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Executive Summary 
 

1 Executive Summary 
 

Earthquake in Canada, a new appreciation of risk 

One of the most destructive natural disasters that Canada could experience is a 

major earthquake affecting a highly-populated area. British Columbia and the 

Ontario/Québec region are each at particular risk due to their large population 

density and elevated level of seismic activity. Recent events, such as the 

devastating earthquakes that struck Japan (M9.0 in 2011), Chile (M8.8 in 2010), 

New Zealand (M7.0 in 2010 and M6.1 in 2011), and Turkey (M7.1 in 2011) have 

highlighted the issue of insurance industry preparedness for such catastrophic 

events. 

The most recent study of the economic impact of an earthquake in Canada was 

conducted by Munich Re in 19921. Urban and infrastructure development, 

economic and population growth, advances in earthquake research and building 

codes, and changes to the Insurance Act in British Columbia over the last two 

decades have led to a revised understanding of the potential impact of a major 

earthquake. Furthermore, recent experience has shown that risks such as tsunami, 

liquefaction, and business interruption may not have been fully understood or 

taken into consideration when assessing earthquake risk in the past. 

The study 

AIR Worldwide (AIR) was engaged by the Insurance Bureau of Canada (IBC) to 

conduct a study of the impact and the insurance and economic costs of major 

earthquakes affecting British Columbia and the Ontario/Québec region. This 

massive undertaking would not have been possible without the valuable 

assistance of many partners and peer reviewers. Section 11 contains biographies 

of Drs Robert McCaffrey, Michael L. Lahr, Oh-Sung Kown, Adam Rose and Dan 

Wei, with whom we collaborated. Section 12 contains biographies of Drs. Keisuke 

Himoto, Stephane Mazzotti, Marie-José Nollet, and Geoff Thomas, each of whom 

provided a peer review. 

This is the most comprehensive and all-inclusive study of its type yet done for 

Canada. It is intended to raise awareness and to serve as a valuable tool for the 

1 A Study of the Economic Impact of a Severe Earthquake in the Lower Mainland of British Columbia, the Munich 
Reinsurance Company of Canada, 1992. 
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insurance industry, government agencies, regulators, disaster preparedness 

organizations and the public in planning for, and mitigating, the risk from future 

earthquakes in Canada. 

AIR modeled two particular events for the study, both attributable to established 

seismic sources and similar to earthquakes known to have taken place in the 

past—and therefore realistic scenarios. Having ascertained the likely ground 

motion across the target areas, AIR calculated probable levels of damage and their 

cost. In this report, these two scenarios are termed the western scenario and the 

eastern scenario. Unless otherwise stated, the unit of currency used in the report is 

the Canadian dollar. 

The study is not a prediction of future events but a hypothetical exercise designed 

to indicate the scale of losses possible should major events strike at the present 

time. The earthquake rupture parameters used in this analysis represent only two 

of the many possibilities for events like them striking these regions in the future. 

The impact of the events chosen for the study and their projected loss costs can 

however be seen as good indicators for the likely outcome of similar events.  

While the modeled events are realistic possibilities for British Columbia and the 

Ontario/Québec region they are not the worst-case scenarios that could happen in 

these two areas. Earthquakes of the magnitude modeled are low-frequency events 

in these locations, considered to have a 0.2% probability of occurring in any one 

year, but sufficiently threatening and devastating to warrant prudent planning 

and preparation now.  

The scenarios 

About 4,000 earthquakes are recorded in Canada each year. Most are small and 

not felt by humans. But some are large. In the past three centuries there have been 

at least 24 significant earthquakes that were widely felt in Canada. Figure 1 shows 

historic earthquakes in Canada with a magnitude greater than 5.0. These 

significant events are mainly concentrated in two regions, one off the west coast 

of British Columbia and the other in southeastern Canada, mainly in southern 

Québec and southeastern Ontario. Although these two seismic source zones cover 

only a small fraction of Canada by area, they impact about 40% of the national 

population. 

According to studies by the Geological Survey of Canada and Natural Resources 

Canada, southwestern British Columbia, including the provincial capital, Victoria, 

and the Vancouver metropolitan area, falls in a high-risk area. There is at least a 

30% chance that an earthquake strong enough to cause significant damage will 
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strike this area in the next 50 years. In the east, the region from the St. Lawrence 

River Valley to the Ottawa Valley—an area including Québec City, Montreal, and 

Ottawa—is another high-risk area in which there is at least a 5-15% chance that a 

strong earthquake will strike in the next 50 years. 

 

Figure 1: Significant historic earthquakes in Canada 

 

This study selects two earthquake scenarios, one from each of the two higher-risk 

zones. A description of the method used to select the scenarios is found in Section 

2.3 of this report. The scenario selected in the west seismic region is located in the 

Cascadia subduction zone, which has ruptured several times in recent geological 

history accompanied by great earthquakes, and last ruptured in 1700 in a 

magnitude 9.0 megathrust earthquake. The scenario selected in the southeastern 

seismic region is a magnitude 7.1 earthquake in the Charlevoix seismic zone. At 

least six or seven magnitude 5 or greater earthquakes are known to have occurred 
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in the Charlevoix seismic zone (1663, 1791, 1860, 1870, and 1925). It is one of the 

most active seismic source zones in eastern North America. 

 

1.1 The Western Cascadia Subduction Scenario 

The first scenario studied in depth is the Western Cascadia Subduction Scenario, 
referred to through the remainder of this report as the western scenario. This 
earthquake happens on a weekday late in July. It is an extremely powerful event, 
with a magnitude of 9.0, occurring in the Cascadia subduction zone at the shallow 
depth of 11 km. The location of the rupture and the ground motion associated 
with it are shown in Figure 2. The epicentre location (Lat. 44.706, Lon. -124.569) is 
in the Pacific Ocean, approximately 75 km off the west coast of Vancouver Island, 
some 300 km from downtown Vancouver. The nature, size, and location of the 
event enable it to generate a modest tsunami. 

 

Figure 2: The location of the western scenario rupture is indicated by the 
red stars on this map 

 
The earthquake is powerful enough to be felt over much of British Columbia and 
Washington State in the United States. The lower two thirds of Vancouver Island, 
being closest to the epicentre, would experience the strongest ground motion but 
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much of the area outside the capital city of Victoria and its environs contains 
comparatively little insured property and low levels of insurance losses are 
anticipated. The greatest concentration of exposed assets in the region is the 
Metro Vancouver area, which experiences moderate shaking. 

Anticipated damage 

In this scenario, ground shaking is responsible for the majority of ground-up 

losses, but landslides, the tsunami, and fires following the rupture also contribute 

to the damage inflicted. The first tsunami wave is expected to reach Vancouver 

two hours after the earthquake. By then its height above tide level will have been 

reduced by its extended journey and its interactions with the intervening islands. 

Fires may start soon after the earthquake, or develop later as power supplies are 

resumed.  

The nature of the ground motion associated with this type of earthquake can be 

particularly damaging to inadequately engineered tall buildings and bridges, and 

to pipelines. Unreinforced masonry buildings are particularly at risk. Damage to 

well-built modern buildings will be relatively slight, however.  

Vancouver Island 

Being closest to the epicentre of the event, the western side of Vancouver Island—

and most particularly the southern half—would experience the strongest ground 

motion and the worst levels of damage to buildings and other property. We 

anticipate considerable damage to ordinary buildings in areas with the most 

violent ground motion, and severe damage to poorly built structures. 

Unreinforced masonry buildings will feel the worst effects, including widespread 

damage to chimneys and some partial collapses. The historic heritage and vintage 

buildings that give so much character to Victoria and Duncan for example, are 

particularly at risk. Victoria will be damaged by fires following the earthquake 

and some wood residential buildings near Esquimalt will suffer significant 

damage from the tsunami and landslides. Certain areas in Gordon Head, in the 

northern part of Victoria, may expect substantial landslide damage. Substantial to 

very heavy damage is expected in some areas along the Haro Strait, such as 

Cordova Bay, where most of the damage will be due to flooding from the 

tsunami. Generally, light to moderate damage is expected to commercial and 

industrial buildings. 

Victoria International Airport is expected to sustain low to moderate levels of 

damage and no major service disruption is anticipated. The earthquake is 

however expected to cause slight to moderate damage to components of the Port 

of Victoria, through ground settlement affecting waterfront structures for 
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example. Port Alberni at the head of the Alberni Inlet will experience severe 

shaking and ground failure as a result of the earthquake, which may lead to 

moderate damage to port facilities. Nanaimo, on the east coast of the island, will 

be hit hard by shaking and tsunami inundation. The extent of the damage 

anticipated is so large that the port may be out of use for many months. 

Vancouver City 

Residential buildings in Vancouver are mostly low-rise, with some mid-rise 

condominiums, and light damage is generally expected to these, and to 

commercial and industrial buildings. In coastal areas around the University of 

British Columbia tsunami may be a considerable contributor to losses to 

commercial and industrial property and business interruption in this vicinity may 

be several weeks. Substantial liquefaction damage may be observed in areas 

around the North Arm of the Fraser River and Sea Island.  

Mid-rise commercial buildings in the south of New Westminster and north of 

Surrey and Delta may experience moderate damage, which may lead to 

downtime of more than a month in some cases. Part of this damage could be 

attributed to liquefaction. These communities are built on silty and sandy 

sediments that tend to amplify seismic waves, and as a result they will experience 

more powerful ground motion. Damage to higher buildings (eight or more 

stories) in these areas may be large, particularly the losses to contents. Inspection 

and repair in some of these buildings may take a few months. Government 

buildings around Richmond City Hall are expected to experience moderate 

damage. Most residential buildings in Richmond are low-rise and moderate 

damage is expected to these also. Some residential buildings in west Richmond 

and near the Fraser River are expected to experience substantial tsunami damage. 

Also commercial buildings in southern areas such as Gilmore (south of Richmond 

Country Club) and Paramount (Stevenston Harbor), substantial tsunami damage 

is expected.  

As a result of ground shaking and liquefaction, some roads will be damaged and 

impassable, water supply and other buried services will be compromised, and 

many bridges will be closed temporarily. Most of the major roadways in and 

around Vancouver may experience only slight damage and closure of more than a 

few hours is not expected. However, damage to bridges may lead to the closure or 

rerouting of many highways and local roads. Road access to Vancouver from the 

north via the Lion’s Gate and Ironworker’s Memorial (Second Narrows) Bridges 

should be unaffected, but access to Vancouver from the east will be impaired. The 

Port Mann Bridge on Route 1 for example, is expected to be functional but with 

some minor disruption—repairs might take a few days. Road travel between 
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Richmond and Vancouver to the north and Delta and Surrey to the south is also 

likely to be impaired. Road access to Vancouver Airport will be cut off during the 

first few critical days after the earthquake as all of the bridges leading to it are 

impacted. Sea Island, on which Vancouver International Airport is situated, is at 

moderate risk for liquefaction—a likely source of damage to the runways. 

Buildings such as terminals, towers, and hangars are expected to sustain slight to 

moderate damage. Only slight damage is expected to occur however at 

Abbotsford International Airport. While damage to port facilities in and around 

Vancouver Harbor itself will probably be slight, damage to facilities in south 

Richmond and north of Delta and Surrey (around the Fraser River) will be greater 

due to liquefaction and flooding. 

Modeled losses 

The study modeled both total economic loss and insured loss. Total economic loss 

includes direct losses to property and infrastructure, and indirect losses due to 

supply chain interruptions, infrastructure network disruptions and other 

problems related to interconnectivity between economic sectors. Table 1 

summarizes the economic and insured losses for the western scenario. 

Table 1: Summary of losses inflicted by western scenario 

Direct and Indirect Loss  
Peril Property Infrastructure Public Assets Total 
Shake 48,639 1,044 1,333 51,016 
Tsunami 4,208 91 65 4,364 
Fire Following 519 0 14 534 
Liquefaction and Landslide 5,250 753 83 6,086 
Total Direct Loss  58,617 1,888 1,495 62,000 
Indirect Impact  12,744 
Total Direct and Indirect Loss 74,744 

  
Insured Loss 
Shake 17,078 
Tsunami 1,117 
Fire Following 337 
Liquefaction and Landslide 1,899 
Total Insured Loss 20,431 
All figures are in millions and include demand surge, or post event inflation. 

Infrastructure and public asset values are shown with no distinction between all property and insured values because market penetration 
rates could not be determined from available data. 

Indirect Impact reflects the midpoint estimate. 
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Table 2 summarizes the indirect losses to infrastructure for the western scenario 

with resilience, without resilience, and at the midpoint. 

Table 2: Western scenario, infrastructure indirect losses from various 
sources 

Source of Impact Without 
Resilience 

With 
Resilience 

With 
Resilience 

– 
Midpoint 

Building Damages 18,612 3,802 11,207 

Oil Pipeline Disruption 34 4 19 

Gas Pipeline Disruption 396 13 205 

Water Supply Disruption 564 32 298 

Power Supply Disruption 671 86 379 

Telecom System Disruption 852 49 450 

Air Ports Disruption 83 41 62 

Sea Ports Disruption 111 55 83 

Roads Disruption 44 11 27 

Railroads Disruption 18 9 14 

Total 21,385 4,103 12,744 

All figures are in millions 

 

Figure 3 shows the proportion of loss associated with each type of insurance 

coverage (left) and with each line of business (right). 

 

Figure 3: Western scenario direct loss by coverage (left) and by line of 
business (right) 
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1.2 The Eastern Charlevoix Crustal Scenario 
The second scenario in this study, the Eastern Charlevoix Crustal Scenario, is 

referred to through the remainder of the report as the eastern scenario. It occurs 

early in December, and is a powerful earthquake, with a magnitude of 7.1, 

occurring at the shallow depth of 10 km. The location of the epicentre (Lat. 47.245, 

Lon. -70.470) is beneath the St. Lawrence River, about halfway between Bai-Saint-

Paul on the north bank and Montmagny on the south, and almost 100 km north 

east of Québec City. The location of the event and the ground motion associated 

with it are shown above in Figure 4. Tsunami is not an issue with this inland 

event. 

 

Figure 4: The location of the eastern scenario rupture is indicated by the red 
star on near the centre of this map 

 

The earthquake is powerful enough to be felt over much of Ontario, Québec, New 

Brunswick, Nova Scotia, and parts of the United States. The western scenario 

models a magnitude 9 event—a much more powerful earthquake than this—with 

its epicentre some 300 km from Vancouver. But the eastern scenario earthquake, 
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although weaker, is felt more strongly since it occurs closer to Québec City. As a 

result, the city experiences a degree of shaking similar to that felt in Vancouver 

due to the western scenario.  

Anticipated damage 

Ground shaking is responsible for the vast majority of losses to all property and 

infrastructure in this scenario. Because the epicentre of the earthquake is so close 

to it, Québec City and its environs experiences more violent shaking than 

Vancouver does in its scenario. Modern engineered structures should perform 

well, but poorly-built masonry buildings in particular will experience serious 

damage. The historic unreinforced masonry buildings that are so prevalent in 

Québec City’s upper and lower towns for example, are particularly at risk.  

The strongest and most damaging shaking from the earthquake will be 

experienced in the rural communities along the north and south banks of the St. 

Lawrence River within a radius of about 50 km of the epicentre. In addition to 

commercial properties, residential buildings, particularly the unreinforced 

masonry structures in the city of Beaupré, may suffer very heavy damage, or even 

total destruction. Damage of this nature will be widespread and will extend as far 

as Saint-Tite-de-Caps and across the river to Montmagny, Berthier-sur-Mer and 

Cap-Saint-Ignace. The bridges crossing Rivière Montmorency on Route 138 

(Boulevard Sainte-Anne) and Route 360 (Avenue Royale) are expected to suffer 

extensive damage. 

Québec City 

Commercial buildings in and around the Place Fleur de Lys are likely to suffer 

moderate to extensive damage due to the severe ground shaking. The highway 

bridges crossing the St. Charles River on Route 440 (Autoroute Dufferin-

Montmorency) and the highway and railway bridges on Route 136 (Boulevard 

Jean Lesage) as well as the one on Route 175 (Autoroute Laurentienne) are likely 

to suffer moderate to extensive damage. The closure of these bridges, if required, 

will significantly hamper the traffic and transportation between Québec City and 

the populated districts of La Cite’-Limoilou. Damage to high-rise establishments 

in the Québec City area is expected to be light and residential buildings in 

downtown Québec will mainly suffer light to moderate damage.  

In Old Québec damage in the areas surrounding the Parliament buildings is 

expected to be light to moderate, and damage to the mid-rise steel and concrete 

buildings will be light. The earthquake is however expected to cause moderate 

structural and non-structural damage to the historic buildings in this area. While 
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most of the anticipated damage will be due to ground shaking some fire following 

incidents are also likely to contribute to the losses. 

Port and rail infrastructure is not expected to be significantly damaged, but the 

greatest infrastructure loss will be experienced by the electricity and 

telecommunications sector. Power is expected to be out for a few days in Québec 

City and in many of the most developed parts of the metro area, but communities 

to the east along the St. Lawrence River will face much longer outages. 

Most of the major roadways in and around Québec City may experience only 

slight damage due to settlement or offset of the ground, and no significant 

closures are expected. However, further to the east, between Baie-Saint-Paul and 

La Malbaie, moderate damage to local roads will be widespread Many bridges 

will have high degrees of damage which will need considerable closure and 

repair time. Most seriously, the two bridges spanning the St. Lawrence River will 

be severely impacted, and may be closed to traffic for a considerable amount of 

time.  

Structures such as terminals, towers, and hangars at Jean Lesage International 

Airport, located about seven miles southwest of Québec City, are expected to 

sustain minor to moderate damage. Runways may experience minor to moderate 

ground settlement or buckling of the tarmac surface. Despite moderate damage of 

this nature no major disruption or loss of functionality is anticipated at the 

airport. The earthquake is however expected to cause widespread damage in the 

Port of Québec, both directly from ground shaking and from liquefaction. The 

greatest damage will likely occur in and around the Basin Louise, in which 

moderate to severe damage may put port facilities out of service for one or two 

weeks. 

Modeled losses 

The study modeled both total economic loss and insured loss. Total economic loss 

includes direct losses to property and infrastructure, and indirect losses due to 

supply chain interruptions, infrastructure network disruptions, and other 

problems related to interconnectivity between economic sectors. Table 3 

summarizes the economic and insured losses for the eastern scenario. 
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Table 3: Summary of losses inflicted by the eastern scenario 

Direct and Indirect Loss  
Peril Property Infrastructure Public Assets Total 
Shake 44,915 1,891 1,354 48,159 
Fire Following 706 0 19 726 
Liquefaction and Landslide 302 67 5 374 
Total Direct Loss  45,922 1,958 1,378 49,259 
Indirect Impact  11,336 
Total Direct and Indirect Loss 60,595 

  
Insured Loss 
Shake   11,543 
Fire Following   628 
Liquefaction and Landslide   56 
Total Insured Loss   12,228 
All figures are in millions and include demand surge, or post event inflation. 

Infrastructure and public asset values are shown with no distinction between all property and insured values because market 
penetration rates could not be determined from available data. 

Indirect Impact reflects the midpoint estimate. 
   

 

Table 4 summarizes the indirect losses to infrastructure for the eastern scenario 

with resilience, without resilience, and at the midpoint. 

Table 4: Eastern scenario, infrastructure indirect losses from various 
sources 

Source of Impact 
Indirect Loss 

w/o  
Resilience 

Indirect Loss 
with 

Resilience 

Indirect Loss 
with 

Resilience – 
Midpoint 

Building Damages 13,997 5,224 9,610 
Oil Pipeline Disruption 50 5 28 
Gas Pipeline Disruption 240 8 124 
Water Supply Disruption 385 20 203 
Power Supply Disruption 1315 156 735 
Telecom System Disruption 738 36 387 
Air Ports Disruption 32 16 24 
Sea Ports Disruption 163 82 123 
Roads Disruption 61 11 36 
Railroads Disruption 97 36 67 
Total 17,078 5,594 11,336 
All figures are in millions 
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Figure 5 shows the proportion of loss associated with each type of insurance 

coverage and with each line of business. 

 

Figure 5: Eastern scenario direct loss by coverage (left) and by line of 
business (right) 

 

 

 

 
  

 
 

dBartolomucci
Typewritten Text
14


	IBC_EQ_Study_2013 10 18 FINAL 1
	IBC_EQ_Study_2013 10 18 FINAL 12
	IBC_EQ_Study_2013 10 18 FINAL 13
	IBC_EQ_Study_2013 10 18 FINAL 14
	IBC_EQ_Study_2013 10 18 FINAL 15
	IBC_EQ_Study_2013 10 18 FINAL 16
	IBC_EQ_Study_2013 10 18 FINAL 17
	IBC_EQ_Study_2013 10 18 FINAL 18
	IBC_EQ_Study_2013 10 18 FINAL 19
	IBC_EQ_Study_2013 10 18 FINAL 20
	IBC_EQ_Study_2013 10 18 FINAL 21
	IBC_EQ_Study_2013 10 18 FINAL 22
	IBC_EQ_Study_2013 10 18 FINAL 23
	IBC_EQ_Study_2013 10 18 FINAL 24



