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Precursors and PrejudicesPrecursors and Prejudices

Although many observations reveal unusual changes of Although many observations reveal unusual changes of 
geophysical fields at the approach of a large earthquake, geophysical fields at the approach of a large earthquake, 
most of them report a unique case history and lack a most of them report a unique case history and lack a 
systematic description (systematic description (WyssWyss, 1991, 1991). The later makes an ). The later makes an 
earthquake prediction method hardly reproducible and, earthquake prediction method hardly reproducible and, 
therefore, testable by an independent investigator even in therefore, testable by an independent investigator even in 
cases, when such a method has been proposed long time cases, when such a method has been proposed long time 
ago and its post the fact applications are subject of ago and its post the fact applications are subject of 
numerous publications in prestigious scientific journals. numerous publications in prestigious scientific journals. 
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““The analysis of data inevitably involves some trafficking with tThe analysis of data inevitably involves some trafficking with the field of he field of statisticsstatistics, that gray , that gray 
area which is not quite a branch of mathematics area which is not quite a branch of mathematics -- and just as surely not quite a branch and just as surely not quite a branch 
of science. In the following sections, you will repeatedly encouof science. In the following sections, you will repeatedly encounter the following nter the following 
paradigm:paradigm:
•• apply some formula to the data to compute "a statistic"apply some formula to the data to compute "a statistic"
•• compute where the value of that statistic falls in a probabilitycompute where the value of that statistic falls in a probability distribution that is distribution that is 

computed on the basis of some "null hypothesis"computed on the basis of some "null hypothesis"
•• if it falls in a very unlikely spot, way out on a tail of the diif it falls in a very unlikely spot, way out on a tail of the distribution, conclude that the stribution, conclude that the 

null hypothesis is null hypothesis is falsefalse for your data setfor your data set

If a statistic falls in a If a statistic falls in a reasonablereasonable part of the distribution, you must not make the mistake of part of the distribution, you must not make the mistake of 
concluding that the null hypothesis is "verified" or "proved". Tconcluding that the null hypothesis is "verified" or "proved". That is the curse of hat is the curse of 
statistics, that it can never prove things, only disprove them! statistics, that it can never prove things, only disprove them! At best, you can At best, you can 
substantiate a hypothesis by ruling out, statistically, a whole substantiate a hypothesis by ruling out, statistically, a whole long list of competing long list of competing 
hypotheses, every one that has ever been proposed. After a whilehypotheses, every one that has ever been proposed. After a while your adversaries and your adversaries and 
competitors will give up trying to think of alternative hypothescompetitors will give up trying to think of alternative hypotheses, or else they will grow es, or else they will grow 
old and die, and old and die, and then your hypothesis will become acceptedthen your hypothesis will become accepted. Sounds crazy, we know, . Sounds crazy, we know, 
but that's how science works!but that's how science works!””

(William H. Press et al., (William H. Press et al., Numerical RecipesNumerical Recipes, p.603), p.603)
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What is earthquake prediction?What is earthquake prediction?

The United States National Research Council, Panel on EarthquakeThe United States National Research Council, Panel on Earthquake
Prediction of the Committee on Seismology suggested the followinPrediction of the Committee on Seismology suggested the following g 
definition (1976, p.7):definition (1976, p.7):
““An earthquake prediction must specify the expected magnitude ranAn earthquake prediction must specify the expected magnitude range, the ge, the 
geographical area within which it will occur, and the time intergeographical area within which it will occur, and the time interval within val within 
which it will happen with sufficient precision so that the ultimwhich it will happen with sufficient precision so that the ultimate success or ate success or 
failure of the prediction can readily be judged. Only by carefulfailure of the prediction can readily be judged. Only by careful recording recording 
and analysis of failures as well as successes can the eventual sand analysis of failures as well as successes can the eventual success of uccess of 
the total effort be evaluated and future directions charted. Morthe total effort be evaluated and future directions charted. Moreover, eover, 
scientists should also assign a confidence level to each predictscientists should also assign a confidence level to each prediction.ion.””
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Stages of earthquake predictionStages of earthquake prediction
•• TermTerm--less prediction of earthquakeless prediction of earthquake--prone areas   prone areas   
•• Prediction of time and location of an earthquake of Prediction of time and location of an earthquake of 

certain magnitudecertain magnitude

LongLong--range                 up to 100range                 up to 100
MiddleMiddle--range                      5range                      5--1010
Narrow                                 2Narrow                                 2--33
ExactExact 11

LongLong--term                   10term                   10
IntermediateIntermediate--term         1term         1
ShortShort--term         0.01term         0.01--0.10.1
ImmediateImmediate 0.0010.001

Spatial, Spatial, in source zone size Lin source zone size LTemporal, Temporal, in yearsin years

•• Moreover, the GutenbergMoreover, the Gutenberg--Richter law suggests limiting magnitude Richter law suggests limiting magnitude 
range of prediction to about one unit. range of prediction to about one unit. Otherwise, the statistics would be Otherwise, the statistics would be 
essentially related to dominating smallest earthquakes.essentially related to dominating smallest earthquakes.
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PLANETS ALIGN: PLANETS ALIGN: 
On Wednesday morning, September 24th, On Wednesday morning, September 24th, 
2003 a lovely trio appeared in the eastern 2003 a lovely trio appeared in the eastern 
sky:sky: Jupiter, the crescent moon Jupiter, the crescent moon 
and Mercuryand Mercury……

最大余震
2003年9月26日06時08
分03秒
北緯41.8度
東経143.9度
深さ35km
M7.4

本震
2003年9月26日04時50
分11秒
北緯42.0度
東経143.9度
深さ25km
M7.7

防災科研Hi-net暫定処理による震源位置

Is it a coincidence or Is it a coincidence or 
a law?a law?

Two days later Two days later ……
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SeismicSeismic RouletteRoulette

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

•• Make your bet according to prediction: determine, which Make your bet according to prediction: determine, which 
events are inside area of alarm, and put one chip in each of events are inside area of alarm, and put one chip in each of 
the corresponding sectors. the corresponding sectors. 

•• Nature turns the wheel. Nature turns the wheel. 
•• If seismic roulette is not perfectIf seismic roulette is not perfect……

then then systematicallysystematically you can win! you can win! ☺☺
and lose and lose …… //

If you are smart enough and your predictions are effective If you are smart enough and your predictions are effective ------------
the first will outscore the second! the first will outscore the second! ☺☺ ☺☺ // ☺☺ ☺☺ ☺☺ // ☺☺ ☺☺ ☺☺



The Abdus Salam ICTP The Abdus Salam ICTP 
Miramare  Miramare  ♦♦ 10/10/200510/10/2005 8th Workshop on Non8th Workshop on Non--Linear Dynamics and Earthquake PredictionLinear Dynamics and Earthquake Prediction 88

Seismic Seismic 
RouletteRoulette
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West Pacific West Pacific 
shortshort--term forecastterm forecast

Is it prediction?Is it prediction?
No, unless you are a little bit more specificNo, unless you are a little bit more specific……

Is it shortIs it short--term?term?
Seems notSeems not……

Can anyone evaluate its effectiveness?Can anyone evaluate its effectiveness?
Yes, if provided a track record of the Yes, if provided a track record of the 
experiment. experiment. 

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

KaganKagan and Jackson (2000) "Probabilistic forecasting of earthquakes", and Jackson (2000) "Probabilistic forecasting of earthquakes", 
GeophysGeophys. J. Int., 143, 438. J. Int., 143, 438--453 453 
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We have analyzed the predictions arising from setting a We have analyzed the predictions arising from setting a 
threshold probability or a threshold probability ratio on top ththreshold probability or a threshold probability ratio on top the e 
daily updated Shortdaily updated Short--term forecasts for NW and SW Pacific in term forecasts for NW and SW Pacific in 
April 2002 April 2002 -- September 2004 September 2004 
((http://http://scec.ess.ucla.edu/~ykagan/predictions_index.htmlscec.ess.ucla.edu/~ykagan/predictions_index.html; ; KaganKagan and and 
Jackson, 2000. Probabilistic forecasting of earthquakes, Jackson, 2000. Probabilistic forecasting of earthquakes, GeophysGeophys. J. Int., . J. Int., 
143, 438143, 438--453453) and the catalog of earthquakes for the same ) and the catalog of earthquakes for the same 
period and have come to the following conclusion:period and have come to the following conclusion:

The predictions based on the The predictions based on the YanYan Y. Y. KaganKagan and David D. and David D. 
Jackson forecasts are hardly better than random guessing, Jackson forecasts are hardly better than random guessing, 
when main shocks are considered, and could be used for when main shocks are considered, and could be used for 
effective prediction of aftershocks only. effective prediction of aftershocks only. 

The conclusion is based on the prediction outcome achieved for The conclusion is based on the prediction outcome achieved for 
218 shallow (with depth less than 70 km) earthquakes of 218 shallow (with depth less than 70 km) earthquakes of 
MwHRVMwHRV = 5.8 or more. = 5.8 or more. According to the definition from According to the definition from 
((KeilisKeilis--BorokBorok et al., 1980et al., 1980), there are 67 aftershocks and 151 ), there are 67 aftershocks and 151 
main shocks. main shocks. 
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The territory of West Pacific shortThe territory of West Pacific short--term forecast is coarseterm forecast is coarse--grained grained 
into cells, 0.5 by 0.5 degree each. Making a into cells, 0.5 by 0.5 degree each. Making a ““betbet”” on a cell C, we on a cell C, we 

pay pay n(Cn(C), which is the number of earthquakes from the sample ), which is the number of earthquakes from the sample 
catalog. Each target earthquake E defines the threshold value catalog. Each target earthquake E defines the threshold value -- p(Ep(E) ) 

( ( or p/P(E)or p/P(E) ) ) -- being the value of shortbeing the value of short--term probability p ( term probability p ( or the or the 
value of probability ratio p/Pvalue of probability ratio p/P ) determined in advance for the day of ) determined in advance for the day of 

the earthquake. the earthquake. 
In its turn the threshold defines the minimal cost of a bet  reqIn its turn the threshold defines the minimal cost of a bet  required uired 

for successful prediction of the target earthquake, N(E), which for successful prediction of the target earthquake, N(E), which is the is the 
sum of all bets sum of all bets n(Cn(C) over the union of cells with p equal or above ) over the union of cells with p equal or above 

p(Ep(E) ( ) ( same for the ratio p/Psame for the ratio p/P ). The track record of the experiment ). The track record of the experiment 
provides the set of bets {N(E)} associated with target earthquakprovides the set of bets {N(E)} associated with target earthquakes es 

that happened. that happened. 
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Denote Denote µµ being the bet sum normalized to the total sum of being the bet sum normalized to the total sum of n(Cn(C) and ) and 
νν being the number of failuresbeing the number of failures--toto--predict normalized to the total numberpredict normalized to the total number

of target earthquakes that happened in the course of testing. Thof target earthquakes that happened in the course of testing. The e νν vs. vs. µµ
diagram characterize the effectiveness of the prediction method,diagram characterize the effectiveness of the prediction method, e.g., e.g., 

random prediction performance is associated with the diagonal thrandom prediction performance is associated with the diagonal thatat
connects connects ““optimistoptimist’’ss”” {1,0} and {1,0} and ““pessimistpessimist’’ss”” {0,1} strategies ({0,1} strategies (MolchanMolchan, G. M.. Earthquake , G. M.. Earthquake 

Prediction as a DecisionPrediction as a Decision--making Problem, Pure making Problem, Pure ApplAppl. . GeophysGeophys., 149, 233., 149, 233--247, 1997247, 1997).).

Given Given --

(1) the track record of the West Pacific short(1) the track record of the West Pacific short--term forecasts in the period from April term forecasts in the period from April 
10, 2002 to September 13, 2004;10, 2002 to September 13, 2004;

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

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

we plotted several we plotted several νν vs. vs. µµ diagrams.diagrams.
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The two figures show the performance of predictions based The two figures show the performance of predictions based 
on p or p/P in the test period from April 10, 2002 to September on p or p/P in the test period from April 10, 2002 to September 13, 2004. The total of 13, 2004. The total of 

218 earthquakes of magnitude Mw = 5.8 or more with the depth of 218 earthquakes of magnitude Mw = 5.8 or more with the depth of 70 km or 70 km or 
shallower occurred in the West Pacific. Ashallower occurred in the West Pacific. According to definition from (ccording to definition from (KeilisKeilis--BorokBorok et et 

al., 1980al., 1980), 67 of them are aftershocks and 151 main shocks. ), 67 of them are aftershocks and 151 main shocks. 

All 218 target earthquakes All 218 target earthquakes 151 main shocks 151 main shocks 
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The outcome of an The outcome of an ““absurdabsurd”” prediction: prediction: 
The percentage of the failures-to-predict ν versus the percentage of the alerted space-time volume µ: 

{µp(E), νp(E)} and {µp/P(E), νp/P(E)} generated by “prediction” of the 231 earthquakes with magnitude 
MwHRV ≥ 5.8 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.

The observed deviation from the The observed deviation from the 
diagonal is about the same or better diagonal is about the same or better 

than in the realthan in the real--time applications.time applications.
Thus, we cannot reject random Thus, we cannot reject random 

coincidence and may conclude that coincidence and may conclude that 
(i) the effectiveness of the Jackson(i) the effectiveness of the Jackson--

KaganKagan ““probabilisticprobabilistic”” method for method for 
predicting large earthquakes is rather predicting large earthquakes is rather 

doubtful, and thatdoubtful, and that
(ii) the applicability of the underlying (ii) the applicability of the underlying 

ETAS model is superstitious.  ETAS model is superstitious.  

““DelayedDelayed”” 231 earthquakes 231 earthquakes 
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On 19 May 2005, the 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 al1. Since that time, two earthquakes of intensity VI in California2 have 
occurred in the areas of the web-site’s lowest-risk. This should not surprise Californians: 
Gerstenberger et al1 overturned the outcome of the primary verification and used a method 
developed by the Regional Earthquake Likelihood Models (RELM) group3, which has 
fundamental flaws that neither define the forecast precision nor allow a means to judge the 
ultimate success or failure in specific cases.

1. 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)

2. The earthquakes on June 12, 2005 near Anza and June 16, 2005 near Yucaipa produced ground shaking with 
Modified Mercalli intensity VI (pasadena.wr.usgs.gov/shake/ca). 

3. Schorlemmer, D., Gerstenberger, M., Wiemer, S. & Jackson D. Earthquake Likelihood Model Testing (manuscript 
in preparation, February 7, 2005)

USGS Web Site May Mislead Californians
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Soliciting misuse 
of statistics?

“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 M ≥ 4 
in 24-hour intervals following mainshocks occurring between 

1988 and 2002 in southern California. 

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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Proof: Normalised by condition that the total integral of the p.d.f. (probability density 
function) increments equals 1, each of the four plots provides the minimum of positive p.d.f. 
increments, which are by definition either 1/N or its integer multiple (e.g., 2/N, 3/N, etc.). 
These are about 0.0012, 0.0008, 0.0025, and 0.0015, which values imply the sample sizes 
about 846, 1250, 401, and 665 or integer multiples of these values. The probability of a 
smaller value of the Kolmogoroff-Smirnoff statistic D than that for the two samples used to 
plot the daily rates after 5.5 < M < 6.5 (green plot in Figure 3) event and after 3.5 < M < 4.5 
(black plot) event 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. ■
(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 aftershock 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.)

Analyzing the figure by means of the well-known Kolmogoroff-Smirnoff criterion, 
an experimentalist would be led to reject the hypothesis that the random 

variable "Time after initial event" in different magnitude ranges of the initial 
event has the same statistical distribution. 
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Aftershock sequences of southern California are extremely different – e.g. the 
total number of M2.0+ aftershocks in 100 days can be 0 for some main shocks 
up to magnitude 5.0 (about 10-25% of the total for different magnitudes) and 
can differ by a factor 10 or more for magnitude 6.0 main shocks (for Whittier 
Narrows, 1987, M6.2, the number of M2.0+ aftershocks is about one hundred, 
while for Joshua Tree, 1992, M6.1, it is above 19 hundred). For M7.0+, the 
recent Landers, 1992, M7.3, has about 8.5 thousand, while Hector Mine, 1999, 
M7.1, has only 4.6 thousand of M2.0+ aftershocks. Therefore, epoch analysis 
of the aftershock series, in fact, is analogous to measuring of the average 
patients’ temperature in a clinic, while “an average behavior of the seismicity”
in the region is analogous to crossing the pond through the middle of its 
waters, which is the average of walking around it, by turning to the left or to 
the right. 

Aftershocks and their epoch analysis 
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Aftershock sequences of the great shocks: Summary from Aftershock sequences of the great shocks: Summary from 
RomashkovaRomashkova and and KossobokovKossobokov (2001)(2001)

РомашковаРомашкова, , ЛЛ..ЛЛ., ., ВВ..ГГ. . КособоковКособоков. . ДинамикаДинамика сейсмическойсейсмической активностиактивности додо ии послепосле
сильнейшихсильнейших землетрясенийземлетрясений мирамира, 1985, 1985--2000. 2000. ПроблемыПроблемы динамикдинамик литосферылитосферы ии
сейсмичностисейсмичности. . ММ.: .: ГеосГеос, 2001, 162, 2001, 162--189 (189 (ВычислительнаяВычислительная сейсмологиясейсмология, , ВыпускВыпуск 32)32)

284 days284 days
100 days, =1.5100 days, =1.5
1.3 years, >31.3 years, >3
65 days, >1.565 days, >1.5

--
2 years, >2.52 years, >2.5
14 days, >214 days, >2

1 year1 year
2 years, >2.52 years, >2.5

140 days140 days
2 years, >1.72 years, >1.7

Modified OL 3Modified OL 3
Modified OL 3Modified OL 3
Modified OL 2Modified OL 2
Modified OL 3Modified OL 3

--
Modified OL 3Modified OL 3
Modified OL 2Modified OL 2
Modified OL 3Modified OL 3
Modified OL 2Modified OL 2
Modified OL 2Modified OL 2
Modified OL 2Modified OL 2

OmoriOmori LawLaw
Modified OL 3Modified OL 3

OmoriOmori LawLaw
Modified OL 2Modified OL 2

--
Modified OL 2Modified OL 2
Modified OL 2Modified OL 2
Modified OL 2Modified OL 2
Modified OL 2Modified OL 2

OmoriOmori LawLaw
Modified OL 2Modified OL 2

6565
205205
5454
247247
55

919919
302302
483483
427427
4477
799799

2929
151151
3636
121121
55

515515
5252
311311
357357
3838
278278

1985/09/191985/09/19
1986/10/201986/10/20
1989/05/231989/05/23
1993/08/1993/08/0808
1994/06/091994/06/09
1994/10/041994/10/04
1995/04/071995/04/07
1995/12/031995/12/03
1996/02/171996/02/17
1998/03/251998/03/25
2000/06/042000/06/04

Relaxation Relaxation 
time, yearstime, years

Aftershocks Aftershocks 
decay 3 ydecay 3 y

Aftershocks Aftershocks 
decay 100 ddecay 100 d
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100 days100 days
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Thus, the OmoriThus, the Omori’’s law for aftershocks is hardly a s law for aftershocks is hardly a 
solidly documented fact. Some earthquakes are solidly documented fact. Some earthquakes are 

not followed by any comparable shocks. Some do not followed by any comparable shocks. Some do 
cluster in space and time but individual clusters cluster in space and time but individual clusters 

could be of different kinds, among which could be of different kinds, among which 
seismologists distinguish seismologists distinguish ““swarmsswarms”” and and 

““foreshocksforeshocks--main shockmain shock--aftershocksaftershocks”” series. The series. The 
absence of commonly accepted definitions and absence of commonly accepted definitions and 

classifications results in controversies. classifications results in controversies. 
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Other evident cases of misuse of Statistics
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Bowman, Bowman, OuillonOuillon, , SammisSammis, , SornetteSornette, & , & SornetteSornette, 1998, 1998

It is still unclear if 
“the best fit”
is random… ?
Free parameters:    dT, 

Mc, aftershocks

80 years !

3,5 years …
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ZollerZoller, , HainzlHainzl
& & KurthsKurths, 2001, 2001

Does 
“the 
best 

fit” fit 
the 

data at 
all
?
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Verified Verified ““PrecursorsPrecursors””

•• The  simple The  simple seismicityseismicity patterns patterns –– ΣΣ and and ““burst of burst of 
aftershocksaftershocks”” –– were given unambiguous reproducible were given unambiguous reproducible 
definitions and their predictive value was validated by definitions and their predictive value was validated by 
the prospective worldwide tests.the prospective worldwide tests. However, iHowever, it is not t is not 
clear yet whether some single simple premonitory clear yet whether some single simple premonitory 
pattern may compete in performance with prediction pattern may compete in performance with prediction 
algorithms that combine several traits describing the algorithms that combine several traits describing the 
dynamics of seismic region at the approach of a large dynamics of seismic region at the approach of a large 
earthquake. earthquake. 
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Worldwide performance of earthquake prediction Worldwide performance of earthquake prediction 
algorithms M8 and M8algorithms M8 and M8--MSc: Magnitude 8.0+.MSc: Magnitude 8.0+.

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

99.99.8787 99.99.9292

99.99.6969 99.99.5454

33.33.2424 17.17.1414

28.28.4242 14.14.3737

1111 9      79      7

99 7      57      5

19851985--
presentpresent

19921992--
presentpresent

Confidence Confidence 
level, %level, %

M8 M8M8 M8--MScMSc

Measure of Measure of 
alarms,%alarms,%

M8 M8M8 M8--MScMSc

Large earthquakesLarge earthquakes
Total     Predicted by Total     Predicted by 

M8   M8M8   M8--MScMSc

Test Test 
periodperiod

To drive the achieved confidence level below 95%, the Test shoulTo drive the achieved confidence level below 95%, the Test should d 
encounter four failuresencounter four failures--toto--predict in a row.predict in a row.
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Worldwide performance of earthquake prediction Worldwide performance of earthquake prediction 
algorithms M8 and M8algorithms M8 and M8--MSc: Magnitude 7.5 or more.MSc: Magnitude 7.5 or more.

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

99.99.9933 99.99.9988

99.99.0707 99.99.3311

34.34.3535 1111..0055

2828..7777 1100..4545

5533 3030 1616

4040 1919 1010
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presentpresent
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level, %level, %

M8 M8M8 M8--MScMSc
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alarms,%alarms,%

M8 M8M8 M8--MScMSc

Large earthquakesLarge earthquakes
Total     Predicted by Total     Predicted by 

M8   M8M8   M8--MScMSc

Test Test 
periodperiod

The prediction for M7.5+ is less effective than for M8.0+. The prediction for M7.5+ is less effective than for M8.0+. Nevertheless, we Nevertheless, we 
continue testing the algorithms for this and smaller magnitude rcontinue testing the algorithms for this and smaller magnitude ranges.anges.
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