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Whgiereiearthiguakes and how to size them?
- How_f“' pasic information on earthquakes?
MY hcErainties and Catalog errors

— Ui 1f1ed Sealing Law for Earthguakes

"*‘"Selsmlc dynamics prior to and after recent
_eartihguakes of magnitude 8.0 or larger

The Abdus Salam ICTP
Miramare ¢ 03/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




Wiatare earthguakes e 18I

-hquakes are:suddeniiractures of the Earth's
”’“ giUsitthat radiate seismic waves and cause
ground shaking.

— :Although nistorical records on earthquakes are

| —

: _.f;:" knewn from 2100 B.C., most of them before
| the middle of the 18" century are generally
lacking description or are not reliable.
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Iihe extreme catastrophic nature of

~earthquakes is kno Centuries

__dueto vakmﬁur

= ofi them.
e aprupiness along with apparent
ireguianit andJnfreuency of
SENOUakere LIFFS LGS < C
fiermation ofi arcommon perceptlon
that earthquakes are randem

unpredictable phenomena.

The challenging questions remain
pressings

\What happens during an; earthquake?
How to size earthquakes?

Why, Where and WWhen 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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e , Info about earthauakes?
—— —

ShInEsEIscientists created therirstearthguake detector 2000, years ago
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L |
mg eanthguakess -

HENENGISGERIogISIYeRIIVIIIEIdESIOREd aNorerinnEr o moderm

nple penduluny and aineedlersuspended above a smoked-glass
el Ho ed e distinguish primary and secondary earthquake waves and,
[gronthen timing, to derive an accurate statement about location of an

i éke SoUce.
odern seismograph was invented in the early 20" century by the

_;?r%gﬁs
B At present, the classic image of a
= = pen that writes a seismogram has
~ been replaced by enhanced digital
systems, but the principle remains

the same
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- —*"'5"1—-;‘ - p—
VIEZSUNing size of*an-eanthiguake™

2 Jr WasteniyARthe 1950 that Craries . [Richter, a
galiierniarseismologist, intreduced the concept of
::,;z guiake magnitude:.

) —-7— orlglnal definition held only for California earthguakes

oceuring within 600 km of a particular type of
- —= selsmograph (ILe., the Woods-Anderson 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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e standard body-wave magnltude formula is
Iogm(A/T) = Q(D i)

-
'-r""__._

= and Q(D h)is an emplrlcal function of dlstance D, between eplcenter
—~— and statien and focal depth, h.

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

=
=
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T
e]» icIVIoment;

IErSEIsmiIc mement Isirelated to fundamental parameters

O

J

of‘? liAUItNG Process.
Mg = S,

e
T
.

o\ here Uiis the: shear strength of the faulted rock,
= ‘-‘—*S IS the area ofi the fault, and «d> is the average

;.:3-’—:-'_- =
= displacement on the fault.
Ifhese parameters are determined from waveform analysis

ofi the seismograms produced by an earthquake.

-
o -
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—— -
VEGIRIUAE seale Vi, s s
MENTiEonitiderscalerntroduced recently is
seIipUlEdNirom seismic moment as

—

My = 2/3 109, ,(Mg) - 10.7

=

— Iihe'largest reported moments are
2.5%4108% dynrcm for the 1960 Chile earthquake (M8.5; M,,9.6),
1.0>10°° dyn-cmifor the 2004 Sumatra-Andaman earthquake (M8.8; M,,,9.3),

1.ox102°"dyn-em for the 1964 Alaska earthquake (M8.3; M,,,9.2).

The Abdus Salam ICTP
Miramare ¢ 03/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




NRternet for Earhguake Data

(provided by: Steve Malone)

_' - NQTE.The Complete SelsmoSurﬂng Index Is mlrrored for
European users by ETH, Zurich at
ittps//seismo.ethz.ch/seismosurf/seismobig.html.
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e e Us GSINEIC

e

lobal HYpocenter Data Base

SNeEzlase avallablermoms the USiGeological Survey '/ National
=Z| i ch ke lnfermation Center at Denver, Colorado. It consists
gamedaiaron CD-ROMiand its updates with Preliminary
r_m'nations of Epicenters, PDE-monthly and PDE-weekly,

andiuick Eanthguake Determinations, QED.

e —
= PNIShebalin, using pattern recognition technique merged more than forty

-~ source catalogs of the NEIC GHDB into a composite one.
Weshall use the updated version of this composite catalog in course the

computer exercises of the Workshop.
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ihelfirstdeterminations Py USGES Earthquake, lHazandsiRregram:
. 26 December 2004 Sumatra-ﬁ@gmaﬁ*ear_tnguake

047/12/26 00:58:50.76
OFF W COAST OF NORTHERN SUMATRA

Because of the size (M 9.0) of this earthquake, Epicenter: 3.298 95.778

MW 8.2

point-source methods that use only the body- | o sommon

Depth 7 No. of sta: 31

wave portion of the seismogram are inadequate Moment Tensor;  Scale L0*+21 Nm

Mrr= 0.91 Mtt=-0.89
for measuring the true magnitude. e et
Ritge Ciip e axXes:
Tt l= £ 24513 u-P] g=55 s LAzm=150F
N %09 8 308
= = (i 34 213
T

_AMrgq?i Be'st_.Doubles CoupletMo=2 . 6* 104 *27
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S

CENTROID, MOMENT TENSOR SOLUTION

NP1:STRIKE=329;DIP= 8;SLIP= 110

. Cutoff for the anaIyS|S WaS NP2:STRIKE=129;DIP=83;SLIP= 87
'&-.u 300 s. December 206,
"52@?)‘4 OFF W COAST OF

S EEEEEEEEE RS REEEE -
= NORTHERN SUMATRA, [ i
: e I e BEEEREREEE  HEEEEE -
MW_9 O” ----------- BHEEH S
— .U a0 - B -
--------------- BEEEEEE R -
L Nt tlm e P ELate~a) T A

(Meredith Nettles, Goran EKStrom) | B

il B 2 ‘ | E -
NISNEIENRENISIED selution for S vem: Ge 20
1 s MANTLE WAVES: 735,202C, T=300
[OCJEI\ S arthquake near - CENTROID LOCATION:
ORIGIN TIME 01:01: 9.0 0.3
(@ y .
Siliginesliheisolutioninciloes T kit 5
(M . * * -
appw,qrr AleIVAleE I NOUrs AR 104 0 015 MmTe-0.43 001
1 MpP=-0.61 0.01; MRT= 2.98 0.16
clertzl | ﬂ)rded aiterthe MRP=-2.40 0.16; MTP= 0.43 0.00
Selfif) ql aKerOwing toithe large T DR T
sze off e eantholake, the short- [ I .
2

‘(D

J)
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SRGEENZIRUES and ENOrS S

-h-—. —

—
—m—

18 Epicenter distance, vs. Statienmagnitude fox
e 08 determinations orne 06 September

125 | ° 2002 earthquake NEAR NORTH COAST OF
NEW GUINEA, P.N.G.

12.0 1

45.0 45.5

44.0

43.0 43.5 44.5

Fast determinations of the epicenter for the
14 September 2003 earthquake in Northern
ltaly by different seismological agencies to
European-Mediterranean Seismological

Centre (EMSC) Magnitude MS
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heNdisinulipRieithe difference beiween average magnitudesin
epicenter andl antipodaiNIEemISPHERES

(JVJCH_EE 18B0E2000, allleventsithat.have threeiof more stationimegitiides in each hemlsphere).

IWENIBIERCHVEColresponds to MSZ (4560 diferences, Average = -0.147, @ = 0.198), while the blue one -
- tormb (8175 differences, Average = 0.074, ¢ = 0.274).

A u"l ! ' P . )
%ﬂ.ﬂEl- ............ L

o084 R
o074 TSRS SR A
. - ; Qo6 H--- - B R
: 005 4 | ___________
- 0.04 e | o
0031 ST § 451 6 N OO S
0024 E 5 : | S DU
- 0.01 4 g T o W R PP
: ﬂ e : -. iR ol ane o, T M
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pENEriteralidistibution ofi the difference betWeeRies e
Vel a0ES estimatediover the stationsifemiepiEenter andr

= 8 ntipodal hemispheres\(for MSZ magnitudes),

w RRRERY e;;} “j?”’“
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Czrizlleje) =ffo) s

NINEEE U aVErEnorsIWRIChImayrenderrinvalid concltsions
deveEdinrasitdy basedion a catalogl of earthquakes.

Ry :
Two-,\x 2YSHO avoldithe ernrors —

“Undue precision of computations is the first symptom of
mathematical illiteracy”

N.Krylov, famous Russian mathematician
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- R
/ jakcan we learn irom.a 091616'9 of..-—-
- eartnguakes?

T cTER are two)extreme opinions on the subject

> Fas /mlstlc . In the case of seismic data, most of
e observed variations are, in fact, related 10
_;_:;---@ ENEES In the system for detectlng and reporting
== carthquakes and not to actual changes in the Earth.”

——= "Optimistic: Among existing data seismic catalogs
iemain the most reliable record on distribution of
earthguakes In space and time.
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DiSiylilion; of earthquakes in _JImMeERCiohal
B Number off Earthguakes vs. liime

eyt

E s § § § § 8§ § 3
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Pistribution of eanthquake:size:
o GUtenbeErg=RIcChLer relationt

R AVETEOECIOVERANEGENENTLON

and time the nUmIer of
earnthquakes equal or above
certain magnitude, N(M)
scales as

g, 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
guestion how the number, N,
changes when you zoom the
analysis to a smaller size part of this
volume.

The answer is not obvious at all.
The Abdus Salam ICTP
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e = —-‘ | _ -
Eeneralization of the Gielations

BN = A + B-(5 - M) + C-logL.

— g _—_:_-'

= h

= ere N = N(M, L)iis the expected annual number of
= eanthguakes with magnitude M in a seismic prone area
' of linear dimension L.
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Tﬁ'@‘-ﬁc'l-r-St esu ItS (Kessobokoev:and Vazikernov, 1'966)

ingNethed tested successiully on artificialicaiZlogSItINsREHREEFA;
B diC} theni applied terardezen| of selected selsmlc"l"eglons from the
IEINISINEIES of the Earth (global scale)fdewn! te)ar certain intersection oft seismically
activeravltsi/eecal scale)

A slrriole go ol

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 Baikal
area. (¢} Southern California. (d) The Cape Mendodne vicinity.
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‘M‘Selsmlc Hazard map Coefflc:lent A

R, \’ : —
’-u j&j( . ' =

. /}f‘wﬁ ) (_}__,WW%

Logarithm of recurrence rate I year' A
C\! [~ o o oo

S o = o
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M‘Selsmlc Hazard map Coefflc:lent B

?gf
A

Magnitude balance relation (magpti)tgde B
: ™ unit)-

M~ At -
= = -~
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- ‘M‘Seismic IHazard map: Coeliicient™ @

ol e

Fractal dimension of seismic
epicenters
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| pisiograms oii A, B, C.2iid

S
o
R S

g
-‘

~~  (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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Reclrence, of eathoiEkesss

':;me,sf: Wi 2iSEISmIcCEdion; fiorawide ranee of magnitudes

SHZECNVI eife wmg 2\
A+B(5 M)+ C-Log L,

) S the expected annual number off main shocks of magnitude M
'f eiiliner size L.

Fof zl WJde | g‘e @iiseismic activity, A, the balance between magnitude ranges, B,
VAES '. ginlyArom 0.6 to 1.1, while the fractal dimension, C, changes from
= ._-rlsLFLG 1 to above 1.4.

——

__--—"' - E
EYATIFCS 4ma‘te of earthguake recurrence rate per square km depends on the size of the
-_-* “terrtory that is used for averaging and may differ from the real one dramatically
—  Whemescaled in traditional way to the area of interest.

Ithe Uniiied 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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: ) ‘_ -
IPlIEAUONS O assessing SeismichaZardigise
lgiven locationi(eia, in a megal city)

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

£:1.28; B=0.95; C =121 (0, = 0.035)

|
-}

oy a traditional assessment of recurrence of a large earthquake
=—in'Los Angeles, ie., an area with L about 40 km,
—ffom data on the entire southern California, i.e, an area with 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 Petropavlovsk (Kamchatka; A =0.12, B
=0.86, C =1.26, o, = 0.04), about a factor of 10 for Irkutsk (Lake Baikal; A =-1.51, B =
0.88, C=1.38, o, = 0.03), etc.
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S
ition ofi earthguakes In Space andNNmeRs
Sumatra®Andaman regiont

lo o
X
-1000 422

01/01/85 01/01/95 01/01/05

Time
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D)Esliien el earthquakes in. SpaceanENINTERS

= SumatraEAneaman region

p
(=]

9
Q o

-1000 = o 2
12/26/99 12/25/00 12/25/01 12/25/02 12/26/03 12/25/04

Time
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—
Hislien el earthquakes. in| SpacesanENNERS

= SumatraEAneaman region

4
—.'
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Le15

D
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Q
b || o o ° o ole e 9 o
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R,

L] 300 km 300

2004/12/26-2005/03/27 || 2005/03/28-2005/04/09 * || 2005/04/10-2005/04/25
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oUtioRNeREanthguakesiint Space and Tlmev'
Clusterlng zlgle Cascadw ——
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~ Dis rTbm-'-earthquakes N Space andilime:

. ———
Clustering and Cascadw ——
-

12/26/95 12/25/96 1.

i

The ra'te___o:_fss" did'change in a

SIEISREENNEno om0 (magnitude 4
E OEGE GUakes) per hour to 1.1 per
S SEURLINtE swarm| of 25-27 January,
= Whichrburst more than 500 events.

Ihen the rate has drop to about 11 per

day during February, then drop again

1016 perday. till 26, March 2005 Nias

NN
Mwa.7 earthguake. ..........
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Cate @M-earthquakes make;possible
10).3 dy systﬂnatlcally-s@mlc —

~d

ValabllitvanisSpace and time

iis yakes evidently' cascade into
Jshocks that re-adjust the hierarchical

VS m off blocks-and-faults in the locality of
_ ermaln shock rupture.

. Systematlc analysis shows less evident
~ Inverse cascade in seismic activity prior to the

iecent greatest earthquakes.

o m
— m

(2

1/ )

[fi

\
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Activity in 10 years before and 3
years after the great shocks
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ACEIrSHOEKS

decay 3V

RE|aXation
time; years

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

The Abdus Salam ICTP

Miramare ¢ 03/10/2005 8th Workshop on Non-Linear Dynamics and Earthquake Prediction




 Corr ma.flon of inverse andjdirect

Seismit cascades

e
B

réntly display phase transition of the system of
= , ocks and-faults from one steady stable seismic
= regime to another one.
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A ea;’thquakes predictatie? S
T E—

e

_'_- '_ shall talk on predictability of earthquakes next week -
‘1“1 r 10 15.20 - 16.05
quake prediction: Algorithms

, October 12 9.00 - 10.40
= ,.,ﬁ..* ar quake prediction: Verification Problem
.Earthquake prediction: Accuracy and Limitations
ﬂfThursday, October 13 15:20 16705
_ —Real-time prediction of earthquakes: State-of-the-art and Perspectives
= after we'learn together a bit more about
Characterizing Temporal Variability of an Earthquake Sequence
Tuesday, October 4 9.00 - 10.45
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Conclusions™

clal0gSIEVIGENCE ClEar Patter Spacertimereneray.
distrinutios OlR eartiiguakes; as weII ds| Consecutive stages of
PEIRNVENSE cascading tormain shocks and direct cascading of
Iftersflacie;

SNENrst may. reflect coalescence of instabilities at the

2pproaceh), While the second may indicate readjustment of a
-ﬁe SOMpPIEX system of blocks-and-faults in a new state after a
== Catastrophe.
3 ‘Despite evident difficulties of compilation in the real time,

~ seismologists have no luxury of postponing usage of the
existing earthguake catalogs to the benefit of population: living

IR SEeISMIC regions.
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