igslsilEaenie Secretary-General’s Annual Report on the AWeTaoi HICES
Organizatione Uhited Natens; 1999 A/ 5471

SV GBI H ECHVENEVERUGISIEEGIESWotld SaveEret amly
Ens efipIlliens off dollars; but save tens of thousands
20iliIves. Eunds currently spent on Intervention and
S relief could be devoted to enhancing eguitable and
SSustainable development instead, which would further
= reduce the risk for war and disaster. Building a

- culture of prevention is not easy. While the costs of
prevention have to be paid in the present, its benefits
lie in a distant future. Moreover, the benefits are not
tangible; they are the disasters that did NOT happen.*

We have no luxury of postponing usage of the
existing data on earthquakes to the benefit of
poepulation living In seismic regions.
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SEUEIENS — IMplicalions o1 ERYSICSESS

iE predictions, provide: reliable empirical
CONSLIAINS ToIrModelingrearthgtakes and
canthguake sequences.

=V dence that distributed seismic activity Is a
-l Oblem in statistical physics.

ﬂiFavor tine hypothesis that earthquakes follow a
= general hierarchical process that proceeds via a
~~  Seguence 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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——
At are the Next Stepsz

——

e Elgonthms arereither eoptimaliner unigque
( 'SSE, Viere-Jones “probabilistic” version of M8, RTP, R.E.L.M.,
£ r.“ S, “hot spots”, etc.). TNelr Non- _randomness
gf Jld e checked and their accuracy could be
nproved by a systematic monitoring of the

— Iarm areas and by designing a new generation
= _:?Fﬂof earthguake prediction 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.

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare




04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare




———

anthguake ForecastIPredlctlon
VerificationpAccuracy, {ltatlons

Viadimir G. Kossobokov

INSTITUT DE PHYSIQ ‘
DU GLOBE DEF Pm

= 1/ I/.'c.b-f : International Institute of Earthquake Prediction Theory and Mathematical Geophysics,
':: — / Russian Academy of Sciences,
79-2 Warshavskoye Shosse, Moscow 113556, Russian Federation

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

E-mail: or

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP. ¢ Miramare




| )
w50 D6 I\ PRE (ONCEPTUAL

SLIENTIET, Mol REACA A
ONCWAION To A TUHEORN
FIRST, THEN 5T 16NoRE

04 December 2006

So N WELL, SINCE
BELICVE B W DoN'T UEAR
NeU'RE ‘ AN TIING To
ALIAYS || PRoNE U WRONG,
i OGIC MICTATES
I WE MysT e
' \ RIGKT/

14

-

| LisTen peest : -
- 57

NEMH,. But...
WET gelhL
NoU \WNoN'T

EASY T

MEAN...
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- -—
Seisrmolag s ivEgile 2lrle) i cpPPIOPEtE Siatisticalitoo]s
to-date may rzve 2 Urnadieval flavort for trigse wrio it
Up to apoly e fuzzy EgieUzicjeiof chiile | developed
proyur LIEORAIGIPECOME “quUantitatively: propabilistics
Rl IEHENOIECASIS/Predictions must berdefined withia
ﬂenr ieaEeElaCys Following the; most popular ebjectivists:
EWBIEeEProbaility, we cannot claim: “probabilities®
- ade SelEEWIEoUta long series of yes/no
reeast/predlctlon outcomes. Without “antiguated binary.
aﬂguage F*yes/no™ certainty: we cannot judge an

«f‘;_ “ouiceme (“success/failure™), and, therefore, quantify
= Gbjectively a forecast/predlctlon method performance
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PLANETS ALIGNE
SNV EdREsday morning, September
gtz 0llSreNeVElV o appeanediin; the
geternisky: Jupiter, the cresce
GO Mel;cury...

o ——

Mercury -

IS/t a coincidence

20039 H26 B 048

0115
L$&42.0/E
HiR143.9FE
ES25km
M7.7

a law?™

Two days later ...

- —

20039 A26 B 06HF
8503

t$541.8/E

HiR143.9/E

FE=35km

M7.4
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Seismic
Roulette

o Reean

Regions of Increased Probability of Magnitude 8.0+ Earthquakes

as on July 1, 2000 ( subject to update on January 1, 2001)
45° 90° 135° 180° 135° 900

JN\J;‘,MXE T T ] T m&y T

450

Russian Academy of Sdences [ -indicates no increased probsbility
International Institute of indi ; o
@ - indicat d profakbilit B 0
Earthyuake Prediction Theory | Il Btk L o 60
cr i R | [l - irdicates redudtion afthe alam ares :
Kosmbovoy V.G, (volodya @it i) by the MSc algorithm
v I I I T5n ] I I I 1 | (L PRI 1 ]

|
135° 180° 135°
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Selsmic B,@m‘étte;-—

-

.

Conisider 2l roulgtig Welgal Wit 215 gzl Seciors Els igle
UMISEIRGIf EVENRLS N alsample catalog, a sector per
SAChEVEnL.

J\/H} Veurhet according to prediction: determine,
Whichrevents are inside area of alarm, and put one
p Il each of the corresponding sectors.

-Q ~,Nature turns the wheel.
":-.If seismic roulette is not perfect. ..
then systematically you can win! ©

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

the first will outscore the second! © © ® © © © ® © © ©
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, WesinPacific
shoji=tenm:iern

I

Jackson and Kagan "Testable earthquake forecasts for 1999",
Seism. Res. Lett., 70, 393-403, 1999

. ! Kagan and Jackson (2000) "Probabilistic forecasting of
— = = = = % A earthquakes'., Geophys. J. Int., 143, 438-453

Log,, probability of earthquake occurrence, M,, > 5.8, eqg/day*(100km)?
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WeNave analyzed the predictions arising fron setingia

tieshipidiprobability or al thresholdiprehapItyAE1Ic G

'ropfin ‘daily UpdatedsShent-term ferecasistor NV and
Raciicin Apnl 2002 - Sepiember 2004

(nrro Jfocec. 255 0ol S/l n/Oredichions ices il el

e EGHSonR 20008 Eronabllistic:iorecasting of eartiqakes,

mw ys. J. Int., 143, 438-453) and the catalog of

Sl quakes for the same period and have come to the

ol PWIngIconclusion:
rn“e redictions based on the Yan Y. Kagan and David D.

—== acksoen ferecasts are hardly better than random
, ‘:guessmg when main shocks are considered, and could
== Pe used for effective prediction of aftershocks only.

: The conclusion Is based on the prediction outcome
achieved for 218 shallow (with depth less than 70 km)
earthguakes of MWHRY = 5.8 or more. According to the
definition from (Keilis-Borok et al., 1980), there are 67
aftershocks and 151 main shocks.
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IENEitory ol Viest Pacific short-tenm fenecastis 1S coarees”
emesNniercells, 0.5 by 0'5idegree each. Making a “bet” on a
selINGRWERAY N C), Which IS thenumber ol earthquakes: from
mg sgimplercaialogESChargereanthiguake Edeines e
"Ehramo value - p(E) ((or p/P(E) ) - being the value of short-
ie i) proewability pr(Cor the value of probability ratio p/P")
Idetermined!in advance for the day of the earthquake.

————

—

BNts tunn the threshold! defines the minimal cost of a bet

e eqwred fior successful prediction of the target earthquake,
;'Zﬁ'(E) ‘which'is the sum of all bets n(C) over the union of cells
~ withp equal or above p(E) ( same for the ratio p/P ). The track
' record of the experiment provides the set of bets {N(E)}
associated with target earthqguakes that happened.
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pDenete w being the bet sum normalized toi the total stmrein(C) and
EIGRE Umben ofifailures-to-predict nonmalizeditothe totalfnummboer
Pitiangerearthquakes that hiappened in the course of testing. The v vs. w
dia@f2ni characterize thesefiectiVeness oi the prediction methods e:ak;
rapdosg orediction 9agioirieifica s clssacleiigelvyiig) gl ellzicjelglell iglEdi

sonEcts optimist’s™ {10} and “pessimist’s” {0,1} strategies (molchan, . M.

) ”

Ea'dr’j? ake Prediction as a Decision-making Problem, Pure Appl. Geophys., 149, 233-247, 1997).

.o

S Given -

- R

-

(_1: i ,rack record of the West Pacific short-term forecasts in the period from
: April 10, 2002 to September 13, 2004;

(2) the Harvard CMT catalog for the same period of time;
(3) the counts of n(C) based on the NEIC catalog of shallow earthquakes -

we plotted several v vs. u diagrams.
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mtcome of an “absurd” prediction:

itage of the failures-to-predict v versus the percentage of the alerted space-time

u:fw, (E), yp(E)} and {p,p(£), v, p(£)} generated bwon” of the

with magnitude MwWHRV =5.8 and depth = 70 km in April 10, 1992-September
4 using the p and p/P maps computed for April 10, 2002-September 13, 2004.

P “Delayed” 231 earthquakes

Thus, we cannot reject random
nature of the Jackson-Kagan
“‘probabilistic® method and may.
conclude that
(1) its effectiveness for predicting
large earthquakes is doubtful, and
(1) the applicability of the
underlying ETAS model is an
Ingrained bigotry.
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“Hi ezl iSlalh f cards.

"L gj%&?;i Oar?c?re\?erything gets shaky: ==

REGIONENEarthiquake. LikelihoodiMedEls:
ANEDI 0 SHaky GreUNES?

Lieslis Jole SCOKING! IS GNe of the delicate tools of Statistics,
wmm coUId be worthless or even misleading when
Epprepriate probability' models are used. Thisiis a basic
[BBPRBIETOr a misuse of likelihood as well as other
S tistical methods on practice. The flaw could be avoided

ey ali accurate verification of generic probability models
2 :;‘.’:‘Q';’n the empirical data. It is not an easy task in the frames
— Of the Regional Earthquake Likelihood Models (RELM)
‘methodology, which neither defines the forecast precision
nor allows a means to judge the ultimate success or
failure in specific cases. Hopefully, the RELM group
realizes the problem and its members do their best to

close the hole with an adequate, data supported choice.
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Regretiully, this:isinelithelcase withiriie"
erroneousichoice ol Gerstenberger et
al. who startedithepublic web; site with
Brecastis Oirexpecied grotnarsnaking
for tomerrow: (Nature 435, 19 May 2005).

1/1,000,000 1/100,000 1/10,000 11,000 1/100  1/1
Probability of Exceeding MMI VI

_’-‘C’ rsienbernger et al. HAVE INVERTED THE CRITICAL
SEVIDENCE OF THEIR STUDY, i.e., the 15 years of recent
—fselsmlc [ecord accumulated Just in one key figure, which
= slggests rejecting with confidence above 97% "the generic
Califernia clustering model" used in automatic calculations.

— e ——
»"_
— oy
——
’

Gerstenberger, M. C., Wiemer, S., Jones, L. M. & Reasenberg, P. A. Real-time forecasts of tomorrow's
earthquakes in California. Nature 435, 328-331 (19 May 2005)

Schorlemmer, D., Gerstenberger, M., Wiemer, S. & Jackson D. Earthquake Likelihood Model Testing
(manuscript in preparation, February 7, 2005)
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LETTERS

mainshock epicentre.

NATURE Vol 435]19 May 2005

Figure 3 | Calculated and observed rates of events M = 4 in 24-hour
intervals following mainshocks occurring between 1988 and 2002 in
southern California. Dashed lines show the rates forecasted by the generic
California clustering model (without cascades) for the mainshock
magnitude (M) shown. For this test a simple circular aftershock zone
implementation (solid lines) gives the observed rates of M = 4.0 aftershocks
following all mainshocks with magnitude within 0.5 units of M. The
aftershock zones are defined as the areas within one rupture length of the

Daily rates

Verification?
e t(FLQUfe 3 ?'Olm 2005 — 6.5<M<75(3)
erstenberger et al., ) T )
101 Nature 435, 328-330) o gg 31)
1 4.5

0 20 40 60 80 100 120 140

Days after initial event

__Soliciting misuse™
of Statistics?

“As a first test, we verified
that the generic clustering
model describes the
average clustering activity
of California reasonably
well. Using data from
1988—-2002, after the
period used to initially
develop the model and
thus independent data,
we compute the average
daily rate of events
following an earthquake
of a given size (Fig. 3).”
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Calcﬁlated and observed rates of events M 2 4
ur intervals following mainshocks occurring™
een 1988 and 2002 in southern California.

Dashed line shows the rate
em=: The model forecasted by the generic
_ gg ; z: gg Eﬂ) California clustering model
:: gy (96) for thg initial mainshock of
—— 3.5 <M< 4.5 (922) magnitude 6.5 < M < 7.5;

: solid lines display the
observed rates of M= 4
aftershocks following all
mainshocks with magnitude
within 0.5 units of M,
normalized to the rate of the
mainshock of magnitude 6.5
<M < 7.5. Grey bars stretch
from the minimal to the
20 40 60 80 100 120 140 160 maximal value of the

Days after initial event observed rates: their size is

about a factor of 5.
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ing th% means of the well-known Kolmogoroff-Smirnoff
perimentalist would be led to reject the thesis that the
able "Time after initial event” in differen gnitude ranges of
: s initial event has the same statistical distribution.

Jyral p.d.f. (probability density
‘ ents equals 1, each of the four plots provides the minimum of
f. increments, WhICh are by definition either 1/N or its integer multiple
SIN, etc.). These are about 0.0012, 0.0008, 0.0025, and 0.0015, which
iply the sample sizes about 846, 1250, 401, and 665 or integer multiples of
@alues. The probability of a smaller value of the Kolmogoroff-Smirnoff statistic
an th a%for the two samples used to plot the daily rates after 5.5 <M < 6.5 (green
|gure 3) event and after 3.5 <M < 4.5 (black plot) event (i.e.,
== D = 0.07-(N,N,/(N,+N,))"2= 2.12) is larger than 97%,
’Therefore the hypothesis that these two samples are drawn from the same
distribution can be rejected at significance level of 0.03. H

(A skilful.experimentalist would easily recognize the sample size in the order of a thousand just
from the range of the empirical distribution of rates, about three decimal orders, in Figure 3,
while a skilful observer would grasp 922 that signifies the number of events about magnitude 4.
Moreover, giving a look at Figure 3, he or she, even without any statistical testing, would say
that the data does not support the model.)
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S Weﬁ'lte May Mislead Californians
Forecast for 04/01/2006 12:42 AM PST - Since the tim‘&f pub“shed the work by
ol e ey g s S e Gerstenberger et'al on May 19, 2005 -

(1) In the 563 days (to Dec 03, 2006) of the
eal-time; foriecasting the four eanthguakes
o Modiried™ "Mercalli™ intensity” VI™ in
California have occurred in the “sky blue”
areas of the web-site's lowest-risk (about
1/10000 or less). These are the earthquakes
on June 12, 2005 near Anza; June 16, 2005
near Yucaipa; April 1, 2006 near Paicines;
and August 3, 2006 W of Glen Ellen
(pasadena.wr.usgs.gov/shake/ca).

(if) The extent of the observed areas of
intensity VI for these events (i.e., about
one hundred for the four areas in total) is
by far less than the expected number of
cells experiencing VI or greater shaking
(i.e., about 451 for the period of 653 days).

; ‘ ‘ we see, this should not surprise
1/1,000,000 1/100,000 1/10,000 1/1,000 1/100 110 H H
Probability of Experiencing MMI VI Californians...

Regretfully, USGS continues delivering to the public, emergency
planners and the media, a forecast product, which is based on wrong
assumptions, which violates the best-documented earthquake statistics in
California, whichiaccuracy was not investigated, and which forecasts
were not tested/in any rigorous way.
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REGCERG IfE?@'elid Set up a websiterof restricted
GllsteEsoN iR YANIWIIIEES. A C.ii/ EGPREICHON), Wi
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8 2005;

SN 7 S YN IRl | Ecch prediction reponts—

5 GCaLION O tE gl et CERLEN
s= ihe alert radiuss

o fpecllant mec)inlnlinle) clplel eplel
J

NEIMacnItUEE G target
eVenly;

Pliekabiity (56260 n el cases)

A\ LY

._;» A
("i, il\“ NG )
B (Y A N ey
e A

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare



e ——
S0E 55¢ B0E

£ §77% 3 | | | \

\} 4 " . \
TIPs and MZS or larger earthquakes:1.Jan-06 - 14 Aug-06

v

S . o

o 4
4

% 4 LA L
. /
b
o —
2
\
. \
Y
w3 3 6
et
Ty
&

IIEES Predictions: A
expired (highlighted) and curréent (pink transpare:*lt)

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP 4 Miramare




- Zojo)g

B il '-.H

TIR 27 Jan-06 - 2% Mar- 06

SREEL 0

S TIP 27 Deé-05 - 27 Féb:06

TP Re b oa e o

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP 4 Miramare




s
[TEES pielicifos:

e ContntoUsly Observe o  success;
EVIdEntly, thisthighly contradicts the expected
_-{‘ber P-N"='56%:-21 = 11.76 (presumably,
]S an estimate of probability of success);

“The TIEES predictions are misleading and their
dlssemmatlon to the public, emergency
= planners and the media should not be done;

¢ [he underlying theory is either erroneous or
applied in a wrong way.
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‘—Bowman, Ouillon, Sammis, Sornette, & Sornette, 1998

It is still unclear
if ““the best fit”

is random... ?

Free parameters:
dT, Mc, aftershocks
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Does “the best
fit” fit the data
at all ?
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S |
“PregLSOrS

IMERSImMple seismicity’ patterns — > and “burst of
AIEISHNECKS” — Were given unambiguous
eI pulicible definitions and their predictive value
Was Validated by the prospective worldwide tests.
B However, it is not clear yet whether some single
== simple premonitory pattern may compete in
—perfoermance with prediction algorithms that
combine several traits describing the dynamics of
seismic region at the approach of a large

earthquake.
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RealsimeENprediction of the world langest earthquakes
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes - 1011
as on July 1, 2006 (subject to update on January 1, 2007) Although the M8 MSC pred|Ct|OnS are

0fF  aslliech | donlliideon | (sRliioo ot intermediate-term middle-range and by
/"‘/ff; é. e . no means imply any "red alert", s_o_me
VR ”\7 L colleagues have expressed a legitimate
J L concern about maintaining necessary
confidentiality. Therefore, the up-to-date
e 'O° predictions are not easily accessed,
Q ; o although available on the web-pages of
L restricted access provided to about 150
8¢ [ | - indicates no increased probability ¥, . .
[ -inscaes ncrases rvabi 60° members of the Mailing List.
B s i ool o o

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2006 (subject to update on January 1, 2007)
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gugelieiprecision of computations; IS tiieNilSt
B SymplomreMathematcaNiieracy

NeLeyloy, felrrlotls SUssEll (elifle il clElf)

I

Tr)e rJ‘r*f sUiacy ofi an earthquake prediction method
SRESSENtially predefined by the accuracy of the
_.--r aravailable, which is far from ideal. The
= 'nav0|dable natural difficulties in observing

—
"

’

= Sejsmic events as well as in correlating them
with other geophysical phenomena and fields
complicates the design and testing of a new
generation of earthquake prediction technigue.
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r ccumulated case-histories off predicted
1d net predicted earthquakes provide us

- mque and so far very limited information

——
-’
5’
.;x

—
e
-
—
’

= that may help understanding the ultimate
imits of seismic predictability.
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.
S12GES, Of earthquake Qedmhon-

2 lerm less predlctlon Ol earthguake=prone areas

o Pradiciion of tife zc loceiion of 2o Selrirle|Uzlie of
'rtain magnitude

Terno ral inryears Spatial, /n source zone size L

.‘ -

|Qg, {eTim 10 | Long-range up to 100
==t Ej Smediate-term 1| Middle-range 5-10

—
e

-

— IShort-term 0.01-0.1
{Immediate 0.001

* 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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Average annual number of magnitude 4.0 or greater | anma number of carthquakes
earthguakes at a 1°x1° cell (normalized to its area on NEEEEEE
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_.-s _= 0) oron the maps
— Sngfles the annual
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~earthguakes with ® B A |
magnitude 4 or larger in - i “SERERCE 4

the 667-km (above) and | : Tl .A :
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Werlel Ermance eiealthguake predictien
rithnislVig.and M8-NSc: MagnitudEIEI0%Rss

Large earthguakes. | Measure ofi | Confidence
notal™  Predicted oy [ alarms; Yo evel, % |

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

lest

gefjgel s

c) o i
=) e)0)=
y r’:-;

et | 11 9 7 |33.17../99.5 99.

- - =
——
- —

—

B s -

9 7 5 (28.,.14. 199.cc 99...

= | Ppresent

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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Worle @limance efearthguake; prediction
ZlBETmENI8.and M8-MSc: Magnitludes@sror meren

— —

Large earthguakes. | Measure ofi | Confidence
notal™  Predicted oy [ alarms; Yo evel, % |

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

lest

geriod

~ E

B 52 30 16 |34.11.:99.0599.s
"zf;t 40 20 10 28.77 10.45 99.34 99.43

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+.
Nevertheless, we continue testing the algorithms for this and smaller magnitude ranges.
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Real-time"mpnitoring ( hittp:/MWwhWamitprruror
hittps//www:phys-ualberta-calmil Imitp));

Cl's and Great EarthqUERESIT 065-2003

-
¢
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19/09/1985 Mexico Earthquake
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19.September 1985, M8 .1
Mezxico earthquake
and its aftershocks
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e 20/10/1966'Kermadek Earthquake
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Outside Test Area, NOT
COUNTED in the overall
statistics

180°E 17CFE
30°S 30°S

“

23 May 1989, M8.2
Macquarie earthquake

45°S 45°S

and its aftershocks
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=]
a

Distance, km

&
]

15 a5

Macquarie, 1989/05/23,
M=8.2 |

-

'> JFJ._.,- },‘.. — .“,‘. .."r b
[ | [l f"f" i
T ™1 T T

3 .IIU ) A ) J _q..

N 2 - . -+"_ =1 L= .4.:,- AR
1 o Sl =1 ]
B

L2 (=41 A |a ATt
. P 3AL -
I [ Bt T :

e

T

22 |° ol ™ e : o L

IPO.UN PO VNINL | TN RN = S

75 a a5

S0




08/08/1993 Guam Earthquake
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Outside Test Area, 09/06/1994 ' Bolivia Deep Earthqyake
NOT COUNTED in
the overall st_atistics

Deep Bolivia
> did occur after
y 10, 1994,
| _,}-"' 6.9, depth 595
B hauake at distance 09 June 1994, M8.2 -~

S

t—250 = Bolivia Deep earthquake ™
: vy and its aftershocks

‘The previous earthquake
~ that deep happened here 1n
1963.

=
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e 04/10/1994 Shikotan Earthquake
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. 07/04/1995 Samoa Earthquake
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03/12/1995 Iturup Earthquake
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Iturup, 1995/12/03, M=8.0 —)

N1 111 I }|

03 December 1995, M8.0
lturup earthquake
and its aftershocks
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25/03/1996'Balleny Sea Earthquake

Outside Test Area,
NOT COUNTED in
the overall statistics
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. N04/06/2000 South Sumatera Earthquake

8

A20PE

T
Eel el Pkl
A

=]
“H ¢

quwg,'

Distance, km

> %

:':':-'-:"‘ :
"er'*ﬁ,i ,?};g‘

as oo
South Sumatera, 2000/06/04, M=8.0 ﬂ.

i)

=

3
-
L

i 1
g
» _,_.l.~:-" (11 i~ | I
- I '.alr-:'\ L

L I L B
. el L T T
| l.,;
2 | L A L LT el
=
= IREREE AR, [
| LD T H A TR

04 June 2000, MB0 o _ TP s o R LT T
South Sumatera ~ '
Earthquake and its e I
aftershocks

10°S

(] a0 s a0 as . 0o

04 December 2006 Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare




—--i::;‘ -
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04 December 2006

Seismic events that big

1 cean subduction

zones only twice in the

Ll 20t cen

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 earthguake

The 26 Jan 2001 GUJarat

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

/,,
N ,F

| \ of alarm, although the
& S MSc predicts an opposite

2001/01/26, M=8.0 - side of it as the most
e ~ Gujarat, mchzrem“rhquake 2 dangerous area.

»  and 1t~, aftershocks
s/ ;

.
C'Il 24A: TIP mnlil AN31-1. ™
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0612004 earthquake NEAR COAST OF PERU

- B e g~
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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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1//2001 QINGHAI, CHINA earthguake

_No eaﬂWﬁM
EVEr repo in Si#233 betore the 2001

Qinghairearthguake:

—

Thetlargestione in'the 20thrcentury’has
maghitude 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.

by A The nearest magnitude 8.0+ earthquake
I R e g et o S Te happened on November 18, 1951 near Lhasa,
ho zoo., Q’NGHA' f:”'"A °f'“hq“?fzb | Xizang (Tibet) 375 miles (600 km) south of the
November 14, 2001 epicenter.
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2570972003 19:50:06 Utc HOKKAIDO, JAPAN REGION earthquake

25/09/2003 19:50:08 ute HOKKAIDO, JARA
. learthquake and its

Cl # 64: TIP as on July 1, 2003

.(.’

Thisiis the secondi failure-to-predict

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,
we can not.
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15/1172006) 11:14:16 utc KURIL ISILANDS earthquake

M8 MSc pFEdICtIOH predict in course the M8-MSc

TIPs until 2007/07/01 £ Global Test. Its similarity with
- in Circles of Investigation ## 64, 80 .
- reduced to the two rectagular areas

AR ' i HOKKAlDO, JA;PA.N REGI(’)N earthquk(’a)
‘RTP prediction: the two chains¢laim TIPs is evident:

from 2006/05/11 to 2007/02/11 (blue outline) & :
from 2006/09/30 to 2007/06/30 (red outline) Same as in case of the 2003

Hokkaido earthquake the M8-MSc
alarm for M8.0+ switched on in
July 2006 is about 500 km off the
epicenter, while the independent
shorter term RTP analysis of the
D_ate3 2006 Nov 15 regional JMA catalog of
Time: 11:14:16.4 earthquakes performed by V.I.
Latitude: 46.6N Keilis-Borok and P.N. Shebalin has
Longitude: 153.2E indicated in advance the two
Depth: 28 chains of correlated quakes
M ¥ de: 8.3 connecting the M8-MSc prediction
agnituae: 8. to the epicenter of the anticipated
great shock
(see “Experiment in prospective earthquake
prediction using RTP” at

http://www.igpp.ucla.edu/prediction/rtp/RTP10a_confirmed. pdf) ]
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Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2002 (subject to update on January 1, 2003)

O — 0 ~ O A0 an0 A0 ~ O ; 0
0 45 90 135 180° 135" 90 45
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i I Y‘F’%\?él i \VW%
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,‘{”} . (2 2

'.-l) I3
gt Axl.‘\!
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- indicates no increased probability
- indicates increased probability

- indicates reduction of the alarm area
o by the MSc algorithm
— pmmmr——— e e S — :
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.
Sent on Monday, -
Subiect The Whatwasspredicted:™:.

2002b Update of
the M8-MSc

predictions)

along with the s Earthquake(s) with magnitude
:f:daitcet?ons of 7.5 or more will occur in CI #5
efor s e (vellow) during the time period

worldwide. ‘ n‘ from July 2002 through: July
' 2003.

In the second approximation
the MSc algorithm: has
identified the area (red) that
stretch between

24.52S - 21.16S and
178.76E - 177.53W.
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—

® The position of the
M8-MSc alarm that
narrow down
substantially the

prediction area
suggested the
occurrence of the
great deep
earthquakes
(depth of about
| Depth Scale (kn) 240-700 km).
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What happenedim

¢ EARTHQUAKES:

—— )10 N1 1]

2002/08/19 11:01:01
2002/08/19 11:08:25
Coordinates —

02/08/19 ElJ] ISLANDS REGION 21.80S 179.49W
MW 7.5 aind 7.7 Deep Earthquakes 23.85S 178.41E;

pnd Ulieftorshogls Depths - 586.8 and 693.7 km;
Magnitudes —
MwGS (MeGS)
/7.5and 7.7 (7.7 and 7.4);
F-E Regions —
FIJI ISLANDS REGION and
SOUTH OF FIJI ISLANDS.

ClI# 3. TIP until 2003/07/01

The two August 19 main shocks mark both northern and southern edges of the
prediction area. Does it mean that sometimes exact prediction is not possible?
This reduction of the uncertainty provides probability gain of more than 25.
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i

) — { _—
IERthe accuracy aehieved by MBfand MSc

2l IEHiUNISHRNIEICHEIRIRENGIGhAINESHRENSE
IERNECIalENArImeEraomalTanaVanes irom
MIEEIERteIExact in space domain.
"me cases, the accuracy could be improved
- T:—)y making use of additional short-term
-,4 “ monitoring of seismic activity and, perhaps,
~ other geophysical fields in the alerted area of
Investigation.
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One Case‘-&'aely Of electremagnetic record aleul
wEssIie i 2. July 1995, Ms.ZxengrDengi
‘ China, earthiquake in Tibet

J. Zlomicki et al. / Tec

nophysics 334 (2001) 259-270

Lamwe("l\brﬂv ql,g,s, 1986
2& Gobi Ala Shan platform

May 23, 1927
38 \ M=8-8.3 October 20, 1990
07’%7 Tengger Desert 1as
o\ 0
Gulang

A
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J. Ziotnicki ex al. / Tectonopieys

100

fcs 334 (2000 ) 259-270
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Latitude (°N.)

05/01/95
06/01/95 -
07/02/95
08/02/95

Evolution eiftne Uitk

signal

TThe 1995 Yong Deng earthquake
occurred in less than 100 km
from the instrument at the time

§ § . of characteristic ULF and/or its

= e power decay on component

directed at the epicenter.

Number of
foreshocks

The appearance of the ULF signal
accompanied with a rise of
seismic activity on adjusting

segment of Haiyuan fault
system.

T'he characteristic ULF collapsed

Number of
aftershocks

g

just before aftershocks fast

1
01 1 10 100

Time to EQ, days

04 December 2006

disappeared (exponentially).

Time since EQ, days
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.: h‘" .
ed Scaling LLaw' for Earthigliakes;

o nd Seismic Hazard ASsessment

Viadimir G. Kossobokov

INSTITUT DE PHYSIQUE
DUGLOBEDEPARS

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

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

E-mail: or
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The evident heterdge-nelty of patterns of seismic distribution and
' pamics are apparently scalable according to the generalized
Jerg-Richter recurrence law that accounts for the fractal
fure of faulting. The results of our global and regional
alyses imply
¥ Jue in a seismic region, for a wide
of magnltudes and sizes, can be characterized with the

wing law: Log N(M,L) =A+B:(5-M) + C-Log L,

3 ‘e N(M,L) is the expected annual number of main shocks of
j litude M within a seismic locus of liner size L

iFa wide range of seismic activity, A, the balance between

= agnltude ranges, B, varies from O. 6 to 1. 4, while the fractal

_;,:_—;:'_*'ﬂwnensmn C, changes from under 1 to 1.6

—(ii)-an estimate of earthquake recurrence rate depends on the size
of the territory that is used for averaging and may differ
dramatically when rescaled in traditional way to the area of

Interest.

The confirmed multiplicative scaling of earthquakes changes the
traditional view on their recurrence, and has serious
Implications for estimation of seismic hazard, for the Seismic
Risk Assessment, as well as for earthquake prediction.
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«QOutlne”

- p—.

SRVigatIs lacking In the Gutenberg-Richter relation,
Jo_z, N=A + B-(8 - M) ? Space.
e Unified Scaling Law for Earthguakes:
he first results and conclusions

1 —e Rewsmng the ABC problem on a global scale:

-~ The Global Seismic Hazard maps that display at 100-km
' scale the A, B, and C’s for the recurrence of earthquakes

e |mplications for assessing seismic hazard and
risks at a given location, e.g., in megacities
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Whgiisilacking in the Gutenberg-Richter

relationmwog; N ="ASNEE(S - M) 2

IR i —

ERBeing a general law of similarity the GR

2 relation establishes the scaling distribution
@I earthguake sizes In a given space time
velume

* _..but gives no explanation to the

guestion how the number, N, changes
when you zoom the analysis to a
smaller size part of this volume.

The answer Is not obvious at all.
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m—
SEISMIC activity 15 self SIMIEIE

Since't m- gleeerng WorksreiKelti Akl and M A. Sadovsky:

Olubyori> G Ko AKil 1987, Fractal geometiy inithe San Andreas Fault system J. Geophys. Res., 92 (B1), 345-356;
Canouscru VA " Bosteoissiton JIL 0, [lcaps i IS OB CEOVCABCHICKDCAHO CAVNIOPHBI 0P O /56! AL
¥ : CCCP. @usura 3emi, No 12, 3-18;

SRV iEciaisVIBAS ML B TFomyoera, B.D. HI/IcapeHKo, v MLT. [Tavpman, 1984. XapakTtepHble pasMepbl FOPHOW HOPOIbL U
viepapxudeckre ceorcaBa cenemmunoctn. Azsecmusi AH CCCP. @uzuxa 3emau, 20: 87-96 .

I—

Lrld rstandlng Of the fractal nature of earthguakes and
seismic processes keeps growing.

- Jfhe Unified Scaling Law for Earthguakes
at 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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Wi, . .
. Lﬁ Therschemexierfox-cotrting
. 5 =

)
o AT

ey Ty | The counts in a set of cascading
' squares, “telescope”,
estimate the natural scaling

of the spatial distribution of
earthquake epicenters and
provide evidence for rewriting
the G-R recurrence law.

=

—_—

_—
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e box-counting, algonithm
(Kossobokov anoVaZIREN oY, 198'85‘

T —— i —

FOr SElg] out of m magnltude ranges and for eachiout of h
EVE s offhierarchy the following numbers N;; are found:

;.-?;'E =Y n QY N;,
h 1, 1=1,2...m, n(Q)) is the number of

- v\mc‘ ei=0,1..
= events from a magnltude range M, inanarea Q,of
~{inear size L;; N; Is the total number of events from a

-
Pt
—" =
= —
-l—"_

= = ‘magnitude range M..
-~ The A, B, C's are derlved by the least-squares method from

-

the system
logoN;; = A + B-(5 - M) + Clog,L;.
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—
AMRIIET P etation o theterEcountinig!

IR i —

NIIFISEIRINRCANNIE ConSIdEred as the empircal mean recurrence rate of
VETIS -m the magnitude range M;, calculated over their locus in an area
el m r “thrlevel of spatial hlerarchy

Spec _g | y, ifWe denote a “telescope” a set of h+1 embedded squares W = {w,

: y S Wit sothat each w; belongs to the I-th level of hierarchy. Note that
— RECIC]s telescope grows unlquely from the lowest level. Assume that the M,
o 1center set IS defined by a sample catalog of earthquakes X. = {X,, ... xN}

'..__-

= ~_"-'F.ach earthguake x, defines the “telescope” W(,,) that grows from Wh(Xk) to

— “whichi X, belongs. ConS|der the set of ° telescopes” {W(X,) ythat corresponds to
: the catalog X;. Denote n;(w;) as the number of events from X; that fall within w;.

Then the mean number of events In an area of i-th level of hlerarchy over X; Is N;

Substltutlng summatlon over XJ by summation over the areas w;(x,) from the i-th
level, we obtain the formula.
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The ﬁTSt reSUItS (Kossobokov: and Maziikenov, 1968)

ethod was tested successfiully on antificialicatalogs: with preflxed

12 KOSOBOKOV AND MAZHKENOV: SIMILARITY IN SPATIAL DISTRIBUTION OF SEISMICITY
4 '
P
vy L.
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i MR 7Y 5
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Fig. 2. Examples of spatial distribution of epicentets from catalogs of mainshocks. (a) Eastern Hemisphere, {b) Lake Baikal
area. (¢} Southern California. (d) The Cape Mendodine vicinity.
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A Brand C and appliediinta dezen of selected seismic regions from
e the hemispheres, of the Earth tora certain; intersection ofi faults.
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Fig. 3. Esxamples of log N(M, L) graphe. (a) Enstern Hemisphere. (b) Lake Baikal area. (c) Southern Culrﬂumm {d) The

Cape Mendocina vicinity.

Seismic Hazard in Asia ¢ The Abdus Salam ICTP ¢ Miramare




I h m’fied Sealing Law IeIREAIICUAKES

WENEVisited the problem after Per Back et al. suggested the Unified
S¢ EIJrJJ Vo EartNgUakesHmrardiferent fermulation (with

UGS TILIES of 1/N T and M = Log10 S),

-

TR
“To u erstand the Unified Law for Earthquakes, It Is essential to see
vv__r_J itthe value of x represents. The quantity LS in the scaling
fLiplEElo)g] lepresents the average number of earthquakes per unit

e me With seismic moment greater than S occurring in the area size

,_:*"‘*fL‘x £ Terefore, X Is a measure of the number of earthquakes

~— — happening within a time interval T. The Unified Law states that the
distribution of waliting times between earthquakes depends only on

this value.”
Bak, P., K. Christensen, L. Danon, and T. Scanlon, 2002.
Unified Scaling Law for Earthquakes.

Phys. Rev. Lett. 88: 178501-178504
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Wihiat Per Bak et al. (2002) done?...

——

L 3
—6 4

10 10

10° 10
eTS"LY

Fig. 6. The data in Fig. 3 with T = 38 s replotted with T«Ps (T} as a function
of the variable x = ¢TS¢L4, ¢ = 1074 The Omori Law exponent a = 1,
Gutenberg-Richter value b - 1, and fractal dimension d¢-= 1.2 have been used
to collapse all of the data onto a single, unique curve f(x). The curve is constant
for x < 1, corresponding to the correlated, Omori Law regime but decays fast
for x = 1, associated with uncorrelated events.

Christensen et al.
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SCSN Data, 1984-2000
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RE 'sfting e ABC problem on a gleal scale:
_ s

e GlobalkSerismicEazard maps

..___,, AnBLane eI earthguakes

rom the US GS/NEIC hypocenter data base permitted us
tgate systematically regions from a wide range of seismic
] /, A (that differ by a factor up to 30 or more).
_ for earthquakes with hypocenters above 100 km —

e
--:_
o= e il
e ors

o= -The balance between magnitude ranges, B, varies mainly from
_?"' ~ 0.6 to 1.1 with a sharp maximum of density at 0.9, while

- the fractal dimension, C, changes from under 1to 1.6 with a
maximal density within 1.2-1.3.
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— h
MHistograms ofi AnBeE and*e’s

~ Note: The histogram of the coefficients’ value errors, c’s,
= given in logarithmic scales. It suggests high
degree of overall agreement with the assumption
of self-similarity used in computations.
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e Globé\-l‘%%ismic IHazard " map:; Coefiicient €

b [ |

Fractal dimension = C w per order of distance

In degrees
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heRegionaisSeismic Hazard Map: Northern, ltaly
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Sample 3-D
views of the 2352
combinations of

A, B, C
coefficients in
Italy and
surroundings,

1870-2005.
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:"‘-'-l.
JJr;JQ Implications for assessing Seismiciazandss
B2t argiven locationi(e.g., inla megai city)

The estimates for Los Angeles (SCSN data, 1984-2001) -
i A=-128; B=0.95 C =121 (o, = 0.035)
ra dltlonal assessment of recurrence of a large earthquake in Los Angeles,
= i.e., an area with L about 40 km,
.“” data on the entire southern California, i.e., an area with L about 400 km,
= being underestimated by a factor of 102/10%21 = 10079 > 6 !

Similarly, the underestimation is about a factor of

6.4 for San Francisco (A =-0.38, B =0.93, C =1.20, c,,,,=0.07),

4.6 for Tokyo (A =0.14,B =0.94, C = 1.34, o,,,,,=0.05),

8 for Petropavlovsk-Kamchatsky (A =-0.01, B =0.83, C =1.22, ¢,,,,,=0.05),
10 for Irkutsk (A =-1.12, B =0.80, C = 1.05, o,,,,=0.03),

etc.

Scaling for unified application of an earthquake
prediction method.
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mic Hazard with Object of Risk and its
abiliy" provides an estimation of SelsSmiciisk
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City Area = ( . Strong, m'agmﬂ!ﬁ-'e'é-,-earthqua es.
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Top ten* recurrence rates for strong (M6+) earthquakes

City Country  Population A B C  Recurrence rate, years’
Tokyo Japan 11906331 014 094 | 134 0.15663
Taipei China 1769568 022 = 080 @ 1.15 0.08580
Jakarta Indonesia 0,003449 015 106 123 0.08349
Kobe Japan 1422922 017 | 090 @ 0.84 0.07368
~ Yokohama Japan 3049782 015 = 0% & 132 0.06258
=£ Kyoto Japan 1480355 016 = 093 = 0.96 0.06177
= Santiago Chile 409,714 008 105 @ 121 0.05579
Quanzhou China 403180 039 = 095 | 096 0.05310
Los Angeles US 13,074,800 -0.34 | 09% 119 0.05267
(aoxiong China 828191 021 080 118 0.05165
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Top ten* of

ation at risk for strong (M6+) earthquakes

he popu
City Country  Population A B C  Population at risk, year’

Tokyo Japan 11,906,331 014 = 094  1.34 1,864,928
Los Angeles US 13,074800 -0.34 = 09 = 119 688,671
Jakarta Indonesia 6,003449 015 = 1.06 = 1.23 543,000
Mexico Mexico 8831079 016 = 1.05 @ 1.4 444 839
Manila Philippines |~ 6,720,000 003 = 116 = 1.35 325,408
Santiago Chile 4099714 008 = 105 | 121 228,741
Lima Peru 5008400 026 086 @ 1.36 204 522
Yokohama Japan 3049782 015 09 | 132 190,865
San Francisco US 5877800 038 = 093 | 1.20 183,198
Taipei Ching 1769568 022 080 @ 115 151,830
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Trie avidami I'Mzeity O pattermsiejisersmic distribution.ane
sWREINIESEEE appearently scalanleraccording to the geneEielizes
EMENLEPRIClteresuence | awihat 2ceoURISHBILITE lcta M
el eiNEllting. Thevesmisiel ouir glohal antegional analyses
irnply

(1) the recurrernce of eartficualies I a seisllc redlor, for a wide ragce of
MERIEESEEERSIZESCanMErChiaiciCtefzed With tihe following 1aws
3 EEEINI(IVIELE)="A+B:(S5 - M) + C:-Log L,
vvner;: [(VRBNS e expected annual number of main shocks of
mggrﬁ WEEWIWithin an earthguake-prone area of liner size L

(1) for EMIBENENOE Of seismic activity, A, the balance between
gnltude llanges, B, varies from 0.6 to 1.4, while the fractal
-m’nensmn €, changes from under 1 to 1.6

-'(qﬁ§'an estimate of earthquake recurrence rate depends on the size of the
= letery that Is used for averaging and may differ dramatically when
- [escaled in traditional way to the area of interest.

e confirmed multiplicative scaling of earthguakes changes the
traditional view on their recurrence, the catastrophic ones in particular,
and has serious implications for estimation of seismic hazard, for
the Seismic Risk Assessment, as well as for earthquake prediction.
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