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It Is frightening that in our technocratic times
baseline principles are not subjected to
guestioning, so that when they built the
basis of trivial or, conversely, delicately-
designed model, it considered as a full
replacement of natural phenomena. This
made the better model, it is worse for its
applications — you know that pressure of
snatched "baseline principles" brings the

model even further beyond its applicability.

Izrail Moiseevich Gelfand
(1913-2009)
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.E‘-‘
1at are earthquakes

':arthquakes are sudden fractures of the
3 Earth’s crust that radiate seismic waves
& and cause ground shaking.

=

— _Although historical records on earthquakes

= are known from 2100 B.C., most of them
before the middle of the 18t century are

generally lacking a reliable description.
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The extreme catastrophic nature of
earthquakes is known for

centuries due to resulted
devastation in many of them.

The abruptness along with
apparent irregularity and
equency of earthquake
occurrences facilitate formation
of a common perception that
earthquakes are random
unpredictable phenomena.

The challenging questions remain
pressing:

What happens during an
earthquake?

How to size earthquakes?

Why, Where and When do
earthquakes occur?

The basic difficulty in answering
these questions comes from the
fact that no earthquake has
been ever observed directly.
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T

ow to get info about earthquakes?

se scientists created the first earthquake detector 2000 years ago

A

)
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ding earthquakes..»

) 187 Os the English geologist John Milne designed a forerunner of

([] SE 110U AdDI

A simple pendulum and a needle suspended above a smoked-
plate allowed to distinguish primary and secondary earthquake
‘- and, basing on their timing, to derive an accurate statement
u location of an earthquake source.

1e modern seismograph was invented in the early 20" century by
— the e Russian Prince Boris Golitzyn, who improved similar instruments
— of the 1890's.

==l

g .-fee;.:_At present, the classic image of a

5
il

—— pen that writes a seismogram has
been replaced by enhanced digital
systems, but the principle remains
the same.
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—

asuring size of an earthquake

-

‘It was only in the 1930's that Charles F. Richter, a
. California seismologist, introduced the concept of
- earthquake magnitude.
== His original definition held only for California

& earthquakes occurring within 600 km of a particular
== type of seismograph (i.e., the Woods-Anderson

J'.--. pl—

- torsion instrument).

Richter's original magnitude scale (M, ) was then
extended to observations of earthquakes of any
distance and of focal depths ranging between 0 and
700 km.
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Richter magnitude scale ..

The diagram
demonstrates how
to use Richter's

original method to
2 Bl measure a
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_—
gnitude scales

.

Because earthquakes excite both body waves, which
veI iInto and through the Earth, and surface waves,
which are constrained to follow the Earth's uppermost

__..-r-* , two magnitude scales evolved - the m_, and Mg

== The standard body—wave magnitude formula is
—— = log,,(A/T) + Q(D,h) ,

‘: ::A-/here Ais the amplltude of ground motion; T is the corresponding
—— period; and Q(D,h) is an empirical function of distance, D,
between epicenter and station and focal depth, h.

*  The standard surface-wave formula is
= log,, (A/T) + 1.66 log,, (D) + 3.30 .
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—

eismic Moment, M,

The seismic moment is related to fundamental
‘parameters of the faulting process.

= Mg = pS«,
= where p is the shear strength of the faulted rock,

~ Sis the area of the fault, and «d» is the average
displacement on the fault.

These parameters are determined from waveform

analysis of the seismograms produced by an
earthquake.
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——
gnitude scale M,,, —

5 magnitude scale introduced recently
;omputed from seismic moment as

M,y = 2/3 log,,(My) - 10.7

The largest reported moments are
2.5%x10%0 dyn-cm for the 1960 Chile earthquake (M¢8.5; M,,9.6),
1.0x10%° dyn-cm for the 2004 Sumatra-Andaman earthquake (M48.8; M,,9.3),

7.5x102° dyn-cm for the 1964 Alaska earthquake (M¢8.3; M,,9.2).
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ZUSGS

M&.4 and 7.9 Southern Sumatra Earthquakes of 12 September 2007

i
1

iy
S ey
Southern Sumaira

12 September 2007 23:49:01 UTC
2525° 5, 100.964° E. B
Depth 10 km .

M = 7.9 (GCMT)

12 September 2007 11:10:26 UTC

4514°5, 1M 3B2°E. A

Depth 20 km

|
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- The US GS/NEIC_
Global Hypocenter Data Base

[abase available from the US Geologlcal Survey /
La onal Earthquake Information Center at Denver,

ﬁ_rado. It consists of the data on CD-ROM and its
tipdates with Preliminary Determinations of Epicenters,

& PDE-monthly and PDE-weekly, and Quick Earthquake
CBetermlnatlons QED.

P.N. Shebalin, using pattern recognition technique merged more than
forty source catalogs of the NEIC GHDB into a composite one.

We shall use the updated version of this composite catalog in course the
computer exercises of the Workshop.
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| The first determinations by USGS Earthquake Hazards Program:
26 December 2004 Sumatra-Andaman earthquake

Because of the size (M 9.0) of this OFF | COAST OF NORTHERN SUVATRA

. Epicenter: 3.298 95.778
earthquake, point-source methods that use Wi 8.2
USGS MOMENT TENSOR SOLUTION

only the body-wave portion of the Pepth 7 No. of sta: 31

Moment Tensor; Scale 10**21 Nm

seismogram are madequa_te for measuring ire= 0.91 iet=-0.55
IR AEL LT e
T Val= 2.53 .Plg=55 'Azm= 50

N 0.09 8 308
P -2.61 34 213

Best Double Couple:Mo=2.6*10**21
NP1:Strike=274 Dip=13 Slip= 55
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.

CENTROID, MOMENT TENSOR SOLUTION
HARVARD EVENT-FILE NAME M122604A

s a REVISED solution for JUANTLE WAVES:  735,202C, T=300

CENTROID LOCATION:

Ay S earthquake near ORIGIN TIME 101:01: 9.0 0.3

- LAT 3.09N 0.04;LON 94.26E 0.03
natra. The solution e Oth 280 LILEOURTION 95,0
es approximately the R
MRP=-2.40 0.16. MTP= 0.43 0.00
ours %f datﬁ regorded A T
2_.(N -0.12; 3; 130
rgee es?;e . ©
NP2:STRIKE=129:DIP=83-SLIP= 87
fthquake, the short-period
—cu it ff for the analysis was set
19300 5. December 26, 2004, [ s
" OFF W COAST OF
NORTHERN SUMATRA,
MW:g_O” T

(Meredith Nettles, Goran Ekstrom) .
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serfainties and errors .

Epicenter distance vs. Station magnitude
erminations for the 08

September 2002 earthquake NEAR

NORTH COAST OF NEW GUINEA, P.N.G.

43.0 435 44.0 445 45.0 45.5)

Fast determinations of the epicenter for
the 14 September 2003 earthquake in
Northern Italy by different seismological
agencies to European-Mediterranean
Seismological Centre (EMSC)
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The distribution of the difference between average magnitudes in

i—

epicenter and antipodal hemispheres

990-2000, all events that have three of more station magnitudes in each hemisphere).

olet curve corresponds to MSZ (4560 differences, Average = -0.147, c = 0.198), while the

e—

blue one - to mb (8175 differences, Average = 0.074, ¢ = 0.274).
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e territorial distribution of the difference between the two
ges estimated over the stations from epicenter and™
= antipodal hemispheres (for MSZ magnitudes).

\h ’T 1:-"-_‘_4\ 11, " g’:} , Y "‘-.

o T 5
I = o
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.
0g Errors - -

[catalogs have errors, which may render invalid
sonclusions derived in a study based on a
italog of earthquakes.

© ways to avoid the errors —
.bstpone the analysis until the data
& are refined;
== = Use robust methods within the limits
=~ of their applicability.
“bndue precision of computations is
the first symptom of mathematical

illiteracy”
Alexei N.Krylov, famous Russian mathematician,
naval engineer, specialist in non-linear mechanics
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—

nat can we learn from a catalog of
eaﬁhquakes?

€ are two extreme opinions on the subject —

" —

Dessimistic: “... in the case of seismic data, most
_ fthe observed variations are, in fact, related to
= ;:dchanges in the system for detecting and

— — reporting earthquakes and not to actual changes
~ Inthe Earth.”

* Optimistic: Among existing data seismic catalogs
remain the most reliable record on distribution of
earthquakes of different size in space and time.
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e

tribution of earthquakes. in Time:.-
baI Number of Earthquakes vs. Time

==
L

j—
-
o

IWWHWM
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Distribution of earthquake size:

i ——

Gutenberg-Richter relation

° Averaged over a large
ritory and time the
number of earthquakes

\\ equal or above certain
N magnitude, N(M) scales as
\ log,,N(M) = A + Bx(8 — M)
This general law of similarity
\ establishes the scaling of

earthquake sizes in a given
space time volume ...but gives no
explanation to the question how
the number, N, changes when
you zoom the analysis to a

0.1 smaller size part of this volume.
4.0 5.0 6.0 7.0 8.0 9.0 ! -
The answer is not obvious at all.

100

R
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.E‘-‘
alization of the G-R.relation

—_—
- e i
e - =
- gl
e " S—
— _H.\_ =
_— &

= ~where N = N(M, L) is the expected annual number of
earthquakes with magnitude M in a seismic prone
area of linear dimension L.
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The flTSt reSUItS (Kossobokov and Mazhkenov, 1988)

ounting method tested successfully on artificial catalogs with

s

ed A, B and C, then applied to a dozen of selected seismic regions
m the hemlspheres of the Earth (global scale) down to a certain
_intersection of seismically active faults (local scale).

14 KOSOBOKOV AND MAZHKENOV: SIMILARITY IN SPATIAL DISTRIBUTION OF SEISMICITY
12 KOSOBOKOV AND MAZHKENOV: SIMILARITY IN SPATIAL DISTRIBUTION OF SEISMICITY
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Fig 2. Examples of spatial distribution of epicenters from catalogs of mainshocks. (a) Eastern Hemisphere, {b) Lake Bailkal Fig. 3. Examples of log N(M, L} graphs. (a) Enstern Hemisphere. (b) Lake Baikal area. (c) Southern Californis. (d) The
area. (¢} Southern Califorria. (d) The Cape Mendodine wicinity. Cape Mendocina vicinity.
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ne Gmsmic Hazard map: Coefficient A

Logarithm of recurrence rate A I | year-
¢ & @ &
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e Goismic Hazard map: Coefficient B

%

(magnitude
unit)-
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e Global Seismic Hazard map: Coefficient C
T ARSER Y 3

Fractal dimension c | LEEE  DREEEE
of seismic locus n 2 o f

(— L o ™= L

dimensionless
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S~
istograms of A, B, C and o’s-

WA Vi I
/T

afr—

“(given in logarithmic scales here) suggest high degree of
overall agreement with the assumption of self-similarity

used in the computations.
Thus, confirming the Unified Scaling Law for earthquakes.
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——
Recurrence of earthquakes+

.

ce of earthquakes in a seismic region, for a wide range of
litudes and sizes, can be characterized with the following law:
~ Log N(M,L)=A+B-(5-M)+C-Log L,
g_N(M,L) IS the expected annual number of main shocks of
lagnitude M within an area of liner size L.
—Fore ia ' range of seismic activity, A, the balance between magnitude
:,,-:f-nﬁaages B, varies mainly from 0.6 to 1.1, while the fractal dimension, C,
~—  —changes from under 1 to above 1.4.

~An estimate of earthquake recurrence rate per square km depends on the size
of the territory that is used for averaging and may differ from the real one
dramatically when rescaled in traditional way to the area of interest.

The Unified Scaling Law for Earthquakes has serious implications for
estimation of seismic hazard, for the Global Seismic Risk Assessment,
as well as for earthquake prediction.
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.
Implications for assessing seismic
at a given location (e.g., in a mega city)

mates for Los Angeles (SCSN data, 1984-2001) -

-;,—; -1.28; B =0.95; C =1.21 (G = 0.035)

-ngm data on the entire southern California, i.e,, an area W|th L
“about 400 km, being underestimated by a factor of
102/ 101.21 — 100.79 > 6 |

Similarly, underestimation is about a factor of 8 for Petropaviovsk (Kamchatka; A =
0.12, B = 0.86, C =1.26, o, = 0.04), about a factor of 10 for Irkutsk (Lake Baikal;
A=l B=0.80-C=1.38, c,;,, = 0.03), etc.
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lon of earthquakes in Space.and Time:
Sumatra-Andaman region

(3
9 b o
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5 .| 9 o o ,/00 9 o

-1000 =2 2 | |
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Time
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arthquakes in Space and Time:
Clustering and cascad

Qg

| 1900-2004/12/25 - <.° 2005/03/28-2005/04/09 * || 2005/04/10-2005/04/
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Distribution of earthquakes in Space and Time:

Clustering and cascades
——————2004/12/26

) | e \

26. 12 2004
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Distribution of earthquakes in Space and Time:

Clustering and cascades .
2004/12/26

12126/95 1 2/

_ : ‘aftershocks did change

7 :-= ep-wise manner from 10
=eragh ude 4-or larger quakes) per
“hom:’f-o 11 per hour until the swarm
=of 25-27 January, which burst more
than 500 events.
Then the rate has drop to about 11
per day during February, then drop

again to 6 per day till 28 March ........==
2005 Nias Mw8.7 earthquake.
The Abdus Salam ICTP
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Catalogs of earthquakes make
0Ssible to study systematically™
smic variability in space and time

:'hquakes evidently cascade into
itershocks that re-adjust the hierarchical

BSystem of blocks-and-faults in the locality

= ﬂcﬁf the main shock rupture.

-__

- * Systematic analysis shows less evident
Inverse cascade In seismic activity prior to
the recent greatest earthquakes.
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Benioff strain release ZE” (102 erg” ) 20 years before the great shocks

-

1% m;
CF] K ) g 3 ne Ak 53 - 5 i
1y ] 111 6 L] o mrarfurrfrana-araieand £3 T e
T ; L
o L8 04T ia BE -
15 L L '8 e ou
o 1ii ‘?‘ﬁm . 0a F"“ _Wm . —
a5 IS P e
[ ; i b33 1 e : TR R
- %
.4 ]13 d ] an v Fé
12 ':: 0
'L
&P “
s et o
1I'|'.

|

E § i
EEES E8ZXE8
#
g
=E
1 3
iﬁg
] N i

= & 5 i
B ez 8 1
- e &8 78
= £ L1 15 3]
= ar 15 18 e
53 & AbbhL 14 M'_
W8 B w8 & W8 @ R @ N W waam @ ® 1
| 122G o | 40, . g L . &7
1 " W . .
e . Regular A = Logarithmic
I e it ) 3 uaE TR
st B “4  time scale, 6zt b time scale,
h
LAt years sz [[amgwnd |+ days
o el i T S A B W W 1 G 0 Weer @ ¢ M AF

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and

Miramare ¢ 26/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 42




T 1)

The number of
aftershocks in
the period

“BEENEE

REEChErH

o

The Abdus Salam ICTP
Miramare ¢ 26/09/2011

a 3
RAE QN 1 W0 W

from time 1
to 3 years after
Logarithmic the great

time scale, shock
days
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Activity in 10 years before and
3 years after the great shocks

1995/04/07

1995/12/03

1993/08/08 o 1996/02/17

1994/06/09 1998/03/25

1994/10/04 — 2000/06/04
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| 1994/06/0
| 1994/10/04
1995/04/07
1995/12/03

1996/02/17
1998/03/25
2000/06/04

shock sequences of the great shocks
' (summary)

‘Number,
| 100 days

Number,
3 years

Aftershocks
decay 100 d

Aftershocks
decay 3y

Relaxation
time, years

AS
151
36
121
S
515
52
311
357
38
2178

65
205
54
247
5
919
302
483
427
47
799

Omori Law
Modified OL 3
Omori Law
Modified OL 2
Modified OL 2
Modified OL 2
Modified OL 2
Modified OL 2
Modified OL 2
Omori Law
Modified OL 2

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

284 days
100 days, =1.5
1.3 years, >3
65 days, >1.5
2 years, >2.5
14 days, >2
1 year
2 years, >2.5
140 days
2 years, >1.7
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E‘_‘
mblnatlon of inverse and

~direct seismic cascades

-

'arently earthquakes display a phase transition

= of the system of blocks-and-faults from one

F— _p--—"_n,_c— —

‘_j-:_- = steady stable seismic regime to another one.
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Cconclusions

alogs evidence clear patterns in space-time-energy

fFibution of earthquakes, as well as consecutive stages
their inverse cascading to main shocks and direct
scading of aftershocks.

“The first may reflect coalescence of instabilities at the
s:approach while the second may indicate readjustment of
— a complex system of blocks-and-faults in a new state after
~ — acatastrophe.

® Despite evident difficulties of compilation in the real time,
seismologists have no luxury of postponing usage of the
existing earthquake catalogs to the benefit of population
living In seismic regions.
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.E‘-‘
earthquakes predictable?

Yes!
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Real-time prediction of the world largest earthquakes:
xperiment started in 1992 with a publicatio 1“]('
rediction

Kossobokov, and J. W. Dewey. A test to evaluatﬂihe earthquake p
U.S‘ Geol. Surv. Open-File Report 92-401, 23 p. with 6 Appendices, 1992]

IS In progress.

e I

Although the M8-MSc predictions are
iIntermediate-term middle-range and by no
means imply any "red alert", some colleagues
have expressed a legitimate concern about
maintaining necessary confidentiality.
Therefore, the up-to-date predictions are not
easily accessed, although available on the
web-pages of restricted access provided to
about 150 members of the Mailing List.
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Real-time prediction of the world largest earthquakes
( htt://www.mit.ru)

i ——

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2009 (subject to update on Januar}f 1 2010}

A r\llr.l 93-.'-3

T

Rusian Acsdssmy of Scifices : - Indicates no increased probabifity
International Institute of
Earthquake Prediction Theory

and Mathamatm&l Geophysics - indicates reduction of the alarm area
HemnBiaknl YO, uaii st by the MSc algorithm

= indicates increazed probability

135 90° 45°
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S
ime prediction of the world Iargefé@,aﬂhqualﬁﬁ'i-

( http-r#w_ww.mitp.ru)

Magnitude 8.0 - SAMOA
Cls ## 1-2: TIPs until 2010/07/01 ISLANDS REGION
e 2009 September 29 17:48:10 UTC

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

1 12
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Worldwid ormance of earthquake prediction
ithms M8 and M8-MSc: Magnitude .0+.ww

Target earthquakes | Measure of | Confidence
Total  Predicted by | alarms,% level, %

M8 M8-MSc | M8 M8-MSc | M8 M8-MSc

19 14 10 33.1616.89 99-96 99-96
17 12 8 30.09 15.04 99-93 99-82

The significance level estimates use the most conservative measure of

the alarm volume accounting for empirical distribution of epicenters.
To drive the achieved confidence level below 95%, the Test

should encounter nine failures-to-predict in a row.
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.
prediction of the world Iargest__arthquakgs_

( hitp/www.mitp.ru )

2009/10/07 22:18:26 UTC
7.8 MwGCMT

2009/10/07 22:03:16 UTC
7.6 MwGCMT

2009/09/29 17:48:11 UTC
8.1 MWGCMT
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Worldwid ormance of earthquake prediction
M8 and M8-MSc: Magnitude«#.5 or more:*

Target earthquakes | Measure of | Confidence
Total  Predicted by | alarms,% level, %

M8 M8-MSc | M8 M8-MSc | M8 M8-MSc

=y

-

. 65 38 16 |28 9.%]99.9099.c

%zr.]t 53 28 10 |23.14 8.31199.99098.89

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

To drive the achieved confidence level below 95%, the Test should encounter
15(1) failures-to-predict in a row.
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. -

Real~tlme predlctlon of the world Iargest__arthquahﬁs_

[ o5 AR e (http [Iwwwemitp. ru)

The 27 February 2010 mega-earthquake
" OFFSHORE MAULE, CHILE has ruptured
the 600-km portion of the South
«Cis #4 162-165: American subduction zone, which was
. TIPs until 2012/07/01 recognized (yellow outline) as capable of
. producing a magnitude M8.0+ event
before mid-2012 in the regular 2010a
Update. The earthquake epicenter
missed the reduced area of alarm (red
outline) diagnosed in the second
approximation by algorithm MSc.

and its first aftershocks

EFFSHORE MAULE, CHILE The failure of MSc algorithm is

somewhat natural, taking into account
the linear extent of the event, which

. & % Is about a half of the area alerted in the
3 first approximation.
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time prediction of the world largest earthquakes

( httpatwww.mitp.ru ) - ——

e 11 March 2011 MwGCMT 9.0 Tohoku mega-thrust —

1 12, | i
Global Test of the M8-MSc algorithm
predictions aimed at M8.0+ as in July 2010. 2011/03/4%105:46:24 UTC
The TIP in'Japan was called off 38.322°N) 142 369°E depth 24.4 km

in January 2011. NEAR THE.EAST COAST OF HONSHU, JAPAN
: 8.9 MWRGS k-

2011/03/09 02:45:18 UTC
7.3 MWPGS
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The 2011 earthquake off the Pacific coast of Tohoku,
also known as the 2011 Téhoku earthquake

or the Great East Japan Earthquake
mnese: “Eastern Japan Great Earthquake Disaster”
=~ % HAXKEX - ngashl Nihon Daishinsai )

a-thrust earthquake off the

of Japan that occurred at 14 46 JST (05:46 UTC) on Friday, 11

th 2011, with the epicenter approximately 70 km east of the
;;; Peninsula of Tohoku and the hypocenter at an underwater
th of approximately 32 km. It was the most powerful known
eart iquake to have hit Japan, and one of the five most powerful

‘earthquakes in the world overall since modern record-keeping began
=|Il+1900 It was so powerful the island of Honshu was moved 2.4 m
—*eastward

" The earthquake triggered extremely destructive tsunami waves of up to
40.5 metres in Miyako, Iwate, Tohoku. In some cases traveling up to
10 km inland. In addition to loss of life and destruction of
infrastructure, the tsunami caused a number of nuclear accidents,
primarily the level 7 meltdowns at three reactors in the Fukushima I
Nuclear Power Plant complex, and the associated evacuation zones
affecting hundreds of thousands of residents.
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Offshore Honshu, Japan Earthquake, 03/09/2011, Mw 7.2
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“Some seismologists are

—— | concerned wit ollowing two
| | " problems.

e S L . a reaion of the
1) — M7.5 class "expected" Miyagi-
M.Eﬁ}ﬁ.ﬂ § Ken-Oki EQ is 100 km east of

| B the focal region of this EQ. Is

’ -l (I B this EQ a trigger of the

expected one?

_7—#"'_'

\ \
Between Northern part of Sanriku and
Bdso Offshore (Near the Japan Treliph)
| |I

VT e T

| | | (2) In February, four M5 class
—mwEwERSD EQs rocked around the focal
S Tk Offnars region. Are these ones precursors

(Near the ?apan Trench)

| | of this M7.3 EQ?”

(Takeshi KUDO T f&

kudo@isc.chubu.ac.jp; Thursday,
March 10, 2011 09:12)
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Tohoku, Japan Earthquake: Shake Map Evolution
\ﬂ.ﬁ.i-.z_:l._min M7.9 V2:0.T. +40 min M8.8 V3: O.T. +1 hr 9 min M8.9

USGS ShakeMap : NEAR THE EAST CO# USGS ShakeMap : NEAR THE EAST COAS USGS ShakeMap : NEAR THE EAST COAST OF HONSHU, JAPAN
Fri Mar 11,2011 054623 GMT M7.9 N3832 E142 Fri Mar 11,2011 05:46:23 GMT M 88 N3832 E1423 Fri Mar 11,2011 054623 GMT M 89 MN3832 E142,37 Depth: 24.4km  1D:c0001 xgp

" (Led to PAGER  Alert
T 42.9 minutes after origin)

142° ? 142° 140° 142° 144
Map Version 1 Processed Thu Mar 10, 2011 11:07:11 PM MST = HO Map Version 2 Processed Thu Mar 10, 2011 11:26:11 PM MST = NOT F Map Version 3 Processed Thi Mar 10, 2011 11:54:28 PM MST = HOT REVIEWED BY HUMAN

PERCENED Mot fel| Weak | Light |Moderate| Strong | Very PERCENED | Notfel| Weak | Li Moderale| Strong | Very sir PERCENED Mot feli| Weak | Light |Moderate| Strong |Verysrong| Severe | Vislent
POTENTIAL | none | none Vory light | Light | Mox POTENTIAL | none | nowe Vory light | Light | Moder: POTENTIAL | none | none Vory light | Light | Moderato Heavy  Hoavy
FEAK ACCI%g) | <17 |.17-14 3992 | 9298 | 1% PEAK ACCI%g) | <17 | .17-1.4 3992 | 9218 | 183 |PEAKACCING | <17 L1714 3992 | 8.218 | 1832 3465 | 65124

PEAX VEL{emis)| <01 | 01-11 3480 | 8116 i PEAX VELferush| <01 | 0111 3481 | 871-16 16-3 | PEAH VEL{erus)| <01 | 0.0 3481 | &1-16 16-31 60-116
AL | 1| IR |[re=Te L T O 2 BT v [ v [ w T v

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 26/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15 60




Rexl H

Tohoku, Japan Earthquake, 03/11/2011, Mw 9.0
2USGS | FMUSGS i () i . (Z)usAID
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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
other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15

62



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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~JMA macroseismic intensity

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.

Eurasian

plate

1983

17(104)

F 2011 Tohoku

2007 & earthquake
E.EUEE} @ Magnitude-9.1
' S : (>27,000 dead

or missing)

38° 6"12"N
142°51'36" E

gl Okholsk

Nature, doi: 10.1038/nature10105

L

Geller, R.J., 2011. Shake-up time for Japanese seismology,

W Pacific
.‘1’ piaie
=
" —f:; = o (JMA Seismic Intensity)
S 8| Hypothesized 7
fault planes 6+
b-
5+
ol 5-
: T 4
[ |
v o 3
¢ o 2 = : 2 o — 2011-03-11 14:44 (2011-03-11 05:46 UTC) 2
Government-designated r}rcba_blhty of ground motion of seismic f > Z4=F1—F(Magnitude) 9.0
— intensity of level ‘G-lower’ or higher {on a 7-maximum intensity =305 (Depth of hypocenter) 24km 1
100 km scale) in the 30-year period starting in January 2010 s Y Ao - SR e e e e
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i

DART Station 21413 - 690 NM Southeast of Tokyo, Japan, 11 March 2011

I | Water depth(m)
5825,80
DART Il payload 2.6-meter discus buoy
5825 £0 30.515N 152.117 E(30°30'55" N 152°7'1" F)
' Owned and maintained by National Data Buoy Center
Ko mef d?pfh:-sjzz -Tlm 6 yard
5825,64[11 datcn circie raaius: yaras
5825,40 Earthquake timestamp: 11 March 2011, 05:46:23 UTC
5825,20
Tsunami wave
UTC07:02
5824,95m
582500
S 574,50
5824,60 f a: | IR . . _
UTC05:48 UTC07:20 .
582477 m 5824,52m Station 21413
Time (UTQ)
5824,40

04:01

04:19
05:49

06:07
09:43

10:01
10:37

04:37
04:55
05:13
05:31
06:25
06:43
07:01
07:19
07:37
07:55
08:13
08:31
08:49
09:07
09:25
10:19
10:55
11:13
11:31
11:49
12:07
12:25
12:43
13:01
13:19
13:37
13:55
14:13
14:31
14:49
15:07
15:25
15:43
16:01
16:19
16:37
16:55
17:13
17:31
17:49
18:07
18:25
18:43
19:01
19:19
19:37
19:55
20:13
20:31
20:49
21:07
21:25
21:43
22:01
22:19
22:37
22:55
23:13
23:31
23:49
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The crustal change is calculated by referring to
the source model of USGS, on the assumption of
fault size 600kmx=250km and faultislip 17 m. Thesrise™
of seafloor surface causes tsunami and at the same
time, sinking of the coastal regions nurtures the
flooding from tsunami.

Researcher
Takuto Maeda)

Sn

(after 5min) Tsunami
extending slowly toward (after30min) Tsunami (after 2hours) Tsunami
the land. A huge wave surging in wide range trapping along the coast

crest heading to the coast from Hokkaido to Boso and change in sea-level is
after a small drawback Peninsula lasting long
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Enerc mﬁa'p of the tsunami from NOAA

80

120 [em]
110 [cm]
100 [cm]
90 [em]
80 [em]
70 [em]
60 [em]
50 [cm]
40 [em]
30 [em]
20 [em]

10 [cm]

-0 [cm]

100 120 200 220 240 260 280

The Abdus Salam ICTP Advanced School on Understanding and Prediction of Earthquakes and
Miramare ¢ 26/09/2011 other Extreme Events ¢ Adriatico GH Kastler Lecture Hall ¢ 13:30-14:15




Tsunami Investigation of Northern Sanriku

ed results of: Otobeno-Numanohama, port Kashinai, Chikei of Omoe peninsula, Aneyoshi, port Omoe,

Ymadamachi-Koyadori and Ryouri-Sanrikucho, Oofunato city. -
inobu Tsuji (ERI), Prof. B.H.Choi(SKKU) ,Dr.Kyeong Ok Kim (KORDI), Mr Hyun Woo Kim(Marine Info Tech Co))
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Tohoku, Japan Earthquake Sequence
03/08/11 - 03/16/11

.fillb Cantours from Slak1.0, avery 20 km
L VAP Mw 7.3 Forashock
| it i WIS T |  Ww8.) Manshook

[Mw 7.7 Aftershcok

3 v 7.8 Altershook @
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Date (Month/Day)
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01 1'mku earthquake and tsunami
Ic ikipedia, the free encyclopedia ™

arthquake
Tsunami
B and subsidence
=% 4 Casualties

il
—
 —

~e 5 Damage and effects
® 6 Aftermath
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Land subsidence and soil liquefaction near Shin-Urayasu

Station elevator shaft
[ g =
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e
. The National Police Agency has confirmed 15,811 deaths,

932 injured, and 4,035 people missing —
across eighteen prefectures.

National Police Agency of Japan
Emergency Disaster Countermeasures Headquarters

Damage Situation and Police Countermeasures associated with 2011 Tohoku district - off the Pacific Ocean Earthquake
September 26, 2011

Type of Personnel damages Property damages Dameagaa | Dameg Erzak of | Damagest
damages Kited Missing  [=— Injured :::mln “I:nfm Swopt e Tn‘:;::ln F.lrI;:mtl.rn Inmf:;ndh::wn Im:‘:t'mm ;n"r::.hlljl Ion';;:v:m roads d  |landsiides| © rallways
Prefecture Perzon Parson . ;:3;;:@ SIgF":;;IN P::; Do-':r D;r Dicer Ciacr Dicer Dioor Duacr IZ:togcrn1 Door Piee hg%‘u: Place Placs Puce
Hokkaido 1 3 3 4 329 545 7 469
Aomori 3 1 16 45 61 307 851 107 | 1,195 2
lwate 4,664 [ 1.651 188 | 20,209 4,529 15 1,761 323 7135 4148 30 4 6
Miyagi 9477 [ 2141 4000 [ 75391 [ 91411 135 7068 | 10982 | 172,788 | 27,394 | 390 | 29 51 45 26
Akita 4 8 12 3 3 g
Yamagata 2 8 21 29 37 80 21 29
] Fukushima 1,604 239 87 154 241 ] 17,740 | 48977 i 3 62 339 139310 1052 19 3 9
- Tokyo 7 14 16 90 11 3 257 20 13 3
E Ibaraki 24 1 33 673 106 2799 [ 20,142 37 1,586 724 | 159673 [ 12079 | 307 41
B Tochigi 4 i 125 132 262 2,083 54,155 295 | 257 40 2
Gunma 1 13 25 38 7 16,154 195 7 4
Saitama 6 36 42 5 1 1 1 1.800 33| 160
Chiba 20 2 22 227 249 197 9.085 12 764 716 30,254 615 | 2343 55 1
Kanagawa 4 17 112 129 Fi 279 1
Niigata 3 3 9 7
‘Yamanashi 2 2 4
Magano 1 1
Shizucka 1 3 4 7 4
Gifu 1
Mia 1 1 2 9
Tokushima 2 9
Kaochi 1 1 2 8
Total 15811 [ 4,035 5932 [117.542 | 177,192 284 11,576 | 13,654 | 591,939 | 47,515 (3558 [ 77 ] 197 45 29

* Unidentified information is included.
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Panorama of Rikuzentakata area swept away
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Aerial phoﬂato, devastated by both the earthquake
and subsequent tsunami .
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" Fukushima Daiichi NPP
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Three of,_mgtors at Fukushima Daiichi overheated,
5ing meltdowns that eventually led to explosions, which
arge amounts of radioactive material into the air

T3
i
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Fukushima Daiichi NPP by design was leveled down
from 35 m above the sea.
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_ . |
armath of the 2011 Tohoku earthquake and tsunami
_ _ ,""-l- i —
manitarian crisis: The number of the evacuees has once
2d 300,000; at the end of July 2011, the number of evacuees in
lear accidents: The accidents have drawn attention to
g concerns over Japanese nuclear seismic design standards and
C other governments to re-evaluate their nuclear programs.

_;'_-,“ nomic Impact By April 12 2011 the Japanese government

mated that the cost of just the direct material damage could exceed
tr|I||on ($300 billion).

"'Global financial impact: In the immediate aftermath of the
earthquake, Japan's Nikkei stock market index saw its futures slide 5%
In after-market trading. The Bank of Japan said that they would do their
utmost to ensure financial market stability. On Tuesday, 15 March, news

of rising radiation levels caused the Nikkei to drop over 1,000 points or
10.6% (16% for the week).
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