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NEIGHBOURHOOD RECOVERABILITY 
MODELLING 
UBC SCHOOL OF COMMUNITY AND REGIONAL PLANNING 

ur team at UBC partnered with the University of Victoria, Defense 
Research and Development Canada, Natural Resources Canada, 
and Sage on Earth Consulting to identify neighbourhoods in 

Vancouver that have low post-disaster recovery capacity or “recoverability.” 
This project aims to understand better those factors affecting recovery within 
the City of Vancouver at the neighbourhood scale.  

Most practitioners working in disaster risk reduction will be familiar with 
social vulnerability and resilience assessments to identify regions that are 
more vulnerable or resilient to hazard-related impacts(e.g., Andrey & Jones, 
2008; Cutter et al., 2003; and Oulahen et al., 2015). Recent studies of social 
vulnerability indicate that more vulnerable populations face more significant 
difficulties during their post-disaster recovery efforts, resulting in slower 
recoveries and increasing their potential vulnerability to future hazard impacts 
(Cutter et al., 2006). However, one area of research that has not received the 
same level of attention is neighbourhood-level characteristics that may 
enhance or impede the disaster recovery process.  

Neighbourhoods are the combined collection of people, homes, businesses, 
and services that form a deeply interconnected geographic, social, and 
economic unit. This project examines these different aspects of 
neighbourhoods in an effort to assess pre-event disaster recovery potential. 
Our work aims to support policymakers in determining which neighbourhoods 
within the City of Vancouver could most benefit from efforts to improve 
resilience and help reduce barriers to future recovery efforts. 

We identify a set of eleven disaster recovery indicators at the Census Tract 
(CT) level focused on access to critical goods and services, business stability 
and sustainability, and socio-economic factors impacting resident recovery 
capacity for the City of Vancouver. We combined these indicators into a set 
of themes addressing three specific aspects of neighbourhood recoverability: 

 

 

 

 

 

O What is Disaster Recovery? 

The disaster recovery phase of the natural 
hazards disaster management cycle occurs 
following the immediate impacts and 
response following a disaster event and 
focuses on damage assessment, debris 
clearing, restoration of critical 
infrastructure, and disaster assistance 
(Cova, 1999). The recovery phase is 
focused on the restoration and rebuilding 
of the built, social, economic, and natural 
environments following the disaster with a 
goal of achieving a new stable state of 
functionality.  

What is Recoverability? 

Recoverability refers to the projected 
capacity of a neighbourhood to return to 
some acceptable level of functionality, 
estimated prior to a disaster event. More 
recoverable neighbourhoods are 
characterised by economic stability, strong 
social capital, a more resilient built 
environment, and good accessibility to key 
goods and services, including shelter, 
transportation, healthcare services, fuel, 
and food. 

Why is Neighbourhood 
Recoverability Important to 
Measure? 

Neighbourhood-level recoverability 
focuses on factors that promote successful 
post-disaster recovery. By examining the 
recovery capacity of a neighbourhood, we 
can provide decision-makers with the 
information they need to implement 
appropriate strategies and policies, 
allowing for improved local preparedness 
and helping to optimize response and 
recovery efforts within the neighbourhood. 

  

https://www.uvic.ca/engineering/civil/index.php
https://www.canada.ca/en/defence-research-development.html
https://www.canada.ca/en/defence-research-development.html
https://www.nrcan.gc.ca/home
https://www.sageonearth.ca/
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Theme 1: Access to Critical Goods and Services 
Neighbourhoods with higher accessibility to critical goods and services 
required to meet residents’ day-to-day and post-disaster recovery 
needs 

Theme 2: Business Recoverability 
Neighbourhoods with businesses that are more likely to be economically 
stable and sustainable following a disaster 

Theme 3: Resident Recoverability 
Neighbourhoods with residents whose socio-economic position affects 
their ability to conduct a more complete and rapid recovery following a 
disaster 

BACKGROUND 
Disaster recovery is the second phase following a disaster event in the hazard 
disaster management cycle (Cova, 1999; Figure 1). This phase of the cycle 
focuses primarily on restoration and rebuilding. The recovery phase usually begins once efforts in the immediate 
response phase conclude; however, the exact timing can vary significantly from neighbourhood to neighbourhood based 
on the degree of damage experienced and how quickly initial response efforts complete. 

We can measure the success of disaster recovery by the time taken to return to a new baseline and the quality of the 
recovery compared to pre-disaster characteristics (Carpenter et al., 2020). It is therefore essential to appropriately 
capture pre-disaster context when attempting to assess disaster recovery. Improving community resilience can help to 
reduce hazard-related damages and strengthen post-event response efforts during a window of opportunity that could 
improve recovery time and the quality of the recovery (Figure 2).  

There is no one-size-fits-all measure for neighbourhood recoverability, but researchers have identified neighbourhood 
attributes that may improve or hamper disaster recovery efforts. Norris and colleagues (2008) proposed that a set of 
pre-disaster capacities—Economic Development, Social Capital, Information and Communication, and Community 
Competence—shape community resilience, which in turn enhance a neighbourhood’s ability to respond and recover 
from disaster events. Neighbourhoods with more limited response capacity may experience delayed disaster recovery 
timelines without prior interventions.  

While these efforts may appear very similar to social vulnerability assessments, there is an essential difference between 
measures of vulnerability and recoverability. Vulnerability assessments focus on the socio-economic traits of especially 
vulnerable and underserved sub-populations who may experience more significant difficulties during and after disasters, 
placing the vulnerable populations at the center of the study (Cutter et al., 2012). Recoverability assessments, however, 
focus on a neighbourhood’s ability to pass through the recovery phase to some new baseline, with the neighbourhood 
unit at the center of the study.  

One common aspect of social vulnerability and recoverability studies is the use of indicator-based approaches that 
enable researchers to combine complex information into simplified quantitative measurements (Oulahen et al., 2018). 
Some studies construct composite indicators for subcomponents (i.e., social, economic, institutional, infrastructure,  

What is a Neighbourhood? 

For the purposes of this study, a 
neighbourhood refers to a collection of 
people, homes, businesses, and services 
that together form an interconnected 
geographic, social, and economic unit.  

We operationalize neighbourhoods in this 
study using Census Tracts (CTs), which 
are small, relatively stable geographic 
areas defined by Statistics Canada that 
usually have populations between 2,500–
8,000 people. CTs are useful unis for 
analysis as they are relatively permanent 
geographic regions with boundaries that 
following easily recognizable physical 
features and tend to have internally similar 
socioeconomic characteristics. 
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Figure 1: The Natural Hazards Disaster Management Cycle 

(Adapted from Cova, 1999) 

 
Figure 2: Effects of Decision-Making on Recoverability 
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and community capacities) to develop an aggregate measure of disaster resilience (Cutter et al., 2010; Peacock et al., 
2010). Other studies have validated a set of pre-existing resilience indicators for a community against actual disaster 
outcomes (Burton, 2015).  

While there are several good examples of indicator sets that communities have used to measure vulnerability or 
recoverability, these cannot simply be used “as is” in other locales, as researchers selected these indicators within the 
context of a specific geographic scale and location conditions (Sharifi, 2016) for their specific studies. Therefore, 
appropriate indicators need to be identified based on the context and scale at which recoverability is being assessed.  

Project and Data Connections to Other DRR Pathways Projects 
We developed our neighbourhood recoverability project within a broader framework within the DRR Pathways project. 
This project shares connections to critical infrastructure and recovery efforts undertaken by the University of Victoria 
(GMOR) and Defense Research and Development Canada (NCIM Critical Infrastructure) and earthquake impact 
scenario modelling completed by Natural Resources Canada. Our previous work exploring neighbourhood social 
vulnerability within the City of Vancouver also informs some of the work we completed for this project (Figure 3). 

 

Figure 3: UBC DRR Pathways Projects, Data Sources, and Linkages to Pathways Partners 
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Research Questions  
This project aimed to establish a set of indicators to assess recovery potential to future disasters to support 
policymakers within the Vancouver region. We identified four research questions to help guide the project:  

1. What are the current practises for monitoring post-disaster recovery over different timeframes using indicators? 

2. Which metrics are most useful to determine recovery potential in future disasters at the neighbourhood level? 

3. Which Vancouver neighbourhoods can we expect to experience lower or greater difficulty in recovery following 
future disasters? 

4. How can assessing recoverability take into account access to critical infrastructure services? 

METHODOLOGY 
Neighbourhood recovery potential cannot be measured directly. Instead, we established a five-step approach (Figure 4) 
to measure and summarize information about neighbourhood recoverability.  

 

Figure 4: The Neighbourhood Recoverability Assessment Process Used to Establish and Map Recoverability within the City of Vancouver 
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Step 1: Review of Applicable Literature 
Our team conducted an initial review of academic and practitioner literature to examine which indicators researchers, 
local governments, and international organizations have used in the past to track disaster recovery, along with those 
indicators likely to affect recovery potential. 

Focusing on neighbourhood recovery, we identified the following recovery sectors: 

• Business / Economy:  
To what extent have the local businesses returned? 

• Residents: 
To what extent have residents been able to return to 
their homes? 

• Critical Infrastructure and Services: 
To what extent have critical services been restored and 
stabilized? 

Based on our literature review, we suggest that more recoverable neighbourhoods are characterised by 
economic stability, strong social capital, a more resilient built environment, and good accessibility to key goods 
and services. This includes access to healthcare services, fuel, and food. The following indicators may enhance 
or impede recovery processes: 

Theme 1: Accessibility to Critical Goods and Services 

Neighbourhoods with higher accessibility to critical goods and services required to meet residents’ day-to-day 
and post-disaster recovery needs: 

• Disaster Support Hubs:  
Disaster support hubs can become important post-
disaster locations that provide residents with services, 
including shelter, food, water, supplies, and recovery 
assistance information. 

• Key Facilities: 
Grocery stores, gas stations, and hospitals are some of 
the most important facilities, allowing residents access 
to food, fuel, and medical care throughout the response 
and recovery phases. Access to multiple service locations 
can be crucial as service availability may be limited due 
to road, bridge, sidewalk, and other critical infrastructure 
damage. 

Theme 2: Business Recoverability 

Neighbourhoods with businesses that are more likely to be economically stable and sustainable following a 
disaster: 

• Businesses Dependent on Foot Traffic:  
Businesses depending on foot traffic might experience a 
significantly reduced number of customers and may not 
be able to offer goods or services due to disaster 
damage. As a result, neighbourhoods with many foot-
traffic-dependent businesses might see more business 
failures and slower recovery. 

• Small Businesses: 
Many small businesses do not have formal disaster 
recovery plans (i.e., business interruption insurance). As 
a result, they may lack the cash reserves necessary to 
sustain their business for an extended period of business 
interruption following a significant disaster event. 

• High Business Turnover Rates: 
Neighbourhoods with historically high business turnover 
rates may experience unstable local economies or are 
dependent upon business sectors with traditionally 
higher turnover rates that are unlikely to survive 
extended periods of business interruption.  
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Theme 3: Resident Recoverability 

Neighbourhoods with residents whose socio-economic position affects their ability to conduct a more complete 
and rapid recovery following a disaster: 

• Employment Status and Income:  
Employment status and income are significant factors 
affecting resident recoverability, particularly around the 
return of displaced populations to the neighbourhood. 
Further, neighbourhoods with high unemployment levels 
and low-income rates could experience slower damage 
recovery since many residents may not be able to afford 
repair costs within a reasonable timeframe. 

• Older Dwellings: 
Older dwellings often do not meet current building code 
requirements and are thus more likely to suffer damage 
from disasters and have higher recovery costs compared 
to newer homes, which could result in longer recovery 
times. 

• Place Attachment: 
Resident place attachment towards their neighbourhood 
and social networks within the community could be a 
catalyst for collective actions following disasters. 

Step 2: Indicator Selection 
Our team selected a total of eleven indicators (Table 1) to measure neighbourhood recovery at the census 
tract level within the City of Vancouver. These indicators met the following criteria: 

1. Indicators are believed to affect neighbourhood recoverability based on past disaster studies, 

2. Data is available to our team with high quality and minimal data gaps, and 

3. Indicators are more relevant at the neighbourhood scale (as opposed to individual or household scale). 

 

Theme Indicator Metric Loading 
Accessibility to Critical Goods and 

Services 
Access to Disaster Support Hubs Walking time to closest support hub – 

 Access to Grocery Stores # of grocery stores within a 15 minute walking 
distance 

+ 

 Access to Gas Stations # of gas stations within 2.5km driving distance + 
 Access to Emergency Rooms Driving time to closest emergency room – 

Business Recoverability Businesses Dependent on Foot 
Traffic 

% businesses dependent upon foot traffic – 

 Small Businesses % businesses with 10 or fewer employees – 
 Business Turnover Rate % of closed business between 2015 and 2018 – 

Resident Recoverability Low-Income Households % households in the bottom 2 income decile 
groups 

– 

 Unemployment Rate Unemployment rate – 
 Older Dwellings % occupied private dwellings built prior to 1981 – 
 Long-Term Dwellers % residents who did not move in the past five 

years 
+ 

Table 1: Recoverability Indicators List 
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Step 3: Calculation of Indicators 
The source data and data types used to calculate the indicators were different for each theme. For theme 1, 
access to critical goods and services, access was determined using point proximity data. For business 
recoverability, business license data was mapped to geographic points. Finally, resident recoverability data was 
primarily derived from census data at the census tract scale. Descriptions of how values for each indicator were 
assigned to census tracts is described below: 

Theme 1: Accessibility to Critical Goods and Services 

We used the following approaches to calculate accessibility to goods and services:

• Access to Disaster Support Hubs:  
Support hub accessibility was established as walking 
time to the nearest support hub using a 1.1m/s walking 
speed from the center of each census tract. 

• Access to Grocery Stores:  
Grocery store accessibility was established as the 
number of facilities within a 15-minute walking time 
using a 1.1m/s walking speed from the center of each 
census tract. 

• Access to Gas Stations:  
Gas station accessibility was established as the number 
of gas station points located within a 2.5km driving 
distance from the center of each census tract, using the 
posted speed limit for each followed road segment. 

• Access to Emergency Rooms:  
24-hour emergency room accessibility was established 
as the driving time to the nearest 24-hour hospital 
facility with an emergency room, using the posted speed 
limit for each followed road segment. 

Theme 2: Business Recoverability 

The City of Vancouver’s business license dataset includes the geographic location for most business locations 
as point data. This allows us to locate the businesses within specific distances of boundary features, including 
census tract boundaries. Doing so allows us to broaden the “service areas” for individual businesses beyond the 
individual census tracts they are located within. This is especially important when, for example, a business is 
located along a road that is the dividing boundary between two census tracts and allows us to capture the same 
business for both census tracts. We used a 165m (equivalent to a 15-minute walking time) buffer for all facilities 
and used the following approaches to calculate business recoverability indicator values: 

• Businesses Dependent on Foot Traffic:  
The proportion of businesses where consumers must 
travel to the business location to consume the product or 
service, defined using business license type and sub-type 
classification categories for business data for 2018. 

• Small Businesses: 
The proportion of businesses with ten or fewer 
employees for license data from 2018. Businesses 
without information on employee numbers were 
excluded from the analysis. 

• High Business Turnover Rates: 
The proportion of businesses with a status listed as “Out 
of Business” for license data between 2015 and 2018.  
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Theme 3: Resident Recoverability 

We used the following approaches to calculate resident recovery using data from the 2016 Census at the census 
tract level: 

• Low-Income Households:  
The proportion of households within the bottom two 
decile groups.  

• Older Dwellings:  
The proportion of occupied private dwellings constructed 
prior to 1981. 

• Unemployment Rate:  
Proportion of the labour force, aged 15 years and older, 
that were not employed but actively seeking 
employment at the time of enumeration. 

• Long-Term Dwellers:  
The proportion of the population that did not move from 
the community within the past five years. 

Step 4: Determine Classes 
Each indicator was manually classified into five classes, with values ranging from 1 (lowest recoverability) to 5 (highest 
recoverability). Thresholds used were based on a per-indicator statistical assessment with a goal of using reasonably 
equal class sizes and value distributions. 

Choropleth maps 1 were generated for each indicator with areas of higher relative recoverability in dark blue and areas 
of lower recoverability in lighter blues. Two examples are shown in Figure 5 and Figure 6 below: 

 
Figure 5: Indicator Value Map for Access to Gas Stations 

 
Figure 6: Indicator Value Map for Long-Term Dwellers 

Step 5: Combine Indicators into Themes 
The average for all indicators in a theme was used to calculate the recoverability rating for each of the 933 census tracts 
within the City of Vancouver, with values rounded down to the nearest whole integer value where necessary.  

Choropleth maps were developed for each neighbourhood recoverability theme with areas of higher relative 
recoverability in dark blue and areas of lower recoverability in lighter blues. 

 
1 The full set of eleven indicator maps and three theme maps can be found at the same location this report was published.  
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POTENTIAL INTEGRATION WITH THE CRITICAL INFRASTRUCTURE 
RECOVERY SIMULATION 
As an experiment, our team worked with the critical infrastructure working group to demonstrate how social impact 
work could be layered on top of physical hazard impact models. Together with our colleagues at the University of 
Victoria’s Department of Civil Engineering (UVic), Defense Research and Development Canada (DRDC), Natural 
Resources Canada (NRCan), and Sage on Earth Consulting, we explored neighbourhood-level access to a 24-hour 
emergency room using a M6.8 Juan de Fuca earthquake scenario modelled by NRCan.  

The teams at UVic and DRDC performed critical infrastructure recovery modelling that estimated the recovery times 
for power, water, and wastewater services at the census dissemination area (CDA) scale for the Metro Vancouver 
region. For each CDA, we were able to use their model outputs to estimate when each of these three critical services 
would become available following our scenario earthquake. As shown in Figure 7, service availability begins to recover 
just a few days following the triggering event, but full service is not available in the region until about day 45: 

 

Figure 7: Availability of Power, Water and Wastewater at the Census Dissemination Area Level Following a M6.8 Juan de Fuca Earthquake 

 

To simulate emergency room accessibility, we first needed to determine which of the fourteen hospitals with 24-hour 
emergency rooms would be available at given points in time. We did this by layering the locations of these on top of the 
core services availability map. A hospital was deemed to be “available” to neighbourhoods if it had access to all three 
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services. 2 Figure 8 shows that limited 24-hour emergency room service comes online around Day 14, with additional 
facilities joining until all hospitals are available by Day 45: 

 

Figure 8: Availability of Hospitals with 24-Hour Emergency Rooms Based on Service Availability 

To understand how critical infrastructure and hospital recovery times affected neighbourhood recoverability, we 
estimated driving time from each CDA to the nearest functional facility for each time period (14 days, 21, days, 30 days, 
and 45 days), shown in Figure 9: 

 
2 For this simulation, we ignored several realities of post-disaster emergency medical service, such as the availability of backup power and water supplies, the fact 
that facilities without 24-hour emergency rooms could be converted to such a use, that hospital and emergency medical service (EMS) staffing would not be an 
issue, that relevant hospital facilities were not damaged to such a degree that emergency operations were not possible, and that there was no debris affecting road 
travel between a CDA and the nearest hospital, among many, many other assumptions. This was done simply to demonstrate how social impact models could be 
layered on top of detailed physical impact and recovery models. This collaboration was completed in a week, and a much more thorough analysis should be 
conducted before any meaningful understanding can be derived from this work.  
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Figure 9: Neighbourhood Access to a Hospital with a Functioning 24-Hour Emergency Room 

On Day 14, we see very limited neighbourhood accessibility values outside the area immediately around the Royal 
Columbian Hospital in New Westminster, with most areas experiencing travel times of 15 to 20 minutes. As five more 
facilities come online in Maple Ridge, Delta, North Vancouver, and the City of Vancouver, travel times drop significantly 
across the region except for more remote areas of Langley and White Rock, with most areas served within 10 to 20 
minutes. By Day 30, all but three facilities have come online, and the entire region has access levels below 20 minutes, 
with most in the 10-to-15-minute range. Finally, full service has returned by Day 45, with all areas of the region are able 
to access an emergency room within 15 minutes, and most areas in under 10 minutes. 

This experiment successfully demonstrated how multiple groups, spanning multiple disciplines and modelling 
techniques, was able combine our approaches to address the neighbourhood recoverability associated with recovery 
from a specific earthquake scenario.  

FUTURE ENHANCEMENTS 
Recovery and recoverability mapping is an area of growing interest among academic researchers and regional 
practitioners. There is significant opportunity for future enhancements to the basic model we describe in this study. As 
the earthquake impact assessment modelling and critical infrastructure modelling efforts of our project partners 
continue to be refined, new avenues of exploration become available for investigation and integration into our 
conceptualization of neighbourhood recoverability.  
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Our group plans to continue to expand our work using lessons learned during the COVID-19 pandemic to help guide our 
work and potentially assist with model validation.  

LINKS TO DISASTER RISK REDUCTION PATHWAYS 
This work links to three aspects of disaster risk reduction identified by the DRR Pathways Steering Committee: 

Community Resilience Building 

Identifying areas of poor recoverability can help policymakers to implement strategies and policies that address the 
root causes of reduced recoverability through targeted programs. This work can help to identify those neighbourhoods 
best targeted by such programs.   
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APPENDIX A: MODEL INPUTS 
We used the following data sources to establish our neighbourhood recoverability assessments: 

Dataset Source Release Date Licensing Link 

2015 Business Licenses City of Vancouver June 30, 2021 Statistics Canada Open 
License 

City of Vancouver 
Open Data Portal 

2016 Business Licenses City of Vancouver June 30, 2021 Statistics Canada Open 
License 

City of Vancouver 
Open Data Portal 

2017 Business Licenses City of Vancouver June 30, 2021 Statistics Canada Open 
License 

City of Vancouver 
Open Data Portal 

2018 Business Licenses City of Vancouver June 30, 2021 Statistics Canada Open 
License 

City of Vancouver 
Open Data Portal 

2016 Census Statistics Canada November 27, 2017 Statistics Canada Open 
License 

2016 Census 
Program 

Disaster Support Hub 
Points 

City of Vancouver October 18, 2016 Open Government License Disaster Support 
Hubs 

Fire Station Points DMTI CanMap Content Suite 
2020.3 

January 19, 2021 Licensed to UBC N/a 

Gas Station Points DMTI CanMap Content Suite 
2020.3 

January 19, 2021 Licensed to UBC N/a 

Grocery Store Points DMTI CanMap Content Suite 
2020.3 

January 19, 2021 Licensed to UBC N/a 

Hospital Points GeoBC/HealthLinkBC May 1, 2021 Open Government Licence 
- British Columbia 

GeoBC Data 
Catalogue 

Road Lines DMTI CanMap Content Suite 
2020.3 

January 19, 2021 Licensed to UBC N/a 

 

APPENDIX B: PROJECT DELIVERABLES 
We are sharing the following data layers, documents, and maps with our DRR Pathways partners and the public: 

Dataset Release Date Licensing Notes 

Neighbourhood Recoverability ArcGIS 
Geodatabase 

June 30, 2021 DRR Pathways Partners None 

Neighbourhood Recoverability Indicator 
Maps 

June 30, 2021 Public A map for each of the 11 indicators in .png and .pdf 
formats 

Neighbourhood Recoverability Theme 
Maps 

June 30, 2021 Public A map for each of the 3 indicators in .png and .pdf 
formats 

 

https://www.statcan.gc.ca/eng/reference/licence
https://www.statcan.gc.ca/eng/reference/licence
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://www.statcan.gc.ca/eng/reference/licence
https://www.statcan.gc.ca/eng/reference/licence
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://www.statcan.gc.ca/eng/reference/licence
https://www.statcan.gc.ca/eng/reference/licence
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://www.statcan.gc.ca/eng/reference/licence
https://www.statcan.gc.ca/eng/reference/licence
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://opendata.vancouver.ca/explore/dataset/business-licences/information/?disjunctive.status&disjunctive.businesssubtype
https://www.statcan.gc.ca/eng/reference/licence
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