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Mathematical Background

» Mathematical background: total probability theorem (Cornell 1968).

PU>u)= 0  PU> u)|m,RYXf,, (m) X[, (R) xdm xdR

P(U>u|m,R): probability that ground motion level « will be exceeded,
given an earthq. of mag. m on a source at distance R from the site;
Jy(m): probability distribution of magnitude,

fr(R): probability distribution of site-source distance;

my, m,,,. lower and upper bound of magnitude, m,<m<m,,,,,.

» Summation over all seismic sources gives the anual rate of ground
motion exceedance: ; ; "
m=a mw=a [,(m)y0  PU>u)|m R)xf, (m),xf,(R), dmxdR
1 .

=1 =

A(m,): the annual rate of occurrence of earthquakes with m > m,,

Assuming earthquake process i1s Poissonian, prob. that level u will be
exceeded at least once during the time period 1! p(s)=1. ¢
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Mathematical Background

» Except probability distributions of the magnitude f,,(m), and site-to-
source distance f,(?), implementation of the PSHA also requires:

= A spatial model to describe reliably the seismic activity rate A (m,).

" A model to characterize the process that generates the ground
motion P(U>u |m,R).

= fy(m)1s characterized by doubly-truncated exponential model:

be— b (m- mgy)
fo(m)|m,,m )= 1 o P o) T £ 77 Exrty )

» N(m,): different approaches proposed, are distinguished on the way
they model seismicity within an area: assuming the earthquake rate
of occurrence 1s uniform throughout (source zone approach), or
considering 1t as spatial variable (gridded seismicity: spatially
smoothed, kernel methodology).
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Mathematical Background

» P(U>u|m,R): Assessment of the conditional exceedance probability of a
specified level # of seismic intensity U on a certain site, requires an
adequate model to predict the ground motion generated at a site when on a
source zone has occurred an earthquake with magnitude m and distance R

from this site:

PU>u |mr)=1- F,(u)

F(u*): value of the cdf of the random variable U that corresponds to the
fixed values of mag. m, and the distance to the eq. source r.

Usually U is characterized by the lognormal law. In this case:

PU> u’|m,r)=1- e
Inu

M. conditioned mathematical expectation of /n(U) for a fixed (m,r);
®: cdf of the standardized normal distribution N(0,1);
0;,,: logarithmic standard deviation of the regressive model (PGME).

Generally:  InU)= b+ fi(M)+ fL(R)+ f5(M,R)+ f,(S)+ fs(F)+ e
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Sersmicity Modeling

» Generally, four different classes of earthquake source models are used

for seismic hazard assessment (NSHM, USGS, 2008):
1) Smoothed gridded seismicity,

2) Uniform background source zones,

3)

4) Faults.

Geodetically derived source zones,

" The first two models are based on the earthquake catalog and
characterize the hazard from earthquakes between M5 and M6.5-7.0.

" The geodetically derived source zones are used to assess the hazard
between M6.5 and the largest potential earthquake in a region.

" Faults mostly contribute to the hazard for earthquakes stronger than
Me6.5.
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Sersmicity Modeling

» Fault sources an geodetically derived source zones
Within the frame of the BSHAP project, it has been impossible to
provide the relevant information, even for the faults that have
generated strongest earthquakes with Mw> 6.5 1n our region.

» Seismic hazard assessment is accomplished using the smoothed

gridded seismicity methodology.

* Random seismicity-derived sources account for two types of
earthquakes:

1) those that occur oftf known faults, and
2) moderate-size earthquakes that are not modeled on faults.
" The gridded-seismicity models are based on historical earthquakes

and account for the observation that stronger earthquakes occur at
near clusters of previous smaller earthquakes.
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S PSHA implementation (BSHAP)

» Application of PSHA requires:

" a homogenous catalog of historical earthquakes,
= a description of possible faults and earthquake sources,

" the parameters describing adequately seismicity for faults and
earthquake sources,

= appropriate PGM models in region.

» The problems related with compiling of a homogenous earthquake
catalog - unified in terms of M), mag. scale, completeness magnitude
levels, declustering, etc., were just presented by Prof. Duni.

» Dr. J. Mihaljevic also presented in details the identification,
delineation and characterization of the seismotectonic source zones
in the BSHAP project region.
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Estimation of recurrence statistics

» To calculate the hazard from a particular source, a doubly-truncated
exponential model for G-R magnitude-frequency distribution is used:

|y 0L b(m m)]- eXDE b~ my)]
& o 1- exp[- b(m, ., - m,)]

, my<m<m,,,

A : the mean annual number of earthquakes with M > m.

A, the mean annual number of earthquakes with M > m,,

m,: minimum magnitude with engineering interest (m,=4.0 is used)
m,,,.- maximum magnitude that can be generated 1n a seismic source.

» The recurrence statistics (a- and b-values, 4,,) are obtained from
analysis of the BSHAP catalog, using a MLE method that accounts

for variable completeness (Bollinger et al. 1993; Weichert 1980, Berril
and Davis 1980).

> The recurrence statistics are estimated for about 70 source zones.
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Estimation of maximum magnitude

» M . is a difficult parameter to be assessed because the database to
derive it 1s statistically very limited. M, should be relatively large,
because big earthquakes may have a very large interval occurrence,
that sometimes exceeds 10000 years and probably are not evidenced
in the historical or geological documents.

» Estimation of M to some extent should reflect the uncertainties
that associate this parameter.

» M .. used in our hazard calculations, is source zone dependent. Its
assessment 1s based considering the maximum observed magnitude 1n
a seismotectonic zone and the respective geological settings.

» For every zone, we have accepted the estimations given by each
partner country for the relevant zones.
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ATO
Interactive fitting Of the G-R model

» The doubly-truncated G-R
exponential model 1S

Frequency-magnitude relationship for the zone A2

—

characterized by three

parameters: A, b, andm,, ..

=
-

After their assessment, a
final manual check and
tuning 1s applied for every
zone, 1nspecting carefully
how the model obtained fits
the respective observed data.

Double-truncated exponential
(b=0.90, m,=4.0, m,=6.9)

Cumulative number / year

=
o
S
-
|

This procedure enables an oo | | |

4 5 6 7

accurate calculation of the Magnitude, M,
selsmiclty rates.
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