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Current

Mitigated

M7.3 Scenario 2%/50 yr

# Buildings Damaged Beyond 
Repair 



Current

Mitigated

M7.3 Scenario 2%/50 yr

# Business Structures Damaged Beyond Repair 

Current

Mitigated

M7.3 Scenario 2%/50 yr

# Residential Buildings Damaged Beyond 
Repair



Current

Mitigated

M7.3 Scenario 2%/50 yr

# Community Assets Damaged 
Beyond Repair 



Current

Mitigated

M7.3 Scenario 2%/50 yr

Life Threatening Injuries
daytime scenario

Current

Mitigated

M7.3 Scenario 2%/50 yr

# Residents Displaced for more than 3 
Months



Current

Mitigated

M7.3 Scenario 2%/50 yr

#  Workers Displaced for more than 3 Months



Water

Electricity

M7.3 Scenario 2%/50 yr

# Buildings Without Lifeline Services after 7 
Days

Road

Rail

Bridges

M7.3 Scenario 2%/50 yr

Mean Loss Ratio for Transportation Systems





Buildings

Income

Lifelines

M7.3 Scenario 2% in 50 yr

Total Economic Losses

 M7.3 = 
$26.3 m

M7.3 = 

$645.4 m

M7.3 =  
$2.33 billion



Risk Reduction Potential Through Investment in Seismic 
Retrofits

$0
$7

50

$1
,50

0

$2
,25

0

$3
,00

0

1 yr 20yrs 50 yrs 500yrs 1,500 yrs

GS M7.3 -Baseline Scenario
GS M7.3 - Mitigation Scenario

$ 
m

illi
on

s 
of

 d
ol

la
rs

Probable Maximum Loss (PML)  -  
$ millions of dollars over planning horizons of interest

Hazard Event    
(of specified 

intensity)

Expected 
Loss 

PAA=1 1 yr 10 yrs 30 yrs 50 yrs 100 yrs 500yrs 1,000 yrs

GSM7.3 (B2) $ 3,000.7 $7.5 $ 74.2 $217.1 $353.0 $ 664.5 $2,142.3 $ 2,755.2 

GSM7.3 (M2) $ 2,228.1 $5.6 $ 55.1 $161.2 $262.1 $ 493.4 $1,590.7 $ 2,045.7 

Risk Reduction 
Potential $ 772.6   $1.9 $ 19.1 $ 55.9 $ 90.9 $ 171.1 $ 551.6  $ 709.4   



• Identify assets of concern
• Establish guidelines for 

land use & site planning
• Implement seismic retrofit 

program for municipal 
assets

• Encourage seismic 
retrofits to vulnerable 
homes & businesses 

• Adopt and exercise 
disaster response plan

• Develop disaster recovery 
plan

• Build disaster resilience of 
municipal operations

• Community education and 
business continuity 
planning

• Conduct rapid damage 
assessment 

• Identify and prioritize 
hotspots for emergency 
operations

• Coordinate emergency 
response across 
jurisdictional levels

• Implement emergency 
communication strategy

• Monitor and assess 
capabilities for response & 
recovery 

• Refine disaster plans 
based on lessons learned

• Marshall resources for 
disaster management

• Invest in strategies that 
build disaster resilience

• Provide emergency 
shelter and relocation 
support

• Secure damage hotspots 
for recovery operations

• Engage mechanisms for 
disaster relief funding

• Implement permit 
process to expedite 
recovery process
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Risk reduction potential from seismic retrofits to vulnerable buildings

Losses Avoided through Mitigation Investments

# Buildings 
Preserved

Reduced 
Recovery 
Time/Bldg 

(Days)

Reduced 
Social 

Disruption  
(People)

Total 
Injuries 
Avoided 
(People)

Losses 
Avoided/

Bldg

Benefit/
Cost 
Ratio

Wood 211 718 3,019 24 $ 53,225    2.89

Concrete 322 308 11,644 168 $ 118,054  2.88

URM 260 295 9,448 349 $ 206,497  3.48

Steel 1 101 153 2 $ 48,395    3.19

Other Types 
(PC,RM,MH)

25 24 703 43 $ 560,712  4.85

Single Family 160 131 163 4 $ 25,609    2.11

Multi-Family 55 565 73 18 $ 331,320  6.98

Commercial 214 238 10,724 274 $ 175,719  3.99

Industrial 365 282 10,629 241 $ 178,704  3.65

All Public facilities 25 153 3,378 49 $ 101,681  2.01

Municipal Assets 
Only

21
327 2,532 35 $ 129,362  3.65

Totals/Averages: 
819 274 24,967 586 $773 

million
3.75
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Probabilistic Ground Motion Model Deterministic Ground Motion Model
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Map 1A. District of North Vancouver, 
Community Overview

District of 
West

Vancouver

District of North Vancouver

Vancouver 
Island

®
Map 1A. This map provides an overview of the natural and built 
environment of the District of North Vancouver. The grey background 
provides a shaded elevation perspective of the community. The map 
shows the distribution of buildings, essential facilities, roads, parks,  
neighbourhoods, First Nations land, and the Official City Plan town 
centres. DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

Building Footprint
Neighbourhood
First Nations Land
Park

Town Centres
1 Lynn Valley
2 Lower Lynn 
3 Lower Capilano / Marine Village
4 Maplewood  Village

Essential Facilities
k) School Facility

Evacuee Centre

9:s Fire Station

Æq Hospital
"g% Police & EOC
h DNV Municipal Hall

Burrard Inlet

Community Profile
Elements of the Natural and Built Environment
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Residential Commercial Town Centres

1. Lynn Valley
2. Lower Lynn
3. Lower Capilano/Marine
4. Maplewood

Neighbourhoods: BL: Blueridge  BO: Boundary  BR: Braemar  CH: Canyon Heights  CAP: Capilano  CAR: Carisbrooke  CLN: Central Lynn  CL: Cleveland  CC: Cove Cliff  DC: Deep Cove  DEL: Delbrook  
DO: Dollarton  GR: Grousewoods  HA: Handsworth  HI: Highlands   IAC: Indian Arm Communities  IR: Indian River  KL: Keith Lynn  LG: Lions Gate  LC: Lower Capilano  LWL: Lower West Lynn  LC: Lynn 
Canyon  LN: Lynnmour North  LS: Lynnmore South  M: Maplewood  MW: McCartney Woods  NO: Norgate  NRTH: Northlands  NQ: Norwood Queen’s  PG: Parkgate  PW: Parkway  PH: Pemberton Heights  
RE: Riverside East  RW: Riverside West  RP: Roche Point  SCR: Seymour Creek Reserve  SH: Seymour Heights  TW: Tsleil-Waututh  UD: Upper Delbrook  UL: Upper Lynn  WL: Upper West Lynn  VC: Valley 
Centre  WLT: West Lynn Terrace  WI: Windridge  K: Kirskstone  WP: Windsor Park
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MMI Perceived 
Shaking

PGA 
(%g)

PGV  
(cm/sec)

Anticipated Impacts

IV Light
1.3-4.5%   
(2.8)

0.64-3.08  
(1.4)

Most people indoors feel movement. Hanging objects swing. Windows, dishes, 
doors rattle and glasses clink. Walls of wood frame buildings creak. Parked 
vehicles rock.

V Moderate
4.5-8.5% 
(6.2)

3.08-6.7   
(4.7)

Almost everyone feels movement. Doors swing open or close. Shutters and 
pictures on wall move. Sleeping people awakened. Small, unsecured objects move 
or topple. Liquids in containers may spill.

VI Strong
8.5-15.8%  

(12)
6.7-13.9   
(9.6)

Everyone feels movement. People have trouble walking. Objects fall from shelves. 
Pictures fall off walls. Furniture moves. Weak plaster and masonry crack. Damage 
slight in poorly constructed buildings. Trees and bushes shake.

VII Very Strong
15.8-29.3

% (22)
13.9-28.7   

(20)

People have difficulty standing. Drivers on road feel their cars shake. Furniture 
may overturn and break. Loose bricks fall from buildings and masonry walls. 
Plaster and masonry crack. Weak chimneys break at roofline. Poorly constructed 
buildings badly damaged.

VIII Severe
29.3-54.7
%  (40)

28.7-59.6  
(41)

Drivers have trouble steering. Towers, chimneys and other tall structures may 
twist and fall. Houses not bolted may shift off foundations. Damage considerable 
in poorly constructed buildings, moderate in well-constructed buildings. Tree 
branches break and fall. Changes occur in flow or temperature of springs and 
wells. Cracks appear in wet ground and on steep slopes.

IX Violent
54.7-139.1

%  (75)
59.6-177.8  

(86)

Masonry structures and poorly constructed buildings seriously damaged or 
collapse. Houses not bolted shift off foundations. Reservoirs seriously damaged. 
Underground pipes break. The ground cracks and sand craters form in some 
areas due to liquefaction.
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Hazus loss estimation software  Estimates were generated 

Map 2C. National Earthquake Hazard Reduction 
Program (NEHRP) Soil Site Class

District of 
West

Vancouver

District of North Vancouver

Vancouver 
Island

®
DRAFT

Map 2C. The National Earthquake Hazard Reduction Program (NEHRP) 
has defined five seismic site categories: A (Hard rock) to E (Soft soil). The 
categories are based on their average travel time-weighted shear wave 
velocity. A sixth category, F, is defined for special case soils and site specific 
geotechnical investigations are required to assess seismic amplification. 
This map shows the detailed seismic site classes for the District of North 
Vancouver. Input for Hazus requires that these detailed site classes be 
generalized into the five NEHRP classes; class F is not used in Hazus.

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
nformation (“Data”) on this map and does not assume any responsibility or liability with respect 
o any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

The Data on this map should not be used for design or construction at 
any specific location, nor are the Data to be used as a replacement for 
the types of site-specific geotechnical investigations recommended by 
the 2010 National Building Code of Canada, or the 2012 Building Code 
of British Columbia.

Seismic Site Class
A-B (90% A, 10% B)
B-A (10% A, 90% B)
B-C (90% B, 10% A)
C (100% C)
C-D (50% C, 50% D)
D-E (60% D, 40% E)
F/E -D (60% E/F, 40% D)
F/E-D-C (33%  C, D, E/F)
F (100% F)

Essential Facilities
k) School Facility

Evacuee Centre

9:s Fire Station

Æq Hospital
"g% Police & EOC
h DNV Municipal Hall

NEHRP Soil Classes 
Site Amplification Potential





Comparative 
Analysis of 

Earthquake Hazard 
potential

Georgia Strait 
M7.3  

Earthquake 
Scenario 

2% in 50-year 
Design  

Earthquake 

Shaking & PGD Shaking & PGD

Min Max Mean Min Max Mean

Ground Shaking

PGV (cm) 6.4 48.1 20.3 17.4 58.9 35.2

PGA (%g) 0.1 0.4 0.3 0.4 0.5 0.5

Sa0.3s (g) 0.2 0.7 0.5 0.7 0.9 0.8

Sa1.0s (g) 0.1 0.5 0.2 0.2 0.6 0.4

Building Motion

Displacement (cm) 0.4 15.3 1.3 1.2 24.0 2.5

Acceleration (%g) 0.1 0.4 0.3 0.2 0.6 0.4

Liquefaction

L. Spreading (cm) 0.0 99.3 21.3 0.0 382.9 137.0

V. Settling (cm) 0.0 15.2 4.8 0.0 15.2 4.9

Eq-Landslides

Displacement (cm) 5.1 152.4 27.8 7.6 165.1 90.9
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Credits: Building location, occupancy, and infrastructure provided by
Building details provided by the Earthquake Engineering Research 
Engineering, University of British Columbia. All results were generat
in consultation with other seismic risk assessment experts, using be
and engineering knowledge, and reasonable assumptions. Earthqu
Hazus loss estimation software  Estimates were generated 

District of 
West

Vancouver

Map 3C. Permanent Ground Deformation
due to Liquefaction Spreading,

Georgia Strait event

District of North Vancouver

Vancouver 
Island

®
Map 3C. This map indicates the estimated Permanent Ground 
Deformation as a result of liquefaction spreading due to a Georgia 
Strait earthquake event. The values represent how far the ground 
could move. The spatial extent and pattern of permanent ground 
deformation is controlled by local factors such as bedrock geology, 
soil conditions, slope gradient, and groundwater hydrology. DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

PGD due to Liquefaction Spreading
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1 ft - 2 ft
>2 ft

Essential Facilities
k) School Facility

Evacuee Centre
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Liquefaction Hazard
Lateral Spreading
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Credits: Building location, occupancy, and infrastructure provided by
Building details provided by the Earthquake Engineering Research 
Engineering, University of British Columbia. All results were genera
in consultation with other seismic risk assessment experts, using be
and engineering knowledge, and reasonable assumptions. Earthqu
Hazus loss estimation software  Estimates were generated 

District of 
West

Vancouver

District of North Vancouver

Vancouver 
Island

® Map 3D. Permanent Ground Deformation 
due to Landslide,

Georgia Strait event

Map 3D. This map indicates the estimated Permanent Ground 
Displacement as a result of landside movement due to a Georgia 
Strait earthquake event. The values represent how far the ground 
could move. The spatial extent and pattern of permanent ground 
deformation is controlled by local factors such as bedrock geology, 
soil conditions, slope gradient, and groundwater hydrology. DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

PGD due to Landslide
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Evacuee Centre
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Landslide Hazard
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City of Vancouver
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0 1 2 3 40.5
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Credits: Building location, occupancy, and infrastructure provided by
Building details provided by the Earthquake Engineering Research 
Engineering, University of British Columbia. All results were generat
in consultation with other seismic risk assessment experts, using be
and engineering knowledge, and reasonable assumptions. Earthqu
Hazus loss estimation software  Estimates were generated 

Map 1C. District of North Vancouver, 
Building Construction Material

District of 
West

Vancouver

District of North Vancouver

Vancouver 
Island

®
Map 1C. This map shows the construction material for buildings in the 
District. The categories are defined by those required by Hazus loss 
estimation software used for this study. Most single family and multi-family 
residential buildings have wood construction. Commercial buildings are 
made with concrete, wood, or unreinforced masonry.  

DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

Building Construction Material
Concrete
Precast Concrete
Steel
Reinforced Masonry
Unreinforced Masonry
Wood

Building Type
General Construction Types

Wood Concrete Steel
Un-Reinforced Masonry Other Types



Burrard Inlet

Capilano 
Lake

Indian 
Arm

Deep
Cove

City of North Vancouver

City of Vancouver

(not included in study)

0 1 2 3 40.5

Kilometres

Credits: Building location, occupancy, and infrastructure provided by
Building details provided by the Earthquake Engineering Research 
Engineering, University of British Columbia. All results were genera
in consultation with other seismic risk assessment experts, using be
and engineering knowledge, and reasonable assumptions. Earthqu
Hazus loss estimation software  Estimates were generated 

Map 1B. District of North Vancouver, 
Building Occupancy

District of 
West

Vancouver

District of North Vancouver

Vancouver 
Island

®
Map 1B. This maps shows the occupancy (use) of the buildings in the
District. The occupancy classes are defined by those required by the 
Hazus loss estimation software used for this study. The “Other” category 
on this map includes Religious and Agricultural (including park) buildings. 

DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

Building Use 
Residential, Single Family
Residential, Multi-Family
Commercial
Education
Government
Industrial
Other

Building Use
General Occupancy Classes

Single Family Multi-Family Commercial
Industrial Other Classes
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Building location, occupancy, and infrastructure provided by the District of North
Vancouver. Building details provided by the Earthquake Engineering Research 
Facility, Department of Engineering, University of British Columbia. Analysis 
completed by Natural Resources Canada. 

Disclaimer: All results were created by Natural Resources Canada in consultation with 
other seismic risk assessment experts, using best available data, current scientific and 
engineering knowledge, and reasonable assumptions.  Earthquake impacts were 
modelled with Hazus loss estimation software.  Estimates were generated for a specific 
earthquake scenario using limited hazard information.
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Daytime Population
This map shows the distribution of people during daytime hours
 for  the District of North Vancovuer (9am - 5pm).  Population 
estimates for residential buildingsrepresents an average family
size based on Statistics Canada community profile data for
the DNV.  Population estimates for businesses are based on
occupancy and building  square footage.
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Building location, occupancy, and infrastructure provided by the District of North 
Vancouver. Building details provided by the Earthquake Engineering Research 
Facility, Department of Engineering, University of British Columbia. Analysis 
completed by Natural Resources Canada. 

Disclaimer: All results were created by Natural Resources Canada in consultation with 
other seismic risk assessment experts, using best available data, current scientific and 
engineering knowledge, and reasonable assumptions.  Earthquake impacts were 
modelled with Hazus loss estimation software.  Estimates were generated for a specific 
earthquake scenario using limited hazard information.
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Nighttime Population
This map shows the distribution of people during daytime hours
 for  the District of North Vancovuer (9am - 5pm).  Population 
estimates for residential buildingsrepresents an average family
size based on Statistics Canada community profile data for
the DNV.  Population estimates for businesses are based on
occupancy and building  square footage.
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® Map 4C. Daytime Casualty Rate,  
Current Seismic Conditions, 

Georgia Strait Event

Map 4C. This map shows the estimated Daytime Casualty Rate for a 
Georgia Strait event (occuring at 2 pm), based on current seismic 
conditions. The rate is calculated as the proportion of people in a 
building who are expected to sustain injuries that would require 
medical attention or that might result in loss of life. The values for 
individual buildings have been grouped to show regions of casualty
rates. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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® Map 4D. Building Recovery Time, 
Current Seismic Conditions,

Georgia Strait event

Map 4D.This map shows the estimated recovery time, in days, to return 
buildings to pre-event condition following a Georgia Strait event, based 
on current seismic conditions. The recovery time is based on individual 
buildings and there is no interdependency between the buildings. The 
values for individual buildings have been grouped to show regions of 
common results. 

DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Component Quantity Comments

Potable Water

-Production Wells - No production wells

-Storage Tanks 15 Shared Ownership/Limited Info

-Pumping Stations 11 Shared Ownership/Limited Info

-Treatment Plants 10 Shared Ownership/Limited Info

-Pipelines & Distribution Lines 510 km 445 km owned by DNV

Wastewater

-Collection Pipes & Sewers 780 km Owned & Operated by DNV

-Treatment Plants & Lift Stations - Private - No Information Available

Electric Power

-Power Generation Plants - BCHydro - No Information

-Substations 13 BCHydro - Limited Information

-Distribution Lines & Circuits - BCHydro - No Information

Communication

-Broadcast Facilities - Private - No Information Available

-Transmission Facilities - Private - No Information Available

Oil & Gas

-Production Facilities - Private - No Information Available

-Distribution Facilities - Private - No Information Available

-Pipelines - Private - No Information Available

Utility System Inventory
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Component Quantity Comments

Roadways

-Roads & Highways 512 km Shared Ownership

-Bridges 35 Shared Ownership/Limited Info

-Tunnels - None in DNV

Railway

-Tracks & Roadbeds 57 km BC Rail - Owner/Operator

-Bridges 1 BC Rail - Owner/Operator

-Operational Facilities 3 BC Rail - Owner/Operator

Transit

-Bus Facilities - No Information Available

-Ferry Facilities - No Information Available

-Airport Facilities - None in DNV

Port Facilities

-Waterfront Structures - No Information Available

-Cargo & Transfer Equipment - No Information Available

-Fuel Facilities - No Information Available

-Warehouses - No Information Available

Transportation System Inventory
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Map 4G. This map shows some results for potable water pipelines and facilities 
after a Georgia Strait event. The results for the water facilities indicate the
functionality of the facility at Day 1 after the event. The results for the pipelines 
indicate the calculated total repair rate. The Hazus software estimates the 
number of breaks and leaks per kilometre of pipeline based on the Ground 
Motion (PGV), Ground Failure (PGD), Liquefaction, and type of pipe material. 
The program also calculates the repair rate for breaks          and leaks and 
generates a Total Repair Rate per kilometre of pipeline.  

Map 4G. Potable Water Pipelines 
and Facilities,

Georgia Strait event

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Moderate: 0.5 to 1 repairs per km
Low: 0.25 to 0.5 repairs per km
Very Low: <0.25 repairs per km
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Map 4H. Waste Water Pipelines,
Georgia Strait event

Map 4H. This map shows some results for waste water pipelines 
after a Georgia Strait event. The results for the pipelines indicate the 
calculated total repair rate. The Hazus software estimates the number 
of breaks and leaks per kilometre of pipeline based on the Ground 
Motion (PGV), Ground Failure (PGD), Liquefaction, and type of pipe 
material. The program also calculates the repair rate for breaks and 
leaks and generates a Total Repair Rate per kilometre of pipeline.  

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

Pipeline Total Repair Rate
Very High: >1.5 repairs per km
High: 1 to 1.5 repairs per km
Moderate: 0.5 to 1 repairs per km
Low: 0.25 to 0.5 repairs per km
Very Low: <0.25 repairs per km

Vulnerability of 
Wastewater Water Systems

Estimated Repair Rates and Functionality

Repairs

Recovery
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Baseline Scenario
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Map 4F. Road and Bridge
Functionality at Day 1,
Georgia Strait event

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 

Road Functionality Day 1
<75%
75% - 80%
80% - 85%
85% - 90%
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Bridge Functionality Day 1
!( 75% - 80%
!( 80% - 85%
!( 85% - 90%
!( >90%

Map 4F. This map shows the functionality of the road segments and 
the road bridges at Day 1 after a Georgia Strait event. Damage to 
roads is calculated using fragility curves based on permanent 
ground displacement. Spectral acceleration and permanent ground 
displacement are the defining factors for the fragility curves used to 
calculate damge to bridges. Expected functionality of roads and 
bridges, at discreet time intervals, is determined using restoration 
curves. 

Vulnerability of 
Transportation Network

Functionality of Roads and Bridges
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Buildings

Wood Concrete Steel URM Other

Contents & Inventory

Single Family Multi-Family Commercial
Industrial Other

Capital Stocks - Building Assets

General Building 
Stock

Number of 
Assets

Replacement 
Costs

Building 
Contents

Business 
Inventory

Total

Construction Type

Wood 21,594 $ 8,522,001,523   $ 4,522,690,172   $ 15,189          $ 13,044,706,884   

Concrete 699 $ 931,575,189     $ 938,826,393     $ 938,826,393  $ 2,809,227,975     

Steel 362 $ 201,319           $ 18,085,553       $ 192              $ 18,287,064         

Un-Reinforced Masonry 33 $ 397,314,550     $ 484,423,963     $ 27,509          $ 881,766,022       

Other Types 48 $ 39,698,282       $ 41,404,276       $ 1,057            $ 81,103,616         

Occupancy Class

Single Family Homes 20,257 $ 6,738,035,863   $ 3,369,017,850   - $ 10,107,053,713   

Multi-Family Homes 936 $ 1,650,268,135   $ 825,134,017     - $ 2,475,402,152     

Commercial 648 $ 550,431,984     $ 550,418,279     $ 28,967          $ 1,100,879,230     

Industrial 611 $ 504,177,294     $ 754,657,279     $ 44,016          $ 1,258,878,590     

Other Classes 284 $ 465,765,419     $ 506,202,932     $ 2,089            $ 971,970,440       

Total 22,736 $9,890,790,864 $6,005,430,357 $938,870,340 $16,835,091,561



,

Critical 
Infrastructure

# of Assets/
Segments

Replacement 
Costs

Potable Water

Potable Water 5,216 $ 288,600,000      

Wastewater 15,808 $ 578,800,000      

Sub Total $ 867,400,000     

Transportation

Roads 3,619 $ 556,400,000      

Rail Lines 267 $ 84,300,000       

Bridges 33 $ 41,200,000       

Facilities 3 $ 2,800,000         

Sub Total $ 684,700,000     

Total $1,552,100,000

Capital Stock Assets 
- Infrastructure

Potable Water
Wastewater
Roads
Rail Lines
Bridges
Facilities



,

North American Industry 
Classification System 

(NAICS)

# 
Employees

Estimated* 
Annual GDP 

by Industry ($)

Retail trade 2,670 $ 113,701,392    

Educational services 2,405 $ 164,535,771    

Scientific and technical services 2,310 $ 140,594,618    

Manufacturing 2,120 $ 149,540,610    

Health care and social assistance 1,945 $ 112,721,013    

Accommodation and food services 1,695 $ 52,057,107      

Other services  1,445 $ 70,640,134      

Transportation and warehousing 990 $ 89,761,697      

Finance and insurance 955 $ 123,037,719    

Arts, entertainment and recreation 885 $ 29,343,577      

Wholesale trade 880 $ 84,269,327      

Construction 830 $ 70,873,891      

Real estate, rental and leasing 695 $ 467,229,938    

Administrative 695 $ 34,586,020      

Information and cultural industries 620 $ 77,217,668      

Public administration** 620 $ 81,080,690      

Mining and oil and gas extraction 70 $ 37,710,842      

Utilities 55 $ 25,843,373      

Agriculture and forestry 50 $ 2,947,462        

Company management 10 $ 2,571,698        

TOTAL 21,945 $ 1,930,264,546 $500,000,000
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Building Structural Type # of 
Businesses %

Wood, Light Frame (>5,000 sq. ft.) 1,514 44.0%

Unreinforced Masonry (Low-Rise) 899 26.0%

Wood, Greater than 5,000 sq. ft. 354 10.0%

Concrete Shear Walls (Low-Rise) 301 9.0%

Concrete Moment Frame (Low-Rise) 140 4.0%

Concrete Shear Walls (Mid-Rise) 67 2.0%

Reinforced Masonry (Low-Rise) 40 1.0%

Structural Type Unidentified 37 1.0%

Concrete Shear Walls (High-Rise) 25 1.0%

Steel Moment Frame (Low-Rise) 15 0.0%

Precast Concrete Tilt-Up Walls 12 0.0%

Mobile Homes 4 0.0%

Concrete Moment Frame (Mid-Rise) 2 0.0%

Precast Concrete(Low-Rise) 1 0.0%

TOTAL 3,411 100.0%
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Vulnerability Direct Economic Losses

Yes/No

Built Environment

Hazard Potential

Probability of
Building Damage

Probability of
Lifeline Damage

UBC Business Disruption & Loss Model
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Map 4B. Building Loss Ratio, 
Current Seismic Conditions, 

Georgia Strait event

Map 4B. This map shows the estimated Loss Ratio for buildings for 
a Georgia Strait event, based on the current seismic conditions of the 
buildings. The loss ratio represents the proportion of building assets 
that are at risk as a result of earthquake damage. The values for 
individual buildings have been grouped to show regions of loss ratios. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Capital Losses - General Building Stock

# buildings Total Asset Value
Mean 

Replacement 
Cost

Total Capital 
Loss

Mean Loss/
building

Mean Loss 
Ratio

Occupancy Class

Single Family 20,257 $ 10,107,053,713   $ 498,941        $ 1,326,765,606 $ 66,036       13.3%

Multi-Family 936 $ 2,475,402,152     $ 2,644,660      $ 314,949,791   $ 345,280      13.2%

Commercial 648 $ 1,100,850,263     $ 1,698,843      $ 173,278,166   $ 363,412      18.8%

Industrial 611 $ 1,258,834,574     $ 2,060,286      $ 233,371,906   $ 501,248      23.9%

Other 284 $ 971,968,351       $ 3,422,424      $ 118,485,268   $ 445,110      14.2%

Sub-Total 22,736 $ 15,914,109,052   $ 2,065,031      $ 2,166,850,737 $ 344,217     16.7%

Building Type

Wood 21,594 $ 13,044,691,695   $ 604,089        $ 1,706,486,397 $ 80,199       13.3%

Concrete 699 $ 1,801,858,812     $ 2,577,767      $ 274,009,484   $ 472,058      20.5%

Steel 33 $ 36,174,703         $ 1,096,203      $ 4,812,327       $ 163,391      7.5%

URM 362 $ 881,738,513       $ 2,435,742      $ 161,980,623   $ 636,950      26.6%

Other 48 $ 149,645,329       $ 3,117,611      $ 19,561,906     $ 651,832      21.1%

Sub-Total 68,208 $ 47,742,327,155   $ 2,020,145      $ 6,500,552,210 $ 369,976     17.8% 13.0% 26.0%

13.0% 26.0%



±

± 

,

,
,



20% 40%

Capital Losses -Lifeline Systems
Replacement 

Costs
Capital 
Losses

Mean Loss 
Ratio %

Potable Water

Pipelines $266,700,000.0 $480,060 0.18%

Facilities $13,700,000.0 $1,322,050 9.65%

Distribution Lines $8,300,000.0 $528,710 6.37%

Sub Total $288,700,000 $2,330,820

Wastewater

Pipelines $563,200,000.0 $1,408,000 0.25%

Distribution Lines $15,500,000.0 $1,714,300 11.06%

Sub Total $578,700,000 $3,122,300

Highways

Roads $556,410,000 $16,469,736 2.96%

Bridges $36,230,000 $210,134 0.58%

Sub Total $592,640,000 $16,679,870

Railways

Rail Lines $84,260,000 $3,185,028 3.78%

Bridges $5,000,000 $2,000 0.04%

Facilities $2,780,000 $995,796 35.82%

Sub Total $92,040,000 $4,182,824

TOTAL $1,552,080,000 $26,315,814 1.70%
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Open
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Full Service Capacity (NHID-2)

Open

Closed
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With Service Loss (NHID-2) Christchurch Earthquake (2011)

With Full Service Capacity With Service Loss

Scenario Initial Model NHID-1 NHID-2 NHID-3 Average Initial Model NHID-1 NHID-2 NHID-3 Average

TOTAL 69% 64% 63% 64% 65% 28% 15% 15% 14% 18%

FIR 65% 59% 58% 59% 60% 25% 10% 10% 8% 13%

HTH 75% 72% 72% 72% 73% 21% 8% 8% 7% 11%

MCT 72% 68% 67% 67% 69% 33% 25% 25% 22% 26%

MFG 58% 51% 46% 48% 51% 22% 2% 2% 3% 7%

SVC 71% 66% 66% 67% 68% 28% 18% 18% 16% 20%

TRD 65% 57% 56% 58% 59% 25% 4% 4% 4% 9%
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Business Disruption - Economic Losses

Daily GDP = With Full 
Utility 
Service 

($million)

Without 
Utility 
Service 

($million)

% of Average Daily GDP

$4,962,940 Full Utility 
Service

Utility 
Service Loss

INITIAL MODEL $ 1,643,286      $ 3,633,173      33% 73%

NHID-1 $ 1,949,989      $ 4,352,974      39% 88%

NHID-2 $ 1,998,950      $ 4,350,350      40% 88%

NHID-3 $ 1,953,505      $ 4,433,156      39% 89%
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Maximum Loss (PML) over time horizons of interest

Earthquake 
Scenario

Expected 
Loss 1 

yr
10 
yrs

30 
yrs

100 
yrs

1,000 
yrs

2,500 
yrs

๏ GSM7.3 scenario $ 3,001     $ 8 $ 74 $217 $664 $2,755 $ 2,955 

๏ 2%/50-yr Design $ 4,269     $ 2 $ 17 $ 51 $167 $1,408 $ 2,699 
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Performance Measures: The intensity of shaking and related ground 
deformation that is likely to be experienced at any given location as a 
result of seismic energy generated by an earthquake event.

       Hazard Potential

all-hazard potential

Indicators Unit of Measure GS M7.3 2%/50-yr

Likelihood of Occurrence (p) event probability 1/400 yr 1/2475 yr

Peak Ground Velocity (PGV) centimetres (max) 48.11 58.94

Peak Ground Acceleration (PGA) gravitational units (max) 0.38 0.49

Spectral Acceleration @ 0.3s gravitational units (max) 0.72 0.90

Spectral Acceleration @ 1.0s gravitational units (max) 0.51 0.62

Liquefaction Spreading centimetres (max) 99.31 382.87

Landslide Displacement centimetres (max) 152.40 165.10

scenario earthquake
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®
Map 3A. This map shows the values for the Peak Ground Velocity 
across the District for a Georgia Strait earthquake event. Ground 
motion intensity is measured in terms of the amount and/or rate of 
displacement of a point at the Earth’s surface over a given time
interval. The amount of displacement is reported as Peak Ground 
Velocity (PGV) in cm/sec. The values for the District have been
modified to account for the local site amplification factor of soil 
condition.

Map 3A. Peak Ground Velocity,
Georgia Strait event

DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Figure 96: Maps showing seismic 
hazard potential (PGV) and 
liquefaction spreading for the 
Georgia Strait M7.3 scenario 
earthquake
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®
Map 3C. This map indicates the estimated Permanent Ground 
Deformation as a result of liquefaction spreading due to a Georgia 
Strait earthquake event. The values represent how far the ground 
could move. The spatial extent and pattern of permanent ground 
deformation is controlled by local factors such as bedrock geology, 
soil conditions, slope gradient, and groundwater hydrology. DRAFT

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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scenario earthquake all-hazard potential

     Hazard Potential
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PGV (cm/second)



Indicators Unit of Measure Mitigated Baseline

Lateral Displacement centimetres (max) 8.25 15.29

Damage Potential # buildings damaged beyond repair 21 839

Recovery Time Ave. # days of disruption 118 230

    Building Performance

Performance Measures: The likelihood of damage (resistance) and the 
estimated time to restore functionality to homes and businesses after a 
major earthquake (recovery).

mitigation benchmark

Policy  
Target?
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® Map 4A. Building Damage State, 
Current Seismic Conditions, 

Georgia Strait Event

Map 4A. The Hazus loss estimation software calculates the probability 
of a building receiving damage, due to an earthquake event, as one of 
five possible Damage States: None, Slight, Moderate, Extensive, or 
Complete. This map shows the Damage State with the greatest 
probability value,  based on the building's known current seismic 
condition, for a Georgia Strait event. The values for individual buildings 
have been grouped to show regions of damage states. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
nformation (“Data”) on this map and does not assume any responsibility or liability with respect 
o any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only  

Damage State
Complete
Extensive
Moderate
Slight
None

Burrard Inlet

Capilano 
Lake

Indian 
Arm

Deep
Cove

City of North Vancouver

City of Vancouver

(not included in study)

0 1 2 3 40.5

Kilometres

Credits: Building location, occupancy, and infrastructure provided b
Building details provided by the Earthquake Engineering Research
Engineering, University of British Columbia. All results were genera
in consultation with other seismic risk assessment experts, using b
and engineering knowledge  and reasonable assumptions  Earthqu

Map 5A. Building Damage State, 
Retrofit Seismic Conditions, 

Georgia Strait Event
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®
Map 5A. This map shows the Damage State of buildings after a 
hypothetical seismic retrofit was applied to previously vulnerable 
buildings. For this study, individual buildings found to experience an 
Extensive or Complete damage state with its current condition (see 
Map 4A for general areas) were re-assigned a High Code seismic 
code and the Georgia Strait event analysis was rerun. The Damage 
State with the greatest probability value is shown. The values for 
individual buildings have been grouped to show regions of damage 
states. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
nformation (“Data”) on this map and does not assume any responsibility or liability with respect 
o any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only  
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Figure 98: Maps and charts 
showing patterns of building damage 
for the Georgia Strait M7.3 scenario 
earthquake, with and without 
mitigation
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Policy  
Target?  Building Performance - Damage 

# Buildings with Significant Damage

W
oo

d

Con
cre

te
URM

Ste
el

O
th

er

1 10 100

Baseline Scenario Mitigation Scenario

Sin
gle

 Fa
mily

 

Mult
i-F

am
ily

Com
mer

cia
l

Ind
us

tri
al

O
th

er
 C

las
se

s

1 10 100

Number of buildings that are likely to sustain extensive or complete 
damage in the scenario earthquake

None Slight
Moderate Extensive
Complete

None Slight:
Moderate: Extensive:
Complete

# Buildings

# Buildings

Building Damage
Baseline Scenario

Building Damage
Mitigation Scenario Damage State





Indicators Unit of Measure Mitigated Baseline

 Vulnerable Populations exposure, agency, & capability - -

Injury Potential # critical injuries/fatalities 197 249

Social Disruption # people displaced > 90 days 1,432 14,488

    Public Safety

Performance Measures: The likelihood of injury or death from 
earthquake damages, and the extent of social disruption caused by loss 
of habitation and business interruption.

mitigation benchmark

Policy  
Target?
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® Map 4C. Daytime Casualty Rate,  
Current Seismic Conditions, 

Georgia Strait Event

Map 4C. This map shows the estimated Daytime Casualty Rate for a 
Georgia Strait event (occuring at 2 pm), based on current seismic 
conditions. The rate is calculated as the proportion of people in a 
building who are expected to sustain injuries that would require 
medical attention or that might result in loss of life. The values for 
individual buildings have been grouped to show regions of casualty
rates. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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® Map 5C. Daytime Casualty Rate, 
Retrofit Seismic Conditions, 

Georgia Strait Event

Map 5C. This map shows the estimated Daytime Casualty Rate for a 
Georgia Strait event (occuring at 2 pm), based on hypothetical seismic 
retrofit conditions. The rate is calculated as the proportion of people in a 
building who are expected to sustain injuries that would require medical 
attention or that might result in loss of life. The values for individual 
buildings have been grouped to show regions of casualty rates. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Figure 101: Maps and charts 
showing the extent and severity 
of injuries for the Georgia Strait 
M7.3 scenario earthquake, with 
and without mitigation.  Estimates 
are based on a daytime scenario.
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Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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showing the extent of social 
disruption and displacement from 
homes and businesses for the Georgia 
Strait M7.3 scenario earthquake, with 
and without mitigation.
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     Public Safety - Social Disruption

mitigation benchmark
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Indicators Unit of Measure Mitigated Baseline

Damage to Potable Water 
Infrasructure

# repairs to pipelines 56 97

Damage to Wastewater 
Infrastructure

# of repairs to pipelines 77 256

 Water Service Loss
# days to restore potable 
water services 11 18

Power Service Loss
# days to restore electrical 
power services 60 90

     Lifeline Resilience

Performance Measures:  The likelihood of damage to critical 
infrastructure systems and the potential for loss of essential lifeline 
services following a major earthquake

? Policy  
Target

mitigation benchmark



Water System Resilience

Power System Resilience

         Lifeline Resilience Policy  
Target

                    

?
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Map 4G. This map shows some results for potable water pipelines and facilities 
after a Georgia Strait event. The results for the water facilities indicate the
functionality of the facility at Day 1 after the event. The results for the pipelines 
indicate the calculated total repair rate. The Hazus software estimates the 
number of breaks and leaks per kilometre of pipeline based on the Ground 
Motion (PGV), Ground Failure (PGD), Liquefaction, and type of pipe material. 
The program also calculates the repair rate for breaks          and leaks and 
generates a Total Repair Rate per kilometre of pipeline.  

Map 4G. Potable Water Pipelines 
and Facilities,

Georgia Strait event

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Map 4H. Waste Water Pipelines,
Georgia Strait event

Map 4H. This map shows some results for waste water pipelines 
after a Georgia Strait event. The results for the pipelines indicate the 
calculated total repair rate. The Hazus software estimates the number 
of breaks and leaks per kilometre of pipeline based on the Ground 
Motion (PGV), Ground Failure (PGD), Liquefaction, and type of pipe 
material. The program also calculates the repair rate for breaks and 
leaks and generates a Total Repair Rate per kilometre of pipeline.  

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Economic Security

Indicators Unit of Measure Mitigated GS M7.3

Capital Loss millions of dollars $ 2,166.9       $ 2,329.0      

Income Loss millions of dollars $ 34.9           $ 645.35      

Financial Risk (30yrs) probable maximum $ loss $ 161.2         $ 217.1        

Return on Investment overall benefit/cost ratio 5.47 -

     Economic Security Policy  
Target

mitigation benchmark

Performance Measures:  Expected capital and income-related losses 
resulting from earthquake damage and optimize the return on 
investments in mitigation, emergency management and adaptation

?
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Map 4B. Building Loss Ratio, 
Current Seismic Conditions, 

Georgia Strait event

Map 4B. This map shows the estimated Loss Ratio for buildings for 
a Georgia Strait event, based on the current seismic conditions of the 
buildings. The loss ratio represents the proportion of building assets 
that are at risk as a result of earthquake damage. The values for 
individual buildings have been grouped to show regions of loss ratios. 

Disclaimer: Her Majesty the Queen in right of Canada, as represented by the Minister of Natural 
Resources (“Canada”), does not warrant or guarantee the accuracy or completeness of the 
information (“Data”) on this map and does not assume any responsibility or liability with respect 
to any damage or loss arising from the use or interpretation of the Data. The Data on this map 
are intended to convey regional trends and should be used as a guide only. 
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Figure 107: Maps and charts 
showing the extent of damage 
and expected loss ratios for the 
Georgia Strait M7.3 scenario 
earthquake, with and without 
mitigation. 
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Risk Reduciton Potential Through Investment in Seismic Retrofits
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• Utilize scenario models to 
identify people and assets 
of concern & establish risk 
tolerance criteria to guide 
mitigation measures

• Establish guidelines for 
land use & site planning

• Implement seismic 
retrofits to District 
facilties and infrastructure 

• Encourage seismic 
retrofits to vulnerable 
homes, and businesses

• Explore risk transfer 
strategies for community 
assets of concern

• Utilize available risk maps 
to Identify and prioritize 
hotspots for emergency 
response operations

• Deploy rapid damage 
assessment unit to collect 
and catalogue earthquake 
impacts

• Coordinate emergency 
response across 
jurisdictional levels

• Implement emergency 
communication strategy

• Provide emergency 
shelter and relocation 
support based on 
Recovery Plan

• Secure hotspots of 
concern for recovery 
operations

• Engage mechanisms for 
disaster relief funding

• Implement post-disaster 
permit guidelines and 
procedures to expedite 
recovery process

• Monitor and assess 
capacities to withstand, 
respond and recover from 
earthquake event

• Refine DNV guidelines and 
policies for disaster 
resilience planning based 
on lessons learned

• Marshall resources needed 
to meet community 
thresholds of risk 
tolerance

• Invest in strategies that 
build disaster resilience

• Adopt and exercise 
earthquake action plan

• Utilize scenario models to 
develop post-earthquake 
recovery plan

• Integrate principles of 
disaster resilience into 
sustainable community 
planning & DNV operations

• Build disaster resilience 
capacity of DNV staff 
through training

• Promote disaster resilience 
through community 
outreach and business 
continuity planning
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