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ABSTRACT 

The 6th Generation seismic hazard model of Canada is being developed to generate seismic design values for the 2020 National 
Building Code of Canada (NBCC2020). Ground-motion models (GMMs) from the Next Generation Attenuation (NGA)-West 
2 and NGA-East programs are used, and epistemic uncertainty in ground-motion models is captured through the use of a 
classical weighted logic tree framework. For the first time in Canada, seismic hazard is computed directly on primary (e.g. A-
E) seismic site classes from their time-averaged shear wave velocities in the upper 30 m of the crust (VS30). This approach 
simplifies the way end users will determine seismic design values for a given location and site class, while having other 
technical advantages such as capturing epistemic uncertainty in site amplification models. It will remove the need for separate 
site amplification look-up tables in the building code, enabling users to simply supply their location and site class to determine 
seismic design values. In general, the new ground-motion models predict higher hazard in most Canadian localities due to a 
variable combination of changes in median ground motions, site amplification and aleatory uncertainty.  
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INTRODUCTION 

The 6th Generation seismic hazard model for Canada, proposed for use in the 2020 National Building Code of Canada 
(NBCC2020), generates seismic ground motions using a multiple ground-motion model (GMM) logic tree approach rather than 
the three-branch representative suite used for the 5th Generation model (used in NBCC2015) [1]. The new approach was used 
because the suite did not allow for GMM-specific site amplification [e.g., 2] and aleatory uncertainty (sigma) models. 
Additionally, for the 5th Generation model the amplification factors from a single GMM for active crust were assumed to hold 
for all models, and there was no epistemic uncertainty captured to represent the variability between sigma models.  

This document summarizes the GMMs selected, including their sigma and site amplification terms, and compares them with 
the 5th Generation GMMs. For the 6th Generation model, GMMs were mostly used as implemented within the v3.2 OpenQuake 
engine [3], with some necessary modifications as discussed below. Short- (0.2 s) and long-period (2.0 s) spectral accelerations 
are used to illustrate the changes for scenario events that are typical contributors to seismic hazard; the changes may differ for 
other scenarios. 

GMM SELECTION 

This section describes the GMMs of the 6th Generation model and compares them with the GMMs of the 5th Generation model 
using scenario events. The 6th Generation GMMs and their approximate ranges of applicability are shown in Table 1. 

Table 1. Ground motion models for each tectonic regime in the 6th Generation model (references provided in text). 
Tectonic Regime GMM Weight Vs30 (m/s) PGV TMax (s) Cascadia Factor  

Subduction Inslab 
Aea15 0.25 E - B N 10 N  
Zea06 0.25 E - A N 5 Y  
AB03 0.25 E - B N 3 Y  
Gea05 0.25 B Y 5 N  

Subduction Interface 
Aea15 0.25 E - B N 10 N  
Zea06 0.25 E - A N 5 Y  
GA14 0.25 E - B Y 9 Y  
AM09 0.25 B/C N 5 N  

Active Crust 
ASK14 0.25 180 - 1500 Y 10 N  

BSSA14 0.25 150 - 1500 Y 10 N  
CB14 0.25 150 - 1500 Y 10 N  
CY14 0.25 180 - 1500 Y 10 N  

Stable Crust NGA-East-13 0.5 3000 Y 10 N/A  
AA13 0.5 B/C Y 10 N/A  
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Subduction GMMs (Inslab and Interface) 

The majority of the subduction GMMs for the 6th Generation model are similar to those considered by Atkinson and Adams, 
2013 (AA13, [1]) when the three-branch suite for the 5th Generation model was derived (Figure 1). For inslab events, the GMMs 
of Abrahamson et al., 2016 (Aea15, [4]), Zhao et al., 2006 (Zea06, [5]), Atkinson and Boore, 2003 (AB03, [6]) and García et 
al., 2005 (Gea05, [7]) are used with equal weights. The Cascadia factor in Table 1 identifies GMMs which are largely derived 
from, or intended for, Japan. These were adjusted with a Cascadia factor to account for differences in site conditions following 
the method and advice of Atkinson and Adams [1]. The Gea05 GMM, developed for inslab earthquakes in central Mexico, was 
included within the logic tree because it was found to perform well against recorded ground-motions from moderate to large-
magnitude earthquakes recorded in Cascadia (Brillon, pers. comm., 2016). The effect of using all four GMMs in a logic tree is 
a small increase in mean ground motions at short periods, relative to the 5th Generation model, but a decrease at long periods 
owing to the smaller predictions of Aea15 and AB03.  

For interface events, the GMMs of Aea15, Zea06, Ghofrani and Atkinson, 2014 (GA14, [8]) and Atkinson and Macias, 2009 
(AM09, [9]) are used. These four GMMs are the same GMMs weighted in AA13 to produce the central relationship. However, 
it is important to note the 6th Generation model weighs all four of the GMMs equally whereas AA13 gave a weight of 0.5 to 
AM09 for their central GMM. Equal weighting is used in the 6th Generation model from the standpoint that each GMM is no 
more likely as the others to represent the actual ground motions from future events. In general, the weighted mean of the four 
GMMs is comparable to that of AA13 at short and intermediate periods but smaller at longer periods (T > 2 s) owing to the 
lower weight on AM09 which predicted larger ground motions at long periods [1].  

NBCC2020 requires the definition of response spectral ordinates for oscillation periods out to 10 seconds. When a GMM did 
not contain the required long period information, extrapolation was performed using the corresponding ratio from Aea15 (which 
is defined to 10 s) for the same magnitude, distance and site. This was required for GMMs with a TMax of less than 10 s in Table 
1. Similarly, peak ground velocity (PGV) was only defined for one of the GMMs within each of the subduction tectonic regimes 
(Gea05 and GA14). As such, PGV was estimated for the other GMMs using empirical correlation factors developed between 
Sa(0.5) and PGV predictions from Boore et al., 2014 (BSSA14, [10]) for inslab GMMs and similarly from correlations between 
Sa(2.0) and PGV of GA14 for interface GMMs [11].  

 
Figure 1. GMMs at VS30 = 450 m/s (Site Class C) for the western tectonic regimes.  



12th Canadian Conference on Earthquake Engineering, Quebec City, June 17-20, 2019 

Western Active Crust GMMs  

In the 5th Generation model, AA13 for active crustal earthquakes of the Cordillera [12] was derived largely from consideration 
of the NGA-West1 GMMs whereby the central GMM was that of BA08 [13] with the others being used to estimate the bounds 
of the high and low branches. One issue with using the full NGA-West1 relations was the number of fault/source parameters 
required (many of which are unknown). The 5th Generation model used ASCII tables to define the ground motions, so these 
additional rupture parameters (e.g., style of faulting, depth to top of rupture) had to be provided a priori. By adopting the 
OpenQuake engine for the 6th Generation model, synthetic pseudo-ruptures can be used, negating the need to define rupture 
parameters a priori. These rupture parameters are not any better known for western Canada, but by modelling a series of 
possible ruptures in OpenQuake it is possible to sample a range of these parameters thus including a measure of epistemic 
uncertainty consistent with the degree of understanding of the earthquake rupture process. 

For the 6th Generation active crust model, the following NGA-West2 GMMs were adopted with equal weights: Abrahamson et 
al., 2014 (ASK14, [14]), BSSA14, Campbell and Bozorgnia, 2014 (CB14, [15]) and Chiou and Youngs, 2014 (CY14, [16]). 
For the active crust scenario presented in Figure 1, AA13 appears to predict lower T = 2.0 s motions at distances less than 30 
km, and predicts larger accelerations at larger distances, relative to NGA-West2. The amount of epistemic uncertainty in the 
6th Generation active crust GMMs is less than AA13 (Figure 1) and may be underestimating the true uncertainty [17], although 
the modelling of multiple scenarios (e.g., rupture styles, hypocentral depths) in the 6th Generation model adds some additional 
uncertainty to that implied by the scenario in Figure 1. 

Eastern Stable Crust GMMs 

For the “stable” crust of eastern, central and Arctic Canada (east of the Cordillera, [12]), the 6th Generation model equally 
weights a) the AA13 GMMs used for the 5th Generation model, and b) the 13 NGA-East GMMs (NGA-East-13, [18]).  The 
NGA-East project represents a major advance in the field of ground-motion modelling, but its GMMs were not final when 
needed for the NBCC2020 schedule, and have not been scrutinized by the wider seismological community.  The intent of the 
50/50 weight is to move towards the hazard that might be generated by full adoption the final NGA-East GMMs in the 
future. Although the 13 preliminary GMMs [18] were used, they give similar mean hazard to the 17 near-final GMMs (Peter 
Powers, USGS, pers. comm.). Figure 2 compares the predicted ground motions for the AA13 and NGA-East-13 GMMs at Site 
Class C. The weighted mean ± 1 standard deviation of NGA-East-13 is also shown (dashed pink lines) so as to be able to back-
compare to AA13 which used the standard deviation of five GMMs to define the low and high branches. For many hazard-
important scenarios, the amount of epistemic uncertainty in NGA-East-13 relative to AA13 has increased, particularly for short 
periods, large distances and large magnitudes. However, for certain scenarios the amount of epistemic uncertainty is comparable 
or even smaller than AA13 (e.g., Figure 2 at T = 2.0 s for distances < 100 km). It is also apparent that more of the NGA-East-
13 GMMs lie above the central AA13 relation than below (compare green and black lines in Figure 2) which will increase 
mean ground motions and thus hazard. For example, at Site Class C the weighted mean of the individual GMMs increased by 
roughly 30–40% from the 5th to the 6th Generation model for the mean magnitude and distance deaggregation values for 
Montreal (M6.5 at 30 km for T = 0.2 s and M7.0 at 70 km for 2.0 s). Note that NGA-East-13 was developed for a VS30 of 3000 
m/s and in order to calculate the hazard at Site Class C, a site term has been added (discussed in a later section). 

 
Figure 2. GMM at VS30 = 450 m/s (Site Class C) for the stable crust region: NGA-East-13 and AA13 Stable Crust. The 

weighted mean (and ± 1 standard deviation) for the NGA-East-13 and combined AA13 and NGA-East-13 suites is shown in 
pink and olive, respectively. NGA-East-13 GMMs were converted to hypocentral distance for comparison in this figure only.  

ALEATORY UNCERTAINTY (SIGMA) 

The aleatory uncertainty is considered to be the uncertainty associated with the inherent randomness of future events that cannot 
be reduced by the collection of additional information. For the 5th Generation model, the sigma model of AA13 was used for 
all tectonic regimes. It was based on estimates of within- and between-event variability of well-recorded events in active 



12th Canadian Conference on Earthquake Engineering, Quebec City, June 17-20, 2019 

tectonic regimes [1]. Similar to the decision to sample multiple published GMMs, the 6th Generation model samples various 
sigma models by using the sigma model published within each GMM. These in general are sigma models based on the misfit 
between the GMM and the considered dataset (i.e., from regression statistics). The use of GMM-specific sigmas in the 6th 
Generation model captures the epistemic uncertainty between sigma models within the logic-tree framework. There is one 
exception to using the published sigma model of each GMM, and that is with NGA-East-13 models where the AA13 sigma 
model is retained. Goulet et al. [18] provides a complex sigma model for NGA-East-13, the chief feature being a large sigma 
for NGA-East’s 3000 m/s rock.  However, in our view, the use of data adjusted from poorly-known non-rock site conditions 
appears to have contributed to that larger sigma. In light of this consideration, and the already large epistemic uncertainty 
(Figure 2), the AA13 sigma model was retained for stable crust. The 6th Generation sigma models can be seen in Figure 3.  

 
Figure 3. Sigma models for the 6th generation GMMs. Dashed black: mean sigma of the GMMs used. Dashed blue: mean 

sigma of active crust models for comparison. As the active crust sigma model varies as a function of rupture and site 
parameters, bars are used to show a representative range of values.  

For many localities in the west the change in median ground motions from the GMM (at Site Class C) is not the major driver 
for the changes in hazard. The 6th Generation GMMs generally fall within the range of epistemic uncertainty of AA13 for many 
hazard-controlling scenarios; see, for example, Figure 1. This is not surprising considering that AA13 used the spread in the 
same GMMs (e.g., Zea06) or earlier-iterations (NGA-West1) to guide the bounds of the three-branch representation. Often the 
larger driver for the increase in median ground motions is the updated sigma model, whereby the average sigma model increased 
by 0.1 to 0.25 ln units (Figure 3). The increase in sigma is best illustrated by the relative changes in the active crust region; 
sigma for the 5th Generation model was estimated using the NGA-West1 dataset and there is a general increase in the estimate 
of sigma in the updated NGA-West2 GMMs. For the inslab and interface sources the average sigma models are comparable to 
the average active crust (i.e., NGA-West2) models at longer periods (T ≳ 0.4 s), but are larger at shorter periods (especially for 
interface GMMs).  

The largest contributor to short-period hazard in the Vancouver region are ~M7 inslab earthquakes [19]. As an example of the 
effect of the updated sigma models on hazard at T = 0.2 s, using just the median relations of the 6th Generation inslab GMMs 
resulted in similar 2% in 50 year hazard to the 5th Generation model (at Site Class C). However, including the 6th Generation 
sigma model resulted in an overall 30% increase in hazard. While the amount of aleatory uncertainty has increased, there has 
been a compensating overall decrease in epistemic uncertainty (compare the spread of AA13 versus 6th Generation GMMs in 
Figure 1).  

For eastern Canada, the balance between epistemic and aleatory uncertainty is reversed compared to the west, as the 5th 
Generation sigma model was retained while the epistemic uncertainty has increased through the adoption of the NGA-East-13 
relations (Figure 2). For the east, the increase in hazard for Site Class C is due to the changes in median ground motions, rather 
than changes in sigma. 

SITE AMPLIFICATION 

The above discussion of ground motion changes at Site Class C (VS30 = 450 m/s) implicitly includes some effects of site 
amplification because the reference VS30 value of the GMMs is 760 – 1100 m/s for the west and 760 m/s (AA13) and 3000 m/s 
(NGA-East-13) for the east. Amplification factors (F(T)) used in NBCC2015 were derived from the active crust GMM of 
BA08 [13] for VS30 ≤ 760 m/s and from the 2000-to-760 conversion factor of AA13 [1] (calculated from the stable crust GMM 
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of Atkinson and Boore, 2006, [20]) for VS30 > 760 m/s). The factors are a function of period and the probabilistic PGA hazard 
at class C and provide practitioners with a means of transforming the hazard spectra for Site Class C to their desired site class. 
While simple to implement, there are several issues caused by this approach. Firstly, the probabilistic estimate of PGA will 
tend to overestimate the amount of non-linearity, as it tends to be larger than the scenario event PGA which governs the degree 
of non-linearity of individual events. Moreover, it is inappropriate to use the probabilistic hazard of one intensity measure (e.g., 
PGA) to estimate the degree of non-linearity of a different intensity measure, as their probabilistic hazard values may be 
dominated by very different events (e.g., 10 s spectral acceleration in Vancouver is dominated by Cascadia interface sources, 
but the PGA is largely from inslab sources [19]). The second issue with the approach is the use of a single amplification model, 
as there is considerable variation in published models, even for the same tectonic regime, and this epistemic uncertainty needs 
to be included. 

For these reasons, hazard was calculated directly for each site class and multiple site-amplification models were sampled when 
possible. If a GMM contained a pre-existing site term in its original parameterization, then that site term was used, as this 
ensured that it was appropriate for that particular GMM. However, some of the GMMs did not have site terms or their site 
terms were not applicable at all site classes. Different strategies were used for the west and east to deal with these issues. In 
both regions, hazard was calculated for VS30 values representative of each site class. These values are referred to as ̅ܤ ,ܣത, ̅ܦ ,ܥഥ, 
 ത and represent VS30 values of 1600 m/s, 1100 m/s, 450 m/s, 250 m/s and 160 m/s, respectively, as prescribed in theܧ
Commentary of NBCC2015. The value of ܧത was increased from the NBCC2015 value of 115 m/s and the lower limit of Site 
Class E was increased to 140 m/s. This change is proposed for NBCC2020, as it was recognized that few GMM site functions 
are calibrated for values of VS30 ≲ 150 m/s. 

West Site Amplification 

The empirical site term of Seyhan and Stewart, 2014 (SS14, [21]) was adopted for two of the twelve western GMMs (Inslab: 
Gea05, and Interface: AM09) that lacked a native site term. SS14 is also the site term of BSSA14 [10]. While SS14 was 
developed from NGA-West2 data for active crustal GMMs, it is considered a reasonable estimate of site amplification for 
subduction GMMs that lack a site term.  

For Site Class A, there is very little data from western hard rock sites to constrain the amplification models of the adopted 
GMMs in the west. As such, a lower cap on the amplification factor at Site Class A was implemented. Where it was reasonable, 
the chosen lower cap was the 2000-to-760 factor for Vs30 = 2000 m/s of AA13. While this factor was derived for GMMs in the 
eastern (stable crust) region, it was developed for hard rock observations. However, at ܤത, the site-terms of many of the western 
GMMs predict larger deamplification (relative to 760 m/s) than the AA13 factor does at ̅ܣ. If the ̅ܣ site term of the GMM was 
forced to the AA13 factor (relative to 760 m/s) it would, in general, result in an increase in the ground motions for Site Class 
A relative to B which is considered to be unreasonable (with exception of at very short-periods). Thus, for a given period, the 
 amplification factor was calculated by interpolating between 760 m/s and 2000 m/s where the amplification factor for 2000	ܣ̅
m/s was set to the higher of a) the GMM prediction at 2000 m/s and b) the lower of (1) the 2000-to-760 amplification factor of 
AA13, and (2) the ܤത	amplification factor for the particular GMM (Figure 4).  

For Site Classes D and E the mean 6th Generation site factors for inslab and interface GMMs (dashed blue lines in Figure 4) 
are roughly the same as the 2015 factors (black line), but are considerably larger than the 2015 factors for active crust. The 
2015 factors are from an NGA-West1 GMM [13] and the site amplification models of NGA-West2 vary more rapidly with 
VS30 (active crust in Figure 4). Recall that ܧത was increased from 115 to 160 m/s; while the amplification factors are similar for 
the same VS30 for subduction sources, the mean linear amplification factor to be applied for Class E is lower in the 6th Generation 
model. For Site Classes A and B, the 6th Generation site factors are smaller (more deamplification) than the 2015 factors. 
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Figure 4. Linear amplification with respect to 450 m/s for western GMMs at T = 0.2 s (left column) and 2.0 s (right column).  

 
East Site Amplification 

The GMMs adopted for stable crust sources do not have native site terms and so site terms needed to be selected for the 6th 
Generation model. For the AA13 GMMs it was reasonable to use the NBCC2015 amplification factors as described above. The 
NGA-East-13 suite of GMMs is for a reference condition of 3000 m/s and there are few published site amplification models 
relative to a 3000 m/s reference. The selected site model for the NGA-East-13 GMMs is the larger of a) a continuous function 
based on the NBCC2015 amplification factors and extended to 3000 m/s using Boore and Campbell, 2017 [22] and b) the L1 
model of Harmon, et al. [23] with modification to the non-linear term as recommended to the USGS [24]. The chosen linear 
amplification factors for the NGA-East-13 model (relative to VS30 = 3000 m/s) and for AA13 (relative to VS30 = 2000 m/s) can 
be seen in Figure 5. 

 
Figure 5. Linear amplification factors for stable crust GMMs. Left: NGA-East-13 GMMs (relative to Vs30 = 3000 m/s); 

dashed lines indicate periods at which the function derived from NBCC2015 amplification factors is less than the L1 model of 
Harmon et al. [23]; Right: AA13 (relative to Vs30 = 2000 m/s). 

The larger of two models is used for NGA-East-13 due to large observed differences between amplification factors for sites 
with velocity profiles characterized as either gradational or impedance [22]. A gradational site has a shear wave velocity profile 
that gradually increases with depth. A large portion of the western GMMs have site terms that are intended for and/or largely 
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derived from observations from gradational sites (e.g., NGA-West2, [25]). For sites of this type, the site terms tend to be 
broadband and increase with decreasing VS30 (e.g., SS14 [21]). On the other hand, impedance-type sites are characterized by 
velocity profiles with a strong impedance contrast as a result of soil over hard rock. Sites of this type often have strong resonance 
resulting in peaked amplification around the site period [e.g., 22, 26, 27]. Moreover, the scaling of amplification with VS30 for 
impedance sites is weak as it is not the ideal predictive variable for amplification; in these cases site period or soil depth may 
be a better predictor for the site response [e.g., 23, 26, 27]. While impedance type sites are common in eastern Canada, either 
type of site (gradational or sharp contrast) can exist for the same VS30. As such, two amplification models are used in order to 
capture features from the two types; the NBCC2015-like model is more representative of a gradational site and the L1 model 
[23] which includes considerations for impedance sites such as could be derived from a VS30–only model [23]. The effects of 
resonance are not fully addressed, as site period (or similar proxy) is not a predictive variable in the 6th Generation model (or 
NBCC2020). The amplification values are still below what has been observed from resonance effects at the site period [e.g., 
28].   

Site-specific amplification factors 

In order to compare the 6th Generation and NBCC2015 amplification factors, comparable F(T) values from the 6th Generation 
model were calculated for representative localities. The mean 2%/50 hazard was calculated for a representative suite of 
localities across Canada at all site classes (e.g., for Vancouver, see Figure 5 of [12]), and divided by the hazard at Site Class C. 
The NBCC2015 factors are also shown for reference, but recall that VS30 for Site Class E has changed from 115 m/s to 160 m/s. 
It is also important to note that while the comparison below is relative to Site Class C, there is no longer a reference site class 
for the 6th Generation model and the calculation is performed only as a comparison. 

Prior discussions of site amplification focused on the linear portion of amplification. However, at Site Classes D and E (and to 
a lesser extent at C) non-linear effects will exist in regions of high hazard. Non-linear effects are considered within the GMMs 
and are typically calculated with respect to the amplitude of a short-period measure (e.g., PGA) on rock. Therefore, at Site 
Classes D and E site amplification (relative to C) is dependent on the strength of the input motion (as was also the case in 
NBCC2015). However, as a result of using multiple site-terms within each tectonic regime, the effective amplification factor 
relative to a reference site condition changes depending on the relative contribution of each of the GMMs to the mean hazard, 
resulting in different amplification factors for different sites, even for the same PGA. 

Figure 6 illustrates the variability in site amplification, most strongly seen in the west, which is due to epistemic uncertainty 
(i.e., different site terms for the same tectonic region) and to differences in site amplification between tectonic regions. The 
offset in the linear domain (< 0.1g) represents the average difference between the linear portions of the site terms (observable 
in Figures 4 and 5) while the slope represents the amount of non-linear deamplification of Site Classes D and E relative to Site 
Class C. Site Class C also contains non-linear deamplification, as predicted by the site terms of the GMMs, so that the curves 
in Figure 6 are flatter than if they were relative to rock or hard rock (a typical reference for non-linear deamplification). Also, 
recall that the amplification factors in NBCC2015 are a function of the probabilistic PGA, which tends to overestimate non-
linear effects. 

 
Figure 6. Site amplification (hazard on D or E divided by hazard on C) as a function of PGA for select western and south-

eastern localities (VQC= Village of Queen Charlotte). 

There are two significant differences with respect to NBCC2015: there is less non-linear behavior (flatter trends, especially at 
long periods in regions dominated by active crust GMMs, e.g., Destruction Bay, Yukon); and the 0.1-0.5 g limits used in 
NBCC2015 did not sample the full range of non-linear behavior. These limits, in effect, conservatively capped the amount of 
non-linear deamplification at a PGA of 0.5 g. Also, at T = 0.2 s the SE locality data has substantially smaller linear amplification 
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(e.g., ~1 for Site Class D) as the difference between Site Class C and D (or E) is small due to the inclusion of the L1 
amplification model [23] which increases short-period amplification at Site Class C (see Figure 5). Two trends are also 
observable for the western cities. This is due to overall differences in site terms between active crust (i.e., NGA-West2) and 
subduction GMMs (e.g., less non-linearity at long periods). Some cities like Queen Charlotte, where subduction and active 
crust GMMs both contribute significantly, fall somewhere between. 

Another manner in which to present the results is to plot amplified hazard curves (AHCs), which are plots of seismic hazard 
versus VS30 at a given site. While a specific site has a defined VS30, AHCs are useful because they depict how one can expect 
hazard to vary with VS30 for a city where the Site Class can vary from E to A. Figure 7 illustrates example AHCs for Vancouver 
and Montreal. It is evident that mean hazard is a smooth function of VS30, but is not always monotonic due to non-linearity and 
site-period effects. 

 
Figure 7. Amplified hazard curves (AHCs) for Vancouver and Montreal. 

The adopted site terms represent the response to assumed or average site profiles, as present in the ground motion records used 
in the development of the GMMs. However, site specific analysis should be considered for sites of importance or where the 
local geology is expected to produce amplification factors different from the ones presented. 

CONCLUSIONS 

For most localities in Canada, the 2% in 50-year hazard has increased for all intensity measures in the 6th Generation model. 
While changes to the source models [12] account for some regional and localized changes (e.g., additional Cascadia interface 
events, and addition of the Leech River and Devil’s Mountain fault systems), for many regions the changes in the GMMs are 
the major driver for the increase. This is especially true for eastern Canada where there has been no change to the source models. 
The interplay between changes in median ground motions, aleatory and epistemic uncertainty and site amplification is complex, 
but several conclusions can be made. In the west, while median ground motions have changed variably there has been an overall 
increase in the aleatory uncertainty which increases the hazard. For the east, hazard has increased from the inclusion of the 
NGA-East-13 relations and an updated site amplification model which have increased median ground motions and their 
epistemic range. For all localities, a large driver for the changes in hazard is due to uncertainties in site characterization. In the 
east, the uncertainty in site characterization is reflected both in the choice of the site amplification models, and in the median 
values of the GMMs. In the west, the increase in aleatory uncertainty is, in part, due to the use of global models where data 
from many regions has been combined and inadequate site characterization has resulted in larger variability. A key research 
endeavour for the 7th Generation model will be to improve the manner in which site amplification is modelled and how it is 
included within aleatory and epistemic uncertainty (e.g., [29]). 

For the 6th Generation model, hazard is calculated and provided directly for each site class. As such, implied site factors depend 
on the site in question as the site models differ between GMMs and tectonic regions. This approach simplifies the way end 
users will determine seismic design values for a given location and site class. It will also remove the need for separate site 
amplification look-up tables in the building code, enabling users to simply supply their location and site class to determine 
seismic design values.  The 6th Generation model represents a significant step forward for hazard calculation in Canada and the 
adopted GMMs are being recommended for the calculation of seismic hazard to be used with NBCC2020. 
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