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SE2rthauake  prediction definition
Mhtermediate-term middle-range
arthquake prediction algorithm M8

[t o i
i
——

= ': _ How 10 reduce earthquake prediction
"' ‘Uncertainty from middle-range to narrow?

Algorithm MSc
* Global Test of M8-MSc
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—
Wiiatiis eanthguakesprediction?”

pr—

IWENEnIEd States National Research Council, Panel on Earthquake Prediction of the
Co) mJJ e ol Seismoelogy suggested the foIIowmg definition (1976, p.7):

wATREEnguake prediction must specify the
X9 ccied magnitude range, the geographical area
Witarapwaien it will occur, and the time interval

— gl ithiniwhich it will happen with sufficient precision

== =50 that the ultimate success or failure of the

= prediction can readily be judged. Only by careful

- fecording and analysis of failures as well as

succeesses 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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ES of earthquake predictions

Erm-less predlctlon Off eanthguake-prone: areas

NEredictioneitimerandibeationiofianieantiguake of
fCEntain magnitude

e

1"'- iy " " ] N
T@m@'e S IRryears Spatial, In source zone size L

-*term 10 | Long-range up to 100

]“ rmedlate term 1" | Middle-range 5-10
= --;Short term 0.01-0.1 | Narrow 2-3
| Immediate 0.001 | Exact (

* 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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Tenmeless,
apPProximation:

® The 73 D-intersections of
morphostructural lineaments
In California and Nevada
determined by Ge/fand et al.
A Htrruine 7 (1976) as earthquake-prone
mn’*;;ﬂ-'%' rTANW  for magnitude 6.5+ events.
»>" 3 ‘“@} Since 1976 fourteen
5“"“""““5“"'5 ' N magnitude 6.5+ earthquakes
.mna. Valleg] occurred, all in a narrow

vicinity of the D-intersections
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Mve newly discevered faults, I.e., the
lls; thrust fault (J.H. Shaw and Shearer P.M.,.999) An elusiveim
BliREEHruSt fault beneath metropolitanﬂ&@sq_Angeles. Scienc&éﬁf—? 518),
COIMCIVES, exactly with the/lineament drawn in 1976.
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SIS aUaRe prediction methodsaworke

‘Pradic fe eanthouakes is asieasy. as one-tworthree.

S| CIOMIDE DI OyA/OUINpIECUISOIEEIECH NN NSIUMENtSEtitne
SIIENIRIECOMING eartnauake:

e

| data bases, e.g. US GS/NEIC
512 Detect and recognize the precursors.

'?-_'ate Bsigorithms, e.9. M8

*-;’Step 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 coinc_ig_enee
l\/trio appearediin; the __—_ﬂr-a I&W

lupiter, the crescent

Twe days later ...

200359 H26 HO048F
500 118

Al biE42.0E
REF1439E
RE 25km
M7.7
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Jr—
Zigaliysis of datal inevitably involves some trafiiChingiWitiges
WIEMIE!d ofi statistics, thatigray area whichHis Hot quite a
F2lnle] Ofimathematics;~.and just as surely not quite a
oranch of sclancslaineollawisefseeiieisisayeit iyl
Epegiedly encounter the fellowing paradigm:
- ~1F)e seme formula to the data to compute “a statistic*
Gompute where the value of that statistic falls in a
--._:e repability distribution that is computed on the basis of
-'*some ‘aull' hypothesis"
= ifitfalls in a very unlikely spot, way out on a tail of the
distribution, conclude that the null hypothesis is false for

your data set.

& 'rJ

O S5 @

(William H. Press et al., Numerical Recipes, p.603)
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——

[f 21 gizrils ' fiallsiin a reasenankle part ofi the distribution;, you
HUSHIoMake themistakerorconciuding thatthe ol
hy‘ru'rfa Esisiis “veriiied" or “proved”. That is the curse of
Siic ru jGsythiat it caninever prove things, only disprove them!

INMOEST, Vol canl substantiate a hypothesis by ruling out,

S L stlcally, a whole long list of competing hypotheses,

-r'-:-=-~+ ery One that has ever been proposed. After a while your
= -adversarles and competitors will give up trying to think of
~ Zlternative 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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Statisticalfsignificance 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.

~ LetT 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 Tx 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 > M, within TxSand n
_% counts how many of them are predicted. The time-space occupied by alarms, A= LTJA , in

his:

percentage to the total space-time considered equals

- p = [d(zxp) / [d(zx ).
e A TS
e

A
| __.‘11?}.
T! 'i

The statistical significance level of the prediction results equals

1 -B(n-1, N, p),

where B is the cumulative binomial distribution function.

Measure txu: 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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SeismicRoulette™

T —— i —

GONSIUEr 2l rolletie WHeel With' as Many Seclors as the
pUImES off events In a sample catalog, a sector per
_, event.

igkeyour bet according to prediction: determine,

3 _--u ylIchrevents are inside area of alarm, and put one
chlp ' each ofi the corresponding sectors.

~Nature turns the wheel.
|- seismic roulette is not perfect...
then systematically you can win! ©

and lose ... ®
[ff'you are smart enough and your predictions are effective

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

L EY
7 -
L 75 waT

[

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 1, 2007)

45° 90° 135° 135°  90° 45°

[ -indicstes no incressed probsbilty

W= International Institute of 5 i P
){g Earthyiiake Prediction Theory [ - inicates increased probakility 160

(L g Il -incicstes redudion of the slann area :
Hosmbote V.G, (bdia @it | by the: MSc algarithm
L 1  ERE A Al L I I F o L I L | 1 1 ARENL 1 L
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, Vol. 6. Seismol. Soc. Am., El Cerrito, CA, 1997)

MEsalgorithn

SHEynediaiesermmreanthiguakeprediciieon methodwas
rJz;L Py retroactive analysis of dynamics of seismic
sivity preceding the greatest, magnitude 8.0 or more,
hquakes worldwide, hence its name.

rototype (Keilis-Borok and Kossobokov, 1984) and the
-': *original version (Keilis-Borok and Kossobokov, 1987) were

_-j__
.-l—'i'_ m—

— — tested retroactively at 143 points, of which 132 are recorded

. _eplcenters 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

ii}m}ii\\\ 11 I

L D)
] Y ) |
=N L

Western United States” ' 7

The period (t, t+t) is Time of Increased Probability of
a target earthquake, isn’t it?
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—e— Gardner-Knopoff
Keilis-Borok et al.

el

' e;_""t is the origin time, t.—t.+1=

- 'Jm IS thermagnitude, h. is
focal depth, and b,(e) i |s the
Aumber of aftershocks with
magnitude M_, or more

_ | * = ——
during the first e days. Magnitude

The Abdus Salam ICTP
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p—

—

MEuiclion aimed at maghitude Y/

> Prec JJrrLc SRl areartiigiarestoirmagnittidesivisand
EIgEIsiiom the range Mg+ = [V M oFAM] (where AM < 1).
J/Je lejglit tdeiscale should reﬂectqthe size of earthquake

OLIfGES (Becordingly, MS usually taken for larger magnitudes, while mb
I lJ__J_e iforrsmaller ones).

[#thedataipermits, we set different My+ with a step 0.5.
.‘ﬁmverlapplng circles, with the dlameter

-l—'"_--"_

= “D(M,) = ( exp(M,y- 5.6)+1 )° in degrees of the Earth meridian,

i

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 ofi earthquakes in the sequence.

The Abdus Salam ICTP
Miramare ¢ 05/10/2009 Advanced School on Non-Linear Dynamics and Earthquake Prediction 17




. Trailing aVErages”

e

Several runnlng averages are computed for this
5 ( lence in the trailling time window. (t - s, t) and
gaenittde range M, > M. = m.

J_ ,;E ey depict dlfferent measures of intensity in
— arthquake flow, its deviation from the long-term

r--".:ll.n._-:-
=

:'--: —{rend, and clustering of earthquakes.
The averages include:
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LE*aId aceelerationeifactivity™

- —

N ‘ 1, S) the number of earthguakes

|th VIi= m in time interval from (t-s) to t, I.e., the
number off events of certain size per unit tlme
rate of activity.

_ij m, s, t o) - deviation of activity from a longer-term
= {rend over the period from t, to t:

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

: — -
BREZIEcConcentration of Main SNOCKS

- —

(r) ——ﬁ (t|m,Ms,B,7) = X108M/N 7 is a linear
oneentration of the main shocks {i} from the
gnltude range m < M. < M" and

—_—a

.w-.-.;mterval {—s <t <testimated as the ratio of the

=gt = —
i — -
-ll—'" _--"_

= average dlameter of the source, | ~ £108M-o)/N
-~ (when B=0.46), to the average distance, r~ N1/3,
petween them (that implies y = 2/3)
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aracieristic oiFclusternng™
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p—

\/ector of-desceription™

- —

E ch ofithe functions N, L, Z is calculated twice
m = Mmln(N) N 20 and N = 10.

arresult, the earthquake sequence is given a

— .,

S _-—robust averaged description by seven functions:
N, L, Z (twice each), and B —

N1, N2, L1, L2, Z1, Z2, B
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[terion.— abnormal™valtues™

e

“\/er/, arge” valuies are identified for each function
ISIAg the condition that they exceed O
;centlles (I.e., they are higher than O percent
~r= the encountered values).

. _- That IS another local normalization of function
values according to the natural empirical
distribution.
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RUles {or Issuingraatalarmm™

e

TR jm—.

r\n glarmior a TP, “Time of Increased Probability”, Is
iared eI five years, wihen at least six out of seven
WREHERS; Including B, become “very large™ within a
.rr IO time window (t u, t).

- _._ﬂ“ o stablllze predlctlon this criterion Is requwed for two

Inccourse of a forward application, the alarm may extend
peyond 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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S_i:: gjdardwalues ol-parameters”

- —

Tn t’%llowing standard values of parameters
idiicated above are prefixed in the algorithm
__ 8 B(M)=1exp(My- 5.6)+1}° in degrees of
= meridian (this is 384 km, 560 km, 854 km and 1333

| ..--r--".:ll.n._-:-
=

-l—'"_--"_
e

— — km for M, = 6.5, 7.0, 7.5 and 8 respectively), S =
years, s' =l1lyear,g=05,p=2, q= 0.2, =
3 years, =0.46, y = 2/3, and Q = 75% for B
and 90% for the other six functions.
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.

Criterion.in the-phase space™

Tfhe algerithm Mg’ 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
Phase space sufficient for its effective provision.

The Abdus Salam ICTP
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Trrajectory in Cl#116, Central California
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m—
ViGralgoerithmipereriiance™

e irosoactyaly (iKeilis-Boral agel Kogsorokoy, LIee) i) e
gdand version oi the algoerithm was applied to
of dlct ihe langest earthguakes (with M, ranging from
f’sa 1614.9) In 14 regions.

510U o 28 predicted in 16% of the space-time
= considered.

ey -
""'__- -';-—II- ——

= === [Vlodified 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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——
conle approxmahon predictionimeinee

L
=
@
)

igEthn fer reducing the areai ofi alarm (Kessehoekoy, Keilis-Borok, Smith,
S RVESIdEsIgnedr sy elroacveEranalysis olthie detailed regional

r catalog prior to the Eureka earthquake (1980, M=7.2) near

sViendocino in California, hence its name abbreviated to MSc.

ely, the MSc algorithm outlines such an area of the territory of
Fﬁ PWhEerne the activity, from the beginning of seismic inverse

& Ccascade recognlzed by the first approximation prediction algorithm
S ‘-' 220: by IV18), is continuously high and infrequently drops for a short
e ' & {ime. Such an alternation of activity must have a sufficient temporal

— = and/or spatial span.

== Th_e 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.

=
«©
@

&L,
U\
—

Q v

(\3

D
m
.1.?4

{
=

ST

Q. (»

@
(ay
i r
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. Givena TIP.7.

- —

le a I'P diagnosed for a certain territory U
Zts ithe moment T, the algorithm attempts to find
_.\v jthin U 2 smaller area V. where the predictead

| arthquake can be expected

= _.' . Catalog of earthquakes with magnitudes M > (M,
' - 4), which is lower than the minimal threshold
usually used by M8.
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. 'he essence of MISC™

- —

- rem ea- U'Is coarse-grained into small' squares of s x S
Ju BEti(1,)) be the coordinates of the centers of the
,{_es

9 \/\/.‘J; diRreach square (i ,j) the number of earthquakes n,(k),
g itenshiocks included, is calculated for consecutive, short
,;_:m@me windoews, U months long, starting from the tlme t
— — (T-6 years) onward to allow for the earthquakes WhICh
contributed to the TIP s diagnosis; here k is the sequence
AuUmber of a trailing time window.
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m—
The,essence efiVISC (cont™)™

e

TR jm—.

ey Jthe time-space con5|dered IS divided nte small
OJ/G-‘ * (i,],k) of the size (s x sx ().

WolIEr hoxes are singled out for each small square (i,j);
| rﬁ y are defined by the condition that n; (k) Is below the
_-._._.:_J_*ﬁ ipercentile of n;;.

..----".:r..._-:-— —

— & The clusters of qor more guiet 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

—_——
T

e —— /

7 7§ /
VA A e e e
N7 7 7 i -

.s...‘ﬂ' L

f
/:/
n

TS
2 A

"Ouiet”
lime-space
volumes

L s
F*:: TN

L

MR |
'|f * |I.i.:' '-I."I-:

™~ Small

Alarm area
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The prediction Is
localized to a spatial
projection of all recent
"sufficiently large”
clusters of squares
being in state of

"anomalous quiescence”.
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"Amﬁs guiescence®suggests high leveliol*seismic
detivityaduring formation;off a T'IP and afjc_gj; IiSTAEcianation:
'Sufficiently largeisize of clusters suggests large scale
= correlations in recent seismicity:

ureka 1980, M7.2 earthquake

;oL
e
A

a 3x3 square

"localization of prediction"

(spatial projection of
==s:z= "anomalous'" clusters).
EERENN
NN

L epicenter
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—
TTherstandard versien orviSc™

e ‘Standard values of parameters adjusted
'og he case ofi the 1980 Eureka earthquake
as fellows:

2 months, Q = 10%, g = 4, and s = 3D/16,
D being the diameter of the circle used Iin
algorithm MS8.
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Taiwan '78 “‘m Kern County ‘52 lturup ‘78  Honshu ‘78 Kunashir ‘78

— x SRR
&1333km% R 853km%€ 853 km —» «— 853km%€ 853 km —»

Taiwan ‘86 Eureka ‘80 Tien Shan ‘69 Tien Shan 70 Tien Shan 71
N i \ I | -
g " 1. .

""fi-—f-853km*>% 853 km —» «€— 56Okm*>47 384km—} <— 384km4>47 384km—}

[T

|
=

—

= Tlen Shan ‘78 Armenla ‘88 Coallnga 83 Morgan H|II ‘84 ChalfantV86Loma Prleta 89

/i
\
\

=y
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e

L ——
i, d—

MSewsrACHVITY™

e

PULSCornes more simpler alternatives off narrowing
prtherarea of first approximation; alarm —

MSe
Q C
X

2
N\
=
b

_r_gnempty Cells (NeC);
= Vost Active Cells (MAC) that contain (a) 1/8, (b) 1/4,
= (C)1/3 ot the recent seismic activity.

L — _—

Ifhe same number of correct localizations, as obtained
withi MSc, is achieved also by MAC(1/3), which
narrows down the alarm area to 28%, while MSc
outperforms it with 14%.
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-ih LS . . . .
PASIREagantiaterTecalled for us everlunch, upstairs,inhis SWiss

2

ocirif]

¢

IENEEUNEBvACHEY S experts gauged! a two-thirdsiChERCEroRan
Jekehitting 7.0 to 728ten the Richterscale, and the three

ielisichiance of a 6.0 to, 6.5 earthquake peiore last November:

(LE N

F.r""

Thursday, October 26, 1989

y ..'
C)f=6<e L 210

U ter e more

&

-er by, well, just being R
v regurglum the bureaucracy-fu

Quake Tak

At the Summit

AN YOU BELIEVE that Ronald Reagan and
Mikhail Gorbachew discussed, at great

_ length, the probability of a massive Californis

earthquake during thek very first encounter?
Well, they did. And somehow Gorbachev

ot it right.. As regounted in “The Great Univer-
“*¥al Embrace,” my new book about Reagan ad-

“Ministration adventures, we thought the topic
most geculinr 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
*nearly seven years and the first ever for either
~Reagan or Gorbachev. President Reagan began
:ihis first session alone with the new Soviet lead
zan. Rather than

ed “talking

points,” he opened on a personal note, %;“ |
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
fmlgmed talk about the coming qua H

| For Gorbachev them 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-
quake, before last November. The first forecast
terned out more correct. J

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 oi A major wthqunke over the next 30
years.

Nonﬂhlleu. Gotbachev hl.ll’ hit the rtght

-

correct.”

San Francisco Chronicle  exs- A 25

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
dellvered 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 .
important individuals on Earth were dtscusﬂlﬁ-
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 Arm:
Control uM Dunrmameatdwtcy] . . |
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L ByAiSezZialfthiescomponents necessary. for reproducible
[z J~r meprediction, i.e., an unambiguous;deiinition;of
ter algorlthms and'the data base,

Wwere specifiediin publications

T —— i —

Alejo); Ithm |\/|8 (Keilis- Borok and'Kossobokov, 1984, 1987, 1990)
WeS: deS|gned by retroactive analysis of seismic
rJyr Amies preceding the greatest (IM=8)
Aithguakes worldwide, as well as the MSc
= gorlthm for reducing the area of alarm
;' —— -Kossobokov Keilis-Borok, Smith, 1990)

-l—"__--"_

= * 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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Real=timeNerediction of the world largest earthguakes

N/ AAWAWEMILRL U or hittps/Waww.phys.talberta.calmimos/isii )

_—

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

45° 90° 125 180° 135" 'fiu‘

22 m\@:

Rusalan Acsdsymy of Semnces : - Indicates no increased probability
International Institute of
Earthquake Prediction Theory
and Mathamatmal Geophysics - indicates reduction of the alarm area
i nbiak ol Yo, pualis e i) by the MSc algorithm
L T

= indicates increased probability

135" 180°
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Real=timeNerediction of the world largest earthguakes

FLUSH/AWAMITRLIUS OFF Aitt://WWW.phYS UalbErtar Ca/mileS i )

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

g, o g o {4
45" g0 135° 1800 139
I [ T I : : . AR v

1' RiEsianAcEdsmy of Seriices : - Indicates no increazed probability
'- International Institute of
Earthquake Prediction Theory

and Mathematical Geophysics - indicates reduction of the alarm area |
KirssoBaknln Y 5 oo aE e b by the MSc algorithm
i ' ] T T i T

- indicates increased probability
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S
\BlmIe prediction of the world Iargeit:e,ar:thquaﬁgg.

—
://Www.mitp.ru OISEH/MWAVRIRYS Ul ERAPCAIIIIHONS/mito )

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
web-pages of restricted access provided to
about 150 members of the Mailing List.
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o
IBimE; prediction ofi the world Iargest e rth'quaﬁ,s__

IR/ AMMWEMItRLEUFOT http'ﬁwww phyS. ualberta Ca/mlrrors/mltp )

Magnitude 8.0 - SAMOA
ISLANDS REGION
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)
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N raWiE B erGrmance of garthguake prediction
ZlgEtlams: VI8 and MB-MSc:, Vagnitueers: D ass

Large earthguakes
Lozl Predicted 19y
M8 MB8-NSc

\Vieasure of
alarms,%: |

M8 M8-MSe

Confidence
levelr %

M8 M8-MSe

18 13 10
=11 8

~ | present

32.03 16.7

29.17 14 .

99.ss 99.e
99.88 99.91

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 eight failures-to-predict in a row.
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SEZIFmE prediction ofi the world largest e

( SN AV tELRU O ities WiphysiUallserarcalimigons/mit

Magnitude 8.0 - SAMOA
ISLANDS REGION
2009 September 29 17:48:10 UTC

)

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2009 (subjecf o updare on January i 2010)

Cl # 2: TIP until 2013/07/01

Ta0E R
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Magnitude 7.6 - SOUTHERN
SUMATRA, INDONESIA
2009 September 30 10:16:09 UTC

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

4 ¥ o %&hﬁ
Cls ## 29-34: TIPs until 2012/01/01
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N raWiE B erGrmance of garthguake prediction
clgElhugsliciand VS-MSc: Magnitudew@sror moenes™

Tfojicl

Large earthguakes
PrediCtearioy

\Vieasure of
alarms,%: |

M8 M8-MSe

Confidence
levelr %

M8 M8-MSe

MBI MB-IVISe

198‘Q -_

99.99 99,08
99.9999.2

60
48

39
25

16
10

30.2
24 .

9.7
.79

Spresent
;-1'4 _:,-_g__ o=

—| “present

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

TThe prediction for M7.5+ is less effective than for M8.0+.

To drive the achieved confidence level below 95%, the Test should encounter 16(!) failures-to-predict in a row.
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—
Conclusiogs = FaeiSetic &z celefic|as

IR i —

iisticel valldlty of predlctlons contirms’thne
e erlylng palradigms:
> _\; Binic premonitory patterns exist;

L =ormation of earthquake precursors at scale of
:”‘“‘Fvears Involves large size fault system;

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

. and In other complex non-linear systems.

o)
C
L
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—
Co' Asions,— - -
Selsmlc Roulette IS not perfect

T —— i —

ANEt ese predlctlons useful?
Y" wiiused in a knowledgeable way.
elr acceuracy Is already enough for undertaking

== . arthquake preparedness measures, which would

--... .‘_

’:;_f-f“prevent a considerable part of damage and

s

= ~human loss, although far from the total.

® The methodology linking prediction with disaster
management strategies does exist (Molchan, 1997).
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onc‘l"?ibns =

Implications-fersRysics™

IihEpredictionsyprovidesieliable.empirical
constrains for modeling earthguakes and
el thquake seguences.

SREN idence that distributed seismic activity Is a
_;e rerlem in statistical physics.

—_—a—

#;;::wFavor thhe hypothesis that earthquakes follow a
=~ general hierarchical process that proceeds via a
~_seguence of inverse cascades to produce self-
similar scaling (/ntermedijate asymptotic), which
then truncates at the largest scales bursting into

direct cascades (Gabrielov, Newman, Turcotte, 1999).
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m—
. hat arethe NextsStePs?

IMEN 2l geHbmsareseinerepiimalmeruRigue
((J\ 'SSE, Vere-Jones “probabilistic™ version of M8, RTP, etc)
r I accuracy could be Improved by a systematic
Seareh of “unusual” in the alarm areas and 0)Y,
ES|gn|ng and testing a new generation of

= __arthquake forecast/prediction techniques.

= and an obvious general one -

‘s Vlore data should be analyzed systematically to
—establish reliable correlations between the
occurrence of extreme events and observable
phenomena.

F__
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