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- \/\/rr are eanthguakes and how to size them?
SMEBIAto get basic information on earthquakes?
> U fcertalntles and Catalog errors

= H|f|ed Scaling Law for Earthquakes

it ;-—ll--"

-l—'"_--"_

= Seismic dynamics prior to and after recent
earthguakes of magnitude 8.0 or larger
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Whiai*are eanthguakesyss

- —

e

_}. arthquakes are sudden fractures of the
B Earih's crust that radiate seismic waves
-:_-"-'- = 2nd cause ground shaking.

—_—a

Although historical records on earthquakes

j‘f-f*'—' ~ are known from 2100 B.C., most of them
before the middle of the 18! century are
generally lacking a reliable description.
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IIhe extreme catastrophic nature of
earthquakes s known for

centﬁgfs—due o resplied"
devastation inimany, of them.
fhe abruptness along with
apparent iimegularity:and
ffrequency of'earthquake
occurrences facilitate formation
of @ common; perception that

earthguakes 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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B ecemb’méom, Sumatra-Andaman, Mw=9.3
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ZUSGS

M&8.4 and 7.9 Southern Sumatra Earthquakes of 12 September 2007
102 104*
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Southern Sumaira

12 September 2007 23:49:01 UTC
2.525° 5, 100.964° E. B
Depth 10 km .

Mw = 7.9 (GCMT)

12 September 2007 11:10:26 UTC

4514° 5, 101.382°E. N

Depth 20 km

|
)/
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() Aftershocks of M7.9
Earthquake Magnitude
o 400-599
) 6.00-6.99
O 700-7.99
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@ 300-700
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/oY t:c‘;g"e'f INfo about earthguakes,z

Ch]neé seientists created theffirst.earthguake detector 2000 years ago

_Jd
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N
SECOTAING eanthguakesss

Iy e Osithe Enllsh geologistiJenniMilne deS|gned a fererunner of
HEEEFSEISITOarEP!

ASSimple pendulum and aneedle suspended above a smoked-
¢lelgs plate allewed to distinguish primary and secondary earthquake
Weves and, basing on their timing, to derive an accurate statement

2199 itleeation of an earthquake source.

e modern seismograph was invented in the early 20t century by

SterRUSsIan Prince Boris Golitzyn, who improved similar instruments
S 0rf the 1890's.

= 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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VIEZSUring size, off anreantiiquake”

SWas only in the 1930's that Charles F. Richter, a
Callfornla seismologist, introduced the concept of
= earthquake magnitude.

__-'_Hls eriginal definition held only for California
& earthquakes occurring within 600 km of a particular
= ype of seismograph (i.e., 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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Vig@nittderscales
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2 3~ alise earthquakes excite both body waves, which
travellintorand through the Earth, and surface waves,
yﬁ iEhiare constrained to follow the Earth!s uppermost
ayers iwermagnitude scales evolved - the m, and Vg

The Standard body-wave magnitude formula is

= log,,(A/T) + Q(D,h) ,

P = Where A is 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
M = log., (A/T) + 1.66 log,, (D) + 3.30 .
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Sgismic Moment, Mg~

- —

2 __*e Seismic moment Is related to fundamental
ppaliameters of the faulting process.

- MO = IJS(d),
B Where i is the shear strength of the faulted rock,

J-: S Is 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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—
Viagnitude scale M,

IR i —

agnltude scale mtroduced recently
mputed from seismic moment as

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

—IJP
’rfq

~ e largest reported moments are
2.5%103% dyn-cm for the 1960 Chile earthquake (M48.5; M,,9.6),
1.0%10°° dyn-cmi for the 2004 Sumatra-Andaman earthquake (M8.8; M,,9.3),

7.5%102° dyn-em for the 1964 Alaska earthquake (M8.3; M,,,9.2).
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iermatonren,eathgquakes

IR i —

SUlsingitne Internet for Earthquake Data
(provided by Steve Malone in 2004)

the known Internet type connections where
= 'taﬁglnal seismic data or seismic research
Infermation Is available at

iR/ Www.geophys.washington.edu/seismosurfing.html
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" The US GS/NEIC_

lobal HypocenterDa’ta Base

IR i —

This delie pase avallable from ine US Geological Survey /
Nr ional Earthquake Information Center at Denver,
rado lt'consists ofi the data on CD-ROM and! its
ue dates with Preliminary Determinations of Epicenters,

== PDE- -monthly and PDE-weekly, and Quick Earthquake
" == EBetermlnatlons @]=p)

-F_ =

- PN 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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| ihe first determinations by USGS,Earthquake Hazards Program:
26| December 2004 Sumatra-Andameznrearthguaike

04/12/726 00:58:50.76

Because of the size (M 90) of this OFF W COAST OF NORTHERN SUMATRA

. Epicenter: 3.298 95.778
earthquake, point-source methods that use W 8.2

USGS MOMENT TENSOR SOLUTION

only the body-wave portion of the i Nooreca: o1

Moment Tensor; Scale 10**21 Nm

seismogram are inadequate for measuring urr= 0.91 \Et=-0.89

MFff=-0.02 Mrt= 1.78
H Mrf=-1.55 Mtf= 0.47
the true magnitude. e
- allseteD " 53 Plg:55 Azm= 50
N 0.09 8 308
P -2.61 34 21l

Best Double Couple:Mo=2.6*10**21
NP1:Strike=274 Dip=13 Slip= 55
130 79 98
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CPPT
Mw=8.9

The Abdus Salam ICTP
Miramare ¢ 01/10/2007 9th Workshop on Non-Linear Dynamics and Earthquake Prediction




B

=

CENTROID, MOMENT TENSOR SOLUTION

> E HARVARD EVENT-FILE NAME M122604A
VISE D soelution for

55_ l J(‘J J"J
L NIS IS €

: MANTLE WAVES:  73S,202C, T=300
ijgda‘v S earthquake neal: CENTROID LOCATION:
Riimat Th I I EE{\;GIQ gémEo 04-Lo(N)1:8411:22é0006§
Durr@« A € SO Utlo _ DEP 28.6 1.3:HALF-DURATION 95.0

. MOMENT TENSOR: SCALE 10**29 D-CM
Ir] (AJLJ CJ apprOX|ma < y = MRR= 1.04 0.01; MTT=-0.43 0.01
MPP=-0.61 0.01: MRT= 2.98 0.16

HSEYNIouUrES of data recorded

£ PRINCIPAL AXES:
I
r)

1

(—1—

Eistiie eanthguake. Owing 10 IR RNt taat
3.(P) -3.89;  38; 222

J 'r g < Slze Of the BEST DOUBLE COUPLE:MO=4.0*10%*29

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

fi '_J_ quake the Short penod NP2:STRIKE=129;DIP=83;SLIP= 87
sutoff for the analysis was set
:f —_t_@ OO S. Decem be I 26 2004 AP

————HHHAHAHHBHHAT AR -

(:)I::F:: \/\/' (:;(:)/Q\SE;-T- (:)I:: —————— HHAHAHH BT T #HAHHHR - -
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NORTHERN SUMATRA
— 2 = =TT R

M W = 9 E O ------------------ HIEHHHHEHEHE
(Meredith Nettles, Goran Ekstrom) [ .
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gnpEEniainties and errors .

Epicenter distance vs. Station magnitude

B e thier 108 determinations 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) L
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The distiiubeeisiie difference between average magnitudesiin

P epicenter and antipodalEmISpHEres

NIVCHIEPRMCCO=2000; all events that have three of more stationumagnitildes in each hemlsphere)

e ﬂr ciclivercorresponds to MSZ (4560 differences, Average = -0.147, o = 0.198), while the
blue one - to mb (8175 differences, Average = 0.074, c = 0.274).
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Sgerternriternal distribution of the difference betweenithe two
EVETegesiestimated . over the stations fremepiCERter and™
2ptipodal hemispheres;(iior MSZ magnitudes).
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Celiz)loe R =ELO)FS

AAVIRCAEI00S ave Erfrors, Which may/ /render invalid
conclusions derived in a study based on a catalog of
crz thquakes

= I='.wo ways 10 avoid the errors —

= eaam————

.---""'.b-_lE'--— .
N ——
L, ——

e Postpone the analysis until the data are refined;
~ = Use robust methods within the limits of their applicability.

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

N.Krylov, famous Russian mathematician
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Wigatican wWe leann from 2. catalogieis

= eaﬂhquakes7

IMENErare tWo extrieme opinions on the subject —

:SSImIS'[IC In the case of seismic data, most

T the observed variations are, |n fact, related to

= reportlng earthquakes and not to actual changes
in the Earth.”

E Optimistic.: Among existing data seismic catalogs
remain the most reliable record on distribution of
earthguakes In space and time.
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of eartiguakes in.Space

.
(
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| utlon of earthquakes nime:
bal Number e Eanthgquakes vs. lime

IWWHMM

i g
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Distribution of earthquake size:

am————

= GutenbergeRichter relation

* Averaged evesailange
[errtery and time the
10000 number of earthquakes

\/% equal or above certain
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
6.0 _ _ _ smaller size part of this volume.

The answer is not obvious at all.

1000 -

100

A 7

0.1

4.0 5.0
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SENE .allzatlon of the G:Rer€lation

.-|—

- —

e

BIBg;N = A + B:(5 - M) + C-logyoL

e

O =

--..: ,, —
- eaam————

.---""'.b-_lﬂ'- —

_: == 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 ﬁTSt reSUItS (Kossobokov: and Maziikenov, 1968)

ANSTipIENsExecelnting method tested successiully.oniartiiicial’ catalogsawith’

PIEixeEdrA; B, and C, then applied to a dozen oi'selected seismic regions
irenmittiie hemispheres of the Earthi(glebal scale) down to a certain
& intersection of seismically active faults (local scale).

14

KOSOBOKOV AND MAZHEKENOV: 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 epicentets from catalogs of mainshocks. (a) Eastern Hemisphere, {b) Lake Baikal
area. (¢} Southern California. (d) The Cape Mendodine vicinity.
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Fig. 3. Esxamples of log N(M, L) graphe. (a) Enstern Hemisphere. (b) Lake Baikal area. (c) Southern California. (d) The
Cape Mendocino vicinity, o
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IherGlorzlRSeismic Hazardimap: CoefficientsA

N )//JJ‘H ) (‘HWMM

Logarithm of recurrence rate NN yecar' A
o 0 0
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e Gloﬁ%eismlc Hazard map Coefflc;lent B

‘E‘-&*B"! TS
"i-. ) ‘5 r"‘ | | o
I

AT T

Magnitude balance relation  EEEEEERNESN ] (magnitude D

0 e unit)1
o -

N @ I
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fle Gld'tﬂ%eismic Hazard map: Coefiicient €

e A

Fractal dimension of seismic

: BT [T TEENNTIT T
epicenters o o . .
(-] —
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— |
pistograms of A, B, C.and cis«

N
S A\l
= \a |
s e
==
#’-Note The histograms of the coefficient value errors, c’s,
“(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 earthauakess

[EClltence of eanthguakes inla seismic iegion,, for alwide rangei of
NEGIOES anadl sizes, canlbe chanacterized with the following law:

& [ogN(M,L)=A +B-(5- M)+ C-Log L,

wrlef e ) (M [D)iisi the expected annual number of main shocks of
HEGNIL yaeslvinwitinin anfarea of liner size L.

For WiGeiange ofi seismic activity, A, the balance between magnitude

[l ges, B, varies mainly from 0.6 to 1.1, while the fractal dimension, C,
— ( anges from: under 1 to above 1.4.

-.—'—-\.—

ﬁmes‘hmate 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.

Tthe 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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Jerd mplications for assessingrseismic
fIE1Z -at a givenriocation (e.g., in a mega city)

11 ates for Los Angeles (SCSN data, 11984-2001) -

-1.28; B =0.95; C=1.21 (5, = 0.035)

mply a traditional assessment of recurrence of a large
* t uake In Los Angeles, ie, an area with L about 40 km,
rom 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, 5, = 0.03), etc.
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pwiiien; of earthquakes in Space,anarimes
Sumatra=Andaman region
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SpiStbution of earthqguakes in Space.and ™ fime:
Sumatra=Andaman region
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NpiStibution of earthqguakes in Space,and ime:
Sumatra=Andaman region
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carthqguakes in Space andi lime:
. Clustering and cascades

—

100°E 90°E

% Sy 2005/03/28-2005/04/09 * || 2005/04/10-2005/04/

| 1900-2004/12/25
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D trlbuﬁm-earthquakes In Space and Hme:

Clusterlng and cascades, s ——

2004/12/26

Ia=N

126.12.20 04/
Illlllllllll ' ‘l

IIIIIIIIIIIIIIIHIII

—
N
=)}
ot
(b}
=
(=)
e
=
o’

=5
2
N
Q
@
]
>
g
)
=
=
‘s
>
~
@2
&
E
,
S

Time
The Abdus Salam ICTP
Miramare ¢ 01/10/2007 9th Workshop on Non-Linear Dynamics and Earthquake Prediction




D) tnbuti“ﬂ%‘f-earthquakes In Space and Time:

Clustering and cascades —

12/26/95 12125 96
f

QUEREEYeiEicrshocks did change

ir) fb PEWISE manner from 10
oz 15 tude 45eKlarger quakes) per
-1‘-’1@;]1"’[:0 S perhour until the swarm
= of Zo=21-Jdanuary, 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

Miramare ¢ 01/10/2007

9th Workshop on Non-Linear Dynamics and Earthquake Prediction 39




1000

q q
) @)
O $ q
U O
(e2) q ®
¢ U
N
¢
{ 0 = (=) o O
D O (
q o e
¢
% (i) <]
q
O &)
O o0
() LU
|5} co °
o o o
B ==}
[e) [e)
=]
fal OMn_M_ 0 8
Q| o ©° ©
m L) e o
o o
o o o&
< ® o |
8Hg o.._n_b%n_ o [a]s]
= n_un_m oo
or) 0" 0 O
1 D (e} o_o o
B a0 o8, o
- s o a O O n_n_
o' o
%cf % m__Hn_n_ o
(e} o o o
< ,wm od o
| oR. o O On a
o o
o | ¢ Hoo® o B
g2 A< < o
g =}
Q
< < b 3
Am.rmWDr Eh o ooo o
< E X og o _H
nm_ [N P_H._n_ Ho B
e 5,00 L 8
& po L S
— ou ==
4 do 4 Bogg <
O (¢} [=]
< o (&)
s
. 0 O O
o | o° 500 000 H
& o9 o
o 4 Ag % % %0g O
s} 2 D o
o B o W 000 08 o
OO O
o o
)
a OOnD@O 8o 05
o = 3 © B30 P00,05° O o
0909 6 g O &
< < o) o 50
5 3 o 50 270, o
[=] o0 L ) D0 a
O o] o)
o o095 o [} N
ﬂ 0% o 830 — oo
1] 0, )
(% 000 O °
d ° Fa 0 98 o o
oo%
00
- . of &
n_y w,mu 00 o
o [ei ° o
‘1 Om@w [e} s 2
- ° 955 ]
o850 8
ﬁ_ 209 2 o~ o
o 8o ©°o §
Doow nGooo
By ©
o o O S
m% 8og , ©
[ul opg & m m
o
TR T T i
o o Xind _4.-__
N i

sAep ‘awin Jua,

CA

40



Caitalogs of earthquakes make
PESSINIE torsiudy systematcally™"

3915} arabllity inspace and time

I—I
L

it quakes evidently cascade into
Siershocks that re- -adjust the hierarchical

_ ;'é ofi blocks-and-faults in the locality
e f the'main shock rupture.

-l—"__--"_

J Systematlc analysis shows less evident
Inverse cascade in seismic activity prior to

the recent greatest earthquakes.

-
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i PR Activity in 10 years before and
T e R 3 years after the great shocks
s |
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/—\IF’ 'shock Seguences of the great"snocksH
(Summary)
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.100 days

_—

Aftershocks
decay 100 d

Aﬁe=rshocks
decay 3y

Relaxation
time, years

29
151
36
121
5
515
52
311
357
38
218

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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sompbination of Inverse.and ..

b direct seiSmic cascades

IR i —

_"Apparently display phase transition of the

== 5ystem of blocks-and-faults from one steady
——  stable seismic regime to another one.
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Genclusions

-
- = =
T e —.

gs evidence clear patterns in space-time-energy
dliien ofF earthguakes, as well as consecutive stages
EII’ lVerse cascading to main shocks and direct
_=ad|ng of aftershocks.
'. 1e first may reflect coalescence of instabilities at the

= ¢ pproach While the second may indicate readjustment of
== =7 complex system of blocks-and-faults in a new state after

i
..—-—

—

= ‘_" ~ arcatastrophe.
s 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 In seismic regions.
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prerearthquakes predictable?™
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B aWiE B erGrmance of garthguake prediction
zZlgEtiams: VI8 and MB-MSc:, VagnituEers: D

Large earthguakes. | Measure of | Confidence

st - -
o | Total” Predicted’by | alarms,% Ievel;"%

gerigel

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

17 12 9 32.93 16.78 99-83 99-93
15 10 7 129..,14...199.2 99.%

~ | present

The significance level estimates use the most conservative measure of
the alarm volume accounting for empirical distribution of epicenters.
T o drive the achieved confidence level below 95%, the Test
should encounter six failures-to-predict in a row.
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(St WWWAAItERG or http://www. phVsitalberta.ca/mirrors/mites)

REZ Wiction ofi the'world' largest earthquakes

g

- # - JI

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2007 (subject to update on January 1, 2008)

45° 0° 135° 180° 135° 0°
o (I

0
45 90 45
SETR 7 SR
& L] L

{ Rdasien Acadday of Suences: 0L - indicates no increased probability
[nternational institute of
_Earthquake Prediction Theory
and Mathematical Geophysics - indicates reduction of the alarm area
7 Mossnbeknl Voa ialvarBiit il by tha M3c algorithim
o |

- indicates increased probability
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Rea{miediction ofi thewword largest earthguakes

galites//www. mitp.ru or http://www. phys.ualberta.ca/minrors/mitsRes
i

Regions of Increased Probability of Magnitude 7.5+ Earthquakes
as on July 1, 2007 (subject to update on January 1, 2008)

4509 qo 135° 180° 135° 90°

F-‘ua-!qlun .u.matm- | EL:&?E:E T ) - indicates no increazed probability
Intnrnatlnnal institute. nf
_Earthquake Prediction Thnur‘y
and Maﬂmmntlcal Gmphyslcs - - indicates reduction of the alarm area
Mmook o b oG enlodyaEmite by the MSc algorithim

135° 180°

- indicates increased probability
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- Rem\"ediction ofi thenwverldrlargest earthguakes

BLps/www.mitp.rul or hitp://www.phys.ualberta.ca/mirrers/iiions
—

~ g

——

Although the M8-MSc predictions are
Intermediate-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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SAl=tIm 'ﬁh‘tion of the werld largest earthguakes

( AN Re Rt iR WAV S: LAl ES

-\.El

Regions of Increased Probability of Magnitude 8.0+ Earthquakes
as on July 1, 2007 (subject to update on January 1, 2008)

135° 180° 135° 90°

=
fr

3 F‘IJu'!aIul‘ .ﬁ:.aulam-.- o1 5 -&rc:e

.-Intnmatlnnal institute. nf

/ Earthquak& Prediction Thnury

g and Mathemﬂtu:al Gﬂuphysacs
Ko isubokol ¥l [iniodyagimitef

- indicates no increazed probability
- indicates increased probability

- indicates reduction of the alarm anea

by the MSc algorithim
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ctimeprediction of the world! largest earthquakes

e

SR/ AMWAEIITENOr O hitp://MwwW: phvSitalbertia.calmireysSyisie

3 3 1

Failure-tgspredict the:15 AUG 2007, M8.0 earthquake:
No TIP; ke h
the highli

Finite Fault Model
2007/09/12 Ms8.5 and Ms8.1

. Preliminary Result of the
earthquakes and their aftershocks Sep 12, 2007 Sumatra

2007/09/12 Ms8.5 and Earthquake

Ms8.1 quakes and their Chen Ji, UCSB
aftershocks
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J Variability of an Earthquake Sequence _—

-
-

® Tuesday, October 2 11.10 - 12:00=

| shall talk next week arthql

‘thquake prediction: Problem and Practical Solutions
~ Monday, October 8 13.30 - 14.15

i“ ctice of Predicting Large Earthquakes on global and Regional Scales
= Wednesday, October 10 1330 =24=15

= 3. Earthquake forecast/prediction: Problem of Verification
_J- = = Thursday, October 11 14.25 - 15.10

U \J ol U A vV U

- T ~ 4. Earthquake forecast/prediction: Accuracy and Limitations
Thursday, October 11 15.20 - 16.05

- Unified Scaling Law for Earthquakes and Seismic Hazard Assessment
Friday, October 12 14.25 - 15.10

Similarity and Differences in Sequences of

Earthquakes, Solar Flares, and Starquakes
Friday, October 12 15.20 - 16.05
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