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Precunsorsiandinejidices™

AN NEINTERYACSEVAlIGRSEVeal lnuSUal clianges o
JEBPnYSIcalNIelds at therappreach ol a large earthquake,
ESHEIRIEMIEPOrt a Unigue case history and lack a
Systematicidescription (Wyss, 1991). The later makes an
fezninguake prediction method! hardly reproducible and,
'L'erefore testable by an independent investigator even In

= Gases, when such a method has been proposed long time
~  ago andits post the fact applications are subject of
AUmMerous publications in prestigious scientific journals.
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J/y Sioidatalinevitably’involves seme trafficking with the field of stalistes; that afay,
WhICHNENBReUItE albranch of mathematics - and quuﬂe albraneh ™
iEncENinesiollowing secienswyouiwill repeatedly encounierine iollowing

reieligjrr); =
2100V Jorrr: oLl o e deiter to cormput e A Stialistics

corfioutz wegre i vellta gi it sieliisiie fellsin el gregzigllinyg dlstrlbutlon tat s

COIPILEENONMIENESIS Bff some aull hypothesis:

imiaElsama ven/ unlikely spot, way out on a taill of the distribution, conclude that the

riLil) nje theSIS [Sialserfor your dataiset

If 2l Jraridr]c;: infaireasonaple part of the distribution, you must not make the mistake of:
corclt ] |ng thatthernull hypothesis is "verified" or "proved”. That is the curse of

= j"r"'* sﬂcs thatit'can never prove things, only disprove them! At best, you can
___:-—sdf)stantlate a hypethesis by ruling out, statistically, a whole long list of competing
& hypoINeses; 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, andithen 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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— ,,I]ure of e prediction can readily be judged. Only by careful recording

= ohd analysis of failures as well as successes can the eventual success of

-~ Ihetotal effort be evaluated and future directions charted. Moreover,
scientists should also assign a confidence level to each prediction.”
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ZGES) Of earthquake _p_‘geémtlan.-

s

NETim-less predlctlon of‘earthquake PrONE areas

> Pradictior) of ) cl loczition of =il 2elgtgie|tiele gf
oE] ain magnltude

Terr) por ?_m years Spatial, in source zone size L

JHJ" 1) 10° |Long-range up to 100
_—._H.kﬂr-' ~term 1= | Midale-range &0

ﬁort term 0.01-0.1 Narrow 2-3
{Immediate 0.001 |Exact 1

* Moreover, the Gutenberg-Richter law suggests limiting magnitude
range of prediction to about one unit. Otherwise, the statistics would be
essentially related to dominating smallest earthquakes.

The Abdus Salam ICTP
Miramare ¢ 10/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




PEANETS ALIGN:
OINVELRESEay moerning, September 24th,
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SeismictRoulette™

Corsldsr el eyt mEAssoic il
UIRERGIFEVENLS N a sample catalog, a sector per each
Ve

VigheWour et according to prediction: determine, which
SVentstare inside area of alarm, and put one Chlp In each of
;" IE conresponding sectors.

T'i__\[ature turns the wheel.
= * |fiseismic roulette is not perfect...
= then systematically you can win! ©

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

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

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update oin January 1, 2001)
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”_ Fassian Mmﬂm - Indicates no increased probebility
¥y international Institute of
' 'hg Earthyuake Prediction Theory
7 and Mathematical Geophysics

- indicates incressed probakility

- indicates redudion ofthe alam area
by the MESc algorithm
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g It aredictor?
‘No; Unless you are a little bit more specific. ..

Is it short-term?
Seems not...

Can anyone evaluate its effectiveness?

Yes, if provided a track record of the
experiment.

Southwest, Pacific'shoft-ts
L LLREE L

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

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

-12 -10 -8 -6 -4 -2 0
Log,, probability of earthquake occurrence, M,, > 5.8, eq/day*(100km)?
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aiialyzed the predictions, arsing frem setl
pldfprenabilityaera threshold probabahtylﬁfrl]gon to'm-'
Ipdated Short-termronecasts for NV and SV PaC|f|c In
’:0 02 -1 September2004
i//SCQC gs.LcleLaclu/=yiciczin/omedictions el aniinll selefelghelglel
rr 2000! Probabilisticiforecasting of earthguakes, Geophys. J. Int.,
36 ~453) and the catalog ofi earthguakes for the same
diiave come to the following conclusion:

|ct|ons pased on the Yan Y. Kagan and David D.
JJ“— sEnorecasts are hardly better than random: guessing,
S hEnimain shiocks are considered, and could be used for
affective prediction of aftershocks onIy

The conclusioniis based on the prediction outcome achieved for

— 218 shallew (with depth less than 70 km) earthquakes of
MWHRY = 5.8 or more. According to the definition from
(Kellis-Borok et al., 1980), there are 67 aftershocks and 151
main; shocks.

C
:f_
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InENETien/el VWest Pacilicsheri-term ferecastis coanse-grained
irito callse)r 5 by 0.5 degree each; Maklng a “bet” on a cell C Wwe
ozly (S STENmERe e s iEkesHron e Sample

Cell lJOJ =zl target earthguake E defines the threshold value ol(=)
(or r)/r =E) )= being the value off short-term probability p ( or the

Vel Ilw o1 P of bablllty iAo p/P ) determined in advance for the day of

the earthquake.
—n :H.H'n the threshold defines the minimal cost of a bet required

== c ‘S‘UGCGSSfU| prediction; of the target earthquake, N(E), which is the
= sumrof allfbets n(C) over the union of cells with p 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 earthquakes

that happened.
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[Denote w being the bet sum nermalized to the totaliSuires n(C) and
BN the numbenofi failures-to:predict ngﬁmgli@me totalfuimber
gitlarget earthguakes thﬁ‘happened in the course of testing. The v vs. u
S diagnaml characiernizerthe effectiveness; of the predictionmethoed, €.9.,
[SRassoeialedVithreNdizgenzlre

oracdlicion oariortanece s s
St {1L0F and “pessimist’s™ {0,1} strategies (Molchan, G. M.. Earthguake

cis ‘o ilplisis
T Prediction as a Decision-making Problem, Pure Appl. Geophys., 149, 233-247 1997)
Given, -

(o

felflClO)f

= ()tne ck iecord of the West Pacific short-term forecasts in the period from April
'—::T_'—' 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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mutcome of an “absurdi” prediction:

oe of the failures-to-predict v versus the percentage of the alerted s ¢ volume
A, p(E), v,p(E)} generated by “prediction” of the M@ﬁ:ﬂ WHhﬂmﬁﬁe
5.8 and depth > 7 0 km 1n Apr’T"I‘O 1992-September 13, 1994 using the p and p/P maps
computed for April 10, 2002-September 13, 2004.

“‘Delayed” 231 earthquakes

fhe observed deviation from the
diagonallis about the same or better
than in the real-time applications.
TThus, we cannot reject random
colncidence and may conclude that
(1) the effectiveness of the Jackson-
Kagan “probabilistic” method for
predicting large earthquakes is rather
doubtful, and that
(if) the applicability of the underlying
ETAS model is superstitious.
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GS Web Site May Mislead Californi

_i,._

95, the United States Geological Survey began a public web site with forecasts
ground shaking for ‘tomorrow’ and Nature published the underlying work by
er et al'. Since that time, two earthquakes of intensity VI in California? have
n the areas of the web-site’s lowest-risk. This should not surprise Californians:
rger et al' overturned the outcome of the primary verification and used a method

i ‘by the Regional Earthquake Likelihood Models (RELM) group3, which has

inda ' .T ntal flaws that neither define the forecast precision nor allow a means to judge the
e *f‘*ﬂ _success or failure in specific cases.

T

e Gérstenberger, 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)

2. The earthquakes on June 12, 2005 near Anza and June 16, 2005 near Yucaipa produced ground shaking with
Modified Mercalli intensity VI (pasadena.wr.usgs.gov/shake/ca).

3. Schorlemmer, D., Gerstenberger, M., Wiemer, S. & Jackson D. Earthquake Likelihood Model Testing (manuscript
in preparation, February 7, 2005)
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LETTERS MATURE Vol 43519 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
mainshock epicentre.

“As a first test, we verified that

Nerification? the generic clustering model
e'{;gﬁ?ﬁ!’gn " e describes the average
Gerstenberger et al., 2005. —E.E : M : 6.5 E1)1) clustering activity of California
101 Nature 435, 328-330) — 45<M<55(9 :
_ 3B M43 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).”

Daily rates

0 20 40 60 80 100 120 140

Days after initial event
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Calculate and observed rates of events = 4
tervals following mainshocks occurring between ™
1988 and 2002 in southern California.

S ——

Dashed line shows the rate

=H sww The fmodel N forecasted by the generic
1 —— gg: ﬂ: ;g ﬁ?u _ California clustering model for
= 45 < M<55 (96) the |n|.t|al mainshock of |
— 3.5< M <45 (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 maximal
value of the observed rates;

20 40 1DIJ 120 140 160 their size is about a factor of 5.
DE}I’E after initial event
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2
s
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ing the fMéans of the well-known Kolmogoroff-Smirnoff criterion,
alist would be led to reject the hypothesis e ran
e after initial event® in different magnitu nges of the initial
event has the same statistical distribution.

i

alised by condition that the total integral of the p.d.f. (probability density
ements equals 1, each of the four plots provides the minimum of positive p.d.f.
“which are by definition either 1/N or its integer multiple (e.g., 2/N, 3/N, etc.).
about 0.0012, 0.0008, 0.0025, and 0.0015, which values imply the sample sizes
6, 1250, 401, and 665 or integer multiples of these values. The probability of a
smaller \ alue of the Kolmogoroff-Smirnoff statistic D than that for the two samples used to
f-,-E lot the daily rates after 5.5 <M < 6.5 (green plot in Figure 3) event and after 3.5 <M < 4.5
= (black plot) event 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. =

(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 aftershock 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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Aftershocks and their epoch analysis
_— f" I

ck-sequences of southern California are extremely different — e.g. the
of M2.C ershock 00 days can be 0 for some main shocks
ude 5.0 (about 10-25% of the total for different magnitudes) and
by a factor 10 or more for magnitude 6.0 main shocks (for Whittier
; 87 M6.2, the number of M2.0+ aftershocks is about one hundred,
r Joshua Tree, 1992, M6.1, it is above 19 hundred). For M7.0+, the

_i,._

—

Landers, 1992, M7.3, has about 8.5 thousand, while Hector Mine, 1999,
#has only 4.6 thousand of M2.0+ aftershocks. Therefore epoch analysis
__’e:a'ftershock series, in fact, is analogous to measuring of the average
= fpétients’ 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, by turning to the left or to

the right.
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equences of the.great.shocks: Summary from

tomashkova and Kossobokoy. ézogg.).w"" —

Rovamxona, JI.JI., B.I'. KocoﬁoKOBMngca cencMmyec CIM /10 1 IOCJI€e

IBHEIX epuIeTpsicenmii Mupa, 1985:2000. Ipos.reMbl amaaMIK JnTochepbl i
! gocan VIE IFeoc, 2001, 162:189 (Beiunc/inae /ibHasi ceiiemosioryst, Boiyck 32)

)

11993,

~ 1994/10/04
1995/04/07
1995/12/03
1996/02/17
1998/03/25
2000/06/04

Number 3
Vealrs

Aftershocks

decay 100 d

Aftershocks
decay 3 V

Relaxation
time, years

65
205
54
247
5
919
302
483
427
47
799

Omori Law
Modified OL 3
Omori Law
Modified OL 2
Modified OL 2
Modified OL 2
Modified OL 2
Modified OL 2
Omori Law
Modified OL 2

Modified OL 3
Modified OL 3
Modified OL 2
Modified OL 3
Modified OL 3
Modified OL 2
Modified OL 3
Modified OL 2
Modified OL 2
Modified OL 2

284 days
100 days, =1.5
1.3 years, >3
65 days, >1.5
2 years, >2.5
14 days, >2
1 year
2 years, >2.5
140 days
2 years, >1.7
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sy ihie OmorifsHaw.ior after's'ﬁ'c')ﬁ-spis nardly a
SPIEIACRECUMENIEHach SEME EalnEUaKES; alie
EINGleOWEC By any comparablershocks. Some do
clua Aispace and time but Individual' clusters
B couldibe of different kinds, among which

1' B selsmologlsts dlStIﬂQUISh swarms” and

| --absence of commonly accepted definitions and
classifications results in controversies.
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T

lher evident cases of misuse of Statistics
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Bowman, Ouillon, Sammis, Sornette, & Sornette, 1998

It is still unclear if
“the best fit”

is random... ?
Free parameters: dT,

DAL o T 3 2 8- 008N ITA ml
Ol s T 23138 STAAN

Mc, aftershocks

1w

BYF | o
Lk 3,5years XX ,.-""JJE

0F -

a0 L

DA A T A 23783 3TA N
O e TIW A 237808 STA 8l
CUA VLTIV LY EIRP 5T Re I

b2

o

Tma Tmma

| I \r .\- r‘Hdl.I

CIEAUL AT A 28 10M ITARN

B Fandnin

DAL TIVA 288 QASTARIN
CLEAUL A TN 23M13M ST AR

5 L L =
| . 1884 A b 1 288

AT RRATE kR HAORLL 1WA IRERL 1N IEFLE 1
Thaw
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Ml

M=7.5 Kern County (1952)

100
R=5&0 km
k=0_3K
S0 g=07a
L X ]
‘B sof .
5 - » * * -/’:
wr 40l - -
__'_._,_,_,--'——""—'_; * »
zof
T 1651 5 1652
(&) time (years)
o M=6.7 Coalinga (1983)
: . ; . ; -
R=200 km J
A k=0.5¥ h
- e=0.21 -
K
;
‘5 st 3 + T
‘_l-':. -> - //./
wn 41 - e
_,_:—'-'__'-'_.-FP
2"‘*—.'"3_;
4
4

(d)

100

time (years)

1GEGE 180 1415 05 195E5 T4E

R

k
L4

F

T

M=7.3 Landers (1992)

20 km
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oo M1=86.6 Borrego Mountain (1988)

R=00 km
k=055
5| C=0.65 )
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Tt e
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TEE ot ek o 1055
(b) time (years)

M=#.8 Superstition Hills {1937)

40
B =180 ko
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M=4.6 San Fernmando (1971)
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Zoller, Hainzl
& Kurths, 2001

Does
“the
best
fit” fit
the
data at
all

6)
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“PreGUISOrs” ———— — —

Imple sersmicity’ patterns' — X and “burst of
ocks —Were given unampbiguous reproducible
er ons and thelr predlctlve value was valldated 0)Y

= Q. Q

-

J_‘-._.e» S2r Vet whether some single S|mple premonltory

,.—-F._—'.r-

== Spattern may compete in performance with prediction

e

= algortams that combine several traits describing the

dynamics of seismic region at the approach of a large
earthgquake.
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S——TA Uﬂm\éﬁformance effearnthguake prediction s
AlEprithims,Vi8.and M8-MSc: MagnituderCii S

=
| Large CafthgUakes Measurerels | Confidence
- | Tota Dicellgicie) 1) dIdifiis; 7o evel, 7o
& | M8 MB-MSc | M8 M8-MSc | M8 M8-MSc

(\l'l
SC

N -
e

t = 17 9 7 33..:17.14 [99.: 99.0

39- 9 7 5 28.214.5; |99.6c 99.s

I present

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

o drive the achieved confidence level below 95%, the Test should
encounter four failures-to-predict in a row.
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-~ W Uﬂm\éﬁformance effealithguake: prediciion™
SIS msaVIBiand M8-MSc: Magnitlide@aionmorc s

S

-4

Tast
oerigd

Tota

[largerearthguakes
HHEGICLEE N IY,

M8 MB=MSE

Measure ofi-
dic mS,O

MaiM8=MSc

Confidence
EVEITY0

M8 MB8-IMS¢c

-
|

"_i'

-' e

Z)

|
ra

t

16
10

30
19

53
40

34.35 11 .05
28.77 10.4

99.93 99,08
99.07 9931

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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