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Executive summary 
Temperatures are expected to increase in Toronto as in all of Canada as a result of global 
climate change. Extreme temperatures are expected to become more frequent. Already 
extreme hot weather is the major cause of deaths among all natural hazards in North 
America. In Toronto, an estimated 120 persons die prematurely each year due to summer 
heat.  

To prevent heat-related illness, and alleviate its consequences, Toronto Public Health 
manages a highly regarded hot weather alert and response plan. The plan involves several 
City services and engages a large number of community stakeholders as external partners. 
However, the Medical Officer of Health has identified the need to better identify the people 
and places that are most vulnerable to extreme heat.  

This report reviews the literature on risk factors for heat impacts on humans, provides an 
overview of hot weather response measures, describes methods for vulnerability analysis 
and corresponding tools based on geographic information system (GIS), and proposes a 
conceptual framework for heat vulnerability assessment. The report further provides a 
rational for selecting Toronto-specific heat vulnerability indicators, and recommends an 
approach to identifying the most vulnerable neighbourhoods in Toronto.  

Heat vulnerability depends on the exposure to heat as well as the sensitivity to heat-related 
illness, the barriers or lack of ability to cope with hot weather, and the availability of 
adaptation measures. The physical environment including urban form and green spaces 
determines exposure, while pre-existing health conditions as well as demographic and 
socio-economic factors result in sensitivity to extreme heat.  

The methods surveyed in this report include statistical tools such as correlation and 
regression analysis as well as cluster and principle components analysis. Composite 
measures of vulnerability and the identification of hot spots of vulnerability are also 
presented. The focus of the methods review is on spatially explicit approaches within the 
geographic scale of a large city with its diverse neighbourhoods.   

The detailed recommendations support the use of cartographic maps as tools to explore 
intra-urban patterns of heat vulnerability and determine hot spots where interventions 
should be prioritized. The creation of thematic maps representing vulnerability indicators at 
the level of Census dissemination areas, Census tracts, and Toronto neighbourhoods is 
recommended. Furthermore, maps representing composite indices of heat vulnerability 
would help with guiding hot weather response. Through a scenario-based approach, 
different composites can be created for targeted outreach to specific population groups such 
as the elderly or recent immigrants.  

Implementing these recommendations would require the completion of a series of maps for 
intervention planning and decision support, as well as evaluating the short-term and long-
term effectiveness of the assessment. Furthermore, knowledge about the maintenance and 
updating of the maps and the underlying datasets needs to be established at Toronto Public 
Health; an approach to validating the recommended methodology should be developed; and 
the methodology should be expanded and adapted to progress in research and practical 
implementation of heat vulnerability assessments elsewhere.  
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1. Scan of methodology and case examples 

1.1.  Climate change and heat vulnerability 
Global climate change has implications on the local level that threaten human health. Local 
climate variability can far exceed global and regional change, and temperature increases in 
Toronto in recent years are attributable to global climate change.  

Researchers have studied heat effects on the human body (e.g. Smoyer-Tomic and Rainham 
2001, Basu and Samet 2002, Smoyer-Tomic et al. 2003, Ebi 2007, Pengelly et al. 
2007).The effects vary depending on the length and severity of the heat wave as well as the 
bodyÕs ability to cool off extra heat. Exposure to prolonged periods of high temperature can 
cause and increase heat-related illnesses (Kilbourne 1997). Effects of heat waves vary from 
heat rash and sun burn to more complicated illnesses such as heat cramps, fainting, and heat 
exhaustion, which can be accompanied with symptoms like heavy sweating, cool moist 
skin, weak pulse, low blood pressure, nausea, and vomiting. Heat stroke is the most severe 
illness related to heat and occurs when the bodyÕs core temperature reaches 41¡C or more 
(Ebi 2007). This usually only occurs when heat exhaustion is not noticed or treated, and it 
is accompanied by hot, dry skin, fast pulse, headache, or coma.  

During a hot weather event, everyone is subject to the risk of heat-related illness. A number 
of studies have shown that heat-related mortality significantly increases during hot and 
oppressive weather conditions (Kalkstein and Greene 1997) and due to a combination of 
hot weather with air pollution (Pengelly et al. 2007). Further, morbidity as indicated by 911 
calls also increases in response to daily maximum temperatures (Bassil et al. 2007a). 
Weisskopf et al. (2002) suggest that improvements of the municipal heat response plan for 
Milwaukee have resulted in a significant reduction of heat-related deaths and emergency 
medical dispatch calls.  

Despite the general physiological risk of heat-related illness in humans, there are intrinsic 
and extrinsic factors that can escalate this risk for individual persons and for population 
groups, making them more vulnerable to heat than others. Ebi et al. (2006) define human 
health vulnerability as the Òdegree to which individuals and systems are susceptible to or 
unable to cope with the adverse effects of climate changeÓ (p.1931).  

Brooks (2003) distinguishes biophysical from social vulnerability. He associates 
biophysical vulnerability with the natural hazards concept of risk and the exposure to a 
hazard. Conversely, social vulnerability is viewed Òas an inherent property of a system 
arising from its internal characteristicsÓ (p.4, with reference to Adger 1999 and Adger and 
Kelly 1999). Similarly, FŸssel et al. (2004) propose a series of conceptual frameworks for 
adaptation to the health effects of climate change, in which they emphasize the role of non-
climatic risk factors, including demographic characteristics, housing conditions, and 
individual behaviours.  

Yohe and Ebi (2005) compare the concept of vulnerability in the climate change and public 
health communities. They note that Òwithin the health sector, vulnerability is viewed as the 
current or baseline state, not as the residual state after adaptive capacity has been 
consideredÓ (Yohe and Ebi 2005, p.21). Thus, public health planning is based on current 
vulnerability, the status prior to any intervention.  
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1.2.  Indicators of vulnerability to heat 
Adger et al. (2004) and Adger and Vincent (2005) distinguish between a theory-driven, 
deductive approach, and a data-driven (statistical), inductive procedure to selecting 
vulnerability indicators. They find that many vulnerability indicator studies do not clearly 
follow one or the other approach. For example, studies may identify categories of indicators 
such as health, demographic, or income-related indicators based on theory, but fail to link 
the selection of individual indicators within these categories to the underlying theory. 
Although a conceptual framework can be used in both approaches, it is usually more 
rigorously applied in the deductive approach (Adger et al. 2004).  

Various studies and guidelines for vulnerability assessments have proposed high-level 
groupings of indicators of vulnerability to heat stress along several distinctions:  

¥ Indicators representing sensitivity vs. adaptive capacity (Moss et al. 2001, Health 
Canada 2006) 

¥ Demographic characteristics vs. behavioural choices vs. regional characteristics (US 
EPA 2006) 

¥ Physiological vs. socioeconomic vs. geospatial factors (Bassil 2008b) 

An in-depth discussion of health vulnerability to climate change is presented in Health 
Canada (2006). Interestingly, demographic and socio-economic factors interact with all 
three general aspects of vulnerability: exposure, sensitivity, and adaptive capacity, as 
shown in Table 1.  

Table 1: Factors affecting vulnerability to heat according to Health Canada (2006) 

Exposure Sensitivity Adaptive Capacity 

¥  geographic location 
¥  occupational and 

behavioural factors 
¥  socioeconomic factors 

¥  pre-existing 
health status 

¥  determinants 
of health 

¥  access to health services and information 
¥  societal factors (economic resources, 

technology, information and skills, 
infrastructure, institutions, existing 
inequities in health status and pre-existing 
disease burdens) 

The following list of risk factors is based on work by Greenberg et al. (1983), Cutter et al. 
(2000), McGeehin and Mirabelli (2001), Smoyer-Tomic and Rainham (2001), Smoyer-
Tomic et al. (2003), Harlan et al.(2006), and Tan (2008). The grouping reflects the US EPA 
(2006) approach listed above.  

 

Socio-Demographic and Health/Physiological Risk Factors 

¥ Elderly population 

¥ Chronic respiratory and cardiovascular diseases 

¥ Mobility restrictions 

¥ Cognitive impairment 
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¥ Infants and young children 

¥ Socially isolated persons (widowed, divorced; homeless) 

¥ Low-income households 

¥ Marginalized groups, new immigrants 

¥ Not English-speaking 

 

Behavioural Risk Factors 

¥ Workers engaged in heavy labour 

¥ People engaged in sport activities and recreational exertion 

¥ Lack of hydration 

 

Risk Factors Relating to the Physical, Built, and Social Environment 

¥ Urban heat island, local heat islands (e.g. industrialized areas) 

¥ Lack of tree canopy, green spaces 

¥ Lack of public shelters (cool places) 

¥ High-density dwellings without air conditioning 

¥ Lack of social infrastructure, service gaps 

¥ Living in high-crime rate areas 

 

There is clear evidence to suggest that heat vulnerability varies between socio-demographic 
groups and is greatest in the elderly. Elderly populations, especially those over the age of 
65, have a weaker thermoregulatory system and therefore a limited capacity to 
physiologically respond to heat stress. The highest deaths rates due to heat are seen in 
elderly populations; this effect has been demonstrated repeatedly in studies across North 
America and Europe (Argaud et al. 2007, Davido et al. 2006, Kovats et al. 2004, Stafoggia 
et al. 2006). For example, during the 1995 Chicago heat wave mortality ranged from 3 per 
100,000 individuals under the age of 55 to 258 per 100,000 for those over the age of 84 
(Whitman et al. 1997).  

In addition to natural aging, several medical conditions increase vulnerability to heat stress, 
many of which are found more commonly in elderly populations including cardiovascular 
and cerebrovascular conditions and diabetes (Schwartz et al. 2005, Stafoggia et al. 2006). 
Other conditions such as dementia and ParkinsonÕs disease further predispose the elderly by 
compromising awareness and change in behaviour during hot weather (Kovats and Hajat 
2008). Common medications for such conditions also directly interfere with 
thermoregulation and therefore contribute to risk of heat stress in elderly populations (Ellis 
1976, Kilbourne et al. 1982). 
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While some studies and strategies use age 65 and over as the marker for vulnerability, 
seniors are a very diverse group with significantly higher rates of disability, co-morbidity, 
and cognitive impairment among those over age 85 compared to those age 75-84 or those 
age 65-74. The specific needs of frail elderly, low income women in their 80s, and people 
aged 75 and over with multiple vulnerabilities have been noted (CDC 2007a, Fernandez et 
al. 2002, Wilson 2004). In an analysis of seniors age 75 and over in New York City, 
Gusman and Rodwin (2006) recommend developing an index of vulnerability specific to 
local situations and targeting resources to neighbourhoods where there is greater 
vulnerability.  

Increased vulnerability to heat due to age has also been suggested for infants and young 
children up to 4 years of age. Although this group has not been extensively considered in 
epidemiological studies of the impact of heat on health, literature on child physiology 
supports this relationship (Bernardo et al. 2006).  

It has also been suggested that socially isolated individuals are particularly at risk to the 
effects of heat. This includes those people who live alone, with limited social contacts. For 
example, 46% of heat deaths in California in 2006 lived alone (California Department of 
Public Health 2008). Gusmano and Rodwin (2006) also highlight social isolation of older 
persons as a risk factor, yet they caution that Òliving alone is not the same thing as being 
lonely or isolatedÓ (p.3, with reference to Victor et al. 2000). For example, they found that 
35% of people aged 75 and older in New York City lived alone, and across 200 Census 
Tracts the rate reached nearly 60% putting the numbers from the California report into 
perspective.  

Limited evidence suggests that homeless populations are a greater risk. For example, the 
heat wave in Phoenix, Arizona, in 2006 was responsible for 13 heat stroke deaths, of which 
11 were homeless people (Kovats and Hajat 2008).  

Deprivation, particularly in downtown urban areas, is an indicator of heat stress 
vulnerability, and has been demonstrated in a handful of U.S. studies, although the 
evidence is less clear in the European context (see Ishigami et al. 2008). Low-income 
households are at higher risk, likely due to poorer quality housing and limited access to air 
conditioning (Medina-Ramon et al. 2006, OÕNeill et al. 2005). Individuals on low incomes 
are also more likely to suffer from chronic diseases or other medical risk factors that put 
them at particular risk.  

There are population groups who are less likely to receive, interpret or be able to respond to 
public warnings and recommendations. Reasons for this are language, or literacy barriers, 
cognitive disorders, mobility limitations, mental health or addictions, homelessness or 
marginalization related to experiences of discrimination or social exclusion, fear, lack of 
social networks, and reluctance to ask for help (Phillips 2007, Fothergill et al. 2007). 
Emergency response and disaster planning strategies are being developed that identify and 
reach diverse, underserved and marginalized populations (CDC 2007b).  

There has been some research on social vulnerability and unequal neighbourhood 
environments that result in different microclimates. Harlan et al. (2006) found that high 
settlement density, sparse vegetation, and lack of open space in Phoenix neighbourhoods 
were correlated with higher temperatures. Lower socio-economic status and ethnic minority 
groups were more likely to live in warmer neighbourhoods and less likely to have air 
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conditioning, reflective roofs, swimming pools, and the resources to shape their 
environments in ways to decrease their heat stress. 

High density urban areas retain heat and are less likely to cool down at night. This may be a 
factor in the excess heat-related mortality and morbidity in urban areas; and the formation 
of smog (O3) making air quality problems more severe (Akbari et al. 2001). Smargiassi et 
al. (2008) found that indoor temperature could be predicted not only from outdoor 
temperatures but also from building height. Populations living on the top floors of buildings 
without air conditioning are at greater risk (Patz et al. 2000). While increasing access to air 
conditioning is a strategy for reducing heat-related illness in densely populated urban areas, 
it also contributes to energy consumption. Urban vegetation and the use of surface materials 
on roofs and pavements that reflect or reduce heat conduction can reduce area temperatures 
by several degrees thus reducing heat risk and energy consumption (Konopacki and Akbari 
2001). Increasing shade has the added benefit of reducing ultra violent (UV) radiation 
exposure to which children are especially vulnerable (TPH 2005). 

In addition to the vulnerable groups and environments described above, otherwise healthy 
individuals are generally at risk to the effects of heat in situations of excess exposure or 
physical exertion. The largest body of evidence in this area points to the impact of heat on 
athletes (Coris et al. 2004, Howe and Boden 2007) and occupational groups, particularly 
farmers (CDC 2008) and outdoor construction workers (Bonauto et al. 2007). There is also 
some evidence to suggest a higher burden of illness in summer recreational outdoor areas 
and tourist attractions (Bassil 2008a, Lu et al. 2007).  

 

1.3.  Municipal heat alert systems and response policies 
1.3.1.  Hot weather warning systems and heat alerts 

Heat alert and response systems in the Greater Toronto Area were comprehensively 
summarized by Mersereau (2007).  

The City of Toronto and Peel Region both use the Òspatial synoptic classification systemÓ 
for weather events, which was developed at the University of Delaware and predicts the 
likelihood of increased mortality from heat (CAP 2007). Halton region uses Environment 
CanadaÕs humidex forecast and humidex advisories as the trigger for a heat alert. Other 
regional municipalities, cities, and towns within the Greater Toronto Area (GTA) follow 
TorontoÕs, PeelÕs, or HaltonÕs lead, or do not have heat alert systems in place at all 
(Mersereau 2007). Other Canadian municipalities such as Ottawa and Montreal use 
combinations of maximum and minimum temperature forecast, humidex and smog 
forecasts, and duration of hot, oppressive weather in deciding on a heat alert and its level of 
severity.  

The Heat Health Alert System in place for the City of Toronto defines conditions to guide 
the Medical Officer of Health in calling a Heat Alert or an Extreme Heat Alert (TPH 2009). 
Over the summer of 2007, there were 10 days with a Heat Alert and 5 days with an 
Extreme Heat Alert (TPH 2009). Over the summer of 2008, there were 3 days with a Heat 
Alert and 6 days with an Extreme Heat Alert (TPH 2009). As a result of declaring an alert, 
TorontoÕs Hot Weather Response Plan is activated by Toronto Public Health. ÒReaching 
those who are most vulnerable and at-riskÓ is identified as a continuing challenge by the 
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Medical Officer of Health in a review of heat response activities during the summer of 
2007 (TPH 2007c, p.1). The report by Mersereau (2007) also notes the challenge of 
Òidentifying and targeting vulnerable populationsÓ and observes that Òmunicipal decision-
makers in the GTA do not have the data, tools and/or expertise to incorporate information 
about housing-stock or population demographics into their decision-making processesÓ 
(p.30).  

 

1.3.2.  Vulnerable populations/places in hot weather response plans 

Existing municipal hot weather response plans frequently refer to vulnerable populations 
when describing targeted prevention or response action to address a heat alert. The City of 
TorontoÕs Hot Weather Response Plan (TPH 2007a, p.3) lists socially isolated seniors as 
the highest-risk group, followed by people with chronic diseases including mental illness, 
children, and people living in Òpoor housingÓ conditions or being homeless.  

TorontoÕs Medical Officer of Health released an update to the CityÕs Hot Weather 
Response Plan (2007b), in which he compares heat response measures in Toronto with 
those implemented in the United States and Europe. Table 2 indicates the targeted 
populations and places for those measures. The target ranges from the individual person or 
household or facility, through geographically defined communities (e.g. neighbourhoods, 
former municipalities), to the general public as the broadest, least specific target.  

 

Table 2: Possible hot weather response measures  
(neighbourhood-level interventions are highlighted in bold font) 

Measure (modified from TPH 
2007b, p.11-12, and Bassil et 
al. 2007b, p.16-20) 

Toronto-specific implementation 
(modified from TPH 2007a, b) Ð may 
vary from year to year 

Target population or place 

Media announcements Media releases, interviews General public (via media) 

Information brochures General brochures; information kits General public, neighbourhood 
residents; rooming/ boarding 
house tenants 

Web page or bulletin Posting of heat alerts and general 
information 

General public 

Notification to agencies Fax/email to community 
agencies 

Community agency staff 

Information and alerts to 
hospitals, ambulance services 

Hot weather resource packages (pre-
season); FindHelp 

Individuals (via EMS preparedness 
and hospital discharge procedures) 

Automated notification system (not implemented) Individuals (registered persons at-
risk) 

Cool places Cooling centres; community centres, 
libraries; common cool rooms 

Neighbourhood residents; 
rooming/boarding house tenants 

Telephone helpline Red Cross heat information line General public 

Continuity of electricity service No disconnections initiated; 
emergency energy funds 

Individuals/households 
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Continuity of water service (not applicable) Individuals/households 

Rescheduling of public outdoor 
events 

(not implemented) Individuals 

Outreach to homeless Extensive outreach through City and 
community partners 

Individuals; shelter locations 

Home visits to vulnerable 
persons 

Outreach to clients of community 
agencies (no central registry) 

Individuals/households 

Promotion of Òbuddy systemsÓ (not implemented) Individuals (family members, 
friends), neighbourhood 
residents 

Street outreach, e.g. water 
distribution 

(not implemented) Neighbourhood residents 

Evacuation of vulnerable 
persons from homes 

Outreach to clients of community 
agencies (no central registry); minimal 
transportation services available 

Individuals/households 

Fan distribution (not implemented) Individuals/households 

Air conditioner (AC) donations (not implemented) Individuals/households 

Longer-term environmental 
interventions 

(various, e.g. increase of urban forest 
canopy) 

(various, neighbourhood to City-
wide scope) 

 

Many of these heat response (and prevention) measures address known/registered high-risk 
individuals at their residential location as well as facilities with known or suspected 
concentrations of high-risk individuals (a distinction made by US EPA 2006, p.22). 
Furthermore, several measures address the general public irrespective of location within the 
City. Many of the CityÕs activities are targeted at vulnerable individuals or facilities (such 
as rooming houses). The selection of those recipients is based on existing 
relationships/registrations (e.g. with community agencies) or self-identification (e.g. callers 
of helpline).  

Between the level of individual person or facility and the broad scope of addressing the 
general public, there are currently few intermediate levels of target population groups or 
places. Currently, no outreach activities are conducted at a neighbourhood level in Toronto 
with the exception of the cool places operated by the City and the activation of community 
agencies that may intervene at a neighbourhood level. For example, decisions to open a 
new cooling centre, to extend opening hours of selected cool places, or to increase or 
redistribute resources to community agencies in at-risk neighbourhoods occurs at an 
intermediate level of geographic scale.  

Many existing hot weather alert systems and heat action/response plans stipulate outreach 
to vulnerable persons as an important operational goal. However, it is usually unclear how 
the vulnerable populations will be identified. For example, the Arizona Department of 
Health ServicesÕ Heat Emergency Response Plan includes outreach by available clinical 
staff in the case of an excessive heat warning, and Òcommunication and welfare checks for 
vulnerable populations and clients who may be at risk of severe health impacts due to 
extreme heatÓ (Arizona DHS 2006) without specifying how these people are to be 
identified. The California Department of Public HealthÕs report on ÒHeat-Related Illness 
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and MortalityÓ urges health officials Òto identify vulnerable communities within their 
jurisdictionÓ and to Òassess strategies specific to communicating and providing services to 
these populations and conduct appropriate outreach, education, and mitigation activitiesÓ 
(California DPH 2008, p.40). It seems however that lower-level agencies are left with the 
task of pinpointing those most vulnerable to heat-related illness. In the City of Philadelphia, 
which is considered to have among the most advanced heat emergency alert and response 
policies after a deadly heat episode in 1993, a buddy system has been installed with 
designated trained volunteers who check on at-risk people such as elderly residents on their 
own streets (Kalkstein 2000). In this case, the information on the identity and location of 
vulnerable persons comes from the informal, local knowledge of the community volunteers.  

Adger et al. (2003) found that aggregating vulnerability measures across geographic scales, 
or comparing levels of vulnerability across scales, is not meaningful. For example, the 
authors corroborate that national-level vulnerability indicators Òare limited in terms of their 
explanatory power, particularly in the adaptation strategies that can be developedÓ (Adger 
et al. 2003, p.1). This observation emphasizes the need for specific vulnerability assessment 
tools operating at an areal geographic scale of a community/neighbourhood. A few 
jurisdictions are the subject of ongoing research projects assessing spatial patterns of heat 
vulnerability and aiming at identifying at-risk populations and places. However, no 
operational spatial heat vulnerability assessment methodology or tool could be found in the 
research for the present report.  

In a research project entitled ÒSpatial vulnerability analysis of urban populations to extreme 
heat eventsÓ at Monash UniversityÕs Climate Group (Melbourne, Australia) in collaboration 
with the Department of Human Services, State of Victoria, Australia, researchers are 
creating a vulnerability index in order to visualize spatial patterns of vulnerability across 
the City of Melbourne (Loughnan 2009) using 268 postal code areas (POA Ð Margaret 
Loughnan, pers. comm.). The project goals include to Òtarget behavioral adaptationÓ and to 
Òimplement heat wave response plans within the communities with the highest riskÓ 
(Loughnan 2009, p.1) as well as longer-term planning support to mitigate the urban heat 
island effect. A report on this project is expected in June 2009 and the Department of 
Human Services is expected to utilize its recommendations for the following heat season 
starting in December 2009 (Margaret Loughnan, pers. comm.).  

Among related academic work is a study by the U.S. National Center for Atmospheric 
Research in collaboration with the U.S. Environmental Protection Agency and Arizona 
State University entitled ÒExploring spatial patterns of societal vulnerability to extreme 
heatÓ. The project team conducts spatial analysis of heat vulnerability in Philadelphia and 
Phoenix (Wilhelmi 2007). The same researchers state that the Òcombination of social and 
physical factors allowed for identification of areas and population at risk from excessive 
heatÓ (Wilhelmi et al. 2008, p.1). According to Olga Wilhelmi (pers. comm.), the team 
applied multi-variate regression analysis and used mortality cases as a validation instrument 
for Philadelphia, and emergency call locations for Phoenix. A household survey is planned 
for the summer 2009 for Phoenix, in order to expand the existing GIS database with 
qualitative information. The researchersÕ goals include supporting targeted social outreach 
and cooling/hydration intervention to people most in need, as well as education and longer-
term urban design improvement (Olga Wilhelmi, pers. comm.).  
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For the City of London, UK, McGregor and Wolf (2008) present an approach where they 
classify nine vulnerability indicators into deciles, and combine the decile scores into a 
vulnerability index in order to map hot spots. In addition, Tanja Wolf (pers. comm.) uses 
Principal Components Analysis Òto combine several risk proxies to a vulnerability indexÓ 
for London. An application of the same method to the City of Budapest, Hungary, was not 
possible for lack of high-resolution spatial data. Finally, to test her approach, Tanja Wolf 
(pers. comm.) used mortality cases with promising preliminary results as of November 
2008.  

Another study was designed at Indiana University to predict heat-related mortality in 
Philadelphia, Dayton/Cincinnati, and Phoenix using artificial neural networks (Daniel 
Johnson, pers. comm.). Daniel Johnson (pers.comm.) also suggested that the use of 
emergency calls and cases of heat-related morbidity are problematic for validation 
purposes, since the location for a 911 call often does not represent the ill personÕs living 
environment, and the real cause for morbidity is often difficult to assess.  

 

1.3.3.  Decision-making scenarios for neighbourhood-level intervention  

City staff have identified new, or extensions of existing, response measures that could 
benefit from a spatial assessment of heat vulnerability on a geographic level between 
individual locations and the City as a whole. This geographic resolution might range 
anywhere from a block to a neighbourhood (in the narrower sense) to a ward to a former 
municipality.  

Based on suggestions from Toronto Public Health staff, assessing heat vulnerability on a 
ÒneighbourhoodÓ-level could help with determining:  

¥ Locations of cooling centres in proximity to vulnerable populations 

¥ Areas that would benefit from extended pool hours 

¥ Concentrations of multi-residential buildings that are not currently addressed, in 
particular those inhabited by vulnerable persons, not having air conditioning, and 
being older in general 

¥ Hot spots of vulnerable populations for street/park outreach 

¥ Grants for purchase of A/C units 

More generally, in its draft logic model for extreme heat event procedures, Toronto Public 
Health lists at-risk populations as one of the target groups for all components, including 
heat-related health education, notification of heat alerts, response activities, and community 
partner engagement.  

Based on the summary in the above table, some of the interventions that are currently 
directed at the general public, could be focused, or intensified, for neighbourhoods that are 
assessed as particularly vulnerable to heat:  

¥ Media releases to, and interviews with community newspapers (Gleaner, 
Mirror/Guardian; Metro) and ethnic media 

¥ Neighbourhood-specific information on Web site, e.g. map of cool places 
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¥ Distribution of information brochures focused on vulnerable neighbourhoods 

¥ Neighbourhood-specific information provided through helpline 

 

Outreach to individuals could be extended with a focus on vulnerable neighbourhoods:  

¥ Inform residents of evacuation options 

¥ Focus resources and communications on community agencies in higher-risk areas 

¥ Expand outreach to organizations serving vulnerable populations (e.g. places of 
worship, settlement agencies) 

Additionally, some of the above measures could be targeted more specifically to subgroups 
among the at-risk populations, e.g.:  

¥ Distribution of information material in non-official languages in areas with high 
proportion of elderly immigrants 

Finally, longer-term urban planning and policy-making should take into account climate 
change adaptation and could be prioritized in heat-vulnerable neighbourhoods, e.g.:  

¥ Increase of urban tree canopy 

¥ Installation of green roofs on public buildings 

It must be noted that neighbourhood-level scenarios are less targeted than the heat response 
measures currently in place to assist vulnerable individuals. Therefore, they should only be 
implemented in addition to the existing person- or building-specific prevention and 
response activities.  

In addition, Dolney and Sheridan (2005) as well as Bassil (2008b) observed that heat-
related emergency calls increase from areas within the City that are characterized by 
concentrations of non-resident persons (tourists - e.g. Yonge Street corridor) or of residents 
visiting recreational locations (parks, lakefront, Toronto Islands) or participating in non-
recurring outdoor events (sports, concerts). These concentrations may be limited to specific 
times of the day, days of the week, or individual dates throughout the year, and therefore 
pose significantly different decision-making problems in preparing heat stress prevention 
and response from the above scenarios.  

 

1.4.  Spatial assessment of heat vulnerability 
Recent research on the effect of heat events on human health was directed at quantifying 
and explaining morbidity and mortality resulting from hot weather events, and identifying 
relationships with physiological, behavioural, socio-demographic, and environmental risk 
factors (Smoyer-Tomic and Rainham 2001, Smoyer-Tomic et al. 2003, Pengelly et al. 
2007, Ebi 2007). Spatial aspects usually play a role at the interpretation stage of research 
but are not part of the initial research questions.  

To support the spatially explicit modeling and assessment of heat vulnerability, a number 
of data exploration, statistics, evaluation, and clustering methods from the field of spatial 
analysis appear to be useful. Many of these methods have been used in epidemiology as 
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well as social sciences, yet only a few have been applied within heat vulnerability 
assessments.  

The assessment of a situation or phenomenon by decision-makers is often based on 
multiple factors that can be examined either separately or in combination. Section 1.4.1 
provides an overview of non-spatial and spatial methods for analysing individual 
vulnerability indicators, while section 1.4.2 introduces methods for combining indicators 
into indices (composite measures) of vulnerability. Section 1.4.3 summarizes methods for 
identification of spatial hot spots of vulnerability.  

The discussion assumes that individual indicator values (e.g. proportion of isolated elderly 
residents, or maximum surface temperature) are associated with a set of geographic units 
such as City of Toronto neighbourhoods.  

 

1.4.1.  Statistical methods 

Correlation analysis 

Correlation analysis of individual indicators assesses the degree to which increasing 
(decreasing) values in one indicator are associated with increasing (decreasing) values in 
another indicator across the set of geographic units. For example, for Census Tracts in the 
City of Toronto and data from the 2006 Census, the proportion of recent immigrants and 
the proportion of all immigrants in the population were positively correlated, the youth 
unemployment rate and the proportion of low-income households were not correlated, and 
the proportion of people with postsecondary education and the proportion of lone-parent 
families had a strong negative correlation (Yermakhanova 2008).  

As a non-spatial statistical measure, the correlation coefficient is subject to spatial effects. 
For example, using larger geographic units will often result in higher correlation values due 
to the effect of data aggregation. Swift et al. (2008) present an examination of the effect of 
the modifiable areal unit problem (MAUP) on correlation among simulated disease rates 
across two geographic scales. In their study, point data for disease events that were 
aggregated to larger polygons had a correlation of 0.81 while the correlation for the same 
data aggregated to smaller polygons was only 0.47. Incidence rates for larger spatial units 
tend to be based on larger samples and be more stable because local variations are 
smoothed out. However, public health decision-making may require more detailed data 
distinguishing between higher and lower incidence rates (Swift et al. 2008). The MAUP 
requires decisions on the geographic level of analysis depending on the characteristics of 
the individual study and available datasets, as well as a validation and monitoring process.  

A large correlation coefficient does not necessarily imply a causal relation between two 
variables. For example, Dolney and Sheridan (2005) found that emergency calls were 
related to afternoon temperatures with a correlation coefficient of 0.351 in a time series 
dataset for the City of Toronto. The square of the coefficient indicates the percentage of 
variance in one variable that is explained by changes in the other, e.g. 10% of any increase 
in 911 calls was explained by an increase in temperature (but 90% was independent of 
changes in temperature). However, the nature of this relationship could be directly causal or 
indirect through the confounding effect of other variables (e.g. air pollution in the above 
example), or even coincidental without any causal relationship.  
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Correlation analysis between indicators can be used to reduce the complexity of a 
vulnerability assessment by removing indicators, which are highly correlated with other 
indicators, from the study.  

 

Multiple regression analysis 

Multiple regression analysis establishes a numeric relationship between a set of 
independent variables and a dependent variable. For example, Ross et al. (2000) modeled 
age-specific mortality rates in the US and Canada using income inequality and median 
income as the independent variables and conclude that there is a statistically significant 
linear relationship between the explanatory (income) and the dependent (mortality) 
variables. A heat-related application of multiple regression is described by Smargiassi et al. 
(2008) who related measured  indoor temperature in 75 residential buildings in Montreal to 
dwelling characteristics, outdoor air temperature, and surface temperature. The three 
independent variables explained 54% of the variation in the dependent variable (indoor 
temperature).  

Smargiassi et al. (2008) also discussed the residuals (prediction errors) in their model in 
terms of uncaptured individual behaviour, dwelling density, and sampling procedure. For 
example, if the test buildings happened to be located in denser-than-average urban areas, 
then the measured indoor temperature might tend to be higher than typical, and the model 
might over-estimate the effect of the dwelling characteristics. An additional validation 
option in spatial regression analysis is to map the residual values and explore their spatial 
patterns in order to identify spatially systematic deviations (e.g. Buckeridge et al. 2002).  

 

Principal components analysis 

Principal components analysis (PCA) provides a means to reduce the complexity of a 
dataset by reducing its variables to a smaller set of independent components. The original 
variables contribute to varying degrees (loadings) to those components and the analyst 
receives an indication of the amount of variation in the dataset that is explained by the 
principal components. Mapping the scores of the components for each location/area can 
facilitate the interpretation of the PCA results.  

PCA was used by Cutter et al. (2003) to construct a social vulnerability index using county-
level socioeconomic and demographic data in the United States. Variables contributing to 
social vulnerability were identified from the literature. Then, principal component analysis 
was used to reduce the 42 original variables to 11 principal components that explain 76% of 
the variance in the dataset. The components were placed in an additive model to create the 
vulnerability index. The social vulnerability scores were then mapped using multiples of 
the standard deviation from the mean to reveal the spatial patterns and outliers of 
vulnerability across the United States.  

Another application example of PCA is provided by Cheng et al. (2007) who predicted air 
pollution for southern Ontario based on synoptic classification of weather types. PCA is 
used to reduce weather variables to a smaller set of independent components. This 
statistical independence prepared the dataset for subsequent cluster analysis.  
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Cluster analysis 

Cluster analysis is a data reduction technique that creates groups of relatively similar 
observations. Shelton et al. (2006) use k-means clustering to analyze mortality from 100 
different causes in 76 electoral districts in England and Wales. Since a non-spatial 
clustering method was used, the resulting clusters are distributed over the study area. The 
authors produce separate maps of cluster membership for each of the four time periods 
using population-based cartograms in order to facilitate viewing of high-density districts 
such as those covering the City of London.  

 

1.4.2.  Composite measures of vulnerability/inequality 

Population health studies often were based on separate examination of multiple indicators. 
For example, Goel et al. (1996) noted the lack of a comprehensive measure for population 
health across the Province of Ontario. However, analysts increasingly combine multiple 
indicators into composite measures (indices) of health, health inequality, or health-related 
deprivation. Vincent (2004) proposed an index of social vulnerability to climate change for 
Africa using a weighted average of five sub-indices representing economic, demographic, 
infrastructure, global interconnectivity, and resource dependence factors on a country level.  

Schuurman et al. (2007) provided an overview of commonly used, area-based deprivation 
indices. They also presented a tabular overview of the type of index, categories of variables 
used, variable weighting method, and geographic unit of analysis (Schuurman et al. 2007, 
p. 594). Weighting methods include principal components analysis, variable 
transformation/standardization, and expert weighting.  

Rinner and Taranu (2006) proposed to address population health indexing with GIS-based 
multi-criteria evaluation (MCE). They employ the analytic hierarchy process (AHP) to 
structure and weight non-medical determinants of health for public health units across 
Ontario. Bell et al. (2007) also use a GIS-based multi-criteria method to construct a health-
related index. They build a socio-economic deprivation index from Census data using 
ordered weighted averaging (OWA).  

Generally, MCE supports decision-makers with a recommendation of a course of action to 
be taken. The recommendation is based on the integration of multiple decision criteria into 
a single evaluation score for each decision alternative. In the least complex scenario, there 
is a limited, well-known set of alternatives, such as a set of neighbourhoods that need to be 
prioritized. An MCE process includes determining the alternatives, selecting criteria, 
establishing the alternativeÕs scoring on the criteria (the Òdecision matrixÓ, basically a 
feature attribute table in GIS terminology), selecting and applying a decision rule 
(calculation method), conducting sensitivity analysis on the results, and determining the 
best alternative, or a ranking of feasible alternatives (Malczewski 1999).  

The most common multi-criteria calculation method is the weighted average (or weighted 
linear combination). The AHP method facilitates the decomposition of the decision 
problem and the weighting of relative importance between criteria (Rinner and Taranu 
2006). The OWA method allows the decision-maker to specify a decision strategy in terms 
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of the ÒriskÓ to be taken, and trade-off between criteria to be allowed (Malczewski and 
Rinner 2005).  

 

1.4.3.  Mapping of vulnerability indicators and hot spots 

Mapping is an important tool for exploring data and communicating results in order to 
derive measures for policy intervention in climate change (Adger 2006, Eakin and Luers 
2006). Maps are considered most powerful for detecting general spatial patterns and trends, 
while data tables and lists are the more useful tools to retrieve specific information from a 
dataset (Slocum et al. 2009). GIS have been extensively used for mapping vulnerability to 
different environmental hazards (Cutter et al. 2003).   

Multivariate mapping techniques come into play when multiple vulnerability indicators are 
being considered. Slocum et al. (2009) distinguish between map comparison and map 
combination to assess the joint spatial distribution of two or more variables. The first 
approach involves the comparison of multiple maps visualizing one variable each. For 
example, Lindley et al. (2007) argue that individual vulnerability indicators should be 
Òmapped separately in order to retain an appropriate level of transparencyÓ, while they also 
present a map of a heat vulnerability index that was created as a combination of individual 
indicator maps.  

The mapping of an individual variable can also be applied to indicators taken from cross-
tabulations that represent multiple input variables. For example, a map could show the 
distribution of seniors with activity limitation, immigrant and visible minority status, as 
well as lack of knowledge of an official language. Cutter et al. (2000) assessed vulnerability 
in George Town County, South Carolina, creating separate indices of biophysical and social 
vulnerability. Then, they overlaid maps of both vulnerabilities and found that vulnerable 
places do not always intersect with vulnerable populations. Another example of a mapped 
vulnerability index is given in a presentation by Hogan (2007) for London, UK.  

Samenov (2007) creates a map overlay of heat-related mortality cases with a heat health 
risk score for Philadelphia. The use of mortality as a control variable assists with a visual 
validation of the spatial patterns of risk scores. The inspection of the spatial patterns of 
vulnerability indicators and indices on maps also allows for the visual search for clusters of 
vulnerability. Patz and Kovats (2008) promote maps to highlight hotspots of climate change 
and health impacts (on a global level). 

In addition, decision-makers may also be interested in statistical indications of spatial 
clustering. Global spatial auto-correlation provides a measure of clustering of a single 
variable with itself over a study area. Local indicators of spatial association (LISA - 
Anselin 1995) identify clusters of high, low, or opposite values within one variable, or 
between two variables. Cutter and Finch (2008) use this approach to further test the social 
vulnerability index developed by Cutter et al. (2003). They show an extract of a 50-year 
time series of changing patterns of social vulnerability across counties in the United States.  

Bassil (2008b) applies the LISA method to the proportion of heat-related 911 calls by 
Toronto neighbourhoods to identify local clusters of high burden of heat-related illness. 
Figure 1 includes the LISA map with cluster types (left) and statistical significance (right). 
A cluster type of high-high indicates that values in this area are high and that the area is 
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surrounded by other areas with high values in a non-random way. Low-low refers to 
significant clustering of low values and together with high-high represents positively 
associated values. It is important to note that the LISA statistic only identifies the cores of 
significant clusters and that it is highly dependent on the number of randomizations and the 
significance filter.  

    

Figure 1: Local spatial association of proportion of heat-related 911 calls by Toronto neighbourhoods  
(Source: Bassil 2008b Ð used with permission) 

 

1.5.  GIS-based assessment tools 
Geographic information systems (GIS) and maps are used in all phases of emergency 
management (Cutter 2003). The role of maps in deploying emergency response crews and 
informing the public became obvious when the New York City emergency operations 
centre in the 2001 World Trade Center attack turned into a site for daily custom maps 
production (ESRI 2002). GIS are also becoming increasingly popular in public health 
analysis, as evidenced by the first Canadian Public Health Geomatics conference that was 
held in conjunction with the Canadian Public Health AssociationÕs Annual Conference in 
2007. It is expected that the ÒPopulation Health Assessment and Surveillance ProtocolÓ for 
the Province of Ontario, which is released in November 2008, will require data analysis by 
person, place, and time. A number of GIS strategies are being developed across health 
organizations in Ontario (APHEO, MOHLTC, and LHINs).  

GIS vendors such as ESRI (ArcGIS software package) and Pitney Bowes MapInfo 
(MapInfo Professional) as well as small/medium enterprises offer standard solutions and 
specialized extensions and application development for the health sector. Furthermore, a 
number of specific mapping tools have been developed for public health applications, 
including the Web-based Public Health Map Generator (by PHAC), EpiInfo (by CDC), and 
the HealthMapper (by WHO).  

Cartographers have developed extensive guidelines for creating effective thematic maps. 
However, the nature of maps is changing dramatically with the advent of more powerful 
computer hardware and easier-to-use mapping software. An important direction of research 
and development is the promotion of highly interactive maps used for data exploration and 
hypothesis generation early in an analytical process. This concept of geographic 
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visualization has been introduced by Monmonier (1989), DiBiase (1990), and MacEachren 
(1994). Examples of applications to public health are presented by MacEachren et al. 
(1998), Jankowski et al. (2001), and Rinner and Taranu (2006).  

GIS software has been described as a toolkit to create problem-specific spatial decision 
support systems (SDSS) (Keenan 1995). Densham (1991) identifies user interface, 
database, model base, and report generator as the main components of SDSS. Within the 
model base, multi-criteria analysis plays a major role due to its explicit decision support 
capability (Malczewski, 1999) 

GeoConnections is a Canadian government-sponsored program to develop the Canadian 
Geospatial Data Infrastructure (CGDI). The CGDI is a platform for interoperable mapping 
and geo-processing. Following the principles and techniques established by the Open 
Geospatial Consortium, the CGDI promotes the use of Web services to access geographic 
data that are kept at the authoritative source. For example, Natural Resources Canada could 
in the future provide on-demand access to its thermal remote sensing imagery. A decision-
maker could use any CGDI-enabled software, including ArcGIS, custom desktop tools, or 
certain Web sites, in order to download and display such a temperature map.  

In the category of ÒGeospatial Decision Support SystemsÓ, GeoConnections funds the 
development of applications that use the CGDI framework for data analysis to assist 
decision-makers in four priority areas: health, public safety, environment, and aboriginal 
matters. Current health-related projects include ÒA Spatially Enabled Population Health 
Framework for Disease SurveillanceÓ, ÒImproving Human Health Risk Assessments using 
CGDI Endorsed Geospatial TechnologiesÓ, ÒMapping Infectious Disease Across the New 
Brunswick-Maine BorderÓ, ÒOnline Injury Atlas for OntarioÓ, and ÒUser-needs Assessment 
for the Alternate Level of Care Patient-flow Portals for Decision Support and Community 
AwarenessÓ (GeoConnections 2008). The Clean Air Partnership has conducted a user needs 
assessment (Mersereau and Penney 2008) and a summary of available datasets (Jakubek 
2008) in support of heat-related decision-making. Their new Geoconnections proposal on 
ÒBuilding a Geospatial Decision Support System to Address Extreme Heat and the Urban 
Heat Island Effect in the Greater Toronto AreaÓ was approved for funding starting in April 
2009.  
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2. Recommendations 

2.1. Conceptual framework for heat vulnerability assessment  
We propose to use a simple conceptual framework of components of heat vulnerability, 
adapted from the work by Schroeter et al. (2004) and Ebi et al. (2005). The framework is 
based on the three general aspects of climate change vulnerability: exposure, sensitivity, 
and adaptive capacity (Health Canada 2006, 2008).  

 

Figure 2: Conceptual framework Ð components of heat vulnerability  
(adapted from Schroeter et al. 2004, and Ebi et al. 2005) 

 

The first factor contributing to heat vulnerability is the exposure to heat during hot weather 
events, as an external, physical impact on people. The degree, to which this impact affects a 
person, is determined by their sensitivity, a factor that is internal to the host and includes 
physiological, medical, behavioural, and social aspects. As shown in Figure 2, exposure 
and sensitivity combine to form potential vulnerability , which represents the possible 
impact or baseline vulnerability prior to any response and mitigation activities. However, 
many jurisdictions conduct hot weather interventions. Thus, adaptation represents short-
term interventions (response) as well as long-term interventions (mitigation) and thereby 
reduces potential vulnerability to residual, post-adaptation vulnerability .  
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It is important to note that in this framework, adaptation is interpreted from the policy 
perspective and represents the (positive) effects of current or planned interventions. The 
concept of adaptive capacity is not included in this framework as it refers to a systemÕs 
resources to implement adaptation activities, not to the actual implementation. Furthermore, 
an individualÕs ability to cope with hot weather is included in the sensitivity component 
(i.e. lack of coping ability).  

 

2.2. Quantifying heat vulnerability in Toronto 
Vulnerability indicators that can be measured at the individual, population/community, 
spatial/geographic and systems levels of analysis, often exist in combination, with 
vulnerability being magnified by the cumulative effects of differential exposure, 
sensitivity/susceptibility, and ability to respond/cope. When population is disaggregated 
according to burden of illness, access barriers, and social determinants of health (Figure 3), 
the need for different approaches and levels of intervention becomes apparent. If we 
consider heat-related illness as the measure of health status, greater intensity of investment 
and tailoring of strategies are needed for populations with characteristics A and B, while 
the needs of populations C and D may be addressed through universal approaches (taking 
population diversity into account).  

 

Figure 3: Inequalities in health status Ð Òunpacking the Bell curveÓ  
(Source: Patychuk and Seskar-Hencic, 2008 Ð used with permission) 
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An overview of indicators for a Toronto-specific heat vulnerability assessment is provided 
in Table 3. The indicators are structured by the three broad aspects of vulnerability: 
exposure, sensitivity, and adaptation.  

Table 3: Indi cators for a Toronto-specific heat vulnerability assessment 

EXPOSURE SENSITIVITY  ADAPTATION  

Outdoor surface/air temperature 
Lack of tree canopy, green spaces 
Old dwellings without A/C 
High-density dwellings without 

A/C 
Behaviour (recreation and events) 

Pre-existing/chronic illness 
Cognitive impairment 
Elderly residents 
Infants and young children 
Low-income households 
Rental households 
Socially isolated people 
Homeless 
Low education level 
Not English speaking 
Recent immigrants 
Racialized groups 

Home cooling, common cool 
rooms 

Hostels, drop-in centres 
Participating community outreach 

centres 
Cooling centres, libraries, malls 
 

The indicators listed for exposure coincide with many of the indicators relating to the 
physical, built, and social environment found in the literature review. The indicators for 
sensitivity reflect the socio-demographic and health/physiological indicators from the 
literature review. With respect to adaptation, the factors listed in Table 3 focus on facilities 
and services already in place.  

 

2.3. Spatial and temporal distribution of heat vulnerability 
It is commonly estimated that 80% of all data collected by government and businesses 
include a geographic reference, such as a postal code, coordinate, or place name. In the 
context of the heat vulnerability assessment, geographic references can be conceptualized 
as point locations, areas, or surfaces. Surfaces represent continuous phenomena such as the 
outdoor air temperature. Areas typically represent aggregate characteristics of the 
population living in them. Locations represent individual people, dwellings, or facilities. 
Geographic references in this assessment usually refer to people's residences.  

The characteristics of populations and places typically change over time, for example due 
to residential mobility, segregation, and gentrification. In the short term, vulnerability will 
also be modified (in a positive way) by adaptation measures. For example, direct 
notification as well as targeted and mass outreach will reduce vulnerability during the 
heat season. Within the even shorter time frame of people's day-to-day activities, 
vulnerability greatly varies depending on behaviour. For example, while young children 
are generally more sensitive to heat than adults, the literature indicates that many mortality 
cases involving children occur when children are left in cars on hot days. Thus, this 
vulnerability would not be captured in a residential-based assessment.  

An additional challenge emerges from the heat vulnerability experienced during outdoor 
recreational activities and outdoor events. The activities and events occur at specific, 
non-residential locations and during specific times (e.g. weekends, evenings) and cannot be 



Heat Vulnerability Assessment: Phase I 

26 

captured by population-based social/health vulnerability assessment. Public health planners 
are faced with the requirement to develop interventions that will mitigate the effects due to 
both recreation- and event-specific behaviour as well as ÒclassicalÓ vulnerability.  

 

2.4. Proposed approach 
As a general approach, we recommend that specific information products such as maps and 
reports are identified by TPH hot weather response staff for specific decision-making 
needs. These needs could vary between the pre-season, the summer, and the times when 
heat alerts are in effect, corresponding to longer term and shorter term vulnerability 
assessments. Additionally, interventions and partnerships may be in place, which are 
directed at certain population groups, so that a partial vulnerability assessment could be 
limited to such populations, e.g. the elderly or non-English speakers.  

With reference to the conceptual framework in Figure 2, we recommend to create maps to 
explore and understand the spatial patterns of  

¥ exposure indicators according to Table 3: outdoor temperature, tree canopy, green 
spaces, dwelling age, high-density dwellings;  

¥ sensitivity indicators according to Table 3: including demographic, socio-economic, 
and health-related characteristics of the population, from both Census profiles and 
target profiles (cross-tabulations);  

¥ potential vulnerability  as a composite index and its corresponding spatial clusters, 
including target profiles (cross-tabulations); and  

¥ adaptation factors according to Table 3: access to facilities and services.  

 

We further recommend using certain geographic levels for  

¥ exposure: continuous surfaces and Census Tract- or neighbourhood-based 
aggregation for outdoor temperature, locations of known problem buildings, and 
Dissemination Area- or Census Tract-based concentrations of high-risk dwelling 
types;  

¥ sensitivity: Dissemination Areas, Census Tracts, and neighbourhoods for area-
based concentrations of vulnerable populations;  

¥ potential vulnerability: Census Tracts and neighbourhoods for the area-based 
composite index and its spatial clusters; and  

¥ adaptation: locations of facilities and services, and continuous surfaces representing 
access to facilities and services.  

In order to achieve an assessment of heat vulnerability according to the conceptual 
framework in Figure 2, maps of potential vulnerability can be contrasted with adaptation 
factors using simple map overlay or side-by-side map comparison.  
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2.5. Detailed recommendations 
The following sections provide Toronto-specific descriptions of the vulnerability indicators 
according to the categorization of exposure, sensitivity and adaptation, and their 
combinations into potential vulnerability and vulnerability. For each section, data sources, 
transformation and visualization methods, possible decision-making scenarios, as well as 
benefits and limitations are also described.  

The datasets that are available to Toronto Public Health for the spatial heat vulnerability 
assessment are described in the appendix of this report. Appendix 1 provides an overview 
table that matches vulnerability indicators with variables from available datasets. Appendix 
2 outlines the data sets for the indicators including variable ranges, geographic level, 
source, update schedule, and cost/availability.  

The sample maps referenced in selected sections below are included in Appendix 3.  

 

2.5.1. Exposure 

Spatial distribution of heat exposure 

Densely populated urban areas and industrial lands can be several degrees warmer than 
surrounding areas because of building and surface materials (e.g. pavement) that absorb and 
concentrate heat; the lack of cooling air flow; and the amount of vegetation such as the tree 
canopy and shade features which affect the ability of the area to cool down at night. 
Thermal remote sensing images provide a picture of surface temperatures across the city 
that may be helpful in identifying Òhot spotsÓ of heat exposure and the make-up of the 
urban heat island.  

More thermal image products are being prepared for external use by the Canada Centre for 
Remote Sensing (CCRS) within Natural Resources Canada. CCRS plans to include detailed 
information covering both imagery and usage limitations in their next annual report. 

Method Visualize the spatial distribution of surface temperature 

Data source Thermal remote sensing image(s) 

Geographic scale Continuous (raster) 

Decision 
scenario 

Identify the hottest areas and general spatial pattern of heat in the City;  
Outreach to vulnerable populations/facilities within hot areas (using 
additional datasets) 

Benefits & 
limitations 

Direct mapping from data source;  
Limited by dates when available images were taken 

 

Lack of tree canopy coverage and access to green spaces 

TorontoÕs urban forest provides cooling to residents, buildings, and streetscapes. The City 
has currently approximately 17% canopy coverage, which it aims to double by 2050. An 
assessment of the spatial distribution of the urban forest canopy provides an alternative way 
to forecast heat exposure.  
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Method Visualize tree canopy coverage;  
Calculate and visualize distance to nearest park 

Data source Toronto land use map 

Geographic scale Continuous (raster) 

Decision 
scenario 

Identify areas with low levels of shading through canopy coverage;  
Identify residential areas furthest away from cool parks and ravines 

Benefits & 
limitations 

Requires GIS processing capability (classification of remote sensing 
imagery, and calculation of distance surface);  
Parks and ravines are a common location where exhaustion due to 
physical activity during heat occurs, and thus can have a contradictory 
effect 

 

Dwelling age and high-density dwellings without air conditioning 

Housing policy is a fundamental part of the CityÕs social, economic, health, and 
environmental policy. With new authority under the City of Toronto Act from 2006 the 
municipality is implementing a regulatory strategy to ensure all multi-residential apartment 
buildings (MRABs) are maintained according to the Municipal Code. The strategy for all 
purpose-built, non-condominium, rental dwellings of six or more units was initiated on 
December 1, 2008, with an audit of 176 buildings. Although the Municipal Code does not 
include a maximum indoor heat limit, the audit will provide some useful information for 
heat response planning. It will identify if the inspected building has a mechanically cooled 
common room. Additional information about room capacity, individual unit air 
conditioning (A/C) and building details may become available to Toronto Public Health. 
Although this is only a sample of buildings, it includes many problem buildings from 
across the city, so that it should provide a useful snapshot of access to cool places in high-
risk residential apartment buildings.  

Toronto Community Housing provides over 58,000 social housing units in over 360 high-
rise and low-rise apartment buildings. Several strategies are relevant for the information 
about access to cool rooms and buildings with A/C. Some renovations have included 
putting A/C in a recreational area for building tenants (especially seniorsÕ buildings); in 
some buildings residents have installed their own window units. There is a pilot program 
underway to replace existing A/C units with energy efficient units in order to reduce the 
hydro costs that the social housing provider pays. Giving tenants access to an energy 
efficient A/C at a cost of $20/month is another pilot program. The information about 
buildings with cool rooms, areas that residents are being directed to for buildings without 
cool rooms, and the A/C pilot programs can assist with the heat vulnerability assessment.  

There are approximately 600 licensed rooming houses, personal care boarding homes, 
bachelorettes and lodging homes in Toronto and many more are operating without a 
license. As of January 2009, Toronto Public Health is required to annually inspect all 
regulated rooming houses (currently public health food safety inspectors visit only the 
rooming houses with more than ten residents). The new protocol will require an up-to-date 
database. This database can support the heat response strategy by providing the locations of 
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multi-unit buildings without A/C as well as vulnerable residents living in them. Many 
rooming house residents are former psychiatric patients or former homeless people.  

This still leaves the A/C status of the majority of rental buildings unknown. However, as 
the MRAB strategy expands, and as the MayorÕs Tower Renewal project proceeds, more 
information may be obtained to provide a more complete picture of buildings without cool 
spaces across the city. In the meantime, the identification of these buildings can be used to 
target individual buildings and landlords to prevent or mitigate avoidable heat-related 
illness.  

Method Identify multi -residential buildings without A/C or cool room for 
direct outreach 

Data source Toronto Community Housing; Municipal Licensing & Standards 
(MRAB audit), Toronto Healthy Environments Information System 
(THEIS) regulated rooming house file 

Geographic scale Locations 

Decision 
scenario 

Outreach prior to, and during, heat alert through direct contact or through 
service provider agencies 

Benefits & 
limitations 

Missing information for majority of rental buildings 

81% of TorontoÕs approximately one million dwellings are more than 20 years old (built 
before 1986); 39% of the corresponding units are in high rise buildings (five storeys and 
higher). To date, high-rise buildings are not required by building code to have air 
conditioning.  

Toronto has 1,000 high-rise residential concrete buildings built between the late 1950s and 
early 1970s. The majority of these buildings do not use modern insulation and energy is 
wasted in heating and cooling. While older buildings were not built with central air 
conditioning, in the mid-1980s, condominium builders generally started putting fan coils 
into individual units - this works for both heating and cooling - boiler/chiller vents are 
present to pump hot/cold air into individual units.   

Approximately 46% of Toronto households are renters (2006 Census). With little new 
rental stock being built since the early 1990s, TorontoÕs rental housing stock is aging.  

The tables below describe dwelling age, type according to the 2006 Census.  

Dwelling:  
Structure Type 

Number %  Dwelling:  
Period of Construction 

Number % 

Single Detached 266,880 27.2  Before 1946 180,785 18.5 
Semi-Detached 69,465 7.1  1946-1960 203,495 20.8 
Row/Town House 54,690 5.6  1961-1970 185,315 18.9 
Apartment Duplex 44,105 4.5  1971-1980 161,750 16.5 
Apartment <5 
storeys 

162,985 16.6  1981-1990 115,490 11.8 

Apartment 5+ 
storeys 

379,700 38.8  1991-2000 72,215 7.4 
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Dwelling:  
Structure Type 

Number %  Dwelling:  
Period of Construction 

Number % 

Other  1,510 0.2  2001-2006 60,390 6.2 
Total 979,440 100.

0 
 Total 979,440 100.

0 

 

Of the estimated 470,000 rental units (2008), approximately 400,000 were built specifically 
for rental (some renters live in condominium apartments originally built for homeowners). 
The term ÒapartmentÓ applies to renter and owner units. The city operates approximately 
100,000 (one-quarter) of rental units in buildings with at least six units through Toronto 
Community Housing (see above), which has agreed to provide details on these buildings to 
support Toronto Public HealthÕs heat response planning (Ian Fichenbaum, pers.comm.).  

The number and proportion of high-rise dwellings and dwelling units built before 1980, 
which is available from Statistics Canada at the DA level, can be used as a proxy for 
populations exposed to indoor heat.  

Method Identify concentrations of old, rental buildings without A/C 

Data source Census for dwelling age and counts; multi-residential building registries 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Prioritize areas for heat response 

Benefits & 
limitations 

Unreliable and incomplete information about central air conditioning; 
individuals may have window A/C units 

 

Recreational activity and event locations 

While many parks and ravines provide shade, which can offer relief from heat, some 
activities in parks and recreation areas (overexertion, outdoor sports, running, and crowding 
for events) can present an exposure hazard. Recent analysis of 911 calls in Toronto (Bassil, 
2008) suggests that occurrence of heat stress in recreational areas is high. The information 
about high-use recreational areas will help to identify opportunities for prevention of 
avoidable heat exposure through influencing population behaviour (physical activity, sun 
exposure, hydration) during heath events, as well as understanding spatial patterns of 911 
calls that are not from residential addresses but from parks and other recreational venues. 

Method Recreational area mapping (recreation centres, parks, pools) 

Data source Toronto Parks and Recreation 

Geographic scale Facility locations 

Decision 
scenario 

Promote cooling relief and safe outdoor activity during heat events 
through targeted outreach 

Benefits & 
limitations 

Direct mapping from data source 
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Outdoor events during heat alerts may increase the number of people exposed to hot 
weather. Certain summer events in Toronto attract one million or more visitors (e.g. 
Caribana, Gay Pride, CNE). Organizations planning events are required to apply for 
permission to use city property or city streets. Toronto Public Health currently receives 
notice of these events. This information is used by the Food Safety program, and depending 
on the event, Food Safety staff may send information to organizers or may conduct 
surveillance and food safety assessment at the event. Both offer an opportunity to include 
heat response measures into existing procedures.  

Method Monitor events during heat alerts 

Data source Application for City permits to hold event on city street/city property 
forwarded to Toronto Public Health, Healthy Environments - Òfood 
safety fileÓ 

Geographic scale Event locations 

Decision 
scenario 

Prevent heat exposure through event-specific awareness raising 

Benefits & 
limitations 

Potential add-on to existing food safety response;  
Variable sizes of events affect data source and efficiency of response 

 

2.5.2. Sensitivity 

Pre-existing illness 

Certain conditions such as heart disease, respiratory conditions, and cognitive disorders are 
associated with elevated risk of heat-related illness.  

In addition, the risk of developing these conditions increases significantly with increasing 
age. For example while 5% of those aged 65 and over (overall) have a cognitive disorder 
such as AlzheimerÕs disease, the rate increases to 35% of those aged 85 and over. The 
reported rate for heart disease and arthritis is 15-17% among Toronto residents aged 65-74 
increasing to more than 25% among those aged 75 and over. The rates of good functional 
health decreases from 80% among those aged 65-74 to 64% among those age 75-84, to 
37% among those age 85 and over. The risk of having multiple chronic conditions also 
increases with age as does the average number of different medications being taken. Some 
medications affect thermoregulation and can increase dehydration. Disability/activity 
limitation rates among Toronto seniors increase from 42% among those aged 65-74 to 65% 
among those aged 75 and over. Much of the information used to calculate these rates is 
available at the CT or neighbourhood level.  

Frailty is also a condition associated with vulnerability as it includes physical weakness, 
exhaustion, functional decline, weight loss and lack of ability to recover from illness or 
injury. It is estimated that approximately 20% of persons aged 80 and older are frail aside 
from chronic conditions they may have (Wilson 2004). In addition, middle aged people 
who have long term chronic conditions may experience early onset aging, or ÒweatheringÓ, 
that puts them as much at risk as some groups of older seniors (McDonald et al, 2006; 
Bierman, 2008).  
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Method Map rates of pre-existing illness  

Data source Toronto Community Health Profiles, Toronto Public Health, for age-
standardized or age- and gender-specific prevalence, emergency 
department, or hospitalization rates of cardio-vascular, respiratory, renal, 
mental, and chronic diseases, diabetes, as well as disability and activity 
limitation;  
EMS for geographic distribution of 911 calls 

Geographic scale CT, Neighbourhood 

Decision 
scenario 

Compare with heat exposure and access to cool places Ð prioritize 
vulnerable areas 

Benefits & 
limitations 

Population-based heat response strategy that is more efficient but less 
targeted than individual outreach.  
Need to distinguish residential households from persons in institutional 
(e.g. long term-care homes can influence rates among seniors n the 
CT/neighbourhood they are located in).  

 

Demographic and socio-economic status 

Socially and physiologically vulnerable population groups include young children and the 
elderly, as well as people who have experienced persistent poverty. Indicators relevant to 
identifying concentrations of vulnerable populations include the number and proportion of 
seniors aged 85 and over (frail elderly with the highest rates of chronic conditions), and the 
number and proportion of low income seniors (includes proportionately high concentration 
of seniors in renter households, unattached seniors and living alone, seniors with high 
housing costs, and older-age females). Disability or activity limitation rates among those 
aged 25-64 has been shown to correlate with other health indicators that are less available 
at a small area level. Finally, the number and proportion of children aged 0-4 living in low 
income households and living in a high-rise rental unit could be used as an indicator of heat 
sensitivity.  

Method Identify areas with high concentrations of elderly (aged 85+), very 
young (aged 0-4), low-income persons, rental households, and/or 
persons living alone 

Data source Census profiles and target profiles (custom tabulations of combinations 
of sensitivities) 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Compare with heat exposure and access to cool places Ð prioritize 
vulnerable areas 

Benefits & 
limitations 

Population-based heat response strategy that is more efficient but less 
targeted than outreach to individuals. Identifying priority areas can assist 
service providers that are responsible for direct outreach to their 
vulnerable clients.  
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People who are homeless, and people with long term disabilities such as those who are on 
disability assistance are generally vulnerable. For example, local studies of people who are 
homeless showed high rates of chronic illness, mental health, addictions, disability, and 
mortality (Street Health, 2008, Hwang, 2006). Due to the difficulty of locating the 
homeless, hot weather mitigation and response could be directed at shelters and other 
facilities frequented by the homeless.  

Method Identify locations of shelters and other facilities for direct outreach 
to homeless 

Data source Toronto Shelter, Housing and Support (hostels, shelters and drop-ins for 
homeless/marginally housed) 

Geographic scale Locations 

Decision 
scenario 

Outreach prior to, and during, heat alert through direct contact or through 
service provider agencies 

Benefits & 
limitations 

Only reaches those that come to facilities 

 

People with access barriers 

There are many reasons why some population groups may be less able to take preventive or 
protective action, ask for assistance, or respond to recommendations or advice during heat 
alerts. Reasons include fear and safety concerns; unwillingness to leave pets or belongings; 
lack of transportation, stairs or non-operating elevators; sensory impairment, altered states, 
lack of awareness or understanding of the dangers; and costs all pose barriers. Groups that 
have experienced social exclusion, discrimination, abuse, or are from new communities 
without an established social or communications networks may be disconnected from 
mainstream communications and forms of outreach. Social inclusion and equity have 
emerged as public policy strategies in response to racialization of poverty, discrimination in 
housing, education, employment and services. Low literacy, low education, disability, and 
limited English fluency are commonly recognized as access barriers. Language barriers 
vary widely by age and ethnic group.  

Many populations groups face multiple barriers and forms of social exclusion. Over 80% of 
recent immigrants in Toronto are from racialized groups across the 1996, 2001, and 2006 
Census. The lowest income and highest unemployment rates are experienced by racialized 
groups that report the highest rates of discrimination (Ornstein, 2006, Statistics Canada 
2006). The percent with no knowledge of English is highest among seniors and among 
certain ethnic groups in particular. In several neighbourhoods more than half of seniors 
have no knowledge of English; in several neighbourhoods more than 20% of residents are 
recent immigrants (in Canada since less than 5 years); and in several neighbourhoods, more 
than 80% of residents are in racialized groups. A challenge for any population-based 
strategy is to be relevant and appropriate to a very diverse population with different needs 
and access barriers.  
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Indicators that have been used alone and in combination to identify the concentration of 
groups with access barriers include the number and proportion of the population who have 
less than high school education; are recent immigrants; have no knowledge of English (or 
French); have a disability or activity limitation; are in a racialized group; and are low 
income (City of Toronto, 1998: KPMG et al, 2002). The combination of various access 
barriers shows that some census tracts and neighbourhoods rank as high priority on 
multiple indicators but that other areas rank high on different access barriers.  Therefore, 
the use of a composite index for access barriers might prove to be a useful way to identify 
priority areas in terms of access barriers.  Access barriers can be considered as a component 
of social vulnerability.  

Method Identify areas with high rates and high numbers of people with 
access barriers, including no high-school certificate, recent 
immigrant, and/or not English-speaking 

Data source Census profiles and target profiles (custom tabulations) 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Prioritize areas with people who are unable to receive, interpret, or 
respond to recommendations during heat events for tailored 
outreach/prevention 

Benefits & 
limitations 

Used in conjunction with distribution and concentration of vulnerable 
populations (susceptible, sensitivity, low adaptive capacity, and high 
exposure areas) would further improve prioritization of areas 

 

2.5.3. Adaptation 

Access to cool places 

Toronto has 107 public libraries of which 90 participated in the 2006 heat alert strategy by 
providing cool relief for local residents. Over 80 community centres also participated to 
varying degrees. Four civic centres and Metro Hall serve as cooling centres during heat 
alerts. Drawing from lists of air conditioned city buildings and other publicly accessible 
cool places (e.g. malls), it may be possible to create a master list of cool places.  

Method Identify locations of cool places 

Data source Addresses of rooming houses with A/C or cool room;  
Addresses of hostels, drop-in centres;  
Addresses of participating community outreach centres;  
Addresses of publicly accessible cool places (cooling centres, libraries, 
malls) 

Geographic scale Locations 

Decision 
scenario 

Recommend cool places to residents 

Benefits & 
limitations 

Limited to publicly accessible buildings, not taking into account 
common cool rooms in private buildings 
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2.5.4. Sensitivity, potential vulnerability, and residual vulnerability 

Previous work by the City of Toronto and Toronto Public Health to identify priority Census 
tracts was based on composite scores through quintiles of selected indicators. This 
methodology was also used for selected quintile and composite quintile indicator mapping 
in other TPH program planning and program redesigns, e.g. Child Health, Reproductive 
Health, and Mental Health. The City of Toronto has identified 13 priority neighbourhoods 
based on a composite measure of social indicators and access to services.   

In the conceptual framework, sensitivity can be associated with social vulnerability. 
Composite indices for sensitivity can be created based on the health-related, demographic, 
socio-economic, and access-related indicators discussed above.  

Method Weighted average of (normalized) indicators resulting in a 
sensitivity (social vulnerability) score for each area 

Data source Sensitivity-related data sources, see above 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Identify concentrations of sensitive people (irrespective of exposure 
level) 

Benefits & 
limitations 

Data available from one source (Census) and easy to transform;  
Weighting scheme allows for focus on specific indicators;  
Sensitivity defined in a broad sense;  
Tradeoff between individual indicators may not be desired 

 

The conceptual framework defines potential vulnerability as the combination of sensitivity 
and exposure. A combined index consisting of exposure and sensitivity indicators will 
identify vulnerable areas before consideration of adaptation measures. Alternatively, spatial 
patterns of exposure can be compared with maps of the above sensitivity scores.  

Method Weighted average of (normalized) indicators resulting in a potential 
vulnerability score for each area;  
Comparison of spatial patterns of exposure and (composite) 
sensitivity 

Data source Exposure- and sensitivity-related data sources, see above 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Identify vulnerability hot spots (people and places) 

Benefits & 
limitations 

Weighting scheme allows for focus on specific aspects/indicators;  
Difficulty of making sensitivity and exposure levels comparable;  
Tradeoff between aspects/indicators may not be desired 
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Residual vulnerability takes into account the mitigating effect of adaptation measures that 
were implemented by TPH and its partner organizations. Residual vulnerability can be 
assessed by overlaying information about adaptation over the spatial patterns of sensitivity 
or potential vulnerability. Alternatively, separate maps illustrating those components can be 
compared visually.  

Method Overlay adaptation over sensitivity and potential vulnerability 

Data source Exposure-, sensitivity-, and adaptation-related data sources, see above 

Geographic scale DA/CT/Neighbourhood 

Decision 
scenario 

Identify hot spots (people and places) of residual vulnerability 

Benefits & 
limitations 

Visual identification of gaps in hot weather response in relation to 
vulnerable people and places 

 

2.6. Limitations 
The project team recommends the use of area-aggregated socio-demographic data for 
important parts of the heat vulnerability assessment. This population level approach is 
chosen for reasons of cost efficiency, privacy, and practicality. However, care must be 
taken to avoid the ecological fallacy, a well-known mistake in interpreting statistical data 
by inferring individual characteristics from aggregate data. For example, many residents of 
vulnerable neighbourhoods will not be vulnerable themselves. While the ecological fallacy 
results from the heterogeneity of the population within a geographic area, the equally 
relevant modifiable areal unit problem (MAUP) points to the arbitrary zoning in most 
geographic datasets, such as the boundary definition of Census tracts. Furthermore, the 
MAUP also occurs with the transition from one geographic scale to another. The 
recommended geographic scales for each of the assessment components, and the suggested 
use of cross-tabulations to narrow down vulnerable population groups, should help with 
overcoming these limitations in the practical implementation of the assessment.  

Most of the recommended data sources represent vulnerable people at their place of 
residence. Therefore, the homeless were highlighted as requiring specific attention through 
a separate element of the heat vulnerability assessment. Furthermore, this assessment 
currently does not address vulnerability at the workplace. Finally, specific circumstances 
may outweigh population-based vulnerability assessment. This applies to the vulnerability 
of participants in out-of-home recreational activities and outdoor events as well as children 
left in hot cars.  

The area-based indices of social vulnerability include a certain degree of freedom with 
respect to combining vulnerability indicators. Decision-makers are required to select 
indicators and specify weights of importance for each. Different specifications will result in 
variations in the levels of vulnerability, and therefore, a responsible authority for setting the 
parameters or a process for reaching consensus should be established within TPH.  
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2.7. Next steps 
In order to achieve a reduction in the vulnerability of Torontonians to extreme hot weather, 
the recommendations from this report should be implemented by completing the series of 
maps for intervention planning and decision support, and evaluating the short-term and 
long-term effectiveness of the assessment. Furthermore, knowledge about the maintenance 
and updating of the maps and the underlying datasets needs to be established at Toronto 
Public Health; an approach to validating the recommended methodology should be 
developed; and the methodology should be expanded and adapted to progress in research 
and practical implementation of heat vulnerability assessments elsewhere.  

More specifically, the next steps could include:  

¥ Map series: Visualize additional exposure and sensitivity indicators; visualize 
different composite vulnerability indices (scenarios); overlay up-to-date adaptation 
measures;  

¥ Evaluation of effectiveness: Interview key informants within TPH about the 
usefulness of the maps; engage external stakeholders in TorontoÕs hot weather 
response plan to understand the characteristics of vulnerability maps that will improve 
service delivery; tabulate the number of vulnerable people living in the priority areas, 
which are identified geographically; monitor the effect of the heat vulnerability 
assessment on planning and policy making outside of TPH;  

¥ Knowledge transfer: Create a manual to enable TPH staff to create maps for each heat 
season; create a maintenance and update guide for datasets; devise mechanisms to fill 
data gaps through field observation and household surveys;  

¥ Validation: Test the validation of the vulnerability assessment through heat-related 
mortality or morbidity cases;  

¥ Revise methodology: Expand consultation with experts in other jurisdictions; explore 
additional spatial analysis and clustering techniques to further guide hot weather 
response.  
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Personal communications 
The following experts provided personal communications that have directly or indirectly 
informed this report.  

¥ Paul J. Beggs, Senior Lecturer, Department of Physical Geography, Macquarie 
University, Australia 
=> personal communication with Kate Bassil and Claus Rinner, November 3, 2008 

¥ Ian Fitchenbaum, Manager, Toronto Community Housing, Toronto, Canada 
=> personal communication with Dianne Patychuk, December 12, 2008 

¥ Tony Haffer, Meteorologist-In-Charge, National Weather Service Forecast Office, 
Phoenix AZ, USA 
=> personal communication with Claus Rinner, November 12, 2008 

¥ Shakoor Hajat, Lecturer, Public and Environmental Health Research Unit (PEHRU), 
Dept of Public Health and Policy, London School of Hygiene and Tropical Medicine, 
London, UK 
=> personal communication with Kate Bassil and Claus Rinner, November 2, 2008 

¥ Daniel Johnson, Assistant Professor, Department of Geography, Indiana University - 
Purdue University Indianapolis, USA 
=> personal communication with Claus Rinner, March 3, 2009 

¥ Laurence S. Kalkstein, Research Professor, Department of Geography and Regional 
Studies, University of Miami, FL, USA 
=> personal communications with Kate Bassil and Claus Rinner, November 3 and 12, 
2008 

¥ Margaret Loughnan, post-doctoral fellow, Climate Group, School of Geography and 
Environmental Science, Monash University, Melbourne, Australia 
=> personal communication with Claus Rinner, February 19, 2009 

¥ Ryan Murphy, Graduate Student, Department of Geography, University of Delaware, 
Newark, DE, USA 
=> personal communication with Claus Rinner, November 11, 2008 

¥ Scott Sheridan, Associate Professor, Department of Geography, Kent State 
University, Kent, OH, USA 
=> personal communication with Kate Bassil and Claus Rinner, November 2, 2008 

¥ Karen E. Tomic, Adjunct Associate Professor, Department of Geography, University 
of Delaware, Newark, DE, USA 
=> personal communication with Kate Bassil and Claus Rinner, November 5, 2008 

¥ Luc Vescovi, Chercheur et coordonnateur de programme, Ouranos Inc., MontrŽal, 
Canada 
=> personal communication with Claus Rinner, October 31, 2008 

¥ Olga Wilhelmi, project scientist, Institute for the Study of Society and Environment, 
National Center for Atmospheric Research, Boulder, Colorado, USA 
=> personal communications with Claus Rinner, January 27 and February 20, 2009 



Heat Vulnerability Assessment: Phase I 

40 

¥ Tanja Wolf, Technical Officer, WHO Regional Office for Europe, Division of Health 
Programmes - Noncommunicable Diseases and Environment, WHO European Centre 
for Health and Environment, Rome, Italy 
=> personal communication with Claus Rinner, November 11, 2008 
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Appendices 

A.1. Heat vulnerability indicators and corresponding variables 

Population groups with greater sensitivity to heat (demographic & housing 
datasets) 

¥ Age 65+ and age 75+ males and females that are low income 
¥ Age <20, age 20-55, age 65+ and age 75+ males and females that have an activity 

limitation or disability by income status 
¥ Population distribution and concentration by age 75+ and age 85+  
¥ Children age <6, children <6 in low income households 
¥ Seniors housing, retirement homes, long-term care homes, supportive housing  
¥ Mental health supportive housing 
¥ Homeless 
¥ Population receiving disability income assistance 
¥ Population by income, by source of income (type of government assistance; low 

income measures, income distributions), by age, and by family type 

Population groups with greater sensitivity to heat (health planning data sets) 

¥ Clients receiving home support services coordinated by community care access 
centres 

¥ Ill or disabled residents receiving home support services from other community 
organizations 

¥ Frail elderly (emergency department visits Ð falls-related) 
¥ Prevalence of pre-existing chronic diseases specifically heart disease, respiratory 

conditions 
¥ Population groups with higher use of specific medications that affect heat sensitivity  
¥ Populations  with mental health problems, depression, cognitive disorders or 

dementia, or addictions using health care services 
¥ Self-rated physical and mental health/self reported chronic disease rates 

Workplace exposure 
¥ Workplaces without air conditioning (bakeries, factories, workshops);  % non-

English speaking workers  

Public event/crowd exposure 
¥ Applications for events on City spaces/streets 
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Population with access barriers (limited capacity to reduce exposure) 
¥ Population groups with mobility restriction, hearing, sight disabilities 
¥ Population groups with cognitive impairment, mental health and addictions 

problems 
¥ Location of hostels, shelters and drop-ins for the homeless and marginally housed 
¥ Less than high school education by age group (age 25-64 and age 65+) and gender 
¥ No official language ability by age groups (age <65 and age 65+) by gender 
¥ Ethnic groups with >10% without knowledge of English by age (<65 and 65+) by 

gender 
¥ Population groups with greater social isolation: low income unattached/widowed 

divorced  
¥ Recent immigrants, refugees and non-permanent residents from less established 

communities without social infrastructure 
¥ Ethnoracial groups with higher rates of discrimination, social exclusion, social 

inequities 
¥ Population groups by prevalence of low income (before and after tax) 

Publicly accessible indoor cool places (capacity to minimize exposure, reduce heat 
effects) 

¥ Community Centres/ recreation centres- city operated 
¥ Neighbourhood Centres; non-profit, multi-service, catchment areas 
¥ Pools and splash pads 
¥ Open beaches (days open/not closed due to contaminant level) 
¥ Other public access air-conditioned places (grocery stores, malls, etc.) 
¥ Designated cooling centres 

Social infrastructure/community (capacity to minimize exposure, reduce heat 
effects) 

¥ Community Centres/recreation centres Ð City-operated, neighbourhood-based 
¥ Other communities: seniors checks, faith groups, ethnospecific groups, settlements 

services, resident groups 
¥ Schools and private and public facilities with education (influencing behaviour) and 

policy implementation related to heat 

High crime areas (social vulnerability – fear/isolation) 
¥ Locations of shootings 
¥ Locations of other crimes by neighbourhoods 
¥ Locations of all types of crime by police divisions  
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Housing type/built environment (social vulnerability and exposure – heat island) 

¥ Households with air conditioning(1) 
¥ Household/internal temperature (air conditioning 2) 
¥ Period of construction (private dwellings) 
¥ Condition of housing 
¥ Structural type of dwelling (e.g. house, low-rise, high-rise) 
¥ Household size (number of occupants) 
¥ Proportion owned vs. rented housing 
¥ Affordability of housing (home owners and renters shelter cost)  
¥ Rent in Toronto by unit type and CPI 
¥ Rental housing stock: 

o Primary rental market stock (by housing provider) 
o Proportion of market-rental units 
o Proportion of purpose-built rental units 
o Proportion of government-administered housing (social housing, co-ops) 

¥ Age of existing rental stock 
¥ Audit of apartments buildings 
¥ Apartment work order tracking 
¥ Rooming houses, habitat, personal care boarding homes, bachelorettes and Lodging 

homes 
¥ Hostels and shelters for people who are homeless  
¥ Tower Renewal initiative 

Geospatial physical environment resources (for identifying hot spots) 

¥ Green space - buildings (green roofs) and urban vegetation 
¥ Municipal features 
¥ Urban land-use designation 
¥ Land cover type 
¥ Air temperature 
¥ Surface temperature 
¥ Surface elevation 

Composite indices and neighbourhood categorizations 

¥ Canadian Urban Marginalization Index (CUMI) 
¥ Access Barriers Composite Index 
¥ Health Resources Index (HRI), Activity Friendly Index (AFI) 
¥ Other social deprivation indices 
¥ Indices used in heat vulnerability assessments 
¥ Indices used in hazard risk assessment and emergency response 
¥ Environics PRIZM CE¨ and other customer segmentation systems 
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A.2. Datasets for Toronto-specific spatial heat vulnerability assessment 

Variables Spatial unit/ 
resolution 

Data source and availability/cost 
 

Population groups with greater sensitivity to heat – demographic  

Age 65+ and age 75+ males 
and females that are low 
income  

Age 20-55, age 65+ and age 
75+ males and females that 
have an activity limitation or 
disability by income status 

Population distribution and 
concentration by age 75+ and 
age 85+ 

Children age 0-6; children 
age <6 in low income 
households 

Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT), 
Dissemination 
Areas (DA)  

Profile of Census Tracts;  

profile of Dissemination Areas;  

custom cross tabs Canadian Council on 
Social Development Urban Poverty 
Project and Target Group Profiles in 
the Community Social Data Strategy 
(CSDS): TPH is a member through an 
annual fee of $500 (contact is TPH 
Metrics and Planning) 

 

Data set description provided 
separately 

 

Seniors housing, retirement 
homes, long-term care homes, 
seniors and mental health 
supportive housing 

Address and postal 
code geocoded to 
DA, CT, 
Neighbourhood 

Local Health Integration Networks 

City of Toronto Shelter Housing and 
Support 

Mental health supportive 
housing 

To be geocoded Local Health Integration Networks 

Shelters for homeless and 
Drop-in  

Available - 
geocoded 

City of Toronto Social Administration 
and Finance, Toronto Drop-in 
Coalition 

Population receiving 
disability income assistance 
(e.g. Ontario Disability 
Support Program) 

Address, postal 
code geocoded to 
CTs, nhoods (not 
currently available) 

Previously available from Ministry of 
Community and Social Services, this 
data has been requested through the 
Community Social data Strategy 
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Population by Income by 
Source of Income (type of 
government assistance; low 
income measures, income 
distributions) by age and 
family type 

Forward Sortation 
Area (FSA) Ð CT 
by special request 
(additional $ cost 
for CT data) 

Income Tax filing data, annually 
updated, included in Community 
Social Data Strategy (contact is TPH 
Metrics and Planning) 

Population groups with greater sensitivity to heat –  health planning datasets 

Clients receiving home 
support services coordinated 
by community care access 
centres (CCACs) 

Address and postal 
code Ð can be 
geocoded to 
DA/CT/ 

Neighbourhood for 
all of the indicators 
listed here 

Toronto Central CCAC client data; 
also available through Public Health 
Planning Database (PHPDB) Home 
Care data set (TPH Metrics and 
Planning) 

Ill or disabled residents 
receiving home support 
services from other 
community organizations 

Address/postal 
code 

Individual organizations 

Frail elderly (indicated by 
emergency department visits 
Ð falls-related) 

CT and 
Neighbourhood 

Public Health Planning Database 
(PHPDB) Home Care data set (TPH 
Metrics and Planning and/or Toronto 
Central LHIN) 

Prevalence of pre-existing 
chronic diseases specifically 
heart disease and respiratory 
conditions 

Neighbourhood Validated Algorithms based on 
composite of physician visits and 
hospitalizations produced by the 
Institute for Clinical Evaluative 
Sciences (ICES) used by the Toronto 
Community Health Profiles 
Partnership (TCHPP) and reported at 
the neighbourhood level. Public Health 
Planning Database (PHPDB) Home 
Care data set (TPH Metrics and 
Planning and/or Toronto Central 
LHIN)  

Proxy is Emergency Departments 
Visits (PHPDB) Ð TCHPP, TC LHIN 
or TPH 
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Population groups with 
higher use of  specific 
medications that affect heat 
sensitivity (not currently 
available) 

 Ontario Drug Benefit database, ICES 
(only seniors and social assistance 
clients) Ð not yet available 

People with mental health 
problems, depression, 
cognitive disorders or 
dementia, or addictions using 
health care services 

CT and 
Neighbourhood 
Rates 

Provincial Health Planning Data base  
(CIHI, NACRS, Home Care, OHIP 
Physician visits); Police/EMS calls; 
disease registries (cancer, diabetes); 
CCHS & RRFSS combined years; 
Toronto Community Health Profiles 

Self-rated physical and 
mental health/self reported 
chronic diseases rates 

Neighbourhood, 
FSA or larger 
planning area 

Rapid Risk Factor Surveillance 
System, CCHS (combined years) TPH 
Metrics and Planning, TC LHIN, 
TCHHPP) 

Workplace exposure 

Workplaces such as bakeries, 
factories, workshops without 
air conditioning 
(establishment type, # of 
workers) 

 

Non-English speaking 
workers/workplaces  

Address, postal 
code, geocode to 
DA, CT, 
Neighbourhood  

 

 

Census DA and CT 

Toronto Employment Survey,  City 
Planning Division Policy and Research  

 

 

 

Census by Place of Work by CT, 
profiles of employees by location of 
employment 

City Economic Development 

http://www.toronto.ca/invest-in-
toronto/census.htm go to census tract 
profiles by click on region of city map. 

Public event/crowd exposure 

City permit applications Location of event, 
date, and expected 
number of 
participants 

Toronto Public Health Applications for 
events on City spaces/streets go to 
Toronto Public Health for Food Safety, 
follow-up Ð visits, information to event 
organizers, ... 
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Population with access barriers 

Population groups with 
mobility restriction, hearing, 
sight disabilities 

Population groups with 
cognitive impairment, mental 
health and addictions 
problems 

Less than high school 
education by age group (age 
25-64 and age 65+) and 
gender 

No official language ability 
by age groups (age <65 and 
age 65+) by gender 

Ethnic groups with >10% 
without knowledge of English 
by age <65 and age 65+) by 
gender  

Population groups with 
greater social isolation: low 
income unattached/widowed 
divorced  

Recent immigrants, refugees 
and non-permanent residents 
from less established 
communities without social 
infrastructure  

Ethnoracial groups with 
higher rates of discrimination, 
social exclusion, social 
inequities 

Population groups by 
prevalence of low income 
(before and after tax  

Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT) 
Dissemination 
Areas (DA)  

Profile of Census Tracts; Profile of 
Dissemination areas; Custom Cross 
Tabs Canadian Council on Social 
Development Urban Poverty Project 
and Target Group Profiles in the 
Community Social Data Strategy 
(CSDS); TPH is a member through an 
annual fee of $500 (contact is TPH 
Metrics and Planning) 

 

(Data set description provided 
separately) 

 

Location of hostels, shelters 
and drop-ins for the homeless 
and marginally housed 

Address and postal 
code geocoded to 
DA, CT, 
Neighbourhood 

City of Toronto Social Administration 
and Finance Divisions  

Toronto Drop-In Coalition 
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Publicly accessible cool places 

Public libraries 

Location and concentration 
ratio Ð relative to priority 
population distribution and 
concentration 

Address/postal 
code to DA, CT, 
Neighbourhood 

City of Toronto Public Libraries  - 107 
as of November 2008 (91 participated 
in heat alerts in 2006) 
http://www.torontopubliclibrary.ca/hou
_az_index.jsp 

Community 
Centres/Recreation Centres Ð 
City-operated 

Address, postal 
code, listed by 
district 

http://www.toronto.ca/parks/recreation
_facilities/comcen/comcen_index.htm  

83 centres participated in heat response 
in 2006 at varying degrees 

Neighbourhood Centres: non-
profit multi-service agencies 
with geographic catchments 
areas and volunteer board of 
directors 

Address, postal 
code, catchment 
area 

http://www.neighbourhoodcentres.ca/a
boutmembership.htm 

Toronto Neighbourhoods Centres.  

32 Centres in Toronto,  

Pools and splash pads 

Public and private (with 
community access Ð e.g. 
Crescent Town) 

Address, postal 
code, DA, CT, 
Neighbourhood 

 

Pools list organized 
by 4 city districts 

Toronto; Water Quality Inspection data 
base: 

Parks & Recreation: List of pools by 
district by address and postal code: 
http://www.toronto.ca/parks/recreation
_facilities/swimming/index.htm 

Neighbourhood studies (public access 
private pools) 

Open beaches (days open) by 
beach location 

Location Toronto Public Health (see map, 
beaches hotline) 

Other public places that can 
provide day/evening cool 
relief without admission fees 
(malls, grocery stores, video 
stores, entertainment venues, 
...) 

Address, postal 
code, DA, CT, 
Neighbourhood  

Toronto Employment Survey. 

Annually updated survey of all 75,500 
business establishments located in 
commercial, industrial and institutional 
districts and mixed use areas 
throughout the City of Toronto. Data 
collected include the number of full-
time and part-time employees, the 
primary type of employment activity 
taking place. 
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Designated cooling centres Address, DA, CT, 
Neighbourhood 

Toronto Public Health 

Social infrastructure  

Location, proximity, and 
accessibility of social 
infrastructure 

Community 
Centres/recreation centres Ð 
City-operated, neighbourhood 

Other community agencies/ 
seniors checks, faith groups, 
ethnospecific groups, 
settlement services, resident 
groups 

Schools, private/ public 
facilities with education 
(influencing behaviour) and 
policy implementation related 
to heat 

Other businesses, services, 
facilities with responsibilities 
during heat alerts (bars, 
parks, restaurants, fitness 
centres. 

Address, postal 
code, DA, CT, 
Neighbourhood  

Toronto Employment Survey,  

MOHLTC,  

211 Toronto,  

LHINs,  

CCAC 

High crime areas 

- Shooting & homicide YTD 
stats, charts  

- Shootings map  

- Homicides map  

- Crime indicators  

- Neighbourhood crime maps 

- Crime statistics by Division 

Statistics at City 
level, shootings and 
homicides sites on 
City map; break & 
enter, theft & 
robbery mapped by 
a Neighbourhood.  

 

Divisional crime 
statistics 

Toronto Police Services 

Access and Privacy Section,  
Information Access & Security, 
Corporate Information Services,  
40 College Street, 9th floor,  
Toronto, ON, M5G2J3  

http://www.torontopolice.on.ca/statisti
cs/stats.php 

Environmental Scan, 2008 includes 
divisional statistics 

http://www.torontopolice.on.ca/publica
tions/files/reports/2008envscan.pdf 
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Statistical Report 2007 (annual) 
http://www.torontopolice.on.ca/publica
tions/files/reports/2007statsreport.pdf 

Housing/built environment: density and type  

Air conditioning (AC)  

% of households with AC by 
type 

 

Provincial 

CMA The Survey 
of Household 
Spending (first 
conducted for the 
1997 reference 
year) includes most 
of the content from 
the former Family 
Expenditure Survey 
and the Household 
Facilities and 
Equipment Survey. 

 

Link to table from Survey of 
Households Spending (SUH), Statistics 
Canada 

http://www45.statcan.gc.ca/2008/cgco
_2008_006-eng.htm    

Link to user guide for Survey of 
Household Spending 

http://dsp-
psd.pwgsc.gc.ca/collection_2008/statca
n/62F0026M/62F0026MIE2008001.pd
f  

Cost for CMA table $134. 

http://www.statcan.gc.ca/bsolc/olc-
cel/olc-
cel?catno=62M0004X&lang=eng 

Cost for PUMF file: $3210. 

TPH will have access to the SHS 
through the Community Social Data 
Strategy. 

Household/internal 
temperature 

(1) Air conditioning present 
in household, (2) Type of air 
conditioning present - central 
air conditioning or a stand 
alone unit in a window or 
elsewhere, (3) Celsius 
temperature while awake, (4) 
Celsius temperature while 
asleep 

 

Cross Tabulation variables: 
(1) Income, (2) Number of 
People 

Census 
Metropolitan Area 
(CMA) Ð The HES 
survey was 
conducted 
nationally. The 
finest geographic 
unit is the CMA 
(Census 
Metropolitan Area 
of Toronto) 

Households and the Environment 
Report Statistics Canada. 2006 
Catalogue no. 11-526-X, 
http://www.statcan.gc.ca/bsolc/olc-
cel/olc-cel?catno=11-526-X&lang=eng 

http://www.statcan.gc.ca/pub/11-526-
x/2007001/5100137-eng.htm 
(Methodology for Survey) 

 

Households and the environment 
survey, 2006 -  Public Use Microdata 
File (PUMF) 

(Documentation: 
http://www.statcan.ca/cgi-
bin/imdb/p2SV.pl?Function=getSurve
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In Household, (3) Type of 
dwelling - Single detached, 
Apartment, (4) Number of 
people in the household, (5) 
Person aged 65 or more in the 
household 

 

 

y&SDDS=3881&lang=en&db=imdb&
dbg=f&adm=8&dis=2#4)  

 

Cost through academic Data Liberation 
Initiative (DLI): $1,000 CDN 

Period of construction 
(private dwellings) 

Census 2006 Variables: 

- Total number of occupied 
private dwellings by period of 
construction 

- before 1946 

- 1946 to 1960 

- 1961 to 1970 

- 1971 to 1980 

- 1981 to 1985 

- 1986 to 1990 

- 1991 to 1995 

- 1996 to 2000 

- 2001 to 2006 

 

**can calculate percentages 
based on these categories** 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: Provinces 
or Territories, 
Census Divisions 
(CD) and Census 
Sub-divisions 
(CSD), Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT), 
Dissemination 
Areas (DA) Ð finest 
unit of analysis is 
the DA 

Census 2006 variables: Marital status, 
common-law status, families, 
dwellings and households 

Data available for 
Provinces/Territories, CMA CA, free 
on Web. Data for CD, CSD, FSA, CT, 
DA at a cost. Dataset can be viewed at 
the following link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

 

However, TPH has access to these data 
for CSDs, CTs and DAs through a 
joint municipal purchase and the 
Community Social Data Strategy  

Condition of Housing 

Census 2006 variables: 

- Total number of occupied 
private dwellings by 
condition of dwelling 

- Regular Maintenance only 

- Minor repairs 

- Major repairs 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 

Census 2006 variables: Marital status, 
common-law status, families, 
dwellings and households 

 

Data for: Provinces/Territories,  CMA, 
CA, free on Web. Data for CDs, CSD, 
FSA, CT, DA at a cost. Data set can be 
viewed at the following link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
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Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT) 
Dissemination 
Areas (DA) 

fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

 

However, TPH has access to these data 
for CSDs, CTs and DAs through a 
joint municipal purchase and the 
Community Social Data Strategy. 

 

Cross tabulation: period of 
construction (private 
dwellings) and condition of 
housing 

Period of construction (11), 
structural type of dwelling 
(10), housing tenure (4) and 
condition of dwelling (4) for 
occupied private dwellings of 
Canada, Provinces, 
Territories, Census 
Metropolitan Areas and 
Census Agglomerations, 2006 
Census - 20% sample data,  

Statistics Canada catalogue 
No. 97-554-XCB2006023 

Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), 

 

Topic-based tabulations Ð all housing 
and shelter costs data products 

 

Link to table list for cross-tabulation 
for the City of Toronto free on Web 

 

http://www12.statcan.gc.ca/english/cen
sus06/data/topics/ListProducts.cfm?Te
mporal=2006&APATH=3&THEME=
69&FREE=0&GRP=1 

 

 

Structural type of dwelling 

Census 2006 variables: 

Total number of occupied 
private dwellings by 
structural type of dwelling 

- Single Detached House 

- Semi-detached house 

- Row house 

- Apartment, duplex 

- Apartment, building that has 
five or more storeys 

- Apartment, building that has 
fewer than five storeys 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 

Census 2006 variables: marital status, 
common-law status, families, 
dwellings and households 

 

Data for Provinces/Territories, CMA, 
CA, free on web. Data for CSDs, CD, 
FSA, CT, DA at a cost. Dataset can be 
viewed at the following link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

 

However TPH has access to these data 
for CSDs, CTs and DAs through a 



Heat Vulnerability Assessment: Phase I 

61 

- Other single-attached house 

- Movable dwelling 

Tracts (CT), 
Dissemination 
Areas (DA) Ð finest 
unit of analysis is 
the DA 

joint municipal purchase and the 
Community Social Data Strategy  

 

Household size (number of 
occupants) 

Census 2006 variables: 

- Total number of private 
households by household size 

- 1 person 

- 2 persons 

- 3 persons 

- 4 to 5 persons 

- 6 or more persons 

 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT), 
Dissemination 
Areas (DA) Ð finest 
unit of analysis is 
the DA 

Census 2006 Variables: Marital status, 
Common-law status, Families, 
Dwellings and households 

Data for Provinces/Territories, CMA, 
CA free on web. Data for CD, CSD, 
FSA, CT, DA at a cost. Data set can be 
viewed at the following link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

 

However, TPH has access to these data 
for CSDs, CTs and DAs through a 
joint municipal purchase and the 
Community Social Data Strategy  

 

Proportion owned vs. rented 
housing in Toronto 

 

Percent owners vs reneters is 
increasing ((MRAB, 2008). 

  

Census 2006 variables: 

- Total number of occupied 
private dwellings by housing 
tenure 

- Owned private dwellings 

- Rented private dwellings 

- Band Housing (on an Indian 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 

Census 2006 variables: Marital status, 
common-law status, families, 
dwellings and households 

 

Data for Provinces/Territories, CMA, 
CA, free on web. Data for CD, CSD, 
FSA, CT, DA at a cost. Data set can be 
viewed at the following link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

 

However, TPH has access to these data 
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Reserve or settlement) 

 

**can calculate percentages 
based on these categories** 

(FSA), Census 
Tracts (CT) 
Dissemination 
Areas (DA) Ð finest 
unit of analysis is 
the DA 

for CSDs, CTs and DAs through a 
joint municipal purchase and the 
Community Social Data Strategy  

 

Affordability of housing 

According to MRAB (2008): 

(1) HH paying > 30% of pre-
tax income on rent = 
affordability problems Ð in 
Toronto, this represents 
46.6% of tenant HHs 

(2) HH paying > 50% of pre-
tax income on rent = at risk of 
homelessness 

 

Renters 
- Tenant-occupied HHs 
spending 30% or more of 
household income on gross 
rent 
- Tenant-occupied HHs 
spending from 30% to 99% or 
more of household income on 
gross rent 
- Tenant one-family HHs 
without additional persons 
spending 30% or more of 
household income on shelter 
costs 

 

Home owners 
- Owner HHs spending 30% 
or more of household income 
ownerÕs major payments 
- Owner-occupied HHs 
spending from 30% to 99% or 
more of household income on 
ownerÕs major payments 

Profile of Census Ð 
Data available at 
the following 
geographic units of 
analysis: 
Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA), Forward 
Sortation Areas 
(FSA), Census 
Tracts (CT), 
Dissemination 
Areas (DA) 

 

Source for MRAB statements: 

(1) Canadian Mortgage and Housing 
Corporation (CMHC) 

 

 

(2) Canadian Mortgage and Housing 
Corporation (CMHC) 

 

 

Census 2006 variables: Income and 
earnings and housing and shelter costs  

Data for Provinces/Territories, CMA, 
CA, free on web. Data for CDs, CSDs, 
FSA, CT, DA at a cost. 

Data set can be viewed at the following 
link: 

http://www12.statcan.ca/english/censu
s06/data/profiles/release/ListProducts.c
fm?Temporal=2006&APATH=3&TH
EME=67&PTYPE=89103&GRP=1 

However, TPH has access to these data 
for CSDs, CTs and DAs through a 
joint municipal purchase and the 
Community Social Data Strategy  
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Cross tabulation: Household 
income groups and gross rent 
in the City of Toronto 

 

Household income groups 
(14), housing affordability 
(4), gross rent (13), condition 
of dwelling (4) and household 
type (11) for the private 
households with household 
income greater than zero, in 
tenant-occupied private non-
farm, non-reserve dwellings 

Provinces/Territori
es, Census 
Divisions (CD) and 
Census Sub-
divisions (CSD), 
Census 
Metropolitan Areas 
(CMA) and Census 
Agglomerations 
(CA),  

 

City of Toronto 
(CD/CSD) and 
levels below are 
part of semi-
custom cross 
tabulations to be 
available to 
community social 
data strategy 
members at the 
lowest feasible 
geography possible 
(TBD) 

 

Topic-based tabulations: 

To View this table and other shelter 
costs tables: see examples for the 
Toronto CMA. 

http://www12.statcan.ca/english/censu
s06/data/topics/SubTopics.cfm?Tempo
ral=2006&APATH=3&THEME=69&
FREE=0&GRP=1 

 

http://www12.statcan.ca/english/censu
s06/data/topics/RetrieveProductTable.c
fm?TPL=RETR&ALEVEL=3&APAT
H=3&CATNO=&DETAIL=0&DIM=
&DS=99&FL=0&FREE=0&GAL=0&
GC=99&GK=NA&GRP=1&IPS=&M
ETH=0&ORDER=1&PID=93643&PT
YPE=88971&RL=0&S=1&ShowAll=
No&StartRow=1&SUB=699&Tempor
al=2006&Theme=69&VID=0&VNA
MEE=&VNAMEF=&GID=844006 
(link pops up with table but not a direct 
link Ð use link above to topic-based 
tabulations) 

 

TPH has access to semi-cross 
tabulations for these variables through 
the Community Social Data Strategy 

Primary rental market stock  

 

 

 

 

 

(1) Private for profit 
apartment buildings (6 units 
or more)  

 

 

Study data is 
available at the 
City of Toronto 
geographic unit of 
analysis in report; 

Data set for TCHC 
building is by 
address, number, 
type of unit 
(seniors, families, # 
of RGI units, # of 
floors in building) 

Source: Staff Report Ð Regulatory 
Strategy for Multi-Residential 
Apartment Building (MRABs) Ð 
October 27, 2008 

 

Sources for variables and associated 
figures: 

(1) Canadian Mortgage and Housing 
Corporation, Rental Market Statistics, 
Spring 2008 - includes only buildings 
six or more units. There are 2,907 
buildings with three to five units, 
representing 10,571 units 
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(2) City administered housing 
Ð categories include:  

- Toronto Community 
Housing Corporation,  

- Non-profit housing 
corporations,  

- Co-op housing corporations,  

- Rent supplement - private 
landlord, City-developed 
affordable housing - private 
sector,  

- Limited dividend,  

- City-developed non-profit 
projects 

 

(3) Provincially and federally 
administered housing - 
Categories include:  

Federal co-ops,  

Provincial supportive 

(2) Shelter, Support & Housing 
Administration, 2006 

 

 

 

 

 

 

 

 

 

 

 

(3) 2003 Housing and Homelessness 
Report Card 

 

Rent in Toronto by unit type 
and CPI 

Categories include:  

Bachelor Unit,  

1-Bedroom Unit,  

2-Bedroom Unit,  

3-Bedroom Unit 

Study data is 
available at the 
City of Toronto 
geographic unit of 
analysis 

Source: Staff Report Ð Regulatory 
Strategy for Multi-Residential 
Apartment Building (MRABs) Ð 
October 27, 2008 

Source for variables and associated 
figures:  

Shelter, Support & Housing 
Administration (SSHA) 

MRAB audit & inspection 
process:  
Audit staff will be inspecting 
the common areas, 
mechanical systems and 
grounds of the buildings they 
visit:  

¥ structural 
components;  

¥ mechanical systems 

176 buildings, 4 
per City ward; 

2 selected by city 
councillor and 2 
selected based on 
work order reports. 
Bias likely poorer 
quality building 
maintenance. 

Link to MRAB Ð audit schedule:  
http://www.toronto.ca/licensing/mrab.h
tm 
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(such as heating and 
ventilation);  

¥ electrical systems;  
¥ lighting/illumination;  
¥ elevators;  
¥ emergency power 

systems;  
¥ roofs;  
¥ service and utility 

rooms; 
¥ parking facilities and 

garages;  
¥ security systems (such 

as self-closing 
external doors, inter-
com systems);  

¥ garbage management 
(such as chutes, 
storage and 
screening); and  

¥ building amenities 
(such as swimming 
pools and recreational 
areas 

 

Good sample for 
modeling air 
conditioners by 
building type. 

CityÕs Executive 
Committee on Nov 
18, requested 
expansion to 
additional 
inspections 
(interior units) and 
audit an additional 
10 buildings 
(neither pre-
announced) 

Proportion market-rental 
units in the City of Toronto - 
Represent 470k of 1 million 
dwellings. 

Proportion purpose-built 
rental units Ð Represent 400k 
of the 470k rental units in 
Toronto. 

 

Proportion Government-
administered housing Ð 
Represent 100k of 470k of 
the total rental stock 

 

Study data is 
available at the 
City of Toronto 
geographic unit of 
analysis 

 

Source: Staff Report Ð Regulatory 
Strategy for Multi-Residential 
Apartment Building (MRABs) Ð 
October 27, 2008 

http://www.toronto.ca/legdocs/mmis/2
008/ex/bgrd/backgroundfile-16628.pdf 

 

 

Source for variables and associated 
figures: Toronto Community Housing 
Corporation (TCHC) 

Update on MRAB: 
http://www.toronto.ca/union_station/p
df/2008-11-10-ex26-dd.pdf 
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Age of existing rental stock 

(80% is over 40 years old) 

Study data is 
available at the 
City of Toronto 
geographic unit of 
analysis 

Source: Staff Report Ð Regulatory 
Strategy for Multi-Residential 
Apartment Building (MRABs) Ð 
October 27, 2008 

Source for variables and associated 
figures: Toronto Community Housing 
Corporation (TCHC) 

Location of high-rise 
buildings 

 

 

 MayorÕs Tower Renewal initiative 

http://www.towerrenewal.ca/ 

http://www.toronto.ca/legdocs/mmis/2
008/ex/bgrd/backgroundfile-14989.pdf 

Source: 
http://app.toronto.ca/ApartmentStandar
ds/setup.do?action=init 

Rooming Houses 

Licensed/applied for rooming 
houses; licensed/applied for 
converted houses Ward 14 
(former Bachelorettes);  

approximately 600 in October 
2008 

Address, geocode 
to DA/CT, 
Neighbourhood, 
Ward 

 

 

 

Public Health, Healthy Environments 
THEIS Ð will be a more complete 
source starting in 2009. 

As of January 2009, under the Protocol 
for health hazards assessment, Public 
Health is required to inspect all 
regulated rooming houses. This will 
require an annually updated data base. 
Current data base in ACCESS, for 
food safety inspection requirements 
only for rooming houses with 10+ 
units.  

Toronto Healthy Environments 
Information System (THEIS) contact: 
Sylvanus Thompson 

 

http://www.toronto.ca/licensing/pdf/ro
oming/licensed_applied_roominghouse
s_1oct08.pdf  

Bachelorettes list at same site, not 
updated monthly  

Rooming House Tenants 

Content includes: 

Study data is 
available at the 
City of Toronto 

Source: City of Toronto Ð Shelter, 
Support and Housing Administration: 
Document: Rooming House Working 
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-Demographic and life stage 
data 

-Most respondents represent 
individuals living in 
unlicensed rooming houses 

-Age range from 21 to 76 

 

(Other studied on rooming 
house tenant profiles). 

geographic unit of 
analysis. 44 
individuals were 
surveyed (to collect 
Demographic and 
life stage data) and 
21 interviews 
documented tenant 
perceptions, 
experiences and 
values. 

Group Meeting Ð June 9, 2008 

 

Component 2: Profile of Rooming 
House Tenants 

 

http://www.toronto.ca/housing/pdf/roo
ming-house-bg-1.pdf 

 

Geospatial physical environment resources (for identifying heat islands) 

Green spaces 

(1) Green Roofs 

(2) Parks 

(3) Ravine system 

(4) Golf courses 

(5) Cemeteries 

 

Building rooftops 
deemed Ôgreen 
roofsÕ Ð Vector 
polygon file at the 
building parcel 
level 

Vector polygon 
files: Parks, 
Ravines, Golf 
Courses, 
Cemeteries by City 
of Toronto Wards 

Compatible with 
Census vector units 
including CTs and 
DAs 

City of Toronto, Green Roofs 

http://www.toronto.ca/greenroofs/inde
x.htm 

 

Ravine Ward Map - City of Toronto 
Survey and Mapping 

Documentation : 
http://www.toronto.ca/mapping/catalog
ue/pdf/m15.pdf 

 

Buildings (green roofs) and 
urban vegetation 

(1) Building rooftops 
(perimeter, area) 

(2) Building heights 

(3) Urban vegetation cover in 
the City of Toronto 

 

Building rooftops 
and heights - 
individual 
buildings in the 
City of Toronto 

Vegetation cover Ð 
urban vegetation 
cover (vector point 
file Ð not raster 
coverage) for the 
City of Toronto 

Compatible with 
Census vector units 

Enterprise Stereoscopic Model (ESM) 
Topographic Mapping - City of 
Toronto Survey and Mapping 

 

Documentation: 

http://www.toronto.ca/mapping/catalog
ue/pdf/m02.pdf 

Cost: $120.00/square kilometre (CDN) 
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including CTs and 
DAs 

Municipal features 

Contains geographic linear 
representation of: 

(1) Transportation layer,  

(2) Hydro (major 
watercourses), 

(3) Rail corridors,  

(4) Administrative boundaries 
and shorelines 

 

Vector (point,line, 
and polygon) files 
Ð not raster 
coverage) for the 
City of Toronto 

 

Compatible with 
Census vector units 
including CTs and 
DAs 

 

Toronto Centre Line (TCL) Data set - 
City of Toronto Survey and Mapping 

Documentation: 

http://www.toronto.ca/mapping/catalog
ue/pdf/m05.pdf 

Cost:  

Entire dataset: $1700.00 Ð entire City 
of Toronto (CDN) 

Derived single feature: $350.00 Ð 
entire City of Toronto (CDN) 

Municipal Features 

(1) building envelopes,  

(2) major watercourses, 

(3) curbs,  

(4) catch-basins,  

(5) hydrants,  

(6) streetlights/poles,  

(7) municipal addresses,  

(8) street names, 

(9) park names,  

(10) property lines,  

(11) street lines 

 

Vector (point, line, 
and polygon) files 
Ð not raster 
coverage) for the 
City of Toronto 

 

Compatible with 
Census vector units 
including CTs and 
DAs 

 

Toronto Property Data Map - City of 
Toronto Survey and Mapping 

Documentation : 
http://www.toronto.ca/mapping/catalog
ue/pdf/m01.pdf 

Cost :  

Entire City of Toronto: $100.00/map 
(CDN) Ð Total 921 Maps 

 

Urban Land-Use Designation 

 

Land Use Map in City Plan 

Land Use Designations 
include: 

- Neighbourhoods 

- Apartment Neighbourhoods 

Vector polygon file 
covering the City 
of Toronto Ð 
represents the 
spatial coverage of 
various land-use 
designations across 
the City of Toronto 

 

 

City of Toronto Land Use Map in City 
Plan 

 

Documentation: 

http://www.toronto.ca/planning/official
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- Mixed Use Areas 

- Natural Areas 

- Parks  

- Other Open Space Areas  

- Institutional Areas 

- Regeneration Areas 

- Employment Areas 

- Utility Corridors 

 

Land Use Designations 
include: 

- Commercial 

- Government and 
Institutional 

- Open Area 

- Parks and Recreational 

- Residential 

- Resource and Industrial 

- Water body 

 

Compatible with 
Census vector units 
including CTs and 
DAs 

 

_plan/introduction.htm 

Last Update: August 2007 

Cost: Free Download (map documents) 

 

Link to Maps: 

http://www.toronto.ca/planning/official
_plan/pdf_chapter1-5/13-
23_landuseplan_keymap_aug2007.pdf 

 

 

DMTI Spatial Ð Route Logistics 

 

Documentation:  

http://www.dmtispatial.com/route/inde
x.html 

(Updated annually) 

 

Land cover type 

Classified into Twelve 
categories: 

- Forest (coniferous, 
broadleaf, mixed, 
transitional) 

- Tundra 

- Cropland 

rangeland 

barren land 

built-up land 

snow/ice 

sea-ice  

open water 

Vector data set 
covering all of 
Canada.  
 

Raster coverage 
was captured 
beginning January 
1, 1992 and was 
completed 
December 31, 1993 
 

Original Raster 
coverage has been 
vectorized. 

Spatial resolution/ 
scale: created at 
1:2M scale 

AVHRR Land Cover Data 

 

Source: Government of Canada, 
Natural Resources Canada, Earth 
Science Sector, Data Management and 
Dissemination Branch 

 

Documentation: 

http://www.geogratis.ca/geogratis/en/o
ption/select.do?id=99 

Cost: Free Download 

 

Literature: 

http://geogratis.cgdi.gc.ca/download/la
ndcover/scale/gis95ppr.pdf 
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Surface temperature Satellite coverage 
was captured on 
August 10, 2002 Ð 
mid-day. 

 

Spatial resolution Ð 
30m 

Thermal Mapping - Landsat 7 ETM 
Imagery Ð Greater Toronto Area 

Source: Canada Centre for Remote 
Sensing Ð Natural Resources Canada 

Cost: Free 

Note: More thermal image products are 
being prepared for external use. CCRS 
plans to include detailed information 
covering both imagery and usage 
limitations in their next annual report.  

Surface Elevation Spatial resolution: 
based on National 
Topographic Data 
Base (NTDB) 
digital files at 
scales of 1:50 000 
and 1:250 000 

Canadian Digital Elevation Data 
(CDED) 

Source: Government of Canada, 
Natural Resources Canada, Earth 
Sciences Sector, Geomatics Canada, 
Centre for Topographic Information  

 

Documentation: 

http://www.geobase.ca/geobase/en/met
adata.do?id=15508 

Cost: Free Download 

Surface Elevation Spatial resolution: 
based on National 
Topographic Data 
Base (NTDB) 
digital files at a 
scale of 1:250 000 

Canada3D - Digital Elevation Model 
(DEM) of the Canadian Landmass 

http://geogratis.cgdi.gc.ca/geogratis/en/
collection/detail.do?id=8880 

Cost: Free Download 

Composite Indices/Area Categorization 

- Canadian Urban 
Marginalization Index 
(CUMI),  

- Access Barriers Composite 
Index,  

- Social Risk Index (City of 
Toronto, 1998), 
Neighbourhood Challenges/ 

DA, CT, or 
Neighbourhood 
level 

Sources:  

combined from above sources 
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Neighbourhood Vitality 
Indices (Toronto Strong 
Neighbourhoods Task Force),  

- Other social deprivation 
indices 

- Health Resources Index 
(HRI), Activity Friendly 
Index (AFI) 

- Indices used in heat 
vulnerability assessments 

- Indices used in hazard risk 
assessment and emergency 
response 

- Environics Analytics 
PRIZM CE¨ and other 
consumer segmentation 
systems 
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A.3. Sample maps 
See following pages.  
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A.3.1. Sample maps – Heat exposure 
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A.3.2. Sample maps – Heat sensitivity 



Heat Vulnerability Assessment: Phase I 

76 



Heat Vulnerability Assessment: Phase I 

77 

A.3.3. Sample maps – Heat sensitivity among seniors 
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A.3.4. Sample maps – Heat sensitivity by health indicators 
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A.3.5. Sample maps – Potential vulnerability to heat-related illness 

 


