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ABSTRACT

Theoretlcal predictions of ENA ground motion parameters
pased on a stochastic model (Boore and Atkinson. 1987: Atkinson
g;SaBﬁggi,t;29$;82r§a§valuated an. light of receﬂt dat;, including

' _ uenay, Quebec eart
consistent with the thecretical model onhggzgiée Dziihzieh high-
frequencyiground motions from the Saguenay earthéuake arz .
underpredlctgd. A more general two-corner model of the source is
proposed, which would define the source spectrum of any

earthquake by both moment and Nuttli magnitude.

INTRODUCTION

The Nov. 25, 1988 Saguenay, Quebec earthquake produced high-
frequency ground motions that were significantly greater than
those predicted by recent ground motion relations for eastern
North America (ENA) (Boore and Atkinson, 1987; Toro and McGuire,

1987; Atkinson and Boore, 1990). The ENA ground motion relations
were based on a simple theoretical model. High-frequency
imited white noise,

radiation was treated as finite-duration bandl1l
source

whose amplitude spectrum was given by a seismological ‘
model: the source model was a simple billnear shape, defined

solely by the moment magnitude of the earthquake and stress
parameter (Brune model with 100 bar stress drop) .

The model had been validated, to some extent, by compa
with small to moderate ENA earthquakes, but the Saguenay
earthquake (moment magnitude 6) was seen as a test of 1its
applicability to larger events. (Note: The 1985 Nahannl

earthquakes were also considered a test for larger events 2
(Wetmiller et al., 1988), but were not as widely recorded an

extensively studied.) The fact that the stochastic model did a

poor job of predicting the Saguenay ground motions haz riliig
important guestions concerning the validity of the under Y

' ' | | | based on a
seismological model. Before jumplig to concluslons .
a s worthwhile to step back and consider the

single earthquake, 1t 1
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OMPARISON OF OBSERVATIONS WITH PREDICTIONS

>
e evaluated by examining residuals,

‘ lons ar :
definzgeagrigéciégn(to the base 10) 'of the ritu]:-v 1c:::»fdc:»bservatignS
to predictions. Figure 1 plots reSJ.dualg calcula ec for the
Atkinson and Boore equations, as a function of magnitude ang
distance, for frequencies of 1 and 5 Hz (polnts whlch_plot above
the zero line represent observations larger than predicted, whil
points below the zero line are observations that were smaller
than predicted). Frequencies of 2 and 10 Hz were also examined,
but are not plotted. The Atkinson and Boore equations were
derived for magnitudes 4.5 to 7.5 at distances of 10 to 500 knm
so these comparisons actually stretch the range of wvalidity of
the equations considerably.

AC1 N2, Ehe residuals show a marked increase with R, anda

the Saguenay gr - ;
. Y ground motions (all the M 6.0 data). The Saguend

motions are much |

lar . 0
tor frequencij JI°r than predicteg by almost a factor of !V
Oof scatter. ai s S NBOLH e

: Somervi
observatione - e et the Saguendy
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ewhat greater

The standard
in - the

1ues of

The mean residual at all freguencies 1s sOm
t(iqg%viéigg t? a factor of about L2570
S peat 0?25? ;z ézggzr ghan typically observed
iest (319 {5otner and Beover 1983)) . the positive. mean
dua}Sf?nd large standard deviations are at least partly due
influence of the Saguenay data, but may also be attributed

fact that the predictive equations were not derived from

Tpe jatter O?Servation suggests that 1t may b
derive regression equations from the data set, and compare

rhese to the equations based on the theoretical model.
n analyses based on these data are described by Atkinson

RegreSS 10
(19913)_ The datajbased regression equations pro
how no persistent trends with magnlitude OX distance,
+ for the Saguenay data, which systematically
In otner words,

overallb?St“fit_equations at high frequenciles.

+he equathHS'Wthh best fit the data set as a whole cannot fit

+he Saguenay ?bservations. The equations based entirely on the
t differ greatly from the theoretical equations, 2as

aata G0 ot =
jllugtraFEd in Figure g. The agreement is rather remarkable
considering the very different nature of the derivation methods

(empirical versus theoretical).

DISCUSSION

The Atkinson and Boore (1990) equations appear to Dbe
jve with respect to empirical results, even though the
| | rtant part of the empirical

und motions are an 1mpo
he empirical relations 1s
] + 0.3

conservat

saguenay gro
data set. However the scatter of t

large, with <tandard deviations of
log units. s 1 ter than typical wes

(Joyner and Boore, 1982), and may have 1mpor
seismic hazard evaluations.

 gh-frequency dro
d underpredict

the question as
than ’average’ due
drop between the Nahannl I
possibility, Figure
Nahanni source acceleration spectra,
corner frequency, to the 1jevels for ot

data sources and their interpre

Atkinson (1989).
To sho mn]lications of the data points for source
R he rrespondind to stress parameter
rune) source

scaling, lines have been d _ .
values of 10 and 100 bars : the.51mple bl

model. The data suggest that,
mainsh ters 1ol intraplate events S
B temas P e d have little systematlcC dependence On

the range 25 to 150 bars an




nshock appears ToO be

i traplate events, whereas the Saguenay

h other in not be explained solej.

'  screpancy can
s ngy foreshock and aftershock do :

, ue ,
by focal depth, S1nC€E the Saghigh_frequency amplitudes (all thre.

ear to have anomalous st
gg;uzigy events occurred at depths of 25 tTo )

The Nahannil mal

| ter implied by Figure 3 for the
The high stress parame e docis-nut adoquatety et

: t 800 ba .
Saguenay mainshock (abou Recall that while the model

+ure of the discrepancy. .
Egcele?;redicts the Saguenay earthquake’s high-frequency

amplitudes, 1t overpredicts its low-irequency amplitudes (the

' ' It is the nature of the simn:
- r point is around 1 Hz). mple
;gng ngchpfails in this case, rather than the value of the

stress parameter.

The discrepancies between theoretical and_empiricgl ground
motion predictions can be used to suggest possible refinements t,
the underlying seismological source model. As suggested by
Atkinson (1991a), the shape of the source spectrum can be reviseg
to produce qualitative agreement between theory and observations
by the introduction of a second corner frequer}cy. ' However, g3
simple two-corner model would still underpredict hlgh—frequency
amplitudes of the Saguenay mainshock (and overpredict Nahanni) ,
unless additional parameters are used to more closely reflect
specific earthquake characteristics. In order to significantly
improve the fit of the theoretical model to any particular
earthquake, it appears necessary to introduce modifications to
account for earthquake-specific source complexities, or
distinctive source characteristics of local tectonic settings.

A simple way to accomplish this is to describe the
eartl}quake by both its moment magnitude, M, and Nuttli
magnitude, MN. Atkinson (1991b) describes a scheme for defining
the source spectrum, in which the low frequency portion of the
Spectrum, including the lower corner frequency, is specified by
the moment magnitude. The location of the higher corner

h'the agreement is good.) ;
: | lgh-frequency spectral leve
not entirely predict the actual high-frequency
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?Tg;é). TDnZiagiggetixamLHEdr_a$ suggested by Somerville et al.

valuated and refined ige possibilities, the model needs to be

Z &3 sat. Research t sy On.SYStematic analysis of a larger

iogress. With pro eg accompllgh this goal is currently in

; d salient propa aE' modeling of the underlying source spectrum

;?ven 4 sounder tg60;22i6f§96t5; ground motion relations can be
cal underpinning. This i :

1ead TO pbetter agreement with ground mogion dataShould et
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Figure 1. Residuals from comparison of PSRV data with

theoretical predictions, as a function of distance and
magnitude.
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Figure 2. Comparison of theoretical ground totion equations of
th emplrlcal

(1990) (heavy lines) Wl

507







