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2005 4th Generation
Four maps
Spectral Acceleration
(plus Peak Acceleration)
No zones
Firm Ground (Site Class C)
Probabilistic at 2%/50 years
=1/2475 years

2010
Similar to 2005

(model for eastern ground motion
shaking changed from Quadratic to
Bob Youngs’ 8-parameter fit
because this reduced unnecessary
conservatism)




NBCC 2005 and 2010 both used the 4th Generation Seismic
Hazard Model, created in the early-mid 1990°s

A complete re-think was justified

Results are intended for engineering practice at 2%/50yr
Informed by US work
Trial results by April 2012

NBCC 2015: 5t Generation Seismic Hazard Maps
Main changes intended

» New moment magnitude catalog
* Revised seismic source zones
* Replacement of Robust approach
» Updated Mmax
* New Ground Motion relations
» New spectral values (shorter and longer periods)
* Adjusted reference ground condition to B/C
» Computational code (FRISK) the same
« Logic tree similar (tri-branch uncertainty)
* Likely will use the mean value, replacing median




NBCC 2015: 5t Generation Seismic Hazard Maps

Updated Eastern Catalog
* added 18 years of earthquakes
* created moment magnitude catalog
* reviewed/revised Mw>4.5 event magnitudes
(Bent 2009)
e converted mN for Mw<4.5 (pre- and post-1995)
 Adopted 99+% of USGS solutions in the US (= Mw)
» SSC catalog has probably arrived too late (sad!)
* probably won’t decluster
(we have played with a catalog where dT=400 years ...)
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Not at all convinced past historical seismicity will entirely predict next
100 years (counter examples: Saguenay, Timiskaming...... )
4th Generation used “Robust” combination of source models




model, reflecting local

2005/2010: approach highest of  Loctionsvery ditferent in 1

22 L Locations rather
H; AT LN earthquake actvty  gijar in R model
” 4\ [sa0.2)in 2005 H | 2005 R
cm/s/s
La Malbaie 2300 660

Quebec City 520 590*

Trois Rivieres 350 640

Montreal 580 690

Ottawa 450 670

* Low because IRM zone
boundary badly placed

For engineering conservatism

we took the higher value
(non-probabilisitic)

Canada’s view of the problem

2 seismicity components to future hazard

Continuing activity in clusters well captured by classical seismic
source zones or (perhaps) smoothed seismicity

“random” big earthquakes occurring elsewhere

The “random” earthquakes do have some pattern in terms of
Geographic probability

Maximum size




2015 draft Historical seismic source model
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Mx=75

Paral"neters‘ BETA=198 +-0.10
considered in IRM B= 0858 +-0.04
source zone: NS= 011340008
N = 215 Earthquakes
Inctucing ol arthquakes i the end of 1590

N B B M
rsmce  1Ei2 188 081 77

BESTESTMAE [0S 19 0358 75
LWERCURVE 2171 207 0501 72

CumulativefRate

Best estimatecuve
for IRM Source
Zone 1

oo S e Best estimate
curve br CIE
|
|
3 4 8 6 I 7 8
7 - Work by 1N Lin, GSC Aug2009 '
Seismotectonic (Random Big Earthquake = RBE)
seismic source model from GSC (5 large zones)
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Mx=75
Paral}'neters‘ BETA= 1.8 +-0.10
considered in IRM B=0858 +-004
source zone: N§= 0.113#-0008

N = 215 Earthquakes
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Composite seismic source model
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Composite seismic source model

In most zones the hazard is not very sensitive to the transition magnitude (6.8)
Getting the rates for Random Big Earthquakes is hard!
Very little constraints from data, paleoseismic or otherwise
St. Lawrence rift source: expect one Mw>6.8 per 300 years
Other “best” rates for Mw>6.8 by judgement based on seismicity levels
Large uncertainty — taken as factor of 3up and down
Can infer unreasonable maximum rates from history
(additional constraint on upper limit)

1/300 years

| . 1/3000 years
|__1/1000 years e
AR~ |ECM2 IRM MRB SGL

upper N(6.8) 0.0032000| 0.0060QQ0| \$#006%000|-0.0009200| 0.0009200

lower N(6.8)| 0.0003200}0. .0003200| 0.0000920| 0.0000920

No (best) 3 1103 1.0 11.0
' 2

No (upper) : 205 2205 33.8 33.8
N (lower) . 33.8 11.8 3.4 3.4

best N(6.8) | 0.0010000 D.ODBQ.OO@ @0 000| 0:0003000] 0.0003000




Effect of Composite model is more evident in low
seismicity regions like Trois Rivieres

Montreal Trois Rivieres
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Change in hazard still being modelled, but....
* Montreal not the same as Ottawa

* Trois Rivieres lower than Montreal and Quebec City

« Charlevoixstill high, but less high than before

Seismic hazard - especially RBE-sources - needs Mmax

m Earth and Planetary Science Letters ‘ @ ‘

journal homepage: www.elsevier.com/locate/aps!

A record of stable continental region earthquakes from Western Australia spanning

eXperlence With itS the late Pleistocene: Insights for contemporary seismicity
- Mark Leonard ~*, Dan Clark ®

3d Generation et e o750 e

drives the high waricis re  assreacr

Mmax in Canada _

in plate boundary regions moderate to arge earthquakes are often sufficiently frequent that fimdamental
seismic parameters such as the recurrence intervals of Large earthquakes and maximum credible earthquake
of confidence. The same s not true for the Stable Concinental

Edor. P, Shearer

confidence with whict
earthquike catalogue containing, in addition t the histaric record of seismicity, 150 palaco-sarthquakes

Prefer choices from
global analogs

might apply  mest areas of non-extended SCK warldwide.
Crown Copyright © 2011 Published by Elsevier &V, All rights reserved.

Mmax in non-extended-SCR is M7.25+0.1 and
in extended-SCR is M7.65+0.1




CEUS-SSC: So happy to see seismotectonic sources that
we’ve had in Canada for a while (Canada’s R model)
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