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Executive Summary
Extreme weather events are becoming more frequent and the adverse health effects of summer
heat are expected to increase with global climate change. Toronto Public Health estimates that
on average, 120 persons per year die prematurely from heat in this City. In the United States,
extreme heat is the deadliest natural hazard and researchers have recently started to investigate
the physical-environmental as well as socio-economic factors that make people susceptible for
heat-related illness. Cities in urban areas across Canada and the US started rolling out hot
weather response plans and heat/health warning systems. But there is increasing interest in
using research results to make hot weather response activities more effective and efficient by
targeting the most vulnerable people and places.
In 2008/09, Toronto Public Health commissioned a report on a Toronto-specific, spatially
explicit heat vulnerability assessment. The report from this Phase I recommended the use of
geographic information systems (GIS) to map and analyze spatial patterns of heat exposure,
sensitivity, and vulnerability within Toronto. Based on a review of approaches used in
comparable cities in Canada, the US, and Australia, as well as a scan of academic studies and
geospatial tools, the report outlined the use of decision support maps and multi-criteria
analysis to create composite indices of heat vulnerability. The selection of indicators within
the composite indices was specific to Toronto in that available data sources were scanned for
information that most accurately represented the heat vulnerability of residents in the City’s
diverse neighbourhoods.
The present report concludes Phase II of the heat vulnerability assessment project by
implementing a map-based heat vulnerability assessment and decision support system. This
includes an update of the review of comparable projects; the consideration of stakeholder
feedback collected in a meeting of the hot weather response committee and a workshop with
hot weather response stakeholders; a refinement of the vulnerability assessment approach
developed in Phase I, including new exposure and sensitivity variables, refined indicator
weighting, and the addition of adaptation factors that may reduce vulnerability; an
examination of options for reducing the complexity of the indices; the development of a
decision support workflow and GIS-based assessment tool; creation of a comprehensive series
of decision support maps for individual indicators and composite indices; a coverage analysis
and mapping that documents the extent to which vulnerable populations are captured through
the proposed approach; and an analysis of the transferability of the Toronto-based approach to
other jurisdictions in Ontario.
The updated literature review showed that comparable research is conducted to support hot
weather planning and response by public health agencies in London, UK, Melbourne and
Sydney, Australia, and Philadelphia and Houston in the United States.
Hot weather response stakeholders in Toronto were very interested in using project results, in
particular maps of neighbourhood-level heat vulnerability, for planning and operational
purposes, and made a number of helpful suggestions for additional data to be included in the
assessment.
In the course of the refinement of the assessment methodology, access to green space and tree
canopy shading were added to remotely sensed surface temperature to model heat exposure. In
addition, population density and concentration of older high-rise buildings are used as proxies
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for hot indoor temperatures. The sensitivity of people to heat-related illness is modeled
through a large number of socio-economic variables as well as indicators pertaining to preexisting health conditions. For example, low income is considered a risk factor, in particular
where it coincides with aggravating situations such as young children in low-income families
or low-income seniors living alone. Although GIS and maps can only portray aggregate
information on areal units (here: Census tracts), the use of detailed socio-economic indicators
allowed for a comprehensive characterization of place-based vulnerability. To further assess
vulnerability, information on existing adaptation measures was added, such as the City’s
cooling centres, libraries, and community halls as well as administrative (social policy
neighbourhoods, priority investment areas) and political (wards) boundaries.
The selected exposure and sensitivity indicators were combined to form an exposure index, a
sensitivity index for the general population, a seniors-specific sensitivity index, and a
vulnerability index for the general population, as well as a seniors-specific vulnerability index.
The seniors-specific sensitivity index was included with a 15% weight in the general
population sensitivity index. Exposure and sensitivity indices were combined with a 40%/60%
weighting to form the corresponding vulnerability indices. Within the sensitivity indices, 11
general population variables and 13 seniors-specific variables were weighted on the basis of a
comprehensive correlation analysis that reflected the intricacies of the population composition
of Toronto neighbourhoods. In addition, three alternative simplified vulnerability indices are
presented on the basis of the literature and statistical analysis.
A heat vulnerability assessment tool implemented in ArcGIS 9.3 enables Toronto Public
Health to reproduce and modify maps and update the datasets in the future. Hot weather
response stakeholders can be supported with neighbourhood-specific maps and summary
reports through the GIS tool. One set of maps for all exposure and sensitivity indicators,
adaptation and context layers, and heat vulnerability indices is included in this report.
The Toronto indices are more complex than those used elsewhere. The need to include a
variety of population variables is supported by a coverage analysis, which reveals the
proportion of vulnerable groups living in the 20% Census tracts with the greatest heat
vulnerability. For example, these 20% include approximately 23% of all dwellings in the City,
but 47% of dwellings in older high-rise buildings; or 22% of the population, but 42% of
children in low-income families. The alternative indices have generally lower coverage. Thus,
the use of the complex indices rather than the simplified indices is recommended.
Phase II of this project also included an application of the heat vulnerability index to the
Census Metropolitan Area of Hamilton, Ontario, and to the Province of Ontario as a whole.
The index worked well for Census tracts in the Hamilton area, where the spatial patterns of
heat vulnerability approximated those found in the literature. For the Province-wide
assessment, the geographic level of Census subdivisions had to be used which created
significant challenges with missing data and small numbers for vulnerable population groups.
Despite these issues, the conceptual approach is widely applicable. It requires a review of
related work on the study area (e.g. research on deprivation); a survey of available data
sources; the development of a composite index that considers the local conditions in the study
area; a coverage analysis to verify concentrations of vulnerable persons; and the use of maps
to visualize, assess, and act upon heat vulnerability.
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1 Introduction
1.1

Overview of the Heat Vulnerability Assessment Project

In Phase I of this project, recommendations for the “Development of a Toronto-Specific,
Spatially Explicit Heat Vulnerability Assessment” were completed and published on the City
of Toronto Web site (http://www.toronto.ca/health/hphe/air_quality/pdf/finalreport.pdf, dated
31 July 2009). The report included a scan of methods and a description of heat vulnerability
assessments conducted elsewhere. The report then proposed a conceptual framework
(replicated in Fig. 1-1) and outlined a methodology for an intra-urban heat vulnerability
assessment with a focus on social vulnerability. The recommended methodology included the
use of geographic information systems (GIS) and geospatial multi-criteria analysis to create
composite vulnerability indices. Sample maps were provided along with the recommendation
to use maps as a decision support tool for hot weather response and longer-term adaptation.
Finally, an extensive tabulation of Toronto-specific datasets available and suitable for analysis
and mapping was included.

Fig. 1-1: Conceptual framework of heat vulnerability assessment

The spatially explicit heat vulnerability assessment approach developed in Phase I uses data
that represent exposure and sensitivity indicators at an intra-urban level of detail, currently at
the Census tract level. These indicators are standardized to a common numerical scale and
aggregated into composite indices. The multi-criteria analysis method allows for indicators to
be weighted according to their importance within a composite index. Separate indices for
exposure, population-wide sensitivity, and seniors-specific sensitivity were developed in
Phase I. These intermediate indices were combined into an overall heat vulnerability index
that reflects the different aspects of heat exposure and sensitivity to heat-related illness. The
Phase I report also included preliminary recommendations on how to include information
about existing and future adaptation measures (e.g. cooling centres). These recommendations
are being revised and implemented in the present report.
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As a member of the Ontario Regional Adaptation Collaborative, Toronto Public Health
acquired funding from Natural Resources Canada to consult with hot weather response
stakeholders about their information needs, refine the heat vulnerability assessment
methodology, be enabled to conduct the assessment in future summers, and explore the
application of the proposed method to other jurisdictions in the Province of Ontario.

1.2

Scope and Structure of this Report

This report summarizes the implementation (Phase II) of the neighbourhood-level heat
vulnerability assessment and decision support approach developed by the consultant team in
close collaboration with Toronto Public Health staff and in communication with external
experts. This document includes an updated literature and summary; stakeholder information
needs collected in a June 2010 Toronto Public Health workshop are summarized and discussed
in conjunction with earlier feedback; the refinement of the exposure and sensitivity indicators
and vulnerability indices (correlation analysis) is comprehensively documented;
recommendations for the consideration of adaptation measures in the assessment were added
and implemented; the decision support approach was refined (incl. coverage analysis); the
documentation of mapping techniques and choices expanded; and an outlook on upcoming and
related work provided. This report also includes a series of decision support maps for the 2011
hot weather response and is accompanied by an interactive GIS project that enables Toronto
Public Health to reproduce and modify all maps.
The remainder of the report is structured as follows:
Section 2 provides an update on related work conducted in 2009 and 2010 after the scan
of the literature and case examples included in the Phase I report.
Section 3 summarizes stakeholder information needs collected in a Toronto Public
Health workshop in June 2010.
The proposed refinement of the heat vulnerability assessment methodology is described
in Section 4.
The following Section 5 describes the implementation of the assessment for decision
support in hot weather response and heat mitigation.
Section 6 concludes the report with an explanation of the limitations of the approach, a
discussion of the transferability to other Ontario jurisdictions, a roadmap for the
completion of the Phase II project, and references to ongoing work and future directions.

8

Map-Based Heat Vulnerability Assessment

2 Update of the Literature Review
Heat-related illness draws increasing attention in the literature since it is of growing concern to
public health officials. The final report for Phase I of this project
(http://www.toronto.ca/health/hphe/air_quality/pdf/finalreport.pdf) included a comprehensive
review of the literature published until the year 2008. A number of additional studies on the
burden of heat-related illness and hot weather response, on vulnerable populations and
seasonal mortality patterns, and on the selection and validity of heat vulnerability indicators
were completed and published in 2009 and 2010, and are reviewed in the following.
Research groups that seem to be particularly active in this field, include:
Indiana University - Purdue University Indianapolis, Department of Geography (Daniel
P. Johnson and colleagues)
Macquarie University, New South Wales, Australia, Department of Environment and
Geography (Pavla Vaneckova, Paul J. Beggs, and colleagues)
Monash University, Victoria, Australia, School of Geography & Environmental Science
(Margaret E. Loughnan, Neville Nicholls, and Nigel J. Tapper)
National Center for Atmospheric Research (Olga Wilhelmi and colleagues)
Tyndall Centre for Climate Change Research, School of Environmental Sciences,
University of East Anglia, Norwich, UK (Tanja Wolf (now at WHO) and Glenn
McGregor (now at University of Auckland, NZ))
2.1

Burden of Heat-Related Illness and Hot Weather Response

Recorded presentations from a session on “Climate-Sensitive Impacts: Heat Waves and
Human Health” at the 2010 Annual Meeting of the American Meteorological Society are
available at http://ams.confex.com/ams/90annual/techprogram/session_23904.htm and include
presentations by the American government agencies with key roles in preventing heat-related
illness: the Centers for Disease Control and Prevention, and the Environmental Protection
Agency. Among these presentations, Luber (2010) reports that there are close to 700 reported
deaths from heat-related illness in the United States, implying that there could be many more
unreported cases. He also explains the low level of public recognition of the threat by the lack
of visible damage to infrastructure caused by extreme heat, in contrast to that caused by all
other natural hazards.
The City of Toronto uses the spatial synoptic classification to determine when to declare a
heat alert or an extreme heat alert. This method is widely considered the most accurate as it
takes into account historical data and current weather conditions to estimate the probability of
heat-related mortality. This method was recently reviewed by its original developers in
conjunction with long-term trends in heat deaths in the United States (Sheridan et al. 2009).
Among the findings are higher mortality associated with oppressive air masses occurring in
generally cooler cities and those with older housing stock, which was in line with previous
research. In contrast, Metzger et al. (2010) compared the ability of different methods to predict
increased mortality during heat waves for New York City. They concluded that the maximum
heat index that combines heat and humidity forecasts and is currently used, provided an
equally accurate risk metric than the more complex spatial synoptic classification.
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2.2

Vulnerable Populations and Seasonal Mortality Patterns

Balbus and Malina (2009) reviewed vulnerable population groups including the young and the
elderly, pregnant women, the poor, those with pre-existing health conditions, and outdoor
workers. They also stress geographic factors, by which they refer to populations living in
coastal and interior flood zones. Through a systematic surveillance of emergency department
visits in France during the summer 2006, Josseran et al. (2009) found that the number of
patients aged 75 years and older increased significantly during heat alert days. Knowlton et al.
(2009) found elderly aged 65 and over as well as young children up to age 4 to be a greatest
risk of heat-related morbidity. That study was based on emergency department visits and
hospitalizations during a 2006 heat wave in California. Rocklöv et al. (2009) examined interseasonal relationships in mortality and suggest that high mortality rates from respiratory and
cardio-vascular diseases, and to a lesser degree from influenza, will reduce heat-related
mortality in the following summer. The authors explain their finding by a pool of fragile
individuals who are equally susceptible to winter and summer health stressors.
2.3

Selection and Validity of Heat Vulnerability Indicators

Johnson (2009), Johnson and Wilson (2009), and Johnson et al. (2009) have studied the use of
geographic information systems in forecasting spatial patterns of morbidity and mortality from
heat in urban areas. They validated regression models based on thermal satellite imagery and
socio-demographic variables with mortality cases from the 1993 heat wave in Philadelphia.
Specifically, Johnson et al. (2009) found that the addition of remotely sensed land surface
temperature increased the quality of their socio-demographic heat vulnerability model. In
contrast, a model based on surface temperature alone did not perform better than a purely
socio-economic model, providing a strong argument for the consideration of socio-economic
sensitivity along with heat exposure in any heat vulnerability assessment.
Similarly, Rey et al. (2009) could explain 68% of the variation in mortality in France during
the August 2003 heat wave through an exposure index, while they also found a significant
effect of socio-economic deprivation on mortality within the Paris area. In contrast,
deprivation was not found to increase mortality outside the metropolis, which the authors
attribute to the more homogeneous socio-economic make-up of the population at the level of
cantons across the rest of the country. Vaneckova et al. (2010) included air quality in their
analysis of heat-related mortality among seniors in the metropolitan area of Sydney, Australia,
though their results are inconclusive and suggest further examination of both social and
environmental factors at finer geographic levels.
In a study covering nearly 40,000 census tracts across all of the United States, Reid et al.
(2009) conducted a factor analysis on ten pre-selected vulnerability indicators. They found
four factors that explained 75% of the total variance in the original variables, including factors
representing a combination of social deprivation and environmental justice, social isolation,
prevalence of air conditioning, and the proportion of elderly population and those with a preexisting chronic condition (diabetes). The authors created a heat vulnerability index by adding
the factor scores for each census tract and found cities on the US west coast and in New
England, and generally the downtown areas of large urban centres, to be the most vulnerable
places. They present their approach as a template for localized vulnerability assessments and
mapping. A similar approach was followed by Wolf et al. (2009) for a heat vulnerability
assessment within the City of London, UK. It is important to note that factor analysis (e.g.
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principal component analysis) requires the a-priori selection of candidate variables. The
factors (components) then reduce the complexity of the dataset, although they continue to
include the information from all underlying variables.
In a spatial vulnerability assessment report focusing on the City of Melbourne, Australia,
Loughnan et al. (2010) developed a vulnerability index from ten a-priori risk indicators taken
from the literature, including young (<5 years) and old age (>64 years), burden of disease and
disability, nursing homes, multi-unit dwellings, population density, socio-economic status,
ethnicity, and heat exposure. These variables were standardized into deciles and combined to
form an initial vulnerability index by postal area. Furthermore, Loughnan et al. (2010) created
an “anomalous health outcome” metric from death records and emergency hospital
admissions. This metric was used as the dependent variable in a stepwise linear regression
analysis. Of the ten variables above, five were found to contribute to the best regression model
that explained 47% of the variation in health outcomes on hot days. The greatest contributors
to this validation model were the nursing homes and ethnicity variables with 41% explained
variation. However, it must be noted that the nursing homes represented the percent of
Melbourne’s facilities that were located in each area and therefore was not standardized for the
size or population of each area. The ethnicity variable represented the proportion of residents
who spoke a language other than English at home. As a result of the linear regression analysis,
Loughnan et al (2010) revised their heat vulnerability index to incorporate only the five
variables from the best-fit model and weight them according to their unstandardized regression
coefficients.
Wilhelmi et al. (2010) add a qualitative element to heat vulnerability research and application
in that they propose to integrate responses from a household survey with quantitative
geospatial data. Their goal is to more accurately assess local patterns of heat vulnerability and
adaptive capacity. However, on the service provider side Abrahamson and Raine (2009) found
that social workers in London, UK, were widely unaware of the UK’s National Heatwave Plan
and were not considering heat response as a relevant work duty. In another qualitative study, J.
Wolf et al. (2010) interviewed elderly people who lived alone about their social networks, and
noticed that persons with strong personal networks tended not to perceive the threat from heat
waves and thus may not adapt their behaviours to hot weather.
While many researchers focus on the victims of extreme heat events, Hajat and Kosatsky
(2009) assess heat-related mortality throughout the summer season. In a comparative study of
64 cities world-wide they found that mortality increase by 1-3 % for each 1˚C increase in
maximum temperature. They also found that threshold temperatures in hot climates are higher,
speaking to the pre-existing acclimatization to hot weather in local populations. In turn, this
finding implies a greater risk to populations in moderate climates such as in Toronto. Hajat
and Kosatsky’s (2009) conclusions call for changes in architectural design and urban planning
to mitigate summer heat in cities. This goal is confirmed by Stone et al. (2010) who found that
the increase in the annual number of extreme heat days is related to urban sprawl for 83
metropolitan areas across the United States.
2.4

Complexity of Heat Vulnerability Indices

Heat vulnerability assessments continue to be at an exploratory stage, where only a few teams
of researchers and practitioners are leading the development of novel approaches. While
earlier work attempted to establish relationships between known heat exposure (from weather
11
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records or heat alerts) and health outcomes (all-cause or heat-specific morbidity or mortality),
more recent studies try to predict heat vulnerability using a variety of environmental and
socio-economic risk factors. The studies reviewed in this section typically only consider up to
ten factors. However, this may be because more detailed Census data such as those from
cross-tabulations are not readily available to many research groups.
A vulnerability index consisting of only ten variables may be easier to understand. In addition,
several authors reduce their data further by applying principal components analysis, which can
yield easy-to-interpret variable groupings. For example, ten socio-economic variables may be
reduced to three independent components representing income variables, ethnicity-related
variables, and age and family structure variables. Note however that this does not eliminate
any of the input variables from the analysis. In addition, there also is a danger of oversimplifying the vulnerability assessment or creating an index of general social vulnerability
rather than heat-specific vulnerability, as suggested by Reid et al. (2009). We therefore aim to
include a variety of aspects into the present assessment, an approach that also seems suitable
for a City with such a diverse population as Toronto has.
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3 Stakeholder Information Needs
Feedback from hot weather response stakeholders on the heat vulnerability assessment
approach and preliminary vulnerability maps was gauged at two events: The Fall 2009 postseason meeting of Toronto’s Hot Weather Response Committee, and a dedicated “Heat
Workshop” organized by Toronto Public Health in June 2010.
3.1

Feedback from Hot Weather Response Committee

On 19 October 2009, the Hot Weather Response Committee held its regular post-season
meeting. S. Gower (Toronto Public Health) and C. Rinner and D. Patychuk (consultants) gave
a presentation on using maps to support hot weather response in Toronto, seeking input from
the stakeholders. Participants made suggestions regarding additional exposure and sensitivity
indicators as well as reference layers to be included in the assessment; discussed issues of
accuracy and level of detail in the datasets; inquired about the specific interpretation of sample
maps shown to them; and suggested possible uses and limitations of vulnerability maps in
their day-to-day work.
Additions to the proposed indicators included the location of boarding homes and rooming
houses, and factors influencing indoor temperatures (e.g. differentiate between high-rise
buildings with and without air conditioning, and include information on windows/doors that
cannot be opened due to fire regulations). Additional reference layers requested for
administrative purposes included City ward boundaries (for collaboration with individual City
councillors) and the boundaries of the City’s priority neighbourhoods.
Questions were raised regarding data accuracy and level of detail included the nature of the
thermal remote sensing image as a snapshot of a given time and day; the availability and
mappability of health data; and the possible exclusion of population groups that are not
represented in commonly available datasets, such as the homeless.
The hot weather response stakeholders were supportive of the recommendation to include
socio-economic indicators, and combine exposure and sensitivity indicators to identify “hot
spots” of heat vulnerability. They further expected that vulnerability maps could guide them to
select suitable types of hot weather outreach and they were interested in vulnerability index
maps for their specific neighbourhoods. Additional suggestions for map usage included to help
locate cooling facilities, to inform urban and green space planning and tree planting, and to
connect with the Strong Neighbourhood Task Force and with City Council. Another idea was
to combine the heat vulnerability assessment with work on income polarization in Toronto.
The participants also noted that it is important not to stigmatize people living in the
neighbourhoods that are highlighted as vulnerable. They also emphasized the extensive field
experience of outreach workers, and the need for vulnerability maps to function in conjunction
with this experience. A related limitation with respect to the use of the heat vulnerability maps
in day-to-day outreach included the observation that individual seniors that are at risk may be
hard to identify or may refuse services.
The meeting participants were open to receiving vulnerability maps in print or by email (as
long as they could be viewed easily). Practical concerns included the need to print in
black/white or greyscale. Static maps would be convenient as a starting point; the ability to
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create customized maps would be useful for the preparation of presentations and meetings,
although concerns about the required skills or training were expressed.
3.2

Feedback from Heat Workshop Participants

On 14 June 2010, Toronto Public Health organized a half-day workshop that included
presentations by the Ontario Ministry of the Environment, Health Canada, Toronto Public
Health, and the consultants. During the workshop, sample maps of heat vulnerability in
Toronto were distributed for pilot use by the participants. The 39 maps were grouped by
exposure indicators, sensitivity indicators for the general population as well as for seniors,
index maps of composite sensitivity and composite vulnerability, and finally, overlays of
selected at-risk population numbers over the general population vulnerability index.
In break-out groups and through a questionnaire, the participants were asked for their feedback
on the possible uses, benefits and limitations of the maps from the perspective of their
organizations’ mandates and daily activities. The approximately 60 participants originated
from various City of Toronto departments along with several community organizations and
other stakeholders in health and social service delivery as well as climate change adaptation.
The following information was summarized from material provided by Cheryl Dow of
Toronto Public Health, who led the organization of the workshop and transcribed participant
input from flip charts and questionnaires.
3.2.1

Possible Uses of the Heat Vulnerability Maps, Training Needs, and Concerns

Workshop participants put forward a large number of suggestions on how maps of heat
vulnerability across Toronto could be used within and outside their own organizations. Some
of the suggestions referred to day-to-day operational use while others focused on longer-term,
strategic use. All of the suggestions refer to the ability to prioritize neighbourhoods and target
resources or investments geographically on the basis of the spatial patterns of heat
vulnerability visualized through the maps.
The following ideas for operational map uses were combined from multiple participant
responses:
support resource allocation, staffing, case loads
assist with preparation for heat alert days (e.g. ambulance services)
support targeted, door-to-door outreach
confirm known or assumed areas of vulnerability
identify existing clients in at-risk areas
identify potential new clients
support collaboration between agencies during peak demand
support service delivery and emergency power setup during power outages
Many of these short-term, operational measures have a longer-term, strategic equivalent. For
example, staffing can be supported on a day-to-day basis during a heat alert and in addition,
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the knowledge of vulnerable areas and concentration of vulnerable population could also
inform season-to-season staffing changes.
The ideas put forward by the workshop participants for strategic uses of heat vulnerability
maps included:
generally, inform public health planning and urban planning
include maps as an appendix in Public Health Emergency Plan
devise a geographically diversified heat alert program
guide development of heat registries
identify suitable locations for stationary and mobile cooling centres
assist with selection of other cool spaces (e.g. libraries) and suitable opening hours
study the influence of land use and built form on surface temperature
contribute to Medical Officer of Health’s comments on urban development issues
adapt neighbourhood plans (secondary plans) and building code
enable targeted green roof and cool roof programs
enable other targeted building retrofits
guide tree planting
prioritize artificial shading in public spaces
support training of home-care workers, raise awareness of where clients live
support public education
serve as an advocacy tool
bolster grant applications
support research by community organizations
It is interesting to note that many of these suggestions reach beyond the mandate of public
health organizations and into urban planning, architecture, and higher-level politics.
A question regarding the need for training in map interpretation confirmed that most
participants would require staff training. In some cases, it was noted that such training would
be supported by management. Only one organization out of eleven responding to this question
indicated that their staff are well-versed in map reading and, more generally, GIS applications.
The main concerns expressed by participants centred around two possible issues arising if the
maps were made publicly accessible. On the one hand, neighbourhoods, or their residents,
which are identified as vulnerable to heat, could be stigmatized. On the other hand,
information on sensitivity, in particular on seniors living alone, could be used to plan criminal
activities, if it was available at finer detail than the Census tract level. Another comment called
for an evaluation component that would illustrate whether interventions have been effective.
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3.2.2

Key Features and Most Popular Sample Maps

The following items were summarized from responses to the question: “What do you like
about the heat maps?”
spatial perspective, City-wide perspective
overlay of multiple indicators, risk factors
intuitive red colour helps to focus on areas that need attention
separate identification of vulnerable groups
orientation through major streets, intersections
inclusion of green spaces
density of information on one page, easy to search
serve as effective communication tool for decision-makers
The participants were also asked, which of the 39 maps included on a CD-ROM distributed at
the workshop, and listed in the workshop handout, would be most useful for their
organization. The responses included the following maps or map themes:
mean surface temperature
renters and seniors
high-rise dwellings
any of the sensitivity indicators
seniors’ vulnerability index
overlay of heat vulnerability and low-income seniors living alone
overlay of heat vulnerability and seniors without knowledge of English or French
all maps plus cooling centre locations
Often, respondents noted that they chose maps on the basis of the specific client group their
organization serves (e.g. seniors).
3.2.3

Suggested Data Additions and Cartographic/Functional Improvements

The workshop participants were also asked for suggestions on how to improve the sample
maps. Most responses either called for the addition of specific data or for changes in
cartographic design or functionality of the maps.
The additional datasets or themes, or modification to existing data, that were requested, or
that an organization offered to provide, included:
more thermal images to validate patterns of surface temperature
information about day- and night-time patterns of urban heat island
air quality modeling
land use, land cover, tree canopy
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building characteristics, green roofs, community gardens
change non-official language indicator to non-English only (exclude French)
dominant language in neighbourhoods, other than English or French
include disabled people with seniors variable
health outcome data: persons with existing illness; emergency department visits,
hospitalizations
medication use by client
emergency call volumes, or call locations
location of hospitals and long-term care homes, or their densities
subsidized and supportive housing (from City of Toronto)
homeless shelters and drop-in centres; indicators of homelessness
clients participating in heat registries
more street names
postal codes
location of schools, daycare centres, hostels
location of power plants
railroads
transit lines and stops; access to transportation
various administrative boundary layers: neighbourhood, wards, municipal boundaries,
public health units, local health integration networks, conservation authority boundaries
expand maps to Greater Toronto Area
The suggestions regarding cartographic design, included:
increase map image resolution
not enough distinction between shades of red in medium to high classes; use different
hues (blue-red)
reduce number of vulnerability index classes to three, and associate with
interventions/actions to be undertaken
improve legibility of overlay symbols (circles), including reduced number of classes,
increased size differences, reduced overlap, and variation in symbol
differentiate between urban and rural areas
use plain language in text on maps
include documentation on context, methodology, and data sources with maps

17

Map-Based Heat Vulnerability Assessment

One participant suggested that the map scale was distorted and that the maps showed incorrect
distances between Queen St., Bloor St., and Eglinton Ave. However, it was verified that the
correct distance of ca. 2km between Queen St. and Bloor St., Bloor St. and St. Clair Ave., and
St. Clair Ave. and Eglinton Ave. was shown.
Finally, functional improvements included:
ability to zoom to neighbourhood, catchment area of organization
ability to select individual indicators for mapping (e.g. senior-related variables)
use of map as a client referral tool
link maps to real-time data such as hospitalizations during heat alert
integrate with existing tool (e.g. Google Maps-based)
include a future scenario mapping option
Several participants asked about the availability of the maps and the underlying data from the
vulnerability assessment. One person suggested that the data be uploaded to the
toronto.ca/open site for sharing of Toronto-specific geospatial datasets.
Toronto Public Health was also interested in knowing whether the ability to create maps in an
interactive online environment would be useful for the participants’ organizations. All 14
responses were affirmative, referring to the benefits of tailoring maps to the organization’s
needs and combining heat vulnerability information with internal data and with other online
technology currently in use, such as Google Maps.
3.2.4

Post-Season Feedback from Heat Workshop Participants

At the June workshop, participants were also provided with electronic copies of the
vulnerability maps to take away with them. At the end of the 2010 hot weather season,
Toronto Public Health sent a follow-up survey by email asking the stakeholders about their
use of the maps, and about their hot weather activities during the summer. While the response
rate was only about 25%, the responses generally reflected those already received at the
workshop.
Most respondents said they had used the maps, either by distributing them to staff in their
organization, using them to validate their own work, as an example of work that could be
adopted or used in the future, or to identify areas within client catchment areas that were
classified as vulnerable. Some organizations had not used the maps; the reasons indicated in
the survey included that there was a change in program management, that heat was considered
the responsibility of others within their organization, that established caseload already
captured vulnerable clients, or that heat was only indirectly linked to their activities but that
the maps could possibly be used for future planning activities.
When asked how the maps could be more useful, respondents suggested that they should be
sent out as a matter of course to those who work with vulnerable clients, that they should be
available online, and that they should be available as a mappable “layer”. Respondents also
asked for increased interactivity, more geographic context, and better links to heat-related
illness on the map. Finally, respondents also asked for more information about the analysis
and mapping methodology and the data sources.
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4 Refinement of the Heat Vulnerability Assessment
The approach to a spatially explicit, Toronto-specific heat vulnerability assessment
recommended in the Phase I report (31 July 2009) has been refined with respect to three of the
components of the conceptual framework: exposure, sensitivity, and potential vulnerability.
Furthermore, information on adaptation was added in order to model “residual” vulnerability.
Many of the recommendations received from hot weather response stakeholders in the two
meetings were integrated in this refined approach. These include requests for additional data to
be included on the exposure, sensitivity, and vulnerability maps; modifications to the
cartographic design of the maps; and extended functionality included in the GIS-based
vulnerability assessment tool envisioned for the next phase of the project.
The maps used in this section are meant to illustrate the refined approach. They are not
designed for use in hot weather response. The decision support approach, along with maps for
hot weather response, is documented in section 5, and the maps are provided in Appendix B.
4.1

Exposure

The representation of heat exposure is designed to capture both, outdoor and indoor exposure.
The key indicator for outdoor heat exposure is actual land surface temperature measured
through thermal remote sensing images. Secondary indicators use the location of green spaces
to represent the availability and accessibility of City parks and ravines to neighbourhood
residents. Indoor exposure is represented through dwelling indicators and population density.
4.1.1

Validity of Thermal Images

Participants in the stakeholder workshop questioned the validity of the heat exposure indicator
based on only two thermal images. However, the Landsat program produces a maximum of 23
images annually for each point on the earth’s surface, since the satellite crosses each location
once every 16 days (USGS 2010). While this could provide up to ten thermal images per year
for the hot season (approx. May to September), in reality many of the images are spoiled by
cloud cover. In addition, thermal images taken for Toronto would only occasionally coincide
with heat alert days in the City.
Table 4-1: Meteorological conditions when 13 thermal images were taken (Source: Maloley 2009)
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Fig. 4-1: Issues with thermal images taken in 2007. The temperature patterns on the winter image (21 Feb
2007 - top) is not comparable with summer patterns. The ETM sensor produced striping (01 Aug 2007 bottom).

Natural Resources Canada has provided 13 thermal images from the years 1987 to 2008,
which are documented in Maloley (2009) and listed in Table 4-1. Since it is assumed that the
urban heat island is generally increasing and spatial patterns of surface temperature measured
several years apart may not be comparable, four images from the years 2007-08 were initially
selected to validate the image taken on 03 Sept 2008 that was used in the Phase I report.
Unfortunately, only the image taken on 29 June 2007 proved to be useful for comparison with
the 2008 image. A winter image from 21 Feb 2007 shows a significantly different spatial
pattern of relatively warmer areas in the downtown-west and downtown-east areas (Fig. 4-1
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top). The summer image from 01 Aug 2007 uses the ETM sensor and displays a striped
pattern that cannot be removed (Fig. 4-1 bottom). This striping is due to the failure of the
“scan line corrector” on the Landsat 7 satellite (USGS 2010).
Upon close inspection, the image taken on 01 July 2008 also includes data issues. Small zones
in the Forest Hill, Davisville, and Rouge neighbourhoods have markedly lower temperatures
(single-digit) than all other areas. This is highlighted in the map in Fig. 4-2 as the dark blue
class. A possible explanation is cloud coverage at those locations.

Fig. 4-2: Data issue in thermal image from 01 July 2008 – a few areas in the centre and east end have
single-digit temperatures, while most other locations have over 25 degrees.

In summary, only two recent images can be used to represent the spatial patterns of surface
temperature: those taken on 29 June 2007 and 03 Sept 2008. Fig. 4-3 shows the average of the
temperatures measured on those two days, as well as the range of values per pixel.
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Fig. 4-3: Average temperature and temperature range measured on two dates in June 2007 and September
2008

The temperatures from the thermal images were then averaged for Census tracts, as well as
census dissemination areas and neighbourhoods. Data at the Census tract level are required for
comparison and integration with socio-economic indicators of heat vulnerability. Fig. 4-4
illustrates the visual appearance of consistency in spatial patterns across those three levels of
geography.
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Fig. 4-4: Spatial patterns of mean temperature per administrative units at different scales (dissemination
area, census tract, neighbourhood), for two thermal images from 2007 and 2008
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At the Census tract level, the mean temperatures between the two dates correlate at a level of
0.952. Therefore, the average of the two mean temperatures for each CT was calculated and
saved with the CT layer, along with the difference between the mean temperatures. Fig. 4-5
shows that the absolute differences range within the interval of [-1.7,...,+3.6] and the
differences in relation to the average range within the interval of [-7%, ..., +12%]. The larger
positive differences shown with a denser line pattern on top of the average temperature, seem
to coincide with hotter areas along the northern and north-western boundary of the City, i.e.
these areas were hot on average, and significantly hotter on the June 2007 image. In contrast,
the cooler areas in the Humber valley, the centre, along the Lake Ontario shore, and in the
Rouge area have smaller differences, or were significantly cooler on the June 2007 image.

Fig. 4-5: Mean temperature per CT from thermal R/S image, averaged between 2007 and 2008 dates, and
overlaid with absolute and relative difference between those dates
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In summary, the selected 2007 and 2008 images represent a consistent spatial distribution of
surface temperature across the City. Their average is used to further smoothen possible small
irregularities.
The hot weather response stakeholders also requested information on the 24-hour patterns of
the urban heat island. This is a matter of ongoing research and reliable information is not
available. Based on data from public and private weather stations across the Toronto area,
Briggs (2010) developed a heat index that takes high temperatures and their duration into
account. The spatial distribution of her index values differs from high land surface temperature
acquired from the thermal images. For example, certain residential neighbourhoods in central
Toronto appear with higher exposure than through the thermal images. However, Briggs’
study has to be considered as exploratory because of the irregular distribution of the weather
stations and unresolved questions about the individual site locations.
4.1.2

Shading from the Urban Tree Canopy

As recommended by hot weather response stakeholders, land cover data with information on
the urban tree canopy coverage were included in the refined assessment. The Urban Forestry
branch at Toronto Parks, Forestry & Recreation has recently provided public access to detailed
land cover data through toronto.ca/open. Those data were developed using an approach by the
United States Forest Service in collaboration with the University of Vermont. They use
commercial, high-resolution QuickBird satellite imagery along with ground-level data to
estimate tree canopy coverage at a parcel level, which then can be aggregated to
administrative units. Fig. 4-6 shows an overview and a detail from the land cover dataset with
“tree canopy” as one of seven land cover classes.
For the heat vulnerability assessment, the land cover pixels designated as tree canopy were
summarized per Census tract. The resulting variable, percent of tree canopy coverage, was
included in the exposure index to replace a variable that represented the proportion of green
space within each Census tract. The new variable is considered more accurate in representing
the cooling potential from green spaces, because the previous variable could not distinguish
between treed parks and grass areas, which may not be cooler than built-up areas.
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Fig. 4-6: Overview (top) and detail (bottom) of the Toronto land cover dataset
(Source: City of Toronto, Urban Forestry Services, available from toronto.ca/open)
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4.1.3

Modeling Access to Green Space

Stakeholder suggestions also included the consideration of land use data and locations of
green roofs and community gardens. This suggestion was taken into account in different ways.
The accessibility of public green spaces – parks and ravines – was calculated as described in
the following. As part of this process, non-residential areas were used as cut-outs on the green
space layers. Representing access to green space is recommended as complementary to
modeling the urban tree canopy, yet not as redundant, as discussed in section 4.3.2 on data
reduction.
The consideration of land use information beyond parks/ravines and residential areas is not
recommended for two reasons. First, land use information is very detailed at the level of City
blocks or even parcels, which does not fit well with the neighbourhood (incl. Census tract)
perspective of this assessment. Second, the assessment has a focus on social vulnerability and
therefore, on the characteristics of residential areas within Toronto. The display of commercial
and industrial land uses may imply a level of detail that does not fit with many of the other
indicators. The same reasoning applies to the consideration of individual green roofs and
community gardens.

Fig. 4-7: Map layers representing green spaces and census tract boundaries
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Fig. 4-8: Map layer representing non-residential areas used for cut-out from census geography

The data sources for the maps in Fig. 4-7 and 4-8 include polygons for City parks and ravines,
from toronto.ca/open, Census tract boundaries from the City of Toronto’s Geospatial
Competence Centre (formerly Land Information Toronto), and non-residential areas received
directly from Toronto Public Health.
Access to green space was calculated as the average distance to the closest park/ravine for the
residential portions of each Census tract:
The Euclidean (straight-line) distance to the closest park/ravine was saved for each
1m*1m pixel in a new raster layer. This distance raster layer was clipped to the extent of
the CT boundaries (Fig. 4-9).
Non-residential areas and parks/ravines were erased from the CT layer and the resulting
net surface area was calculated and saved in a new data field (Fig. 4-10).
Zonal statistics were applied to the distance raster using the “net” CT boundaries,
resulting in a table with CT identifiers and associated descriptive statistics (including
mean) of the distance raster cells falling into the CT.
The mean distance from the zonal statistics result was then joined to the “net” CT layer
(Fig. 4-11).
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Fig. 4-9: Straight-line distance to nearest park or ravine for 1m*1m pixels with Census tract boundary
overlay

Fig. 4-10: Proportion of Census tracts that remains after cut-out of non-residential areas and
parks/ravines
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Fig. 4-11: Mean distance to nearest park/ravine for residential portions of CTs, used as a proxy for
accessibility of green spaces

4.1.4

Dwelling Variables and Indoor Exposure

The literature review conducted in July 2009 noted the importance of differences in indoor
environments for predicting heat exposure. Relevant characteristics of indoor environments
include: having central air conditioning, window air conditioner(s), or no air conditioning;
having windows that open wide enough for safe fan use; having access to a cool basement or a
cool room in an apartment complex; the quality of insulation and type of building materials
that may affect how much dwellings heat up because of outdoor temperatures, and how
quickly they cool down when the outdoor temperature changes, such as at night.
There is no database available for all residential buildings (dwelling units) in the City of
Toronto that includes the above information. Age of dwelling, density and type of dwelling
(e.g. high rises), tenure and household income were identified in the literature review,
interviews and data scan for this project in 2009, as variables that were associated with
differences in characteristics of indoor environments described above and the ability to control
indoor temperatures. Central air conditioning is routinely installed in new condominiums.
However, while installing window air conditioners is a strategy that is common in buildings
without air central air conditioning, the cost of adequately cooling all rooms can be an obstacle
for low income households. The ability of renters to install window air conditioners may be
limited by building design, windows that do not come out, and landlord permission.
In August of 2010, Toronto Public Health designed a survey about access to cool spaces,
ownership of air conditioning (A/C), as well as the demographic and socio-economic factors
influencing A/C availability and use. Ipsos-Reid was contracted to carry out the survey with a
representative sample of 1,101 Toronto households. The responses suggest that at a 95%
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confidence level, 85% of Torontonians have A/C. Many of those without A/C at home are in
walking distance from a park, but access to a public, air conditioned indoor space is often
inhibited by distance and lack of transportation, night-time availability, having to consider
pets, mobility restrictions, and safety concerns. Over one half of those without A/C rely on
public cool spaces because they do not have access to cooler private homes of relatives or
friends. The survey also found that residents of apartments are less likely to have A/C (72%)
than residents of detached homes (92%), and that only 73% of renters have A/C compared to
93% of home owners. A/C availability is also lower in downtown Toronto (e.g. 77% in
Parkdale) than in the inner suburbs (e.g. 96% in northern Etobicoke).

Fig. 4-12: Results of survey on air conditioning availability (top) and heat-related illness (bottom).
See text for additional explanation of questions and legend.
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The survey has limited geographic detail. Responses for two questions were tabulated by
groups of forward-sortation areas (three-digit postcodes) defined by Ipsos-Reid. Only two
questions were tabulated in this way, as shown in Fig. 4.12. The questions were Q1, “Do you
currently have an operational air conditioner in your home?” (City-wide average 85%), and
Q29, “Have you ever experienced .. heat-related illness?” (City-wide average 20%). The
piecharts in the maps in Fig. 4-12 are scaled in relation to the number of respondents from
each region. The red (dark) sector of each piechart corresponds to the proportion of
respondents indicating not having A/C and having experienced heat-related illness,
respectively. It is difficult to identify a consistent spatial pattern in either variable at this
coarse spatial resolution. A detailed report of issues related to accessing cooling, including
more information about the survey findings can be found at
http://www.toronto.ca/health/hphe/index.htm.
For the present vulnerability assessment, we compiled dwelling variables from crosstabulations of the 2006 Census, choosing ones which captured the largest number of
household dwellings. We used correlation analysis to select two dwelling indicators: the % of
dwelling units in high rise buildings of five stories or more; and the % of all occupied private
dwellings that are renter occupied units in buildings of five or more stories and constructed
before 1986. We also included population density using an area that excluded the nonresidential part of the census tract. Since downtown Toronto tends to have older homes, more
high-rises, more rental households, and higher population density, the combination of the
observations reported above supports the use of proportion of high-rise buildings, proportion
of renter households in older high-rise buildings, and population density as proxies for higher
indoor temperatures and increased exposure to heat. Appendix A describes these dwelling
variables in detail.

4.2
4.2.1

Sensitivity
Population Indicators

The selection of population variables for this vulnerability assessment took the same approach
as for other indicators. This includes using theory and evidence from the literature to identify
important variables, identifying available data sets that could provide relevant variables at a
manageable geographic level, conducting correlation analysis, and validating the choice,
comprehensiveness and understanding of the variables from the perspectives of intended users
of the maps.
The population-based heat sensitivity indicators that were determined to be most indicative of
sensitivity to heat included: age-related vulnerability (the very young and very old being most
at risk); disability and chronic illness; low income as a predictor of poorer health that might
not be picked up by the limited health indicators available at the census tract level; low income
as a predictor of ability to control exposure to heat (e.g. installing indoor air conditioning,
leaving the city), especially low income renters; and population groups with various barriers to
access to information, resources, social support, and power.
Figure 4-13 shows the final list of population sensitivity indicators alongside the list of
exposure indicators. This figure shows that the exposure index plus the sensitivity index are
used to create an overall potential vulnerability index according to the framework in Fig. 1-1.
32

Map-Based Heat Vulnerability Assessment

Table 4.2 shows how the indicators combine into composite indices (one for exposure, one for
sensitivity) and the weighting assigned to each indicator. A separate sensitivity index was
created for vulnerable seniors. The seniors’ composite is included in the population sensitivity
index but the seniors vulnerability index can also be used specifically for that population.

Figure 4.13: Components of the vulnerability index for the general population

Appendix A contains a list of population variables (and seniors’ variables) in addition to
dwellings/households that were evaluated as components of the sensitivity and vulnerability
indices, and/or for inclusion in the coverage analysis. Rate variables from the Census profiles
and from cross-tabulations were summarized by their City-wide rate and the rationale for
consideration, and limitations were discussed. For example, unattached, living alone seniors
with a disability, and low income seniors living alone were included as variables because
among seniors, these subgroups may have greater vulnerability in terms of poorer health, less
mobility, less access to supports or help, less ability to afford to make change or control their
dwelling conditions. Some limitations of Census variables are that they do not capture the
individual social networks, social support or social arrangements that individual seniors have
or can draw on when they need help. See Appendix A for details describing all of the variables
in Table 4.2.
Criteria for inclusion of variables in the indices included: relevance, importance, best available
indicator, high percent of the total population included, correlation variance, variable
range/amount of variation indicating disparities, and minimal suppression due to small
numbers. Census tract rates were not calculated for any variable for which the denominator
was less than 100. Therefore if more than 15 (3%) of Census tracts had to be excluded because
of this, the variable was not included. Census information is for 2006 from the Canadian
Social Data Strategy (CSDS) which provides consortium member agencies with access to
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semi-custom tabulations not available in the basic census profiles more routinely used in
mapping and analysis.
All the variables for the population analysis are for people living in private households based
on the long census form completed by 20% of the population. This sample does not include
people living in institutions and collective dwellings. The location of these dwellings and the
needs of their populations (e.g. long term care homes, boarding homes, etc.) are typically
known to service providers and planners. The population-based spatial analysis vulnerability
assessment does not take the place of development of strategies to protect and support
vulnerable people in these known settings.
4.2.2

Health-Related Indicators

Data on emergency room visits for ICD10 chapters, including Chapter IX (diseases of
circulatory system) and Chapter X (diseases of respiratory system) were received from
Toronto Public Health. The rates represent the number of visits per 100,000 persons between
2004 and 2008 combined by Census tract. As is standard practice, the data for residents of
Toronto in each Census tract were age-standardized to the 1991 Canadian population. The data
are from the IntelliHEALTH Ontario database (Ministry of Health and Long-Term Care) and
include all emergency department visits anywhere in Ontario for residents of Toronto included
in the National Ambulatory Care Reporting System (NACRS).
For the crude rates, the correlation for Census tracts between the 2008 rates and one third of
the previously used 2005-07 rates was 0.796. Annualized emergency visit rates from 2005-07
across all ICD10 chapters were also comparable to 2004/05 rates separately received from the
Toronto Central LHIN with a correlation coefficient of 0.751. The lack of age standardization
limited the comparability between Census tracts with different age distributions, and the data
included visits of people living in long-term care homes and institutional settings that may be
located in a census tract. The use of age-standardized rates partly addresses this limitation.
Correlation analysis showed that there was a difference between the crude and the age
standardized rates. The crude and age standardized rates for ER visits for circulatory diseases
were moderately correlated (0.452). The crude rates for circulatory diseases ER visits were
highly correlated (0.682) with the percent of the population that were age 80 and over (based
on the 100% Census which includes people in institutional settings such as long-term care
homes). However the age standardized rates were not (-0.128). ER visits for this ICD-10
chapter are concentrated in older age groups (i.e. for heart disease, heart attacks, strokes, etc.).
Using the standardized rates identifies areas with potentially poorer health in terms of
circulatory diseases compared to other areas, taking the difference in age distribution into
account. However, it misses areas that have a high burden of illness for these diseases because
they have a high concentration of older persons.
Correlation analysis showed a high correlation (0.703) between age-standardized ER visits for
respiratory diseases and age-standardized ER visits for circulatory diseases. Crude rates for
ER visits for respiratory diseases were highly correlated (0.908) with age standardized rates
indicating a more even distribution across age groups with less of a concentration in older age
groups. In contrast to circulatory disease ER rates, respiratory diseases ER rates were not
correlated (0.059) with the percent of the total population age 80 and over.
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Although not used in the index, analysis identified that age-standardized rates for ER visits for
respiratory diseases were correlated (0.644) with age-standardized hospitalization rates for
respiratory diseases. Also, age-standardized rates for ER visits for circulatory diseases were
correlated (0.835) with age standardized hospitalization rates for circulatory diseases.
The proportion of the population with a disability or activity limitation was also included in
the index. It is used as an indicator of mobility difficulties as well as poorer general health
status. This Census variable is only available through semi-custom or custom tabulations. The
data come from a screening question about difficulties and/or limited activity due to physical,
mental, or health problems that is used to identify people for the more extensive Participation
and Activity Limitations Survey (PALS). The two questions are: 1) Does this person have any
difficulty hearing, seeing, communicating, walking, climbing stairs, bending, learning or doing
any similar activities?: and 2) Does a physical condition or mental condition or health problem
reduce the amount or the kind of activity this person can do (at home, at work or at school, in
other activities, for example, transportation or leisure)?
For respiratory disease ER visits, the correlation with disability rates (age 25-64) was similar
for age-standardized rates (0.291) and crude rates (0.365). The same occurred for disability
age 65-74 for age standardized ER respiratory diseases visits (0.287) and crude rates of ER
visits (0.323). Circulatory ER visits were less correlated with disability rates for both age
groups (0.125 for age 25-64 and 0.128 for age 65-74) for crude rates, and more correlated
(0.254 for age 25-64 and 0.331 for age 65-74) for age-standardized rates.
We also included the percent of the total population in households that are age 75 and over
with a disability as a health-related indicator of vulnerability to heat. This variable is highly
correlated (0.640) with crude rates of ER visits for circulatory diseases, but not age
standardized rates (-0.141). It is also highly correlated (0.784) with the percent of the total
population that are age 80 and over, and therefore included in the index as our best available
indicator of frail seniors.
Percent low income (after tax, 2005) is positively correlated to all of the age standardized ER
and hospitalization rates and disability rates (with correlations ranging between 0.178 and
0.549), but not to crude circulatory disease ER rates, or frail seniors, or percent of the
population age 80 and over (with correlations ranging between -0.159 and -0.290). This
indicates that older seniors and long-term care settings with large number of older persons
who visit ERs for circulatory conditions are not more concentrated in lower income areas.
In the final population sensitivity index, age-standardized ER visit rates replaced crude ER
visit rates, while the age-specific disability rates and proportion of the population age 75 and
over with a disability (frail seniors) were also included.
The inclusion of a range of health-related indicators was intended to provide a measure of the
burden of illness for each Census tract, since pre-existing illness was found to be an important
indicator for heat sensitivity from the literature. However, the inclusion of health variables in
the heat vulnerability indices may affect the validation of the indices. As outlined in Section
5.4, the validation will require health indicators as benchmarks for the index scores.
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4.3
4.3.1

Vulnerability
Refinement of Composite Indices based on Correlation Analysis

Composite indices of heat exposure, heat sensitivity and vulnerability (general population),
and heat sensitivity and vulnerability (seniors) are proposed based on previous work and
stakeholder input. The following table summarizes the composition and weighting of the
general population vulnerability index, which includes the heat exposure, and heat sensitivity
(general population and seniors) sub-indices. The seniors vulnerability index is created as a
combination of the heat exposure (40%) and the seniors sensitivity sub-indices (60%),
analogous to the general population vulnerability index.
Table 4-2: Heat vulnerability index composition and weighting

40%

Exposure
index

60%

Sensitivity
(general
population)
index

30%
10%
10%
17.5%
17.5%
15%
25%
5%
5%
5%
10%
5%
5%
5%
10%
5%
5%
15%

Surface temperature
Access to green space
Tree canopy shading
Dwellings in high-rises (five or more storeys)
Rented dwellings in older high-rises (built before 1986)
Population density
Low-income persons (2005, after tax LICO)
Low-income among children (age 0-5)
Renter households spending >= 50% on housing
Low-income renters spending >= 50% of income on housing
Persons not speaking English
Recent immigrants (2001-2006)
No high school certificate among adults (age 25+)
Racialized groups
Disability among persons age 25-64
Emergency visits 2004-08 for circulatory disease (age-standardized
rate)
Emergency visits 2004-08 for respiratory disease (age-standardized
rate)
10%
Frail seniors (age 75+ with a disability) among
Seniors
total population in private households
sensitivity
index
10%
Low income (2005, after tax LICO) and living
alone among seniors (age 65+)
20%
Low income among seniors
10%
Low income among seniors living alone
5%
Senior families paying >= 30% on housing
5%
Unattached seniors paying >= 30% on housing
10%
Seniors not speaking English
5%
Recent immigrants (1996-2006) among seniors
5%
No high school certificate among seniors
5%
Seniors in racialized groups
5%
Unattached seniors with disability
5%
Disability among persons age 65-74
5%
Emergency visits 2004/05 among persons age
65-74
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A comprehensive correlation analysis was used to select and weight the indicators within the
above indices. The analysis aimed at including a diverse set of indicators that represent
predictors of heat sensitivity on the basis of research and local (Toronto) context. Details on
the correlation analysis are included below.
Correlation analysis was conducted using the data analysis program in Microsoft Excel to
determine the relationship between individual variables within each section and to select
variables for inclusion. The correlation coefficient (Pearson) is a measure of the extent to
which each pair of variables “vary together”. If high values of one variable tend to be
associated with high values of the other, this is a positive correlation. When small values of
one variable are associated with large/high values of the other this is a negative correlation.
When values of both variables tend to be unrelated the correlation is low (closer to zero).
In our analysis we found that many variables that appeared to be measuring similar things
were indeed highly correlated (correlation coefficient over 0.75). When variables that are
measures of the same phenomenon are strongly correlated with each other, a single variable
can be used in an index. A simple index is often as good as a complex index for predicting
need, vulnerability etc., as well as being easier to understand and explain. When a variable
picks up more than one aspect of a situation it may be useful to include. For example, low
income renters spending more than 50% of income on housing provides different information
than the percent of persons with low income. This is because some low income persons live in
rent geared to income housing while others live in market rent with a much higher proportion
of income going to rent and much less disposable income for other needs. It is therefore useful
to include both of these variables.
One of the variables that might seem to be useful, % of dwellings that need major repairs, is
not included in our index, because it had a small value range (does not vary much) and was
not strongly correlated with any of the other variables (positively or negatively). It may be a
poorly understood or subjectively answered Census question. For whatever reason, it does not
add or help the index to identify vulnerable populations so it is not included.
For complex variables such as access to information, or ability to act on information, in a
diverse population multiple variables are required. For this reason we have included several
aspects of access, distributing the weight for the access component across the individual
variables in the access category. The rationale for including each variable and for assigning a
relatively higher or lower weight to the variables is described in detail in Appendix A.
The process for standardizing the variable values and creating weighted indices is illustrated in
Figure 4.14. Once the variables are selected, they are standardized to a range between 0 and 1.
The score-range transformation puts each value in relation to the overall range of the variable.
Variables with a reinforcing relationship to heat exposure or sensitivity are transformed using
(v - min) / (max - min), where v is each of the census tract values and min and max are the
overall minimum and maximum values. Variables with an opposite relationship (e.g. tree
canopy shading) are transformed using (max - v) / (max - min). The standardization makes it
possible to assign weights for each variable, and sum their scores to produce a single index
score for each census tract. As a result, each tract has a score for each of the following indices:
1) exposure, 2) population sensitivity, 3) potential population vulnerability, 4) seniors’
sensitivity, and 5) potential seniors’ vulnerability. The same exposure index (weighted at 40%)
is used in both, the total population vulnerability index and the seniors’ vulnerability index.
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Figure 4.14: Procedure for standardizing, weighting, and aggregating indicators into indices

The spatial patterns of the exposure, sensitivity, and vulnerability indices by Toronto Census
tracts are shown on Maps 4.1 to 4.5 in Appendix B. The general population vulnerability index
is also shown in Fig. 4-15 below.

4.3.2

Complexity of the Indices and Data Reduction

The heat vulnerability index for the general population (Fig. 4-15) developed in the previous
section includes a total of 30 individual variables. The seniors-specific vulnerability index,
which contributes to the general population index, includes 13 of these variables. In contrast,
heat vulnerability indices found in the literature typically include only around 10 variables.
We have therefore examined whether the complexity of the above indices can be reduced. The
three simplified indices described on the following pages are all included in the coverage
analysis in Section 5.7, along with the general population and seniors heat vulnerability
indices.
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Fig. 4-15: General population vulnerability index consisting of 30 exposure and sensitivity indicators

In a first trial, we have attempted to select the most important indicators in the populationwide heat vulnerability index, and weight them according to their perceived importance in
identifying vulnerable groups. The resulting simplified vulnerability index uses the following
variables and weights:
1. Surface temperature

(20%)

2. Rented dwellings in older high-rises

(20%)

3. Low-income persons (after tax LICO)

(30%)

4. Persons not speaking English

(10%)

5. Frail seniors (age 75+ with a disability) among total population in private households
(10%)
6. Low income (after tax LICO) and living alone among seniors (age 65+)
(10%)
The spatial patterns of heat vulnerability according to this Toronto-specific, simplified index
are shown in Fig. 4-16.
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Fig. 4-16: Spatial patterns of heat vulnerability based on a Toronto-specific, simplified index consisting of
six variables selected and weighted from the complex index

The report by Bassil (2010) details three heat vulnerability indices from the literature, for
which a systematic validation was conducted. These indices were developed for London, UK
(Wolf et al. 2009), Melbourne (Loughnan et al. 2010), and the United States (Reid et al. 2010).
The following index was created by identifying ten variables from our index (Table 4-2) that
were most similar to variables used across the three cited examples:
1. Surface temperature
2. Dwellings in high-rises
3. Net population density
4. Low income persons (after tax LICO)
5. Persons not speaking English
6. Recent immigrants (2001-2006)
7. Disability among persons age 25-64
8. Emergency visits 2004-08 for circulatory disease (age-standardized rate)
9. Low income (after tax LICO) and living alone among seniors (age 65+)
10. Low income among seniors
This simplified heat vulnerability index used equal weights of 10% for each variable. The
spatial patterns of heat vulnerability according to this literature-based index are shown in Fig.
4-17.
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Fig. 4-17: Spatial patterns of heat vulnerability based on a simplified index consisting of ten equally
weighted variables selected on the basis of the literature review (not Toronto-specific)

While the selection of the larger set of 30 variables (Table 4-2) is based on the review of
existing literature and case studies as well as the recommendations for a Toronto-specific heat
vulnerability assessment from Phase I of this project, the composition of the above simplified
indices from subsets of these variables and their weighting schemes remain subjective. A more
objective method of simplifying the 30-indicator index uses principal components analysis
(PCA).
PCA is a statistical method to reduce a given dataset to a smaller set of new, independent
variables (called “components”). PCA was applied to the 30 variables of the heat vulnerability
index. It was found that seven components can explain 72% of the variance in the original
dataset. Table 4-3 shows that none of the components explains more than 17.3% of the data.
Thus, there is no one single group of variables that would represent the entire dataset.
The loadings highlighted in bold font in Table 4-3 illustrate how the components can be
interpreted. Component 1 represents high population density, high-rise buildings, recent
immigrants, and several aspects of low income. Component 2 comprises variables for not
speaking English, low level of education, and disability. Component 3 consists of indicators of
low income among seniors. Component 4 combines the three variables for emergency visit
rates. Component 5 represents surface temperature, shading, and access to green space.
Component 6 loads most highly on frail seniors and unattached seniors with activity
limitations as well as seniors in racialized groups (negative loading). Finally, component 7
represents two variables for renters spending more than half of their income on housing.
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Table 4-3: Rotated component matrix from PCA – highlighted loadings illustrate membership in
component
Component
1

2

3

4

5

6

7

% of Variance
Cumulative %

17.3
17.3

16.1
33.3

10.7
44.0

9.1
53.1

6.9
60.0

6.8
66.8

5.7
72.5

Surface temperature
Access to green space
Tree canopy shading

-.018
-.262
-.174

.439
.016
-.337

.005
-.064
-.106

.006
-.178
-.368

.754
.553
-.683

-.025
.313
.071

.061
-.122
-.029

Dwellings in high-rises
Rented dwellings in older high-rises
Population density
Low-income persons
Low-income among children (age 0-5)

-.091
-.201
-.016
.414
.454

.153
.205
.303
.352
.097

.073
.020
.077
.144
.143

-.182
-.019
-.074
-.083
-.136

.137
.032
-.174
-.133
-.035

.004
.104
.138
-.052
-.149

.115
-.255
.769
.173

.002
-.193
.174
-.050

-.024
-.048
-.302
-.179

.003
-.014
.295
.066

-.085
.099
-.121
-.124

.831
.821
.099
.038

No high school certificate among adults
Racialized groups
Disability among persons age 25-64

.848
.846
.617
.686
.638
.110
.057
.113
.846
-.059
.553
.251

.883
.488
.644

.032
-.042
.172

.219
-.202
.199

.109
.226
-.092

.116
-.400
.000

-.067
-.205
-.217

Emergency visits for circulatory disease
Emergency visits for respiratory disease

-.028
.040

.208
.191

.062
-.041

-.026
-.083

.036
.042

-.014
-.055

Frail seniors among total population

-.170

-.020

.015

.829
.817
-.242

.010

.732

.094

Low income and living alone among seniors
Low income among seniors
Low income among seniors living alone
Senior families paying >= 30% on housing
Unattached seniors paying >= 30% on housing
Seniors not speaking English
Recent immigrants (1996-2006) among seniors
No high school certificate among seniors
Seniors in racialized groups
Unattached seniors with activity limitations
Disability among persons age 65-74
Emergency visits among persons age 65-74

.223
.329
.115
.626
.442
.037
.547
-.086
.392
.045
.114
.026

.055
.175
.317
-.041
.133
.740
.238
.836
.390
.109
.486
-.163

.886
.850
.834
.298
.510
.243
.038
.098
.147
.125
.184
.320

.146
.096
.022
.107
-.023
-.141
-.244
.272
-.278
.105
.334
.659

-.068
.050
.055
.222
.068
.373
.290
.208
.313
.101
.116
.200

.122
-.036
.019
-.129
.186
-.213
-.419
.056
-.516
.668
.287
-.174

-.117
-.104
-.099
.140
.173
.106
-.049
-.027
-.189
-.127
-.002
-.013

Renter households paying >= 50% on housing
Low-income renters spending >= 50% on housing
Persons not speaking English
Recent immigrants (2001-2006)

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 10 iterations.

PCA results can be used to replace the original variables with the components for further
analysis. For example, Li & Weng (2007) reduced 13 environmental and socio-economic
variables to three components that they further transformed into a quality of life index.
Following this method, we created an index that results from multiplying the component
scores with the percent variance explained by each component. Since statistical software
provides the component scores for each record, we are able to calculate this simplified index
using the seven components for each Census tract.
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The spatial patterns of heat vulnerability according to this PCA-based index are shown in Fig.
4-18.

Fig. 4-18: Spatial patterns of heat vulnerability based on an index consisting of seven principal components
derived from the complex index

The use of principal component scores and weights derived from the percent variance
explained makes it difficult to interpret the analysis results with reference to the original heat
vulnerability indicators. Furthermore, the components in Li & Weng (2007) explained 41%,
25%, and 22% of the variance in their dataset, while the explained variance for the seven
components summarized in Table 4-3 is much lower, ranging from 17.3% to 5.7%.
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Figure 4-19: Local indicators of spatial association (LISA) between “Low-income persons” and “Lowincome among children”

The conceptual limitations of using PCA to identify variables for substitution or deletion from
an index should be noted. For example, the two variables for renter households spending more
than half of their income on housing, which form component 7, are correlated at only 0.528.
Thus, they represent two aspects of heat vulnerability that overlap only partially. In contrast,
the variables for low-income in the population and low-income among young children, both in
component 1, are correlated at 0.806. However, the Pearson correlation coefficient does not
take into account the spatial distribution of the variables. In the case of these two low-income
variables, an analysis of local association shows that there are only few Census tracts where
high values in one variable coincide with high values in the other (dark red and dark blue
shading on map in Figure 4-19). All of the 30 variables included in the heat vulnerability
index represent different aspects of exposure or sensitivity to heat, and we therefore
recommend not reducing the index to fewer indicators.

4.4

Adaptation and Residual Vulnerability

Interventions by public health agencies, community organizations, and individuals reduce the
risk of heat-related illness, thereby contributing to climate change adaptation. Long-term
adaptation to, and mitigation of, urban heat was a key interest of stakeholders in the
workshops held in conjunction with this project. We suggest that these adaptation measures be
considered indirectly in the heat vulnerability assessment through the exposure indicators. For
example, public green spaces could be considered as a human adaptation measure, but due to
their long-term stationary characteristics, we emphasize their role of reducing current heat
exposure by including them within the exposure index. In the future, if public health
considerations lead to new tree planting in poorly shaded neighbourhoods or retrofitting of
older high-rise buildings, then the indicators representing surface temperature, tree canopy, or
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lack of air conditioning will change over time, so that updated vulnerability assessments will
reflect further improvements to heat exposure.
In contrast, short-term adaptation during hot weather events is included in this assessment as
separate information in order to provide information on residual vulnerability on the basis of
potential vulnerability (see conceptual framework in Fig. 1-1). However, due to the varied
nature of adaptation measures and the characteristics of the data representing them, residual
vulnerability cannot be provided quantitatively. Instead, it can be assessed using visual overlay
of the location of adaptation facilities over the quantitative indices of potential vulnerability.

Fig. 4-20: Location of cooling centres and 1km, 2km, and 5km buffers around them

The locations of, and accessibility to, public cool spaces are provided as a map layer for
overlay on the vulnerability indices. The locations of the cooling centres were acquired from
the City’s Geospatial Competency Centre and are shown in Fig. 4-20 along with 1km, 2km,
and 5km distance buffers.
Another map layer named AC_FACILITY was also obtained from the City. This layer
includes 87 community/assembly halls, 91 libraries, and 12 other public buildings that are air
conditioned. A preliminary map of these locations along with 500m and 1km buffers around
them is shown in Fig. 4-21.
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Fig. 4-21: Location of air conditioned public buildings (community/assembly halls, libraries) and 500m and
1km buffers around them
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5 Decision Support Approach
5.1

Overall Workflow

Following the methodology of GIS-based multi-criteria decision analysis, the heat
vulnerability assessment starts with a set of alternative places for resource allocation and
concludes with the selection of one or more among these alternatives for taking action. The
alternatives in this case consist of Toronto’s neighbourhoods – loosely defined by Census tract
boundaries. Each neighbourhood can be characterized by numeric values on a selected set of
indicators. Those values are combined to form composite indices according to the approach
described in Section 4 of this report. The vulnerability index can be translated into a ranking
of neighbourhoods from the most to the least vulnerable, or a grouping, for example by
quintiles of potential vulnerability. Section 5.2 describes the use of the main series of decision
support maps for visual assessment of the spatial distribution of heat vulnerability across
Toronto.

Fig. 5-1: Workflow for heat vulnerability assessment and decision support
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These outcomes allow for a number of different “actions” to be taken. Firstly, the ranking or
grouping can help stakeholders to develop a better understanding of the complex patterns of
heat vulnerability across the City. Secondly, the assessment results can contribute to
operational decision-making on the allocation of human and/or monetary resources to the most
vulnerable neighbourhoods. Thirdly, the assessment supports the development of strategic
plans to mitigate urban heat (and thereby indirectly moderate the effects of extreme hot
weather events). Finally, the core assessment can form the basis of additional analyses that
further inform the actions to be taken. Four different types of analysis, or a combination of
them, can improve on the potential vulnerability index: adaptation overlays, cluster analysis,
sensitivity analysis, and coverage analysis (see schematic workflow in Fig. 5-1).
The consideration of adaptation information can provide an indication of gaps in adaptation
and residual vulnerability. In particular, highly vulnerable neighbourhoods that have the least
access to adaptation facilities or services such as public cool spaces could be prioritized. The
overlay of adaptation information over the exposure, sensitivity, and vulnerability maps is
described in Section 5.3.
The conceptual advantage of separating a core heat vulnerability assessment from the
subsequent steps of recommending a decision is the availability of a generic heat vulnerability
ranking/grouping, which can then be adapted to different stakeholder needs by applying
different “lenses” on prioritization. Among these lenses, cluster analysis of composite indices
and the resulting maps of high vulnerability clusters are discussed in Section 5.4; sensitivity
analysis is outlined in Section 5.5; and coverage analysis is described in Section 5.6.

5.2

Use of the Decision Support Maps

The map series included in Appendices B (Toronto) and C (Hamilton) predominantly consists
of maps of individual indicators of heat exposure and heat sensitivity as well as maps of
composite indices of exposure, sensitivity, and potential vulnerability to heat. These decision
support maps can be used to visually analyze the spatial distribution of vulnerable areas across
the study areas. All decision support maps use a standard colour scheme where darker red
identifies Census tracts with higher exposure, sensitivity, or vulnerability. There are five red
colour gradients present on each map, representing quintiles of Census tracts falling into each
class. Therefore, the most exposed, sensitive, or vulnerable quintile of areas is symbolized
with the darkest red tone.
As an example, Fig. 5-2 shows the map with spatial patterns of the composite heat
vulnerability index based on indicators for the general population. High levels of heat
vulnerability in the City of Toronto are found in a “donut” shape of Census tracts that is
anecdotally known for socio-economic disadvantage. The highest quintile of vulnerable
neighbourhoods shows some distinct hot spots within the donut shape.

48

Map-Based Heat Vulnerability Assessment

Fig. 5-2: Decision support map representing the spatial patterns of the heat vulnerability (composite index)
based on indicators for the general population

The participants in the heat workshops asked for more information on a number of elements in
the suggested heat vulnerability assessment approach, including the reasons for choosing
specific indicators, the data sources, and the methodology for creating the composite indices.
In response, key information on the decision support maps can be provided in a fact sheet to
accompany each map. Figure 5-3 shows draft contents for such a fact sheet that outlines the
assessment approach with its key components and limitations. In addition, a statement was
added to all maps that refers to this project report for detailed information.
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Question & Answer Sheet
Heat Vulnerability Mapping - Toronto, Summer 2011
Background and disclaimer. Toronto Public Health has developed a Toronto-specific heat
vulnerability mapping and decision support approach. This map was provided to assist you
with understanding the geographic patterns of heat vulnerability and planning hot weather
response activities. Please note that the map cannot be used in isolation, but it may add to the
knowledge of your service areas and the outreach experience already present in your
organization.
Data, methodology, and limitations. This project’s selection of heat exposure and sensitivity
indicators was based on a review of the scientific and grey literature up to the summer of
2010; an investigation of Toronto-specific datasets available and suitable for mapping; a
statistical analysis of the numeric relationships between potential indicators; and two
stakeholder workshops held in fall 2009 and spring 2010.
Most of the datasets used to represent the sensitivity indicators originate from 2006 Canadian
Census profiles or cross-tabulations obtained through the Canadian Social Data Strategy. If
your clients include people who are homeless or people living in long term care homes or
collective dwellings, please note that they may be under-represented in the Census variables
and as a consequence, in the heat vulnerability assessment. Exposure was modeled based on
selected thermal images obtained from Natural Resources Canada and land use information
from the City of Toronto.
Most Census tracts include between 1,500 and 8,000 residents. These units provide sufficient
geographic detail for general outreach planning and City-wide comparisons, without
compromising individual privacy. All raw-count data were standardized (e.g. number of
seniors re-calculated as percent of seniors among total population) to enable numeric
combination of indicators. In addition, the health data representing pre-existing illness were
age-standardized to account for variation in the demographics of Census tracts.
The creation of composite indices of heat vulnerability follows guidelines for multi-criteria
decision analysis, which support the weighted combination of indicators. Details on the
vulnerability assessment methodology can be found in the project report at
http://www.toronto.ca/health/hphe/index.htm.
Map design and uses. All maps were created for the extent of the City of Toronto at the
Census tract level. The choropleth (area-shaded) maps created for most indicators and indices
use a quintile classification method (all five classes contain the same number of Census
tracts). A pink-to-red colour scheme was used for the thematic symbols on all maps to indicate
increasing exposure, sensitivity, or vulnerability by increasingly dark shades of red.
Selected reference layers such as major roads or social planning neighbourhood boundaries
will provide orientation and support the exploration of spatial patterns of heat vulnerability
across the City.
Fig. 5-3: Sample contents of a fact sheet to be added to decision support maps in order to summarize the
assessment approach with its key components and limitations
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Another stakeholder comment asked for “plain language” to be used on the maps.
Unfortunately, this request conflicts with the need to specify the exact names of the variables
being used. For example, there are important differences between “buildings” and “dwelling
units”, or between “households” and “economic families” in the Canadian Census. Map titles
and legend headings are used to document the variables, measurement units, and geographic
level being used. In addition, it is strongly recommended that all map users also are provided
with a copy of this report for complete documentation of the maps.

5.3

Overlay of Adaptation and Context Information

In addition to the indicator and index maps described above, another map series is used to
represent adaptation and context information. Certain existing facilities may reduce heat
vulnerability and are therefore considered in the adaptation component of the conceptual
framework (Fig. 1-1), which reduces potential vulnerability. Those facilities include public
green areas, cooling centres and other air conditioned public buildings, and public pools. This
group also includes maps of contextual features that can assist with hot weather response (e.g.
hospitals, shelters, subway stations) or with longer-term mitigation, in particular sets of
boundaries used for planning and policy purposes (e.g. Toronto wards, social planning
neighbourhoods, and priority investment areas).
The maps in the adaptation and context group are provided as overlays on the indicator and
index maps, rather than being included in the numeric vulnerability assessment as indicators
themselves. In this way, by overlaying an adaptation or context maps, the moderating effect on
potential heat vulnerability can be assessed. For example, hot weather response stakeholders
can verify whether an air conditioned public building such as a library is located in a highly
vulnerable neighbourhood of interest. Or, a City councillor could assess whether heat
vulnerability is a policy concern in his/her ward.
Fig. 5-4 shows the map of cooling centres as an example of an adaptation map. These maps
are designed in such a way that they can be overlaid on the decision support maps with their
titles appearing underneath the main map’s title and legend element appearing at an empty
spot in the main map’s legend. The overlay can be achieved through printed transparencies or
through loading as a map layer in desktop GIS.
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Fig. 5-4: Map of cooling centre locations to be used as adaptation overlay with decision support maps

5.4

Cluster Analysis for Composite Indices

In addition to mapping the heat vulnerability indices using quintiles, spatial statistics provide a
means to identify distinct patterns of high and low exposure, sensitivity, and vulnerability.
Local indicators of spatial association (LISA) are a statistical measure for geographic
clustering of similar values (Anselin 1995). Fig. 5-5 shows those Census tracts in red that have
high values in the general population heat vulnerability index, and are surrounded by other
Census tracts that also have high vulnerability. Conversely, blue colour is used for Census
tracts that have low vulnerability themselves and are surrounded by other tracts with low
vulnerability.
It is important to note that only the core areas of these high and low clusters are shown.
Nearby Census tracts with similarly high or low vulnerability that contributed to the
identification of a cluster will remain white when they are near the edge of the cluster. Due to
these characteristics, the cluster maps could be useful for identifying possible locations for hot
weather response facilities or programs at the centres of larger areas of high vulnerability.
However, isolated hot spots of heat vulnerability will not be highlighted by the cluster
analysis. These can be identified through the highest vulnerability quintiles on the index maps
in conjunction with the coverage maps described in Section 5.6.
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Fig. 5-5: Core areas of high/low heat vulnerability identified by the LISA statistic. Red/blue Census tracts
have high/low vulnerability (general population index) and are surrounded by similar levels of
vulnerability

5.5

Sensitivity Analysis and Validation of Composite Indices

Sensitivity analysis assesses the changes in results upon small modifications of input
parameters. For example, modifying the indicator weights within the composite vulnerability
index will change the ranking or grouping of vulnerable neighbourhoods. If the changes are
small, then the component that was modified is considered as stable. An assessment that is
relatively stable overall is preferable over an assessment with many unstable components. For
the heat vulnerability assessment, the weight attributed to different vulnerability indicators can
be modified systematically or interactively, in order to observe changes in the
ranking/grouping of vulnerable neighbourhoods.
A method for validating the assessment results was developed as a separate subproject by
Bassil (2010). Generally speaking, both morbidity and mortality data have been used
elsewhere to validate spatial patterns of heat vulnerability. Mortality cases that were explicitly
recorded as heat-related are rare so that their use to validate the assessment will be
problematic. General mortality has been shown to increase with hot weather, although there
could be confounding social factors in a non-temporal validation. Bassil (2010) recommends
using three datasets for an exploratory validation of the heat vulnerability indices: (1) all-cause
mortality data from Statistics Canada’s Vital Statistics – Death Database; (2) ambulance
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dispatch data from Toronto’s Emergency Medical Services (EMS); and (3) emergency
department visits for Toronto hospitals from the National Ambulatory Care Reporting System
(NACRS). Both, the vital statistics and the hospitalization data could be restricted to illnesses
such as cardiovascular and respiratory disease, where heat is a known contributor. The
validation methods suggested by Bassil (2010) include contingency tables, correlation
statistics, and step-wise regression modeling. A contingency table that compares hits, misses,
false alarms, and correct negatives requires the definition of threshold values for both, the
vulnerability indices and the observed health outcome. Bassil (2010) also recommends
validating the vulnerability indices with and without the indicators for pre-existing illness,
which may overlap with the validation measure.

5.6

Coverage Analysis and Coverage Maps

Coverage analysis is the term we use to identify what proportion of specific populations of
interest are included in the areas identified as being of higher vulnerability. Most of the
analysis described so far is based on local (Census tract) rates. This is the count of the
population group of interest (e.g. recent immigrants) divided by the total population living in
private households in the Census tract. If all the areas with high rates of the component
variables had a small number of people, we could discover that most of the at-risk population
lived in other (less vulnerable) areas. In that case, directing services and strategies only to
more vulnerable areas would leave out large numbers of vulnerable populations. Looking at
the distribution of the number of at-risk populations in relation to the index tells us how well
the index covers the populations of interest.
Table 5.2 shows what percentage of each of the population groups of interest is included in the
highest quintile (20%) of vulnerable areas. When more than 20% of these population groups
are included in the top 20% of areas (highest vulnerability areas), then our index is an
improvement upon planning solely on the distribution of the total population or distributing
services across the total area (e.g. services per ward, services per neighbourhood). The higher
the percent included, the better the index is in covering the at-risk population.
Mapping counts of populations of interest is also a way to assess how well the identified highvulnerability areas cover areas with large numbers of vulnerable people. Counts of at-risk
populations are mapped as graduated symbols (the larger the circle the more persons) on top
of the vulnerability index map, as described below.
Finally, selecting neighbourhoods for outreach on the basis of selected at-risk population
counts in addition to high levels of place vulnerability is the ultimate purpose of coverage
analysis. Maps of counts over vulnerability index provide a common reference for planners
and decision-makers to use when designing strategies and distributing resources. Users and
decision-makers at the June 2010 heat workshop raised the potential for different strategies to
be developed for different quintiles, including distinguishing City-wide strategies versus
strategies targeted to areas of specific population groups in vulnerable areas.
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Table 5-2: Percent coverage of selected at-risk populations in the quintile of census tracts with the highest
vulnerability scores

Coverage by
population
vulnerability
index
22.7%
32.8%
39.9%
45.9%

Coverage by
seniors’
vulnerability
index
23.1%
32.2%
38.2%
41.1%

22.3%
22.3%
34.9%
40.8%
36.0%

21.8%
21.7%
32.1%
31.9%
33.9%

34.0%
38.3%
25.9%
31.1%
25.5%
19.5%
18.6%
19.3%
32.3%
34.2%
23.1%
30.8%
31.6%
23.0%
30.2%
23.3%
21.8%

32.7%
32.3%
24.7%
28.7%
25.0%
20.6%
20.8%
21.3%
40.5%
42.2%
26.9%
33.9%
34.4%
23.8%
33.5%
27.9%
22.6%

At-risk population group

Number of occupied private dwellings
Number of renter occupied dwellings
Number of dwelling units in high rise buildings (5+ storeys)
Number of rented apartments in high rise buildings built
before 1986
Population, 2006 - 100% data
Population 2006 in private households – 20% data
Number of low income persons (after tax) 2005
Number of children age <6 in low income families (after tax)
Number of low income renter households paying 50% or
more of income on rent
Number of persons not speaking English
Number of recent immigrants (2001-2006)
Number age 25 + without high school certificate
Number in racialized groups
Number age 25-64 with a disability
Total population age 65 and over – 100% sample
Total population age 80 and over – 100% sample
Number of frail seniors: age 75+ with a disability
Number of age 65+ low income and living alone
Number of age 65+ low income after tax
Number age 65 and over living alone
Number of age 65 not speaking English
Number of age 65+ recent immigrants (less than 10 years)
Number of age 65 with no high school certificate or diploma
Number age 65+ in racialized groups
Number age 65+ living alone with disability
Number age 65-74 with disability

Table 5.2 shows the coverage analysis for the vulnerability index developed in this report.
This analysis uses the vulnerability index for the general population as well as the
vulnerability index for the seniors’ population. The quintile of areas with the highest
vulnerability scores (total population) has 22.3% of the population and 22.7% of the occupied
dwelling units (households). However, it comprises approximately 32.8% of all rental
dwellings, 36.0% of the renters paying more than one half of their household income on rent,
38.3% of recent immigrants, and 31.1% to 34.2% of seniors with low income, people who do
not speak English, and racialized groups. It also has 39.9% of the dwelling units in high-rise
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building, 40.8% of young children in low income families, and 45.9% of renter-occupied units
in high-rises built before 1986 (dwellings less likely to have central air conditioning).
The general population vulnerability index works less well for picking up areas with large
numbers of people age 25-64 with a disability (25.5%) and people age 25 and over without a
high school certificate (25.9%), although their coverage is still greater than the covered
proportion of the population in general.
Using the seniors’ vulnerability index provides a higher concentration of at-risk seniors than
the general population vulnerability index. While the quintile of areas with the highest seniors’
vulnerability scores includes 20.6% of the seniors’ population, it comprises more than 40% of
low income seniors. It also has over one third of the seniors that do not speak English, who are
recent immigrants, and who are in racialized groups. Again, seniors with a disability are not as
concentrated in the high vulnerability areas as diverse and low income seniors are.
The coverage analysis for the index used in this report is minimally different from that using
an earlier index (June 2010 workshops). The minor modifications included replacing official
language ability with English only (recognizing that in Toronto, speaking French is not a
guarantee of access to understandable information if most information and services are
provided in English only); replacing crude emergency departments visits rates with agestandardized rates; and correcting some rates that had been calculated on too small numbers.
In most cases, these modifications changed the proportion of the population included in the
highest vulnerability quintile by less than one-half of a percentage point.
The coverage analysis was also conducted for the three simplified heat vulnerability indices
described in section 4.3.2. Table 5-3 shows the proportion of at-risk populations captured by
the highest-vulnerability quintile of Census tracts under the simplified Toronto index;
literature-based index; and PCA-based index. The “comparison” columns show the absolute
difference in coverage between these indices and the complex indices proposed in this report.
The comparison is calculated against the general population index for the count variables that
refer to the population as a whole, and against the seniors vulnerability index for the count
variables that refer to seniors (starting with “Total population age 65 and over”). Variables for
which the comparison is 2% or greater are highlighted in bold in Table 5-3. It is evident that
the vast majority of at-risk populations are not captured as comprehensively by any of the
simplified indices as they are captured by the complex heat vulnerability indices.

56

Map-Based Heat Vulnerability Assessment
Table 5-3: Percent coverage of selected at-risk populations in the quintile of census tracts with the highest
scores using three simplified heat vulnerability indices, and comparison to coverage by indices in Table 5-2

Comparison

PCA-based
index

Comparison

Literaturebased index

Comparison

Simplified
Toronto
index

At-risk population group

22.8%
34.8%

0.1%
2.0%

22.8%
33.0%

0.1%
0.2%

21.6%
31.5%

-1.1%
-1.3%

39.3%

-0.7%

41.1%

1.2%

32.6%

-7.3%

50.5%
21.8%
21.7%
33.8%

4.6%
-0.6%
-0.6%
-1.1%

46.1%
22.0%
21.9%
34.0%

0.2%
-0.4%
-0.4%
-1.0%

40.9%
21.0%
20.9%
31.8%

-5.0%
-1.4%
-1.4%
-3.2%

37.9%

-2.8%

37.8%

-3.0%

36.1%

-4.7%

37.0%
30.7%
35.7%
25.0%
27.6%
24.3%
20.3%
21.1%
21.1%
36.8%
36.6%
26.9%
28.4%

1.0%
-3.2%
-2.6%
-0.9%
-3.4%
-1.2%
-0.3%
0.3%
-0.2%
-3.7%
-5.6%
0.0%
-5.5%

35.3%
32.1%
38.0%
23.4%
30.2%
24.9%
20.1%
21.0%
20.8%
38.2%
39.8%
26.6%
30.0%

-0.7%
-1.9%
-0.3%
-2.5%
-0.9%
-0.6%
-0.4%
0.2%
-0.5%
-2.3%
-2.3%
-0.4%
-3.8%

34.3%
32.2%
31.4%
28.0%
25.5%
24.1%
19.4%
19.0%
20.0%
34.8%
34.5%
23.6%
32.2%

-1.7%
-1.7%
-6.9%
2.1%
-5.6%
-1.4%
-1.1%
-1.8%
-1.3%
-5.6%
-7.6%
-3.3%
-1.6%

29.5%

-4.9%

34.3%

-0.1%

26.3%

-8.1%

23.1%
28.0%
27.3%
21.8%

-0.6%
-5.5%
-0.6%
-0.9%

21.8%
32.2%
26.8%
21.5%

-2.0%
-1.3%
-1.1%
-1.1%

25.8%
24.2%
25.0%
22.9%

2.0%
-9.3%
-3.0%
0.2%

Number of occupied private dwellings
Number of renter occupied dwellings
Number of dwelling units in high rise buildings (5+
storeys)
Number of rented apartments in high rise buildings
built before 1986
Population, 2006 - 100% data
Population 2006 in private households – 20% data
Number of low income persons (after tax) 2005
Number of children age <6 in low income families
(after tax)
Number of low income renter households paying
50% or more of income on rent
Number of persons not speaking English
Number of recent immigrants (2001-2006)
Number age 25 + without high school certificate
Number in racialized groups
Number age 25-64 with a disability
Total population age 65 and over – 100% sample
Total population age 80 and over – 100% sample
Number of frail seniors: age 75+ with a disability
Number of age 65+ low income and living alone
Number of age 65+ low income after tax
Number age 65 and over living alone
Number of age 65 not speaking English
Number of age 65+ recent immigrants (less than 10
years)
Number of age 65 with no high school certificate or
diploma
Number age 65+ in racialized groups
Number age 65+ living alone with disability
Number age 65-74 with disability

Sample maps of coverage circles over the vulnerability index are shown in Fig. 5-6 and 5-7.
The final coverage maps are included in Appendix B and C. These maps are useful in planning
because they show at a glance how concentrated the vulnerable populations are and where the
largest number of vulnerable populations can be reached. To map the counts, each Census
tract was ranked by the number of persons for the variable of interest. A cumulative sum was
calculated until 50% of the population of interest was included. These ranked Census tracts
with the highest numbers were classified into five groups (quintiles) for mapping the number
of persons and to set the size of the circles. Census tracts were represented with a circle
representing the number of people with that characteristic in that Census tract. The legend
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matches the range in the number of people with the characteristic to a circle size. The largest
circles have the most people and the smallest the least. The graduated circles include 50% of
the total population with the mapped characteristic.
If the populations of interest were randomly distributed across the city, the number of Census
tracts needed to reach a count of 50% of each population group would be approximately half
of the city’s 532 Census tracts. The coverage maps show the high concentration of at-risk
population groups, since in most cases, 50% of the at-risk population is found in
approximately one-third of Census tracts.
The coverage maps complement the index maps to support planning and decision making
about targeting and distributing services. As shown in Table 5.1, the 20% of census tracts that
have the highest vulnerability scores include one-third to over 40% of the at-risk populations.
Although not shown in the table, adding the next-highest vulnerability census tracts (secondhighest scoring quintile), would include 50-70% of most at-risk populations. The coverage
maps with the graduated circles show clearly if there are large numbers of at-risk populations
not included in the high-vulnerability areas, so that additional areas can be included in hot
weather response planning. Thereby, the coverage maps provide additional rationale that helps
to maximize the efficiency of response to the areas in greatest need.

Fig. 5-6: Coverage of low income renters with high shelter costs (counts represented by proportional
circles) and heat vulnerability index
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Fig. 5-7: Coverage of low income seniors living alone (counts represented by proportional circles) and
seniors’ heat vulnerability index
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6 Conclusion
6.1

Transferability of the Approach

This project started as a Toronto-specific assessment of heat vulnerability at the level of City
neighbourhoods. Some of the indicators of general social disadvantage that were identified,
are specific to population characteristics and distribution in Toronto. For example, the Census
variable “persons aged 65+ living alone” represents a social risk factor in other Canadian and
US cities but not in Toronto, where some areas with high numbers or proportions of seniors
living alone are among the wealthy neighbourhoods. Another important consideration in Phase
I of the heat vulnerability assessment was the availability and currency of local data.
In the present Phase II of the project within the Ontario Regional Adaptation Collaborative,
we were also interested in exploring the transferability of the proposed approach to other
jurisdictions, in particular those in Ontario. The transferability is tested on a different City,
Hamilton, as well as a different level of geography, encompassing the entire Province.
6.1.1

Heat Vulnerability Assessment for Hamilton Area Census Tracts

Researchers at McMaster University in Hamilton, Ontario, have extensively studied
neighbourhood influences on health. For example, Wilson et al. (2009) found that low
household income was among the significant determinants of fair or poor self-rated health, of
the presence of chronic health conditions, and of emotional stress. Living in the industrial
Northeast neighbourhood was found to be another significant determinant of poor health
outcomes. The Hamilton Spectator newspaper in conjunction with researchers at McMaster
has published a series of maps showing health inequalities between neighbourhoods (Buist
2010). Finally, Cheng and Newbold (2010) in a report define a heat vulnerability index from
two components: elderly living alone and low-income immigrants. They determine clusters of
vulnerable population in Hamilton’s downtown and eastern neighbourhoods. By overlaying
surface temperature, Cheng and Newbold (2010) argue that these vulnerable (sensitive in our
terminology) neighbourhoods are also among the hottest, and should be targeted for hot
weather response.
The application of the Toronto heat vulnerability assessment to the Hamilton Census
Metropolitan Area yields similar results. The Toronto indices (Table 4-2) had to be modified
due to the fact that some datasets used in Toronto were not readily accessible for Hamilton.
The weighting of the Toronto indices (Table 4-2) was modified by adding the weights of
missing indicators to the remaining indicators in the corresponding groups, as shown in Table
6-1. Specifically, weights of 10% for access to green space and 10% for tree canopy shading
were added to surface temperature in the exposure index; weights of 5% each for two
emergency visit variables were added to disability among persons aged 25-64 in the sensitivity
index, and the weight of 5% for seniors emergency visits was added to disability among
persons aged 65-74 in the seniors sensitivity index. The Toronto indices could be replicated
identically, if Hamilton’s Public Health Services and Public Works department had data on
green spaces, tree canopy, and emergency department visits available to represent the five
missing exposure and sensitivity indicators.
A selection of three indicator maps along with the five index maps is included in Appendix C.
The maps are numbered in the same way as the Toronto maps.
60

Map-Based Heat Vulnerability Assessment

Table 6-1: Heat vulnerability index composition and weighting for Hamilton, Ontario (modified from
Toronto-specific indices shown in Table 4-2)

40%

Exposure
index

60%

Sensitivity
(general
population)
index

50%
17.5%
17.5%
15%
25%
5%
5%
5%
10%
5%
5%
5%
20%
15%

Surface temperature
Dwellings in high-rises (five or more storeys)
Rented dwellings in older high-rises (built before 1986)
Population density
Low-income persons (2005, after tax LICO)
Low-income among children (age 0-5)
Renter households spending >= 50% on housing
Low-income renters spending >= 50% of income on housing
Persons not speaking English
Recent immigrants (2001-2006)
No high school certificate among adults (age 25+)
Racialized groups
Disability among persons age 25-64
10%
Frail seniors (age 75+ with a disability) among
Seniors
total population in private households
sensitivity
index
10%
Low income (2005, after tax LICO) and living
alone among seniors (age 65+)
20%
Low income among seniors
10%
Low income among seniors living alone
5%
Senior families paying >= 30% on housing
5%
Unattached seniors paying >= 30% on housing
10%
Seniors not speaking English
5%
Recent immigrants (1996-2006) among seniors
5%
No high school certificate among seniors
5%
Seniors in racialized groups
5%
Unattached seniors with activity limitations
10%
Disability among persons age 65-74

A coverage analysis for the vulnerability index for Hamilton shows a high concentration of atrisk populations in the areas that have the highest vulnerability scores. As shown in Table 6.2,
the 20% of Census tracts with the highest vulnerability scores include only 16.0% of the
population and 18.9% of all dwellings. However, they comprise over 40% of the dwellings in
high rise units and in older buildings. They also have over 45% of several low-income groups,
including young children and seniors, and low-income renters. They also include 34-39% of
recent immigrants and people who do not speak English.
The seniors’ vulnerability index for Hamilton covers an even higher proportion of vulnerable
seniors. With 20.5% of all seniors, the Census tracts with the highest seniors’ vulnerability
score have 37.8% of seniors who do not speak English, 34.4% of seniors with a disability who
are not living with family, 49.9% of seniors living alone who are low income, and 47.3% of
seniors who are renters.
This analysis indicates that the heat vulnerability indices can be applied to other municipalities
in Ontario to identify areas with high proportions and high numbers of at-risk populations.
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Table 6-2: Percent coverage of selected at-risk populations in the quintile of census tracts with the highest
vulnerability scores for Hamilton, Ontario

Coverage by
population
vulnerabilit
y index
18.9%

Coverage by
seniors
vulnerabilit
y index
20.3%

41.6%

52.8%

46.7%

55.5%

16.1%
16.0%
38.7%
45.1%
51.0%
48.8%

16.8%
16.6%
35.3%
37.9%
49.6%
47.8%

39.4%
34.2%
26.7%
27.6%
24.2%
15.7%
17.0%
18.6%
21.6%
40.4%
35.1%
22.5%
21.1%

39.3%
33.6%
26.1%
26.3%
22.3%
20.5%
23.4%
22.6%
25.1%
47.8%
37.8%
24.5%
29.5%

33.7%
34.9%
43.5%
44.1%

47.3%
50.0%
56.7%
55.9%

23.5%
40.6%
25.3%
15.1%

31.8%
49.9%
34.4%
22.4%

At-risk population group

Number of occupied private dwellings by structural type of
dwelling - 100% data
Number of dwelling units in buildings that have five or more
storeys built before 1986
Number of rented dwelling units in buildings that have five or
more storeys built before 1986
Number in total population
Number of persons in private households
Number of low income persons after tax in 2005
Number of children age <6 in low income families
Number of low income renter households
Number of low income renters paying 50% or more of income
on rent
Number with No English
Number of recent immigrants (2001-2006)
Number age 25+ without high school certificate
Number in racialized groups
Number age 25-64 with a disability
Number age 65 and over
Number age 75+ with a disability
Number 65 to 74 years with a disability
Number age 65+ with no high school certificate
Number of low income 65+ after tax
Number age 65+ with no English
Number age 65+ in racialized groups
Number age 65+ that are recent immigrants (less than 10
years)
Total Elderly Householders or Unattached who are renters
Total Elderly Renters>30% or more on housing
Total Elderly Low Income Renters
Total Elderly Low Income Renters paying >30% of income
on housing
Number age 65 years and over living alone
Number 65 + living alone and are low income After Tax 2005
Number 65+ unattached with a disability
Number age 80+ in total population
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6.1.2

Ontario Census Subdivisions

The exposure and sensitivity indicators represented in data for Census subdivisions (CSD)
across the Province of Ontario are significantly different from those for Toronto and Hamilton
Census tracts. The greatest challenge is the large number of CSDs with zeros or very small
values. Specifically, the variables representing high-rise buildings and rented dwellings in
older high-rises as well as recent immigrants and racialized groups among the population and
among seniors are affected by this problem. Furthermore, the thermal remote sensing images
available from Natural Resources Canada only cover a small fraction of the Province.
While the Toronto-specific heat vulnerability indicators and indices cannot be transferred
directly to the level of the Province, the conceptual approach presented in this report is widely
applicable. Based on a survey of related work and available datasets, a composite index would
be developed that considers the local conditions in the study area. A coverage analysis would
be used to verify concentrations of vulnerable persons against counts of vulerable persons.
And overall, the principle of using maps to visualize, assess, and act upon heat vulnerability is
independent of the scale and location of the area of study, as exemplified by related work that
covers the entire United States.

6.2

Limitations of the Assessment

The heat vulnerability assessment has a number of limitations that users need to keep in mind
when using the results for decision-making. Within the exposure indicators, surface
temperature could easily be obtained from thermal imagery. Besides the limited number of
images available (see section 4.1.1), a principal limitation comes from the fact that surface
temperature is not the only factor which determines air temperature, and that air temperature,
humidity, solar load, and wind speed are related to heat-related illness. Surface temperature
patterns from thermal remote sensing can only provide an approximation of exposure hot
spots. In addition, it was not possible to consider differences in day- and night-time spatial
pattern of urban heat, although it is believed that a lack of night-time cooling compounds the
health effects of daytime heat. Furthermore, surface temperatures can also not be assumed to
predict indoor temperatures, as the latter is influenced by ventilation and other local effects.
Nevertheless, a recent study by Kestens et al. (2011) suggests a high level of correspondence
of ambient temperature, land cover, and surface temperature. The authors highlight the high
spatial resolution of surface temperature datasets which only permits intra-urban heat
vulnerability assessments.
Regarding the sensitivity indicators, the assessment is limited in that it mostly takes residential
locations of people into account, not their workplace. Many cases of heat-related illness are
linked to heat exposure at the workplace. Unfortunately, useful data for daytime population
and workplace characteristics are difficult to obtain.
The use of a composite index may yield methodological issues. While a composite
vulnerability measure can summarize complex information for efficient analysis,
communication, and decision-making, it may over-simplify the decision problem and be prone
to misinterpretation. Although the proposed indices are based on mostly peer-reviewed
publications, many of the scanned studies appeared to be limited by data availability. The
same limitation applied to the present study. For example, detailed data on air-conditioned
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buildings could not be obtained. An additional limitation of the composite index is in the
interpretation of its values. While stakeholders recommended to link index levels to different
types of hot weather response actions, specific index values do not have a meaning as they
only depend on the joint distribution of values of the component indicators. Therefore, generic
quintiles are used in conjunction with all index maps.
Using area-based data also makes this study susceptible to the ecological fallacy. It is not
possible to infer characteristics of an individual from the data available at an aggregated level.
Furthermore, the modifiable areal unit problem (Openshaw 1988) suggests that the assessment
may yield different results if it was conducted at another level of geographic detail, or using a
different partitioning of the study area.

6.3

Related Activities and Future Work

Toronto Public Health is in contact with several other City agencies to coordinate data use for
the heat vulnerability assessment and discuss possible consequences of the assessment beyond
its own mandate. For example, City Planning has been very interested in the relationship
between land use and built form on the one hand, and public health on the other.
The Clean Air Partnership is developing UMAP, the Urban Heat Mapping & Analysis
Program, which provides a collection of heat-related regional datasets. This tool could address
some stakeholders’ request for heat vulnerability maps for the Greater Toronto Area, beyond
the City boundaries. However, the regional scope of UMAP makes the tool less suitable for
intra-urban analysis and mapping of heat vulnerability. Therefore, Toronto Public Health is
also exploring different options for public distribution of project results through a separate
Web mapping application.
Related work at Ryerson University includes Briggs’ (2010) major research paper under Dr.
Andrew Millward’s supervision that deals with the 24-hour characteristics of the urban heat
island, and Hussain’s (2010) major research paper about the relationship between surface
temperature and land use categories, supervised by Dr. Claus Rinner. Other ongoing work on
green roofs by Dr. Doug Banting and on shading of public spaces by Prof. George Kapelos
could also be of interest.
Another promising collaboration resulted from the contact with Dr. Olga Wilhelmi at the
National Centre for Atmospheric Research in Boulder, Colorado, whose work was reviewed
during Phase I of this project. Dr. Wilhelmi now leads a large NASA project, in which a group
of American researchers aim to create a “System for Integrated Modeling of Metropolitan
Extreme Heat Risk” (SIMMER). Toronto Public Health and the Toronto Environment Office
participate in the project with several staff, and the Toronto is a test site for the transfer of the
methodology developed for Houston, Texas. The SIMMER project seeks to improve
quantitative and qualitative aspects of heat vulnerability and thus has complementary
objectives to this report and related work by Toronto Public Health. Further, the SIMMER
project also involves local application of climate models, an assessment of uncertainty in
predictions of heat-related illness, and the production of local and regional datasets for future
research.
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Appendix A – Description and Selection of Exposure and Sensitivity
Variables
The table below describes the indicators that were selected for inclusion in the indices (i.e.
exposure, population sensitivity, and seniors’ sensitivity indices). Additional indicators that
were analyzed but not included are listed at the end. Besides relevance and importance, criteria
for inclusion in the index included: best available indicator, high percent of the total
population included, correlation variance, variable’s range indicating disparities, and minimal
suppression due to small numbers. Census tract rates were not calculated for any variable for
which the denominator was less than 100. If more than 15 (3%) of Census tracts had to be
excluded because of this, the variable was not included.
Information from the 2006 Canadian Census is from census profiles and from custom- and
semi-custom data tables accessed through the Community Social Data Strategy via Toronto
Public Health.
Variables
Included in
Exposure
Index

City Rate

Source

Purpose/Rationale

% of Dwelling
Units that are in
High Rises (Five
or more storeys)

38.6%

Profile of CTs

More than
75% in 66
CTs

94-581-XCB2006005

Indicates high density areas and
potential heat islands depending on
roofing materials and surrounding
green space (includes all Hi-Rise
condo and apts., whether owned or
rented)

% All Dwelling
Units are Renter
High Rise
Dwellings
Constructed
Before 1986

22% of all
occupied
private
dwellings and
49% of all
renter
dwellings and
81% of all
high rise
dwellings

97-554-XCB2006021_CT
Period of Construction (11), Structural
Type of Dwelling (10), Housing Tenure
(4) and Condition of Dwelling (4) for
Occupied Private Dwellings of Census
Metropolitan Areas, Tracted Census
Agglomerations and Census Tracts.

Indicates high density areas and
potential heat islands depending on
roofing materials and surrounding
green space. Older buildings are less
likely to have central air conditioning
and residents are less likely to be able
to reduce exposure through
construction changes or central air
because they are renters (unless
landlord installed)

More than
60% in 36
CTs
Population
Density in
persons/km2 over
Net Area
(Pop/Net_Area)

While the
average
density is
4000 persons
2
per Km it is
more than 10
times that in
several CTs.

Profiles of CTs over CT area
minus Non-residential Residential
Cutouts NonResAreas_region.shp
from Toronto Public Health
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Indentifying where the largest number
of people live. Also helps to correct for
the occurrence of high rates that may
occur in areas with small populations.
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Population
Variables in
Sensitivity
Index

City Rate

Source

Purpose/Rationale

Total Persons in
Low Income
Households –
Income below
Statistics Canada
Low Income Cutoff (LICO) After –
Tax 2005

19.5%

Profile of CTs

As high as more
than 1 in every 3
persons in more
than 40 CTs

94-581-XCB2006005

Low income is the leading
determinant of health, and predictor
of chronic diseases. Low income is
also a barrier to taking action to
control or change environments
(purchase and install air
conditioners, vacation/recreation
elsewhere, transportation costs,
etc.)

Children under 6
years of age in
Low Income
Households with
income below
Statistics Canada
After-Tax Low
Income Cut-off
(LICO)

25.7%

Profile of CTs

Renters paying
50% of more of
their income on
rent.

22% of renter
households spend
50% or more of their
income on rent. 7%
of CTs have 33% of
renters paying 50%
or more on rent.

977-554-XCB2006051_CT
Gross Rent as a Percentage
of household income by
household type by age of
primary household maintainer

While high shelter cost is set by
Canadian Mortgage and Housing
Corporation at 30% of income, the
proportion paying 50% or more is
so high in Toronto, that we choose
50% rather than 30% as the cutoff.

Low Income
Renter
Households
Paying 50% or
more of Income on
Housing

52% of low income
renter Unattached
persons (not in
Economic Families)
and 47% of low
income renter
Economic Families
spend 50% or more
of their income on
rent., for a total of
49% of low income
Economic Families
and unattached
persons paying 50%
or more of their
income on rent.

UPP06_Table-09EF_ Part_
A_CT

High shelter costs are especially
important for those with low
incomes, so we also include this
indicator of higher shelter
costs(50% of more of income) for
low income renter households.

Income variables

Combined Low
Income Renter
Economic Family
Households paying
50% or more of
household income
on housing costs:
PLUS Low Income
Renters that are
Unattached (not in
economic families)
paying 50% or
more of income on
housing

94-581-XCB2006005
A high as more than
1 in every 2 children
in 27 CTs.

As high as 70% or
more in 87 CTs

Elderly/Non-Elderly Spouse or
Economic Family Reference
Person (3), Income Status Before
Tax of Economic Family
Households (3), Selected Cultural
and Activity Limitation
Characteristics (11), Presence of
Children (5) and Selected
Dwelling, Household and Income
Characteristics (27) for the
Economic Family Households in
Non-farm, Non-reserve Private
Dwellings of Census Metropolitan
Areas, Tracted Census
Agglomerations and Census
Tracts.

UPP06_Table09UI_Part_A_CT
Same as above for Unattached
Individuals
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Very young children (under age 5)
physiologically have greater
susceptibility to the effects of heat.
Children in low income families are
more likely to be in situations where
there are greater barriers to
protecting children from heat
exposure (especially financial
barriers – see above). This includes
low income lone parent families.

This indicator identifies the
population who have less resource
capacity for taking steps to reduce
their personal exposure to heat or
mitigate that exposure. Also people
paying 50% or more of their income
on rent are more likely to live in
private market rental units, less
likely to benefit from city programs
and public housing programs.
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Access Variables
Persons not
speaking English
(people with no
knowledge (unable
to conduct a
conversation) in
English, this
includes people
who speak French
only, French and
other or other
languages with no
English.
Recent Immigrants
% who became
permanent
residents with in
the past 5 years
(2001-2006) since
the census was
conducted in May
2006.
Age 25 and over
without High
School education

5.3% overall

Profile of CTs
94-581-XCB2006005

More than 10% in
70 CTs

8.6% overall

Profile of CTs
94-581-XCB2006005

As high as more
than 20% in over 50
CTs

17.8% overall

Profile of CTs
94-581-XCB2006005

Persons without knowledge of
English are missed when important
messages are only in English, when
they are socially isolated or during a
health crisis or emergency when
second language skills are harder
to draw on. The % no knowledge
variable underestimates people
who need information in their own
language for understanding it.

This very diverse population
includes vary marginalized persons
who may not know what to do or
where to go for help or who avoid
government services, but also
many others with high education,
resources and capacity. In order not
to stigmatize those already socially
marginalized, we use recency in
general as an access barrier.
Low education is related to literacy,
including healthy literacy as well as
income and access to resources.

AS high as more
than 30% in 70 CTs
Racialized Groups

47% overall but at
least 80% in 65 CTs

Profile of CTs

16.4%

UPP06_Table-01_CT

94-581-XCB2006005

Including this variable as a potential
access issue is not meant to
stigmatize such a large diverse
population but to recognize that
some groups experience significant
social marginalization, systemic
discrimination, avoidance of
government services. Some groups
are multiply marginalized,
concentrated in low quality housing,
less access to transportation, more
discrimination, low income etc. but
in order not to name or stigmatize
specific groups, we include this
variable more generally in acknowledgement of this.

Health Variables
Disability among
age 25-64

As high as 20% or
more in 10 CTs and
more than 25% in
15 CTs.

Age Groups (34), Sex (3), Income
Status Before Tax (3) and
Selected Cultural, Activity
Limitation and Demographic
Characteristics (36) for the
Population in Private Households
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This is a measure of functional
health as well as disability/activity
limitation and the potential need for
assistance. Among older ages the
mobility limitations are more
predominant than among this age
group where general health
problems dominate. This is the only
such variable available at the
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census tract (CT) level because it
comes from the census.
Emergency Visits
for Respiratory
Diseases, and
Circulatory
Diseases

Population
Variables in
Seniors’
Sensitivity
Index

More than a 4-fold
difference in rates
from the top 10
highest compared to
ten lowest for rates
for respiratory visits
and more than 3 fold
difference for
circulatory diseases
visit rates, with
respiratory rates
double the rate of
circulatory diseases
visit rates in most
CTs.

City Rate

IntelliHEALTH Ontario data
base, Ministry of Health and
Long Term Care, National
Ambulatory Care Reporting
System (NACRS) data. Age
standardized rates for 20042008) were provided by
Toronto Public Health
(standardized to the 1991
population of Canada).

Indicates areas with higher rates of
ER visits but does not suggest that
these are related to heat. When
used without age adjustment, these
variables may be skewed by the
location of long term care homes,
etc., so in this index we use age
standardized rates to better reflect
the population in households.

Source

Purpose/Rationale

UPP06_Table-01_CT

Indicates proportion of a
community that are older seniors
with a disability (and thus in
poorer general heath or with less
ability to leave unsafe situations
without assistance. It would be
better if the age group was older
yet(in terms of frailty) but this is
not available with disability rates.

Demographic &
Income
Frail Seniors
% of total
population that are
age 75+ with a
disability

4.2%

Living alone and
being low income:
% of all age 65 and
over that are Low
income and living
alone

11%

% Low Income
Seniors

12.5%

AS high as
more than
7.5% in 35
CTs

As high as
more than
20% in 50
CTs and over
40% in
several

Age Groups (34), Sex (3), Income Status
Before Tax (3) and Selected Cultural,
Activity Limitation and Demographic
Characteristics (36) for the Population in
Private Households

97-563-XCB2006028_CT Income

Identifies those seniors that are
both living alone and low income
and what percent of all seniors
are seniors have these combined
characteristic. Seniors living alone
with good or high incomes would
be considered less vulnerable
than seniors living alone with low
incomes and less capacity to
adapt change or control their
living situations because of
income as a barrier. This indicator
was selected in stead of %
seniors that are living alone
because of the great diversity
among seniors living alone make
the latter not a very useful
predictor of vulnerability by itself.

Profile of CTs

Indicates less ability to control,
change or mitigate risk situations

Status Before Tax and Income Status
After Tax (8), Economic Family Structure
and Presence of Children for the
Economic Families; Sex, Household
Living Arrangements and Age Groups for
the Persons 15 Years and Over not in
Economic Families; and Sex and Age
Groups for the Persons in Private
Households (88) of Census Metropolitan
Areas, etc.

71

Map-Based Heat Vulnerability Assessment
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as well as greater likelihood to
experience poorer health, more
disability.

97-563-XCB2006028_CT

Living alone was not associated
with vulnerability for all seniors in
Toronto as many are healthy, new
retirees and homeowners. Low
income living alone seniors are
more likely to be renters and this
groups live alone and/or renting
seniors have some of the highest
poverty rates, especially older
women who may not have good
pensions.

UPP06_Table-09EF_ Part_ A_CT

The situation of renter seniors
may be quite different from that of
owner seniors. Renter seniors are
also a very diverse group. Many
have never been homeowners
and may have been low income
all their lives. Some seniors live
in supportive housing situations
and may or may not be reflected
in the census data, and because
of their living situation may have
access to in-building support
services. At the CT level numbers
are small for calculating rates at
50% of income, renters only and
for low income seniors with very
low disposable income, groups
that could be a priority for
outreach.

As high as
25% and
over in 60
CTs
% Low income
among age 65 and
over living alone

43.8%
The rate f low
income
among
seniors living
alone is as
high as 50%
or more in 80
CTs

Elderly Economic
Family Households
paying at least 30%
of household
income on housing

19% of all
senior-led
families and
38% of all
low income
senior-led
families were
spending at
least 30% of
their income
on rent.

Elderly-led economic families

Most of the
low income
HHs
spending at
least 30% of
income on
housing are
paying at
least 50% of
their income
on housing.
Elderly Non-Family
Households paying
more than 30% of
income on housing

52% are
paying at
least 30% of
their
household
income on
housing and
19% are
paying at
least 50% of
their income
on housing.

UPP06_Table-09UI_Part_A_CT

Same as above.

Same as Above except for unattached
seniors – not in economic families.

Access Variables
Age 65 and over
Not Speaking
English

15.9%
As high as

EO1213_TGP_7A_CMA_CT
Target Group Profile of the Population 65
Years and Over of Selected Census
Metropolitan Areas, Census
Agglomerations and Census Tracts, 2006
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See language section above.
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more than
40% in 42
CTs

Census

Age 65 and over
who are Recent
immigrants (within
10 years)

5.7%

UPP06_Table-01_CT

Age 65 and over
without high school
certificate.

40.6%

Profile of CTs

As high as
more than
75% in more
than 20 CTs

94-581-XCB2006005

See education section above.
Very high rates of no high school,
and even < Grade 9 occur among
some seniors groups, which is
also a proxy for literacy.

Age 65 and over in
racialized groups

27.8%

UPP06_Table-01_CT

See above.

As high as
more than
75% in 30
CTs

Se above

Age 65 and over
living alone with
disabilities/activity
limitations

More than
66% in 130
CTs

UPP06_Table-09UI_Part_A_CT Age

Groups (3), Sex (3), Income Status Before
Tax (3), Selected Cultural and Activity
Limitation Characteristics (11) and
Selected Dwelling, Income and Household
Characteristics (27) for the Persons 15
Years and Over not in Economic Families
in Private Households

Seniors with a disability that do
not live with family members may
be more vulnerable. However, the
support system that individuals
have is unknown and
measurements of this are not
available.

Age 65-74 with
disability/activity
limitations

42%

UPP06_Table-01_CT

See disability sections above.

Age Groups (34), Sex (3), Income Status
Before Tax (3) and Selected Cultural,
Activity Limitation and Demographic
Characteristics (36) for the Population in
Private Households

Under age 75 includes those with
health conditions other than
mobility restrictions, which ate
more likely to predominate among
those older than 75.

ER Visits, MOHLTC, from Toronto
Central LHIN

Only CT level indicator available
for seniors only related to chronic
illness. Under 75 is used to avoid
confounding by long term care
homes that may be located in a
CT.

As high as
more than
15% in 40
CTs

Age Groups (34), Sex (3), Income Status
Before Tax (3) and Selected Cultural,
Activity Limitation and Demographic
Characteristics (36) for the Population in
Private Households

See Recent Immigrant section
above. Immigrant Seniors are not
eligible for any income support
under federal programs until they
have been in Canada at least 10
years.

Health Variables

As high as
more than
60% in 24
CTs and 66%
in 5 CTs
Emergency Visits
(all causes) age 6574 2004/05

More than a
four-fold
difference
between top
ten and
lowest ten
rates.

Other dwelling variables that were reviewed but no included were:
% of Dwellings Constructed before 1986 (81% overall; renter dwellings in high rises
was selected instead of all dwellings)
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% Renter Dwelling Units that Require Major Repairs (10% overall and 6% of senior-led
households. More than 5% of CTs had less than 100 renter dwellings so a variable using
renter dwelling as a denominator was not used. Also this variable showed little
difference across areas).
% All Dwelling Units are Renter Low Rise Dwellings Constructed Before 1986 (high
rises seen as more important, as well as housing more people).
Seniors paying more than 50% of income on rent (30% captured a larger number of
seniors so this was used instead).
Transformation Issues and Limitations
Census dwelling and population income and access variables are based on a 20% sample of
population in private households (long census form). Reporting is subject to undercount
(people missed by the census) and data suppression (low response rate). People living in
institutions and collective dwelling are not included in the 20% household sample. Period of
construction is only available for total and 10 time periods. The selection of 1986 as the cutoff for old versus new is based on US research and local expert opinion on when new
buildings started to include central air conditioning at the time of construction. This has not
been validated with local data. When looking at 2006 census tract dwelling and population
data, City of Toronto staff noted that there was a discrepancy that suggested that some
buildings were not enumerated. Comparing total dwelling and occupied dwellings showed a
difference in some CTs and some reported population declines occurred in CTs where the city
knew that new dwellings had been completed. Despite these limitations, the census remains
the best available source for the types of variables above.
Bylaws and fire regulations specify the maximum amount that above-ground windows can be
opened, which can make using fans for air circulation during heat unsafe/contraindicated.
Window construction and other building features are unknown and there is no local database,
which can supplement census housing variables across the city at this time.
Several research and planning projects underway (United Way of Greater Toronto housing
study, Mayor’s Tower Renewal project, multiresidental building survey, etc.) will contribute
to the information that is available on housing conditions in the city.
The rooming house database includes only licensed rooming houses/boarding homes, and not
all of these are included in the 20% of the census based on persons in private households. The
location and mapping of rooming houses, long-term care homes, and seniors retirements
residences remains a useful addition to census mapping based on persons in private
households, to identify vulnerable persons whose needs may be addressed by direct
communication with building owners, landlords, or service operators.
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Appendix B – Heat Vulnerability Maps for Toronto

SENSITIVITY
(General population)

EXPOSURE

The maps listed in this table are provided on the following pages.
Map #
1.1
1.2

Map Title - Subtitle
Surface Temperature Average of June 29, 2007,
and September 3, 2008
Proximity to Green Space

1.3

Tree Shading

1.4.1

High-Rise Buildings

1.4.2

Rented Dwellings in Older
High-Rises

1.5

Population density

Map #
2.1.1

Map Title
Low-Income Persons

2.1.2

Low-Income Among
Young Children

2.1.3

Housing Costs of Renter
Households
Housing Costs of LowIncome Renters

2.1.4
2.1.5
2.1.6

SENSITIVITY
(Seniors)

2.1.7

Legend Title
Average temperature by census tract

English Language
Knowledge
Recent Immigrants

2.1.8

No High School Certificate
Among Adults
Racialized Groups

2.1.9

Disability Among Adults

Map #
2.2.1.

Map Title
Frail Seniors among Total
Population
Low Income and Living
Alone Among Seniors

2.2.2
2.2.3
2.2.4

Low Income Among
Seniors
Low Income Among
Seniors Living Alone
75

Average distance to a park or ravine by census
tract
Tree canopy coverage by census tract (% of all
land cover)
Units in buildings with five or more storeys by
census tract (% of all dwellings)
Rental units in buildings with five or more
storeys, constructed before 1986 by census tract
(% of all dwellings)
Persons per km2 by census tract (residential areas
only)
Legend Title
Low-income by census tract (% of population,
based on 2005 after-tax LICO)
Children in low-income families by census tract
(% of population age 0-5, based on 2005 aftertax LICO)
Rent >= 50% of income by census tract (% of
renter households)
Housing costs >= 50% of income by census tract
(% of all low-income renters, based on 2005
after-tax LICO)
Not speaking English by census tract (% of
population)
Immigrated 2001-2006 by census tract (% of
population)
No high school certificate by census tract (% of
population age 25+)
Persons in racialized groups by census tract (%
of population)
Persons with a disability by census tract (%
population age 25-64)
Legend Title
Persons age 75+ with a disability by census tract
(% of population in private households)
Low income and living alone by census tract (%
of population age 65+, based on 2005 after-tax
LICO)
Low income by census tract (% of population
age 65+, based on 2005 after-tax LICO)
Low income by census tract (% of population
age 65+ living alone, based on 2005 after-tax
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2.2.5
2.2.6
2.2.7
2.2.8
2.2.9
2.2.10
2.2.11

ADAPTATION
and CONTEXT (transparencies)

2.2.12
Map #
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

VULNERABILITY and
CLUSTERS

3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
Map #
4.1
4.2
4.3
4.4
4.5

Housing Costs of Seniors
in Families
Housing Costs of
Unattached Seniors
English Language
Knowledge Among Seniors
Recent Immigrant Seniors
Seniors without High
School Certificate
Seniors in Racialized
Groups
Unattached Seniors with
Disability
Disability Among Persons
Age 65-74
Map Title
Public Green Areas
City Wards
City Neighbourhoods
Priority Investment Areas
Ipsos-Reid Postal Code
Regions
Public Cool Spaces –
Cooling Centres
Public Cool Spaces Community Halls
Public Cool Spaces Libraries
Rapid Transit Stops
Licensed Childcare Centres
Schools
Public Pools and Splash
Pads
Hospitals
Shelters and Hostels
Long-Term Care Homes
Rooming Houses
Map Title
Exposure to Heat
Sensitivity to Heat
Sensitivity to Heat Among
Seniors
Vulnerability to Heat

LICO)
Housing costs >=30% of income by census tract
(% of seniors in economic families)
Housing costs >= 30% of income by census tract
(% of unattached seniors)
Not speaking English by census tract (% of
population age 65+)
Immigrated 1996-2006 by census tract (% of
population age 65+)
No high school certificate by census tract (% of
population age 65+)
Persons in racialized groups by census tract (%
of population age 65+)
Persons with a disability by census tract (% of
unattached seniors)
Persons with a disability by census tract (% of
population age 65-74)
Legend Title
[] Public park
[] Ward
[] Neighbourhood
[] Priority area
[] FSA region
x Cooling centre
x Community hall
x Library
x
x
x
x

Subway station
Childcare centre
School
Pool/splash pad

x Hospital
x Shelter/hostel
x Long-term care home
x Rooming house
Legend Title
Heat exposure index by census tract
Heat sensitivity index by census tract (general
population)
Heat sensitivity index by census tract (seniors)
Heat vulnerability index by census tract (general
population)
Heat vulnerability index by census tract (seniors)

Vulnerability to Heat
Among Seniors
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4.6
4.7
4.8
4.9

COVERAGE
(graduated symbol maps - overlay on V_INDEX)

4.10
Map #
5.1.1
5.1.2
5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.2.6
5.2.7
5.2.8
5.2.9
5.3.1
5.3.2
5.3.3
5.3.4

Clusters of Exposure to
Heat
Clusters of Sensitivity to
Heat
Clusters of Sensitivity to
Heat Among Seniors
Clusters of Vulnerability to
Heat
Clusters of Vulnerability to
Heat Among Seniors
Map Title
Heat Vulnerability and
High-Rise Buildings
Heat Vulnerability and
Rented Dwellings in Older
High-Rises
Heat Vulnerability and
Low-Income Persons
Heat Vulnerability and
Low-Income Young
Children
Heat Vulnerability and
Housing Costs of Renter
Households
Heat Vulnerability and
Housing Costs of LowIncome Renters
Heat Vulnerability and
English Language
Knowledge
Heat Vulnerability and
Recent Immigrants
Heat Vulnerability and
Adults Without High
School Certificate
Heat Vulnerability and
Racialized Groups
Heat Vulnerability and
Disability Among Adults
Heat Vulnerability and
Low Income and Living
Alone Among Seniors
Heat Vulnerability and
Low Income Among
Seniors
Heat Vulnerability and
Housing Costs of Seniors
in Families
Heat Vulnerability and
77

Heat exposure index by census tract - Cluster
type
Heat sensitivity index by census tract (general
population) - Cluster type
Heat sensitivity index by census tract (seniors) Cluster type
Heat vulnerability index by census tract (general
population) - Cluster type
Heat vulnerability index by census tract (seniors)
- Cluster type
Legend Title
Units in buildings with five or more storeys
(counts represent 50% of City total)
Rental units in buildings with five or more
storeys, constructed before 1986 by census tract
(counts represent 50% of City total)
Low-income (counts represent 50% of City total,
based on 2005 after-tax LICO)
Children age 0-5 in low-income families (counts
represent 50% of City total)
Rent >= 50% of income by census tract (counts
represent 50% of City total)
Housing costs >= 50% of income among lowincome renters (counts represent 50% of City
total)
Persons not speaking English by census tract
(counts represent 50% of City total)
Immigrated 2001-2006 by census tract (counts
represent 50% of City total)
Adults without high school certificate (counts
represent 50% of City total)
Persons in racialized groups by census tract
(counts represent 50% of City total)
Persons age 25-64 with a disability by census
tract (counts represent 50% of City total)
Low income and living alone by census tract
(counts represent 50% of City total)
Low income by census tract (counts represent
50% of City total)
Housing costs >=30% of income by census tract
(counts represent 50% of City total)
Housing costs >= 30% of income by census tract
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5.3.5
5.3.6
5.3.7

Housing Costs of
Unattached Seniors
Heat Vulnerability and
English Language
Knowledge Among Seniors
Heat Vulnerability and
Unattached Seniors with
Disability
Heat Vulnerability and
Disability Among Persons
Age 65-74
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(counts represent 50% of City total)
Not speaking English by census tract (counts
represent 50% of City total)
Persons with a disability by census tract (counts
represent 50% of City total)
Persons with a disability by census tract (counts
represent 50% of City total)
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Appendix C – Heat Vulnerability Maps for Hamilton

VULNERABILITY

ADAPT
ATION

SENSITIVIT
Y
(Seniors)

SENSITIVITY
(General
population)

EXPOSURE

The maps listed in this table are provided on the following pages.
Map #
1.1

Map Title - Subtitle
Surface Temperature Average of June 29, 2007,
and September 3, 2008

Legend Title
Average temperature by census tract

1.4.2

Rented Dwellings in Older
High-Rises

Rental units in buildings with five or more
storeys, constructed before 1986 by census tract
(% of all dwellings)

Map #
2.1.1

Map Title
Low-Income Persons

Legend Title
Low-income by census tract (% of population,
based on 2005 after-tax LICO)

Map #

Map Title

Legend Title

Map #

Map Title

Legend Title

Map #
4.1
4.2

Map Title
Exposure to Heat
Sensitivity to Heat

4.3

Sensitivity to Heat Among
Seniors
Vulnerability to Heat

Legend Title
Heat exposure index by census tract
Heat sensitivity index by census tract (general
population)
Heat sensitivity index by census tract (seniors)

4.4

COVERAGE

4.5
Map #

Vulnerability to Heat
Among Seniors
Map Title

Heat vulnerability index by census tract (general
population)
Heat vulnerability index by census tract (seniors)
Legend Title
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