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giedictinglearthguakesiis'as easy as one-two-three.

w
/

SIEN NI _)- o oy YOUr precursor detection instruments
JIAHES _é of the coming earthquake.

o

" SQc -:Ej'etect and recognize the precursors.

. »ﬁ- ETJ 3 ‘Get all your colleagues to agree and then
= ;publlcly predict the earthquake through approved
- channels.”

—
—
—

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

ital revolution started just about 15 years ago has already
e global information storage capacity of more than
abytes (5 x 1021 in optimally compressed bytes) per year.

2007
ANALOG

18.86 billion gigabytes

Paper, film, audiotape and vinyl: 6.2%

uuuuuu

o — ‘BIG DATA IS NOT
e ABOUT THE DATA !

Gary King, Harvard University,
making the point that while data is
plentiful and easy to collect, the real
value is in the analytics.

ANALOG

2.62 billion
ANALOG STORAGE DIGITAL

the beginning o sigan https://www.cscollege.gov.sg/knowledge/knowl

of the digital age edge/gary%20king/prof%20gary%20king.mp4

% digital: 1% 3%

IGITAL
276.12 billion gigabytes

Source: Washington Post, based on Hilbertand Lopez, 2011
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Open data in,ﬂa%}Norld provides unprecedented opportunities for
1hancing scientific studies and better understanding of the Earth System.

ime, it opens wide avenues for deceptive assggj,atio‘ﬁé in inter--
lisciplinary data misleading to erroneous predictions, sometimes,

rawing an eléphant with

ameters. Am. J. Phys. ‘ . . . ) -
9: doit 10.1119/1 3254017 A turning point in Freeman Dyson’s life

occurred during a meeting in the Spring
| 1953 when Enrico Fermi criticized the
complexity of Dyson’s model by quoting

Johny wvon Neumann: “With four
parameters | can fit an elephant,
T w 5 and with the five | can make him
wiggle his trunk.”™

p,=50-301 p,=18+ 8i
p;=12-101 p,=-14 —60i
p: = 40 + 20i
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when mapproprlately used to descrlbe th n
: . A (self-) deceptive co av%

olj candldat iIn experimen n empirical data
. Seismology is not an exception.

JF‘_-:. SHOULD be
rmipeople of
L)Jff e dlsaster

_? _:,\_/ adllr |r Keilis-Borok

= Delieves.

s I\7Iy main trouble,” he

_' says, “is feeling of

responsibility.” °
(Los Anaeles Times, 9 July 2012)

Vladimir Isaacovich Keilis-Borok (1921-201.3)
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TC evidences accumulated to-date demonstrate clearly
he emplrlcal relations commonly accepted in early history
mel tal seismology can be proved erroneous when subjected
""=s= hypothesis testing. In many cases of seismic hazard

- _x.a-

or ;;, sment (SHA), either probabilistic or deterministic, term-less or
r’t',term the claims of a high potential of a model forecasts are
asetton a flawed application of statistics and, therefore, are hardly
smtab_le for communication to decision makers, which situation creates

- numerous deception points and resulted controversies.

\ ~ T
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of the proposed short-term
sthowed sufficient
‘as a reliable
- strophlc earthquakes.
y, in many cases of seismic
ard ¢ .: ssment (SHA), from term-
-_;;i;;.:*,.,:'=~-q'. e-dependent (probabilistic
= PSHA or deterministic DSHA), and

-
-—
-

_.Shéﬂ‘:ferm earthquake forecasting
(StEF) the claims of a high potential of

- the method are based on a flawed
application of statistics and, therefore, ‘
are hardly suitable for communication r 9

to decision makers. Keiiti Ak| (1930 2005)
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DEfinition of Earthquake Prediction™
Tne Urjtzel Siteiee ationamu?anel on Earthguake Prediction of.the

Cornnitizs aprsiisiielle)e)y SUGQE ted‘Ihe followmg deflnltlon (1976 o) 7) o —

AREE g Uake prediction must Specify the
—»mecfgr .magnltude fange; the geographical area
Wiiflir) w,r) chritwill’eccur, and the time interval
WLIARVAICANE will happen with sufficient precision
Soithat the ultimate success or failure of the

-~ oreel diction can readily be judged. Only by careful
il:i—'-’ Gtardlng and analysis of failures as well as

= 5liccesses can the eventual success of the total
~  effort be evaluated and future directions charted.

= Moreover, scientists should also assign a

confidence level to each prediction.”
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Usiuzlhy, e:y Kerpredictionis classifiedin espee{'to
clurziijor) e ectatlon time Whlle overiookif
ideniifiestiiog of earthqll'ak prone areas;as well'asthe

SpelielleCeuracy ofian eanthguake predictionimetnod.

Years

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

......

= =
- ks - - - - - =
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helinear dimensions of thetarget earthguake
PIEPENElionzone of R = 10 °4sMkm (Dobro el al
1979) mdepen&?nﬂ@nj?med owman et al.

ELBB)MWhoclaimed |60gRE0:44 V. {I60 e = 0:434...]

4 5 6 7 8 9
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m 10 100 1000 10000

- -—“ -.- -
B - p— -
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-l o~ —
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g :

Ii Ijééééts are often made for a “cell” (Schorlemmer et al.,
gf""’;zmo; Lee et al., 2011) or “seismic region” (McCann et al., 1979;

- —

- e

— = ’K?{gan and Jackson, 1991, 1995) whose area IS not linked
- 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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RTIPRUACCUPACY IN EARTIOUAKE EORE

M ECICHOTIOT I e an d o cationioran Off
ceaifiimagnitude ran e classmed ds follows -

g NN m———

e

+ Terrr-lgss prs,hr* PNIeifareas pronetereanthguakes of certain magnitude
> Pradiciiogigigle and location of an earthquake of certain magnitude

- .“
-

r_mwr '_L, I ears Spatial, iIn source zone size L

"\

Lejp _1,}"" mv- : 10 | Long-range up to 100
._;._Er" edlate term 1 | Middle-range 5-10
—K ’Iﬁ_@l “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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Accurate teSMﬁgajnst real observations must be done in advance
| ] eismically hazardous areas and/or times. The Set.of. errors
id'secondkind in such .acomparnisonpermits evaluating
\imethod effectiveness'and determining the optimal choice of

ERROR DIAGRAM

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

Molchan, G.M. Chapter 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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yrandipossibility of applying simple tools of -
ake Prediction Strategies in pa -

agram and Seismic Roulette null-hypothesis
> of the alerted space, is evident.

er a roulette wheel with as many sectors as the number of events in a
sample catalog of earthquakes, a sector per event.

’!I’mc * Make your bet according to prediction:
[ et s o R PP

determine, which events are inside
area of alarm, and put one chip in
each of the corresponding sectors.

* Nature turns the wheel.
* |f seismic roulette is not perfect...

then systematically you can win! ©
B sl e orlose ... ®

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

and your wins will outscore the losses! ©
OO0V O
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INEISEL Of arrc , 1.e. the rates of failure and of the alerted space-

ime volurr an be easily compared to random guessing, which
ornosma*c permits evaluating the SHA method effectiveness and

rlc-ti.,-r_;"[_fL {“ne optimal choice of parameters in regard to a given

: :--t_;c St- eneflt function. These and other information obtained in

= t‘;ih a S|mple testing may supply us with a realistic estimates of

__’f cbrrﬁdence and accuracy of SHA predictions and, if reliable but

not r]ecessarlly 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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TOUANE WEEATED OBSE
e CENT
STURIES IN JUSTAFEW RARE cnm

A b

R

lly, reasonable confidence limits on an objective

f'_' rfence rate of an earthquake requires a geologic span
h is unreachable for instrumental, or even historical,
e e.g., Beauval et al., 2008). That is why
RARII ESTIMATES BY PROBABIII!'I'IC SEISMIC HATARD
LYS ! 'REMAIN SUBJECTIVE VALUES RANGING FROM 0 TO 1,

e

= ,,;'; @m analytically tractable hypothetical models of seismicity.

I\/[ak.ng 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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2 Global Seismic Hazard e
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 .

- ~A systematic 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 RISK
EVALUATION AND KNOWLEDGEABLE DISASTER PREVENTION.
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http://www.seismo.ethz.ch/GSHAP/global/

*  Kossobokov, V.G., 2 ws and Earthquake Predictability in Assessment of Seismic Risk. Advanced
onference on Seismic Ris and Sustainable Development. The Abdus Salam International Centre for
Physics (Trleste Italy, 10 - 14 May 2010). http://cdsagendab.ictp.trieste.it/full display.php2ida=a09145)

Nekrasova, 2010. Global Seismic Hazard Assessment Program Maps Are Mlsleadlng-m"
Il Meet. Suppl., Abstract U13A-0020.

krasova, A., 2011. Global Seismic Hazard Assessment Program (GSHAP) Maps Are Misleading.
ngineering Seismology, 38 (1), p. 65-76 (in Russian).

_étrong crustal earthquakes in 2000-2009 has from 6 to 58 values
AP PGA in the 7:° x (s cos ¢)° cell centered at its epicenter (¢, A).

f."‘surprlse” when the observed value, l,(M), is larger than the

SHAP expected maximum, [,(mPGA), Al, = I,(M) - I,(mPGA) > 0

Je founc (|) about 50% of strong earthquakes surprised the GSHAP map

’if):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

- 759 values of Alyis 0.6. The average and the median of Al,are about 2.

wrensry | 1 [iEiE] vV | v |

[ i |Gt (e ek ||k [Wccerial Buing |Vaysiongl  Biwrs | vlent | Exiuing
[eosmctes| nonw | o |inensl [Meeviht] Cite: | NGeme: [ Msontaltonyy [ Home:] V: Houry)
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http://cdsagenda5.ictp.trieste.it/full_display.php?ida=a09145
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& Bhuj (Gujarat, India)
= .ﬁ’f" the Pacific coast of Tohoku

Region

Bam (Iran)

(Japan)

~ ~ Yogyakarta (Java, Indonesia)

Southern Qinghai (China)
Boumerdes (Algeria)

Nias (Sumatra, Indonesia)

Padang (Southern Sumatra,

Indonesia)

éan Disaster”

EEPort-au-Prince (Haiti)

n (Sichuan, China)

orth India and

n border region)

Date M  Fatalities
R S —
26.12.2004 9.0 227898
12.01.2010 7.3 222570
12.05.2008 8.1 87587
08.10.2005 7.7 ~86000
26.12.2003 6.6 ~31000
26.01.2001 8.0 20085
15824
11.03.2011 9.0 o ing)
26.05.2006 6.3 5749
13.04.2010 7.0 2698
21.05.2003 6.8 2266
28.03.2005 8.6 1313
30.09.2009 7.5 1117

he medlan of Md two units of LT‘U'erestlmated intensity.

*‘

4.0

2.2
3.2

2.3

0.2
2.9

3.2

0.3
2.1
2.1

3.3
1.8
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e
ar jo ikke noget paa,” sagde et lille Barn. “Herre Gud, her den Uskyldiges Rost,” sagde
vidskede til den Anden, hvad Barnet sagde. L I
ar jo ikke noget paa,” raabte tilsidst hele Folket. Det krab i‘KEseren, thi han syntes, de
en han tenkte som saa: “nu maa jeg holde Processionen ud”. Og Kammerherrerne gik og

&bet, som der slet ikke var.
ARE ens nye Klseder
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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

oL 20, 2E July 2004

™,

a3, [

Faz. vol. &

ondop

,43 ".. "
/ "_)Ambmemam

Peak Ground Acceleration [g]

10% Exceedance Probability in 50 years

0.1 0.2

Low Moderate

0.3

0.4 0.5

High Hazard

.
W i d
-\g:. / /

Romania: Intensity maps

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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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
s) for the mainshock
shock zone

Verification?

(Figure 3 from

— 65<M<75(3)
— 55<M<6.5(11)
— 4.5 <M < 5.5 (96)
— 35<M<45(922)

60 80 100 120 140 160 180
Days after initial event

tenberger, M. C., Wiemer, S., Jones, L. M. &
Reasenberg P. A. Real-time forecasts of
tomorrow's earthguakes.in California. Nature43s,
328-331 (19:May 2005)

...IS MISLEADING CAI.IIORNIAN!

e total integral of the pdf
(probablllty density function) increments equals 1, each of the four
plots provides the minimum of positive p.d.f. increments, which are by
definition either 1/N or its integer multiple (e.g., 2/N, 3/N, etc.). These
are about 0.0012, 0.0008, 0.0025, and 0.0015, which values imply the
sample sizes about 846, 1250, 401, and 665 or integer multiples of
these values.

The probability of a smaller value of the Kolmogoroff-Smirnoff statistic
D than that for the two samples used to plot 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 (which D accounts to the value
D = max | I:green( ) Fred(t) |'(N1N2/(N1+N2))1/22 212)

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.
[]
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(,)<-|/ LO000)Mvhilethe extent of the observed_greag;e‘fﬁntensny Vitor
[ergeras by far. less than thelone expected from the calculations (a
crdedlew bound estimate of theratio was above a factor of 8.5)...

F-:crasﬂ for 07292008 11:00 AM PDT
thrcugh 732000 1 1:00 AM POT

U 000000 100000 110000 11000 AN00 - 110 '
Prooebilty of Expanancing Ml |
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Quake Talk
At the Summit

of truly global 25-year old experiment are
t confirmations of the existing common

.:z of both the predictability and the diverse
avior of the Earth’s naturally fractal lithosphere.

»_,.'-\

e -. e ste lStICS achieved to date prove (with confidence
= ==——abC ove 99%) rather high efficiency of the M8 and
“"’“’ ~MB8-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 J (eds) Earthquake
Hazard, Risk, and Disasters. Elsevier, London, 477-504.

Kossobokov VG (2013) Earthquake prediction: 20 years of global experiment. Natural Hazards
69(2):1155-1177; doi: 10.1007/s11069-012-0198-1

Healy, J. H., VWW Dewey (1992 Afestto
evaluate the earthquake prediction algorithm, M8, U.S. Geol. Surv.

Open-File Report 92-401, 23 p. with 6 Appendices

.

Sl b ~

Earthquake prediction: 20 years of global
experiment

Vladimir G. Kossobokov

wze% | HAZARDS AND DISASTERS SERIES

EARTHQUAKE

HAZARD, RISK
AND DISASTERS

@ Springer

VOLUME EDITOR MAX WYSS
ERIES EDITOR JOHN F. SHRODER
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“How can I trust your information when
you’re using such outdated technology?”
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smol. Soc. Am., El Cerrito, CA, 1997)

Kossobokov, V. G. (1997). Chapter 4. User Manual for M8. In Healy, J.H., Keilis-Borok, V. I., Lee, W. H. K. (Eds), Algorithms for earthquake statistics and
prediction. IASPEI Software Library, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 167-221, with Disk #4: M8 Programs and Test Data Files

= ' I\/I8 algorlthm

-
pISHpErmeEdiate=term earntnguake predlctlon method was
S| Jr]- Yy retroactive analysis of dynamics of seismic
..lVpre yreceding the greatest, magnitude 8.0 or more,
r lakes worldwide, hence its name.

_ l[:“s ' _otype (Keilis-Borok and Kossobokov, 1984) and the
e ngal Version (Keilis-Borok and Kossobokov, 1987) were

-f_'

e Iested retroactively at 143 points, of which 132 are recorded

:_’ ~ epicenters of earthquakes of magnitude 8.0 or greater from 1857-
1983.

The algorithm Is based on a simple physical scheme...

e

. — p
-~ -—

'
cle
c\C
q
<l

'LL’

g—

i
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Target earthquake b

1985 1990 | Time

o -
-
= —
. —

-

- —
-
g———

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

General scheme of prediction
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4 Mkov, 1990a; Healy et al., 1992; Kossobokov, 2013). The M8 predictions aimat
juakes from magnitude range ot = [M,, My + Am] where Am < 1. Note that by design of the algorithm the earthquake

ale should reflect the size of earthquake sources. In the present-day, most seismologists w
for a large earthquake should be a moment-magnitude; however, this wa
Global Test of the M8 prediction when Healy et al. (1992) applied imum of the four magnitudes
SGS Global Hypocenters’ Database System, i.e., mb, MS, and the two authority magnitudes MA1 and MA2.

es of Investigation, CI'’s, of the fixed diameter D(M,) scan seismic locus in the region under study. The sequence
vith aftershocks removed is considered within each Cl. Sequences in different Cl’s are normalized to about the
age annual number of earthquakes by selecting the lower magnitude cutoff .

_-d‘

e several functions are computed i in the trailing time window (t-s, t) and magnitude range (). These functions
er of earthquakes of magnitude or greater in time window (t-s, t); (ii) the deviation of from longer-term trend,
nc ntratlon Z(t) estimated as the ratio of the average source diameter to the average distance between sources;
mum number of aftershocks B(t). Each of the functions N, L, and Z is calculated twice with for and . (Note: if the
he region of low seismicity that does not provide 20 events per year, the M8 program issues a warning of seismic
Y, d if there are fewer than 16 events per year the program will not run.) As a result, the earthquake sequence is
st description by seven functions N1, N2, L1, L2, Z1, Z2, and B. "Anomalously large" values are identified for each
sing the condition that they are higher than Q% of the encountered values. An alarm or a TIP is diagnosed for t years
i€ moment of time t when at least six out of seven functions, including B, show up “anomalously large” values within a
W time window (t - u, t). To make prediction more stable this condition is required for two consecutive moments, t - 0.5 and t

- j r In‘course of a real-time monitoring, the alarm may extend beyond or be terminated before t years in case the updating

= cause ‘é.hwges in determination of the magnitude cutoffs and/or the percentiles of the encountered functions.
"’::n “%

,,,.-—-—""TF?‘be-owmg standard values of parameters indicated above are prefixed in the algorithm M8: D(M,)={exp(M, - 5.6) + 1}° in

‘."‘-'-7 ~ “degrees of meridian (this is 384 km, 560 km, 854 km and 1333 km for M, = 6.5, 7.0, 7.5 and 8 respectively, about 5-10 times the

— " length-of the target earthquake source), s = 1 year for B and 6 years for the other six functions, u = 3 years, Q = 75% for B and

- 90% for the other six functions, and t = 5 years. Usually, the average diameter of the source, |, is estimated by , where N is the

number of main shocks in {i}, b = 0.46 to meet the condition of proportionality to the linear dimension of source, and a = 0 (which
does not restrict generality), while the average distance, r, between them is set proportional to . The usage of more accurate
estimate of the linear concentration of main shocks may improve the performance of the algorithm. The ultimate unambiguous
description of the M8 algorithm with all the prefixed parameters and rules of data processing is published as a computer code in
the IASPEI Software Library (Kossobokov 1997) and was distributed in 1988-2011 to the participants of the bi-annual workshops
on non-linear dynamics and earthquake prediction held at the Abdus Salam International Centre for Theoretical Physics,
Miramare-Trieste, Italy.

Kossobokov, V. G. (1997). Chapter 4. User Manual for M8. In Healy, J.H., Keilis-Borok, V. I., Lee, W. H. K. (Eds), Algorithms for earthquake statistics and

prediction. IASPEI Software Library, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 167—221, with Disk #4: M8 Programs and Test Data Files
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The\Vi8,algoerithmiseriterion:

e — wm—

The algonthm M8 uses traditional
description of a dynamical system
adding to a common phase space of
rate (N) and rate differential (L)
dimensionless concentration (Z) and a
characteristic measure of clustering (B).

The algorithm recognizes criterion,
defined by extreme values of the phase
Space coordinates, as a vicinity of the
system singularity. When a trajectory
enters the criterion, probability of
extreme event increases to the level
sufficient for its efficient provision.

?@,M Lace
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YEeCcoOnd appt Ximation*prediction " ,-
nje Ipre ﬁato ped ctio __ thod
y VISexalgo rithreesss

B
-y

Tz algoriinm for elugisepins csizenaf il (Kaskioge Kov Kailisz e e)le
SIINIOO0) Was designed by retroactive analysis of the detailed
[EYionaliSeismic catalog prior to the Eureka earthquake (1980, M=7.2)
Ec@apeViendocino in California, hence its name abbreviated to
vise.
@uElitatively, the MSc algorithm outlines such an area of the territory of
8 _V\(here the activity, from the beginning of seismic inverse
s cascade recognized by the first approximation prediction algorithm
== (eig: by M8), is continuously high and infrequently drops for a short
%. ~time. Such an alternation of activity must have a sufficient temporal
~  and/or spatial span.

- The phenoemenon, 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 source of incipient
main shock.
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Keilis-Borok V.1., Kossobokov\V.G#(1990)
Premonitory activation.@iseismic flow:
algorithm M8._Riays*Earth Planetsifiter’,

Region My Time period ~ Np/N®  VEp. Naue/NS 1990, 6177385

World 3.0 C 3 5/7 5 7/16

Central America 3.0 19771986 ;

wd Komchtla 75 19751987 oy The pattern recognition

qpanand Tatwan ' s algorithm M8, designed In
S 1984 for prediction of great,
19751087 2/ 2422 magnitude 8, earthquakes,
1975198 ) was originally conceived for

g ' ' application targeting other

magnitude ranges, so that

by 1986 it was already

— T " — tested in retrospective

Himalayas 7.0 1970-1087 3 app”ca’[ions aimed at

Vrancea 6.5 1975-1986

. Vancouver Tsland 6.0  1957-1985 _ . 20 earthquakes’ down to

Regions 1-19 together

Regions 2-15 together , .3 : 28/38 m ag N ItU d e 5 :

[Sapne

[

o

94

b B B B B
Ut

% N and Nt are the number of all earthquakes and their number within TIPs.
b Vrips is the space—time fraction of TIPs
~ N, and Nsye are the number of all and successful TIPs, respectively
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- After successful early forecasts of the 1988 Spitak
enia) and the 1989 Loma Prieta (California)

es, arigid test to evaluate the efficiency”™
‘reproducible intermediate-term middle-range
ICt ' igned.

IThe M8MScprediction for July-December 1988;
Caucasus, M6.5+

38
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iestingretal ermediate-term middle-
eanifiguake prediction alg et s

By 1992, z|ll wg)s COMpPONents Necessary o) such areprodumble real-
— — -
tirme oradiciion Sxorimant Were sode InpURlICALION: -

ARNGE

Since 1992 gjé half-year the algorithm M8 alone and in combination
With \WIS& fl! 'been applied in a real-time prediction mode to
sgismicity o fithe entire Earth; and this test outlines, where possible,
fe zifee :ln the two approximations where magnitude 8.0+ and 7.5+
zifigie|t akes are most likely to occur before the next update.

-

S
if
§C )

i
— R ™™ 2 -
—-f" - ————

ﬂe'ﬁiy,J rH' V. G. Kossobokov, and J. W. Dewey. A test to evaluate the earthquake
= predmtlon algorithm, M8, U.S. Geol. Surv. Open-File Report92-401, 23 p. with 6
Appendices, 1992.

-

~ Keilis-Borok, V.I., and Kossobokov V.G. Premonitory activation of seismic flow: algorithm M8. Phys.
Earth Planet, Inter., 1990, 61, 73-83.
Kossobokov, V.G., V.I. Keilis-Borok, and S.W. Smith , Localization of intermediate-term earthquake
prediction, J. Geophys. Res., 1990, 95, No. B12, 19763-19772.
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RQ:IL e prediction of the world largest ear.thquakes
—
perlment Steuited 1" 19929SigeIng on.

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on January 1, 2017 (subject to update on July 1, 2017)

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on January 1, 2017 (subject to update on July 1, 2017) 90° 45°

bV Mo Al Y

Although the M8-MSc predictions are
Intermediate-term middle-range and by no
means imply any "red alert", some colleagues
have expressed a legitimate concern about

maintaining necessary confidentiality. /
Therefore, the up-to-date predictions are not
easily accessed, although available on the
password-protected web-pages

to about 150 Global Test Observers.

Rrl——ill 7= i) o P s Y e )

45° 90° 135° 180° 135° 90° 45°
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. Kossobokov, V.G. (2'0~1'7) Testing an earthquake prediction algorithm:
[6'New Zealand and Chile earthquakes. Pure Appl. Geophys:
(5): 1845-1854; doi: 10.1007/500024-017-1543-9 (Published online: 08 April 2017).
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M

Worldwide performance of the M8 and M8—MSc prediction results (after Kossobokov 2014, updated as of January 1, 2017)

Period Target earthquakes Alerted space—time volume Confidence

Total MS MS8-MSc MS (%) MS8-MSc (%) MS (%) MS8-MSc (%)

Magnitude range M7.5+

1985-present 78 41 17 28.54 9.30 >99.99 99.93
1992-present 66 31 11 23.16 8.33 >99.99 98.01

~ Magnitude range MS8.0+
~ 1985-present 25 17 11 32.84 16.62 99.97 99.88
1992-present 23 15 9 29.80 14.78 99.95 99.62

“Target Earthquakes™ are earthquakes of the magnitude range M7.5+ or M8.0+ which “Total™ refers to their total number in the union of all
CIs during the study “Period™, and “M8” 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. The “Alerted Space-Time Volume™ of the M8 and M8-MSc predictions is given in
percent to the total space—time volume of all CIs 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 and Shebalin 2003; Kossobokov 2013)

TO DRIVE ANY OF THE ACHIEVED CONFIDENCE LEVELS PELOW 95% THE TEST
WOULD NEED TO ENCOUNTER
MORE THAN TEN FAILURES-TO-PREDICT INA ROW.
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predictions of the great (M8 0+) and SI an 5
MBPIO85=2013 (1); 1 (@)rand 1992—2013 (4).
T na random guessing™ Is outiinedwithithe 95 and 99% confidence level curves
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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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e aad
. 009753 @nemay compare the
5 intermediate-term

CCUTACYA0Teariiiguakes s
rorecast/prediction in
time to the next day
warning of.a coming
hurricane, while the
middle-range accuracy. in
location to shooting 8 or
more points by an air-
pistol from 10 meters.

T Yel‘lm;v ('Sirl'f:lé
/8 is the nearest
' '/ lalerted
. CI(MS8.04)

| Of 667—km radlus This kind of accuracy is

proved achievable and

reliable in the two
Red dots (r = 100 kmj mark the eplcenters decades of rigid real-time

of M8.0+ earthquakes in 1975- 2014 testing the M8 algorithm
e relative to the nearest alerted CL. OB (Kossobokov, 2013).
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Stmtbtml validity ofipredictions demonstrated in 50
rmrlrmi"-’ ofi rigerous testing confirms the
Jnderljlm, aradlgms

y 3‘4;3;1 ' remonltory patterns exist;

2 FJK: c mn ‘offearthquake precursors at scale of years

> -..—-‘..’-—

E==—involVeslarge size fault system;

— -
- _’;az'—

."'" S
the phenomena are similar in a wide range of tectonic

—

-~ environment..

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

curacy IS already enough for undertaking
e 10 uake preparedness measures, which would

- = Pre vent a considerable part of damage and

-_,.,_f«-human loss, although far from the total.

= = > “The methodology linking prediction with disaster
management strategies does exist.

—
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AINEAN

y T'J‘—‘ predictions provide reliable empirical
ur:y S for modeling earthguakes and
gelf ra, Jake seguences.

= dence that distributed seismic activity is a
= pro g‘lem In statistical physics.

4 \\

..:,— "_/

= ,_Favor the hypothesis that earthquakes follow a

— = general hierarchical process that proceeds via a

- sequence of inverse cascades to produce self-similar scaling (i.e.
Intermediate asymptotic), which then truncates at the largest scales
bursting Into direct cascades of aftershocks.
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Contents lists available at SciVerse ScienceDirect

International Journal of Disaster Risk Reduction

EVIER 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 <9, A. Soloviev®

# Geatechnical Engineering Group, Los Angeles Department of Water and Power, 111 North Hape Street, Roam 1368, Laos Angeles, CA 90012, USA
L’Deparnnenr 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

- The earthquake detection could have been utilized to implement
measures and iImprove earthquake preparedness in advance;
unfortunately this was not done, in part due to the predictions’ limited

distribution and the lack of applying existing methods for using
iIntermediate-term predictions to make decisions for taking action.
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PRSSIpIe actlons'lesponse 0 anfiintermediate-tenmpprediction

Possible scenario actions to reduce seismic risks in response to alarm. Actions are described in the text.

Item Action C, (S1000) P ($1000) Gain, G (S1000)

1—f=20% 1 —f=50%

Nuclear power plants

1a Raise tsunami wall 10,000 500,000 90,000 240,000
1b Protective generator housing 1000 500,000 99,000 249,000
1c Raise wall+ protective housing 11,000 500,000 89,000 239,000

Home, office, maintenance, industrial buildings

2 Anchor furniture, cabinets, computers, equipment, etc. 11 101 9.2 395
3a Relocating out of tsunami inundation area, or 500 1,500 —200 250
3b Retrofitting structure for tsunami 280 1,500 20 470

Lifeline systems

4 Railway bridge and track 400 700 —260 -50
5 Water pipe replacement 420 2100 0 630
G Highway tunnel landslide repair 2000 2000 — 1600 — 1000
7 Power transformers 1500 10,000 500 3500
8 Roadway bridge 500 1500 —200 250

Liquid Fuel Tank 30 2000 370 970

Cultural
10 Nikko temples 50 100 -30 0

Disregard/Unaware of Prediction
11 Do nothing 0 —518,401 — 103,680 —259,200

Using equation - G = P(1- f) — Ca - to estimate f at the breakeven point when G=0
identifies that it was cost effective to take action for the Fukushima nuclear power plant

with @ 99.99% probability of false alarm.
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ATARE THENEXT sTEDST

' THe zllefe gy fImSiarEnEithErRoptimAlORURIGUENEN
SSIERVEICSIONEs “probabilistictversion of M8, stabilized M8S, AZS, etc).
The zlee Uracy couldibe improved by a systematic
rrumur iglofithe alarm areas and by designing a
JEVVEGE] neration of earthquake prediction technigue.

2 ':{'\ W the accumulated case-histories of
St {EICCGSSGS “and “failures-to-predict”.

,:--ff-Expand the Global Test settings.

~*= \Vlore data (including other than seismological)
should be analyzed systematically to establish
reliable correlations between the occurrence of
extreme events and observable phenomena.
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EONCLUSION,. =

fe ¢ gnﬂr; sie rellablllty olrpatternirecognition results; along with
JIEHCIand lextiaustive scenario modeling and testing against
z\lity, J”ﬂ concludmg —

.
’.'

"

.Can disclose Natural Hazards, assess Risks, and deliver the
SOfthe-art knowledge of looming disaster in advance

2 astrophes along with useful recommendations on the level of
f-.':-_’:-r_lsks for-decision making in regard to engineering design, insurance,

-

~_ and:emergency management.
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POLICY MAY WISH TO STOP WEARING THE EXPOSED "EMPEROR'S
NEW CLOTHES" THAT DO NOT PROTECT FROM NATURAL HATARDS
AND AYOID BUYING SUCH IN THE FUTURE.
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