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-] hergy release events occur in many natural systems. Some examples
akes, solar and stellar flares, “neutron-star-quakes”, gamma ray
‘ent disruptions in plasma devices
arltles exist in the statistical properties of these phenomena, e.g.
3\ ___dlstrlbutlons of released energy and inter-event times

- -_ S'Elea has been con3|dered in particular for earthquakes and solar flares (e.g.
—.T:f _—ﬂa"eSeIf Organized Criticality paradigm proposed by
» [he presence of universality in earthquake and solar flare occurrence has been
more recently suggested on the basis of the analogies found in the statistical

properties of the temporal sequences of the two phenomena
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)'jf(lork we reconsider the question of “universality” in
fthquakes and solar flares analyzing the statistical properties
i e sequences of events available from the SCSN earthquake

—_—a—

Iog and in the GOES flare catalog

IS the binning method. In order to reduce the ambiguities related
to the choice of binning we decided to work with cumulative
distributions
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S

ent phenomenology on
mic events, which we evidence
their consequences, is lacking.
arently, earthquakes occur through
ctional sliding along the boundaries of
_‘_;_--'" stressed hierarchies of blocks of

o étent sizes (from grains of rock about
-3 m to tectonic plates up to 10’ m in
hnear dimension) that form the lithosphere
~of the Earth (Keilis-Borok 1990).

> E=10%°+10"J (i.e., M=-2+09)

- Earthquakes occur prevalently in
seismic regions, i.e. in fault zones.
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energy release events in the solaraimeeﬂ'fé_ —_—
N observed in a wide fréquency range of the E.M. spectrum,

"._ are due to the conversion
stic energy (accumulated in
a mosphere as a

-1' ance of turbulent convective

i j)'lnto accelerated particles,
g, plasma flows. & 3

‘; :E" 1017— 1026 J

=

= _Flares occur prevalently in magnetic
activity regions

Thursday, 28 June 2007 Predictability of Natural Disasters for our Planet in Danger




Earthquake catalog
alifornia Seismic Network (SCSN) catalog

000 events. About 87000 with M= 2.

Solar flare catalog

; _,?'_".from observations of the Geostationary Operational Environmental
ites (GOES) in the soft X-ray band 1.5-12.4 keV

__%—‘-Eﬁ?’:e;&'classified according to the peak burst intensity Ip in the above band
-~ Bclassifl,<10?
- Cclass if 10° < | < 10
M class if 102 <1< 10"
X class if I,> 10" (Values of | given in erg s™' cm™)
Over 62000 events. About 32000 of class = C2
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. Lower breakpoints of the power law around C2 class for flares and
M2 magnitude for EQs, suggesting incompleteness of the catalogs
below these values

> Only events above these thresholds considered in the rest of our

analysis
Thursday, 28 June 2007 Predictability of Natural Disasters for our Planet in Danger 8



!

Earthquakes

18850101
plonee el T T T gloces )

2

:
:

i

B

-
=

Inter-event time, s
g
Inter-event time, s

g

P -

\ | | : : : b Y
= Solar flares Earthquakes
= 1 1ETEC 5@ 19250102 FOOSNE gl g | 1SS0 0E i ap fiurd
E 1o T i I T I | 1 i
& o T 2 o
L. & ol
0 1 2 ;t % j - et et = | 'g
E:g \.° s“g: P|e P Oc:,": ?:bo *'3
6 x & oiﬁ-::e:o:n} sl" ‘5 I+ L copdll s . Cch
o« . F | ¢ L2 ©
LI..I lo Lo ; o E
o M ° °b |4 =z
e w
(D e )]
o (&)
w

GOES class vs. time Magnitude vs. time

Thursday, 28 June 2007 Predictability of Natural Disasters for our Planet in Danger



=

ar flares

w
&
Ly
{wrm—
y—
o
| .
0]
Q0
S
-
e
©
-
c
[
ks
=
o)
w

100000

Earthquakes

Annual number of earthquakes

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Thursday, 28 June 2007 Predictability of Natural Disasters for our Planet in Danger




ARE. (T

Accumulated energy

Number of falres

—_——

= Solar flares

1975/0101 19850101

1985401/02

2005/01/02

350

300

250

200

150

™
100 f

50

sarsonor oolar flares  sessiono

1985/01/02

200501402

30000

25000

20000

15000

10000

5000
’/

Thursday, 28 June 2007

Bennioff strain release

Number of earthquakes

18850101

Earthquakes

19485/01/02

200501702

50000

40000

30000

10000

1985/01/01

199501/02

200501702

annng

50000

40000

30000

20000

10000

Predictability of Natural Disasters for our Planet in Danger




-“"-:ﬁ'

R ) e R ) —— BRI —— B2+ R ] R ] —— SR I —— B
1.0E+1ZE 10E=-T3 10E=0 10E=0% 1.0E-08 10E=+02 10E+03 10E+04 10E=+0% 10E+05
100% i 10 f— immma i
1
S
vl
=
4 Y
== By
B "'. \\
Fis \\%
o 10M% s
E i
[ '\
— 1. N
— 2
LU =]
= N
1%
w LS - HH
o
100%: = T
"‘"-\n.;_\i
5, ol
™ .
% 10 T =
X = ’F
@ ]
= 5 B
=a Aric
e LA
= — —— 1985 —=— {087 1988 — TR
] “ 1988 -~ 1990 —e— 19891 | L
L 1% 4= T
= —— 1992 — 19893 — 1934 — i
— 19495 1996  Eoler i — 1 T—
— 1088 —— 1999 —=_2000 — ﬁ_
| 2001 — 2002 — 2003 Wik
o
2004 2005 —=—Taotal i I
. - ! ! ! %&L—
10 100 1000 10000 100000 1000000 1 10 1060 1000 0000 0000 10000

Thursday, 28 June 2007

Predictability of Natural Disasters for our Planet in Danger




L —=—sms  HH
- T
B | s i —A-am
o 1 T —o—10656 HH
ol ——G368 T
d % T H ——a1
I 1 % ——G006 it
6%
]
o x 1 i
5%
s ;- i Eik
E 4% - — —=—3A0d 3 &,
= - g <[ iH s
3% : T —a—a7Ea 1
| S B
o > — —o—1065E ?
S | .. 5 o= T
LN — —e—647 T
e W
- - X i —a 0026 Al
= = L LLL] '
: o
) 0% i 1% | |
1 1006 1086 A0 A0 104 10 1W0KKD A0EKKD AKIKHID
Inter-event time, s Inter-event time, s
100% — 1000 000 %
i_ﬁ —— 1992 Joshiua Trsa -
7} T —=— 1992 Landers " -
@ —i— 1994 Mardhirdgea N
‘= -- B —=— 1999 Hactar Mins al ] )
[l ] - - —i— 2003 San Smsan 10 3%
w T - —a— 2004 ParkSaid X
o - .
H ) L] '.__\ \
K
= it : 1.00% : JH111/GN
® ¥ ; :
= His - .
[4n] ¥ =._ — - | Il |
- ik 0.1 = :
as 1 = im T ; i
] - = T  ——19920ehua Trea ] T
4% 1 L {  —=—1292Laves
= e = .
o it 0.01% 4—t —i— 1994 Mardhirdga
— W e B i F=F —=— 1299 HacarMine
+ LI i S = — ——2003%anSmean
LI‘E i [ ! [ —=—2004Pakiak I
1
I EaT R REE I T T
106 100 1006 000 A00M00 100060 10 10 106 100K W0 1000000 1080080

Thursday, 28 June 2007

Predictability of Natural Disasters for our Planet in Danger



100% =3 . S
E -y T -
= i ~ — Flares@Spot
80% TS . — Solar flares
4 === Earthquakes
B0% — -
w — 1992 Landers
70% —a— SGR1806-20
h'l N
60% - ‘\‘
A
50%
40% :
30% 1.\
20%
- 10% n N \\ h"‘*_
[ | _‘:__
B
0% ~ —— H HTT
10 100 1000 10000 100000 1000000 10000000

100% =

10%

1%

0%

0%

0%

= T = =
\\ P, \‘\ [
™~ N ‘-\
s,
- 11,,“1[_
b M P, ‘
S,
\ o
— Flares@Spot %
—Solar flares -
= E arthquakes hl \\
— 1992 Landers \ ! [
—e— SGR1806-20 3 3 :
i L} q
unilil
: M
10 100 1000 10000 100000 1000000 10000000

. The inter-event time distribution of soft y-rays flashes produced by
star-quakes on the neutron star 1806-20 is also shown (light blue
circles). Energy released in a single event up to 104 erg.

Thursday, 28 June 2007

Predictability of Natural Disasters for our Planet in Danger




SERAIBO6-20rseguence s

ma Repeater 1806-20 is the
J,, e i Sagittarius, from which more
ganrartindred X-ray pulsations have

SDEEn detected. Its location on the sky
e ( 1806-20i refer to celestial coordinates: 18
= «- degdrees 06 minutes right ascension, -20 degrees

—— =-—decI|nat|on) s near the Galactic center,
:1 == Which is' 25,000 light years away.

——= The energy. of one burst varies from
' 1.4:10"% erg to 5.3:10% erg (the
largest earthquakes release about 102¢

erg).
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SOIIMONI general featuresss

P

ANiliaamental property off multiple fracturing is the
POWEr-law distribution of energy  log;,M(E) = a +

(Gutenberg-Richter relation)

MM BER

EMNERGY (arg)
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SYifiptems, of: transition to, the mainfruptiie

e Escalation of fracturing
lasting nearly 1000 days and
culminated with the largest
starguake on November 16

The power-law increase of
activity, e.g. Benioff strain
release ¢(t), with a possible
trace of the four log-periodic
oscillations.
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S SEiSmic premonitory patterns

B T S

SER 120620
T1IME1983 8:34:39 AM 51 7<10 erg
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® Pattern X ~ E£?/3 Keilis-
Borok & Malinovskaya, 1964

e Pattern B Keills-
Borok, Knopoff & Rotwain, 1980

e M8 algorithm

Kelilis-Borok & Kossobokov, 1990
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“Similarity of starquakes,and
- earthiquakes

VERSO izlr

ch pErg-Richter relation
3] 0n|tory changes

: Cay of “aftershocks”
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_ Starguakes evidence drastic expansion of the Realm of
Multiple Fracturing previously observed from the lithosphere
of the Earth to laboratory samples

IKGSS0bokov, Keilis-Borok & Cheng, 2000
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>'- The distributions show significant differences

> We calculated the minimum values of K-S statistic for all the couples
of distributions over all rescaling fits of the type P’(At)=P(C At?), with

C and a fitting constants
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S
The K-S statistic. .

Kolmogoroff-Smirnoff s atistic Mg IS defined as
Mes(D,n,m) = [nmf(n+m)]Y2D

: -D max | P, (4f) — P, ,(4f)| is the maximum value of the
— _m olute difference between the cumulative distributions P, (40

":an‘d PZm(AZ) of the two samples, whose sizes are nand m
respectlvely

This test has the advantage of making no assumptions about the distribution of data.
Moreover, it is widely accepted to be one of the most useful and general nonparametric
methods for comparing two samples, as it is sensitive to differences in both location and
shape of the empirical cumulative distribution functions of the two samples.
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Kolmogoroff-Smirnoff two-sample criterion

e ————————— - —
Flares Flares at spot SCSN Landers SGR1806 20
32076

- 100 % 18878
100 % 100 % 87688

_,rsl : 99.96% 99.26% 100 % 10706
06 20 19.13% 0.92% 96.77% 2.24%

W

> The results indicate that the distributions cannot be rescaled onto
the same curve (confidence level > 99%)

Only the association of the starquake distribution (by far the smallest sample, 111

events) with all flares, flares at an activity spot, and Landers event cannot be
rejected
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atistics of inter-event times between earthquakes and
ares show different scaling.

same phenomenon when observed in different periods
different spots of activity show different scaling. This
nce were found in our analysis both for earthquakes and

‘res
rtlcular the observed inter-event time distributions of
——— "!sx rent phenomena show a wide spectrum of scaling and

—|-

—— ¢annot be rescaled onto a single curve

> Even if some statistical analogies are present (e.g. power laws
of different characteristics), which could be related to common
characteristics of impulsive energy release processes in critical
nonlinear systems, our results do not support the presence of
“universality”
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“Fliarzirer)iezll eWuse of cards.

U CURMER/ asSSUMPUeN, and everyiningrgets shaky.

”egjr difEathquake, leellhood-MeGIﬂ?
\iealn on shaky: greunds?

r—=

Li<alllal bd SCOKING IS one of the delicate tools of Statistics,
wmr“rl pUId be worthless or even misleading when
«oprlate probablllt¥ Imodels are used. This is a basic

oog 0/eTfior @ misuse of likelihood as well as other statistical
NTELhods on practice. The flaw could be avoided by an accurate
B erification, of generic probability models on the empirical data.
£ "—"i"‘“fltﬂs Aot an easy task in the frames of the Regional Earthquake
— [ikelihood Models (RELM) methodology, which neither defines
~  the forecast precision nor allows a means to judge the ultimate
success or failure in specific cases. Hopefully, the RELM g rouE
realizes the problem and its members do their best to close the

hole withi ani adequate, data supported choice.
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Regretfully, thisiis notithexcase with the™™
erroneous choeice of Gerstenberger et al.,
Whoe,startedi the public Wels site with
Orecasts oireExpected ground shaking for
‘tomorrow" (Nature 435, 19 May 2005).

1/1,000,000 1/100,000 1/10,0001/1,000 1/100  1/10
Probability of Exceeding MMI VI

= Beraienberger et al. HAVE INVERTED THE CRITICAL
=="EVIDENCE'OF THEIR STUDY, i.e., the 15 years of recent

= -

= = cEismic record accumulated Just in one key figure, which
= sliggests rejecting with confidence above 97% "the generic
California clustering model” used in automatic calculations.

Gerstenberger, M. C., Wiemer, S., Jones, L. M. & Reasenberg, P. A. Real-time forecasts of tomorrow's earthquakes
in California. Nature 435, 328-331 (19 May 2005)

Schorlemmer, D., Gerstenberger, M., Wiemer, S. & Jackson D. Earthquake Likelihood Model Testing (manuscript in
preparation, February 7, 2005)
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LETTERS NATUREI Vol 435/19 May 2005

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
California clustering model (without cascades) for the mainshock
magnitude (M) shown. For this test a simple circular aftershock zone
implementation (solid lines) gives the observed rates of M = 4.0 aftershocks
following all mainshocks with magnitude within 0.5 units of M. The
aftershock zones are defined as the areas within one rupture length of the
mainshock epicentre.

Verification?
(Figure 3 from — B65<M

Gerstenberger et al., 2005. —
Nature 435, 328-330) — e
— N |
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Statistics?
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“As a first test, we verified
that the generic clustering
model describes the
average clustering activity
of California reasonably
well. Using data from
1988-2002, after the period
used to initially develop the
model and thus
independent data, we
compute the average daily
rate of events following an
earthquake of a given size
(Fig. 3).”
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Calculated and observed rates of events M4
ourintervals following mainshocks occurring between
1988 and 2002 in southern California.
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Dashed line shows the rate
forecasted by the generic
California clustering model for
the initial mainshock of
magnitude 6.5 < M < 7.5; solid
lines display the observed rates
of M = 4 aftershocks following
all mainshocks with magnitude
within 0.5 units of M,
normalized to the rate of the
mainshock of magnitude 6.5 <
M < 7.5. Grey bars stretch from
the minimal to the maximal
value of the observed rates;
their size is about a factor of 5.
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ing the figm‘reans of the well-known Kolmogoroff-Smirnoff criterion,
entalist would be led to reject the hypothesis that the random..
Time after initial event®.in different magnitude ranges of the initial
- event has the same statistical distribution.

e gre p.d.f. (probability density

-] ents equals 1, each of the four plots provides the minimum of positive p.d.f.
, Wi _|ch are by deflnltlon either 1/N or its integer multiple (e.g., 2/N, 3/N, etc.).
_i*:?- ut 0.0012, 0.0008, 0.0025, and 0.0015, which values imply the sample sizes
250, 401, and 665 or integer multiples of these values. The probability of a
: e of the Kolmogoroff-Smirnoff statistic D than that for the two samples used to
” lly rates after 5.5 <M < 6.5 (green plot in Figure 3) event and after 3.5 <M < 4.5
= {blac :": t) event (i.e., D = 0.07-(N;N,/(N,+N,))"? > 2.12) is
= ﬂ’a"ﬂeﬁﬁan 97%,
~ Therefore, the hypothesis that these two samples are drawn from the same
distribution can be rejected at significance level of 0.03. =

(A skilful experimentalist would easily recognize the sample size in the order of a thousand just from the
range of the empirical distribution of rates, about three decimal orders, in Figure 3, while a skilful
observer would grasp 922 that signifies the number of events about magnitude 4. Moreover, giving a
look at Figure 3, he or she, even without any statistical testing, would say that the data does not
support the model.)
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SGS Web Site May Mislead Califermians

Forecast for 04/01/2006 12:42 AM PST " o e

g ekt Sinee the time off Nattierptblished the work by
Gerstenhberger et al on May 19, 2005 -

Dl the 769 days (to, Jun; 27, 2007) of the real-time
lOrecasting thefour earthquakes ol Medrited Mercall
Intensity VI in California have occurred in the “sky
blue” areas of the web-site's lowest-risk (about

1/10000 or less). These are the earthquakes on June 12, 2005
near Anza; June 16, 2005 near Yucaipa; April 1, 2006 near
Paicines; and August 3, 2006 W of Glen Ellen

(pasadena.wr.usgs.gov/shake/ca).

(i) The extent of the observed areas of intensity VI

for these events is by far less than the expected

number of cells experiencing VI or greater shaking:
about 100 for the four areas in total

vS. about 617 expected for 769 days.

1/1,000,000 1/100,000 1/10,000 1/1,000 1/100 1710 As we see, this should not surprise Californians...
Probability of Experiencing MMI VI

Regretfully, USGS continues delivering to the public, emergency planners and
the media, a forecast product, which is based on wrong assumptions, which
violates the best-documented earthquake statistics in California, which accuracy
was not investigated, and which forecasts were not tested in any rigorous way.
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USGEE Community Intemet Intensity Map {3 miles ESE of Finnacles, CA)
ID:51168577 04:26:00 PAT APR 1 2006 Mag=4.3 Latitude=N36.52 Longitude=W121.10
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Res. Lett., 70, 393-403, 1999

Kagan and Jackson ""Probabilistic forecasting of earthquakes*™
13 10 8 e 7 3 : Geophys. J. Int., 143, 438-453

Log,, probability of earthquake occurrence, M,, > 5.8, eq/day*(100km)
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e havmd the predictionsfarising fromi settingia
thEsield probability or a thresholdl probability ratieren tepthe:
dallyftpdated Shortstemmiforecasts forNVVsanrd SV Paciiic in
ABLII2002 - September 2004
Wlipy/seec.ess.ucla.edu/~ykagan/predictions. indexhtml, Kagan and.
Jrjg,(c 2000, Hreoz10ili forecasngroreanguares, Geophys: J. Int.,
143, 38 153) andithe catalogl ol earthquakes for the same
I)er and hiaver come! to the following conclusion:

IhEpredictions based on the Yan Y. Kagan and David D.
Nackson forecasts are hardly better than random guessing,
S When main shocks are considered, and could be used for
g gjiective prediction of aftershocks only.

E == Tihe conclusion is based on the prediction outcome achieved for

— =~ 218 shallow (with depth less than 70 km) earthquakes of

— MwHRY = 5.8 or more. According to the definition from
(Kellis-Borok et al., 1980), there are 67 aftershocks and 151

main shocks.
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S

— B —
IMENETitory of West Pacificishont-term forecastiis coarse-grained
HieIcE]ls, 0L 5 by 0.5 degree each Viaking a “bet" on a cell C, we
,ljnc TisttHe nUMmBeroreartnguakes fromrthe ' sample
catzlog, Ezleq target earthguake E defines the threshold value - p(E)
QoI R(E) )= being the value of short-term probability p ( or the
valug e hrobablllty iatio p/P ) determined in advance for the day of

.;-; =3 the earthquake.
________LSI S tunn the threshold defines the minimal cost of a bet required
jfe‘r-successful prediction of the target earthquake, N(E), which is the
~—  sum ofi all bets n(C) over the union of cells with p equal or above
p(E) ( same for the ratio p/P ). The track record of the experiment
provides the set of bets {N(E)} associated with target earthquakes

that happened.
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Iy 1, 2000 ( subject to update on January 1, 2007)

90°

33

191 20 | 21
22 123 | 24

31132
2i01|2t01|2101

Gy | ¢ <
2 28 129 | 30

N

§ Earthquake Prediction Theory
and Mathematical Geoplwsics ofthe alamm arza
Kasmbiolov V.G, (iode @nitp ) | then
i A " s - 1 i 1 i

R

C_]GU

Thursday, 28 June 2007 Predictability of Natural Disasters for our Planet in Danger




SeismictRoulette™

SONISIdEREMeUIEeWHEEIWIthFas many seciors as the
IumeEr Oli events in a sample catalog, a sector per each
—\\ St

2 1¥ Eke VOur bet according to prediction: determine, which
PEVents are inside area of alarm, and put one chlp In each of
= ’che corresponding sectors.

__.- “Nature turns the wheel.
" |f'seismic roulette is not perfect...
then systematically you can win! ©

and lose ... ®
If you are smart enough and your predictions are effective

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

=3 = r
- = ———

“
.—.'-
-
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s N
L Denoete i being the bet sum normalized to) the totalistmrein(C) and
IABEING the number of failures-to-predictnermealizedito’ the total AUMber
Sejianget earthquakes thawliappened in the course of testing. The v vs. u
diagram characterize the effectiveness of the prediction method; e.g.,

domMpredictoPEroImanceNsiassociatediwithrtherdiagenal that

SONIIECISH ptlmlst’s” 11,01 and “pessimist’s™ {0,1} strategies (Mmolchan, G. M.. Earthquake

Prediction as a Decision-making Problem, Pure Appl. Geophys., 149, 233-247, 1 997).

Given -

10, 2002 to September 13, 2004;

(2) the Harvard CMT catalog for the same period of time;

(3) the counts of n(C) based on the NEIC catalog of shallow earthquakes -

we plotted several v vs. u diagrams.
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:%-eutcome of an“absurd” prediction:

of the failures-to-predict v versus the percentage of the alerted space-time volume
op(E), v, o(E)} generated by “prediction” of the 231 earthquakes with magnitude

- and depth > 70 km in April 10, 1992-September 13, 1994 using the p and p/P maps

computed for April 10, 2002-September 13, 2004.

—— g

"Delayed” 231 earthquakes
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Thus, we cannot reject random nature
of the Jackson-Kagan “probabilistic”
method and may conclude that

(1) its effectiveness for predicting

large earthquakes is doubtful, and (ir)
the applicability of the underlying

ETAS model is an ingrained bigotry.
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J‘—‘]Jff}@ og IS ]uvenlle and Its dpplo fiate statistical teols tor-
rlrrre 1) ‘y aveal-medieval fiaver or those Whe hurry up: to
Ulizz

20ply @ Ianguage O a nighly. developed probability theory.
T o SEEOIIE quantltatlvely robabilistic® earthguake

lioleeasis)predictions must be defined with a scientific accuracy.
= =eilowmg the MOost popular o Jectlvrsts viewpoint on probability,
‘Wetannot claim “probabilities™ adequate without a Iong series
f-*.;_" E=yes/no" forecast Predlctlon outcomes. Without "antiquated
e .'b-inary language” of “yes/no" certainty we cannot judge an

eUICOME success/fallure"), and, therefore, quantify objectively
al forecast/prediction method performance
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LLOWING SOURCE IS ACKNOWLEDGED:

_' 1k, A.M.G. and Coauthors, 2002. Daily dataset of 20th-century
[ace air temperature and precipitation series for the European Climate

Maximum temperature in 0.1 °C, and
guality code

“Hierarchical evidence is a house of cards.
Pull out your primary assumption, and everything gets shaky.”
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