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OUTLINE

« Incompleteness of catalogues

e Uncertainties (location, magnitudes and origin times)
e Inadequate model of seismicity

e Seismogenic zones

mmm) - Maximum earthquake magnitude m,,,
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Parametric Procedure

APPROACH 1:

(Cornell, 1968)
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Advantages:

e Can account for seismic gaps, non-stationary
seismicity, faults etc.

Disadvantages:

e Specification of seismogenic zones

e Requires knowledge of seismic hazard
parameters (e.g. activity rate, b-value, m__.)
for each zone @
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APPROACH 2
Non-parametric “Historic’ Procedure
Veneziano, et al., 1984)
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Fig. 11. Steps in non-parametric historic hazard method (Veneziano er «f., 1984}
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Advantages

e No division into seismic zones needed
e Seismic parameters no required

Disadvantages

e Unreliability at low probabilities, or at the
areas with low seismicity

e The procedure does not take into account
Incompleteness and uncertainty of earthquake

catalogues @
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ALTERNATIVE
Combination of both
The ‘Parametric - Historic’ procedure

e Assessment of basic hazard parameters (e.g.
seismic activity rate, b-value, m__,) for the
area in the vicinity of the particular site

e Assessment of the distribution function for
amplitude of ground motion for a specified
site.

e |f the procedure iIs applied to all grid points
a seismic hazard map can be obtained
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PARAMETRIC-HISTORIC PROCEDURE




INCOMPLETENESS AND UNCERTAINTIES
OF SEISMIC CATALOGUES

i X = observed apparent magnitude
o = standard deviation
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X max

MAGNITUDE
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- SPAN OF THE CATALOG —————>

(b)

FiG. 1. An illustration of data that can be used to obtain basic seismic hazard parameters by the
proposed procedures. Qur approach permits the combination of the largest earthquakes with
complete data and variable threshold magnitudes. It makes possible to use the largest known
historical earthquake (X, ,.) that occurred before our catalog begins. It also accepts “gaps” (T,)
when records are missing or seismic networks were not in operation. (a) “Hard bounds” model &f
earthquake magnitude uncertainty. Magnitude of each earthquake is specified by two values: the
lower and the upper magnitude limit. It is assumed that such an interval contains the real
unknown magnitude. (b) **Soft bounds™ model of earthquake magnitude uncertainty. Following
Tinti and Mulargia (1985), it is assumed that the observed magnitude is the true magnitude
distorted by a random error €. ¢ is free from systematic errors and follows a Gaussian distribution

with zero mean and standard deviation o.

Kijko, A. and Sellevoll, M.A. 1992. Estimation of earthquake hazard parameters from
iIncomplete data files. Part Il. Incorporation of magnitude heterogeneity. BSSA, 82(1),
120-134.
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MAGNITUDE DISTRIBUTION
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APPLICATION TO THE GUTENBERG-
RICHTER MAGNITUDE DISTRIBUTION

F, (M) =+

0

I—exp[-f(Mm—m_; )]

1 l—exp[-4 (M, —M.)]

form<m_ ..
, form . <m<m__
form>m_ .

where £ =blIn(10)
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PGA DISTRIBUTION

Inn =a-yx
y=pB/c,

In n

In (PGA), x

e Please note: y=p/c, where
Ina=c, +C,-m+c,-r+c,-Inr, @
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APPLICATIONS

Seismic Hazard Map of Sub-Saharan Africa
10% Probability of exceedance of PGA in 50 years
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SOUTH AFRICA
Seismological Monitoring Network

LEGEND

Seismological station
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Magnitude = 5.2 at Welkom 1976
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= 5.3
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O March 2005, M
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Tulbagh, 29 September 1969, M, = 6.3
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Seismic Hazard Map of South Africa

SEISMIC HAZARD MAP OF SOUTH AFRICA INCLUDING THE KINGDOMS OF LESOTHO AND SWAZILAND
Feale ground acceleration {gh with a 10 % probability of being exceeded in a 50 year period
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Maximum Possible Earthquake
magnitude in Johannesburg/Pretoria?
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Definition of m__,

e The maximum regional magnitude, m Is the

max,

upper limit of magnitude for a given region
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=m>® + A

max max




The Generic Formula for Estimation of
the Maximum Regional Magnitude, m__..

max

M =m + j[F (m)|"d




THREE REAL LIFE CASES

1. Earthquake Magnitudes are Distributed
according to the Gutenberg-Richter relation

2. Earthquake Magnitude Distribution deviates
largely from the Gutenberg-Richter relation

3. No specific model for The Earthquake
Magnitude Distribution Is assumed
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CASE 1: Earthquake Magnitudes are
Distributed according to the
Gutenberg-Richter relation

logn=a-bm

gn

0
Fyy ()=
1,

1-exp[-f(m-m, )]

1=exp[~/ (M, =Myy,)]

form<m_

min,

form . <m<m__

form>m__

Magnitude, m

where 3 =bIn 10
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Case 1

. E.(n, )—E, (N
mmax — mrc;gi | :B(ezx)p(— ;]( \1) | mmin eXp(_ n)
2 )
where n

T expl M —m )]

obs

n2 — nl exp[_lg(mmax o mmin )]

And E, (e) denotes an exponential integral function
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852

dirtinctly nonlinear recurrénce elatio
BExamples include subduction zones in
Stephens, 1982 Davisos and Scholz,
and crustel faulte in Tukpy, Sweden
(Weanoueky ef ol,, 1988), and the New Madrid region of the
{Main-and Burton, 1984), Note that the rectrrence data shown in Figure 9 are

ROBGRT R, YOUNGS AND KEVIY J. COPPENSNITH _
nshipa prediered by this model (Figure ).
Alauka (Uteu 1971; Purcaru, 1975; Laks and
2084) and Mexico (Singh et of, 1981, 1083),
and Gresce (Bith, 1981,

1982, 1983), Japan
Central Tnited S4ates

reproduced duectly from tha criginal publications. These observationsi data fuggeat

Case 2: N S
The Earthquake |7 ™ || ™ .
Magnitude T o
Distribution =
deviates largely |- ™| [\
from the Y

G u t en b er g - ¥ -*‘fs;'*;mm: %%“aﬁ“mﬂ&’%‘wmﬁm’?“ﬁﬁm £
Richter relation

aubduetin

and Turksy (Bath, 1981}, On the pint for the Maxican sibdiction zone, the
tha period 1906 ta LBEL (75,6 yr}; the circies ame data frgg 1963 to 1981

are mprodussd directly fiom the o
melationabip.

resant for
izad ta 75.5 yr. The plcts
rlginal publications. Nots the signifioant depertars from a Jog-linser

that the magniimde range or increment of the characteristic sarthquake iz sbont
oné-half megnitude unit, and that the increment between the minimum ‘character-
istid magnitude and the portion of the recurrence -curve showing exponentisl
behavior at recurrence retes greater thai the rate for characteristic svents is abent
one magnitude unit (Figure 9). In’ other words, the magnitude renge showing -
nerexponential behavior in & evmulative plot is about 1.5 magnitads units. This is
in' general agreement with the model proposed by Bingh et ol (19837 whersby they
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Case 2: The Earthquake Magnitude
Distribution deviates largely from the
Gutenberg-Richter relation

Earthquake magnitude distribution follow the Gutenberg-
Richter relation with some uncertainty in the £ value

0 form<m_._
Fy(m)=2: C,{I-[p/(p+m-m_ )]}, form <m<m__
1 fom>m__
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Case 2

1/q q q
R o 'Texplnrt/(1-r
Mimax =M, + il ’ A= U1 g,00%) - T(-1/q,5)

This formula can be used where there exists temporal trends,
cycles, short-term oscillations and pure random fluctuations
In the seismic process

where

1
5:nCﬂ, Cﬁ: ’ r: p b
1—r" p+m__ —m_

pzlg/(o-ﬂ)za q:(ﬁ/aﬂ)z

I'(®) is the incomplete delta function
and 94 is the known standard deviation ofﬂ @
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What does one do when the
emperical distribution of earthquake

magnitude Is of the followmg form...
‘V L e -

SEISMIC

-k o9 07 -as 03 Aol ol a3 s a7 Lt} u 13 18] 17 L] 21 E 5] 25
e e =
| chdbsiareasidhartios. pol
|1m|mwm=w- 13/497 23:00:00
110 < Magn < 6.0
Min, Stations 3
(53 svemis !
| First Event 19/11/96 13:58:48
Last Event 12/04/97 17:21:20
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Case 3: No specific model for The
Earthquake Magnitude Distribution is
assumed

* A non-parametric estimator of an unknown
PDFfor sample data mi , 1=1,...n,:

-

 Where h is a smoothing factor and K(e) is a
kernel function
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Case 3: Continued...
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Case 3: Continued...

e From the functional form of the kernel and from the
fact that the data comes from a finite interval, one
can derive the estimator of the CDF of earthquake

magnitude:
0, form<m,, |
- m— mi mmin B mi
5 - 4 h j_¢( h ) form <m<m__
Fy(Mm=< —= , >
Z¢(mmax _mij_¢(mmm _mlj
= h h
1, for m>m_ )

e Where ¢(¢) denotes the standard Gaussian CDF
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Application 1: Southern California

CASE Assumptions m..,* SD

1 Gutenberg-Richter 8.32 +0.43

2 Gutenberg-Richter+ 8.31 +0.42
Uncertainty in b-value

3 No model for 8.34 £0.45

distribution is assumed
(Non-parametric
procedure)

Field et al. 1999 7.99
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Fitting of Observations using the
Non-Parametric Procedure

Curmulative number of seismic events
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Application 2: New Madrid Zone

New Madrid Seismic Zone
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CONCLUSIONS

e |t Is possible to develop a lot of useful tools
which is capable of taking even the most
diverse behaviour of seismic activity into
account

e A lot needs to be done to improve It.
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THE END

THANK YOU
%
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