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,arrnrp RENOIECAstS/predictions must be defined withia
SEERIERECEUIECY. Follewing the moest popular eljectivists
VEWYseIiEeRNoenaNIItY, We cannot claim “probanilities™
- r.claa Withieut a leng series of yes/no
=10 Beast/prediction outcomes. Without "antiquated binary

==%ar’lguage" P yes/ne™ certainty we cannot judge an
EULCene (*success/failure™), and, therefore, quantify

_‘ ‘pjectively a ferecast/prediction method performance.
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WARM BEFORE THE STORM: An earthquake killed more than 20 000 people on
26 January 2001 in the Indian state of Gujarat. NASA's Terra satellite made infrared
maps of the region on 6, 21, and 28 January [left to right]. Five days before the
earthquake [middle], the area near the epicenter [white square] gave off an unusual
amount of infrared radiation [red]. Just two days after the quake [right], the radiation

was gone.
IMAGES: NASA
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“Orbit of DEMETER above

Jn August 29, 2004 Isn’'t It a coincidence
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1‘ ne on the orbit
onds to the period
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=TER (next Figure).”
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| _r.Qn&'fh_e top to the bottom the panels successively show a ISL_Electron ternperature (Te
_spectrogram of a magnetic component between 0 and 2 kHz, 4184
——the o ion density given by IAP, the electron density and $ 3897
= temperature, and the earthquakes seen by DEMETER along 38187
the orbit:In this last panel, the Y-coordinate gives the distance Eorthquakes
between DEMETER and the earthquake hypocenter. The red '
color of the symbol which size is proportional to the magnitude
shows that DEMETER is flying over the region before the
earthquake. A large variation of the ionosphere parameters is UTAT 0125301148 Ola1:07/1me
observed when the satellite is above the seismic zone (in the a8 T b {2z T
top panel, the two bursts of interferences correspond to periods Lo 2 '
where wheels, which are used for the satellite attitude control,

are desaturated).”

The Abdus Salam ICTP
Miramare ¢ 08/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction



The explosive eruption of Asama
volcano on September 01, which ash-
fall covered a narrow elongated area

reaching ca 250 km to Pacific Ocean
= seems a better alternative than the two
earthquakes of M7.2 and M7.4 on
September 05, 2004 in Japan,
doesn’t it ?




ompllcated
that We must

apply some
Statistics.”
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mlc Roulette null*hypothesis

fsic Je Eolletie wheellwithias many sectors as the number
/e is ' a sample cataloeg, a sector per each event.

f
Ivlz1s¢ ;- eUIFkel according to prediction: determine, which
Share inside area of alarm, and put one Chlp In each of

9\/9_ _
3 C rrespondlng sectors.

S
:.L:*\% tl_Jre iurns the wheel.

:I‘Fselsmlc roulette is not perfect...
then systematically you can win! ©
or lose ... ®

[ffyou are smart enough to know “antipodal strategy” (Molchan, 1994; 2003)
make the predictions efficient

and your wins will outscore the losses! © © ® © © © B © © ©
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on January 1, 2007)
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Fig. 5.1. Error set £(J) for prediction strategies based on a fixed type of informa-
tion J. Point A corresponds to an optimistic strategy, point B to a pessimistic
strategy, and the interval AB corresponds to strategies of random guess. C' is the
center of symmetry of £(J). m and 7~ are a strategy and its antipodal strategy. I’
is the error diagram of optimal strategies. Arrows indicate a better forecast relative
to the strategy mg. Dashed lines are contours of the loss function v = max(n, 7).
Q" are errors of the minimax strategy, n = 7. Dash-dotted lines are contours of the
loss function v = 7/(1 — n)

Error diagram

Molchan, G.M. Earthquake Prediction as
Decision-making Problem. Pure Appl.

Geoph, 149, 233-247, 1997.

Molchan, G.M. 5. Earthquake Prediction
Strategies: a theoretical analysis.

In: Keilis-Borok, V.l., and A.A. Solovieyv,
(Editors). Nonlinear Dynamics of the
Lithosphere and Earthquake Prediction.
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Springer, Heidelberg, 208-237, 2003.
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West Pacific
short<term forecast

XAt

Trl1u
Southwest Pa

Jackson and Kagan ""Testable earthquake forecasts for 1999"
Seism. Res. Lett., 70, 393-403, 1999

Kagan and Jackson (2000) ""Probabilistic forecasting of
earthquakes'', Geophys. J. Int., 143, 438-453

-12 -10 -8 -6 -4 -2 0
Log,, probability of earthquake occurrence, M,, > 5.8, eq/day*(100km)?

The Abdus Salam ICTP
Miramare ¢ 08/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction




e ha\?"'emﬁzed the predictionsrarising fromisetting'a
iesholalprobability or a threshold probabjlityAralior e
iepIhe daily updatediShortterm forecasts for NW and
SYWERPacIfic in April 2002 ='September 2004

Witipi/scec.ess.ucla.edl/=ykagan/predictions, index.html; Kagan
2N ECKSER 2000 PreanISTCNOreCasting o earnguakes;

EEophys. J. Int., 143, 438-453) and the catalog of
SAnthguakes for the same period and have come to the

illowing conclusion:
eI predictions based on the Yan Y. Kagan and David D.

EEackson forecasts are hardly better than random
S guessing, when main shocks are considered, and could

‘f-%:“' = be used for effective prediction of aftershocks only.

—
—
et

= The conclusion is based on the prediction outcome
~ —achieved for 218 shallow (with depth less than 70 km)
earthquakes of MWHRYV = 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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iMENEriteny of WestPaeific shont- termi forecast is coarse-
seiECNRie CEllS; O S by O 5 degree each Viaking ai “bet” onia
cell © , w2 pay nlC) Wi SHEMUMmbErorfeartnguakes irom
wEssample catalog. Each target earthquake E defines the
JESH Id Value - p(E) (or p/P(E) ) - being the value of short-
t rm prokability p ( or the value of probability ratio p/P)
S determined! in advance for the day of the earthquake.
: "1n ts turn the threshold defines the minimal cost of a bet
::_ “required for successful prediction of the target earthquake,
IN(E), which is the sum of all bets n(C) over the union of cells
Wlth 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)}

assoclated with target earthquakes that happened.
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Denote u being the bet sum normalized to the total sumrel n(C)iand
MbEnahemumber ofifailures-to-predict normalizedhto the total number
gifianget earthquakes that'happened in the course ofi testing. The v vs. u
diggram characterize the effectiveness ofi the prediction methoed, €.g.,

fzl 'f-lf SpredicClonpeermanceleiassoeiated Withitherdiagonal that
cBNECtS “optimist's™ {1,0} and “pessimist’s™ {0,1} strategies (molchan, G. ..

E‘EE quake Prediction as a Decision-making Problem, Pure Appl. Geophys., 149, 233-247, 1997)

, )

Given -

| _(,L-E g f ack iecord of the West Pacific short-term forecasts in the period from
April 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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‘%ﬁtcome of an“absurd” prediction:

atage of the failures-to-predict v versus the percentage of the alerted space-time

€ p: {1(E), v(E)} and {p,p(E), v,p(E)} generated by “prediction” of the -
y with magnitude MwHRYV > 5.8 and depth > 70 km in April 10, 1992-September 13,

iU -in the p and p/ B -maps computed for April 10, 2002-September 13, 2004.

T —— i —

7 Delayed 231 earthquakes

- Thus, we cannot reject random
m=n lllllll ’

— 2,‘...... nature of the Jackson-Kagan
AN 17 TTPNTPRL

probabilistic” method and may
conclude that

, N (i) its effectiveness for predicting
\\\... large earthquakes is doubtful, and

...... \“. (ii) the applicability of the
HEEEREEERLAN underlying ETAS model is an

iIngrained bigotry.
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REDI0)] . Eartﬁquake Likelihood Models:
——
ANEalim on Siiaky grounds?:

pr—

'/él] GO0 Seoring Is ene of the delicate tools ofi Statistics,
vvmr 'CeUId e worthless or even misleading when
EPRLopriate probability: models are used. This Is a basic
Ierc Jejerfior a misuse of likelihood as well as other
-;Jnﬁ jstical methods on practice. The flaw could be avoided

. ;;__I Soy/Fanr accurate verification of generic probability models
= 0N the empirical data. It is not an easy task in the frames
= 0Of the Regional Earthquake Likelihood 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 group
realizes the problem and its members do their best to

close the hole with an adequate, data supported choice.
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On 19'May 2005, the

= =9 United States
-~ |+ Geological Survey

began a public web
site with forecasts of
expected ground
shaking for
‘tomorrow’ and
Nature published the
underlying work by
Gerstenberger et al.

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)
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LETTERS NATURE 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 6.5<M<7.5 (@)
Gerstenberger et al., 2005. 55 <M < 6.5 (11)

Nature 435, 328-330) — 45<M<55(96)
— 35<M<45(922)

10"

Daily rates

2

0 20 40 60 80 100 120 140 160 180
Days after initial event

The Abdus Salam ICTP

“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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- Probability density distribution functions of the
.random Vvariable "Time after initial.event" in different
~ magnitude ranges of the initial event.
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- Prc abilityldistribution functions of the random
L variable "Time after initial event"indifferent
= magnitude ranges of the initial event.

100%

95%

/
- / —0— M7
/ | N — —o— M6
Probabilities (p.f)
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| Proof: Norrh?@?d-by condition that the total integral of the
pility density function) increments equals 1, each-of
ir plots provides the minimum of positive p.d.f.
ients, which are by definition either 1/N or its integer
2.0., 2/N, 3/N, etc.). These are about 0.0012, 0.0008,
and 0. 0015 WhICh values imply the sample sizes about
_iﬁ 401, and 665 or integer multiples of these values.
'Bability of a smaller value of the Kolmogoroff-Smirnoff

2 D than that for the two samples used to plot the daily

_ fter 9.5 <M < 6.5 (green plot in Figure 3) event and after
= *< ‘M<45 (black plot) event (which D accounts to the value
- D MaX | Fyroon(t) = Froa(t) [-(N{No/(N,+N)) 12 2 2.12)
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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—

the statistics of the observed

TC und shaking In California, 2005-
r aYe Nemon that

Ihquakes of Modified Mercalli intensity
_"rj California keep occurring in the "sky
lue” areas of the lowest risk (p<1/10000),

——F"

EWhIle the extent of the observed areas of
=z intensity VI is by far less than the one

— expected from the calculations (currently a
very crude low bound estimate of the ratio has

surpassed a factor of 8.5...).
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SGS Web Site Misleads
Calliorians

EERIEWINNUSES CONUNIUES dellvermg
ro rr UG, emergency planners and
= BeTedia, a forecast product,

._v_\_/:'r.p MNs hased on Wromng assumptions,

Agicirviolates the best-documented

-‘

:-—-Fearthquake statistics in California,

- WhICh accuracy was not investigated, and
Which forecasts were not tested by the
authors In any rigorous way.
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50 10 aleris and target eartihiguakes in, the. Seuth
7B . 4 o SR ™ —

16 Mar-06
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NEESNOIEdIciienS:

\/\ erecontinuoeusly observe no success;

|dently, this highly contradicts the expected
E umber P-NI= 56%:-21 = 11.76 (presumably,

“PIis an estimate of probability of success);
_—‘f_f_z-*.c_‘;The IHEES predictions are misleading and their

pm— -

.—.' -
==

—_
o

= — dissemination to the public, emergency
: planners and the media should not be done;

® [he underlying theory Is either erroneous or
applied in a wrong way.
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"_fevident cases of misuse of Statistics
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m._ Bowman, Ouillon, Sammis, Sornette, & Sornette, 1998

It is still unclear
if “the best fit”

is random... ?

Free parameters:
dT, Mc, aftershocks
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M=4.4 Superstition Hillg (1937)
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M=4.8 3an Fernando (1971)
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Does “the
best fit”
fit the data
at all
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Conclusion?

W20 B b PEE CoMCEPTURL o ol WELL, &IMCE
SLIEMTIST, ~ol) RREAC B BELIEVE B WL Dot UERE
EMOSIoM T B TR } “elRE | BrEATOAMGE To

FIRST, TUEN Y5T 16HoRG

PRRNE 05 WROhG,
LOGAL PICTITES

WE MysT BE

AL NS

1 " K L T L T

“See how easy It |s’?”
Should seismologists continue to ignore
evident features of seismic activity in favor
of “old-good” fallacies?
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“Precursors”

e simple se|sm|C|ty patterns Z and “burst of
Fliershocks” — were given unambiguous
rr\c {)dumble definitions and their predictive value
Easivalidated by the prospective worldwide tests.
&= [However, it is not clear yet whether some single

..----".:r..._-:-— -

jﬂz—smple premonitory pattern may compete in
= performance with prediction algorithms that
-~ combine several traits describing the dynamics of
seismic region at the approach of a large

earthquake.
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—
HElE precision of computations: IS, theNilst
SV mptomrefamathematicaiMilitéracy”
- A.N.Krylov, (1863-1945)
RISSIARANIIEUIEIEICIEN

45

SENaGcUracy of an earthquake prediction method
[BRESSentially predefined by the accuracy of the

& @2ia available, which is far from ideal. The

s__ff[jﬂavmdable natural difficulties in observing

= seismic events as well as in correlating them
with other geophysical phenomena and fields
complicates the design and testing of a new
generation of earthguake prediction technique.
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Tt me- ccumulated case-histories of predicted
een d not predicted earthquakes provide us

= ,Unlque and so far very limited information

.-l-r""'.:.-_E'- —

= that may help understanding the ultimate
Himits of seismic predictability.

=gt =

The Abdus Salam ICTP
Miramare ¢ 08/10/2009 Advanced School on Non-linear Dynamics and Earthquake Prediction 44




ES of earthquake predictions

Erm-less predlctlon Off eanthguake-prone: areas

NEredictioneitimerandibeationiofianieantiguake of
fCEntain magnitude

e

1"'- iy " " ] N
Tem@'e S IRryears Spatial, In source zone size L

-*term 10 | Long-range up to 100

];' rmedlate term 1 | Middle-range 5-10
— fShort-term 0.01-0.1
| Immediate 0.001

* 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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Average annual number of magnitude 4.0 or greater Anmmal mimber of earthqudes
earthquakes at a 1°x1° cell (rnormalized to its area on _ ENSNEEEEEN

L B

equal‘OI) = & = = = — * E b
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- N
AKES are rare
HErEeliore,
plication of
gothm.Is
A arez

= ’Efé?eoior on| the maps
~— signifies the annual

~ average number of
earthquakes with
magnitude 4 or larger in
the 667-km (above) and
427-km (below) circles
centered at the point.

The Abdus Salam ICTP
Miramare ¢ 08/10/2009 Advanced School on Non-linear Dynamlcs and Earthquake Prediction 47




50% -
o/ M
40% M8
30%
20% Y
10% L Y
M8-MSc
0%
O © N
[ oo} ~50)
S oSl
60% —
50%
K
IM8!
M8-MSc
e |\4 .0+ —— M5.0+ —&— M6.0+ —¢— M7.0+ —%¢— M7.5+
e Abd =

OUO 084

O O a0

... ' Ci O
900-1984

3 q e Pred 0



Regions of Incressed Prabability of Magnitude 7.8+ Earthguakes
as on July 1, 2002 (subfect o update en January 1, 2003}
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-
Sent on Monday, Wh.a.t WaS predriCtedT

July 15, 2002

(Subject: The :

2002b Update of ' —

the M8-MSc Earthquake(s) withi magnitude

predictions) 7.5 or more will occur in ClI #5
along with the (yellow) during the time period

updated - from July 2002 through July
predictions of 2003.

major earthquakes
worldwide.

In the second approximation
the MSc algorithm has
identified the area (red) that
stretch between

24.52S - 21.16S and
178.76E - 177.53W.
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\What was predicte
S— —

® The position of the

M8-MSc alarmi that
narrow down
substantially the
prediction area
suggested the
occurrence of the
great deep
earthquakes
(depth of about

*| Depth Scale (kn) 240-700 km).
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What happenedss=

e EARTHOQUAKES:
‘s Origin times -

2002/08/19 11:01:01
2002/08/19 11:08:25 ;

Coordinates —

21.80S 179.49W
02/08/19 FlJ] ISLANDS RECGION 23.85S 178.41E;

MY 7.5 aind 7.7 Deep Earthquakes L
@[ﬁ]@] ﬁh@ﬁﬁ? @Lﬁ@[ﬁ@h@@k@ DepthS % 5868 and 6937 km,
Magnitudes —

MwGS (MeGS)
7.5and 7.7 (7.7 and 7.4);
F-E Regions —
Cl #5: TIP until 2003/07/01 FI1JI ISLANDS REGION and
SOUTH OF FIJI ISLANDS.

The two August 19 main shocks mark both northern and southern edges of the
prediction area. Does it mean that sometimes exact prediction is not possible?
This reduction of the uncertainty provides probability gain of more than 25.
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p—

| - —
AU} the accuracylachieved by MEahd MSc
Aloprithms,in.the en-gping| Global testing;is
fiermediate in ume domain and! varies from
;dle 10 exact in space domain.

lr Some cases, the accuracy could be improved

—
i

" *by making use of additional short-term
?——- “monitoring of seismic activity and, perhaps,
- other geophysical fields in the alerted area of
Investigation.
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seE’fﬂd-y of electremagnetic record anout
ersiierefi21. July 1995, MS. 7 Yeng Dengy™
= (China, earthquake IR Npet

One

e —

S Zlomicki et al. / Tectonophyvsics 334 (2001 ) 259-270

Lﬂfﬂlﬁel”'-'\hﬁﬂ mzﬁm&

k

Gobi Ala Shan platform
May 23, 1927

M=8-83 Cetober 20, 1990

T Desert ha‘:ﬁﬁ

\%;mf
g g,
Tirghon X

.
1%&

Song Shan
\Y

July 21, 1995\

.
I
s

1125

106
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Evolution of the ULF
signal

® |ntensity and
® Period
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ong Deng EQ
i)

o s} ). ofels s
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0501795

Latitude (°N.)

06/01/95 -

0702195

Number of

foreshocks

o

Number of
aftershocks

&
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Time to EQ, days

Time since EQ, days

Evolution efithe ULE

g

i
~ signal

The 1995 Yong Deng earthquake

occurred in less than 100 km
from the instrument at the time
of characteristic ULF and/or its
power decay on component
directed at the epicenter.

TThe appearance of the ULF signal

accompanied with a rise of
seismic activity on adjusting
segment of Halyuan fault
system.

The characteristic ULF collapsed
Just before aftershocks fast

disappeared (exponentially).
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—
WhatsaresthesNexd*steps?

IMENEgeRthSare ieltnereplimalineruRIgue
((J\ SSEE, Vere-Jones “probabilistic™ version of M8, etc) The
aeelacy could be improved by a systematic
IENIteNg ofi the alarm areas and by designing a
MEW generation of earthguake prediction

= :" echnlque (“Seismic Reversal” - SR, ROC, Accord, RTP, etc.).

= and an obvious general one -

sl -\._.|

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