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Mission: advance capabilities for catastrophic risk modelling to inform 
and empower disaster resilience planning initiatives in the public domain


Global Earthquake Model 
CANADA 

Emergency Management

Logan Simpson


Community Planning
 Financial Planning


C.D. Howe Report (C454) Anticipated economic losses caused by a catastrophic earthquake exceed 

current risk tolerance thresholds for private sector insurance markets ($42b) and would likely overwhelm 
federal emergency backstop measures and existing capacities for recovery at all levels of government. 
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NIBS 2017: Mitigation Saves 

Performance indicators as a bridge to disaster resilience planning 
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Disaster Resilience PlanningFramework  

science-based decision making 
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Disaster Resilience Planning Framework  

science-based decision making 
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extent and duration of disruption 
to people and business functions 
during disaster recovery process 

expected damage and functionality of 
building systems with and without 

mitigation measures in place  

expected injuries and fatalities 
resulting from physical impacts 

of a disaster event 

direct and indirect economic losses; 
expected return on proactive 
mitigation/adaptation investments 

cascading effects of lifeline system failures 
and implications for disaster recovery  

ground shaking intensity threshold 
used to ensure conformance with 
building code safety guidelines 

Disaster Resilience Planning Framework  
performance measures - from knowledge to action 

Deliberative Dialog
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Disaster Resilience Planning Framework  

evidence-based decision making 

Deliberative Dialog
Integrated Risk Assessment
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8!Global Earthquake Model 
Analytic Framework 

•  unique approach

•  cohesive pathway 

•  actionable solutions


Scientific 
Framework
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Seismic Hazards in Canada 
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National Earthquake Risk Model 
2015 National Seismic Hazard Model 

MMI PGA (g) 

IV 0.03 

V 0.06 

VI 0.12 

VII 0.22 

VIII 0.40 

IX 0.75 

2%/50-year Uniform hazard spectra (UHS) derived from 
seismic hazard curves (i.e., spectral acceleration vs. 
exceedance probability) for relevant vibration periods. UHS 
curves for selected urban centers illustrate the range and 
period dependence of seismic hazards across Canada. UHS 
values are equivalent between Vancouver and Montreal at 
short periods. The UHS curve for Winnipeg is representative 
of many low-seismicity regions in Canada


Adams et.al., 2015
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2%/50 year ground 
shaking intensity!
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11!National Earthquake Risk Model   
likelihood of experiencing a catastrophic earthquake 

50-year 
probability 

<5% 

5-10% 

10-15% 

15-20% 

20-30% 

30-40% 

>40% 

# people exposed to > 
5% MMI VII ground 

shaking over a 50-year 
time horizon!

50-yr likelihood of ground 
shaking  intensity > MMI VII!



Who and what are in harms way ? 

12!
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13!National Earthquake Risk Model  
physical exposure of settled areas in Canada 

Settled Area Boundaries


2016 National Census


Land Use Classification


Built Environment


Risk Dynamics


Spatial extent of human settlement as 
determined by remote sensing and 
satellite imagery


Population, building counts and 
demographic characteristics of 
communities at neighborhood DA scale


Form and character of built environment as 
inferred from population density and 
building function


Allocation of buildings by construction 
typology and seismic design level based 
on land use class and reference inventories 


Patterns of growth and development that 
drive physical and socioeconomic  
vulnerabilities over time 
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Land Use Type 
COMM-IND 

MIXED 

URBAN-HD 

URBAN-MD 

URBAN-LD 

RURAL 

Commercial-Industrial:  
< 15 people/ha within designated 
commercial-industrial land use areas 

Mixed Use 
> 75 people/ha in mixed use residential/
commercial neighborhoods 

Urban-High Density 
> 75 people/ha in predominantly multi-
family residential neighborhoods 

Urban-Medium Density 
35-75 people/ha in multi-family and 
single-family residential neighborhoods 

Urban-Low Density 
< 35 people/ha in predominantly single-
family residential neighborhoods 

Rural 
< 15 people/ha in single-family residential 
homes in rural and remote settings 

Form and character of built environment as 
inferred from population density and 
building function


National Earthquake Risk Model  
physical exposure of settled areas in Canada 
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% PreCode Bldgs 
Extreme 

High 

Considerable 

Moderate 

Low 

Allocation of buildings by construction 
typology and seismic design level based 
on land use class and reference inventories 


National Earthquake Risk Model  
physical exposure of settled areas in Canada 

Land!
Use!

Building!
Count!

Capital !
Assets!

Daytime!
Population!

Nighttime!
Population!

% Pre Code !
Buildings!
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Physical Impacts on the Built Environment? 
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National Earthquake Risk Model - physical vulnerability 
Backbone Fragility Models!
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18!National Earthquake Risk Model 
Performance - based risk metrics 

Seismic  
Hazard 

Physical 
Vulnerability 

Exposure 

 SF-DRR Risk Metrics 
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20!Emergency Management  
deterministic earthquake planning scenarios 

Cascadia (M9.0) Subduction Interface Rupture
 Risk Reduction Profile


1,200 collapsed buildings!
760!

280!

3,800 Fatalities!

2,280!

675!

$32.4B CDN !

$24B CDN!

16B CDN!

260k displaced !

Vancouver!

Victoria!

PGA MMI 

2.8% IV 

6.2% V 

12.0% VI 

22.0% VII 

40.0% VIII 

Low


Moderate


Considerable


High


Extreme


Scenario Risk
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21!Emergency Management  
deterministic earthquake planning scenarios 

Juan de Fuca (M6.8) Inslab Rupture
 Risk Reduction Profile


830 collapsed buildings!
520!
220!

2,150 Fatalities!

1,330!

390!

$22B CDN !
$17B CDN!

12B CDN!

278k displaced !

Vancouver!

Victoria!

PGA MMI 

2.8% IV 

6.2% V 

12.0% VI 

22.0% VII 

40.0% VIII 

Low


Moderate


Considerable


High


Extreme


Scenario Risk
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Georgia Strait (M7.3) Fault Rupture
 Risk Reduction Profile


22!Emergency Management  
deterministic earthquake planning scenarios 

PGA MMI 

2.8% IV 

6.2% V 

12.0% VI 

22.0% VII 

40.0% VIII 

Low


Moderate


Considerable


High


Extreme


Scenario Risk

730 collapsed buildings!

450!
130!

2,630 Fatalities!

1,575!

1,100!

$21B CDN !
$16B CDN!

10B CDN!

760k displaced !

Vancouver!

Victoria!
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Disaster Resilience Planning 
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Logan Simpson
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24!From Knowledge to Action  
City of Vancouver Resilient Cities Initiative 
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Planning & Policy Development Initiatives


Top Stresses

Affordable 
Housing & 
Homelessness!

Social !
Isolation!Economic !

Inequality!

Aging!
Population!

Lack of 
Mental Health 

Care!

Drug Abuse!
Top Shocks


Public Health 
Emergency!

Catastrophic!
Earthquake!

Infrastructure 
Failure!

HazMat/Oil 
Spill!

Climate 
Change!

Cyber 
Attack!

Flooding!

From Knowledge to Action  
City of Vancouver Resilient Cities Initiative 
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300 collapsed buildings!
190!

55!

1,100 Fatalities!

700!

500!

$9B CDN !

$7B CDN!

4B CDN!

234k displaced !

188k!

City of Vancouver Seismic Retrofit Policy Program  
Integrated Risk Assessment & Scenario Planning 

PGA MMI 

2.8% IV 

6.2% V 

12.0% VI 

22.0% VII 

40.0% VIII 

Low


Moderate


Considerable


High


Extreme


Scenario Risk


City of !
Vancouver!

Metro Vancouver Region!

Georgia Strait (M7.3) earthquake scenario 
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300 collapsed buildings!
190!

55!

1,100 Fatalities!

700!

500!

$9B CDN !

$7B CDN!

4B CDN!

234k displaced !

188k!
Metro Vancouver Region!

Building 

Collapse


300 collapsed buildings!
190!

55!

1,100 Fatalities!

700!

500!

$9B CDN !

$7B CDN!

4B CDN!

234k displaced !

188k!
Metro Vancouver Region!

Fatalities


300 collapsed buildings!
190!

55!

1,100 Fatalities!

700!

500!

$9B CDN !

$7B CDN!

4B CDN!

234k displaced !

188k!
Metro Vancouver Region!

Social

Displacement


City of Vancouver Seismic Retrofit Policy Program  
Integrated Risk Assessment & Scenario Planning 

Georgia Strait (M7.3) earthquake scenario 

300 collapsed buildings!
190!

55!

1,100 Fatalities!

700!

500!

$9B CDN !

$7B CDN!

4B CDN!

234k displaced !

188k!

Economic 

Security
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Building 
Performance 

+ 
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Safety 

+ 
Social 

Disruption 

= 

Disaster 
Resilience 

Economic 
Security 

Performance indicators as a bridge to disaster resilience planning 

+ 
Recovery  

Time 

28!
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Financial Risk Management 
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30!Financial Risk Management 
ground-up loss profiles to inform mitigation and risk transfer 

AAL Ratio 
$500K - $1M 

$100K - $500K 

$50K-$100K 

$10K - $50K 

< $10K 
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31!Financial Risk Management 
ground-up loss profiles to inform mitigation and risk transfer 
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32!Financial Risk Management 
ground-up loss profiles to inform mitigation and risk transfer 
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50-year 
probability 

<5% 

5-10% 

10-15% 

15-20% 

20-30% 

30-40% 

>40% 

High Risk Regions!Expected Average Annual Losses !

Montreal


Greater

Vancouver


AAL Ratio 
$500K - $1M 

$100K - $500K 

$50K-$100K 

$10K - $50K 

< $10K 

$72M


$17.5M

$7M


$6M


$3.1M


$2.7M


$0.8M


Financial Risk Management 
ground-up loss profiles to inform mitigation and risk transfer 



A User-Driven Risk 
Communication Strategy 

NRCan RiskProfiler (Spring 2019)

CoV RiskProfiler

Individual/
Business 

Community 
Planner 

Engineer/
Analyst 

Financial 
Sector 
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Emergency Manager 

EMBC Web Portal



Questions ? 

murray.journeay@canada.ca 
phone: 604-666-1130 


