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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.

LOW |MODERATE|  HIGH | VERY HIGH

——

-

—- 3D

B v L
L .

-

Logan‘ Simpson-

Emergency Management Community Planning W Nﬁ\!nciéf Planning



.'-'.f~,--’w-¢ Mf-" w;rv -ls.,:-tiﬂf'.mp”‘e A <
o -~ . .-,:-) 7 ; 2 < ’3 =

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

OPENQUAKE-CA science-based decision making
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Disaster Resilience Planning Framework

OpENOUAKE-CA performance measures - from knowledge to action
Recovery Economic
cascading effects of lifeline system failures Time Security

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

and implications for disaster recovery

Social
extent and duration of disruption Displacemep
to people and business functions

during disaster recovery process
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expected damage and functionality of Building Seismic  9round shaking intensity threshold

building systems with and without  pformance Hazard used to ensure conformance with
mitigation measures in place building code safety guidelines



) Disaster Resilience Planning Framework
OPENOUAKECA | “evidence-based decision making
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Global Earthquake Model 8
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oz Analytic Framework
INTEGRATED SEISMIC RISK
PHYSICAL SEISMIC RISK SOCIO-ECONOMIC
" VULNERABILITY AND RESILIENCE
Probability of damage and loss to
people and structures due to Vulnerability of society and economy and their
earthquakes capacity to cope with earthquake events
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GLOBAL EARTHQUAKE MODEL

SEISMIC HAZARD EXPOSURE PHYSICAL VULNERABILITY
Probability of ground shaking Elements at risk Vulnerability of structures and their
due to earthquakes occupants to seismic hazard




Seismic Hazards in Canada

SEISMIC HAZARD EXPOSURE PHYSICAL VULNERABILITY

Probability of ground shaking Elements at risk Vulnerability of structures and their
due to earthquakes occupants to seismic hazard



ey National Earthquake Risk Model
OPENQUAKE-CA 2015 National Seismic Hazard Model

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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National Earthquake Risk Model

likelihood of experiencing a catastrophic earthquake

50-year Greater Vancouver 2,013K
probability
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Who and what are in harms way ?
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SEISMIC HAZARD EXPOSURE PHYSICAL VULNERABILITY

Probability of ground shaking Elements at risk Vulnerability of structures and their
due to earthquakes occupants to seismic hazard




National Earthquake Risk Model

OPENOUAKE-CA physical exposure of settled areas in Canada
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National Earthquake Risk Model

physical exposure of settled areas in Canada

OPENQUAKE-CA

% recode idgs
AT Consiveranie Y
1 ocerre |

Built Environment

Y —

EE Allocation of buildings by construction

-0l typology and seismic design level based
on land use class and reference inventories

Land Building Capital Daytime Nighttime % Pre Code
Use Count Assets Population Population Buildings
RES-LD 4,938,984 $3,291,715M 15,440,685 16,806,338 49.3%
RURAL 2,233,900 $1,196,995M 5,669,758 6,706,297 25.2%
RES-MD 1,647,968 $1,093,019M 5,137,025 5,370,169 14.1%
COMM-IND 409,542 $611,139M 4,207,445 2,475,838 4.4%
RES-HD 330,767 $622,218M 3,246,826 2,773,726 4.1%
MIXED 231,518 $203,739M 1,584,403 907,973 2.9%
Grand Total 9,792,679 $7,018,825M 35,286,142 35,040,341 100.0%




Physical Impacts on the Built Environment?
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SEISMIC HAZARD EXPOSURE PHYSICAL VULNERABILITY

Probability of ground shaking Elements at risk Vulnerability of structures and their
due to earthquakes occupants to seismic hazard
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¥ National Earthquake Risk Model - physical vulnerability

OPENOUAKE-CA

Backbone Fragility Models
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National Earthquake Risk Model

OPENQUAKE-CA Performance - based risk metrics

Recovery Economic
Time SEVTLY
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PHYSICAL SEISMIC RISK SOCIO-ECONOMIC
k. VULNERABILITY AND RESILIENCE
Probability of damage and loss to
people and structures due to Vulnerability of society and economy and their

earthquakes capacity to cope with earthquake events



OPENQUAKE-CA

Cascadia (M9.0) Subduction Interface Rupture
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Emergency Management
deterministic earthquake planning scenarios

Risk Reduction Profile

Building Performance

Collapse 1,200 collapsed buildings 1,218
Collapse_s1 760 763 ﬁ
Collapse_s2 280 283

0 200 400 600 800 1000 1200 1400
Public Safety

Fatalities_s2

0 500 1000 1500 2000 2500 3000 3500 4000

Economic Security

Disaster Recovery
Displ180_b | 260k displaced 259,186
122,824

Displ180_s1

Displ180_s2 | 8,846

OK 100K 600K 700K 800K 900K




Emergency

OPENQUAKE-CA

Juan de Fuca (M6.8) Inslab Rupture
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Management

deterministic earthquake planning scenarios

Risk Reduction Profile

I Building Performance

Collapse b 830 collapsed buildings 827
Collapse_s1| 520 518 ﬁ
Collapse_s2 = 220 217
0 260 4(I)0 660 860 10I00 12100 1400
# Buildings »
I Public Safety
Fatality_s2 - 391
0 500 1000 1500 2000 2500 3000 3500
Value

I Economic Security

sl BldgT $22,072M

sl1 BldgT $16,995M

sI2 BldgT $12,184M

15B 208 258 308

Value o

I Disaster Recovery

0B 5B 10B 358

Displ180_b 27,238 278k displaced
Displ180_s1 | 14,074
Displ180_s2 1,097
OK ‘C‘CK 2DlCK SOIOK 4OIDK SOIOK BOIDK TCIZ‘K 800K

Value 5
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Emergency Management

OPENQUAKE-CA deterministic earthquake planning scenarios

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

\' -m Building Performance

- V | @ Low Coliapse_b . 730 collapsed buildings 728
- @ Moderate Collapse_s1 450 ‘452 ﬁ
- (&) Considerable | leE VAR K1) 129

) ' | | |
0 200 400 600 800 1000 1200 1400

- 40.0% | VII :. # Buildings #
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0 5(')0 1 O|OO 1 SIOO 2OIOO 25ICO 3OIC‘O 35'00 4000
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0B 5'8 1(I)B 15'1'8 2(|JB 25;'8 3LI‘B 358
Value #
Disaster Recovery
sc Displ180 | 760k displaced 759,208
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Disaster Resilience Planning

PHYSICAL SEISMIC RISK SOCIO-ECONOMIC
] VULNERABILITY AND RESILIENCE
Probability of damage and loss to

people and structures due to Vulnerability of society and economy and their
earthquakes capacity to cope with earthquake events
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From Knowledge to Action

OPENOUAKE-CA City of Vancouver Resilient Cities Initiative

Shaping Resiliency

A Summit on Resilience and Vancouver's Future
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From Knowledge to Action

OPENOUAKE-CA City of Vancouver Resilient Cities Initiative

Recovery Economic
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. City of Vancouver Seismic Retrofit Policy Program

OPENOUAKE-CA Integrated Risk Assessment & Scenario Planning

BN AT o foTenics

= : J Collapse_b’ 300 collapsed bU"dingS

( i) | PGA | MMI |Scenario Risk
2 8% V |@ Low Collapse_s1 ’ 190

(5 (“ 6.2% \/ @ Moderate Collapse_sZ’ 55 55
¢ 12.0%| Wi |~ |
Ve 22.0% | VI
= 40.0% | VII
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@ High

. Extreme

City of
Vancouver

| / Displ180_b 234k displaced 234,351
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$CDN Loss

Georgia Strait (M7.3) earthquake scenario
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w. City of Vancouver Seismic Retrofit Policy Program
OPENOUAKE-CA Integrated Risk Assessment & Scenario Planning

Loss Rate Building Performance
" " collapse b 300 collapsed buildings
4‘ l

’ Collapse_s1 190 194
;- il m = Collapse_s2 | 55 55

150 200

# Collapsed Buildings

*”‘Economlc T
Securlty Fatalities_b

Fatalities_s1

Fatalities_s2

600
Fatalities

Dlisaster Recovery

BldgLossT PR, e T . :
ﬂd'gHGen " 9$0M _ BRI T AR Displ180_b 234k displaced 234,351
! . e - A _
® $10M ' ] © BANEEIR 4 :
Im:zr:ry ® $15M : Tl e et e o Displ180_s1 188k WL
I Steel . . . .o ek .
.Concrete Sor & SO Displ180_s2 267
Wood

T

0K : 1: K bt K 200K ZE’OK
eismic Retrofit Strategies # Displaced People > 6 months
Bldg Gen Bldg Nu.. BldgCos.. BldgL_b BidgL_s1 BldgL_s2 BCR_s1 BCR_ s2 BCR_ave ROl _s1 ROIl_s2 ROIl_ave Economic Security

Concrete 3760 $48,886M $4,927M $3,581M $1,958M 0.9 2.0 1.5 3.7 8.3 6.0

MH 167  $29M $4M $4M $5M 0.2 0.9 0.3 0.5 2.9 42 BldgL b

Precast 237 $1,076M  $102M  $80M  $48M 0.7 1.7 1.2 26 6.1 4.4

RMasonry 856 $2,273M  $219M  $155M  $80M 0.9 2.0 1.5 34 7.4 5.4 fj BldgL_s1

Steel 980 $5276M  $707M  $530M  $306M 1.1 25 1.8 45 9.6 7.0

URMasonry 2692 $9575M $1,102M  $797M  $502M 1.1 2.1 16 2.7 6.9 a8 | BldgL_s2

Wood 86,868 $35,582M $1,789M $1,514M $1,169M 0.3 0.6 0.4 1.6 32 24
Grand Total 95,560 #### $8,851M $6,661M  $4,069M 0.7 1.6 1.1 25 5.4 3.9

$8,851M
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Perforpnance indicators as a bridge-to di3asterresilience planning
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Financial Risk Management
PHYSICAL SEISMIC RISK SOCIO-ECONOMIC
] VULNERABILITY AND RESILIENCE
Probability of damage and loss to

people and structures due to Vulnerability of society and economy and their
earthquakes capacity to cope with earthquake events
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Financial Risk Management

Expected Return on Mitigation Investment Benefit/Cost Ratio

Eq Des Code
[@

e
| [@

v |PC

GenBldgType

M Precast

B RMasonry

M Steel

B URMasonry

M Wood
Concrete

ROI_s1

+ £0.00%
e 5.00%
® 10.00%
® 15.00%
® 20.00%
® 24.07%

Seismic Retrofit Strategies

BldgGen (Low.. #Bldgs DayPop AALBIdgb AALBlIdgsl AALBIdgs2 BCR_ave
Concrete 7,638 444,038 $30,780K $18,697K $6,431K 1.7%
Masonry 12,254 504,395 $11,121K $5,941K $3,093K 0.8%
Wood 321,042 580,950 $9,358K $6,498K $4,218K 0.5%
Steel 2,266 47,376 $7,333K $4,405K $1,394K 5.1%
Precast 385 10,027 $529K $341K $125K 2.1%
Manufactured 1,915 9,575 $63K $98K $154K -1.0%
Grand Total 345,500 1,596,361 $59,185K $35,980K $15,415K 1.0%

500-yr Lgss

1,000,000 SOéM

-1.0% 0.0% 1.0% 2.0% 3.0% 4.0%
BCR_s2
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Financial Risk Management

Probable Maximum Loss - 500yr Average Annual Loss Ratio

Eq Bldg Typ..

PC2M

C1H

s5L

caL

s4L

S1L

s2L

s3

3L

RM2L

S4M

URMM

SIM

o . . PP MH

PML_500yr % o $50 08 . SR S4H
$OM L TR 98 D0, 0, o ! &S c2M

* $2M 5 G806 - 5% 00 . : C1M
e $4M A C : Do OO 58 °. ' PC2L
® 3$6M : ° S ‘o o oL
® 3$8M oo ' . '
® > $10M

w2
RM1M
C2H

GenBldgType s .
B URMasonry T = ° S2M
- o ~R PC1

RM1L PMLS )O_Ben%it
URML

($1Mm) $409M

S2H
w1

0.02% 0.04% 0.06% 0.08% 0.10% 0.12%
AALr_Bldg




Financial Risk Management

OPENOUAKE-CA ground up loss profiles to inform mitigation and risk transfer
Expected Average Annual Losses High Risk Regions

50-year Saguenay--Lac-Saint-Jean  Abitibi-Témiscamingue
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NRCan RiskProfiler (Spring 2019)
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