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SUE IIy, forecast/predlcygﬂiai.—b-
Kireme eveﬁ%s not an easy, task.

, dil EXtreme event Is rare one inia
f klndred phenomena. Iherefore, It

LE "implies a delicate application of small

: istatistics methodologies to data of different
,.. acy collected in different environment.

"? any extreme events are clustered (far from
§: '|ndependent e.g., Poisson process) and follow fractal
= (farfrom 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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Vigkingriorecast/predictiontclaims guantitatively:
IeIEllistic. in the frames of the &Iﬁnﬂ—
I E -|v~|sts wewpeiﬁt-;gn proba ity requires a
BRESENEs of - es/o iorecast/prediction
OLItGaLg) “'H' ARG EroPIalnEd WithoUT an
aendedingoerous test of the candidate method.

Tl 9_3 of enrors (“success/failure” scores and

59?' estime measure of alarms) and other

S fformation obtained in such a test supplies us

f;-"—" Wi h data necessary to judge the candidate’s
potentlal 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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t'an application of the forecast/prediction
id be very: different in cases of different
e ‘benefits, and, therefore, requires

im atlon of optimal strategies.

- IE-E ere turn case specific costs and benefits may
f—suggest an optimal modification of the
— - forecast/prediction tools.

___._,..-l—

=
=
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e extreme catastrophic nature
of earthguakes 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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BISMIC activity 15 selfi sim

SINcethe j ﬁ-eerlngmutl AKI al

Qlcilng, G ./, \"'I 1987, Eracial geome ry 1nl the San Andreas auli-system. J. Geopliys. Res., 92 (Bl) 345 356 -
Canosorurs fl\/f Y _DDH COBUITULE rQJI ) F_f cepeecg 5,W, 1957, OICEOMCIEE HVCKD IOV PEBIXEOP O V156 A[F]
PR DUBIRA SCVII, o

Canociuil .1 o 's d) HI/IcapeHKo U M I LHHHpMaH 1984. XapaKTepHLIe pa3Mepbl FOPHOM HOPO/IbL U

7 'papp(I/ItIeCKI/Ie cBomcerBa ceremuaHoct. Assecmusi AH CCCP. @usuka Semnu, 20: 8796 .
=

[E dlng of the fractal nature of earthquakes and
= seismic processes keeps growing.

. Jiae Unified Scaling Law for Earthguakes
= _Fgwu enerallzes Gutenberg-Richter relation suggests -

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

3 wHére 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 (Kessohbokov: and Maziikenov; 1968)

cthod was tested|successfully oniartificialicatalogs with"prefixed
switand C and appliediinra dozen ofi selected seismic regions from
the hemispheres;of: the Earth tora certain intersection of faults.

L

KOSOBOKOV AND MAZHKENOV: SIMILARITY IN SPATIAL DISTRIBUTION OF SEISMICITY
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Fig.2. Examples of spatial distribution of ep from catalogs of mainshocks. (a) Eastern Hemisphere. (5) Lake Baikal
area. (c) Southern California. (d) The Cape Mendocine 'ﬁumty

Fig. 3. Examples of log N(M, L) graphe. (a) Esstern Hemisphere, (b) Lake Baikal ares. (<) Southern Culrhmt {d) The
Cape Mendocino vicinity. .
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Jg.eg[@ﬂhmap of the USLE Coeff|C|ents

BaIancebetweenMagmtuderanges ' B Siond Fractal dimension = C ¥

pllcatlons for assessmg seismic hazard
argiven location (e.g., In a mega city)

e The estimates for Los Angeles (SCSN data, 1984-2001) -
s i A=-128;, B=0.95 C=1.21 (0, = 0.035)
r——amp'fy'é raditional 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 102/101'21=10079>6!

Scaling for unified application of an earthquake
prediction method.
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910l earthquakes in Space,andsines
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irearthquakes:in Space and INme:
Clustering and cascades —
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irearthquakesiin Space and IHmeE:
Clustering and cascades t—

2004/12/26 -

1Der

IMERE i ciiciehocks did change
ERCIEPEWISE manner: from 10
ZumtIde 2o larger guakes) per

MIGIAON: - perhour untillthe swarm

=0[25:27January, which burst more

e —1Han 500 events.

Ifhenitne 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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analysis of aftershocks
| (exidence fro ern CA)

equences of southern California are extremely different —
number of M2.0+ aftershocks in 100 days can be O for

Thus, the ‘0ld good” Omori’'s law for aftershocks
IS hardly a solidly documented fact

(despite that it is widely used in conceptual models ).

ﬁ-:* nders, 1992, M7.3, has about 8.5 thousand, while Hector Mine, 1999,
e -Mll has only 4.6 thousand of M2.0+ aftershocks.

'There_fore 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.
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Ustdefinition offearthquake pre diction
as'N'a’tT“Oh' |.Research anel'on

e Prediction Committee on Selsmology
WIRGLCE pdnp" 0, P./,

“An e lrrmq ake predlctlon must specify the expected
rrizig) Jrlea. , the geographical area within which it will
BELY, and | Je time interval within which it will nappen with
Jumrwf BreGision so that the ultimate success or failure of
IENIIE 1ct|on can readily be judged. Only by careful
-_-_;_.;Fr_we' mg amnd analysis of faillures as well as successes can
=—iereventual success of the total effort be evaluated and

= ffﬁtu*re directions charted. Moreover, scientists should also
~ assignia confidence level to each predlctlon s

. 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 Earthqguake 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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Stene: of earthquak__p.@di@tmﬁ-

" F_ m-less predlctlb"rTUf'earthquake prone areas

2 Hreclg ol gf terle aJ; ALGIING) catguake o
er ainfmagnitude
rémgom TT years Spatial, In source zone size L

_‘1.

| orU rm 10 | Long-range up to 100
E e edlate term 1 | Middle-range 9-10

- "Trtterm 0.01-0.1 | Narrow 9
Immedlate 0.001 | Exact 1

e 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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Wt R Le,rm—lesg_
~. o5 o e parhitikes a p p 'r-o Yimation:

® The 73 D-intersections of
morphostructural lineaments

In California and' Nevada
> AN determined by Ge/fand et al.
Hector tne] [ = (1976) as earthguake-prone

. | for magnitude 6.5+ events.
3 Since 1976 fourteen
" ' magnitude 6.5+ earthquakes
m.:.;."w.. % occurred, all in a narrow

vicinity of the D-intersections
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“ﬁ!-
ANEastToneroiftigernewly discevered faults, et S
il | : 90 AN elusive
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PILANETS ALLIEN
ORNVECRESHAY morning, September

.
240, 2009 el o I dETe e
SEBEsky: Jupiter, the cre L

(1190f] gl_nrl Mercuny:...

Jupiter «

== 2003019012601041500) 2003[19[126106108L]

— 110 03[
- HIECEURE: 0042.00 0041.80
3 [101143.90 [101143.90
11125km 1135km
M7.7 M7.4
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http://science.nasa.gov/spaceweather/swpod2003/25sep03/Winter1.jpg

S —_—

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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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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=
—

— ) desaturatéd).”
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e or even a few observations is not
S8 JLLG o) claim causality and reject the
eiswx Jative of coincidence by chance.

_5:*_. P obablllty theory helps when a long
~ series of observations permits to suggest
“a suitable probability model.

_-—l-E
— il e
—

p— il

—
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“Th e e lySISpeiicaieannevitably.involves some.traffickin 3 fstatieh
grayianeaiwhich is not qw%h ofi mathematics™=and just as, surely not
ERaloranchi of sc;Lence In the followmg sectlons you will' repeatedly’ encounter

Ned OHOWJHJ 92 e lejnl .
Rl yASeOImeENonmUlaNo e date tercomputerarstatistic®
. compu_'f.f; the value ofi that statistic falls in a prebability distribution that
I3 comp’j on theibasis ofisome "null hypothesis”
iftsallish a very unlikely spot, way out on a tail of the distribution, conclude
i)zl rn-;.'l UII hypothesis is false for your data set

] I'

I

_‘- "-"'_ =

l\l' 3’alls I a reasonable part of the distribution, you must not make the
istake of concluding that the null hypothesis is "verified" or "proved”. That is the
= F§é’0f 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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_&p;gl;
- Statistics.”

Keiitil Aki (1930-2005)
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Selsmiec
Roulette
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 7, 2001)
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) 400 )

Fgr]erJ aouletterWneel i manyVv sectors as the
rmmo= events in a sample catalog, a sector per
ezlon) e hent

J\/lrmgd bet according to prediction: determine,
WG hlevents are inside area of alarm, and put one
Fp o) |n eachiof the corresponding sectors.

:__,.. a'ture turns the wheel.
== '1f seismic roulette is not perfect...

"1:-
i
el

= -'-'"-:_— then systematically you can win! ©

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

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

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; T is a measure on TxS (we consider here a direct product measure T 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(zx )/ [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 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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om arison m%
-pred|C| method
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=

urprisingly, most of the authors seem avoiding
real-time testing, evaluation and verification...
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‘el %arthquakemm‘asy as One-two-three.
.1 _)r‘OO DUIPIECIISORAEEsioRINSIumEntS anthe

ofil2 Comlng earthquake

~
:),

(20
JLEN0

ses, e.g. US GS/NEIC
etect and recognize the precursors.
m algorithms, e.g. M8

= o=
- = =

,- fep 2 Getal your colleagues to agree and then publicly
= rprdICt tne earthguake through approved channels.”

INGRBEFGfEarthquakes have been predicted

Scholz, C.H., 1997. Whatever happened to earthquake prediction.
Geotimes, 42(3), 16-19

Z—’-_*‘E
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iIsmol. Soc. Am., El Cerrito, CA, 1997)

S MBIGOTI

—

= e
S ]n erm_xrljf e ErearthoEkersrediciionimethod was
nediby retroactive analysis of dynamics of seismic

Jit /’ preceding the greatest, magnitude 8.0 or more,
iguakes worldwide, hence its name.

Vele (Kellls Borok and Kossobokov, 1984) and the

ﬁ) |naI version (Keilis-Borok and Kossobokov, 1987) were

=5 :.;_*-*',;. retroactlvely The original version of M8 is subject
'tb*che on-going real-time experimental testing. After a

-~ decade the results confirm predictability of the great

earthquakes beyond any reasonable doubt.

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

"‘W
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Target earthquake b

1975 1980 1990 1 Time

l Magnitude

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

Algorithm

General scheme of prediction
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—
riterion.inithephase space”

sluses, iraditional
escription i ardynamical 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. WWhen a trajectory
enters the criterion, probability of
extreme event increases to the level
sufficient for its effective provision.

péd.ze Qtace
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- o -

Spectively: (Keilis- Borok and Kossohokoy, 1990) the
Ie rﬁ /ersion of the algorithm was applled to

‘the Iargest earthquakes (with' M, ranging from
2,9) ini 14 regions.

28 predicted in 16% of the space-time
ered.

;:_—,“' °-1\/Iod|f|ed 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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SEONIENE prox-lmﬂgn predmtmh‘?_thm'

Trig zllgor] rrlrtf* “reducing| therarea of alarm (Kossohbokov, Keilis-Borok, Smith,
1990) wm eS|gned by retroactive analysis of the detailed regional
5: SINIG 109 prior to the Eureka earthquake (1980, M=7.2) near
Celge J\/ 2ndocine inl California, hence its name abbreviated to MSc.

@uzlitative y, the MSe algorithm outlines such an area of the territory of
B2lorm Where the activity, from the beginning of seismic inverse
:;;r-— SCascade recognlzed by the first approximation prediction algorithm
e"g’by M8), is continuously high and infrequently drops for a short
tJme Such an alternation of activity must have a sufficient temporal
~ 'and/or spatial span.

- The phenomenon, which is used in the MSc algorithm, might reflect the
second (possibly, shorter-term and, definitely, narrow-range) stage of
the premonitory rise of seismic activity near the incipient source of
main shock.

13-14 November 2006 National Centre for Physics ¢ Quaid-i-Azam University Campus, Islamabad 39



R "
pXimation
of alarm area

[T e
[ Lo iz

T'he prediction is localized to a
spatial projection of all recent
"sufficiently large”

lime-space clusters of squares
volumes being in state of
"anomalous quiescence”.

|
¥l

"Anomalous quiescence”
suggests high level of seismic
activity during formation of a TIP
and after its declaration.
"Sufficiently large” size of
Alarm area clusters suggests large scale
correlations in the recent times.

\

|
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|

MR 1L
|
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|
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BY 1997 = eNcomponents NEGEessary. for reprodugcikie

rezll-trriee dlctlon L.e., an unamblguou NILGINGIS
‘ th@_gorlthms erdata base,

Sre specifiedinpublications

- —

INEENMIIVIS (Keilis-Borok and Kessobokoy, 1984, 1987, 1990)
WELS rle» Igned by retroactive analysis of seismic
ayiamics preceding the greatest (M=8)
Shouakes worldwide, as well as the MSc
Algorithm! for reducing the area of alarm

j.;i:;i*:«c ¢ ohokov,Keilis-Borok, Smith, 1990)

= * [ihe National Earthquake Information Center
= FGIobaI 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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04 June 2000, M8.0
Sumatera earthquake
and its aftershocks
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RealimeENsrEdiction of the worldl largest earthguakes

LRSSV U O http://www.phvs.ualberta.ca/mirro_rg’Eg@h)

—#

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

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

o Bt ) R
) !.—J" ) Lt

AIthouh the M8-MSc predictions are
Intermediate-term middle-range and by no
means imply any "red alert", some colleagues

GRS T
AR

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.
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e
REEIEE prediction of the world largest e hquake
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2006 (subject fo update on July 1, 2006)

& ] oy L i-\l_ K
0 45° 90° ja8 1807 13J 90° 45°
1 -5.-'..“-—4“ : 5 - = e T

- indicates no increased probability
- indicates increased probability

- indicates reduction of the alarm area
by the MSc algunthm
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TONGA 06/05/03 15:26:35 UTC: The first automatic determinations

03S 174.23W Epicenter: -20.035 -17
>E PARAMETERS _ Depth :
itude: Me 8.3 . USGS MO OR SOLUTION

rgy: Es 6.3*10**16 Nm Best Double Couple:M0o=1.8*10**21 Nm
_Focal mech. F — S ~ Moment magnitude: MW 8.1

Zoom of M8-MSc predictions Mw 8.1

{USGS Hapid Moment-Tensor Solution)

| for M8.0+ and the-epicenter | N i — ——
el 4 s A i Al : .:;:. .

]

Egrtﬁ'q uake p.r-ecfl’-'i;cted
in both approximations

Date: 3 MAY 2008

3 - Time: 15:26:3518 UTC

Cls ## 1-5: TIPs until 2006/07/01 Epicenter. -20.035 -174 227
R i i R = Depth: 5 Km
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- indicates no increased probability

- indicates increased probability

- indicates reduction of the alarm area

by the MSc algorithim
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Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2006 (subject fo update on July 1, 2006)
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TONGA 06/05/03 15:26:35 UTC: Updated determlnatlons N

' : Eplcenter -20.035 -174.22
nd location may be

en additional data iﬁ_ USGS MOMENT TENSOR SOLUTION
resuItS are available. Best Double Couple:M0=8.5*10**20 Nm

— -~ Moment magnitude: MW79

TONGA

E Zoom of M8-MSc predictions [ -, Mw 7.9
for M7.5+ and the epicenter

{USGS Rapid Momen’[ Tenaor Solution)

i
. 5 > -:'5” e

.........

Earthquake predlcted in
the M8 approximation and Date: 3 MAY 2008
missed by MSc Time: 15:26:3518 UTC

Epicentar: -20.035 -174 227
Depth: 79 km
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WendWideNpErermance effearthguake prediction

ZigEhmsiVIS . and MB-MSe: Mggg‘gg LD hm—
-

| lLarge earthgquakes, L Veasure of
~Total Predicted by Alalfims; %o

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

Confidence

Test —
3 .y. - 0

oerige

N I
@

e

- B

3 18 11 o) 7 335, 17.22199.57 99.0

O S5 128.,, 14.: (99 995,

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

To drive the achieved confidence level below 95%, the Test
should encounter four failures-to-predict in a row.
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WeHEWIdENPERGIMance eiearthguake. pk

glgeigiiasallGiand V8-MSe;, Magqjgggg_-
- S

= .
| Large earthguekes, | Measure of | Confidence
Sjetal” " Predicted ny | c , /0 EVEl, 70

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

Sl

T
@

oerige

=i

152 30 16 |34 1. 99,0599
L 40 20 10 |28. 10.:5|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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ﬁggjnwragnitude earthguakes at regional scales may.

e application ofa recently propesed scheme for th atial =

JIJ/ ueNefithe intermediate-term middleMs-m'

C guaraniees a more_,pjgjective and re gnosis ofi times
iner ed probablllty and IS/|ESS restrictive 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.

13-14 November 2006 National Centre for Physics ¢ Quaid-i-Azam University Campus, Islamabad 52



T hé ECENL d1sg§_er In Iﬁ@lqgﬁ%‘ eﬁf’"

—}

[Forr July -, /Ot"-r SOINEGHE rfc pEEnisuiiiciently2mbiliousiie extenc
flOr)JlfclfJOf eirtierVistalgentnmintertne tncalivratee magnltude
ENEEREIGEng V9. 0+ earthguakes, he or she would have diagnosed
BiinENeiincreased Probability in advance of the 2004 Great Asian
@ERE? Urr rtunately, In the on-going Global Testing of M8-MSc
oredicriog Staimed at M8.0+ events, it was a case of one not being
z10]e o) < e the forest for the trees.

- & _I' - - -

Jfrg. e‘_ember 26/ event seems to be the first indication that the
——algorithm, designed for prediction of M8.0+ earthquakes can be
5';:?':- rescaled for prediction of both smaller magnitude earthquakes (e.g.,
—dewnitorM5.5+ 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
(Nonlinear 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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26/12/2002- VWO 0 Great Asian mega-thrust earthquake

rﬂiﬁ&lan Quake
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3000 km)

-\ ClI#34 of the M8 Test*
\_ (R=667 km) r

.,
m- 000

Cl of R=3000 km

Functions of M8 in Cl (R
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Chy

HENETgEsHioU; megarearhguakes ofither20the
AIcLlg / \Kanmchatka), 1952/11/04, Mw8.0; Andreanoff Islands, 1957/03/09, Mw9.1;
IERIB60105/22, o5, Alaska; 1964/03/28, Mwe.2) happened within a
peewinRterval of time. Such a cluster is unlikely
Wiligre 1'99% confidence for uniformly distributed

mr ependent events.

= 51! “good evidence suggests that seismic
-u*events iIncluding mega-earthguakes cluster, it
s 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.
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'|' |
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o gredictions confirms the

- R — i =

v |
m— e,
Tl Fgm ¥

| __:- — 5\' ﬂs mvolves large size fault system:;

,L‘The phenomena are similar in a wide range of
tectonic environment...

® .. and in other complex non-linear systems.
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predictions usetul”
ed Il a knowledgeable way.
”.ej accuracy is already enough for undertaking

auake preparedness measures, which would
‘Bvent a considerable part of damage and

| ;;: *~human loss, although far from the total.

 The methodology linking prediction with disaster
management strategies does exist (moichan, 1997).
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SVIeYe efifective prevention| strategies wouldlsave not only
LENIS :-bﬂllons ofi dollars, but save tens of thousands
oilives, Euinds currently spent on intervention and
rejlrr oUld be deveted to enhancing equitable and
siistainable development instead, which would further
reduce the risk for war and disaster. Building a
sultlire of prevention is not easy. While the costs of

: Hzpreventlon have to be paid In the present, its benefits
-—._—:‘.‘—;_ ‘lierin a distant future. Moreover, the benefits are not
— "-_ tangible; they are the disasters that did NOT happen.

=
T
-'—I-
o
—
.

We have no luxury of postponing usage of the
existing data on earthquakes to the benefit of
pepulation living In seismic regions.
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SUHMUEIE)S — Implications feILEIYEICEEESS
; _ Q‘: —

lionsipreVideNeliablelempirica

. Sitor modellng earthguakes and
e f _ake SEgUEences.

=Vidence that distributed seismic activity is a
.or@ slem in statistical physics.

—* Fa Wor the hypothesis that earthquakes follow a
= general hierarchical process that proceeds via a
-: - J_sequence of Inverse cascades to produce self-
similar scaling (/ntermediate asympitotic), which
then truncates at the largest scales bursting into

direct cascades (Gabrielov, Newman, Turcotte, 1999).
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figeralle jorithms are neither optlmal nor unigue
( [, SS ___ere -Jones “probabilistic” version of M8, RTP, R.E.L.M.,
ETA. 5* ot spots”, etc.). T NEIr non-randomness
otlfefes checked and their accuracy could be
I roved Py a systematic monitoring ofi the
;-:;1_'?'- ._‘;E areas and by designing a new generation

“of earthguake prediction technique.
: *and an obvious general one -

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