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—_——
at Is earthquake prediction?”

e =

s ‘Researc o - arthquake Prediction of the
e on Seismology suggeste the following definition (1976, p.7):

arthquake prediction must specify the
cted magnitude range, the geographical area
ikhin which it will occur, and the time interval
which it will happen with sufficient precision

_-_--_-_-,_:-Zﬁs that the ultimate success or failure of the
== prediction can readily be judged. Only by careful
= recording and analysis of failures as well as
- Successes 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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ges of earthquake prediction-

~Term- Iess predlctlon of earthquake prone areas

— ycation of an earthquake of
‘ertain magnltude

,in years Spatial, in source zone size L

T

I -term 10 | Long-range up to 100

&}

-'-'_“ rmedlate term 1 | Middle-range 5-10

—

—FShortterm 0.01-0.1 | Narrow 2-3
Immediate 0.001 | Exact 1

* Moreover, the Gutenberg-Richter law suggests limiting

magnitude range of prediction to about one unit. Otherwise, the
statistics would be essentially related to dominating smallest earthquakes.
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_LSi-Igss
approximation:

The 73 D-intersections of
morphostructural lineaments
In California and Nevada
determined by Gelfand et al.
AY wsbriny :  (1976) as earthquake-prone
_HrHTar‘anr[;jFp:nn;rutTr A EITE b 3 Ry TA : for magnitude 6.5+ events.
() more cathquakes [N & ZANERE  Since 1976 fifteen magnitude
— can be situated Jhk "‘. 6.5+ earthquakes Occurred’
Epicenters of rmagritude 6 5 Supers L'“ﬂ"' &k all in a narrow vicinity of the
or more earthiuakes linpeerial %." o

Sl e D-intersections
# - before 1976 Eaja l::ali' IR B .

¢ - after 1976
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At |east dmm newly discovered faults, i.e., the
. thrust fault (J.H. Shaw and Shearer P.M. ’Tmelusiw-

-

t fault beneath metropolitan Los f\ngeles. Science, 238, 1516-1518),
gdes exactly with the lineament drawn in 1976.
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oV ar’i'rﬁ’ﬁ‘ake prediction methods work?

icting earthquakes is as easy as one-two-three.

n.1: Deploy. your. precursor.detection instruments at the

0f the coming earthquake.

3 | data bases, e.g. US GS/NEIC
Step 2: Detect and recognize the precursors.

—  Reproducibleintermediate-term algorithms, e.g. M8

— s

Ji:-i;:i:"Sifep 3. Get all your colleagues to agree and then publicly
predict the earthguake through approved channels.”

_s have been predicted

Scholz, C.H., 1997. Whatever happened to earthquake prediction.

Geotimes, 42(3), 16-19
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Is it a coincidence
wowor alaw?

3 uplter the crescent

MerCl_er... _ Two days later ...

20034E9H 26 H04K: 200349 H 26 H 06HF
45 11%D 084y03%)
HIRGUEE: Jb 42,05 Jbfsa1.8
HRHR143.9)% HRHR143.9)%
2 X 25km & & 35km
M7.7 M7.4
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Solar Flare of the GOES Class X1.5 IS |t a CO|nC|dence

L q J309 2313 started on ~
09 23:13:00 ended 23:23:00 oI a IaW

ensity at 23:16:00 (NO8W11)

Less than two days later ...
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Finding Geological Significance

Why did the earthquake data fail the test
for uniformity? After all, Pearson’s chi-square
test should work particularly well on very
large databases like ours. The answer is that
this, actually, 1s exactly the problem: The test
is too sensitive. Using the same proportions of
earthquake occurrences but reducing the sam-
ple size by a factor of 10 results In a 10 times
smaller chi-square value (S(D) =9.4), corre-
sponding to a p value of 0.15, which is greater
than 0.05 and falils to reject the null hypothesis.

In conclusion, the strong dependence of
p values on sample size makes them unin-
terpretable. The nonuniformity of the earth-
quake distribution could have a number of
causes. s It that background noise 1s per-
haps lower on weekends, leading to an
increased sensitivity of the selsmometers?

Or does the tolling of church bells on Sun-
day trigger false positives? Whatever the rea-
son 1s, it 1s unlikely to be a geological one.

CECE R T
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Fig. I. Histogram of 118,415 earthquakes
occurring globally between 1999 and 2009,
grouped by weekday.

“Why?” Because of intrinsic

non-uniformity: the date of

M9.1 mega-thrust is Sunday,

December 26, 2004
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arthquakes are
S0 complicated
. that we must

apply some
Statistics.”
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—

5is of data inevitably involves some trafficking with™
eld of statistics, that gray area which is not quite a
nch of mathematics - and just as surely not quite a
h of science. In the following sections, you will
atedly encounter the following paradigm:
apply some formula to the data to compute "a statistic"
“compute where the value of that statistic falls in a

= ". robablllty distribution that is computed on the basis of

: c - some "null hypothesis"

= ~Ifit falls in a very unlikely spot, way out on a tail of the
distribution, conclude that the null hypothesis is false for
your data set.

(William H. Press et al., Numerical Recipes, p.603)
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Istic falls in a reasonable part of the distribution, you
ot make the ake of concluding that the null
_eS|s IS "verified" or "proved". That is the curse of
stics, that it can never prove things, only disprove them!
st you can substantiate a hypothesis by ruling out,
stlcally, a whole long list of competing hypotheses, every

:' e that has ever been proposed. After a while your

'adversarles and competitors will give up trying to think of
alternative hypotheses, or else they will grow old and die,
and then your hypothesis will become accepted. Sounds
crazy, we know, but that's how science works!”

(William H. Press et al., Numerical Recipes, p.603)
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- Statistical significance and effectiveness of predictions

A statistical conclusion about the effectiveness and reliability of an earthquake prediction I
algorithm could be attributed in the following way.

I

Let T and Sbe the total time and territory considered; A is the territory covered by the alarms
at time t; txp is a measure on TxS (we consider here a direct product measure txp reserving a
general case of a time-space dependent measure v for future more sophisticated null-

hypotheses); N counts the total number of large earthquakes with M > Mg within TxSand n

counts how many of them are predicted. The time-space occupied by alarms, A= JA, , in
T

percentage to the total space-time considered equals

p = [d(rxu) I [dzxp).
A TxS
The statistical significance level of the prediction results equals
1-B(n-1, N, p),

where B is the cumulative binomial distribution function.

Measure t>u: For time we assume the uniform measure t, which corresponds to the Poisson,

random recurrence of earthquakes. For space we assume the measure p proportional to spatial
density of epicenters. Specifically, the measure p of an area is proportional to the number of

epicenters of earthquakes from a sample catalog.
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IS mic Roulette null-hypothesis

‘a roulette wheel with as many sectors as the number
ts In a sample catalog, a sector per each event.

e your bet according to prediction: determine, which
ents are inside area of alarm, and put one chip in each of
____c_)rrespondlng sectors.

| ure turns the wheel.
-*‘#fselsmlc roulette is not perfect...
' then systematically you can win! ©

orlose ... ®

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

and your wins will outscore the 10sses!© OB O O O B © © ©
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on Ja.rmary 1, 2001)

45° 90° 138 180° 135 90

L -indicatles no increased probebiity
International Institute of
Eﬂllllﬁld(&?tuﬂulm ."wm - Indcates increased probakility
e T (TR [l - indicates redudion of the slamn area
Hesmbolay V.6, [")‘»pn; | by the: MSc algarithm
. '. i  SSEF A DA o .- N r-"\.

13" i 1 8‘3" 1 35"
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ry, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 1997)

M8-algorithm™

armediate-term earthquake prediction method was

signed by retroactive analysis of dynamics of seismic
cti |ty preceding the greatest, magnitude 8.0 or more,
r _hquakes worldwide, hence its name.

= _5":; (Keilis Borok and Kossobokov, 1984) and the

il
—

f—__;i—— - tested 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...
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| Target earthquake | b

g bl g

1975 1980 1990 |Time

| | [N |
ii}m}ii\\\ 11 I

Western United States” ' 7

The period (t, t+1) is Time of Increased Probability of
a target earthquake, isn’t it?
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YES «— —NOo
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Keilis-Borok et al.

Data e 150 T

.E‘-‘ —e— Gardner-Knopoff

l0g of main shocks:
h, bi(e)},i=1,2..

Here t is the origin time, t. <t,.;
-m. Is the magnitude, h. is
focal depth, and b,(e) i |s the
number of aftershocks with

magnitude M_, or more

during the first e days. MagnYitudeg
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_;‘g__ ction aimed at magnitude W

ed at earthquakes of magnitude M, and
om the range M,+ = [M,,M,+AM] (where AM < 1).
ude scale should reflect%he size of earthquake

’ces (accordingly, MS usually taken for larger magnitudes, while mb
ed for smaller ones).

& ;L-= e data permits, we set different M+ with a step 0.5.
E erlapplng circles, with the dlameter

-~ D(M,) = ( exp(M,- 5.6)+1 )% in degrees of the Earth meridian,
scan the seismic region under study.

The sequence is normalized by the lower magnitude cutoff m
= M..(N), N being the standard value of the average annual
number of earthquakes in the sequence.
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_Trailing averages

veral running averages are c;(;mputed for this
juence In the trailing time window (t - s, t) and
agnitude range M, > M, > m.
Tl hey depict different measures of intensity in

,f flow, its deviation from the long-term

Ty ._-

~'?crend and clustering of earthquakes.
The averages include:
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ite"and acceleration of‘activity

-

N, S) - the number of earthquakes
S with M = m in time interval from (t-s) to t, i.e., the

number of events of certain size per unit tlme
rate of activity.

'- m, s, t o) - deviation of activity from a longer-term
trend over the period from t; to t:

L(t| m, s, t;) =
N(t | m,s) - N(t | m,t-s-t;) x s/(t-s-t;)
I.e. differential of the rate of activity

=
= F

-\

- _--
e
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.

ar concentration of main shocks

= Z(t| m,M',s,B,y) = Z108M/N 7 is a linear
centratlon of the main shocks {i} from the
gnltude range m <M. <M and

- ﬂsmterval t—s <t <testimated as the ratio of the
— average dlameter of the source, [ ~ £10PM- /N
(when B=0.46), to the average distance, r ~ N3,
between them (that implies y = 2/3)
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.E‘-‘
haracteristic of clustering

-

m,M',s,m_q,e) = max b(e,m,) is the maximum

.'-_._-.:

&= calculated over the main shocks with m<M.< M'

F— _p--—"_n,_c— -

— and time interval (t-s,t).
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” h of the functions N, L, Z is calculated twice
orm = Mm,n(N) N =20 and N = 10.

-_;5"‘ S a result, the earthquake sequence is given a

— —mil
————

:{*"’*C“FObUSt averaged description by seven functions:
— N, L, Z (twice each), and B —

N1, N2, L1, L2, Z1, Z2, B
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‘E‘_‘
Criterion — abnormal values

—_

flarge” values are identified for each function
ing the condition that they exceed Q
)€ Centiles (i.e., they are higher than Q percent
0 the encountered values).

= =
— -
- ' e

==l S
.r'-_. _—_ -
— __.-‘—

That IS another local normalization of function
values according to the natural empirical
distribution.

S
_-—-—
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Rules for issuing-an alarm

‘alarm or a TIP, “Time of Increased Probability”, Is
gclared for five years, when at least six out of seven
u Inctions, including B, become "very large™ within a
jarrow time window (t u, t).

“To stabilize prediction, this criterion is required for two
= *‘E't consecutlve moments, t and t+0.5 years.

R
— -__-,_—l-

a— —

= K = S

——

In-course of a forward application, the alarm may extend
beyond or be terminated before five years in case the
updating causes changes in determination of the
magnitude cutoffs and/or the percentiles.
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tandard values of parameters

-

_:E)Ilowing standard values of parameters
Adicated above are prefixed in the algorithm
'M8: D(M,)={exp(M,- 5.6)+1}° in degrees of

merldlan (this is 384 km, 560 km, 854 km and 1333
—— km for M, = 6.5, 7.0, 7.5 and 8 respectively), S =
years, S =l1lyear,g=05,p=2, q= 0.2, u=
3 years, p=0.46,y=2/3,and Q = 75% for B
and 90% for the other six functions.
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——

Cr

Ty

-

iterion in the phase space

* The algorithm 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
R enters the criterion, probability of
extreme event increases to the level
Phase opace sufficient for its effective provision.
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M8-algorithm-performance

lis-Borok-and Kossobokov, 1990) the
dard version of the algorlthm was applied to
dlct the largest earthquakes (with M, ranging from
O t0 4.9) in 14 regions.

is out of 28 predicted in 16% of the space-time

# “considered.

—-_p--—"_n,_c— —
g
i

= “* Modified versions in 4 regions of lower seismic
activity predicted

all the 11 largest earthquakes in 26 % of the space-
time considered.
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fithm for reducing the area of alarm (Kossobokov, Keilis-Borok, Smith,
) was designed by retroactive analysis of the detailed regional
Smic catalog prior to the Eureka earthquake (1980, M=7.2) near
pe Mendocino in California, hence its name abbreviated to MSc.

alitatively, the MSc algorithm outlines such an area of the territory of
= alarm where the activity, from the beginning of seismic inverse
f-%ascade recognlzed by the first approximation prediction algorithm
'_(e g. 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 phenomenon, which is used in the MSc algorithm, might reflect the
second (possibly, shorter-term and, definitely, narrow-range) stage of
the premonitory rise of seismic activity near the incipient source of
main shock.
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Givena TIP...

iven a TIP diagnosed for a certain territory U
at the moment T, the algorithm attempts to find
within U a smaller area V where the predicted

= arthquake can be expected.

—= _.4_--_1:""
L

==l

= —* The algorithm requires a reasonably complete

catalog of earthquakes with magnitudes M = (M,
- 4), which is lower than the minimal threshold
usually used by M8.
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The essence of MSc

fitory U is coarse-grained into small squares of s x s

. Let (i,)) be the coordinates of the centers of the

Jares.
Vithin each square (i ,j) the number of earthquakes n(k),

S aftershocks included, is calculated for consecutive, short
= *F'mﬁ'me windows, u months long, starting from the tlme ty, =

~ (T-6 years) onward to allow for the earthquakes which
contributed to the TIP s diagnosis; here k is the sequence

number of a trailing time window.
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—
The essence of MSc (cont.)

.

lly, the time-space considered is divided into small
es (i,j,k) of the size (s x sx ).
uiet" boxes are singled out for each small square (i,j);
~th y are defined by the condition that n;(k) Is below the
= percentlle of n;;.

= -—"_J-.,_c— =

= :"The clusters of qor more quiet boxes connected in
space or in time are identified.

* Area V Is the territorial projection of these clusters.
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Second approximation
7/ of alarm area

I = s = = — ——

AN
4

X
\
Il

/
7

e e i ——
| A
o = Epainia
o : The prediction Is
” ({4
4 e localized t tial
= _ ~> i ocalized to a spatia
= volumes projection of all recent
e === "sufficiently large”
= man. Small
=t clusters of squares
+ being in state of
E "anomalous quiescence".
Alarm area
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"Amus quiescence" suggests high level of seismic
lvity during formation of a TIP and after.its declaration.

- "Sufficiently large" size of clusters suggests large scale
= correlations in recent seismicity.

Buiieka 1980, M7.2 earthquake

a 3x3 square

"localization of prediction"
(spatial projection of
==s' Z "anomalous' clusters).

epicenter

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 29/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 14:30-15:15




‘E‘_‘
The standard version of MSc

2 Standard values of parameters adjusted
he case of the 1980 Eureka earthquake
 as follows:

2 months, Q = 10%, g = 4, and s = 3D/16,
D being the diameter of the circle used In
algorithm MS.
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MSe vsActivity”

outscores more simpler alternatives of narrowing
Own the area of first approximation alarm —

bnempty Cells (NeC);

&= Most Active Cells (MAC) that contain (a) 1/8, (b) 1/4,

= (c) 1/3 of the recent seismic activity.

S —

The same number of correct localizations, as obtained
with MSc, is achieved also by MAC(1/3), which
narrows down the alarm area to 28%, while MSc
outperforms it with 14%.

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 29/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 14:30-15:15 40




“As Reagan later recalled for us over lunch, upstairs in his Swiss
orbachev’s experts gauged a two-thirds chance of.an
guake hitting 7.0 to 7.5 on the Richter scale, and the three

1s chance of a 6.0 to 6.5 earthquake before last November.
0 be more correct.”

| —(

I.,
T

Quake Talk
-At the Summit

; cAN YOU BELIEVE that Ronald Reagan and
" Mikhail Gorbachev discussed, at great
_Jength, the probability of a massive Californis

earthquake during thekr very first encounter?

"™ Well, they did. And somehow Gorbachev
“Jot it right. As regounted in “The Great Univer-
“*¥al Embrace,” my new book about Reagan ad-
“Ministration adventures, we thought the topic
most pecullar then. It still seems most pecullar
now, but also prescient if not downright clair-
voyant. -

+»:  The timing was the end of November 1685.
-The setting was Geneva. The drama was high.
- =This was the first U.S.-Soviet summit meeting in
*mearly seven years and the first ever for either
~Reagan or Gorbachev. President Reagan began
shis binl wam W’ll% the mniuﬁiel le{d
-wer by, well, ng an. ther than

‘.regurgitate the bureaucrac ed “talking

points,” he opened on a personal note, %f' |
The president told Gorbachev how bdd life
can be. For there they sat, he and G chev,
both of humble origins — born in small in
the middle of nowhere — now, by a guirk of
fate, the leaders of the two major worl rs.

Gorbachev clearly warmed to the personal,
genuine Reagan treatment. He then told how
they must strive 10 overcome differences and
build on what they shared. This led into his
farsighted talk about the coming qua H

| For Gorbachev then turned practicy
Americans and Soviets, he told Reagdn, col

begin developing a better relationship by coop-
erating on sclentific projects like, say, earth-
quake research, Before heading off 1o Geneva,
in fact, Russian scientists had informed Gorba-
chev that California would definitely have an
earthquake within about three years. That time
frame expired only months before the big
quake hit San Francisco and environs.

As Reagan later recalled for us over lunch,
upstairs in his Swiss chateau, Gorbachev's ex-
gauged a two-thirds chance of an earth-
quake hitting 7.0 to 7.5 on the Richter scale, and
# three-fourths chance of a 6.0 to 8.5 earth-
guake, before last November. The first forecast
terned out more correct. -

Gorbachev then offered to send Soviet sci-
eatists here to explain thelr conclusions and
methods to their American counterparts. This
kind offer was never accepted.

For at that time, American scientists were
less alarmist. They figured only a 60 percent
chance of a major earthquake over the next 30
years. ; i ;

of1M Ty ‘
Nonettieless, Gofbachev had' hit the right

button. Not only did he turn out scientifically
correct, but he proved a consummate diplomat
by beginning to charm Reagan

The president repeated for us the elaborate
explanation he gave Gorbachev on the. 750
mile-long San Andreas Fault. The former actor
del!verEd this seemingly interminable set-piece
for us, just as he had done for Gorbachev and
for countless audiences before

I watched Reagan's performance almosj
transfixed by Its intensity and length. Mean-
while, the whole world was waiting and waua, .,
dering what momentous issues the two posl;
important individuals on Earth were discussinge
during their first encounter. - - -

At the time, this seemed a massive diveg
sion. Now, however, it seems more fitting. ;- J

Summits are, after all, meant to discuss the
world's really big issues.
— L
‘Ken Adelman is former director of the Arms
Control and Disarmament Agency.) . hA1

Ly ]
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By 1992 all the components necessary for reproducible
Ime prediction, i.e., an unambiguous definition of

the algorithms and the data base,

were specified in publications

orithm M8 (Keilis-Borok and Kossobokov, 1984, 1987, 1990)
deS|gned by retroactive analysis of seismic
ilhamics preceding the greatest (M>8)
rthquakes worldwide, as well as the MSc

-a gorlthm for reducing the area of alarm
== ossobokov,Keilis-Borok, Smith, 1 990)

= The National Earthquake Information Center
Global Hypocenters Data Base (us Gs/NEIC GHDB,
1989) IS sufficiently complete since 1963.

* This allowed a systematic application of M8 and
MSc algorithm since 1985.
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Worldwid ormance of earthquake prediction
ithms M3 and M8-MSc: Magnitude M8. 0+

Target earthquakes | Measure of | Confidence
Total  Predicted by | alarms,% level, %

M8 M8-MSc | M8 M8-MSc | M8 M8-MSc

19 14 10 33.16 16.89 99-96 99-96
17 12 8 [30.0015.0:/99.0:2 99.5

The significance level estimates use the most conservative measure of

the alarm volume accounting for empirical distribution of epicenters.
To drive the achieved confidence level below 95%, the Test

should encounter nine failures-to-predict in a row.
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Worldwid ormance of earthquake prediction
ithms M3 and M8-MSc: Magnitude M7 .S

Target earthquakes | Measure of | Confidence
Total  Predicted by | alarms,% level, %

M8 M8-MSc | M8 M8-MSc | M8 M8-MSc

=y

-

. 65 38 16 |28 9.%]99.9099.c

%zr.]t 53 28 10 |23.14 8.31199.99098.89

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

To drive the achieved confidence level below 95%, the Test should encounter
15(1) failures-to-predict in a row.
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Rea -.timéﬁbtion of the world largest earthquakes

YWWwW.mitp.ru or http://www.phys.ualbeﬂa.cw7mitp ) .

T

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
shown here, although available on web-pages
of restricted access provided to about 150
members of the Mailing List.
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Real-time prediction of the world largest earthquakes
( htt://www.mit.ru)

i ——

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2009 (subject to update on Januar}f 1 2010}

=0 o
45" 90 13!

T

Rusian Acsdssmy of Scifices : - Indicates no increased probabifity
International Institute of
Earthquake Prediction Theory

and Mathamatm&l Geophysics - indicates reduction of the alarm area
HemnBiaknl YO, uaii st by the MSc algorithm

= indicates increazed probability

135 90° 45°
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S
ime prediction of the world Iargefé@,aﬂhqualﬁﬁ'i-

( http-r#w_ww.mitp.ru)

Magnitude 8.0 - SAMOA
Cls ## 1-2: TIPs until 2010/07/01 ISLANDS REGION
e 2009 September 29 17:48:10 UTC

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2009 (subject to update on January 1, 2010)

1 12
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Real-time prediction of the world largest earthquakes

Qllp://www.mitp.ru or http://www.phys.ualberta.ca/mirrors/mit )
— —

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2009 (subject to update on January 1, 2010)

= o & 8
45" 90 135 180° 135
] 1 ] T f i T gl

| A%

Rusian Acsdssmy of Scifices : - Indicates no increased probability
International Institute of
Earthquake Prediction Theory
and Mathematical Geophysics - Indicates reduction of the alarm area |
Hessapmaknle ¥ S nineaESinte b by the MSc algorithm {
3 : E % : : e

g o 8 4] a
1357 180 135 90 45

= indicates increazsed probability
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S -
ime prediction of the world Iargeftéaﬁh‘quw

( hitpwww.mitp.ru ) -

Magnitude 7.6 - SOUTHERN
SUMATRA, INDONESIA
2009 September 30 10:16:09 UTC

Regions of Increased Probability of Magnitude 7.5+ Earthquakes

S

Cls ## 29-34: TIPs until 2012!ﬂ1iﬁ1
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Real-time prediction of the world largest earthquakes

Qllp://www.mitp.ru or http://www.phys.ualberta.ca/mirrors/mit )
—— M—

— g —
o—

——

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

. 1 et indicates no increased probability
o International institute of . - ) .
I i e b e o = indicates increased probabilit
! Earthguake Pradiction Theory | ' a y
! “and Mathematical Geophysics - indicates reduction of the alarm area
' by the MSc algarithm
T 1
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. -

Real~tlme predlctlon of the world Iargest__arthquahﬁs_

[ o5 AR e (http [Iwwwemitp. ru)

The 27 February 2010 mega-earthquake
" OFFSHORE MAULE, CHILE has ruptured
the 600-km portion of the South
«Cis #4 162-165: American subduction zone, which was
. TIPs until 2012/07/01 recognized (yellow outline) as capable of
. producing a magnitude M8.0+ event
before mid-2012 in the regular 2010a
Update. The earthquake epicenter
missed the reduced area of alarm (red
outline) diagnosed in the second
approximation by algorithm MSc.

and its first aftershocks

EFFSHORE MAULE, CHILE The failure of MSc algorithm is

somewhat natural, taking into account
the linear extent of the event, which

. & % Is about a half of the area alerted in the
3 first approximation.
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Real-time prediction of the world largest earthquakes

Qllp://www.mitp.ru or http://www.phys.ualberta.ca/mirrors/mit )
—— w—

— f‘—

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

- indicates no increazed probability

- indicates increased probability

Earthgquake Prediction Theory -
‘and Mathematical Geophysics - indicates reduction of the alarm anea
by the MSc algorithim
ey
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time prediction of the world largest earthquakes

( httpatwww.mitp.ru ) - ——

e 11 March 2011 MwGCMT 9.0 Tohoku mega-thrust —

1 12, | i
Global Test of the M8-MSc algorithm
predictions aimed at M8.0+ as in July 2010. 2011/03/4%105:46:24 UTC
The TIP in'Japan was called off 38.322°N) 142 369°E depth 24.4 km

in January 2011. NEAR THE.EAST COAST OF HONSHU, JAPAN
: 8.9 MWRGS k-

2011/03/09 02:45:18 UTC
7.3 MWPGS
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P

Jiclusions =sThe Four'Paradigms

stical validity of predictions confirms the
erlylng paradigms:

IsmIC premonltory patterns exist;

— ormatlon of earthquake precursors at scale of
~ﬁfi“:4years Involves large size fault system;

® The phenomena are similar in a wide range of
tectonic environment...

. and In other complex non-linear systems.
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h
jons — Seismic Roulette'is not
perfect
‘these predictions useful?

, If used in a knowledgeable way.
heir accuracy Is already enough for undertaking

arthquake preparedness measures, which would
prevent a considerable part of damage and
= human loss, although far from the total.

* The methodology linking prediction with disaster
management strategies does exist (moichan, 1997).
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_
jons — Implications forPhysics

[he predictions.provide.reliable empirical
1strains for modeling earthquakes and
thquake sequences.

,_|dence that distributed seismic activity Is a
= problem in statistical physics.
:__ _Favor the hypothesis that earthquakes follow a
_-'—"E - general hierarchical process that proceeds via a
seguence of inverse cascades to produce self-
similar scaling (/ntermediate asymptotic), which
then truncates at the largest scales bursting into

direct cascades (Gabrielov, Newman, Turcotte, 1999).
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What are the Next'Steps?

e-algorithms are neither optimal nor
_1 e (CN SSE, Vere-Jones “probabilistic” version of M8, etc)
g accuracy could be improved by a
stematic monitoring of the alarm areas and
by y designing a new generation of earthquake
-- = prediction technique
- and an obvious general one -

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