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-
I and Daniel Sarewitz, “Reformation in the Church of Science,” The New Atlantis, Number 68, Spri 22, pp. 56—-64.
atlantis.com/publications/reformation-in-the-church-of-science .
gh a pandemic of lies — or so we hear from leading voices i cademia. Ou‘rﬁ
ease that has many names: fake ne st-truth, misinformation, dis [-information, anti-science. The
old, is a perversion of the proper ro ge in a healthy information society.

TﬂaHAeMMM .I1)KVI — no KpaVIHeVI Mepe, TakK Mbl ClibillunM OT Be.qyu.mx

BaHui: dperkoBble HOBOCTU, NOCTNPaBAaA, JIOXHas qu:opmauvm,
A, HeAoCTOBepHasa NHpopmauusa, aHTUHayka. Ham roBopAT, 4YTo aTa 6onesHb
jaanexaiien ponu 3HaH1sA B 340pPOBOM MH(hopmaLMoHHOM obLiecTBe.

t
i
Starlk, P. 8., (4022), Pay nc)*' ntlon to'the modellbehind the curtain. Pure and Applied Geophysics. https://doi.org/10.1007/s00024-022-03137-2.

Vignyavidely. J;-' nodels amount to an elaborate means of making up numbers—but once a number has been produced, it tends
IOIENAKEN SET Ously and its source (the model) is rarely examined carefully. Many widely used models have little connection to the
[ealworld phe pmenathey purport to explain. Common steps in modeling to support policy decisions, such as putting disparate
rrung,, ‘the'same scale, may. conflict with reality. Not all costs and benefits can be put on the same scale, not all uncertainties can
— w exp re“ssed-as probabilities, and not all model parameters measure what they purport to measure.

,—-'

ﬂﬂﬂg / ‘J;I;IVIpOKO MCHonb3yeMble MOAENV NPEACTABASAIT COOOM CNOXHbIE CPEACTBA

- C DYUHEHUs] Yucest, HO nocre Toro, kak YUcCs10 Nosly4eHo, k HeMy 0BbI4HO OTHOCSTCS]

~ CepbesHo, a ero UCMOoYHUK (Modesib) pedko muamesibHO uccsiedyrom. MHorve LnMpoKo
VICROSTb3yeMble MOAENN UMEHT Maro CBA3M C ABIEHUSMU pearnbHOro M1pa, KOTopblie OHK
npu3BaHbl 06bACHNTL. OBbIYHbIE LWark B MOAENMPOBaHUN ANA NoAaepP XK1 NONUTUYECKMX
PELLEHNN, TAKNE Kak CPaBHEHME HECOMOCTABMMOro Ha OAHOW LUKane, MoryT NpOTUBOPEYUNTL
OencTBuUTENnbHOCTU. He Bce 3atparbl U Bbirogbl MOXXHO PacnofioXnTb Ha OAHOW LuKane, He Bce
HeonpeaerneHHOCTM MOXHO BbIPa3uTb Kak BEPOSTHOCTU, U HE BCE NapaMeTpbl MOOEeNu
N3MEPSIKOT TO, YTO OHM OOIKHbI N3MEPSTb.

CemuHap NTT3 PAH: 26 aHBaps 2023 roa
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NBWELESHSCIENCE can discloseNatural Hazamsﬁ@; aQn

HENVERNE State-of-the-art Knewledge ofilcoming disaster, in

el Vel CENCL el u Sl N g WIthuse Rec mendationsion the

level of risis for els : N1gTdESIgN;

insurznes; nd EMEergency: management. Science cannot remove,

yen J)-upjg favor for illusion regarding reality, as well as political

iz, 'rance and negligence among decision-makers. The

gansrel nclusmn IS confirmed by application and testing against

zirifie)t ake Reality.

SREyretiy y most; if-not all, of earthquake prediction claims are

=== =iinvented” due to very small, if any, sample of clearly defined

— evu;lence The necessity and possibility of applying simple tools of

= ;Edrthquake Prediction Strategies — Error Diagram and Seismic
Roulette null-hypothesis as a metric of the alerted space — are
evident. Seismic Roulette is not perfect! Therefore, seismic hazard
assessment and earthquake prediction claims can be useful for
reducing future impacts from disastrous earthquakes, if reliable,
but not necessarily perfect.
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CKM N NpeaocTaBUTb CaMble COBpEMEHHbIE 3HaHUA O HaABUIakLWMXCH
3a0J1laroBpemMmeHHO BMecCTe C MNoJie3HbIMA pekoMeHOaunaMn no ypoBHIO

— 7 N \J \J

1S, CTPaxoBaHMA U yrpaBneHns Ype3BbldanHbIMU CUTYaLUAMM.

8 MOXKET YCTPaHUTb CKNOHHOCTb Nnitoaen K Mudam 1 Unnos3usim
%é ® 'peaanocm a Takxke rnosIMTUYeCcKoro oTpuLaHus, UCKPEHHETO
TBa | CO3HATENbHO HEBPEXHOCTM NULL, NPUHUMAIOLLMX PeLLeHus. DToT
1’ ""*- ep, NOATBEPXKXOAETCA NPUMEHEHNEM N TECTUPOBAHMEM UHHOBALIMOHHOM
=) ::_-Te mm Heo-getepmuHuctckon OueHkn Cencmmdeckon OnacHocTtu (Neo-
: ‘.--- lern m|3t|c Seismic Hazard Assessment, NDSHA), koTopaga «rapaHTupyeTt
ﬁﬁéﬁpmpameme a He ycTpaHeHue» yuwepba ot semneTtpsceHnn (Panza,
Kossobokov, Laor;, & DeVivo, 2021). Pesynbtatel NDSHA ocHoBaHbI Ha HaeXHbIX
CENCMUYECKUX OaHHbIX, pacrno3HaBaHMM 3aKOHOMEPHOCTEN B paloOHaX,
NoABEPXeHHbIX 3emneTpsceHnam (Pattern Recognition of Earthquake Prone Areas,
PREPA), cneacteusax Obuero 3akoHa Nogobus ana 3emnetpacenuin (Unified
Scaling Law for Earthquakes, USLE) n ncyepnsiBatoLiem MogennpoBaHmn

COTPSAACEHMUI TPYHTA HA OCHOBE PM3MNYECKN 0OOCHOBAHHbIX CLIEHaPUEB.

CemuHap NTT3 PAH: 26 aHBaps 2023 roa

EMA HayKa MO)KeT_OGHapy)KMBaTb n OonacHoOCTH,

antll
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= (2)no practicing application of existing methodologies to guide
- _emergency preparations and policy development on how to make
decisions based on information provided for an intermediate-term
middle-range earthquake prediction having limited but known

accuracy”. (Davis et al., 2012)
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[ models are
models are wrong

'm'?" crae useful.
- . = =2 -

'R voetd

- “.there is no need to ask the
- question "Is the model true?". If
"truth" is to be the "whole truth" the
answer must be "No". The only
guestion of interest is "Is the model
illuminating and useful?*

[Box, G. E. P. (1979), "Robustness in the strategy of
scientific model building", in Launer, R. L.; Wilkinson, G. N.,

Robustness in Statistics, Academic Press, pp. 201—236.]

Some models are useful, some are useless,

and

i.;’%‘i;@eorge E.P. Box ‘
40 (1919 -2013)

¢ IPE RAS ¢ 03 August 2019+ 12
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VIGENUYyAWe donot live in a black-and=white world'an
PENEISANNMtalfoasiciprnciples maysdeadius
GO anIcCiawith the real 0pbs tions. We know that “all models

Al ) wrgng?e ut some are US_BU|”_[ox,_G. ESPI(LO70), SRobUStness in thesstrategy
of scientific mods| ouildineg®, in Launsr, R, L Wilkinson, €, N, Rogusiness in Stitisiics
;\mdem;p p,gn, .'. 1236.] butiefteniforgetthat' some models are

, especially, when viewed as

ts:s ie theoriginal natural phenomena

\j\ja zife ]]y 0 ?ln a risky ' world and are doomed to making
orselistiogs ‘and actions. When we predict what to do, the choice
o zlgile) is usually based on a comparison of expected “black

i’-»_ ey costs) and “feathers in caps” (benefits). If the latter exceed
ﬁ‘l eTormer It'IS reasonable to go forward. In some cases, like
= cressmg a highway, our-decision is simple due to data enough for
“a reliable assessment of “black eyes” based on recollections of
= collective attitude and knowledge. However, in many practical
cases, We do not have any opinion on impending consequences
and, therefore, may end up when it is too late for effective

countermeasures to reduce or even avoid a disaster.
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Open data in aET@ Data World provides unprecedented opportunities
for enhancing studies of the Earth System.

I

Never, it also opens wide avenues for finding deceptive
aciations in inter- and transdisciplinary data and for inflicted
=  misleading predictions and wrong decisions.

PUBLISHED SUNDAY, OCTORER 8, 2000, IN THE SAN JOSE MERCURY NEWS ©2000 DR. SAM SAVAGE The OYL[}' certamty is that nothmg is

The Flaw of Averages i

Gaius Plinius Secundus (79),

IF YOU COUNT ON THE STOCK MARKET'S AVERAGE RETURN Natu ralls H |Stor|a, II_7

TO SUPPORT YOU IN RETIREMENT, YOU COULD WIND UP PENNILESS

The Flaw of .

simulate this retirement
strategy with actual $&P
300 returns starting in
various years. thousands of scenarios
Notice that the level of cantingencies in prope
average refurns over any par- In the 1950s, Harry
ticular 20-year period is no | ate student at the Unives
guarantee of success. The real | o the flaw. “T was reac
key is to get off to a good start, theory, which was stri
which is what separates 1974 from | Markowitz. “T said to
its neighbaors. resulting portfolio the
For this example the Flaw of fverages states that: [fyou | and average outcomes,
assume each year's growth at least equals the average of | him a Nobel Prize. Ma

sults in an error | call the Flaw of Averages, a fallacy
as fundamental as the belief that the earth is flat.

The Flaw of Averages states that: Plans based on the
assumption that average conditions will occur are usu-
ally wrong,

A humorous example involves the statistician who
drowned while fording a river that was, on average. only
three feet deep.

But in real life, the flaw continually gums up invest-
ment management, production planning and other seem-
ingly well-laid plans. The Flaw of Averages is one of the
cornerstones of Murphy’s Law (What can go wrong does
20 wrong).

-
By Sam Savage everyday deci ‘[
- 1 . BN
= “The only certainty is that nothing is certain.” Wrong! Given typical areas. Consia ! )
S0 said the Roman b('l_IUJH.F Pliny the Elder. And levels of stock market case of a Sific 1|
L some 2000 years later, it’s a safe bet he would still volatility there are only anager wi ﬁ\
be right. The Information Age, despite its promise, slim odds that the fund manager Wik ;\\\
also delivers a dizzying array of technological, will survive the full time. by his boss o \
economic and political uncertainties. This often re- The following charts a new-geners ~ “\;\ .
NS
AN

“I’'m arresting you for bringing the Emperor into disrepute.”
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WhiEsprediction)is “the act of saying what you
ENULUrEe=evenithe advan@’ ‘tools of data' a S may lead to
ENOHEBISICIaim sy =And the bettert the model; the worse it

ozcomes for its aoolications, e eer, fe oressure of speiemineg
1nitlzll ¢ ,)r]nﬁ]e es?will'lead us to use'the model'well' beyond the

PISSILIILIESH of |ts application™ [The Inamori Foundation Kyoto Prize
(‘gmm..wmgrnyy-' lecture ofithe 1989 Llaureate in Basic Sciences: Izrail M. Gelfand,
Two -lrt*ngfjg- i the psychology of Man. Nonlinear Sci. Today 1 (1991), no. 4, 11].

» ,"

Wg,,u- 1vmg infaworld of numbers and calculations. Without
-~ b’ﬁrs there are no odds and no probabilities. Especially,
' G adays In a Big Data World with enormous amount of pretty
| "fast -user friendly software ready for an automatic output of
- “probabilities, nice model figures, and diagrams that may lead to a
- discovery or, alternatively, mislead to a deceptive conclusion,

erroneous claims and predictions.
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Atdeceptive conclision could be avoided by verificationjof

:..ndig]:.ta models against reproducible experiments ical

3 no other way. Sgé@l esting mus en advance
IIIIIJ 4 edlctlon of hazardousS areas and/or times.

nfortunate ~many.alarmists.donot.care at all about.an Sting
ISpreaning deceptive predictions of extreme
Gl stro,mi events. Seismology is not an exception.

Mrnr/ E0 f«mcludlng scientists, do not distinguish between
inpredic ,, ‘random,’ and ‘haphazard,’ which distinction is
CrticTal s ) 'SC|ent|f|c reasoning and conclusions.

\__r_lade and Shah (1984) noted: “However, ignorance still
',,HA §on the seismic severity (usually expressed in intensity
— - va ues) a site may expect in the future as well on the damage a

r—""

= str_uc_ture may sustain for a given seismic intensity”.

_-Regretfully, this applies to the present day situation in analyzing
potential damages and losses for implementation of integrated
economic, structural, legal, social, health, cultural, educational,
environmental, technological, political, and institutional measures.

\)\

A
fl=f
:- n
el
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SCIENCESIHOUIBNY b e to warn peopLe_:_ Qf looming disaster, \VIadimiE

Ksllis-Borg< JgISVEson —

My sriziie) tgeitle) [ he sa?E‘,‘:“Js feellng oftresponsibility. >
(Los Angzlzs Tim2s; 9Ju| 20120 e

ced tools
5is may lead
"'ents

) tely used
e th e

nomenon 1 under study.
= ~A(self-) d ceptlve

”__"

-conc usion could be
‘avmded by verification of
“candidate models in

- experiments on empirical
data and in no other way.
Seismology is not an
exception. Vladimir Isaacovich KEILIS-BOROK (1921 2013)

¢ IPE RAS ¢ 03 August 2019 + 17
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quake forecast/prediction ~ |
arthguake prediction is an uncertain profes y methods for

KE orecast/predlctlo*hWe been proposed and some of
merl 'nou may.bereliable. Some ofithose might be even useful
AENIBgatng seismic risks and reducing losses due to catastrophic
el gUaKes rnd assocliated phenomena. For a reliable earthquake
Adiifione m_t_ be knowledgeable in understanding seismic effects.

= nr"nqu= orecast/predlctlon IS usually defined as specifying the
{ITIES nlac é and magnitude of an anticipated event with sufficient
S
= precision that allow for actions to reduce loss of life and damage to
""“e p:erty as well-'as to mitigate disruption to life lines and social
"'T':fabrlc Some distinguish forecasting as prediction supplemented with
~probability of occurrence (Allen, 1976; National Research Council,
1976). In common everyday language, however, “forecast” and
“prediction” are synonymous to the public when they are referring to

earthquake phenomenon.

ESC - Session 07: Advances in Statistical' Seismology: from earthquake occurrence torisk-assessment



T
20y0]- Earthquakegfiggeeast/prediction

Precliction of il locztion o iriicusic il et
fiegnituderangecanie classifiedlasifollows-

S ETIRESSIprediction of areasiprone to ea hquakes of certain magnitude
> Dracietlon o qmé‘ and location of an earthquake of certain magnitude

réfr]r)Jf 1 -; ears Spatial, in source zone size L

. , \*

Log U‘“ :m- = 10 [ Long-range up to 100

.

= Hnicrmediate-term 1 | Middle-range 5-10

?ﬁé [t-term 0.01-0.1 | Narrow 2-3

* The Gutenberg-Richter law suggests limiting magnitude range of
prediction to about one unit of magnitude.

Otherwise, the statistics would be essentially related to dominating smallest earthquakes.
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Keiiti Aki (1930-2005)

¢[Ipobriema MPOrHo3npoBaHnsg YpesBblYanHbIX cuUTyaumn. OLeHKa PUCKOB
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M 4 or larger during the period 1964-1995 Mmax in a 1°%1° cell in the period 1900-1997

Kossobokov, V.G., Keilis-Borok, V.I., Turcotte, D.L., Malamud, B.D.: Implications of a statistical physics approach for earthquake
hazard assessment and forecasting. Pure Appl. Geophys., 157: 2323-2349 (2000). https://doi.org/10.1007/PL0O0001086
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ABSTRACT

The problem of estimating efficiency and comparing different
earthquake prediction algorithms remains pivotal for operational
decision making and reducing losses from earthquakes. Healy et
al. (1992) considered this problem in terms of strict mathematical
analysis of the prediction outcomes in the design of Global Testing
of the algorithm MS. For 30 years now, every six months, this
earthquake prediction algorithm has been applied globally,
determining in real time the areas in which the World’s largest
earthquakes are most likely to occur in the current half-year
To date, the statistics of the results obtained in this Global Test
indicates, with reliability higher than 99%. a fairly high efficiency
of forecasts using the M8 algorithm, as well as in its combination
with the MSc algorithm, which specifies the localization of
the source zone of the expected earthquake. Thus. the null
hypothesis of random occurrence in seismically active regions
is rejected with seismological certainty, at least for the World's
largest earthquakes. The results of this experimental testing
are an indirect confirmation of the predictability of strong
earthgquakes, as well as the existence of common dynamic
characteristics and diverse behavior during phase transitions
in a complex hierarchical nonlinear system of faults-and-blocks of
the Earth’s lithosphere { Keilis-Borok, 1990).

delicate application of statistics. Regretfully, in many cases the claims
of a high potential of the algorithm are based on a flawed application
of Statistics and, therefore, are hardly suitable for communication to
decision makers. Making prediction claims, either timeless or time
dependent, quantitatively probabilistic in the frames of the most popular
objectivists” viewpoint on Probability requires a long series of “yes/
no” trials, which cannot be obtained without an extended rigorous
testing of the method predictions against real observations. Moreover,
as pointed out by Stark (2017) the distinction between ‘random.’
‘haphazard,” and “unpredictable’ is crucial for scientific inference and
applications in practice.

Generally speaking, this immediately implies a very small sample
of cases investigated by delicate statistical methods applied to the data
of different quality collected in different conditions. Many extreme
events are correlated and/or grouped, are apparently not independent,
and follow some “strange” distribution, e.g., like a mono- or
multifractal one which i1s barely homogeneous. Obviously, such a
“peculiar” situation complicates search and identification of precursory
behavior for forecast/prediction purposes.

Earthquake prediction is an uncertain profession. Many methods
have been proposed for forecasting the earthquakes and. perhaps, some
of these methods may prove to be reliable. Some may even be useful
for reducing seismic risks and losses from earthquakes and associated
secondary effects like tsunami, landslides, liquefaction, floods, fires
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ticular, Error Diagramand Seismic Roulettemull=hypothesis as a metric of

the alerted space.

Error:Diagram: I curve for-finding optimal strategies.
Optimal strategy for a given loss function'y, corresponds to the best
choice of costs-and-benefits at point Q* where the y-contour lines
(dashed lines) touch the error: set for all possible prediction
strategies based on a fixed limited knowledge (grey area) for: the first
time. Random guess diagonal connects the trivial extremes of
optimistic and pessimistic strategies.
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It should be noted that Error Diagram by Molchan (1997) was

designed from the standpoint of decision making theory especially

for finding the optimal earthquake prediction strategy, while its

analog the Receiver Operating Characteristic curve - ROC curve,

K originally developed for operators of military radar receivers starting

0% 20% 40% 60% EERL L in 1941. The optimal prediction strategy depends on a choice of cost-
LD LA LN EILS TV benefit function and allows for mixed use of different strategies, as

well as the antipodal one.
Molchan, G.M. (1997) Earthquake prediction as a decision-making problem. Pure and Applied Geophysics 149, 233-247. https://doi.org/10.1007/BF00945169

Molchan, G.M. (2003) Earthquake Prediction Strategies: A Theoretical Analysis. In: Keilis-Borok V.I., Soloviev A.A. (eds) Nonlinear Dynamics of the Lithosphere
and Earthquake Prediction. Springer Series in Synergetics, Springer, Berlin, Heidelberg, Germany, 209-237. https://doi.org/10.1007/978-3-662-05298-3 5
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Seismic Roulette null hypothesis
AYe the results of the prediction experiment “good” or not? A statistical
goncluision about that could be attributed in the following general way:

—

e

Let Sand § be the total time and territory considered; @; is the territory covered by
the alarms at time t; 7 % x4 1s a measure on J X § (we considera direct product measure
T X u reserving more general case of a time-space dependent measure { for future
more sophisticated null-hypotheses); N counts the total number of earthquakes in
range Mm+ within § x §, and »n counts how many of them are predicted. The time-
space occupied by alarms, in percentage to the total space-time considered equals

p = Jdrxw | [dxpw

JHES

.
\{\ 14

]

where @ 1s the union of all the alerted territories G; in 3 x & considered.

By common definition the statistical significance level of the prediction results
equalsa=1—B(n— 1, N, p), where B is the cumulative binomial distribution func-
tion. The smalleris the significance level a, the larger is the confidence level 1— o and
the higher 1s the significance of the predictions under testing.




Ure in assessing statistical significance of an earthquake predlct|on method is
i, iii: (i) take a reliable sample catalog of earthquakes and count how many events from it are inside

ed — this will be your denominator; (i) at a given time of regular gg*
5 from the catalog are inside ﬁsrea of alarm — this wi rator; (iii) integrate the
2 of prediction experiment — an estimate of p to be used with the achieved
total N target earthquakes in computing the significance of the method predictions.

- — pu—

ar a roulette wheel with as many pockets as the number of events in a
| sample catalog of earthquakes, a pocket for each event.

* |Vake your bet according to prediction:
determine, which events are inside
area of alarm, and put one chip in
each of the corresponding pockets.

* Nature turns the wheel.

* If seismic roulette is not perfect...

| then systematically you can win! ©
i, orlose ... ®

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

and your wins will outscore the losses! ©
©OBOOOBO©OO
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rmentally, res onable confidence limits on an objective
currence rate of an earthquake requires a geologic span
A,s- unreachable for instrumental, or even historical,

' (see, e.g., Beauval et al., 2008). That is why
mates by B icsic Seiomic HazardAnalysw remain subjective values ranging from o

- to 1,

“der; 4‘“ od ’f'mm analytically tractable hypothetical models of seismicity.
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’."’{-—N[_'Hkng SHA claims, either termless or time dependent (t-DASH),
~ _quantitatively probabilistic in the frames of the most popular

_ - objectivists’ viewpoint on probability requires a long series of
"yes/no" trials, which cannot be obtained without an extended
rigorous testing of the method predictions against real observations.
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SELIoT errors, i.e. the rates of failure and of the alerted space-
)Iurrw, an be easily compared to random guessing, which

CEINPArson rmlts evaluating the SHA method effectiveness and
rleccrrmmnr the optimal choice of parameters in regard to a given
COST=DEN efi ‘functlon These and other information obtained in such
'S un_g) dtestmg may supply us with a realistic estimates of

,E Sele]] dence and accuracy of SHA predictions and, if reliable but not
'_'eé'essarlly perfect, with related recommendations on the level of
_: risks for decision making in regard to engineering design,

insurance, and emergency management.
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The examples of independent expertize of “seismic hazard maps”,
“precursors”, and “forecast/prediction methods” to follow:
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; smic 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 programin the
framework of the United Nations
International Decade for Natural
Disaster Reduction (UN/IDNDR). The
GSHAP project terminated in 1999.

— s§stematic comparison of the GSHAP peak ground acceleration
estimates with those related to actual strong earthquakes discloses

gross inadequacy of this “probabilistic” product, which appears
UNACCEPTABLE FOR ANY KIND OF RESPONSIBLE SEISMIC RISKEVALUATION AND

KNOWLEDGEABLE DISASTER PREVENTION.

30


http://www.seismo.ethz.ch/GSHAP/global/

http://cdsagendab.ictp.trieste.it/full _display.php?ida=a09145

Kossobokov, V. G. ; ANKNES : NQ‘- ,Iﬂ-mgp
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Wyss, M, Nekrase

AP expected maximum, I,(mPGA), Al,=1,(M) - I,(mPGA) > 0
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= “ each of the 59 magnitude 7.5 or larger earthquakes in 2000-2009
— — was a “surprise” for GSHAP Seismic Hazard Map; the minimum of the
- 99 values of Alyis 0.6. The average and the median of Al,are about 2.
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http://cdsagenda5.ictp.trieste.it/full_display.php?ida=a09145

: 162-170; https://doi.org/10.3103/S0747923912020065

—_—

Date M Fatalities

B
‘Ocean Disaster” 26.12.2004 9.0 227898

B Port-au-Prince (Haiti) 12.01.2010 7.3 222570

Auan (Sichuan, China)  12.05.2008 8.1

21.05.2003 : ;
28.03.2005 8.6 1313 3.3

30.09.2009 7.5 1117 1.8

Padang (Southern Sumatra,
Indonesia)

32



The Global Seismic
Hazard Assessment
Program (GSHAP) was
launched in 1992 by
the International
Lithosphere Program
LS P (ILP) with the support
: '; v SANTC of the International
L AKINGSTON AR : ‘ g Council of Scientific
k Unions (ICSU), and
endorsed as a
demonstration
program in the
framework of the
United Nations
International Decade
B for Natural Disaster
78" 74 : ; Reduction

HAITI REGION (UN/IDNDR). The
201001 1221:53:10UTC 18.46N 72.53W Depth: 13.0 km, Magnitude: 7.0 GSHAP project

Peak Ground Acceleration (m/s?) with 10% Probability of Exceedance in 50 Years terminated in 1999
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science for a changing world

¢[1pobrema MPOrHO3NPOBaHMS Ype3BbivariHbIX cuTyaumn. OLeHKa PYCKOB
5-6 okTa6psa 2010 BO3HVKHOBEHWS Ype3BblyanHbIX cuTyaumnmn 44 «Cnacarens» MYC Poccun 34



http://www.seismo.ethz.ch/GSHAP/global/
http://www.idndr.org/
http://www.gfz-potsdam.de/pb4/ilp/
http://www.icsu.org/
http://www.seismo.com/iaspei
http://www.unesco.org/
http://www.gfz-potsdam.de/
http://www.ingrm.it/iindex.htm
http://www.seismo.ethz.ch/
http://gt.csdi.ac.cn/
http://www.usgs.gov/

GSHAP Moscow Regional Center 7 - Chairman V. Ulomov ( UIPE RAS, Russia, ulomov@uipe-ras.scgis.ru ), 1997
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Fig. 10 : Peak Ground Acceleration (m/s2) Map with 10% Probability of Exceedance in 50 Years for Northern Eurasia
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Mocne 3aBepweHna GSHAP cencmumyeckas pearnibHOCTb

TecTupoBana Kapty cemcmm4yeckom onacHoCTHU
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USGS/NEIC Global Hypocénter’s Data Base, 2000-2010

5-6 okTs6ps 2010

—.180:—160:—140:—120:—100:—80: -60: -40: -20: 0: 20: 40: 60: 80: 100: 120: 140: 160: 180:

6.0 6.5 7.0 7.5 8.0 8.5 9.0

¢[Ipobriema MPOrHo3npoBaHNA Ype3BblYaHbIX CUTyaumn. OLeHKa PUCKOB
BO3HVKHOBEHWS Ype3BblyanHbIX cuTyaumnmn 44 «Cnacarens» MYC Poccun

36



BbiBoa: Kapta GSHAP PGA Ttant B cebe obunume
«J1I0BYLUEK», FOe oXunaarTca «Jerkme», a B
OENCTBUTENBHOCTU BO3MOXHbI «CYLLECTBEHHbIEY,
«3HAYNTENBbHbIEY, UNN OaXe «TOoTaslbHbIEY
paspyLleHns. ITO OTHOCUTCS K KaXXOOMYy BTOPOMY

3HaunTenbHoMmy 3emneTpacenuto (M = 7.5 n Bbliwe).

= il Mo cTaTUCTVKe TOYeK Haa
= | T o% 5 AVaroHanbo) NoyYnm
el | adgo°pe Habop OLEeHOK Yncna
= T gos g0 «CHOPMPU30BY.
= C O RN Hanpumep, Ans
LR R e EALERE COBBITMI C MarHUTYAOV
A /.5 1 BblLLE cpeaHas
S e HegooueHka = 1.6, a ee

Vi 8
MMI(GSHAP PGA) MegunaHa = 2.5 6anna.
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Kossobokov V., Peresan A., Panza G.F. (2015)

Reality Check: Seismic Hazard Models You Can Trust EOS 96(13): 9-11
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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 ).




Chapter 12

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 >*

[)q)mtmcrrf of Geosciences, University of Trieste, Trieste, {ta The Abdus Salam International
Centre for Theoretical Physics — SAND Group, Trieste, Italy, * China Earthquake Administration,
Institute of Geophysics, ‘hina, * Institute of Earthquake Prediction Theory
and Mathematical Geophysics, Russian Acade .' f Sciences, Moscow, Russian Federation,

3 Institut de Physique du Globe de Paris, 8 International Seismic Safety Organization, ISSO

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

ABSTRACT
ng to the probabilistic seismic hazard analysis (PSHA) approach, the de
ally evaluated or historically defined largest credible carthquakes (often
lible Earthquakes, M 5) @ an unconvincing possi
“likely impossibilities” within individual
p occurring Wi
dicted seis /
with the expected one
(GSHAP) maps disclos
with available observation are found also for national ¢
Ttaly veloped using updated data As a
in recent disastrous carthquakes have been underestimated by these maps by approx-
imately two to three orders of magnitude. The total death toll in 2 2011 (which
exceeds 700,000 people, including tsunami victims) calls for a critical reappr
GSHAP results, as well as of the underlying methods.
In this chapter isci > limits in the formulation and use of PSHA, addr
some theoretical and practical issues of seismic hazard assessment, which range
the overly simplified assumption that one could reduce the tensor problem of seis
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

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

40



COMPUTATIONAL SEISMOLOGY AND GEODYNAMICS VOL. 1

ON SIMILARITY IN THE SPATIAL DISTRIBUTION OF SEISMICITY

V. G. Kosobokov
International Institute of Earthquake Prediction Theory
and Mathematical Geophysics, Russian Academy of Sciences

S. A. Mazhkenov
Presidium of the Kasakh National Academy of Sciences

The basic law of seismicity, the Gutenberg-Richter recurrence relation, is suggested in a modified
form involving a spatial term: log N(M, L) = A— B(M -5)+Clog L, where N(M, L) is the expected
annual number of mainshocks of a certain magnitude M within an area of linear size L. Using the
original algorithm tested on a number of model catalogs, estimates of similarity coefficients, A, B,
and C were obtained for seismic regions of FSU and other countries worldwide, as well as for global
seismic belts of the Earth., The coefficient C reflects spatial similarity of a set of epicenters. Making
appropriate assumptions of homogeneity and self-similarity, it can be referred to as the fractal
dimension of the set. The actual values of C vary from 1.0 to 1.5 and correlate with the geometry of
tectonic features: High values of C for regions of complex dense patterns of faults of different strikes,
and low values of C for regions with a predominant linear fault zone. The coefficients provide an
insight into scaling properties of actual seismicity and are of specific interest to seismologists working
on seismic zonation and risk assessment.
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eISIBENDvect impLications for assessmg seismic hazard a‘c
(au TINANICO A C lj/
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. V"., The estimates for Los Angeles (SCSN data, 1984-2001) -

2, \ A=-1.28; B=0.95; C=1.21 (6, = 0.035)
gt ssessment 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,
— _i”{'-_% being underestimated by a factor of 102/10'21=1097>6!

e = Similarly, the underestimation is about a factor of
~ 6.4 for San Francisco (A=-0.38,B =0.93, C = 1.20, ,,,,=0.07),
B 4.6 for Tokyo (A =0.14,B =0.94, C = 1.34, 0,,:,=0.05),
- 8for Petropavlovsk-Kamchatsky (A =-0.01, B =0.83, C = 1.22, 6,,,,=0.05),

10 for Irkutsk (A =-1.12, B = 0.80, C = 1.05, o,,,=0.03),

etc.
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ad ‘_ Nekrasova, A, Kossobokov, V, Parvez, I1A, Tao, X (2015)

Seismic hazard and risk assessment based on the unified scaling law for earthquakes.
Acta Geod Geophys 50:21-37; https://doi.org/10. :

rt .quake is Iess by factor 2 or greater,
is earthquake, is several times
S AP map than for the USLE
ot

4,1 ,\and 2.5 times for strong earthquakes
nd s jsurroundlngs Lake Baikal, and Central

‘respectively). This cannot be attributed
rence of the empirical probablllty

= regrori, although evidently USLE model favors
larger estimates in Baikal and Central China
regions. Note that at the regional scale of
investigation the GSHAP estimates of seismic
hazard can be grossly underestimated in the
areas of sparse explorations of seismically active
faults, like those to the east of the upper
segment of the Baikal rift zone.




ing Slp e tools'of earthquake prediction strategies -

L RUSHIIUS rate how Error Diagram and Seis oulette work for
STNE fflClency of an earthq'Uake forecast/prediction method with
ol owmr‘ WO examples.

Regions of Increased Probability of Magnit 8.0+ Erthquakes
as on January 1, 2019 (subject to update on July 1, 2019)

West Pacific short-term
forecast of the shallow
magnitude MwHRV 2 5.8
earthquakes in April 10, | .
2002 - September 13, 2004. e =

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2019 (subject to update on July 1, 2019)

- 3
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Thu Apr 4 2556:58| 2002 i

Southwest Pacific short-term forecast: 197

7-

Global testing the
™ earthquake prediction
S e algorithms M8 and M8-MSc.

-12 -10 -8 -6 -4 -2
Log,, probability of earthquake occurrence, M,, > 5.8, ea/day*® (100km)
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‘cast of earthquakes by Jackson and

ollowing 2.4-year period, the conclusion
method is efficient for prediction
smic Roulette random'guessing of the
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Jackson and Kagan (1999) "Testable earthquake forecasts for 1999", Seism. Res. Lett., 70, 393-403
Kagan and Jackson (2000) "Probabilistic forecasting of earthquakes", Geophys. J. Int., 143, 438-453
Kossobokov, V.G. (2006) Testing earthquake prediction methods: «The West Pacific short-term
forecast of earthquakes with magnitude MWHRYV = 5.8». Tectonophysics 413: 25-31



| trospective simulation of the algorithm M8 predictions of M7.5+
anthguakes -1985:4994-Smce.then.theasemlannual up-to-date predictions are
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Error Diagrams for the M8 and M8-MSc algorithms’ strategies targeting earthquakes in magnitude
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1985-2013 (3) and 1992-2021 (4). The lower 95 and 99% confidence limits obtained by random
guessingin 30 and 98 independent identically distributed trials given in cyan and red, respectively.



Period Target Earthquakes Space-Time Confidence
Volume, p

Total M3 MS8-MSc M8 MB-MSc M8 MS8-MSc

Magnitude range M8.0+

1985-present 30 17 11 28.63% 13.41% 99.88% 99.88%
1992-present 28 15 9 25.62% 11.42% 99.85% 99.70%

Magnitude range M7.5+

1985-present 98 43 17 27.71% 8.59% 99.96% | 99.60%
1992-present 86 33 11 23.93% 7.78% 99.80% | 93.03%

| Notes: “Target Earthquakes™ are earthquakes of the magnitude range M8.0+ or M7.5+ which “Total”
refers to their total number in the union of all CIs during the study “Period”. and “M&” and “M8-
MSc™ refer to the number of those earthquakes that occurred in the space-time volumes covered by
the M8 and M8-MSc alerts, respectively. “Space-Time Volume™ of the M8 and M8-MSc predictions
is given in percent to the total space-time volume, i, of seismic loci in all Cls during the study Period.
The “Confidence™ level tells how sure one can be that the achieved performance is not arisen by
chance in the binomial trials.

Kossobokov, V.G., Soloviev, A.A. (2021) Testing Earthquake Prediction Algorithms. Journal Geological
Society of India, 97, pp.1514-1519. https://doi.org/10.1007/s12594-021-1907-8



Note that for the semiannual
evaluation of p, we used a measure
that is proportional to the number of
epicenters of earthquakes with M 2
4.0 in 1964-1984, which does not
depend on earthquakes in testing
time period. We observe a steady
gradual decrease of p targeting
either M8.0+ or M7.5+ in advance the
2004 Sumatra-Andaman MW 9.0
mega-earthquake, and another
decrease in the recent 5-10 years to
the minimal values that may explain
a few failures-to-predict since 2018..
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Reliable Seismic Hazard Assessment , RSHA
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Seismic roulette: Hazards and risks

The Neo Deterministic Seismic Hazard Assessment (NDSHA) is the innovative multi-

disciplinary scenario-physics-based approach for the evaluation of seismic hazard . 38
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'—"'-“—'-”"’3 - the results of NDSHA applications outscore the widespread PSHA
g"er%tlts by taking advantage of a synergy between to-date available Pattern

— Recognltlon of Earthquake Prone Areas (PREPA), Intermediate-Term Earthquake

Prediction (ITEP) of different spatial accuracy, Scenario-based Seismic Hazard
Analysis (SSHA), Maximum Credible Seismic Input (MCSI) method, Unified
Scaling Law for Earthquakes (USLE) that accounts for fractal distribution of
seismic occurrence, and Geodetic Data Analysis (GDA) of GPS, GSSN and other
reliable determinations.
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LEXITEPXGDAXMCSIXSSHA — —
Earthquake Prone Areas (PREPA)

- ognition in problems of seismic
hazard assessment. Chebyshevskii Shornik 19(4): 55-90. (In Russian)

https://doi.org/10.22405/2226-8383-2018-19-4-55-90
fGorshKov A.; Novikova, O. (2018) Es’umatmg the va||d|ty of the recogn|t|on results of

The PREPA termless prediction for Callfornla and Nevada
Is statistically justified by the subsequent occurrence of the
16 out of 17 magnitude M6.5+ earthquakes in a narrow
vicinity of the 73 D-intersections of morphostructural
lineaments (yellow circles) determined as prone to seismic
events that large. The target earthquakes include the recent
most May 15, 2020, M6.5 Monte Cristo Range (NV)

o magniude 6 aor *' earthquake and July 6, 2019, M7.1 Ridgecrest (CA) main
() moreearhauakes R car shock, i.e. the exceptional near-miss within the study area
(e ———RTS . TAF A since 1976. It is also notable that the Puente Hills thrust
Riley X N fault beneath metropolitan Los Angeles coincides exactly
K- betore 1976 } (Kossobokov, 2013) with the lineament drawn back in 1976,

> - after 1976

decades in advance it was “rediscovered” by the 1995
Northridge earthquake (Shaw, Shearer, 1999).

- :I'he 40'kr_“ radius outlines of the D'. Gelfand, I.M.; Guberman, Sh.A.; Keilis-Borok, V..; Knopoff, L.; Press, F.; Ranzman, E.Ya.;
intersections of morphostructural lineaments  Rotwain, 1.M.; Sadovsky, A.M. (1976) Pattern recognition applied to earthquake epicenters
in California and Nevada and epicenters of in California. PEPI 11(3), 227-283. https://doi.org/10.1016/0031-9201(76)90067-4
magnitude 6.5+ earthquakes before (black Kossobokov, V.G. (2013) Earthquake prediction: 20 years of global experiment. Natural

Hazards 69(2):1155-1177; https://doi.org/10.1007/s11069-012-0198-1
Shaw, J.H.; Shearer, P.M. (1999) An elusive blind-thrust fault beneath metropolitan Los
Angeles. Science 283(5407), 1516-1518. https://doi.org/10.1126/science.283.5407.1516

stars) and after (red stars) publication of
(Gelfand et al., 1976).
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One of the very first practical conclusions drawn from USLE: Kosobokov and Mazhkenov (1988,
1994) demonstrated that in case of the Lake Baikal region with the area of 1,500,000 km? and C = 1.25, the
inclusion of aseismic areas leads to underestimation of widespread seismic activity measure A,y in 1000
km? by a factor of 15, and to its when a characteristic of
seismic activity over an area of 1000 km? is computed for a grid cell of 10 km x 10 km.
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Earthquake prediction: 20 years of global
experiment
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KosTsobokov,\/.G-., Soloviev, A.A. (2021) Testing Earthquake Prediction Algorithms. Journal Geological
Society of India, 97, pp.1514-1519. https://doi.org/10.1007/s12594-021-1907-8

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 J (eds) Earthquake
Hazard, Risk, and Disasters. Elsevier, London, 477-504.
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Kossobokov VG (2013) Earthquake prediction: 20 years of global experiment. Natural Hazards
69(2):1155-1177; https://doi.org/10.1007/s11069-012-0198-1
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Blsimic Hazard Analysis (SSHA)
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J_- ATUBHbIE OLIEHKN OXMOaeMOW MakcumManbHOW JOCTOBEPHOWU CEMCMNYECKOM

YABINOJY4al0TCA HAa OCHOBE (PAKTU4YECKOro 3MMUPMYECKOro pacrnpeaeneHus
ICTVK 3eMNEeTPSACEeHNN, AONOMHEHHOro (1) cyLLecTByOWUMU

'CKMMI/I TEKTOHNYECKUMU, MaKPO- N NaneocencMmnYeCKMMmn gaHHbIMK, (2)
v Tamu PREPA 1 (3) oueHkamu Ha ocHoBe USLE, KOTOpbI yunTbiBaET

JJ

HO dopaKkTaribHyl0 CTPYKTYpY nutocdepsl.

Natural Hazards

<5.6 6.0 6.6 7.2 >7.5

Fig.4 The seismic hazard maps for the Lake Baikal Region in terms of Mmax expected at earthquake-
prone cells of the regular 1/8°x 1/8° grid in 50 years with 10%, 5% and 1% chance of exceedance
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Ikax onepaTMBHOro NporHo3MpoBaHus 3emnetpaceHnii (OEF), koTopoe npeacTaBnseT
A <pacnpocTpaHeHue 4OCTOBEPHON MH(pOPMaL MK O 3aBUCALLMX OT BPEMEHU
. THX 3eMJ1eTp;|ce|-mw 4yT0ObI NOMOYbL COOOLECTBAM NOArOTOBUTLCS K
eNMbHE netpaceHuamy (Jordan et al., 2014), B pamkax 6onee
XeMbl OEF (puc 5) cneayet ctapaTbCa UCMOMb30BaTh BCH HaAEXHYH
t °t:icy|o UHopMaLMIO, KOTOPAsA MOXET UMETb OTHOLUEHNE K BO3HUKHOBEHUIO
ﬂbeIX COTPAACEHUI IPYHTA.
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mputer science are not enough for a successful collaboration aimed at effective

arger earthquakes OEF could be either determlmstlc probablllstlc or a combination of

» » N5 nd Mitiaation N "_the ndll
well to other natural hazards and can be further generallzed. Note however, that
everyday language) means ‘ready to work correctly’; hence, it is obvious that SHA

‘OEF Realm as the most important part of the OEF user interface.

MU 1 MHOPMATVKN HEAOCTATOYHO AJ1A YCMELWHOro B3auMOAeNCTBHS,

oro Ha ahhpeKTMBHOE NPOrHO3MpoBaHUe Haubonee CUNbHbIX

eMIeTPA( el-wwl OEF moxeT ObITb AETEPMUHUCTUYECKUM UNU BEPOATHOCTHLIM, UK
=73 auueu BO B3aMMOAENCTBUM C MOTPEOHOCTAMM NONb30BaTeNen

,Wo'ﬁeﬁcma AHanu3sa u CHuxeHusa PuckoB. EcTecTBeHHO, 3Ta CXeMa NpUMEHUMA U K
APYTUM OMacHbIM NPUPOAHLIM ABMEHUAM U MOXET ObITb AONONHUTENIbHO 0000LEHa.
06paTtiTe BHUMaHWE, 0AHAKO, YTO «ONepaTUBHBbIN» (Ha NOBCEAHEBHOM A3bIKE)
03Ha4aeT «roToBbIW K NpaBunbLHON paboTe {CnocobHbIN ObICTPO, BOBPEMS UCMPABUTD
W HanpaBWTb X0 Jena}»; crnegoBaTenbHO, 04eBUAHO, YTO OLIEHKA CEMCMUYECKOM
onacHoctu (*SHA) npuHapgnexut Koponesctsy OEF kak Hanbonee BaXXHOM YacTu
nonb3oBaTenbcKoro uitepdenca OEF.

CemuHap NTT3 PAH: 26 aHBaps 2023 roa



able Seismic Hazard Assessment , RSHA . -
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HA HabupaeT oOOpOTLI B pacnpoOCTPaHEHUU NO BCEMY

LI,VIOHHOVI NMapagurmbl HapgexHon OueHKu

: M OnacHoctH (Reliable Seismic Hazard Assessment,

,.;33?;15’- Panza, 2021; Panza & Bela, 2020), Bknto4atoLlem

.'_:'E "M MOoAeNUpPoBaHNA AeTepMUHNPOBaAHHbIX CLUeHapueB

—3el "ﬂcel-mﬁ Ha ocHoBe dm3unkum (nnatdopmbl XeRiS - Vaccari & Magrin,

- 2019; https Jlwww.xeris. it/ Methodology/index.html u CyberShake - SCEC, 2018),

?;",._':'Tc—otopaﬂ B KOHEYHOM UTOre AO0JKHA U3MEHUTb O0pa3 MbILUNEeHUs

~ Hay4HOro M MHXeHepHoro coobLiecTsa OT HeBepuUs B
BEPOSATHOCTHOE NPOrHO3MPOBaHMEe K ONTUMUCTUYHBIM CHOXHbLIM
BOMNpoOCcamM Heo-AeTePMUHUCTCKOMN NpeackasyemMoCcTu NpUpoaHbIX

OMNacHOCTEN U PUCKOB.
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Ghiarles Richter, whose critical observation that “only fools and charlatans predict

earthquakes™ is often cited, wrote a one third of a page note (Richter, 1964) next to (Keylis-
Borokand Malir vska a, 1964) that described quantitatively an observation of general
ACIEASENNTSEISMIC activity in"advance 20'strong earthquakes. He noted 2 ble effortto
sonvert this rath er indefinite and elusive phenomenon into a precisely definable one”, marked
asamportant a ‘qnfirmation of “the necessity of considering a very extensive region including
Hecenter c J} 8 approaching event”, and outlined “difficulty and some arbitrariness, as the
AULNOrS a JJ}‘ omt out, in selecting the area which is to be included in each individual study”.

Dng g t ¢ TTot argue that operational earthquake forecast/prediction research requires from a
= ~f= ista ‘keen feeling of responsibility and rigid control of all claims and conclusions
,- ;ossobokov et al., 2015). This responsibility requires as well the high standard of statistical
= anaTySIS It is well-known that improper use of statistical tools may lead to wrong, although
~__user desirable, inferences. This was often reminded to us by Andrei N. Kolmogorov (1903-
1987), the famous Russian mathematician known for Probability theory, Topology, Intuitionistic
logic, Turbulence and many other studies, who modified for this purpose a famous quotation

attributed to Benjamin Disraeli (1804-1881): " There are three kinds of lies: lies,
damned lies, and political statistics.”



t would be alsowrongitorregard statistics as a tool for exercises in numerology by counting
“rJ Scriptive” parameters. The problem of W|despread scientific crisis lies in r
Statisticsiveyondithe possibilities of its application in many discipli
ggucation; lots of mechanical appllcatl vallable softwar

journalsi(Stark, 2018; Stark and Saltelli, 2018).
- - R i

rial policy of scientific

\Nevertheless, Seismic

Roulette is not perfect!
Therefore, seismic hazard
assessment and earthquake
prediction claims can be useful for
reducing future impacts from
disastrous earthquakes, if reliable,
but not necessarily perfect.
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—Seismic- Roulette is a game of chance. Disastrous earthquakes are low-probability events
locally; however, in any of the earthquake-prone areas worldwide, they reoccur with certainty,
i.e., with 100% probability sooner or later.

Nature spins the “wheel” and throws the earthquake “balls™...
and we can win the game, if we take a chance to play systematically.
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