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APPENDIX B
DOCUMENTATION FOR LITERATURE REVIEWS

B.1 Introduction

In accordance with Task 2 of the Project Plan (EPRI, 2012) for the EPRI (2004, 2006) Ground-
Motion Model Review Project, part of the data evaluation process is a review of relevant ground
motion literature that was published after 2003. This appendix documents that review. For each
document compiled and evaluated, the following information is tabulated (Section B.3):

e The complete reference citation information.

e A short summary of the findings.

e Key model assumptions.

e Data used.

e An assessment of its value to reviewing and/or updating the EPRI (2004, 2006) GMM.

This<1‘;;rarure review and evaluation consists of one aspect of the review of the EPRI (2004,
2006) GMM by documenting relevant work carried out since that model was developed. It also
supports the SSHAC objective of representing the center, body, and range of technically
defensible interpretations in the development of the Updated EPRI (2004, 2006) GMM. The
literature review tables demonstrate the structured and systematic evaluation of the range of
interpretations from the larger technical community. Full citations for the documents reviewed
are provided in Section B.3 of this appendix and in Chapter 9 — References.

B.2 Literature Reviewed

e Table B-1 Atkinson (2004a)

e Table B-2 Atkinson (2004b)

e Table B-3 Campbell (2004)

e Table B-4 Tavakoli and Pezeshk (2005)
e Table B-5 Atkinson and Boore (2006)

e Table B-6 Douglas et al. (2006)

e Table B-7 Sonley and Atkinson (2006)
e Table B-8 Atkinson and Kaka (2007)
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Appendix B

e Table B-9 Atkinson and Wald (2007)

e Table B-10 Raghu Kanth and Iyengar (2007)
e Table B-11 Atkinson (2008)

e Table B-12 Atkinson and Morrison (2009)
e Table B-13 Campbell (2009)

e Table B-14 Somerville et al. (2009)

e Table B-15 Atkinson and Kraeva (2010)

e Table B-16 Boore et al. (2010)

e Table B-17 Zandieh and Pezeshk (2010)

e Table B-18 Atkinson and Boore (2011)

e Table B-19 Atkinson et al. (2011)

e Table B-20 Boatwright and Seekins (2011)
e Table B-21 Pezeshk et al. (2011)

e Table B-22 Atkinson (2012)

e Table B-23 Boore (2012)
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B.3 Literature Review Tables

Table B-1. Atkinson (2004a)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M. 2004a. “Empirical
Attenuation of Ground-Motion
Spectral Amplitudes in
Southeastern Canada and the
Northeastern United States.”
Bulletin of the Seismological
Society of America 94 (3): 1079-
1095. doi:10.1785/0120030175.

This study performs a
regression analysis of
CENA Fourier-amplitudes.
Amplitude is found to decay
as R over the first 70 km.
Estimates of stress
parameter increase with M
for M < 4.3, but attain a
nearly constant value in the
100-200 bar range for
larger events.

Hinged tri-linear model for
geometric attenuation and
a geometric-attenuation
term, consider alternative
hinge-point distances.
Magnitude is characterized
using the 1 Hz magnitude
m1 (Chen and Atkinson,
2002), which is close to M.

1,700 digital
seismograms (many
of them vertical)
obtained in hard-rock
sites from 186 CENA
earthquakes (M 2.5-
5.0; 1990-2003).

None directly
because does not
include a full GMPE,
but provides insights
into many of the key
issues. Also, resulits
from this paper are
used by Atkinson and
Boore (2006).

Table B-2. Atkinson (2004b)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M. 2004b. “Erratum:
Empirical Attenuation of Ground-
Motion Spectral Amplitudes in
Southeastern Canada and the
Northeastern United States.”
Bulletin of the Seismological
Society of America 94 (6): 2419-
2423. doi:10.1785/0120040161.

This is an erratum to
Atkinson (2004a), which
corrects for an error of 0.2
magnitude units in the
equation for the 1 Hz
magnitude m1.

Same as in Atkinson
(2004a).

Same as in Atkinson
(2004a).

None directly.
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Table B-3. Campbell (2004)

Assessment of
Technical Value for

Citation Short Summary Key Model Assumptions " Data Used This Project
Campbell, Kenneth W. 2004. Presents erratum to N/A N/A The modeling of the
“Erratum: Prediction of Strong Campbell (2003) paper on Campbell (2003)
Ground Motion Using the Hybrid the hybrid GMPE for the hybrid GMPE used in
Empirical Method and Its Use in CEUS. the EPRI (2004) was
the Development of Ground-Motion checked and found to
(Attenuation) Relations in Eastern have been done
North America.” Bulletin of the correctly. -
Seismological Society of America
94 (6): 2418.
doi:10.1785/0120040148.

Table B-4. Tavakoli and Pezeshk (2005)
Assessment of
Technical Value for
Citation Short Summary Key Model Assumptions Data Used This Project

Tavakoli, Behrooz, and Shahram
Pezeshk. 2005. “Empirical-
Stochastic Ground-Motion
Prediction for Eastern North
America.” Bulletin of the
Seismological Society of America
95 (6): 2283-2296.

Uses an empirical-
stochastic model to modify
Callifornia attenuation using
ENA source parameters.
Uses double-corner source
model. California GM
models are Abrahamson-
Silva (1997), Sadigh
(1997), and Campbell
(1997).

Models Moho bounce, Ao =
f(M), and equivalent point
source for large M.

Compares to Kaka

and Atkinson (2005)
data for Eastern
North America
(ENA), and to five
published GM
equations.

Limited. Based on
pre-Next Generation
Attenuation (NGA)
equations in
California, and to
ENA data prior to
2005. Gives support
to two-corner source
model. Compares
well with EPRI (2003,
same as EPRI 2004).
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Table B-5. Atkinson and Boore (2006)

Appendix B

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M., and David M.
Boore. 2006. “Earthquake Ground-
Motion Prediction Equations for
Eastern North America.” Bulletin of

the Seismological Society of
America 96 (6): 2181-2205.
doi:10.1785/0120050245.

Paper develops GMPE for
hard rock and other site
conditions using extended-
source stochastic model
and amplitude-decay
assumptions from earlier
studies by the same
authors. Results are
compared to response-
spectrum data from 350
recordings.

Source: extended-source
stochastic (EXSIM), with
rupture dimensions given
by Wells-Coppersmith
(1994) worldwide relations
for length and width,
reduced by a random factor
of ~0.6 (based on
Somerville et al., 2001,
source scaling). Stress
parameter: 140 bar.
Geometric spreading and Q
based on Atkinson (2004a).
Duration model from
Atkinson and Boore (1995).

To investigate
source scaling:
historical and
instrumental data
(1811-2005; M 4.2-
7.5). For GMPE
validation: 350

records from CENA -

+ Bhuj (1925-2005;
M 4.2 to 7.6).

GMPE is important
because it includes
effects similar to
those of two-corner
models used in the
past. Effect of source
finiteness (relative to
point source) is large,
but it is well
supported. Original
form of GMPE should
not be used directly.
2011 revisions
(ABO6') should be
used instead.
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Table B-6. Douglas et al. (2006)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Douglas, John, Hilmar Bungum,
and Frank Scherbaum. 2006.
“Ground-Motion Prediction
Equations for Southern Spain and
Southern Norway Obtained Using

the Composite Model Perspective.”

Journal of Earthquake Engineering
10 (1): 33-71.

GMPEs developed for
southern Spain and
southern Norway starting
from seven empirical
relations from other
regions. These were
adjusted for M, R, and
component definition to
obtain common definitions,
and they were further
adjusted using stochastic
conversion factors to make
target-region GM
estimates. Equations were
fit to these GM estimates to
reflect local characteristics,
both for median values and
sigmas.

Need stress drop as f(M),
geom. spreading, Q, path
duration term, rock Vs, and
site k in target region.

Started with
equations from:

e Western North
America (WNA)(3)

Europe (1)
WNA+Europe (1)
Japan (1)

Italy (1)

Equations developed
for southern Spain
and southern
Norway; equations
not given,
applicability of
particular equations
is low.

Table B-7. Sonley and Atkinson (2006)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Sonley, Eleanor, and Gail M.
Atkinson. 2006. “Path-Specific
Attenuation in Eastern Canada.”
Bulletin of the Seismological
Society of America 96 (4A). 1375-
1382.

Studied GM from 2,400
waveforms, 400
earthquakes, in Charlevoix
seismic zone. R < 70 km
for all records, to calculate
b in R™ attenuation.

2,400 waveforms,
400 earthquakes in
Charlevoix seismic
zone.

Says b =-1.36is
consistent with A06,
which found B = -1.3
in ENA. Perhaps
adds weight to Moho
bounce models.
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Table B-8. Atkinson and Kaka (2007)

Assessment of
Technical Value for

Citation Short Summary Key Model Assumptions Data Used This Project

Atkinson, Gail M., and SanLinn .
Kaka. 2007. “Relationships
Between Felt Intensity and
Instrumental Ground Motion in the
Central United States and
California.” Bulletin of the
Seismological Society of America

Developed empirical
relationships between
instrumental GM
amplitudes and MMI as
measured by DYFI reports.
Develops equations to
predict MMI based on PGV,

Assumes no correction
factors for site conditions.

29 earthquakes in
central U.S., 2000—
2005, with some
stations in
Mississippi
Embayment and
some outside.

Limited. We will not
be using MMI to
calibrate or check
GM equations.

97 (2): 497-510. PGA, PSA (0.5 Hz), and M 1.8-4.6.
PSA (3.3 Hz).
Table B-9. Atkinson and Wald (2007)
Assessment of
Key Model Technical Value for
Citation Short Summary Assumptions Data Used This Project

Atkinson, Gail M., and
David J. Wald. 2007.
"Did You Feel It?’
Intensity Data: A
Surprisingly Good
Measure of
Earthquake Ground

Motion.” Seismological

Research Letters 78
(3): 362-368.

This study uses data collected the Did
You Feel t? (DYFI) system, which
compiles online citizen responses to
earthquakes, to compare ground-motion
amplitudes in CEUS and in California.
Regressions using data from multiple
events indicate that CEUS motions
have significantly higher intensity for a
given magnitude, suggesting a factor of
roughly 3 in stress drop. Comparisons
for a pair of earthquakes indicate that
CEUS intensities have faster decay with
distance at short distances and slower
decay at distances greater than 100 km.
These results are interpreted as
supporting a R geometric decay at
distances within 70 km.

e MMl is strongly
correlated with
instrumental
amplitude.

¢ The higher intensity in
the CEUS is due
mainly to higher stress
parameter, as
opposed to other
differences (e.g., site
conditions, frequency
content).

¢ The self-selection bias
inherent in the system
does not affect these
comparisons.

More than 750,000
citizen responses
obtained through the
USGS DYFI system.
Each response
contains the answers to
a simple multiple-
choice questionnaire,
which is designed to be
diagnostic of the
Modified Mercalli
Intensity at the
respondent’s location.
The data volume is
thought to compensate
for its limitations in
quality.

None directly, but it
supports the
assumption of higher
stress drop in CEUS,
which is an important
consideration in
evaluating or
developing CEUS
GMPEs. The
suggestion of faster
geometric decay is
also a useful
observation.
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Table B-10. Raghu Kanth and lyengar (2007)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Raghu Kanth, S.T.G., and R.N.
lyengar, 2007. “Estimation of
Seismic Spectral Acceleration in
Peninsular India.” Journal of Earth
System Science 116 (3): 199-214.

Use stochastic model with
Q for specific regions of
Iindia to predict GM, fit
these predictions to a
simple equation (four
constants) for prediction.
Simple site correction
terms are included.

GM can accurately be
estimated with stochastic
model, and can be fit with a
simple predictive equation
(using R-hypo).

Fig. 1 shows
available SM records
in India, ~19 records
forM>5,

R < 300 km (five
earthquakes).
Doesn’t appear that
data were used for

Not applicable,
estimates are made
for peninsular India.
Value of fmax is
inconsistent with
reference-rock
kappa.

comparisons.
Table B-11. Atkinson (2008)
Assessment of
Technical Value for
Citation Short Summary Key Model Assumptions Data Used This Project

Atkinson, Gail M. 2008. “Ground-
Motion Prediction Equations for
Eastern North America from a
Referenced Empirical Approach:
Implications for Epistemic
Uncertainty.” Bulletin of the
Seismological Society of America
98 (3): 1304-1318.

Starts with empirical GMPE
from active region (BA-
2008 NGA) and modifies it
using data from ENA. Not
meant to replace Atkinson
and Boore (2006). Simple
correction factor based on
ENA residuals. Fits to data
are OK for M 5 but are low
for M 6 (Saguenay data)
and M 7 (Bhuj data).

Magnitude scaling of GM is
the same in both regions

ENA predictions are based
on residuals of ENA data
from NGA equations.

18 ENA earthquakes
were recorded by
strong motion
instruments. Use of
Nahanni and Bhuj
data “questionable”
for ENA.

Limited. This is an
alternative GMPE to
ABO6. Not well-
constrained at
magnitudes >6.
Atkinson and Boore
(2011) says it
replaces this paper.
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Table B-12. Atkinson and Morrison (2009)

Appendix B

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M., and Mark
Morrison. 2009. “Observations on
Regional Variability in Ground-
Motion Amplitudes for Small-to-
Moderate Earthquakes in North
America.” Bulletin of the
Seismological Society of America
99 (4): 2393-2409.

Compared ShakeMap data
in California to NGA
earthquakes, and Northern
California data to Southern
California data. GMs for

M < 5.5 are lower in
Northern California than in
Southern California for R
120-250 km. NGA
earthquakes overpredict
GMs for M < 5.5, because
observed GMs attenuate
faster than NGA models.

Few. GM data binned into
M and R bins for
comparison of different
data sets and comparison
with NGA equations.

M 3.6-5.1 for
California, Pacific
Northwest, and
British Columbia.

Limited.
Comparisons are for
California, Pacific
Northwest, and
British Columbia.

Table B-13. Campbell (2009)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Campbell, Kenneth W. 2009.
“Estimates of Shear-Wave Q and
Ko for Unconsolidated and
Semiconsolidated Sediments in
Eastern North America.” Bulletin of
the Seismological Society of
America 99 (4); 2365-2392.

Estimates k; from a several
methods: recordings using
spectral decay/fitting, or
from Q and Vg inferred at
sedimentary sites.
Concentrates on BC site
profiles, finds kp increases
with increasing
sedimentary thickness.

Ko can be estimated by
integrating the product of
Qeff(z)" and Vs(z)™', which
assumes that these
quantities are adequately
known as f(z).

Variety of
recordings, profiles
with estimated
thicknesses, Vg, and
Q.

Limited to BC soil
profile. Uses ko =
0.005 for hard rock in
ENA (p. 2379). Finds
Ko = 0.02 for BC, not
Ko = 0.01, which
USGS uses.
Supports Silva kg
estimates for BC in
ENA (p. 2388).
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Table B-14. Somerville et al. (2009)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Somerville, Paul, Robert
Graves, Nancy Collins, Seok
Goo Song, Sidao Ni, and Phil
Cummins. 2009. “Source and
Ground Motion Models for
Australian Earthquakes.”
Proc., Aus. Earthquake Eng
Society Annual Meeting.

Developed ground motion
simulations using region-
specific source and
attenuation functions,
based on crustal velocity
models from small
earthquake records. Two
models developed for
cratonic and non-cratonic
regions of Australia.

Used theoretical
seismogram approach for
low frequency (<1 Hz),
stochastic modeling for high
frequency (>1 Hz).

Finite fault rupture
models using
Meckering and
Tennant Creek
earthquakes.
Compared to SM
records from 1996
Thompson Reservoir
earthquake.

Not applicable, rupture
area—NM, relations for
Australia seem to be
intermediate between
Western United States
(WUS) and Eastern North
America (ENA) (Fig. 1).
Cratonic model exhibits
strong surface waves that
are not anticipated in
Central and Eastern
United States (CEUS).
Non-cratonic model has
kappa value that is not
applicable to reference
site. Both models have
Vs3p value of 865 m/s
(much lower than
reference rock).

B-10




Table B-15. Atkinson and Kraeva (2010)

Appendix B

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M., and Nadia
Kraeva. 2010. “Ground Motions
Underground Compared to Those
on the Surface: A Case Study from
Sudbury, Ontario.” Bulletin of the
Seismological Society of America
100 (3): 1293-1305.

Compared surface GM
records to records at
depths of 1.4 and 2.1 km.
Surface motions caused by
local shallow mining events
showed excitation of
Rayleigh (Rg) waves at f~2
Hz that underground

Few. Comparisons are
made on basis of smoothed
Fourier spectra.

GM records from
local mine blasts,
regional events,
teleseismic events
(2008 So. lllinois

earthquake, M 5.4).

Records at surface
and depths of 1.4

Limited. Hazard
effect restricted to
mining blasts and
rock falls that
generate Rg phase
locally.

motions did not. Regional and 2.1 km.
and teleseismic events
showed surface
amplification at f~0.8—1 Hz.
Table B-16. Boore et al. (2010)
Assessment of
Technical Value for
Citation Short Summary Key Model Assumptions Data Used This Project
Boore, D.M., Kenneth W. Reexamine stress drop Ag | Ao depends on attenuation | Eight earthquakes Limited. No predictive

Campbell, and Gail M. Atkinson.
2010. “Determination of Stress
Parameters for Eight Well-
Recorded Earthquakes in Eastern
North America.” Bulletin of the
Seismological Society of America,
100(4): 1632-1645.

for eight earthquakes
studied by ABOS, fitting
PSA using a stochastic
point-source model.

model assumed. They used
four models, inc simple 1/R.
Results depend on whether
Saguenay earthquake is
included in analysis. Moho
bounce effect is important.
1/R spreading adequate,
found Ac~70 bars.

well-recorded in
ENA.

equations included.
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Table B-17. Zandieh and Pezeshk (2010)

Citation

Short Summary

Key Model
Assumptions

Data Used

Assessment of
Technical Value for
This Project

Zandieh, Arash, and

Shahram Pezeshk. 2010.

“Investigation of
Geometrical Spreading
and Quality Factor
Functions in the New
Madrid Seismic Zone.”
Bulletin of the
Seismological Society of
America 100 (5A): 2185-
2195.

doiz10.1785/0120090209.

Used recordings from 11
broadband stations in the upper
Mississippi embayment to
estimate geometrical spreading
and Q. The Fourier amplitude
data were fit using a genetic
algorithm that minimized the
mean absolute value of the
residuals (L1 norm). A tri-linear
geometric spreading form was
use with the large distance slope
setto -0.5.

Results show that geometrical
spreading terms did not show
significant frequency
dependence. Geometrical
spreading from 10 to 70 km is R’
015 From 70 to 140 km, the
geometrical spreading has a
positive slope of +0.25. Q(f) could
be fit by 614 for f= 1 Hz.
However, a third-order polynomial
that allows for an increase in Q at
frequencies less than 1 Hz is
needed for a wide frequency
range. (Note that polynomial fit to
data is not very good above 20
Hz, as show in Figure 4 of the
paper).

Source spectra for events in the
range of Mw 3—4.1 can be
modeled by Brune source with
stress drop of 50 bars.

Site effects are
negligible for the

vertical component.

Geometric
spreading at large
distances set to
R-O.S

Data consisted of 500
recordings from 63
earthquakes in the magnitude
range of My 2.5-5.2 and
distance range of 10—400 km.
Broadband data were
recorded on a Guralp
CMG40T instrument with a
flat velocity response
between 0.033 and 50 Hz.
Data were recorded at 100
samples per second. Only the
vertical component was used.

Data was corrected for
instrument response and then
converted to acceleration and
the method of Welsh (1967)
was used to obtain the PSD
of the acceleration spectrum.
The noise PSD was
calculated from the segment
before the P arrival and
subtracted from the PSD of
the recording. Finally, data
where the signal to noise ratio
was less than 2 were
discarded. The result was
tables of Fourier amplitudes
for frequencies from 0.2 to 30
Hz, with most of the data in
the frequency range of 1-10
Hz.

Results show similar
overall geometric
spreading behavior to
that obtained for
southeastern (SE)
Canada, although
slope within 70 km is
near —1. Results
indicated lower Q
than in SE Canada
with similar frequency
dependence.
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Table B-18. Atkinson and Boore (2011)

Appendix B

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Atkinson, Gail M., and David M.
Boore. 2011. “Modifications to
Existing Ground-Motion Prediction
Equations in Light of New Data.”
Bulletin of the Seismological
Society of America 101 (3): 1121-
1135.

Modifies the GMPEs
developed by Atkinson
(2008; A08) and Atkinson
and Boore (2006; AB06) to
use new ENA data. The
resulting GMPEs are

designated A08' and ABQ6'.

AQ8' uses a distance
correction based on
residuals from Boore and
Atkinson (2008; BA08)

-NGA predictions. AB06' is

implemented as AB06 with
decreasing stress
parameter.

Same as in Atkinson and
Boore (2006) and Atkinson
(2008).

“Thousands more
records” for ENA,
including 2005
Riviere-du-Loup
{Quebec) M 4.7;
2007 Mount Carmel
(lllinois) M 5.0; 2010
Val-des-Bois
(Quebec) M 4.7.

Recommended to
replace/update A08
and ABO06 for ENA.

Table B-19. Atkinson et al. (2011)

Assessment of
Technical Value for

Citation Short Summary Key Model Assumptions Data Used This Project
Atkinson, Gail M., Nadia Kraeva, Studied 12 shallow Events are all “shallow”; 12 shallow Supports geom.
and Karen Assatourians. 2011. earthquakes near Sudbury, | paper acknowledges that earthquakes spreading term of -

“Ground-Motion Attenuation at
Short Hypocentral Distances (<30
km) near Sudbury, Ontario.”
Bulletin of the Seismological
Society of America 101 (1): 433-
437.

Ontario, for near-source
(R < 30 km) attenuation
effects.

deeper earthquakes may
have different attenuation
with R.

recorded near
Sudbury, Ontario,

R <30 km, Mn 1.0—
3.1.

1.3 for R < 30 km, at
least for small M and
at least for H
component. V
component seems to
have geom.
spreading of -1.1.
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Table B-20. Boatwright and Seekins (2011)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Boatwright, John, and Linda
Seekins. 2011. “Regional Spectral
Analysis of Three Moderate
Earthquakes in Northeastern North
America.” Bulletin of the
Seismological Society of America
101 (4): 1769-1782.

Studied three Canadian
earthquakes M 4.4—5.0 for
spectral shapes, correcting
for attenuation and site
response, to estimate
source spectra. Also
analyze source spectrum
for 1988 M 5.8 Saguenay.
Report Brune Ao and

fIigg'(a-driven study. Q=410

Data from 1997 Cap-
Rouge (13), 2002 Au
Sable Forks (30),
2005 Riviére-du-
Loup (45), and 1988
Saguenay (12)
earthquakes. (Nos.
in parentheses are
approx. no. of

Finds “crossover
distance” of Lg
waves from R-1 to
something slower to
be at 50 km, not 100
km (as many
assume). Brune
source spectrum OK
(single corner).

“apparent” AG. stations). Q=410 f°°.
Table B-21. Pezeshk et al. (2011)
Assessment of
Technical Value for
Citation Short Summary Key Model Assumptions Data Used This Project

Pezeshk, Shahram, Arash
Zandieh, and Behrooz Tavakoli.
2011. “Hybrid Empirical Ground-
Motion Prediction Equations for
Eastern North America Using Nga
Models and Updated
Seismological Parameters.”
Bulletin of the Seismological
Society of America 101 (4): 1859-
1870.

Uses hybrid empirical
model and stochastic GM
simulation starting from
WUS NGA equations. For
ENA uses single-corner w?
source spectrum, R
attenuation with a Moho
bounce.

Key assumptions are
single-corner source
spectrum, Ac=250 bars,
Moho bounce, Q, Kappa,
near-source saturation.

Data used but not
described in detail.

GM predictions look
similar to A06' model
(Figure 2). Little
reason to use this
model if we use A06’

).
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Table B-22. Atkinson (2012)

Appendix B

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of Technical
Value for This Project

Atkinson, Gail. 2012
“Empirical Evaluation of
Aleatory and Epistemic
Uncertainty in Eastern
Ground Motion.”
Seismological Research
Letters 84 (1): 130-138.

Horizontal-component
response spectra data for
ground motions recorded
on hard-rock sites in
eastern North America
(ENA) are used to explore
the aleatory and epistemic
uncertainty in GMPEs.

This note investigates
uncertainty in GMPEs in
ENA from an empirical
perspective. To evaluate
ENA variability in a similar
way to that used in
Atkinson (2006), the author
started with a database of
PSA (pseudo-acceleration,
5% damped) observations
obtained from six three-
component seismographs
in the Charlevoix zone
operated by the Geological
Survey of Canada.

The author uses a
database of ENA response
spectra data (Assatourians
and Atkinson, 2010;
www.seismotoolbox.ca) to
develop GMPEs for small-
to-moderate events and
explore their aleatory and
epistemic uncertainty. The
epistemic uncertainty in
ENA GMPEs was
evaluated by looking at the
spread of predicted values
from the various site-
specific GMPEs for
Charlevoix, Western
Quebec (GAC, MNT,
ALFO) and the lower St.
Lawrence (ICQ) sites.

Aleatory variability in “site-
specific GMPEs” has
average values from 0.22
to 0.26. Overall, aleatory
variability of ground
motions in ENA is no
larger than that for
California, and may
actually be smaller, at least
for moderate events
recorded on hard-rock
sites. The overall epistemic
uncertainty in ENA GMPEs
should be at least 0.15 log
units (as a standard
deviation of the median
GMPEs) in the magnitude-
distance range where the
prediction equations can
be anchored by empirical
data (magnitude less than
5.5, distances greater than
50 km). It should be larger
than 0.15 units at large
magnitudes and close
distances.
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Table B-23. Boore (2012)

Citation

Short Summary

Key Model Assumptions

Data Used

Assessment of
Technical Value for
This Project

Boore, David M. 2012. “Updated
Determination of Stress
Parameters for Nine Well-
Recorded Earthquakes in Eastern
North America.” Seismological
Research Letters 83 (1): 190-199.

Used 10 attenuation
models to study Ao for nine
earthquakes in ENA, using
various attenuation models
and PSA at 0.1 and 0.2
sec.

Data-driven study. Table 2
has a good summary of
attenuation models, R*
models, hinge distances.

Nine earthquakes,
including Nahanni M
6.8 to Cap Rouge M
44,

Ao depends strongly
on attenuation model.
Saguenay gives high
Ao, >600 bars in
most cases. Mean
Ao for nine
earthquakes typically
50-100 bars w/o
Saguenay. Ac
depends on R
assumption.
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