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Isn’t it a coincidence 2.

-

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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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 ?
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fology is juvenile-and its appropriate statistical tools
ave v pse"'who hurry
ppIy a fuzzy Ianguage of a highly developed
@ollity theory. To become "quantitatively probabilistic™
hgtiake forecasts/predictions must be defined with a
BtifIC accuracy. Following the most popular ObjeCtIVIStS
omt on probability, we cannot claim "probabilities"
==ad quate without a long series of ° yes/no
- Ei'*-*farecast/predlctlon outcomes. Without "antiquated binary
= Jahguage” of "yes/no" certainty we cannot judge an
— -outcome (“'success/failure"), and, therefore, quantify
objectively a forecast/prediction method performance.
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IS mic Roulette null-hypothesis

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

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

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

orlose ... ®

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

and your wins will outscore the lossest © O O O O B © © ©
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Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2000 ( subject to update on Ja.rmary 1, 2001)
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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
A 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. Soloviev,
(Editors). Nonlinear Dynamics of the
Lithosphere and Earthquake Prediction.
Springer, Heidelberg, 208-237, 2003.

0
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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, eg/day*(100km)?
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e .
We have analyzed the predictions arising from setting a
ieshold probability or a threshold probability ratio on...
top the daily updated Short-term forecasts for NW and
S\W Pacific in April 2002 - September 2004

0://scec.ess.ucla.edu/~ykagan/predictions_index.html; Kagan
, 2000. Probabili orecasting ofearthquakes

ph S. J Int., 143, 438-453) and the catalog of
arthquakes for the same period and have come to the
Iowmg conclusion:

predlctlons based on the Yan Y. Kagan and David D.
Jackson forecasts are hardly better than random
= guessing, when main shocks are considered, and could
= be used for effective prediction of aftershocks only.

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 (Kelilis-Borok et al., 1980), there are 67
aftershocks and 151 main shocks.

—_——r
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1e territory of West Pacific short-term forecast is coarse-
2d Into cells, 0.5 by 0.5 degree each. Making a “bet” on a
o=\ , W e number of earthquakes from

3 sample catalog. Each target earthquake E defines the
shold value - p(E) ( or p/P(E) ) - being the value of short-

i term probability p ( or the value of probability ratio p/P )
= determined in advance for the day of the earthquake.

: rs- in Its turn the threshold defines the minimal cost of a bet

==l

:f f’feqwred for successful prediction of the target earthquake,

N(E), which is the sum of 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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.
Denote p being the bet sum normalized to the total sum of n(C) and
) > number of failures-to-predict normalized to the total number
rget earthquakes that happened in the course of testing. The v vs. u
diagram characterize the effectiveness of the prediction method, e.g.,
om pred associated with the diagonal that

cts optlmlst’s” {1, O} and “peSS|m|st’s” {0,1} strategies (Molchan, G. M.

'p
"quake Prediction as a Decision-making Problem, Pure Appl. Geophys., 149, 233-247, 1997)

e
=
o

Given -

rack record of the West Pacific short-term forecasts in the period from

-—"_n.,_c -

,;:,- _ 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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‘mtcome of an “absurd” prediction:
atage of the failures-to-predict v versus the percentage of the alerted space-time
1(E), v,(E)} and {,p(E), v,p(E)} generated by “prediction” of the 231
s with magnitude MwHRV > 5.8 and depth > [ 170 km in April 10, 1992-September
994 using the p and p/P maps computed for April 10, 2002-September 13, 2004.

-
-

“Delayed” 231 earthquakes

N

N [ =
B

nature of the Jackson-Kagan
“probabilistic® method and may
conclude that

ﬁﬁmﬁ*qk\g... (1) its effectiveness for predicting
“‘.. large earthquakes is doubtful, and

EREEEEN N (ii) the applicability of the

T T T T T T INGON underlying ETAS model is an
iIngrained bigotry.
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Regional Earthquake Likelihood Models:
A realm on shaky grounds?

—_

ihood scoring Is one of the delicate tools of Statistics,
ich could be worthless or even misleading when
ppropriate probability models are used. This is a basic
)phole for a misuse of likelihood as well as other
| tlstlcal methods on practice. The flaw could be avoided
-_--_._..-*;-—s ‘an accurate verification of generic probability models
=~ 0n the empirical data. It is not an easy task in the frames
—  of 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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19 May 2005 | www.nature.com/nature | $10 THE INTERNATIONAL WEEKLY U O LIRS 1 oF !
44 1
5

=
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WneUALYINJRUMMM  SOOZ M2 61 #3E-11T 'SEY DT
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= 2¥4 On 19'May2005, the

'hb N0

— United States

| Geological Survey
began a public web
site with forecasts of
expected ground
shaking for
‘tomorrow’ and

= -~ = Nature published the
TR o e, underlying work by

or sx;m-c%.L THERAPY

_ Will niches work miracles? ~ "’ — = ; GerSten berger et aI "

ANTIPLAGIARISM SOFTWARE
Drivingout the cheats

INTELLIGENT DESIGN e —
e PR o R e T al Gerstenberger, M. C., Wiemer, S., Jones, L. M. &
SRR T — 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. 5.5 <M< 6.5 (11)

Nature 435, 328-330) — A45<M <55 (96)
— 35<M<45(922)

Daily rates

60 80 100 120 140 160 180
Days after initial event

“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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REC bability density distribution functions of the

variable "Time after initial event" in different
- magnitude ranges of the initial event.
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Probability distribution functions of the random
variable "Time after initial event" in different
agnitude ranges of the initial event.
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Proof: Norm;I%Ed*by condition that the total integral of the
pility density function) increments equals 1, each of
r plots provides the minimum of positive p.d.f.
nents, which are by definition either 1/N or its integer
2.9, 2/N, 3/N, etc.). These are about 0.0012, 0.0008,
‘and 0. 0015 WhICh values imply the sample sizes about
250, 401, and 665 or integer multiples of these values.
1 bability of a smaller value of the Kolmogoroff-Smirnoff
ati fic D than that for the two samples used to plot the daily
after 9.5 <M < 6.5 (green plot in Figure 3) event and after
: 3?5'< M < 4.5 (black plot) event (which D accounts to the value
" D= max | Fyeen(t) = Froalt) | (NNo/(N;+N,))2 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

und shaking in California, 2005-
recaor NAMOoOr that

hquakes of Modified Mercalli intensity
n California keep occurring in the "sky
ue" areas of the lowest risk (p<1/10000),

—_——r

= ,::c_whlle the extent of the observed areas of
-~ 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 Californians

. the time of Nature published the work by
tenberger et al on May 19 2005 -
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SGS Web Site Misleads Californians

P

e the time of Nature published the work by
Gerstenberger et al on May 19, 2005 -
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SGS Web Site Misleads Californians -

e the time of Nature published fhhe work by
Gerstenberger et al on May 19, 2005 -

Forecast for 04/01/2006 12:42 AM PST
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SGS Web Site Misleads Californians ;

" the time of Nature published the work by

Gerstenberger et al on May 19, 2005 -

Foracast for 02022006 08:00 PM POT
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SGS Web Site Misleads Californians -

e the time of Nature published fhhe work by
Gerstenberger et al on May 19, 2005 -
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SGS Web Site Misleads Californians

e the time of Nature published fhhe work by
Gerstenberger et al on May 19, 2005 -
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SGS Web Site Misleads Californians

. the time of Nature published the work by
tenberger et al on May 19 2005 -
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GS Web Site Misleads_.
Californians

tfuIIy, USGS continues delivering
he public, emergency planners and
the media, a forecast product,

r ich is based on wrong assumptions,

__; Wwhich violates the best-documented
— earthquake 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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Moreover, the authors and their
aporters contlnue to advocate ande
advertize this method by mtroducmg
e _‘the nominal probability gain”

axample is the Short-Term Earthquake Probability (STEP)

3, which the U.S. Geological Survey has applied to

rational forecasting in California since 2005 [227]. STEP

es aftershock statistics to make hourly revisions of the

eprobabilities of strong ground motions (Modified Mercalli

*":‘ 'hsity = VI) on a 10-km, statewide grid. The nominal

smaII -magnitude (M = 3-4) events are on the order of 10-100
relative to the long-term base model (Figure 2.7).”

OPERATIONAL EARTHQUAKE FORECASTING - State of Knowledge and Guidelines for Utilization
Report by the International Commission on Earthquake Forecasting for Civil Protection
Submitted to the Department of Civil Protection, Rome, Italy - 30 May 2011

ANNALS OF GEOPHYSICS, 54, 4, 2011; doi: 10.4401/ag-5350
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“Large @neertainties must also be attached.testhe
B dependent reference models. JROr. these
BRONSthe illustrative values-efs@¥given here are
geleenominal probability gains to indicate that
Raaishighlcuncertainand largely unvalidated.”

1/1.000000 1/100.000 1/10.000 11,000 1100 110
Probability of Expenencing MMI VI

Figure 2.7. Short-term earthquake probability (STEP) maps published on-line by the U.S. Geological Survey following the M5.4 Chino Hills earthquake,
which occurred in the Los Angeles region on 29 July 2008 at 11:42 local time. (a) STEP map released at 13:00 local time, 1 hr 18 min after the mainshock.
Red dot is epicenter; yellow region indicates area where the probability of intensity VI shaking is more than 10 times the background model (blue colors).
(b) STEP map released at 13:00 local time on 30 July 2008. (c) STEP map released at 13:00 local time on 1 August 2008, about three days after the
earthquake. The decrease in the local shaking probability reflects the modified Omori scaling of aftershock decay used in this short-term forecast.

342 ANNALS OF GEOPHYSICS, 54, 4, 2011; doi: 10.4401/ag-5350
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An example of the observed VI+ ground

. shaking in California..» -
429 Jul 2008, M5.4 WSW of Chino Hills) since the tlme of

ature publlshed the work by Gerstenberger et al 2005 -
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——
velve Deadliest Earthquakes, 2000-2011”

i~
=

Region Date M  Fatalities Al,
cean Disaster” '26:12:2004 1 9.0 227898 4.0

I Port-au-Prince (Haiti) 12.01.2010 7.3 222570 2.2
IWEnRchuan (Sichuan, China) 12.05.2008 8.1 87587 3.2
Amir (North India and

akistan border region)
= Bam (Iran) 26.12.2003 6.6  ~31000 0.2
= Bhuj (Gujarat, India) 26.01.2001 8.0 20085 2.9
___.;_E@_ﬁ‘__the Pacific coast of Tohoku 11.03.2011 9.0 158_15_ 3.2

, - (Japan) (3966 missing)
Yogyakarta (Java, Indonesia) 26.05.2006 6.3 5749 0.3
Southern Qinghai (China) 13.04.2010 7.0 2698 2.1
Boumerdes (Algeria) 21.05.2003 6.8 2266 2.1
Nias (Sumatra, Indonesia) 28.03.2005 8.6 1313 3.3
Padang (Southern Sumatra,
Indonesia)

08.10.2005 7.7 ~86000 2.3

30.09.2009 7.5 1117 1.8
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The Global Seismic
Hazard Assessment
Program (GSHAP) was
launched in 1992 by
the International
<~ Lithosphere Program
" (ILP) with the support

= et of the International
1 Council of Scientific
- "'-_* L 0 Unions (ICSU), and
%"‘_“' AN endorsed as a
' _ demonstration
program in the
framework of the
United Nations
International Decade
for Natural Disaster
; 5 Reduction

HAITI REGKXH GSHAP project
200100 1221:53:10UTC 158.46M 72.53W Depth: 13.0 km, Magniude: 7.0 termlnated |n 1999
Peak Gmound Acceleration (mds®) with 10% Probability of Exceedance in 50 Years :

18 1 AKINGSTON
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andorsed as a demonstration program in the framework of
lons International Decade for Natural Disaster Reduction... ; _
E—— ) N D R e gl
== ., ...,  GLOBAL SEISMIC HAZARD MAP [IIHIE

Fohlsogm Sl e af = line

scrence for a changing world
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Since the GSHAP terminated, seismic reality was testing
the prediction given by Global Seismic Hazard Map.

n l
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USGS/NEIC Global Hypocenter’'s Data Base, 2000-2010
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he results of GSHAP are provided as the Global Map of
mic Hazard and the Table of PGA values ("peak
und acceleration with a 10% chance of exceedance

'33 years corresponding to a return period of 475
ars”, GSHPUB.dat) at

p //www seismo02009.ethz.ch/GSHAP/. There are
—-a@69091 values at the regular 0.1° x 0.1° grid, of which

- 1’-“ 1739063 are “NaN” and 175275 are “0”. Therefore, we

have used 3454753 GSHAP PGA estimates.

* Global Hypocenters Data Base, GHDB, System of the
US Geological Survey and National Earthquake
Information Center, USGS/NEIC (ftp://hazards.cr.usgs.gov/)
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—

0d of comparison =

-

1 of the strong (magnitude 6 or Iarger) CERUIELCE
have up to n = 9/cos¢ values of GSHAP PGA in a
% X (1/4cos)° centered at its epicenter (¢, A). The
faximum of these values, mPGA, and the magnitude
+; “the earthquakes, M, are transformed by widely accepted

::;_emplrlcal relationships to the Modified Mercalli Intensity
- of ground shaking at epicenter, |,.

~-* The pairs of the GSHAP expected maximum, |,(mPGA),
and the estimate of observed value, 1,(M), linked by the
strong earthquakes are analysed.

—
_‘-
——
—
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,ible to determine the pair

o(MPGA), 15(M)}
d the difference
& Aly=1, (M) - I,(mPGA).
=7 Pcmts above the diagonal
=== l, (M) = [,(MPGA)
are “surprises” for GSHAP.

Qualitatively the results are independent of a
choice of established empirical relations.

s

i:I
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14841 strong crustal earthquakes in 2000-2009 has from
58 values of GSHAP PGA in the %4 x (1/4cos¢)° cell
2red at its epicenter (¢, A).

sformed values the HAF expected maximum,
__'A), and the estimate of observed value, |,(M), allow to
it the number of “surprises”, the average difference Al,,
J'the median of Al, for earthquakes of different magnitude.

g

dr example, each of the 59 magnitude 7.5 or larger earthquakes

_'_ —

= 10 2000-2009 was a “surprise” for GSHAP Seismic Hazard

—,.

= Map, moreover, the minimum of the 59 values of Al,is 0.6.
The average and the median of Al are about 2.

e | 1 Twon ] W | v [ i [ v [y
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.-____‘h
he contributors to GSHAP could have
raluate the poor performance of their

roduct before its publication in 1999...

aa——

Table 1. Number of shallow earthquakes (in a decade) that violate GSHAP PGA prediction.

Alp = Io(M) — Io((mPGA)

Total (2) (3) 4) (5)

>0 | >1 | =2 [ =0 | >1 | 22| >0 |>1]2>2|2>20]|=>1]| =2
2000-2009 (test on control sample, after publication)
M=6ormore | 1181 | 529 | 191 83 | 530 | 204 89| 559 | 232 | 105 | 426 | 164 78
M = 7 or more 113 | 113 79 28 | 112 76 30| 106 74 35| 105 65 25
1990-1999 (test on learning sample)
M=6ormore | 1021 | 471 | 182 66 | 463 | 185 69 | 487 | 203 91 | 385 | 137 61
M = 7 or more 129 | 124 74 15| 120 65 16 | 117 63 22| 115 46 11

L

Aptikaev et al, 2008 (2), Shteinberg et al, 1993 (3), Sauter and Shah, 1978 (4), and
Murphy and O'Brien, 1977 (5)
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FmaIIy yet, rare cases of actual measurements of strong ground
aration and field surveys of earthquake intensity at the sites

| ————
yrically recent strong earthquakes, are in fullagreement
our results, which we have achieved by a crude computation,
they essentially confirm the basic validity of our work.
E. Zuccolo et al. Pure Appl. Geophys.
Table 1
Comparison between the expected and observed PGA for some recent strong earthguakes. Where available, the computed DGA is reported as
well. Values marked with the asterisk (¥) denote PGA inferred from intensity. If non-linear effects (e.g. liquefaction) are considered the PGA
& values may be smaller
= Earthquake Expected PGA (g) with a probability Observed Computed
——— of exceedance of 10% in 50 years PGA (g) DGA (g)
— (return period 475 years)
Kobe 0.40-0.48 0.7-0.8
Gujarat 0.16-0.24 0.5-0.6 0.3-0.6
Boumerdes 0.08-0.16 0.3-0.4% 0.4-0.6
Bam 0.16-0.24 0.7-0.8
Eastern Sichuan 0.16-0.24 0.6-=0.8 (Shakemap)
Haiti 0.08-0.16 0.3-0.6*
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DISASTER PREPAREDNESS

Japan faces up to failure of its
earthquake preparations

Systems for forecasting, early warning and tsunami protection all fell short on 11 March.

BY DAVID CYRANOSKI IN TOKYO

network, the biggest tsunami barriers and

the most extensive earthquake early-warn-
ing system. Its population is drilled more rigor-
ously than any other on what to do in case of
earthquakes and tsunamis.

Yet this month’s magnitude-9 earthquake
surprised the country’s forecasters. The grossly
underestimated tsunami destroyed the world’s
deepest tsunami barrier and caught people by

]'apan has the world’s densest seismometer

556 | NATURE | VOL 471 | 31 MARCH 2011

surprise. And the early-warning system for
earthquakes largely failed. What went wrong?

The first problem was the earthquake
forecast. Japan’s seismic hazard map, the lat-
est version of which was released in March
2009, breaks the offshore area of northeastern
Japan into five seismic zones and envisages
seven different earthquake scenarios. Each is
assigned a probability based on the historical
record of earthquakes. The southern Sanriku
offshore region, which included the origin of
this month’s earthquake, was given a 30-40%

© 2011 Macmillan Publishers Limited. All rights reserved

chance of rupturing in the next 10 years and a
60-70% chance in the next 20 years.

As earthquake forecasting goes, these are
very high numbers. “That basically means it
could happen any day, says Yoshinori Suzuki
of the Earthquake Disaster Reduction Research
Division within the science ministry, which
coordinates the map-making. But the fault was
expected to unleash an earthquake of around
magnitude 7.7 — about as large as any in the
historical record for the area (see Nature 471,
274;2011).

Advanced School on Understanding and Prediction of Earthquakes and
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FALSE COMFORT

A warning system based on initial seismic signals predicted a limited region of intense shaking.
The actual shaking was far more severe and widespread.
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REALITY CHECK

The Japanese government publishes a
national seismic hazard map like this
every year. But since 1979, earthquakes
that have caused 10 or more fatalities in
Japan have occurred in places it
designates low risk.
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scale) in the 30-year period starting in January 2010

Robert J. Geller calls on Japan to stop using flawed methods for long-term forecasts

and to scrap its system for trying to predict the ‘Tokai earthquake’.
NATURE| doi:10.1038/nature10105
@© 2011 Macmillan Publishers Limited. All rights reserved
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The color coded discrepancy, Al,, between actual and GSHAP predicted
effect at epicenters of strong shallow earthquakes in 1900-2009.
ominate, while “big surprises” (i.e., Al, > 1) are widespread
throughout all seismic regions worldwide.

-160° -120° -80° -40° 80° 120° 160°

AL<00 05 10 15 20 25 30 35 <Al
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Conclusion:

Thus, a systematic and quantitative comparison of the GSHAP peak
ground acceleration estimates (a 10% chance of exceedance in 50
years) with those related to actual strong earthquakes,
unfortunately, discloses gross inadequacy of this “probabilistic”
product; which, in common sense, is evidently

UNACCEPTABLE FOR ANY KIND OF RESPONSIBLE SEISMIC RISK
EVALUATION AND KNOWLEDGEABLE DISASTER PREVENTION.

The self-evident shortcomings and failures of GSHAP appeals to all
earthquake scientists and engineers for an urgent revision of the
global seismic hazard maps from the first principles including the
background methodologies involved, such that there becomes:

(1) a demonstrated and sufficient justification of hazard assessment
protocols;

(2) a more complete learning of the actual range of earthquake
hazards to local communities and populations, and

(3) a more ethically responsible control over how seismic hazard and
seismic risk is implemented to protect the public safety.
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*Men han 'har jo ikke nget paa,” sagde et lille Barn. “Herré Gud, har
den lpskyldiges Rgst,” sagde Faderen; og den Ene hvidskede til den
Anden, hvad Barnet sagde.
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