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SEIETIGhazard assessment (SHA)m,ea |
IESKENEINITPITESTard el icaterapplicat stat'lgi%s

(ORIEictoidimited SiZE na ifferent aCCUracy.

akes follow the Unified Scaling Law that

es the Gutenberg-Richter relationship by
to account naturally fractal distribution of

I sources. Moreover, earthquakes, including the

great and mega events, are clustered in time and

.

r sequences have irregular recurrence intervals.
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'_hemu)g works ofi Kentii Akl and M. A. Sadoeysky.

O,c IBEpRG., K. AKI; 1987. Fractal geometry in the San Andreas Fault system. J. Geoph 92 (B1), 345-356;
Canoseiesit Y *\ BIPYON 082, (O)CBOMCTBE JMCKPETHO CTH IOPHBIX IOPO. /36, A UK 3emuﬂm,

N é—tandlng of tﬁ fractal nature of earthguakes and
SEISMICIPIOCESSES KEEPS GrOoWING.

WA DTN IR ESTT AU ENErAlIZES
GUTENPERGERICHTER Elation ' SUgQESES -

The Unifiee Szl

N ~ N « «@
A S B S

= S = = = S S = = =

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

where N = N(M, L) is the expected annual number of earthquakes with
magnitude M in an earthguake-prone area of linear dimension L.
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cascade into aftershocks that re-adjust:the

| system of blocks-and-faults in the lo

[ |
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Furinerr ore earthguake related obSeny s are
lirnitel toiniaEdantings g clsigzicles (o EnturieeTn.
- __just afewrare cases).

—

b %

IS complicates reliable assessment of
i azard and associated risks. Making SHA

her termless or time dependent (so-called
ASH) quantltatlvely probabilistic in the frames of

e

——the mi st popular objectivists’ viewpoint on

‘-/ —

.. ‘obability requires a long series of "yes/no" trials,
- _thCh cannot be obtained without an extended
rigorous testing of the method predictions against

real observations.
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indows required for ensuring.agi¥&n uncertainty
ghe estimated rate A, COV(A), versus return period, 1/A.

Getting, experimentally,
reasonable confidence limits on
an objective estimate of
recurrence rate of an
earthquake requires a geologic
span of time which is
unreachable for instrumental,
or even historical, seismology
(see, e.q., Beauval et al.,, 2008).
That is why probability
estimates in Probabilistic
Seismic Hazard Analysis remain
subjective values from 0 to 1,

: derived from analytically

2 - tractable hypothetical models

10' 10 - . .
Return period (years) of Selsm|C|ty.
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Tnerefore, Werelterate the Eessny zlglel o)
applying ocliflecl tools e
'-art guakeRPrediClion §_trat_e_g‘ie. -

lagram introduced by G.M. Molchan in
90ies for evaluation of SHA, and

= ; |C Roulette null-hypothesis as a measure
__al erted space.
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Fig. 5.1. Error set £(J) for prediction strategies based on a fixed type of informa-
tion J. Point A corresponds to an optimistic strategy, point B to a pessimistic
strategy, and the interval AB corresponds to strategies of random guess. C' is the
center of symmetry of £(J). m and m~ are a strategy and its antipodal strategy. I
is the error diagram of optimal strategies. Arrows indicate a better forecast relative
to the strategy mg. Dashed lines are contours of the loss function v = max(n, 7).

Q™ are errors of the minimax strategy, n = 7. Dash-dotted lines are contours of the
A loss function v = 7/(1 — n)
Q

Error diagram

Molchan, G.M. Earthquake Prediction as
Decision-making Problem. Pure Appl.
Geoph, 149, 233-247, 1997.

Molchan, G.M. 5. Earthquake Prediction

Strategies: a theoretical analysis.

In: Keilis-Borok, V.I., and A.A. Soloviev,
(Editors). Nonlinear Dynamics of the
Lithosphere and Earthquake Prediction.
Springer, Heidelberg, 208-237, 2003.
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VETISHIEEIS A1 catalog of earthguakes, a sector per event.

A
b 4
A

>
N

VIEIRER /JJI' .)' accordlng to prediction: determine, which events
el JfL)JJeh‘«‘- 2a oft alarm, and put one chip in each of the
SOIIES]IO] mg SECIOrsS.

=ENatire urns the wheel.
' """-= sm|c roulette is not perfect...
— then systematically you can win! ©

or lose ... ®

If you.are smart enough to know “antipodal strategy” (Molchan, 1994; 2003)
make the predictions efficient ------

and your wins will outscore the losses! © © ® © © © ® © © ©

.
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 1, 2001)
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2t of errors, i.e. the rates of failure and of the
/olt ompared to those

/4

d in the same number of random guess trials
ts evaluating the SHA method effectiveness and
mining the optimal choice of the parameters in
“regc d to specified cost-benefit functions. These and
~ ,er ‘information obtained in such a testing supplies
~ us with a realistic estimate of confidence in SHA
- results and related recommendations on the level of
risks for decision making in regard to engineering
design, insurance, and emergency management.
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ituamwicts generally accepted assumptions for
tractable or computer simulations a omplicates
of reliable methodolegies for realistic rd assessment,
@S search and definition of precursory behaviors to be
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Regrettably, many branches of Natural Sciences today appear to belong to the
“Pre-conceptual Sciences,” as defined and elaborated by Danae Pyle (a pre-
adolescent girl with a pessimistic view of the world) to Lucy (a talking pygmy
Clydesdale) in a series of the famous “Non Sequitur” comics by Wiley Miller.
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w esult, the ciH'CIusions drawn from such simulations and
an MISLEAD TO SCIENTIFICALLY@'G?DUN‘BLESS'—

ICATION, which isunwise and extremely'dangerous in
Sing expected societal risks and losses.
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Concluding the series dated June 06, 08, and 10, 2005, Danae answers with...
“That’s where you come in...” when asked by Lucy how she is going to float
across the ravine and dismiss “an unproven theory” of gravity.
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SCIENCE SHOULD BE ABLE.TO WARN PEOPLEOF
LOOMING DI !'.I'!R Viadimir Keilis-Bo eveds

gEE i trouble,” hesm is feeling orresponsibility.”
= - luz AnaelesiGimies, O Ul 2042) s

e Global Seismic
5 Hazard Assessment
™ Program (GSHAP) was
launched in 1992 by the
International Lithosphere
Program (ILP) with the
support of the
International Council of
Scientific Unions (ICSU),
and endorsed as a
demonstration program
in the framework of the
United Nations
International Decade for
Natural Disaster
Reduction (UN/IDNDR).
The GSHAP project
terminated in 1999 .

-t
it oy e -
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pmparison of the GSHAP peak Welm
mates with those related to actual si strong earthquakes,
tu ately, discloses gross madequacy of this “probabilistic”

: FOR ANY KIND OF
‘ESPONSIBLE SEISMIC RISK EVALUATION AND
- KNOWLEDGEABLE DISASTER PREVENTION.

tro g crustal earthquakes in 2000-2009 has from 6 to 58 values of GSHAP PGA in
( 7’4cos¢)° cell centered at its epicenter (¢, A).

nsfo med values the GSHAP expected maximum, 1,(mPGA), and the estimate of observed
| .‘J” {M) allow to count the number of “surprises”, the average difference Al,, and the
= ’ lian of Al, for earthquakes of different magnitude.

r-€ &mple each of the 59 magnitude 7.5 or larger earthquakes in 2000-2009 was a “surprise”
-— for-GSHAP Seismic Hazard Map; moreover, the minimum of the 59 values of Al,is 0.6.

Th,é average and the median of Al,are about 2.

oo | 1 T | v [ v v | v [ vl
S [Nt ] Wk | L [Vdrat| S [vry o] Sevre | Vor| Exbame

e e e s R W e e e e Y
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Kossobokov V., Peresan A., Panza G.F. (2015)

REALITY CHECK: SEISMIC HATARD MODELS YOU CAN TRUST. EOS 96(13): 9-11

Romania: Intensity maps
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Fig. 1. European Seismic Hazard Map (ESHM13) displaying the 10% exceedance probability in
50 years for peak ground acceleration (PGA) in units of gravity (g ). Cold colors indicate com-
paratively low hazard areas (PGA < 0.1g), yellow and orange indicate moderate-hazard values
(0.1g < PGA < 0.25g ), and red colors indicate high-hazard areas (PGA = (0.25g ).
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Why are the Standard
Probabilistic Methods

of Estimating Seismic Hazard
and Risks Too Often Wrong

Giuliano Panza "**°, Vladimir G. Kossobokov "¢,

Antonella Peresan "> and Anastasia Nekrasova &

! Deparmment of Geosciences, University of Trieste, Trieste, Italy, * > The Abdus Salam International
Centre for Theoretical Ph ND Group, Trieste, Italy, * China Earthquake Administration,
Institute of Geophysics, B ina, * Institute of Earthquake Prediction Theory

and Mathematical Geophysics, Russian Academy of Sciences, Moscow, Russian Federation,

3 Institut de Physiquee du Globe de Paris, France, ® International Seismic Safery Organization, ISSO

Ne quid falsi dicere audeat, ne quid veri non audeat
De oratore II, 15, 62 (Cic)

ABSTRACT

According to the probabilistic seismic hazard analysis (PSHA) approach, the deter-

m ally evaluated or ally defined | t credible earthquakes (often

referred to as Maximum C le Earthquakes, MCEs) are “an unconvincing possi-

bility” and are treated as “likely impossibilities™ within individual seismic zones.
yever, gluba]ly over the la le such c.\(.nts l\u.p oceurrin ‘e PSHA pre-

with available ob: n are tound '11

Italy), developed updated data sets. As ¢ It, the (.\p(.t.t(.d numbus of fatali

in recent disastrous carthquakes ce C ated by these maps by approx-
imately two to three orders of magnitude. The cath toll in 2000—2011 (which
exceeds 700,000 people, including tsunami victims) calls for a critical reappraisal of
GSHAP results, as well as of the underlying methods.

In this chapter, we discuss the limits in the formulation and use of PSHA, addressing
some theoretical and practical issues of seismic hazard assessment, which ran

the overly simplified assumption that one could reduce the tensor problem of seismic-
wave generation and propagation into a scalar problem (as implied by ground motion

Earthquake Hazard, Risk, and Disasters. http:/dx.doi.org/10.1016/B978-0-12-394848-9.00012-2
Copyright © 2014 Elsevier Inc. All rights reserved. 309

A simple answer exists to the question
in the title of this chapter: most, if
not all, the standard probabilistic
methods to assess seismic hazard,
namely PSHA, and associated risks
are based on subjective, commonly
unrealistic, and even erroneous
assumptions about seismic
recurrence. After years with many
publications, we know that recurrent
earthquake hazard results have
failed us.

¢ European Geosciences Union ¢ General Assembly 2016 ¢ 17-22 April - Vienna, AUSTRIA ¢ 40)



T

-
PREDICTING EARTHOUA
= _AS ONE-TWO-THREE.

4 sakon > v ‘ v ey . >

45

SIEN N DE ‘10y Your precursor detection instruments
AN E 315:-‘ ofithe coming earthguake.

2 3;5,);« etect and recognize the precursors.

o-’-

J Stge :@et all'your colleagues to agree and then
= é——«/c I 1(:1y predict the earthquake through approved
= ‘;c;hannels =

S Scholz, C.H., 1997. Whatever happened to earthquake prediction.
Geotimes, 42(3), 16-19
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Senenal Definition of Earth

quake RIEUICTo

unciliRPanelion Earthguake Prediction of the
Sted tnefollowing definition (1976, p.7):

IHERUNTIEG ISTates National’Researc
COMIMIEEONISEISMOIogy SUQQE »

—

ARCal g Uake prediction must specify. the
r‘,wacfac magnltude fange, the geographical area
Witflin) WIJ chrtwill'eccur, and the time interval
MitarARAAIch it will happen with sufficient precision
e} j' 'the ultimate success or fallure of the

- org diction can readily be judged. Only by careful
=—vecording and analysis of failures as well as
,f-zsﬂccesses can the eventual success of the total

— = efiort be evaluated and future directions charted.

= Moreover, scientists should also assign a

confidence level to each prediction.”

¢ European Geosciences Union ¢ General Assembly 2016 ¢ 17-22 April - Vienna, AUSTRIA ¢ 22



| ed earthquake precursory S|gnals
d by the International Association for

logy and Physics of the Earth’s Interior

| é éUfflClent evidence to be used as a

ecC rsor (Wyss and Booth, 1997) and

;_ NQ s- of the gridded rate-based forecast models
-*'«- passed the rigid testing by Collaboratory for the
— Study of Earthquake Predictability (CSEP;
http://lwww.cseptesting.org/; Jordan, 2006;

Schorlemmer and Gerstenberger, 2014).
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ATURAISTAIING OF TIME
Ussual Jearthguake prediction is classified'in ectiEo
cl,lr:rtic)n OIfEXPEctation timewhileieVen oe;

clentlf‘v ion offearntng " fzewprone areas, as WeII as the

Of =) 2zl akepredictionimethos
Years
1000 100 10 1 0.1 0.01  0.001

e The 73 D-intersections of morphostructural
lineaments in California and Nevada determined
by Gelfand et al. (1976) as earthquake-prone
for magnitude 6.5+ events. Since 1976 fifteen
magnitude 6.5+ earthquakes occurred, all in a
narrow vicinity of the D-intersections

mperi

- k] - - - - - = -
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ATURAUSTAIING OF SIZE —
Tre I]n- 2l dlmensmns of the target earth% _
PIENEIETBTIIZONEOHR =10 S = kim (Do Lo Y et‘P’
1979) ziplelzife mdepen‘@Tytonflrmed )Y Bowman et.al.
(1998), wio cletimzel fog, R=0.45 W], - [log; 5 S22

6 7 8 9

v v v \4

| L LLLl Ll L1l
n '*10 100 1000 10000

—
-

-l ey

- _—_

- - -
P —~ — -
—

— The récasts are often made for a “cell” (Schorlemmer et al.,

o c-"‘"-2010 Lee et al., 2011) or “seismic region” (McCann et al., 1979
— Kagan and Jackson 1991, 1995) whose area is not Ilnked to the
Size of the target earthquake. This might be another source for
making a wrong choice in parameterization of a forecast /

prediction method and, eventually, for unsatisfactory
performance in real-time applications.

\ \
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Seismic hazard assessment (SHA), from term-| Iass (pmhablllstlc PSHA or deterministic DSHA) to time-
t-DASH) including short-term earth ediction (StEF), is not an easy task that
implies a delicate application of statistics to data of limited size and diﬂerent accuracy. Regretfully, in
many cases of SHA, t-DASH, and StEF, the claims of a high p and y of the gy are
based on a flawed application of statistics and hardly sunable for communication to decision makers. The
necessity and possibility of applying the modified tools of Earthquake Prediction Strategles, in particular,
the Error Diagram, introduced by G.M. Molchan in early 1990ies for evaluation of SHA, and the Seismic
Roulette null-hypothesis as a measure of the alerted space, is evident, and such a testing must be done in
advance claiming hazardous areas and/or times. The set of errors, i.e. lhs rates of failure and of the alerted
time volume, pared to those i in the same number of random guess trials permits
evaluating the SHA method effectiveness and determining the optimal choice of the parameters in regard
to specified cost-benefit functions. These and other information obtained in such a testing may supply us
with a realistic estimate of confidence in SHA results and mlaled recommendations on the level of risks for
decision making in regard t ing design,
These basics of SHA ion are with of mi ing "seismic hazard maps”,
", and "f ",

Earthquake prediction definition

e Unced sates Nananl Rasearcn Golncy. Pane on Earausk Pradcion of e
Gommi 31, 1976,0.7)

“An earthquake prediction must specily the expected magnitude rangs, the
geograghical area within which it will occur. and the time int berval wﬂhll which itwill
ufficient pres i failure
Siction s readlily ba juiged. Onfy by carstul recording and analysks of alires
as successes can the eventual success of the total effort be evaluated and
future diroctions charted. Moreavar, sciantists should also assign a confidence
Magnitude § ¢ 3 ¥ § 7 § % bavalto sach pradiction.”

Distan€e w 1« oo 1009 oo

as.

Matural seismic volume
Thwe linsar dimenelons of s farget sartix

R= 1020 ko Dobrovolaly ot alo 1878) Dogre® = 0ub8u]

e ot
jour bt aczordng Mo pradciian
£hip in each of the coresparding

Matural accuracy ' seismic rawetie |5 nat peract, one cen win systematcall: Thi may require a switch from
tne crignal algonthm thet kosss systamatically o s "anspodar varskon (Malchan, 1954; 2003)
Prediction of time and location of an
earthquale of min magnitude range
<can be classified inte the categories below -

Rauloto, 4 A Error Diagram

Note that a wide variaty of possible combinatians. that exist is
much larger than the usually considerad “shorttarm exact”
onn.Inpencilo, ush an ascure tatarmom sbout anckosted
selsmic sxtrama might be futlle dus to the complexith
Eati's ItRosphers, it Blachs-and-fauls striieti
Cukdoniy moast dymarmice of the sefamic brocess. The
abserved scaling of souice size and preparation zone With
carthquake itori:
accuracy of predictions similar to the temporal ones. Naturally,
the spatial accuracy of predichion is linked to the source zone
lingar dimansion, L It varies from axact pinpointing tha source
tolangsranga uncartainty of about a few tans. of |

Far M ~58 = RIM) = 2750 km

Qna may compare the Intormediate-term accuracy af

earthquake faracastipradiction In fhne (o the naxt day waming

af a Goiiling hufricane, while the middle-range accuracy in

location to shooting & or mare points by an air-pistel from 10

meters, This Kind of accurscy is proved schisvable and reliable

in the two decades of rigid realtime testing the MO algorithm
v, 2013, 2014),

How earthquake prediction methods work?

“Predicting earthquakes is as easy as one-two-three.

Step 1: Deploy your precursor detection instruments at the site of gk
the ceming earthquake.

Step 2: Detect and recognize the precursors.

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

loxdanatal (204)

s o Earthquake Hazard Assessment: an Independent Review

Viadimir G. Kossobokov**
(1) Institute of Earthquake Prediction Theory and Mathematical Geophysics, RAS, Moscow, Russian Federation | (2) Institut de Physique du Globe de Paris, Paris, France | (3) International Seismic S8afety Organization, 1SS0, Arsita, italy

E-malls: volodya@mitp.ru; volodya&ipgp.fr
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Visit our posters today —
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DISACREE!

On 19 May 2005, the

United States

Geolog Survey

began a public web

site with forecasts of
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D.110 EGU2016-17535 Neo-Deterministic and Probabilistic Seismic Hazard Assessments: a Comparative
Analysis by Antonella Peresan, Andrea Magrin, Anastasia Nekrasova, Vladimir Kossobokov, and Giuliano F. Panz
D.122 EGU2016-17706 The Unified Scaling Law for Earthquakes in the Friuli Venezia Giulia Region by

Anastasia Nekrasova, Antonella Peresan,Andrea Magrin, and Vladimir Kossobokov
D.127 EGU2016-7794 Earthquake Hazard and Risk Assessment based on Unified Scaling Law for
Earthquakes: State of Gujarat, India byAnastasia Nekrasova, Vladimir Kossobokov, and Imtiyaz Parvez
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omplexity of non-linear dynamics of
rchically ized systems of blocks-and-f

pethodologies of neo-deterministi
 and internﬁﬁlﬁfrnnffmdd w-range
12 ke predlctlon algorithms tested in real-time

."

- oyl

Earthquake prediction: 20 years of global
experiment

thls truIy global 20 year old
t are indirect confirmations of
common features of both the

Vladimir G. Kossobokov

g% HAZARDS AND DISASTERS SERIES

EARTHQUAKE

: s naturally fractal lithosphere.
=i --—---' a tstlcs achieved to date prove (with HAZARD, RISK

' confidence above 99%) rather high ) A

,”:‘. ~efficiency of the M8 and M8-MSc
~ . predictions limited to intermediate-term
_—_middle- and narrow-range accuracy.

Kossobokov V (2014) Chapter 18. Times of Increased probabilities for occurrence of
catastrophic earthquakes: 25 years of hypothesis testing in real time. In: Wyss M,
Shroder ] (eds) Earthquake Hazard, Risk, and Disasters. Elsevier, London, 477-504.

VOLUME EDITOR MAX WYSS

SERIES EDITOR JOHN F. SHRODER

Kossobokov, VG (2012) Earthquake prediction: 20 years of global experiment.
Natural Hazards, DOI 10.1007/s11069-012-0198-1
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REAIFUIMENS Srediction of the Wor d largest earthguakess

AREXErment started in 1992 with a -ncar
[Healy, J. H., V. G, Kogsoueievcinel | SV Ataseie avalizie e xlmileliele oidisilo

algoritnien, M8, Ui, Gaak St/ € pI9 2404, 25 D WIIIGIAPPENTICES; 1952]
- e i S I e —— ———

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.
e Therefore, the up-to-date predictions are not
=———_ easily accessed, although available on the
e password-protected web-pages
to about 150 Test Observers.
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REASIMENIENICion of the world largest earthguakes

( htt://www.mit.ru)

i
- — {

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

Ruﬂlﬁnmmmcﬂsnﬂenm T - Indizates no increased probability
International Institute of ~ =

K Earthquake Prediction Theory - -
‘and Mathematical Geophysics - indicates reduction of the alarm area ﬂf"

- indicates increased probability

by the MSc algorithm
—_—
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Error Diac fams or the results of the Global Test of the y 3 "M!'
_r—‘J ctions of the great (M8 0+) and SI ant 5+)¢
wu, 19852013 (1); 1 - VB=MSc, 198 3)and 1992-2013 (4).
T ne random guessing” Is 0 lmth the 95 and 99% confidence level curves
= —— (forr21 ant independent testsion the left and right):
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Percentage of alerted space-time, T

Kossobokov V, Soloviev A (2015). Evaluating the Results of Testing Algorithms for Prediction of Earthquakes.
Doklady Earth Sciences, 2015, Vol. 460, Part 2, pp. 192-194
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Stetistical Validity ofipredictionstdemonstrated in'more
Ef)zir) Bye) d%cades efirigereus testing confirms the
JnJerl/l ¢ paradigms:

- JdL)J'f ﬁaremonltory patterns exist;

= -_["'JE nation of earthquake precursors at scale of years
== V’lees large size fault system;

- -:"‘:‘ -

-f"til'he phenomena are similar in a wide range of tectonic
environment...

e ... and in other complex non-linear systems
(e.g., Kellis-Borok, Gabrielov, and Soloviev, 20009;
Kellis-Borok,Soloviev, and Lichtman, 2009).

—
—
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eUrIclusion,: ‘J"'
- Seismic K ette IS hot perfect

AE rn@\“ Preaictions userul:
PANES; JJT sed N a knowledgeable way.

0 rn—\ .,ccuracy IS already enough for undertaking
L quake preparedness measures, which would

e o

'-s event a considerable part of damage and

.'-'

'human loss, although far from the total.

~ e The methodology linking prediction with disaster
management strategies does exist.

d' -
I_J— —
p—
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iNE earthq‘d@lbnle,tection could haveibeen utilized to implement
MEASUNES and Improve earthquake preparedness injaeVvance;
inRfertunatelyithis' was not.done, in part due;to,the)predictions’limited

WISTHPILIENand thelackeoiFppIyIng existngimetiods forusing
iennediatie-term predictionsitormake decisionsiortaking action.

Contents lists available at SciVerse ScienceDirect

International Journal of Disaster Risk Reduction

journal homepage: www.elsevier.com/locate/ijdrr

Advance prediction of the March 11, 2011 Great East Japan
Earthquake: A missed opportunity for disaster preparedness

C. Davis ** V. Keilis-Borok ¢, V. Kossobokov << A. Soloviev¢

# Geotechnical Engineering Group, Los Angeles Department of Water and Power, 111 North Hope Street, Room 1368, Los Angeles, CA 90012, USA
bDepamnent of Earth and Planetary Sciences and Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA 90095-1567, USA
“Institute of Earthquake Prediction Theory and Mathematical Geophysics, Russian Academy of Sciences, 84/32 Profsouznaya, Moscow 117997, Russia

4 Institut de Physique du Globe de Paris, 1 Rue Jussieu, 75238 Paris Cedex 05, France
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rocessfoﬁﬁﬁﬁ'mmng actions;teumplement.in respenRseto
aniealiiguake prediction. Smaller, bold rectangUuiaiFl OXES
PIOVIGESSPECITIC Ifermation el ated ot

arger noxes.

For obvious actions to implement

Identify and
Evaluate Actions
| that may be taken
Identify Hazards '| (identify possible actions their

(shaking, faults and rupture costs and damage prevented,
potential, landslides estimate gains, time to
liquefaction, permanent ground complete)

deformations, tsunami, etc.)

Tsunami walls,
anchor equipment,
improve railroad

Prioritize Actions

. ) ) \ (available resources, time to
(expose-d_ pqpulatlons and‘ f’bj‘?c'ts* , implement, interactions)
vulnerabilities, hazards affecting \

them, potential consequences) Tsunami walls, Update plans,
anchor equipment, stock supplies,

Assess Risks

perform drills, etc.

Nuclear Power Plants, increase insurance
Coastal cities
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T

ng such info in advance

OE ABILITY EVENTS THAT HAPPEN
TAINTY I.e. 100%.

‘.." vy

e

= JEe0SCl lsts must initiate shifting the minds
’:.a- amunity from pessimistic disbelieve to
‘"’:”‘ﬁiatf stlc challenging issues of

-~ npeo-deterministic Hazard Predictability.
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