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Learning Objectives 
• Explain the relevance of the components of heat vulnerability 

(i.e., adaptive capacity, sensitivity, and exposure), in assessing 
heat-related health risks.

• Describe the methodology used to develop and map the Heat 
Vulnerability Index (HVI), including application of Principle 
Component Analysis (PCA).

• Identify the practical applications of the HVI in guiding targeted 
interventions and resource allocation to reduce inequitable 
health outcomes.
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Context

• Heat is one of the top five 
climate-related health hazards. 

• Recommendations included 
mapping at-risk communities.

• Temperatures projected to 
continue rising, increasing heat-
related illness risk.

Integration of VA results into  
PPH's Strategic Priorities.



Health Impacts of Heat in Peel 

Temperatures in Peel have been increasing, with annual mean 
temperatures rising from 8.1°C in 1938 to 9.3°C in 2017.

Projections show an increase in expected days above 35°C, 
increasing the risk of heat-related illness and death.

For every 5°C increase in daily mean temperature, there is a 2.5% 
increase in non-accidental deaths.

Heat-related illnesses include heat stroke, heat exhaustion, fainting, 
edema, heat rash and cramps. 



Project Objectives

Identify, assess, and map communities in Peel at-risk of 
heat-related illness.

Begin discussions and strengthen understanding of 
how these communities are impacted by heat.

Ensure effective and equitable programs and policies 
are explored to mitigate the risk of heat on health.
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Principle Component 
Analysis (PCA) 
Methodology 



Methodology overview

Research 
questions

Methods

Part 1: Principal component analysis (PCA) Part 2: Geospatial analyses

• Which areas have the most risk for heat events 
within Peel?

• Do these areas exhibit spatial clustering?

• What can we learn about these communities 
regarding the social determinants of health, the 
built environment, and health outcomes?

• Which indicators associated with vulnerability to 
heat-related harms best explain the variance in 
the whole dataset?

• Can an index summarizing these data be 
created to describe each Census Tract in Peel?

1. Select indicators based on vulnerability 
assessment

2. Reduce variables and test assumptions for PCA

3. Select components

4. Compute component scores and Heat 
Vulnerability Index score per Census Tract

1. Assess large-scale variation: spatial 
autocorrelation

2. Assess small-scale variation: cluster and outlier 
analysis 

3. Explore health equity stratifiers by index quintiles



Indicator selection
Characteristics of indicators 
selected for inclusion in PCA:

✓ Data are available and 
reliable at the census tract 
(CT) level

✓ Data are accessible by Peel 
Public Health and are 
releasable as per data sharing 
agreements

✓ Data represents the concept 
accurately

Census data

Environmental exposure data from Canadian Urban 
Environmental Health Research Consortium (CANUE)

IC/ES data request for chronic disease prevalence by CT

Examples of included and excluded 
data sources/indicators:

Canadian Community Health Survey (CCHS) data were 
not validated for small-area analysis

Healthcare utilization data → high proportion of CTs with 
0-4 events

Availability of air conditioning in homes → Census 
variable % dwellings built before 1960 not a good proxy

Availability of heat response plans by municipality → no 
variation



Principal component analysis (PCA)
Factors associated with 

heat vulnerability

Variable reduction & 
test assumptions

Run PCA

Variables dropped 
during iterative process

Final components

1. Adaptive capacity

Low 
income

Renters
Living 
alone

2. Sensitivity

Cancer
Respiratory
disease

Heart 
disease

3. Exposure

Maximum 
temperature

Tree 
canopy

Normalized 
Difference 
Vegetation 
Index

Compute scores for each Census Tract
• For each of the 3 components (Adaptive Capacity, 

Sensitivity, Exposure)
• Combined: Heat Vulnerability Index (HVI)



Final components & indicators
Component Area-level indicator (at Census Tract geography) Data source

1 - Adaptive 
Capacity

Percent of private households by household size: one person Census (2021) [1]

Percent of private households by tenure: renter Census (2021) [1]

Percent of population in the low income measure, after tax Census (2021) [1]

2 - Sensitivity

Prevalence of heart disease (congestive heart failure, ischemic 
heart disease, or atrial fibrillation)

IC/ES data request (2023) [2]

Prevalence of cancer IC/ES data request (2023) [2]

Prevalence of respiratory diseases (asthma or chronic obstructive 
pulmonary disease)

IC/ES data request (2023) [2]

3 - Exposure

Annual maximum mean warm-season land surface temperature CANUE (2021) [3]

Percent tree canopy cover Peel Data Centre (2021) [4]

Normalized Difference Vegetation Index: mean greenest pixel USGS (2021) [5]

CANUE: Canadian Urban Environmental Health Research Consortium; CT: census tract; IC/ES: Institute for Clinical Evaluative 
Sciences; USGS: United States Geological Survey.
Please see reference slide for data references.



Results

Adaptive capacities 
(e.g., socioeconomic status)

Low Income

Living Alone

Renters

Sensitivities (e.g., pre-
existing health conditions)

Cancer

Respiratory Disease

Heart Disease

Exposure (e.g., mean 
surface temperature)

Max. Temp °C

Tree Canopy - %

Normalized Difference Vegetation 
Index

45.9% 
total 

variance

27.3% 
total 

variance

12.5% 
total 

variance

These three components together explain 85.7% of the total variance

Three components were selected during PCA:



Spatial Analysis & 
Mapping



Which areas have the most risk for heat 
events within Peel?

Do these areas exhibit spatial clustering 
within Peel?

What can we learn about these 
communities regarding the social 
determinants of health, the built 

environment, and health outcomes?

Spatial Mapping Objectives



Join the tabular data to the 
cartographic boundary file for 

Peel.

Map the results for each 
component and the HVI using a 

choropleth map and quintile 
classification.

Test for spatial association 
(similarity) and map significant 

results.

Mapping the results
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Find the HVI maps here https://peelregion.ca/health/health-status-data/peel-health-data-zone-
information-tool under the “Heat Vulnerability Index” tab. 

HVI Dashboard
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Additional Analyses

• Compare social determinants with heat vulnerability.

• Identify disproportionate representation.

• Support targeted planning and interventions to reduce 
inequities. 



Limitations and reflections

Limitations of area-based indices
• Ecological fallacy

• Modified area unit problem 

Reflections on the maps and analysis
• What are the intended uses of these maps and analysis?



Public Health 
Applicability



Applicability

Support planning 
and 

program/policy 
development.

Increase 
understanding of 
neighbourhood 
specific needs.

Development of an 
all-hazards climate 
change emergency 

plan.

Collaboration 
across public 

health, broader 
organization and 

community 
partners.

Application 
support. 



Prioritization of Climate 
Retrofits in Peel Buildings

Lower risk Greater risk
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Food Environment Analyses

• The total number of food retailers included in the analysis increased 
26% (4,360 in 2025 and 3,730 in 2019) but the number of records 
included as a percentage of the food inspector database was stable 
(80.1% in 2025 and 81.0% in 2019)

• Modified Retail Food Environment Index (unadjusted and adjusted) 
remained stable across Peel between periods (84.9% in 2025 and 
85.4% in 2019). Decreases were observed in Mississauga and 
Brampton, with a slight increase was observed in Caledon.

• Restaurants market share grew 5.7% (687 new locations) with 
limited-service restaurants accounting for 560 of these locations. 
With hybrid, fast food, and beverage and treat retailers being the 
most common.



Change in food retail by type

Count Percent Count Percent Count Percent Count Percent

All Retailers 630         -          320           -              258             -               52              -       

Restaurant 687         5.7% 373           5.6% 270             6.1% 44              5.3%

Full Service Restaurant 127          -0.2% 86              0.4% 31                -1.0% 10              -1.9%

Limited Service Restaurant 560          5.9% 287            5.2% 239              7.1% 34              7.2%

Beverage and Treat 140          2.5% 98              3.1% 37                1.7% 5                 0.6%

Fast Casual 57            -0.8% 11              -1.6% 41                0.3% 5                 0.2%

Fast Food 161          0.8% 78              0.7% 72                0.9% 11              1.5%

Hybrid 202          3.5% 100            2.9% 89                4.2% 13              4.9%

Store 57-           -5.7% 53-              -5.6% 12-                -6.1% 8                -5.3%

Food Store 150          1.6% 67              1.0% 69                2.2% 8                 0.7%

Grocery Store 88            1.3% 36              0.8% 49                2.1% 3                 0.8%

Supermarket 2              -0.3% 6                 0.0% 4-                   -0.6% -             -0.5%

Specialty 54            0.4% 25              0.2% 24                0.8% 5                 0.4%

Whole Foods 28            0.2% 13              0.1% 13                0.4% 2                 -0.6%

Desserts 15            0.2% 7                 0.1% 7                   0.2% 1                 0.3%

Other 11            0.1% 5                 0.0% 4                   0.1% 2                 0.6%

Variety Store 1              -1.7% 19-              -2.1% 12                -1.5% 8                 -0.6%

Retail Food Outlets
Peel Missisauga Brampton Caledon



Change in adjusted density by retail by type

Count Percent Count Percent Count Percent Count Percent

All Retailers 19.1          -              25.1        -             14.5        -            6.0         -       

Restaurant 15.3          8.4% 20.5 9.2% 11.0        6.1% 4.5 8.7%

Full Service Restaurant 3.6              0.6% 5.1 0.5% 2.2            -0.2% 1.4 -0.5%

Limited Service Restaurant 11.7            7.8% 15.3 8.4% 8.9            6.8% 3.0 8.1%

Beverage and Treat 2.1              3.0% 3.4 4.8% 1.0            0.3% 0.6 4.4%

Fast Casual 2.5              -1.0% 3.5 -1.0% 1.8            -0.2% 0.4 -2.5%

Fast Food 4.2              0.8% 5.4 1.7% 3.6            1.1% 1.1 0.7%

Hybrid 2.7              4.3% 3.1 3.2% 2.5            5.7% 0.9 5.5%

Store 3.9             -7.6% 4.6 -9.2% 3.5           -6.1% 1.5 -8.7%

Food Store 3.4              3.1% 4.1 1.7% 2.7            3.8% 1.0 1.9%

Grocery Store 1.7              1.5% 2.0 1.3% 1.5            2.2% 0.3 1.0%

Supermarket 0.3              -0.5% 0.5 0.0% 0.2            -0.3% 0.1 -1.2%

Specialty 1.3              1.3% 1.8 1.2% 0.9            1.5% 0.7 3.8%

Whole Foods 0.7              0.6% 0.8 0.0% 0.6            1.7% 0.3 0.7%

Desserts 0.4              0.6% 0.7 1.0% 0.2            0.0% 0.1 1.1%

Other 0.3              0.2% 0.4 0.3% 0.1            -0.1% 0.3 3.2%

Variety Store 1.6              -2.9% 1.6 -3.7% 1.8            -0.8% 0.8 -0.3%

Density (Population 

Weighted)

Peel Missisauga Brampton Caledon











Next steps

•Co-op student from Dalla Lana School of Public Health will 
explore links between the food environment and diabetes 
incidence and prevalence rates at the census tract level to 
evaluate significant trends in Peel using spatial regression 
analysis.

•Create a story map to highlight these finds and share with 
internal and external partners.



Thank you.

David.Guillette@peelregion.ca 

mailto:david.guillette@peelregion.ca
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