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1. Project overview and objectives  

This work broadly consists of producing estimates of recovery time for critical infrastructure systems in 

the Metro Vancouver region following a significant earthquake event.  The infrastructure systems 

considered include the water distribution, wastewater collection, electric power distribution, and road and 

highway systems. 

Timelines for restoration of service to each of these systems are produced for multiple modeled 

scenarios, including scenarios that represent the current assumed recovery capacity of the region and 

scenarios that consider the recovery capacity given the implementation of a number of disaster risk 

reduction strategies.  Disaster Risk Reduction (DRR) strategies implemented in the model consist of 

improving the seismic resilience of pipeline systems and infrastructure facilities as well as increasing the 

availability of repair resources after a disaster.  Details surrounding the implementation of the DRR 

strategies are discussed in later sections. 

The objective of this work is to show how recovery progresses in the Metro Vancouver region for each 

considered scenario with the goal of informing planners and decision makers about the risks that their 

communities face in the aftermath of an earthquake.  Vulnerable areas or populations with specific needs 

or essential facilities may be revealed through this process and the value of investment in disaster risk 

reduction strategies may be identified through an assessment of the estimated costs and benefits of the 

various strategies. 

2. Overview of the methodology 

2.1 Study area and scale 

The study area for this work consists of the Metro Vancouver region, which consists of 21 

municipalities, one treaty First Nation, and one Electoral Area in the southwestern corner of British 

Columbia, Canada.1  Results for the modeling work are produced at the Census Dissemination Area 

(CDA) level.  Each CDA consists of a population of approximately 400 to 700 residents,2 so the size of 

each varies significantly depending on the population density of the different parts of the region.  In the 

downtown core of the city of Vancouver, for example, a CDA may cover only a single city block, while 

more rural CDAs may cover multiple square kilometers. 

 

1 Metro Vancouver, “Member Municipalities”, 

http://www.metrovancouver.org/about/municipalities/Pages/default.aspx (Accessed June 29, 2021) 

2 Statistics Canada, “Dissemination Area”, https://www150.statcan.gc.ca/n1/pub/92-195-

x/2011001/geo/da-ad/def-eng.htm (Accessed June 29, 2021) 
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A map of the study area is shown here with each municipality (or equivalent) labeled.  Note that the 

names included on this map are truncated names of each area.  Many of the municipality’s official names 

are “City of…”, “District of…”, etc. 

Map of the municipalities in the Metro Vancouver region study area.  Background map OpenStreetMap.3 

2.2 Data collection and sharing 

To complete a hazard assessment for the region, DRR Pathways project partners at the Geological 

Survey of Canada (GSC), part of Natural Resources Canada (NRCan) required digital Geographic 

Information System (GIS) data of the infrastructure systems in the region.  Some data had been collected 

by contractors and others working with GSC in the past, but significant gaps remained, especially in the 

water and wastewater sectors. 

By gathering data from provincial and municipal GIS open data platforms, infrastructure reports, and 

system diagrams and combining them with the previous information held by GSC, we were able to 

produce a comprehensive dataset of the selected infrastructure systems that covered most of the region.  

 

3 © OpenStreetMap contributors, available under the Open Database License, 

https://www.openstreetmap.org/copyright 
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Further information about the sources of the gathered data and their use is discussed is Section 0 of this 

report. 

2.3 Hazard and damage assessment 

The hazard selected for the assessment, a Magnitude 6.8 earthquake with its epicenter to the west of 

Richmond, was developed by project partners at GSC.  The GIS data and hazard parameters were used 

(along with geographical information about the region) as the inputs for earthquake damage assessments 

performed by GSC using Hazus4 and OpenQuake5 software.  Hazus and OpenQuake models produce 

estimates of damage to buildings, infrastructure facilities, and linear infrastructure components in the 

region.  The setup and implementation of these software tools will be detailed in a GSC technical report.6 

2.4 Graph Model for Operational Resilience 

Bristow and Hay’s Graph Model for Operational Resilience (GMOR)7 provides a simulation platform in 

which damage, resource requirements and availability, repair times, and dependencies within and 

between infrastructure systems can be modeled.  Multiple simulations for each scenario are run in GMOR 

and outputs show an estimate of recovery time for each sector in each CDA in the region.  In this way, the 

recovery of the different sectors in the region is demonstrated.  Five hundred trials for each scenario 

(baseline and combinations of DRR – described in Section 2.7) were run in GMOR. 

2.5 Damage selection 

Probabilities of damage from the GSC assessment were used as inputs to the GMOR model and a 

single damage case was selected for GMOR trials for the baseline case.  Maintaining a constant level of 

damage for all trials provided a consistent reference to be used for comparison between multiple 

scenarios.  While the level of damage remained consistent for each set of scenarios, the exact repair time 

and order of repair for each entity in the model varied.  Repair times are taken from the Hazus technical 

 

4 Federal Emergency Management Agency (FEMA), “Hazus”, https://www.fema.gov/flood-

maps/products-tools/hazus (Accessed June 29, 2021) 

5 Global Earthquake Model (GEM), OpenQuake, https://www.globalquakemodel.org/openquake 

(Accessed June 29, 2021) 

6 To be posted on DRRPathways.ca 

7 David N. Bristow and Alexander H. Hay, “Graph Model for Probabilistic Resilience and Recovery 

Planning of Multi-Infrastructure Systems”, Journal of Infrastructure Systems 04016039 (2017); David N. 

Bristow, “How Spatial and Functional Dependencies between Operations and Infrastructure Leads to 

Resilient Recovery”, Journal of Infrastructure Systems 04019011 (2019). 
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manual8 and are normally distributed with a mean and standard deviation based on the level of damage 

sustained by each entity.  The order of repair roughly follows the layout of the network (large distribution 

sources down to individual CDAs) but is randomized as the distance from a source increases. 

Based on the damage assessment received from GSC, damage to the road network in the region was 

found to be limited and was therefore not considered in further assessment.  Only a small portion of the 

roads were subject to moderate movement, and these were not in areas that would significantly impede 

travel for residents, repair crews, or emergency workers.  It is important to note here that this assessment 

did not include tunnels and bridges in the region due to a lack of available detailed information about 

these structures and their construction type. 

2.6 Restoration requirements 

For each remaining sector in the GMOR model (water, wastewater, and power), the process of 

recovery is similar.  In all cases, sector-specific resources are required for a given amount of time (based 

on level of damage and type of repair being performed) to complete repairs.  After a repair is completed, 

the resource is again made available to continue repairs for other entities in an order that roughly follows 

the layout of each network from source to user.  In this way, recovery progresses for each sector in each 

CDA in the region.  Resource levels used in the model are derived from information gathered from past 

hazards as well as assumptions based on population or municipal capabilities.  Sector-specific restoration 

of functionality is described in the following sections. 

Water 

For the water system, the restoration of service to most CDAs in the region depends on the 

functionality of numerous upstream entities, including the initial water source, the bulk Metro Vancouver 

water transmission system, various pumps and reservoirs, and the local water distribution system.  

Functional paths between entities, such as the path connecting a specific CDA to a reservoir, are 

included at a CDA level.  That is to say, the functionality of a specific CDA requires not only that CDA to 

be repaired, but for there to also be a path of repaired (or undamaged) CDAs connecting it to the nearest 

functional supply reservoir or pump.  In this way, the overall structure of the water network is respected 

while not requiring each of the tens of thousands of individual pipe segments to be modeled individually.  

Pumps within the water distribution system are also dependent on electrical power.  Exceptions to this 

general structure are made for municipalities that operate their own water distribution systems or are 

known to function in a different way.  The City of Richmond, for example, receives its water directly from 

the Metro Vancouver transmission mains and does not depend on its own pumps or reservoirs for its 

supply. 

 

8 Federal Emergency Management Agency (FEMA), “Hazus-MH 2.1 Technical Manual: Earthquake 

Model” (2011). 
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Wastewater 

The wastewater collection system functions in a similar way to the water distribution system.  Five 

wastewater treatment plants serve the region and wastewater is transported to them via a bulk Metro 

Vancouver operated system consisting of large mains and pump stations.9  The functionality of pump 

stations is dependent on electrical power as well as the functionality of the wastewater treatment plant 

and the pipelines connecting the pump station to the treatment plant.  Individual CDAs require a 

functional path between them and the nearest pump station to be considered recovered.  As is the case 

with the water network, individual pipelines are not modeled but are instead considered at a CDA level. 

Areas not served by the Metro Vancouver wastewater collection network are not included in the 

model.  It is assumed that they use privately owned and operated septic systems and are therefore not 

dependent on municipal resources for repairs. 

Power 

Transmission lines and individual powerlines in the power system are not modeled.  Instead, the 

model assumes that damage to towers and transmission lines is minimal and is instead limited to 

substations.  This is consistent with guidance from the US National Institute of Building Sciences 

earthquake loss estimation methodology for electric power utilities.10  Power to the region is provided from 

multiple sources throughout the province.11  These sources are not all included individually in the model 

but are instead combined to into three sources that enter the region through three main substations. 

CDAs in the model are dependent on only the substation nearest them (with some limited exceptions 

due to geography such as large water crossings or impassable terrain).  Each substation is in turn 

dependent on a functional path between it and one of the three power sources.  The power sources are 

assumed not to fail, given their distance from the region, the overall number of sources, and the 

numerous ways in which the network can be routed in case of an emergency. 

2.7 Disaster Risk Reduction (DRR) scenarios 

Three Disaster Risk Reduction (DRR) scenarios are considered to assess their impact on the recovery 

of the region.  The first two DRR scenarios involve hardening infrastructure components so that the level 

 

9 Metro Vancouver, “Wastewater Treatment & Facilities”, 

http://www.metrovancouver.org/services/liquid-waste/treatment/Pages/default.aspx (Accessed June 29, 

2021) 

10 John M. Eidinger and Dennis Ostrom, “Earthquake loss Estimation Methods Technical Manual: 

Electric Power Utilities” (2004). Prepared by G&E Engineering Systems, Inc. 

11 BC Hydro, “Generation System”, https://www.bchydro.com/energy-in-bc/operations/generation.html. 

(Accessed June 29, 2021) 
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of damage that they experience in the aftermath of the earthquake is reduced.  By reducing the level of 

initial damage, repairs can be completed more quickly than in the baseline scenario. 

Pipeline Hardening 

Water and wastewater pipelines can be made of many different types of materials.  These materials 

can be broadly grouped into ductile or brittle classifications.  Ductile materials tend to perform significantly 

better in seismic scenarios than brittle materials and result in less pipeline breaks and leaks.12  In the 

pipeline hardening scenario, all brittle (and unknown) pipeline segments in the model are changed to 

ductile by using a simple multiplication factor from Hazus.  This multiplication factor reduces the number 

of break and leaks to 30% of the value for brittle pipes.  Information about the construction material was 

available for more than 90% of the pipelines in the region. 

Facility Hardening 

Adding seismic reinforcement or using different construction materials can improve the seismic 

resilience of buildings and other facilities.  For this DRR scenario, all water, wastewater, and power 

facilities in the model are upgraded to seismically resilient varieties.  These facilities include water storage 

tanks, wastewater pump stations, and power substations, among others.  The adjustment to damage 

levels was done by modifying the fragility functions used in the Hazus assessment. 

Note that in the baseline scenario, it is assumed that no facilities are initially seismically upgraded.  

While this is unlikely to be the case in the region, comprehensive coverage of the facilities and their 

construction types was not available, so this conservative estimate was chosen. 

Resource Increase 

In these scenarios, the number of resources available for each type of repair is doubled.  As a result, 

the number of concurrent repairs possible for each system increases, reducing the overall recovery time. 

Combinations 

Scenario Resource availability Hardened pipes Hardened facilities 

1 Baseline 
  

2 Baseline •  
 

3 Baseline 
 

•  

4 Baseline •  •  

5 Double 
  

6 Double •  
 

7 Double 
 

•  

8 Double •  •  

 

12 Federal Emergency Management Agency (FEMA), “Hazus-MH 2.1 Technical Manual: Earthquake 

Model” (2011). 
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All possible combinations of the baseline and DRR scenarios were considered as shown above. 

3. Input data used  

None of the input data used for the project will distributed outside of the DRR Pathways project group 

except the Census Dissemination Area (CDA) and Metro Vancouver boundary maps13.  Apart from the 

Integrated Cadastral Information (ICI) Society data and the Hazus assessment results provided by 

GSC/NRCan, all other input data is from publicly accessible sources. 

3.1 Boundaries 

Boundaries for the Metro Vancouver region are from the Metro Vancouver Open Data Catalogue14 and 

boundaries for the Census Dissemination Areas in the region are from Statistics Canada.15 

3.2 Water and wastewater 

GIS data for water and wastewater systems came from a number of sources.  The ICI Society 

provided a significant amount of pipeline data to NRCan, who shared it with us as a part of the DRR 

Pathways project.  Where pipeline data from ICI was unavailable or limited in some way (lacking in 

material, diameter, etc.), data was pulled from Metro Vancouver and municipal GIS data platforms or 

open data catalogues.  Facility data was pulled from these sources as well.  In some cases, the data for 

facilities (such as location, capacity, etc.) was created in a GIS format using location and attribute 

information from sources such as municipal water quality or infrastructure planning reports.  A 

comprehensive list of the sources consulted for this project is provided in Section 9 of this report. 

3.3 Power 

Data for the locations of BC Hydro substations was from the ICI Society and provided via GSC.  Other 

substation and generating station locations, as well as their voltage (high, medium, or low – used in the 

Hazus assessment), was sourced from a combination of the BC Hydro Transmission System map16 and 

 

13 Included in this report and shared on DRRPathways.ca 

14 Metro Vancouver, “Municipal Boundaries”, http://www.metrovancouver.org/data (Accessed June 29, 

2021) 

15 Statistics Canada, “2016 Census – Boundary Files”, https://www12.statcan.gc.ca/census-

recensement/2011/geo/bound-limit/bound-limit-eng.cfm (Accessed June 29, 2021) 

16 BC Hydro, “Transmission System”, https://www.bchydro.com/content/dam/BCHydro/customer-

portal/documents/corporate/safety/transmission-secured-facilities-map.pdf (Accessed June 29, 2021) 
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OpenStreetMap17 data.  Connections between the substations in the region for use in the GMOR model 

were established using the BC Hydro Transmission Lines dataset.18 

3.4 Road Network 

Even though the road network does not appear in the final results, it was still used in the initial creation 

of the model.  It was sourced from the province of British Columbia’s Digital Road Atlas.19 

4. Deliverables 

A spreadsheet detailing restoration times for each infrastructure sector for each CDA in the region for 

each scenario (baseline and DRR) was sent to the DRR Pathways project Critical Infrastructure partners 

for use in their work on the project.  The restoration times include the minimum, 25th percentile, median, 

mean, 75th percentile, and maximum restoration times calculated for the sector in each CDA out of the 

500 Monte Carlo trials run in GMOR.  This information is not publicly accessible but can be requested, 

along with additional data surrounding recovery timelines, by contacting Andrew Deelstra, David Bristow, 

or Nicky Hastings.20 

Maps of median restoration times for each sector for each scenario are included in Section 10 of this 

report.  This report, along with a presentation video, slide summary, and shorter summary report of this 

work, will be hosted on DRRPathways.ca. 

5. Result context and caveats 

This work is useful for planning purposes and is not meant to provide detailed, prescriptive timelines of 

the recovery of the Metro Vancouver region.  There is a significant amount of unquantifiable uncertainty 

that surrounds the availability of resources, specific level of damage, and potential changes in 

infrastructure that the region will experience before, during, and after an earthquake.  As such, results are 

 

17 © OpenStreetMap contributors, available under the Open Database License, 

https://www.openstreetmap.org/copyright (Accessed June 29, 2021) 

18 GeoBC – Ministry of Forests, Lands, Natural Resource Operations and Rural Development, “BC 

Transmission Lines”, https://catalogue.data.gov.bc.ca/dataset/384d551b-dee1-4df8-8148-b3fcf865096a 

(Accessed June 29, 2021) 

19 GeoBC – Ministry of Forests, Lands, Natural Resource Operations and Rural Development, “Digital 

Road Atlas (DRA) - Master Partially-Attributed Roads”, 

https://catalogue.data.gov.bc.ca/dataset/bb060417-b6e6-4548-b837-f9060d94743e (Accessed June 29, 

2021) 

20 adeelstra@uvic.ca, dbristow@uvic.ca, Nicky.Hastings@canada.ca  
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useful for comparative assessment and general planning but cannot predict exactly what will happen in a 

future scenario. 

All restoration times indicated in the results shared here are meant to indicate full recovery of the 

noted sector (with caveats for the power sector noted below) for municipally and regionally operated 

infrastructure.  As such, this work does not include scenarios in which municipalities provide temporary 

systems or alternatives for the damaged components.  Wastewater pipelines, for example, may still 

convey wastewater from a home even if they are leaking, which is not accounted for in this model. 

Restoration times are provided in this report as median times calculated out of all trial scenarios.  

Therefore, they do not provide a detailed progression of recovery over time in each scenario.  It is 

important to recognize that in each recovery scenario, some areas will recover more quickly than the 

median calculated time while others will recover more slowly. 

5.1 Sector-specific context 

One important assumption that affects the distribution of recovery times in the region is that repair 

resources are not shared between sectors.  This is especially significant when considering repairs for 

water and wastewater systems.  In some cases, public works crews are equipped to perform repairs for 

both systems, so the timing of recovery could change based on how these crews are distributed.  In 

addition, if damage to both systems is concentrated in a single area, excavation work could be done for 

both at the same time, so municipal leaders should be aware of this assumption and their capabilities in 

this area. 

The power system is equipped with numerous redundancies and loads can be shifted and switched 

throughout a region to meet the needs of the population there.  Restoration times shown in these results 

are meant to indicate a relatively stable system, but intermittent outages may persist beyond the times 

indicated.21 

The restoration times shared here only include the restoration of municipally and regionally operated 

infrastructure.  Pipelines and power systems within individual homes are not included. 

5.2 Municipality-specific context 

In some cases, results for certain sectors within specific municipalities or CDAs do not follow the 

restoration patterns of surrounding CDAs in the region.  For some sectors, this is simply due to the layout 

of the underlying network.  The City of Richmond, for example, gets its water supply directly from the 

 

21 John M. Eidinger and Dennis Ostrom, “Earthquake loss Estimation Methods Technical Manual: 

Electric Power Utilities” (2004). Prepared by G&E Engineering Systems, Inc. 
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Metro Vancouver transmission mains, so it recovers more quickly than municipalities that depend on a 

system of pumps and reservoirs to distribute their water. 

For other sectors, the assumptions made in developing the sector for the model drive these recovery 

patterns.  A prime example of this is the restoration of the water distribution system, which demonstrates 

moderate to significant variation in restoration time for certain municipalities within the region.  These 

municipalities, which include Bowen Island, the City of White Rock, the Village of Lions Bay, and parts of 

the Township of Langley and the District of West Vancouver, operate their own water distribution 

systems.  As such, they are represented in the model as having unique repair resources rather than 

sharing resources with the rest of the region.  In most cases, this leads to faster repair times than 

surrounding areas (as can be clearly seen in the City of White Rock and District of West Vancouver).  In 

the case of the Township of Langley, on the other hand, recovery progresses much more slowly than in 

surrounding areas.  After an earthquake, the distribution of resources is uncertain, so it is again critical to 

note that the progression and timing of repairs will differ from those shown in these results and decision 

makers should be aware of their own capabilities while considering the results for planning purposes. 

6. Results summary and findings 

Maps of median repair times for all scenarios are included in Section 10.  Key findings are described in 

the following sections. 

6.1 Baseline Cases 

In general, it was found that the wastewater collection system in the region was the slowest to recover 

after an earthquake, requiring weeks to months to fully recover in the baseline scenario.  The water 

system fared better, with a maximum calculated time of around one month.  As indicated previously, the 

power system is more resistant to failure and recovers comparatively quickly, with most areas 

experiencing a disruption of less than two weeks. 

6.2 DRR Scenarios 

The relative recovery time between sectors remains relatively consistent with DRR scenarios, with 

power recovering first, followed by water, then wastewater.  Effects of each DRR strategy are discussed 

in the following sections. 

Pipeline hardening 

Upgrading water pipelines to ductile material had a limited effect on the overall recovery time of the 

water system in the region.  In general, these upgrades affected the restoration of service to individual 

CDAs rather than larger areas in the region.  Further, most of water pipeline segments in the region are 

already ductile, which reduces the effects of the upgrades. 
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The effect of pipeline hardening on the wastewater sector was more significant due to a higher 

baseline quantity of brittle pipes in the wastewater network.  The pipeline hardening scenario did not have 

any effect on the recovery time of the power network because the power network is not dependent on the 

water or wastewater system in the model. 

Facility hardening 

Hardening infrastructure facilities had a significant effect on reducing recovery times for the water 

system the region.  This is understandable given the network structure of this system.  A storage 

reservoir, for example, may provide water for dozens of individual CDAs.  If the repair time of the reservoir 

is reduced by one day, each of the dependent CDAs are restored to service one day sooner as well. 

The effect of hardening on the wastewater and power sectors was less pronounced.  In general, 

substations and wastewater facilities in the model were less likely to be damaged in the baseline scenario 

than water facilities, so a more limited number were affected by the hardening. 

It is again important to note here that the baseline case considers all facilities to be non-seismically 

upgraded, which is likely not the case in the region.  As such, the improvements gained from upgrading 

facilities are likely to be less significant than those shown in here. 

Resource increases 

As is expected, doubling the availability of resources for repairs after a disaster increases the 

efficiency with which repairs can be completed.  The decrease in repair time, however, is not proportional 

to the increase in resources.  That is, doubling the resource availability does not cut repair time exactly in 

half but still results in a significant improvement in restoration times for all sectors. 

7. Limitations, gaps, and recommendations for further research and 

enhancement 

Numerous limitations and gaps exist in this work that leave many opportunities for future research and 

ongoing study.  These limitations not only include data gaps but also a lack of engagement with 

municipalities and stakeholders that was an unfortunate consequence of the Covid-19 pandemic. 

The lack of bridge and tunnel data in the road and highway sector is a significant limitation, given the 

multiple waterways in the region and the quantity of people and goods crossing them daily.  Assessing 

these structures would be a significant benefit to this research. 

Other missing infrastructure features include smaller wastewater pumps located within individual 

municipalities.  It is assumed that these pumps have less of an impact on overall recovery time for the 

region than the larger Metro Vancouver pump stations, but including data for smaller pumps would be 

beneficial. 
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Many assumptions were driven by a lack of data and engagement as well.  The number of assumed 

repair crews and resources for each sector in the region, for example, could vary significantly from what 

was used in the model.  In addition, assumptions surrounding mutual aid agreements and availability 

meant that resources in the model were shared throughout the region (with the exception of municipalities 

not connected to the Metro Vancouver water and wastewater systems), but the mutual aid agreement that 

exists between municipalities22 has not been tested in the past for a significant disaster, so there could be 

unanticipated delays with coordination of repair crews and resources. 

Other limitations surrounding data and engagement gaps include an incomplete understanding of the 

exact layout and functionality of each of the infrastructure systems.  The way the GMOR model is built 

includes numerous assumptions based on common layouts of systems, but each municipality likely has 

its own unique features that are not captured in the model.  Gaining a better understanding of these 

features through a process of engagement with stakeholders and operators would certainly improve the 

quality of the model. 

Prioritization of recovery was assumed to follow the basic structure of each infrastructure system.  For 

the water system, for example, pumps and reservoirs were prioritized for repair before distribution 

pipelines, and pipelines near reservoirs were repaired before those farther away (with some randomness 

built in based on distance from the source).  While this is a simple and logical way to structure the 

network and plan repairs, individual municipalities may have different priorities for repair that could 

deviate from this process. 

There are significant opportunities available to expand on this research and enhance its impact on 

improving resilience in the region.  Our group has produced a lot of data and there are multiple ways that 

it can be shown and shared.  Without feedback from planners and communities, however, the data 

cannot be utilized to its full potential.  Being able to engage with various stakeholders and ask them what 

they would like to see and what is useful for their work would be extremely beneficial.  Each municipality 

and community has different needs, and responding to those needs with data that is understandable, 

actionable, and can be used to increase a community’s resilience to hazards is key to making this 

research worthwhile. 

One area that would be of particular interest is examining the cost versus benefit of implementing DRR 

strategies.  In the case of the water distribution system, for example, it was noted that facility upgrades 

would provide a significant improvement in recovery times compared to investment in pipeline upgrades.  

The wastewater collection network, on the other hand, demonstrated the opposite effect.  Understanding 

the costs associated with making these upgrades compared to the societal and financial cost of providing 

alternatives in the aftermath of a disaster would be very beneficial. 

 

22 Metro Vancouver Municipalities, “Public Works Mutual Aid Agreement” (2000). 
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8. List of expected journal papers to be developed based on this 

research 

Expected journal papers from this research include one for the baseline recovery case that includes 

substantially more information about the development, functionality, and assumptions of the GMOR 

model and investigates more closely the recovery patterns observed in the baseline recovery scenario.  A 

second paper is planned that addresses the impact of the DRR strategies on recovery in the region and 

how those strategies may be used to develop plans and influence decisions in ongoing resilience capacity 

building in the region. 

Additional papers related to this work include one related to equity in recovery and how the 

prioritization of repairs for certain areas may affect vulnerable populations within the region.  Additionally, 

one of the initial goals of the DRR Pathways project was to incorporate additional hazard types, so 

another anticipated paper addresses the potential direct impacts of flood on homes in the region. 

9. Regional and municipal data sources 

The table on the following pages includes the external sources that were consulted for developing a 

comprehensive GIS model of the water and wastewater systems in the region.  Municipalities not 

included in this table generally do not operate their own facilities and instead are dependent directly on 

Metro Vancouver infrastructure.
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Location Data Source Access date 

Anmore Water and wastewater 
mains and facilities 

https://www.arcgis.com/home/item.html?id=6ed066344da44fbd91315cb1760e27
80 

06/29/2021 

Bowen Island Water facilities https://bowenisland.civicweb.net/filepro/document/168186/2017%20Cove 
%20Bay%20Water%20Quality%20and%20Operations%20Report%20-
%20BIM.pdf, 
https://bowenisland.civicweb.net/filepro/document/168142/2017%20Hood%20 
Point%20Water%20Quality%20and%20Operations%20Report%20BIM.pdf, 
https://bowenisland.civicweb.net/filepro/document/229463/Addendum%20 
2_BIM-RFP-2020-020%20Water%20System%20Improvements.pdf, 
https://bowenisland.civicweb.net/filepro/document/228053/BIM-RFP-2020-
20%20Design%20Services%20Water%20Systems%20Improvements.pdf, 
https://bowenisland.civicweb.net/filepro/document/235609/KEB%20water%20 
system%20drawings%202010.pdf, 
https://bowenisland.civicweb.net/filepro/document/47884/On-Table%20 
Item%207.4a.pdf 

06/29/2021 

Burnaby Water mains https://gis.burnaby.ca/burnabymap/ 06/29/2021 

Water facilities https://www.burnaby.ca/Assets/city+services/water+and+sewers/ 
2016+Annual+Drinking+Water+Quality+Report_report.pdf 

06/29/2021 

Coquitlam Water mains and facilities https://coquitlam.maps.arcgis.com/apps/Cascade/index.html? 
appid=26ed37ee4167495dbb92e2798aa2b968 

06/29/2021 

Delta Water mains https://www.delta.ca/your-government/municipal-information/open-data-
catalogue 

06/29/2021 

Water facilities https://delta.civicweb.net/document/197053 06/29/2021 

Langley City Water and wastewater 
mains, water facilities 

https://map.langleycity.ca/html5viewer/?viewer=ext 06/29/2021 

Langley Township Water mains and facilities https://data-tol.opendata.arcgis.com/ 06/29/2021 

Lions Bay Water facilities https://www.lionsbay.ca/sites/2/files/docs/government/Reports/ 
ADWQ/dwq_report_2018_rev.pdf 

06/29/2021 

Maple Ridge Water and wastewater 
mains 

https://gis.mapleridge.ca/ridgeview/ 06/29/2021 

Water facilities https://www.mapleridge.ca/DocumentCenter/View/12526/Water-Master-Plan 06/29/2021 
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Location Data Source Access Date 

New Westminster Water mains and facilities http://opendata.newwestcity.ca/datasets/water-bundle 06/29/2021 

North Vancouver City Water mains and facilities http://gisext2.cnv.org/citymap/#splash-modal 06/29/2021 

North Vancouver 
District 

Water mains and facilities https://geoweb.dnv.org/data/ 06/29/2021 

Port Coquitlam Water pump station https://portcoquitlam.ca/wp-content/uploads/2017/01/ 
3838-Official-Community-Plan.pdf 

06/29/2021 

Port Moody Water mains and facilities https://data.portmoody.ca/search?q=water 06/29/2021 

Richmond Water and wastewater 
mains 

https://maps.richmond.ca/RIM/ 06/29/2021 

Surrey Water mains and facilities https://data.surrey.ca/ 06/29/2021 

West Vancouver Water mains and facilities https://mapping.westvancouver.ca/ 06/29/2021 

White Rock Water mains and facilities https://www.whiterockcity.ca/DocumentCenter/View/3611/ 
2018-City-of-White-Rock-Annual-Water-Report-PDF, 
https://www.whiterockcity.ca/DocumentCenter/View/331/ 
EPCOR-Water-Master-Plan-PDF, https://cosmos.surrey.ca/external/wroms/ 

06/29/2021 

Metro Vancouver Water mains and facilities https://gis.metrovancouver.org/mvmaps/water 06/29/2021 

Wastewater mains and 
facilities 

https://gis.metrovancouver.org/mvmaps/sewer 06/29/2021 
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10. Result maps 

Results are shown here for each of the sectors and applicable scenarios.  As noted in Section 5, these 

maps all show the median recovery time for the defined scenario out of all 500 Monte Carlo trial 

simulations.  Background base map data for all maps is from OpenStreeMap.23  A key in each map 

indicates the scenario that it corresponds to, so individual captions are not included. 

Results are presented by sector to allow for comparison between the baseline and DRR scenarios.  

Note that values shown in the legend change for each sector but are consistent across scenarios within 

each sector to provide the best means for comparison between scenarios.  In some cases, therefore, 

colours for the minimum or maximum recovery time shown in the legend will not appear on the map. 

The pipeline hardening DRR scenarios are not shown for the power sector as they do not change the 

results for that sector.  Individual facility recovery times are not shown.  Instead, only the restoration time 

for each CDA is indicated.  In scenarios where both pipelines and facilities are hardened, note that the 

restoration time of some CDAs is greater than in the scenario with only facilities hardened.  This is caused 

by the randomness associated with repair prioritization and normally distributed recovery times.  In all 

these cases, restoration time across the region decreases overall, but individual areas may show minimal 

increases. 

  

 

23 © OpenStreetMap contributors, available under the Open Database License, 

https://www.openstreetmap.org/copyright 
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10.1 Water distribution sector 
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10.2 Wastewater collection sector 
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10.3 Electric power distribution sector 
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