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Message From the MOH 
 

Dr. Thomas Piggott, Medical Officer of Health and Chief Executive 
Officer  
 

Lƴ нллф ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ aŜŘƛŎŀƭ WƻǳǊƴŀƭΣ ¢ƘŜ [ŀƴŎŜǘΣ ǿǊƻǘŜΥ άClimate 

change is the greatest global health threat facing the world in the 21st 

century, but it is also the greatest opportunity to redefine the social and 

environmental determinants of health.έ 

 

This came as I was starting my career in public health, and I knew then that climate change would not be a future 

uncertainty to ponder, but an emergency that would require collective action and a whole-of-society response. 

 

Fast forward more than a decade and we are now seeing in real-time how human behaviour is changing our 

environment in profound and irreversible ways. In my previous role as Medical Officer of Health in Labrador there have 

been profound changes to arctic sea ice impacting health over the past decade. Now even in Peterborough these 

impacts are here with record high temperatures, droughts, windstorms, flooding, and forest fires and smoke, all 

happening with increasing frequency and severity.  

 

The detrimental health effects of these events are significant, and just as serious as the physical damage they cause. Yet, 

as the Lancet rightly noted more than a decade ago, responding to climate change should not be a burden, but an 

opportunity to reshape society to be healthier, happier, fairer, and more equitable. 

 

Adaptation will be a journey, and reducing the negative health outcomes brought about by the climate emergency will 

require all of us to adapt. But, if necessity truly is the mother of invention, then it is time we also seize this opportunity 

to build a better, healthier, world.  

 

This Climate Change Vulnerability Assessment is the first step in the journey towards adaptation at a local level. Our 

starting point in this journey is health equity, beginning with a detailed look at the factors that create and increase 

vulnerability to a range of climate hazards.  

 

As our next step, we will look at what we ς as a community ς can do together to adapt to the impacts of a changing 

climate and warming world.  
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Executive Summary 
Climate change is a threat to everyone and the health of our planet. PeopleΩs health and well-being can be 
impacted by the changes to the climate and the environment, including locally in the Peterborough Public 
Health (PPH) region, which includes the County and City of Peterborough, Curve Lake First Nation, and 
Hiawatha First Nation.   
 
ttI ƛǎ ǊŜǉǳƛǊŜŘ ōȅ hƴǘŀǊƛƻΩǎ aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǘƻ ŀǎǎŜǎǎ 
the vulnerability of the populations served (Ontario Public Health Standards [OPHS], 2018). PPH has conducted 
this vulnerability assessment to understand the present and potential future impacts of climate change on the 
health of the people in the PPH region. The report also identifies vulnerable populations and the factors that 
Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƴŎǊŜŀǎƛƴƎ ŀ ǇŜǊǎƻƴΩǎ ǊƛǎƪΦ 
 
This assessment serves as a foundation to support further work that aims to reduce the health impacts of 
climate change in the community, helping to achieve other OPHS requirements that relate to reducing 
exposure to health hazards. This is referred to as ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴΦ CǳǊǘƘŜǊΣ ttIΩǎ Strategic Plan for 
2022 to 2025 identifies adaptation work related to climate change as a priority, with an emphasis on ensuring 
that those who are most vulnerable are supported in adapting to and reducing the negative health impacts of 
climate change.         
 
Climate change refers to the long-term shift in the usual weather patterns of a region. The following climate-
related health hazards (climate hazards) and health impacts were assessed:    
Á Extreme temperatures  
Á Extreme weather  
Á Food and water security and safety  
Á Vector-borne diseases  
Á Air quality   
Á Ultraviolet radiation  

 
Climate hazards can be impacted by long-term shifts in weather patterns (i.e., temperature, precipitation, 
wind), increases in extreme weather, or both. 
  

Vulnerability and Populations at Increased Risk of Adverse Health 
Impacts   
While all people can be impacted by climate hazards, certain population groups are at increased risk (i.e., 
more vulnerable). Vulnerability may be experienced across the lifespan, where infants, children and youth, 
older adults and pregnant people may be more vulnerable to climate hazards. These vulnerable populations 
may be even more at risk if they are experiencing chronic health conditions, or life circumstances that limit 
their ability to prepare or respond to a climate hazard. These factors can be influenced by the social 
determinants of health (e.g., income, education, race/culture, stable housing, social connectedness, etc.).  
 
Throughout this assessment vulnerable populations have been identified, with some notable populations 
highlighted in the blue and green icons in the diagram below. Vulnerability can depend on the specific climate 
hazard, but overall, some of the greatest vulnerability exists for those experiencing a combination of risk 
factors such as:  
Á Being very old or very young  
Á Living on a low income or not having enough money to adapt to climate hazards   

https://www.peterboroughpublichealth.ca/about-us/strategic-plan/


Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 6 of 148 

Á Living without safe, stable, or adequate housing 
Á Experiencing health conditions, including mental illness  
Á Facing barriers to social connection or access to appropriate supports and services 

 

  

PPH recognizes that the concept of vulnerability may seem stigmatizing for those 
identified as vulnerable. The purpose of highlighting vulnerable groups is to prioritize 
adaptive actions and ensure that no one in our community gets left behind. Many of 
the groups mentioned in the report have the skills, knowledge, and ability to adapt to 

climate hazards in their own way. 
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Key Findings for Climate Hazards Presented in this Report:  

Extreme Temperatures  
Á Projections show that the PPH region will experience significant increases in the number of days above 

30°C: increasing by four-fold by the 2050s (averaging 38 days per year) and increasing by almost eight-fold 
by the 2080s (averaging 71 days per year), under the fossil-fueled development scenario.21  

Á Health outcomes from this include heat-related illnesses and deaths, as well as exacerbation of health 
conditions such as heart and lung diseases, and mental illness. 

Extreme Weather  
Á Climate change may lead to more extreme weather in the PPH region, such as extreme precipitation 

events, severe storms, and wildfires.  
Á Health outcomes from extreme weather (and/or related power outages) vary, but can include injuries, 

food and waterborne illnesses, mental health impacts, and can also impact mobility and access to health 
care.  

Food and Water Security 
Á Climate change may negatively impact food systems, food safety and food security, through its impact on 

food production, processing, distribution, and consumption of food.    
Á Climate change contributes to increased food costs, which will have the greatest impact on people already 

worrying about running out of money for food. Household food insecurity is associated with poorer 
physical and mental health. 

Á Increasing temperatures and heavy precipitation events may adversely affect food and water safety by 
increasing the risk of exposure to pathogens.  

Á Health outcomes from exposure to contaminated food and water may include an increase in food and 
waterborne illnesses throughout the exposed population which may lead to the development of chronic 
conditions or death in some instances.  

Vector-borne Disease  
Á Increasing temperatures, longer warm seasons, and changing precipitation patterns may lead to an 

increased risk of exposure to vector-borne diseases such as West Nile virus and Lyme disease. Emerging 
diseases may also be experienced locally due to expansions in tick and mosquito species geographic 
ranges. 

Á Health outcomes vary depending on the disease acquired and vulnerability factors. The risk of adverse 
health outcomes from emerging vector-borne diseases may be heightened due to more limited knowledge 
and understanding of these diseases, which can lead to delays in diagnosis and appropriate treatment or 
follow-up.  

Air Quality  
Á PPH region may experience more instances of poor air quality due to extreme heat and extreme weather 

events (e.g., droughts and wildfires), and worsened allergy seasons.  
Á Health outcomes from this include exacerbation of asthma and other respiratory diseases, impacts on 

child development, increased respiratory and cardiovascular diseases, and premature death.  

Ultraviolet Radiation (UVR)  
Á Extended warm seasons and warmer days are factors that may lead to people spending more time 

outdoors which increases their exposure to solar UVR.  
Á Health outcomes from excess exposure may include skin and eye cancers and cataracts.  
Á Skin cancers are caused mainly by exposure to UVR and are the most preventable cancers especially if 

protective measures (e.g., protective clothing, sunscreen, hat, sunglasses) are taken.  
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Mental Health  
Á Climate change is likely to have negative effects on the mental health and well-being of individuals and 

communities.  
Á Mental health outcomes can include the worsening of existing mental illnesses (e.g., depression), new 

mental illnesses such as post-traumatic stress disorder and mental health stressors (e.g., grief, worry, 
anxiety).  

  

Climate Change Adaptation    
Climate change cannot be halted in the near future, even if greenhouse gas emissions are significantly 
reduced. As such, it is vital that actions are taken to prevent the negative health impacts of climate hazards, 
especially of those who are most vulnerable. These actions are components of climate change adaptation and 
may be taken by all levels of society. Various PPH programs and services support adaptation to the health 
impacts of climate change, but collaboration is required to assess and support climate change adaptation 
across the community.    
  

Next Steps:     
Á Share the report with key partners working in health and the environment and engage in activities to 

increase public and partner awareness.  
Á Conduct community and partner consultations to inform adaptation, programming, and policy.  
Á Continue to gather and report on relevant climate change and health information on an ongoing basis to 

improve our understanding of local health impacts.    
Á Work collaboratively with community partners to develop a community adaptation plan, with a goal of 

reducing the negative health impacts of climate change for the priority populations that we describe. 
Á Work with Indigenous communities, utilizing a two-eyed seeing approach. 

 
 
 

 
  

Two-Eyed Seeing or Two-Eyed Knowing is learning to see the strengths of 
Indigenous knowledge and ways of knowing from one eye and the strengths 

of Western knowledge and ways of knowing from the other eye. 
Bringing together both ways of knowing will help to benefit everyone. 
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Introduction 

Climate Change and Health 
Climate refers to the average weather patterns of a region over a long period of time (i.e., 30+ years).1 Climate 
change is the long-term shift in the usual weather patterns of a region.2 Over the last 100-150 years, the 
9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ Ƙŀǎ ōŜŜƴ ŎƘŀƴƎƛƴƎ ōŜŎŀǳǎŜ ƻŦ ƘǳƳŀƴ ŀƴŘ ƴŀǘǳǊŀƭƭȅ caused warming, often described as global 
warming. A major human-caused contributor to global warming is the burning of fossil fuels (i.e., coal, oil and 
gas), which releases carbon dioxide into the atmosphere.3 Carbon dioxide and other greenhouse gases such as 
methane and nitrous oxide trap heat in the atmosphere, which has resulted in unprecedented increases in 
average temperatures.3 Subsequently this warming has intensified weather systems including the frequency of 
storms, seasonal variability, rising sea levels, changes to precipitation and more.3  

These changes in temperature and precipitation, as well as levels of greenhouse gases in the air, are 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾŀǊƛƻǳǎ ǘƘǊŜŀǘǎ ƻǊ άƘŀȊŀǊŘǎέ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘΦ /ƭƛƳŀǘŜ-related health hazards (herein called 
άŎƭƛƳŀǘŜ ƘŀȊŀǊŘǎέύ ŀǊŜ ƻŦǘŜƴ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎΥ Ŝxtreme temperatures, particularly heat and heat waves, extreme 
weather events (e.g., intense rain or windstorms), food and water contamination, changes to food and water 
security, increased infectious diseases such as those carried by ticks and mosquitoes, reduced air quality and 
changes to ultraviolet (UV) radiation exposure.  

LƳǇŀŎǘǎ ƻƴ ƘŜŀƭǘƘ ŘǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ǾŀǊƛŀōƭŜ ŀƴŘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ƻǊ ƎǊƻǳǇΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƛǎ ŘŜǇŜƴŘŜƴǘ 
on their exposure, sensitivity, and ability to adapt to a climate hazard:  
Á Exposure refers to contact between a person or group with a climate hazard.3-5  
Á Sensitivity refers to how individuals or population groups are more susceptible to the health impacts of a 

climate hazard. Sensitivity is impacted by physiology, biology, genetic endowment, gender, and age.4,5  
Á Adaptive capacity refers to the ability of individuals or population groups to prepare for, cope with, and 

recover from the consequences of climate hazards.3-6  

Health-related impacts to climate change can include: dehydration and heat stroke, injuries from extreme 
weather events, food- and water-borne illnesses, issues with safety and access to food and water, illness from 
Lyme disease and West Nile virus, as well as other vector-borne diseases, exacerbation of lung diseases, heart 
disease and allergies, increased risk of skin cancer and mental health impacts from any of the challenges 
above.3,7 

Climate change has been identified as the άthe biggest global health threat of the 21st centuryέΣ27(p.1693) and it 
ƛǎ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ άǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ōŜƛƴƎ ŦŜƭǘ ǘƻŘŀȅ ŀƴŘ ŦǳǘǳǊŜ ǇǊƻƧŜŎǘƛƻƴǎ ǊŜǇǊŜǎŜƴǘ ŀƴ 
ǳƴŀŎŎŜǇǘŀōƭȅ ƘƛƎƘ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ŎŀǘŀǎǘǊƻǇƘƛŎ Ǌƛǎƪ ǘƻ ƘǳƳŀƴ ƘŜŀƭǘƘέΦ32(p.1861) Our collective response to 
climate change has the potential to significantly impact human health as much of the work and policies 
needed to fight climate change will also improve health, lower healthcare costs and improve equity and 
community connectedness.8  

tŜǘŜǊōƻǊƻǳƎƘ tǳōƭƛŎ IŜŀƭǘƘ όttIύ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ hƴǘŀǊƛƻΩǎ aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎ ƻŦ 
climate change and to assess the local needs of the populations served.9 Lƴ ŀŘŘƛǘƛƻƴΣ ŀǎ ƻǳǘƭƛƴŜŘ ƛƴ ttIΩǎ нлнн-
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2025 Strategic Plan, climate change was identified as an issue of public health importance with a goal that, 
άtŜƻǇƭŜ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǘƘŜ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀǊŜ ǎǳǇǇƻǊǘŜŘ ƛƴ ŀŘŀǇǘƛƴƎ ǘƻ ŀƴŘ ǊŜŘǳŎƛƴƎ 
ƴŜƎŀǘƛǾŜ ƘŜŀƭǘƘ ƛƳǇŀŎǘǎέ.10(p.6)  

To adequately address climate change, two approaches are required ς mitigation and adaptation. Mitigation 
refers to approaches aimed at reducing the levels of greenhouse gases in the atmosphere, often by way of 
reducing greenhouse gas emissions.11 Adaptation refers to approaches aimed at reducing the negative impacts 
of climate change.11 While both are important to consider, PPH, in collaboration with relevant stakeholders, is 
focused on supporting community adaptation planning over the next several years, beginning with this 
vulnerability assessment report. Subsequent adaptation work will incorporate both a two-eyed seeing 
approach to include an Indigenous lens and a One Health or Planetary Health approach, in which cross-sector 
action, communication and partners work together to achieve better public health outcomes by optimizing 
the health of humans, animals, plants, and ecosystems.3,12    
The main objectives of this vulnerability assessment were to:  

1. Determine who in the community is most vulnerable to the health impacts of climate change;  
2. Provide relevant baseline health data; and  
3. Present information that can be used to develop climate change adaptation strategies for the PPH 

region based on local need.  

PPH viewed this work as a great opportunity to assess the need and enhance public health capacity to address 
local risk factors associated with climate change and protect the health of PPH residents. The assessment is 
intended to assist the health unit and community partners to create effective and meaningful climate change 
adaptation measures for the PPH region which includes Curve Lake and Hiawatha First Nations and the County 
and City of Peterborough. Exploring climate change impacts and opportunities to adapt for Indigenous 
Communities is important, and beyond the scope of this report. Indigenous-led and two-eyed seeing 
approaches are needed to learn about impacts and potential adaptive actions for Curve Lake and Hiawatha 
First Nations, and Indigenous people living in the County and City of Peterborough. Based on 
ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦǊƻƳ ttIΩǎ LƴŘƛƎŜƴƻǳǎ IŜŀƭǘƘ !ŘǾƛǎƻǊȅ /ƛǊŎƭŜΣ ttI ƛǎ ŎǳǊǊŜƴǘƭȅ ŜȄǇƭƻǊƛƴƎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ 
engagement with local Indigenous communities and learnings will be incorporated into future adaptation 
assessments. 
  

Two-Eyed Seeing or Two-Eyed Knowing is learning to see the strengths of 
Indigenous knowledge and ways of knowing from one eye and the strengths 

of Western knowledge and ways of knowing from the other eye. 
Bringing together both ways of knowing will help to benefit everyone.55 

https://www.peterboroughpublichealth.ca/about-us/strategic-plan/
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Methodology 

Peterborough Public Health (PPH) referred to the 2016 Ontario Climate Change and Health Toolkit, particularly 
the Vulnerability and Adaptation Assessment Guidelines13 for completion of this report. These guidelines were 
developed by the Ministry of Health and Long-Term Care to support public health units in Ontario with the 
completion of local climate change and health vulnerability and adaptation assessments. This report focuses 
on the first three steps of conducting a vulnerability and adaptation assessment, including: 

1. Frame and Scope of the Assessment 
2. Describe Current Risks Including Vulnerabilities and Capacities 
3. Project Future Health Risks 

The work on the PPH climate change and health vulnerability assessment began in 2019. However, the work 
ǿŀǎ Ǉǳǘ ƻƴ ƘƻƭŘ ōŜǘǿŜŜƴ aŀǊŎƘ нлнл ŀƴŘ !ǳƎǳǎǘ нлннΣ ŘǳǊƛƴƎ ttIΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ /h±L5-19 pandemic. 
The resumption of the work in September 2022 was supported by the requirement to conduct a vulnerability 
assessment according to the Ontario Public Health Standards, as well as the inclusion of relevant climate 
ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ Ǝƻŀƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎ ƛƴ ttIΩǎ нлнн-2025 Strategic Plan.10 An internal multidisciplinary team 
was relied upon to bring insight, expertise, and links to community partnerships for the completion of the 
assessment, including representation from health promoters, public health nurses, public health inspectors, 
and registered dietitians, with support from epidemiologists, communications/graphics design, and 
administrative assistants. A workplan and communications/engagement plan were developed to support the 
project. 

Assessment Scope and Process 
The vulnerability assessment was centralized around six climate hazards identified based on the Ontario 
toolkit, literature, and local needs: extreme temperatures, extreme weather events, food and water security 
and safety, vector-borne disease, air quality, and ultraviolet radiation.  
This report describes climate hazards that have the potential to impact health outcomes in our community 
through analysis of: 

¶ Historical climate trends and the occurrence of climate hazards and health impacts, 

¶ Future climate change projections, 

¶ Populations at increased risk (i.e., vulnerable) to current and future health impacts, and, 

¶ Current adaptive capacity actions undertaken by PPH, which contribute to protecting health.  

Geographic Scope 
This report focuses on the geographic region served by Peterborough Public Health (PPH), which encompasses 
the City of Peterborough, Peterborough County (including eight lower-tier municipalities), and two First 
Nation communities: Curve Lake First Nation and Hiawatha First Nation. When data is presented, the 
applicable geography will be outlined, ǿƘŜǊŜ άttI ǊŜƎƛƻƴέ ƛƴŎƭǳŘŜǎ ǘƘŜ Ŧǳƭƭ ƎŜƻƎǊŀǇƘƛŎ ǊŜƎƛƻƴ ǎŜǊǾŜŘ ōȅ ttI 
(where possible; data from First Nation communities is not available from all data sources), and 
άtŜǘŜǊōƻǊƻǳƎƘ /Ŝƴǎǳǎ aŜǘǊƻǇƻƭƛǘŀƴ !ǊŜŀ ό/a!ύέ ƛƴŎƭǳŘŜǎ ǘƘŜ /ƛǘȅ ƻŦ tŜǘŜǊōƻǊƻǳƎƘΣ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎ ƻŦ 
Selwyn, Cavan-Monaghan, Douro-Dummer, and Otonabee-South Monaghan, and Curve Lake and Hiawatha 
First Nations. 

Hazard and Health Outcomes Scope 
This assessment focuses on the impacts of local climate hazards on community health outcomes. While 
climate change may cause global issues that can impact local communities (e.g., conflict and mass migration), 
this is outside of the scope of the report. The potential for climate change to negatively impact certain 
industries (e.g., snow-based recreation, campgrounds) and the livelihoods of owners/operators is also outside 
of the scope of this assessment.  
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Climate Timeframes and Scenarios 
It is important to consider 30 years of climate data for describing trends or changes. The indicators of climate 
change in this report will be described, where applicable, using the following time frames for current and 
future local climate conditions: 
Á Baseline (historical reference): 1981 to 2010 
Á 2050s: 2041 to 2070 
Á 2080s: 2071 to 2100 

The climate scenarios used for this assessment are based on a set of Shared Socio-economic Pathways (SSPs), 
which were used in the latest assessment reports (AR6) released by the Intergovernmental Panel on Climate 
Change (IPCC).14 The report team considered both the SSP2-пΦр όάaƛŘŘƭŜ ƻŦ ǘƘŜ wƻŀŘέύ ǎŎŜƴŀǊƛƻ ŀƴŘ {{tр-8.5 
όάCƻǎǎƛƭ-ŦǳŜƭŜŘ 5ŜǾŜƭƻǇƳŜƴǘέύ ǎŎŜƴŀǊƛƻΣ ǘƘƻǳƎƘ {{tр-8.5 may be highlighted in some instances to simplify the 
amount of information presented. 

Indicators 
Climate, health, and population indicators were determined based on suggestions from the Ontario toolkit, as 
well as from looking at similar assessments completed in other regions in Ontario. Decisions to access and 
analyze data required consideration of project timelines, allocated resources, and assigned priority level of 
each indicator. 

Several data sources were used for this report:  

Climate and Hazard-Related Data 

Historical and Projected - ClimateData.ca 
¶ ClimateData.ca was relied upon for much of the climate indicators relating to temperatures and 

precipitation. The platform makes it possible to visualize and download climate data for health regions 
(e.g., PPH) according to the selected timeframes of this report. More information can be found at 
climatedata.ca/about/  

Other Historical 
Á Hazard-related surveillance and alert data was accessible: 

o Internally at PPH: 
¶ heat warnings and frostbite alert data 
¶ beach testing 
¶ vector (tick and mosquito) surveillance  

o Externally (publicly available or via consultation): 
¶ Otonabee Regional Conservation Authority (ORCA) (flood and low water warnings) 
¶ Air Quality Ontario (Ministry of the Environment, Conservation and Parks) 

Á Other historical climate data was compiled by accessing records of extreme weather events from 
sources like the Canadian Disaster Database and local sources, including newspaper articles. 
 

Mapped climate hazards for PPH region were accessed from external sources (See their website for more 
information on methodology and data sources):  
Á Université Laval (extreme heat, vaguesdechaleur.ffgg.ulaval.ca) 
Á HealthyPlan.city (canopy cover (relates to extreme heat), healthyplan.city) 
Á ORCA (floodplain, www.otonabeeconservation.com/programs/floodplain-mapping/) 

Other Projected 
Á Any other projected climate-related data came from peer-reviewed literature or government reports. 

https://climatedata.ca/about/
https://vaguesdechaleur.ffgg.ulaval.ca/en/
https://healthyplan.city/en
https://www.otonabeeconservation.com/programs/floodplain-mapping/
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Population and Health-Related Data 
Local population data provides community context and was also included for the purpose of highlighting and 
quantifying vulnerability-related factors in the PPH region. Health data was used to highlight vulnerability as 
well as representing the health burden of a climate hazard in the PPH region. 

Local population and health data were sourced from: 
Á Statistics Canada  

o Census of Population  
o Census of Agriculture (via Ontario Ministry of Agriculture, Food and Rural Affairs ς business, 

agri-food, and farm data profile for Central - Peterborough) 
o Population Estimates and Projections (with Ontario Ministry of Finance) 

Á Population-based surveys (e.g., the Rapid Risk Factor Surveillance System, Canadian Community Health 
Survey, Households and the Environment Survey)  

Á Institute for Clinical Evaluative Sciences (ICES)  
o Chronic disease cohorts 
o Estimating the size of the population at increased risk for health-related problems due to poor 

air quality 
Á Better Outcomes Registry & Network (BORN) Ontario 
Á Office of the Chief Coroner, Ontario 
Á Peterborough County-City Paramedics - Paramedic calls for service 
Á Ontario Health (Cancer Care Ontario), Surveillance and Cancer Registry - Ontario Cancer Registry 

SEER*Stat package 
Á Peterborough Public Health - Ontario Nutritious Food Basket data 
Á Integrated Public Health Information System (iPHIS) 
Á National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI) - 

Emergency department visits 
Á Ontario Climate Change and Health Modelling Study: Report 

The project team also relied on information collected by other local community partners (e.g. Peterborough 
Community Safety and Well-being Plan, United Way Point in Time count) and government reports.  

Mapped population data utilizes census data by dissemination area. The data can be presented on its own 
(individual variable or a multi-ǾŀǊƛŀōƭŜ άƛƴŘŜȄέύΣ ƻǊ ƻǾŜǊƭŀƛŘ ǿƛǘƘ ŎƭƛƳŀǘŜ ƘŀȊŀǊŘ-related data. This assessment 
includes mapped population data from the following sources: 
Á Public Health Ontario, Ontario Marginalization Index (www.publichealthontario.ca/en/Data-and-

Analysis/Health-Equity/Ontario-Marginalization-Index) 
Á Université Laval (vaguesdechaleur.ffgg.ulaval.ca) 
Á HealthyPlan.city (healthyplan.city) 
Á Public Health Ontario - Per cent of the population exposure to Traffic Related Air Pollution by public 

health unit, Ontario, 2011 (data is not presented in a mapped format but was prepared using census 
data)  

See the source for more information on methodology and data source(s). 

Data Extraction Process and Limitations to Data 
More information on these data sources and extraction processes is available in Appendix A. Additional details 
are available upon request. 

There are limitations to all data sources. Some limitations are outlined in Appendix A. 

https://www.publichealthontario.ca/en/Data-and-Analysis/Health-Equity/Ontario-Marginalization-Index
https://www.publichealthontario.ca/en/Data-and-Analysis/Health-Equity/Ontario-Marginalization-Index
https://vaguesdechaleur.ffgg.ulaval.ca/en/
https://healthyplan.city/en
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External Engagement 
An External Advisory Group was convened to provide subject matter expertise and overall guidance and 
advice in the development of this first assessment report. The Group includes representatives from the City of 
Peterborough, the County of Peterborough, Selwyn Township, Curve Lake First Nation, Hiawatha First Nation, 
Métis Nation of Ontario ς Peterborough & District, Otonabee Region Conservation Authority, Sustainable 
Peterborough, Trent University, Fleming College, Sustainable Peterborough, Peterborough Regional Health 
Centre, and a youth representative. 

Additional external engagement was conducted to inform content related to food security and food systems. 
A Masters of Public Health nutrition student and PPH Registered Dietitian co-facilitated a Food and Climate 
Change Consultation Meeting on May 25, 2023, with interested members from the Peterborough Food Action 
Network and Peterborough Alliance for Food and Farming. 

Internal Assessment of PPH Programs Contributing to Adaptation 
An internal process engaging PPH management was conducted to identify the current PPH program activities 
that contribute to climate change adaptation. A summary of these actions are listed at the end of each hazard 
chapter, organized under categories of core public health functions. 
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Community Context 

Geography and Population Demographics 
The PPH region is located in central east Ontario, covering an area of 3,779 square kilometres.15 The city of 
Peterborough is located centrally within the region, surrounded by eight townships that make up the County 
of Peterborough. Two First Nations communities are also located in the PPH region. 

Figure author: Peterborough County, 2023 (Created for this report). 

¢ƘŜ ǊŜƎƛƻƴΩǎ ƎŜƻƎǊŀǇƘȅ Ƙŀǎ ǎŜǾŜǊŀƭ ƛƴǘŜǊŜǎǘƛƴƎ ŦŜŀǘǳǊŜǎΦ ¢ƘŜ ƴƻǊǘƘŜǊƴƳƻǎǘ ǎŜŎǘƛƻƴ ƛǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ /ŀƴŀŘƛŀƴ 
Shield and is quite forested, with many lakes dotting the region. This area is more sparsely populated than the 
southern two-thirds of the region, which includes the City of Peterborough as well as numerous rural 
communities of various sizes.16 Outside of the City of Peterborough, farms are common, taking up much of the 
landscape.16  

Based on 2021 census data, the City of Peterborough is 65 square kilometres, with a population density of 
1,292 people/km2, as compared to 17 people/km2 in the County of Peterborougha.15 The populations of the 
City and Countya are 83,651 and 64,030, respectively.15 The County has five population centres (i.e., areas that 
have a population of at least 1,000 individuals, and a population density of 400 persons or more per square 
kilometer). These include Bridgenorth-Chemong Park, Lakefield, Millbrook, Norwood, and Havelock.17 Of the 

 
a This statistic includes Curve Lake and Hiawatha First Nations for ease of comparison 

Figure 3-1. Map of Peterborough Public Health Region Showing 
Single- and Lower-Tier Municipalities and First Nations Communities. 
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total PPH population, 64.5% live in urban areas (i.e., within a population centre) and 35.5% live in rural areas.17 
PPH serves an estimated seasonal population size of over 20,000 individuals with over 90% of the seasonal 
population residing within five municipalities (Trent Lakes, North Kawartha, Havelock-Belmont-Methuen, 
Selwyn and Douro-Dummer).a 

Peterborough is considered a mid-sized city.18 Unlike other cities west of Peterborough including Oshawa and 
Bowmanville, Peterborough has not historically experienced the sprawl from the Greater Toronto Area.19 
Population growth has been moderate, though Peterborough has established itself as a great place to call 
home for recreationists, families, students, professionals in various industries, and for older adults.18 

Source: Census of Population, 2021 (Statistics Canada). 

ttIΩǎ нлнм ǇƻǇǳƭŀǘƛƻƴ ōȅ ŀƎŜ ŀƴŘ ƎŜƴŘŜǊ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ǇȅǊŀƳƛŘ ōŜƭƻǿΦ ¢ƘŜ ōŀǊǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 
2021 population and the number of people in each 5-year age group, where there are notable bulges for the 
άōŀōȅ ōƻƻƳŜǊέ ƎŜƴŜǊŀǘƛƻƴ ŀƎŜŘ late-50s to early 70s, as well as a smaller bulge coinciding with their children. 
The lines represent the projections for the age groups in the year 2046. Peterborough is known for having a 
high percentage of older adults with 24.7% of the population aged 65 years or older, compared to the Ontario 
average of 18.1%.15 Over the next 25 years, we will see greater numbers of residents aged 75 years or older as 
ǘƘŜ άōŀōȅ ōƻƻƳŜǊέ ƎŜƴŜǊŀǘƛƻƴ ŎƻƴǘƛƴǳŜǎ ǘƻ ŀƎŜΦ ¢ƘŜ срҌ ŀƎŜ ƎǊƻǳǇ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ōȅ мо҈ ōȅ нлпсΣ 
reaching 27.9% of the PPH population. In addition to shifts in age trends, the overall population of the PPH 
region is expected to grow by 24% between 2021 and 2046, increasing to over 183,000 people. 

 
a Seasonal population is calculated from census data, based on the number of private dwellings that are not occupied by usual 
residents, and the average household size of private dwellings occupied by usual residents. 

Figure 3-2. Population Sizes of Municipalities and First Nations Communities in PPH Region. 
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Sources: 2021 population: Population Estimates County/Municipality (Statistics Canada), Ontario Ministry of Health: 
IntelliHealth Ontario. Extracted: April 2023.      
2046 population: Population Projections County (Statistics Canada & Ontario Ministry of Finance), Ontario 
Ministry of Health: IntelliHeath Ontario. Extracted: April 2023.  

Additional population demographics for PPH region, compared to the Ontario average, are presented in Table 
3-1. 

Table 3-1. Population Demographics for PPH Region vs Ontario in 2021. 

Population Demographic PPH Region Ontario 

English- or English and French-speaking population 99.7% 97.3% 

Neither English nor French 0.3% 2.4% 

Indigenous identity 4.9% 2.9% 

First Nation 3.3% 1.8% 

Métis  1.3% 1.0% 

Visible minority 6.6% 34.3% 

Immigrant 8.7% 30.0% 

Immigrant since 2011 1.5% 7.5% 

Median after-tax household income ($) 70,500 79,500 

Source: Census of Population, 2021 (Statistics Canada).15 

Figure 3-3. Population Pyramid for the PPH Region in 2021 (Bars) and Projected for 2046 (Lines). 
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Climate 
The PPH region has a moderate humid continental climate.20 ttIΩǎ ǊŜƎƛƻƴ ŜȄǇŜǊƛŜƴŎŜǎ ŀƭƭ ŦƻǳǊ ŘƛǎǘƛƴŎǘ ǎŜŀǎƻƴǎ ǿƛǘƘ ƭŀǊƎŜ ǎŜŀǎƻƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ 
differences which result in warm to hot, often humid summers and cold winters.  

The climate of the PPH region has shifted in recent decades and is projected to change even more in the coming decades. As an example, the 
annual mean temperatures for the PPH region over time are shown in Figure 3-4. The black line represents historical mean temperatures 
(ensemble mean, modelled from historical values) from 1950 to 2013, and an increase over time can be seen. From 2014 to 2100, projections for 
annual mean temperature are modelled according to two climate scenarios shown with different coloured lines. The annual mean temperature is 
projected to increase above historical averages under both scenarios. Additional information about climate scenarios is provided in the text box on 
the following page. 

Source: ClimateData.ca, 2023.21 Shaded areas show the range in values of the climate model ensemble (defined as the 10th and 90th percentile). 

  

Figure 3-4. Annual Mean Temperature (°C) for PPH Region from 1950 to 2100 (1950-2013: Modelled Historical Values, 2014-2100: Two Climate Scenarios (SSP2-4.5, SSP5-8.5)). 
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Climate Scenarios 

Climate modelling is an important part of climate science and images like those in Figure 3-4 
have become a common way of communicating the potential changes to climate variables like 
temperature and precipitation (i.e., rain and snow) over time. The best practice is for multiple 
climate models to be considered, where an ensemble mean is presented, and not use one 
model in isolation.22  

In 2023, ClimateData.ca incorporated updated model data to CMIP-6, which are based on 
Shared Socio-economic Pathways (SSPǎύΦ !ŎŎƻǊŘƛƴƎ ǘƻ /ƭƛƳŀǘŜ5ŀǘŀΦŎŀΣ άώǘϐƘŜǎŜ ƳƻŘŜƭǎ ƳŀƪŜ 
assumptions of how population, education, energy use, technology ς and more ς may change 
over the next century, and couple them with assumptions about the level of ambition for 
mitigating climate changeέ ŀƴŘ άSSP-based scenarios further refine the previous greenhouse 

gas concentration scenarios known as Representative Concentration PatƘǿŀȅǎόw/tǎύΦέ 14 

²ƘƛƭŜ ǘƘŜǊŜ ŀǊŜ ŦƛǾŜ άŦŀƳƛƭƛŜǎέ ƻŦ {{tǎ ǿƛǘƘ ƳǳƭǘƛǇƭŜ ŜƳƛǎǎƛƻƴǎ ǎŎŜƴŀǊƛƻǎ ƛƴ ŜŀŎƘΣ 
ClimateData.ca currently hosts projections based on three scenarios: SSP1-2.6, SSP2-4.5, and 
SSP5-8.5.   

SSP5-8.5 

 

5 = SSP Family   8.5 = Radiative Forcing Value 

(relates to greenhouse 

gas emissions) 

Briefly, these scenarios represent the following:14,23,24 
Á SSP1-2.6 - ¢Ƙƛǎ ƛǎ ŀ ά{ǳǎǘŀƛƴŀōƛƭƛǘȅέ ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ Ǝƭƻōŀƭ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŀǊŜ 

cut severely. This scenario is not a focus in this report. 
Á SSP2-4.5 - ¢Ƙƛǎ ƛǎ ŀ άMiddle of the Roadέ ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ Ǝƭƻōŀƭ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ό/h2) 

emissions remain about the same as they are currently before starting to drop mid-
century. 

Á SSP5-8.5 - ¢Ƙƛǎ ƛǎ ŀ άFossil-fueled Developmentέ ǎŎŜƴŀǊƛƻ ǿƘŜǊŜ ǿŜ ǎŜŜ ŘŜǾŜƭƻǇƳŜƴǘ 
continue to be fueled by fossil fuels, leading to a doubling of current CO2 emissions by 
2050 (SSP5-8.5).  
~ These scenarios are an ensemble of 26 or more individual climate models.25 

As described in the Methodology, the scope of this report will focus on comparing projections 
of select climate variables using SSP2-4.5a and/or SSP5-8.5 during the time periods: 
Á άнлрлǎέ Ґ ол-year average between 2041-2070 and  
Á άнлулǎέ Ґ ол-year average between 2071-2100, and comparing them to the  

Á ά.ŀǎŜƭƛƴŜέ ǾŀƭǳŜǎ Ґ ол-year average between 1981-2010 

a In order to simplify some information presented, the SSP2-4.5 scenario is not always fully outlined or shown visually, but 
details can be found in Appendix B.  
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Changes to the temperature and precipitation levels throughout the year are related to the climate hazards 
that will be presented in this report. Climate hazards can be impacted by long-term shifts in weather patterns 
(i.e. temperature, precipitation, wind), increases in extreme weather, or both. While projected shifts in the 
ŦǊŜǉǳŜƴŎȅ ƻŦ ŎƭƛƳŀǘŜ άŜȄǘǊŜƳŜǎέ are presented in the relevant subsequent chapters, projections for select 
climate variables relating to shifts in average temperatures and precipitation levels are shown below. 

 
 

 

Source: ClimateData.ca, 2023.21 
 a Here and in rest of the report, seasonal data uses the standard climatological definitions for seasons: Winter = December / January 
/ February; Spring = March / April / May; Summer = June / July / August; Fall = September / October / November 

Figure 3-5. PPH Region Mean Annual and Seasonala Temperature (°C) and Precipitation (mm), from 

Baseline (1981-2010) to the 2050s (2041-2070) and 2080s (2071-2100) Under the Fossil-Fueled 
Development Scenario (SSP5-8.5). 
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Source: ClimateData.ca, 2023.21 Temp=temperature, Precip=precipitation. 

It is projected that the average seasonal temperatures will be 2.4-3.5°C warmer by the 2050s. By the 2080s, 
average temperatures may be 3.6°C warmer based on the Middle of the Road scenario, or 6°C warmer based 
on the Fossil-fueled Development scenario. Annual precipitation is anticipated to increase, most notably in 
winter, spring and fall between November and April.21 

 
The warming temperatures coincide with a longer frost-free season and a shorter winter season. By the 2080s, 
under the Fossil-fueled Development scenario it is expected the last spring frost will occur 3 weeks earlier, in 
mid-April instead of the baseline average of May 7th. The first fall frost will come a full month later in early 
November instead of early October. In the winter, the number of άice daysέ (where the temperature does not 
go above 0°C) will decrease from an average of 69 days to an average of 22 days each year under the Fossil-
fueled Development scenario.21 
  

The 2080s are only about 60 years away. Children today may be grandparents. The 

children of today will be seniors in the 2080s, coping with the health impacts of 

changes to the climate outlined in this report. 

Figure 3-6. PPH Region Climograph (Monthly Mean Temperature °C (Lines) and Total Precipitation (mm) (Columns)), 
Displaying Median Values for Baseline (1981-2010) and 2080s (2071-2100) Under the Fossil-Fueled Development 
Scenario (SSP5-8.5). 
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Table 3-2. Frost-Related Climate Variables for PPH Region Showing Baseline Values and Projections in the 2080s Based on a Fossil-
Fueled Development Scenario. 

Variable Baseline (1981-2010) 2080s under SSP5-8.5 scenario 

Last spring frost date May 7 April 14 

First fall frost date Oct 3 Nov 3 

Ice days (# days temperature does not go 
above 0°C) 

69 days 22 days 

Source: ClimateData.ca, 2023.21 

The bottom line is that in either of the considered scenariosΣ ttIΩǎ ƭƻŎŀƭ ŎƭƛƳŀǘŜ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ŎƘŀƴƎŜΣ ǿƘƛŎƘ 
will have health impacts on our communities, specifically, those who are most vulnerable to the health 
impacts of climate change. This will be discussed in more detail throughout this report.  

What are the opinions of PPH residents on climate change?  

In 2019, a telephone survey was conducted exploring local public opinions on climate change. Respondents 
were residents of PPH region and aged 18 years or older. The results from the survey are presented below, 
with more details provided in Appendix C. 

Á 95% of respondents agree that the world's climate is changing.  
Á 90% of respondents think it is likely that climate change will cause more frequent and severe heat 

waves.  
Á 89% of respondents think it is likely that climate change will cause more extreme weather such as 

flooding, ice storms or heavy snowstorms.  
Á 86% of respondents think it is likely that climate change will cause more days with poor air quality or 

smog. 
Á 80% of respondents think it is likely that climate change will result in more insects carrying diseases 

such as West Nile virus and Lyme disease. 
Á 19% of respondents think the overall health impacts of climate change on human health will be 

positive, 64% think the health impacts will be negative, 12% said both positive and negative, and 5% 
were unsure.  

Á 91% of respondents are concerned about climate change. 

Source: Rapid Risk Factor Surveillance System (RRFSS), 2019. 
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Vulnerability 

Everyone in the PPH region is vulnerable to the health risks of climate change. However, climate change 
hazards are not experienced equally as some individuals, populations and communities may be affected more 
than others and the ability to adapt varies. Understanding vulnerability can help identify the resources needed 
and the adaptation strategies necessary currently and in the future.26   

Vulnerability to climate change can be considered at various levels. For the purpose of this report, 
vulnerability will be considered at the individual and population group level, as opposed to systems or 
organizational levels. The working definitions used for considering vulnerability and components of 
vulnerability in this report are listed below:  

Vulnerability refers to the increased risk of health impacts on individuals, populations and 
communities relating to their ability to cope or adapt to a changing climate. It is influenced by the 
degree of exposure, sensitivity, and adaptive capacity.3-5 
 
Exposure is contact between an individual or population group with a climate hazard such as a very hot 
day or a flood.3-5 Exposure can be random, but it can also relate to factors like occupation, geographic 
location, housing circumstances, and other social determinants of health (SDOH).3,5 
 
Sensitivity is how individuals or population groups are more susceptible to the health impacts of a 
climate hazard. Sensitivity is impacted by physiology, biology, genetic endowment, gender, and age.4,5  
 
Adaptive capacity is the ability of individuals or population groups to prepare for, cope with, and 
recover from the consequences of climate hazards.3-6 Adaptive capacity can be impacted by factors 
such as income, education, knowledge of official languages, community connectedness, and relevant 
policies and programs.3,5,6 

Identifying Populations at Increased Risk of Health Impacts    
PPH recognizes that the concept of vulnerability in this report may be stigmatizing. Identifying individuals and 
population groups who may be at increased risk or factors that may increase vulnerability does not mean that 
they do not have the skills, knowledge, and the ability to contribute to adaptation or that they have not been 
adapting already. Many people and populations experiencing climate hazards have been and continue to 
demonstrate adaptive capacity and resilience despite experiencing unequal distribution of resources and 
capacity.28 Though this report is a vulnerability assessment for 
the community, subsequent chapters will refer to populations 
at increased risk of health impacts from specific climate 
hazards. PPH is specifically highlighting these groups to 
inform adaptive actions and ensure that no one in our 
community gets left behind. Climate vulnerability can occur 
when inequity influences adaptive capacity to climate 
hazards, and ultimately health.3,29 Health inequities refer to 
the differences in health because of social, economic and 
environmental conditions; and power imbalances which are systemic, modifiable and unfair.30,31  When 
assessing climate change and health, it is important to understand how multiple inequities can interact and 
may compound experiences and reactions to climate change.5 Recognizing multiple inequities is an 
intersectional approach which can help with understanding vulnerability.28  Vulnerability can also be 
influenced by social determinants of health (SDOH)3,33 which are major drivers of health inequities. SDOH are 
the circumstances in which people are born, grow up, live, and work.  

PPH is specifically highlighting 

these groups to inform adaptive 

actions and ensure that no one in 

our community gets left behind.  
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Examples of SDOH are: 
Á Geography 
Á Age 
Á Personal health practices and resiliency 
Á Early child development 
Á Household food insecurity 
Á Access to health services 
Á Housing 
Á Immigration 
Á Sexual orientation; gender identity and expression 
Á Experience of colonization 
Á Education /literacy and skills 
Á Culture/ethnicity/race and experience of racism 
Á Social inclusion/exclusion/social support networks 
Á Disability 
Á Income 
Á Employment/job security and working conditions 
Á Built environments 
Á Living conditions  

These determinants may positively or negatively influence health risks and the ability to adapt to the changing 
climate.3,6,34  

Source: Public Health Agency of Canada. Mobilizing Public Health Action on Climate Change in Canada: The Chief Public Health 
hŦŦƛŎŜǊ ƻŦ /ŀƴŀŘŀΩǎ wŜǇƻǊǘ ƻƴ ǘƘŜ {ǘŀǘŜ ƻŦ tǳōƭƛŎ IŜŀƭǘƘ ƛƴ /ŀƴŀŘŀΤ нлннΣ Ǉнс ό!dapted from U.S. Global Change Research 
Program. The Impacts of Climate Change on Human Health in the United States: A Scientific Assessment; 2016).3,35 

Figure 4-1. The Relationship of Social Determinants of Health and Climate Vulnerability. 
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Other factors that can influence vulnerability include:  
Á Living in rural, urban, and suburban communities, with various risk factors for each geographical distribution 
Á Being underinsured or uninsured   
Á Living in high-risk geographic environments (e.g., floodplains)3 

Adapting to climate change means identifying who may be at risk and addressing both the health impacts and the root causes of health inequities 
and vulnerabilities.   

The table below highlights:  Populations at risk across the life span,  
Factors that can influence vulnerability and adaptive capacity, and 
PPH underserved populations at risk of climate hazards.3,35ς38   

 
Included in the table are PPH regional trends. In subsequent chapters, we will highlight population groups that are particularly at risk of the health 
impacts of the specific climate hazards. 

Table 4-1. Vulnerability to Climate Hazards 

Populations at Risk Across 
the Life Span 

Vulnerability to Climate Hazards PPH Regional Trends 

Infants, Toddlers, Children & 
Youth 

 
 
 

Infants and toddlers have high sensitivity to climate change 
hazards due to developing immune systems, and dependence on 
others to adjust to these hazards (e.g., heat, infectious diseases 
and food or waterborne illnesses). The direct and indirect 
impacts on children and their caregivers can lead to toxic stress 
which impacts health.39 Children and youth may have greater 
exposure to climate hazards due to more time spent outside, 
leading to respiratory issues due to low air quality, heat-related 
illness and vector-borne diseases. They also have a higher risk of 
mental health impacts due to climate change.3 

In the PPH region in 2021: 

¶ Children (0-14 years of age) represented 14.4% 
of the population compared to Ontario at 15.8%  

¶ There were 6,875 lone parent led families (4,680 
in the city and 2,195 in the county)15   

In the PPH region in 2015 and 2018: 

¶ Data from the Early Development Instrument 
(EDI) noted the region had the 3rd highest 
number in Ontario for SK students with 
vulnerability in the physical health and well-
being domain.40 

Older Adults 

 
 
 

Older adults may have a higher sensitivity to the health impacts 
of climate hazards because of age, chronic health conditions, 
limited mobility, medications, compromised immune systems 
and the need for medical care and assistance.41,42 Some older 
adults may be less able to physiologically adapt to hazards such 
as wildfire smoke and extreme heat. Some may also face 
challenges with preparing for and responding to climate change 
emergencies such as extreme weather events. This can be due to 

In the PPH region in 2021: 

¶ Older adults (65+) represented 25.2% of the 
population compared to Ontario at 18.5% 

¶ Older adults made up 24.2% of the population in 
the City of Peterborough and 26.6% in the 
County, with the highest median ages in 
townships of North Kawartha, Trent Lakes and 
Havelock-Belmont-Methuen15  
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low income, social isolation, and/or reliance on others to meet 
basic needs.3 For example, when adapting to extreme heat, 
having access to air conditioning, cooling spaces, tree canopies, 
and green spaces can help to mitigate health risks. However, 
those living with low income tend not to have these options 
available or they are limited.28,41    

By 2041, the population of older adults is expected to 
grow to 26% in the City and 30% in the County.43,44 
 
Of the total population of older adults in PPH region in 
2020 (approximately 35,000 people), close to 4,000 
(11.3%) were low income (i.e. income below the low-
income measure, after tax (LIM-AT)). This was higher 
than the low-income rate of working age adults (aged 
18-64), which was 10.5%.15  

Pregnant People 

 
 

Pregnant people may face increased health risks from climate 
hazards. Potential impacts include infections, heat-related 
illness, respiratory disease, mental health impacts, 
socioeconomic challenges, and issues with meeting nutritional 
needs. These impacts can result from high temperatures, 
flooding, infectious agents, and low air quality.  Such conditions 
can also impact fetal health, increasing the risk of low-birth 
weights, and premature births.3  

In the PPH region: 

¶ Approximately 1,200 pregnant people gave birth 
each year, between 2012 and 2023. 
(Source: Better Outcome Registry & Network, 2023) 

¶ Of PPH residents giving birth in 2019, 37.4% 
reported a mental health concern, which was 
significantly higher than the Ontario rate of 
20.5%.45  

Factors that can influence 
Vulnerability and 

Adaptative Capacity 

Vulnerability to Climate Hazards PPH Regional Trends 

Socioeconomic Status (SES) 

 
¶ influenced by income, 

education, social status 
and connectedness with 
communities 

 

People impacted by low SES may face many factors that increase 
their vulnerability to the health risks of climate change. 
People with limited financial resources may struggle to have 
basic needs met such as adequate and affordable housing and 
food security.  They may not have extra money to spend on 
climate change protective actions such as: 

¶ seeking shade, accessing cooler spaces, buying and running 
air conditioners and/or fans, making necessary repairs to 
housing 

¶ preparing for climate change related emergency events (e.g., 
emergency preparedness kits)46 

People experiencing low-income tend to live in areas with older 
infrastructure, poorer housing conditions and increased 
exposure to urban heat islands.35,47 
 
People experiencing low SES are more likely to have poorer 
health and are disproportionately affected by chronic health 

Income:  
The prevalence of low incomea in 2020 was: 

¶ 10.9% in the PPH region 

¶ 12.8% in the City of Peterborough  

¶ 8.3% in the County 

¶ 10.1% in Ontario15  

The number of people living on low incomesa in the 
PPH region in 2020 included: 

¶ 2,895 children and youth aged 17 and 
younger  

¶ 8,865 adults aged 18-64 

¶ 3,965 older adults aged 65+15 
a Using Low-income measure, after tax (LIM-AT).  

Unemployment rates in 2021 were: 

¶ 12.8% in the PPH region  

¶ 14.7% in the City of Peterborough 

¶ 10.4% in the County 
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conditions, such as mental health illnesses, asthma, diabetes and 
cardiovascular diseases.5,48 They are also more likely to 
experience and receive worse health care and to die earlier. 46,49 
tŜƻǇƭŜǎΩ ƘŜŀƭǘƘ Ŏŀƴ ōŜ ƛƳǇŀŎǘŜŘ ǿƘŜƴ ǘƘŜƛǊ ōŀǎƛŎ ƴŜŜŘǎ ŀǊŜ ƴƻǘ 
met and this toxic stress can also impact the health of their next 
generation.50  
 
  

¶ 12.2% in Ontario15 
 
Education:  
In 2021, 83% of the population in the PPH region had a 
secondary school diploma or equivalency (similar to 
Ontario rates).15  
 
Housing: 
In the PPH region in 2021, there were: 

¶ 61,745 occupied private dwellings 

¶ 3,935 or approximately 6% of private dwellings 
need major repairs15   

The PPH region has high rates of dependency on social 
assistance. In October 2021, the region had an Ontario 
Disability Support Program (ODSP) case rate of 3.74%, 
which is 43.2% higher than the provincial rate.  The 
Ontario Works (OW) case rate of 1.26% is 33.3% higher 
than the provincial rate.43,51  
Health Care Access: 
As of June 2023, there were over 18,000 people in the 
PPH region who did not have a family doctor (Source: 
communication with Peterborough Family Health Team, 
June 2023)  

¶ The Ontario College of Family Physicians 
estimate that 2.2 million Ontarians are without 
a family doctor. People who live in poorer 
communities have higher rates of being without 
a family doctor.52  

¶ In May of 2023, Emergency Department patients 
at Peterborough Regional Health Centre waited 
an average of 3.4 hours before being assessed by 
a physician.53 

The Material Resources dimension of the Ontario 
Marginalization Index incorporates some of the above 
SES factors. Mapping of this dimension across PPH 
region, is shown in Figure 4-2 below. 
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Immigration 
 

 

Recent immigrants may speak limited English and therefore may 
have more obstacles accessing community services related to 
climate change.54 Language barriers may prevent the 
understanding of alerts related to hazards.4  
  
 

Number of recent immigrants (2016-2021): 

¶ 1,355 in the PPH region 

¶ The majority (86%) of recent immigrants in the 
PPH region reside in the City of Peterborough. 

¶ The number of recent immigrants to PPH 
increased by 63%, compared to the 2011-2015 
time period.15  

5.1% of recent immigrants in Peterborough CMA speak 
neither English nor French.56 
The median after-tax income of recent immigrants in 
Peterborough CMA was $29,000 in 2021, which was 19% 
lower than the median after-tax income of non-
immigrants in the Peterborough CMA.56 
In Canada, it was found that among recent immigrants 
(Җ10 years in Canada), the proportion of children living in 
low-income families was 2.2 times higher than that of 
non-immigrants.57 

Outdoor work (workers are at 
risk due to where they work 

and/or their job duties) 

 

People who work outdoors are more exposed to climate hazards 
such as extreme temperatures, air pollution, UV radiation, 
extreme weather events and vector-borne diseases. 
Farmers are one example of a population of outdoor workers 
disproportionately impacted by climate change health impacts 
(Source: Peterborough Public Health, Food and Climate Change 
Consultation Meeting, May 25, 2023).  

 In the PPH region in 2021, the number of people working 
in sectors involving outdoor work included:     

¶ 1,560 in agriculture, forestry, fishing and hunting 

¶ 320 in mining, quarrying, and oil and gas 
extraction 

¶ 6,570 in construction15 

Chronic Health Conditions 

 
 

Chronic health conditions can increase the vulnerability of 
people to the health impacts of climate change. Chronic health 
conditions and some medications can make people 
physiologically more sensitive to many of the climate hazards.59 
For example, people with chronic conditions may have a higher 
risk of dying or becoming ill due to extreme heat.35  
 
 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ά.ǳǊŘŜƴ ƻŦ /ƘǊƻƴƛŎ 5ƛǎŜŀǎŜǎ ƛƴ hƴǘŀǊƛƻέ 
in 2015, three-quarters of deaths in Ontario were a result 
of chronic diseases.60 People in Ontario who had the 
lowest SES were significantly more likely to die and have 
more hospitalizations due to chronic health conditions.60 

It is estimated that about 69% of Ontarians live with one 
or more chronic health conditions, and 45.6% live with 
two or more chronic conditions (this is inclusive of minor 
physical and mental health conditions).61 
In the PPH region in 2019, the prevalence and age-
standardized rate of the following chronic diseases62 was: 
Asthma 

¶ 18.7% of population  

¶ 19,235 per 100,000* 
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COPD 

¶ 12.7% of those aged 20+ 

¶ 10,197 per 100,000* aged 20+ 
Hypertension  

¶ 30.6% of those aged 20+  

¶ 24,686 per 100,000o aged 20+ 
Diabetes 

¶ 13.0% of those aged 20+  

¶ 10,776 per 100,000o aged 20+62 
*denotes rate is significantly higher than Ontario rate 
odenotes rate is significantly lower than the Ontario rate 
Approximately 1 in 2 people will be diagnosed with 
cancer in their lifetime. 63 The greatest number of new 
cancer cases will occur in people ages 60 to 79.63,64  

Mental Health 
 

 
 
 
 
 
 

People with mental health conditions are more vulnerable to the 
health impacts of climate change.  Extreme weather events may 
increase the risk of new cases of mental health conditions.54   

The mental health impacts of climate change may include:  

¶ worsening of existing mental health conditions such 
as schizophrenia, substance use disorder and 
dementia 65 

¶ new mental health conditions incluŘƛƴƎΤ άpost-
traumatic stress disorder; mental health stressors 
such as grief, worry, anxiety, and vicarious trauma; 
and a lost sense of place, which refers to the 
perceived or actual detachment from community, 
environment, or homelandΦέ 65  

 
See the Mental Health section below. 

See the Mental Health section below.   
 
 
 

Underserved Populations Vulnerability to Climate Hazards 
PPH Regional Trends 

 

Homelessness (living rough, 
unhoused)  

People who are homeless and/or living rough may be 
experiencing multiple vulnerabilities and are at increased risk of 
climate hazards when living outdoors and rough. They may have 
increased exposure and reduced ability to adapt to or cope with 
extreme temperatures, extreme weather events, poor air 

According to the Peterborough Community Safety and 
Well-being Plan (2022): 

¶ A monthly average of 266 individuals 
experienced homelessness in the City and 
County in 2021.51  
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Examples of homelessness 
could be individuals or 
families who are living: 

¶ or staying in an 
emergency shelter  

¶ outdoors, camping at 
night, sleeping rough, 
living in their vehicle or in 
other spaces that are not 
intended for permanent 
living  

¶ in transitional housing, 
hotel, motel, hospital, jail 
or another program or 
institution where if 
released or discharged, 
they would not have a 
permanent, safe place to 
go or are couch surfing, 
staying with friends or 
living with others where 
they cannot stay  

Many of these people are also 
experiencing chronic health 
and mental health conditions, 
and substance use.66 

quality, vector-borne diseases and ultraviolet radiation.46,66 They 
may be more physiologically sensitive to climate-related hazards 
due to chronic diseases or drug/medication usage.66 
 
 

¶ As of April 2022, there were at least 317 people 
on the By-Name Priority List of those 
experiencing homelessness to be housed (153 of 
those people experiencing chronic 
homelessness).51 

¶ In 2020, there were 1,563 households on the 
social housing waitlist; in 2021 it was increased 
to 1,699 households.51 

People who use Substances 

 
 
 

People who use substances may be less able to respond to 
climate hazards due to the impacts of substances on their 
cognitive function. For example, excessive alcohol or drug use 
can make people more sensitive to the effects of heat.41 
 
 

Opioid Use:  
In the PPH region in 2022 there were 262 emergency 
department (ED) visits related to opioid overdoses. The 
rate of opioid-related ED visits for residents (178.6 per 
100,000 population) was 2.2 times higher than the 
provincial rate (Source:  Ontario Ministry of Health; Acute 
Care Enhanced Surveillance (ACES); National Ambulatory 
Care Reporting System (NACRS)). In 2022 there were 47 
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opioid related deaths in the region (Source: Office of the 
Chief Coroner: Peterborough Police Services).  
In 2022, Paramedics responded to 358,911 calls for 
someone experiencing an opioid poisoning (Source: 
Peterborough County-City Paramedics iMedic database).   
Alcohol Use: 
In the PPH region: 

¶ 25.3% of people self-reported exceeding the low-
risk drinking guidelines for chronic diseases in 
2019-2020 (age-standardized rate for both sexes; 
significantly higher than the provincial rate)   

¶ 22.5% of people self-reported heavy drinking 
from 2015-2020 (age-standardized for both 
sexes)67,68 

Indigenous Peoples 

 

ά{ƛƴŎŜ ǘƛƳŜ ƛƳƳŜƳƻǊƛŀƭΣ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎ ƘŀǾŜ ǊŜǎǇŜŎǘŦǳƭƭȅ 
lived with the natural world, and have a deep connection to the 
land, water, and ecosystems that are central to their cultures, 
languages, and livelihoods. Through this intergenerational 
experience and observation, Indigenous peoples were amongst 
the first to notice climate change and also have critical 
ƪƴƻǿƭŜŘƎŜǎ ŦƻǊ ƴŀǾƛƎŀǘƛƴƎ ŀƴŘ ŀŘŀǇǘƛƴƎ ǘƻ ƛǘΦέ69 
 
Indigenous peoples may experience greater challenges from 
climate change because of existing disparities such as: shorter 
lifespans, higher rates of chronic health conditions and greater 
food and water insecurity in many communities.59  

The climate hazards may influence Indigenous peoplesΩ access to 
traditional cultural practices, safe water, and availability of 
traditional food sources.46  
 
Indigenous health inequities are complex and deeply rooted in 
historical and ongoing acts of colonization. Allyship and support 
of indigenous self-determination and health equity are needed 
to move forward.10,70  

In the PPH region, 4.9% of the population in private 
households reported indigenous identity in the 2021 
Census (vs. 2.9% in Ontario). (According to Statistics 
/ŀƴŀŘŀΣ ά[t] his category includes persons who identify as 
First Nations (North American Indian), Métis and/or Inuk 
(Inuit) and/or those who report being Registered or 
Treaty Indians (that is, registered under the Indian Act of 
Canada), and/or those who report having membership in 
a First Nation or Indian bandΦέ)15 
NOTE: Exploring climate change impacts and 
opportunities to adapt for Indigenous Communities is 
important, and beyond the scope of this report. 
Indigenous-led and two-eyed seeing approaches are 
needed to learn about impacts and potential adaptive 
actions for Curve Lake and Hiawatha First Nations, and 
Indigenous people living in the County and City of 
Peterborough. A separate assessment will be conducted, 
incorporating these approaches, as recommended by 
ttIΩǎ LƴŘƛƎŜƴƻǳǎ IŜŀƭǘƘ !ŘǾƛǎƻǊȅ /ƛǊŎƭŜΦ 
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Socioeconomic Status (SES) and Material Resources 
According to the Ontario Marginalization Index User Guide, ά[t]he material resources dimension is closely connected to poverty and refers to the 
inability for individuals and communities to access and attain basic material needs relating to housing, food, clothing, and educationέΦ71(p.7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure author: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report). Sources are denoted in the Figure.

Figure 4-2. Ontario Marginalization Index: Material Resources Quintile for Peterborough City and County Dissemination Areas.72 
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Mental Health 
Many factors can influence vulnerability; however, it is important to highlight mental health, both as a 
component of vulnerability and as a health outcome influenced by climate change as a whole. Climate change 
is currently having an impact on the mental health of our communities. In the years ahead, the changing 
climate will increase the risk of mental health conditions for many people, negatively impact well-being and 
inflict extensive costs on individuals and society.73 Presently about 12 percent of adults in Canada self-report 
having a mood or anxiety disorder.73 Not including climate change, the cost of mental illness in Canada is 
expected to grow to 291 billion dollars per year by 2041.73 Approximately two million Ontarians are affected 
by mental illnesses and addictions each year.74   

While the mental health impacts of specific climate hazards are expanded on in subsequent chapters, mental 
health impacts can be categorized into three pathways.   

A person or population may experience all the pathways at once, just two or one. The pathways are (see 
Figure 4-3):75 
Á Extreme weather events may be sudden and severe and can cause stress and trauma (i.e. extreme 

heat events, floods, wildfires)   
Á Experiences of environmental change over time, such as overall temperature increases and local 

losses of species, loss of food and water quality, increase in vector-borne diseases, etc.76 
Á Exposure to information about the climate changing/crisis (e.g., social media, news, classroom) 

 
Source:  Climate Atlas of Canada. Mental Health and Climate Change. Accessed September 21, 2023. 

https://climateatlas.ca/mental-health-and-climate-change 75 

Populations at Increased Risk of Mental Health Impacts of Climate Change 

Á People who spend more time outdoors and/or have a stronger connection to the natural environment 

(e.g., children, farmers, hunters, outdoor enthusiasts) 75 

Á People with pre-existing health conditions including mental health conditions.77,78 For example, some 

mental health conditions inhibit body temperature regulation. Schizophrenia is one example and was 

most strongly associated with higher risk of death during extreme heat events.79  

Á Young people with increased climate change knowledge and awareness may experience high levels of 

grief, anxiety and distress.80 A recent study of young Canadians (age 16-25) found that, ά78% of [survey 

Figure 4-3. Three Pathways of Climate Mental Health Impacts. 
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respondents] reported that climate change impacts their overall mental health and 37% reported that 

their feelings about climate change negatively impacted daily functioningΦέ81  

Á People experiencing low SES tend to have fewer resources and less access to health and social 
services, and higher stress. These individuals are also less likely to have access to supports to help 
address mental health issues, which can lead to more social and health inequities.76,82,83     

Currently, there is limited information connecting climate change to local mental health data. However, in a 
local survey, 91.2% of respondents indicated concern about climate change (Source: RRFSS, 2019). 

The following information helps demonstrate the vulnerability of the PPH region to mental health impacts 
associated with climate change, as well as providing a baseline for comparison in the future. While it is not 
possible at this time to know how much climate change contributes to these outcomes, perhaps there will be 
advances in the future to estimate this.  

Self-reported Mental Health 
In Table 4-2, several self-reported mental health statistics for PPH and Ontario are presented from the 2017-
2018 Canadian Community Health Survey (CCHS).67 In the PPH region 70% of respondents perceived their 
mental health as very good or excellent; self-reported prevalence of mood disorders was 14% and anxiety 
disorders was 14%. 84,85 The latter two values were statistically significantly higher when compared to Ontario.   
  
Table 4-2. Proportion of PPH and Ontario Population with Select Mental Health-Related Responses (Self-Reported) in the CCHS, 2017-
2018. 

 PPH Ontario 

Perceived mental health is very good or excellent 
(self-reported) 

70.0% 
(95%CI:64.8-74.3) 

69.0% 
(95%CI:68.1-69.9) 

Self-reported prevalence of mood disorders 14.0%* 
(95%CI:10.5-17.3) 

9.0% 
(95%CI:8.8-9.9) 

Self-reported prevalence of anxiety disorders 14.0%* 
(95%CI:10.3-18.1) 

10.0% 
(95%CI:9.1-10.2) 

*denotes significant difference 

Source: Public Health Ontario, Canadian Community Health Survey, 2017-2018.84,85 

Mental Health-related Emergency Department (ED) Visits 
Mental health-related ED visit data demonstrates how the mental health needs of PPH residents have 
increased over the past fifteen years. Crude incidence rate over 5-year time periods is presented in Table 4-3. 
Over this time period, those aged 18-44 years old have the highest rate, making up 57% of all mental health-
related ED visits.  
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Table 4-3. 5-Year Average Crude Incidence Rate (Cases per 100,000 Population per Year) of Mental Health-Relateda Emergency 
Department Visits by PPH Residents from 2008 to 2022. 

  2008-2012 2013-2017 2018-2022 

Crude incidence rate per 
100,000 population 

2,081 
(95%CI:2,070-2,116) 

2,851 
(95%CI:2,837-2,891) 

2,981 
(95%CI:2,967-3,021)  

Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). Distributed by the 
Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: August 2023. 

a ICD 10 Codes included those for mood/affective disorders, anxiety disorders, substance-related disorders, schizophrenia, delusional 
and non-organic psychotic disorders, and selected disorders of adult personality and behaviour (specific codes available in Appendix 
D). 

Mental health is a rising concern in our communities. For example, healthcare and mental health has been 
identified as a priority in the Peterborough Community Safety and Wellbeing Plan.43 PPH's Strategic Plan also 
identifies the importance of working with partners to address health inequities and barriers to services, in 
particular in relation to housing and mental health.10 As the climate warms, this will be critical to adapt and 
address the breadth of mental health impacts related to climate change.65  

In the chapters to follow climate hazards and the possible health impacts of climate change in the PPH region 
will be discussed with a focus on those who are most vulnerable.   
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Extreme Temperatures 

Extreme temperatures are one of the most noticeable impacts of climate change. The following chapter 
outlines the projections for extreme temperatures for both heat and cold in the PPH region and summarizes 
the health impacts. It will also highlight the populations most at risk of experiencing negative health impacts 
because of extreme weather currently and into the future.  

Extreme Heat 
Extreme heat is defined as temperatures - generally experienced in the summer - that are much hotter and/or 
humid than average.86 The temperature value considered extreme may vary depending on the location and 
typical seasonal temperatures. Locally, temperatures above 30°C are often considered more extreme. Extreme 
heat is of particular concern when the elevated temperatures are maintained for 2 or more days, often called 
ŀ άƘŜŀǘ ǿŀǾŜέΦ {ŜŜ the section below for more information about heat waves/heat warnings.  

Climate change is very much connected with extreme heat. With a warming climate, heat waves are likely to 
become more frequent and more intense.87 Not only do the warming average temperatures lead to more 
extreme heat, but climate change may also cause atmospheric changes such as high-pressure systems leading 
to άƘŜŀǘ ŘƻƳŜǎέ ƭƛƪŜ ²ŜǎǘŜǊƴ /ŀƴŀŘŀ ŜȄǇŜǊƛŜƴŎŜŘ ƛƴ нлнмΦ88  

Extreme heat can be extremely harmful to health. It is associated with a variety of physical and mental health 
symptoms that can result in increased morbidity and mortality, perinatal effects, and even crime within the 
affected community.41  

Hazard Trends and Projections 

Average Summer Temperature Trends and Projections 
As presented in Figure 3-4 (Chapter 3: Community Context), the average temperature in PPH region has shown 
an increasing trend between the 1960s (1950-1980) and the 1990s (1981-2010). Summer temperatures have 
shown an increasing trend as well. Figures 5-1 and 5-2 below show how the mean summer temperature 
(average of daily average temperature), and the average daily high temperatures in summer, respectively, 
have gradually increased in the PPH region. Both the actual historical values and the ensemble 
means/modelled data are included, which highlights how actual historical values show greater fluctuation. 
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Source: ClimateData.ca, 2023.21 Shaded areas show the range in values of the climate model ensemble (defined as the 10th and 90th percentile). 
a ¢ƘŜ άdaily mean temperatureέ is the average of the daily maximum and daily minimum temperatures.  

Figure 5-1. Mean Summer Temperature (Average of Daily Mean Temperature a) for PPH Region, 1950-2013. 

ς Gridded Historical Data 

ς Modeled Historical 
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Figure 5-2. Average Summer Maximum Temperature for PPH Region, 1950-2013. 

 
Source: ClimateData.ca, 2023.21 Shaded areas show the range in values of the climate model ensemble (defined as the 
10th and 90th percentile). 

 
With regards to summer temperature projections, as presented in Chapter 3: Community Context and 
highlighted in Figure 5-3, the mean summer temperature is projected to increase this century. By the 
2080s, this increase will be about 6oC under a Fossil-fueled Development scenario, or about 3.4oC 
under a Middle of the Road scenario (data not shown). 
 

ς Gridded Historical Data 

ς Modeled Historical 

Figure 5-3. Projected Changes to Mean Summer 
Temperature under a Fossil-Fueled Development 
Scenario (Excerpt from Figure 3-5). 

Source: ClimateData.ca, 2023.21 
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Extreme Heat Trends and Projections 
There are many extreme heat variables based on different thresholds and considerations (e.g. daily maximum 
(Tmax) or daily minimum (Tmin) temperatures). Various extreme heat variables are shown in Table 5-3, and 
changes in the first variable in the table over time are highlighted in Figure 5-4.  

Table 5-1. Extreme Heat Variables for PPH Region for Baseline Time Period and Projected for 2050s and 2080s Under Middle of the 
Road (SSP2-4.5) and Fossil-Fueled Development Scenarios (SSP5-8.5). 

Variable Baseline 2050s 2080s 

SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5 

Very hot days (days with 
Tmax>30°C) 

9 28 38 40 71 

Very hot days (days with 
Tmax>32°C) 

3 13 20 21 45 

Days with humidex>40°C 0 5 9 8 28 

Tropical nights (Tmin>20°C) 2 10 16 15 41 

Hottest maximum 
temperature 

32.8°C 35.7°C 
 

36.4°C 36.6°C 39°C 

Source: ClimateData.ca, 2023.21 

The PPH region can anticipate an increase in 
very hot days by the 2050s, and even more by 
the 2080s. In the 2050s we may see a three- to 
four-fold increase in the number of days with 
temperatures higher than 30°C, where the 
average during the baseline time period was 9 
days per year. There will be more extreme heat 
in May and September than seen during the 
baseline time period. Extreme heat days in June 
will increase from the baseline average of 2 days 
per year, to an average of 6 or 7 days per year, 
which is something particularly relevant for 
ǎŎƘƻƻƭǎ ǘƘŀǘ ŘƻƴΩǘ ƘŀǾŜ ŀƛǊ ŎƻƴŘƛǘƛƻƴƛƴƎΦ .ȅ ǘƘŜ 
2080s, the Middle of the Road scenario shows days over 30°C increasing to about 40 per year and 21 of these 
days being over 32°C. The Fossil-fueled Development scenario has extremely concerning projections where 
temperatures may exceed 30°C for, on average, 71 days per year, nearly 20% of the year! It also projects an 
average of 41 tropical nights (i.e., nighttime temperatures staying above 20°C) each year - which was 
experienced, on average, only 2 times per year during the baseline time period. The hottest maximum 
temperature (30-year average the of yearly maximum temperature) will rise into the high 30s by the 2080s, 
compared to 32.8°C during the 1990s baseline time period. 

ά5ǳŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƘŜŀǘ ŜǾŜƴǘǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜŎƻƳŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŦǊŜǉǳŜƴǘΣ 

ǇǊƻƭƻƴƎŜŘ ŀƴŘ ǎŜǾŜǊŜΦέ89(p.2) 

Figure 5-4. Number of Very Hot Days (Tmax>30°C) for PPH Region 
During the Baseline and Projected in the 2050s and 2080s Under the 
Fossil-Fueled Development Scenario. 

Source: ClimateData.ca, 2023.21 
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The projections for number of very hot days across the province are also demonstrated in the 2023 Ontario 
Provincial Climate Change Impact Assessment Technical Report.90 Shown in Figure 5-5, the number of days are 
projected to increase substantially across the province by the 2080s under a high emissions scenario.   

 
Source: Climate Risk Institute, Dillon Consulting Limited. Ontario Provincial Climate Change Impact Assessment Technical 
Report.; 2023. Accessed September 17, 2023. https://www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-
impact-assessment-en-2023-08-17.pdf, p44.90 

a RCP scenarios were used for the Ontario assessment, where RCP8.5 would be comparable to the SSP5-8.5 scenario used in this 
report. 

Figure 5-5. Average Annual Number of Very Hot Days (>30°C) Across Ontario (Left: Baseline Time Period (1981-2010); 
Right: Projections for 2080s Under RCP8.5a). 
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Heat Waves and Warnings 

Heat Warnings 

Due in large part to the potential health impacts from extreme heat, heat warning 
systems have been implemented in parts of Ontario since the late 1990s.91 Since 2016, 
a Harmonized Heat Warning and Information System (HWIS), has been implemented 
in Ontario. Heat warnings are issued based on forecasted weather by Environment and 
Climate Change Canada. 
 

For southern Ontario, the thresholds for heat warnings are as follows: 

¶ Heat warnings are released when it is forecasted that one or both of the 
following criteria will be met for two days in a row: 
Á Maximum daily temperature equal to or greater than 31°C and minimum 

daily temperature equal to or greater than 20°C 
Á Humidex temperature equal to or greater than 40°C 

 

¶ Extended heat warnings are released if these temperatures are forecasted for 
three or more days in a row.92 

Environment and Climate Change Canada issues Heat Warnings 18 to 24 hours in 
advance of the heat event. 



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 47 of 148 

The number of heat warnings and number of heat warning days each year between 2016 and 2022 issued by 
PPH for the region is presented in Figure 5-6. This is a short time period so it is not possible to comment on 
trends; however, the data for this time period may be used as a baseline as heat events are monitored moving 
forward. The average number of heat alerts each year was 2.7 and for the number of heat alert days each 
year, the mean and median were 6.7 days and 4 days, respectively. 

 
Source: Peterborough Public Health records, 2023. 

ClimateData.ca makes it possible to project frequency of heat waves based on the specific temperature 
thresholds that trigger heat warnings locally. The following Figure 5-7 shows projections using the 
requirements of having two or more days with a maximum temperature being higher than 30.99°C and the 
minimum temperature being higher than 19.99°C (Note: It is not possible to incorporate a humidex threshold 
in the same analysis at this time). The frequency of heat waves is projected to increase under both scenarios, 
with the median between 2 and 3 per year later this century under the SSP2-4.5 scenario (2080s averagea: 2.4) 
and increasing higher under the SSP5-8.5 with median values between 4 and nearly 8 (2080s averagea: 6.0).  
  

 
a These averages were calculated from the mean of the medians over the 30-year time period. See Appendix E for additional 
information on this process. 

Figure 5-6. Number of Heat Warnings and Number of Days with Heat Warnings from 2016 to 2022 in PPH Region. 

http://www.climatedata.ca/
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Source: ClimateData.ca, 2023, Custom analysis. Lighter coloured lines show the range in values of the climate model 
ensemble (lower and upper limits, defined as the 10th and 90th percentile). 

Comparing Figure 5-6 and 5-7 above, it is noticeable that the frequency of heat waves modelled between 2016 
and 2022 does not appear to match with the number of heat warnings issued for our area. For example, the 
90th ǇŜǊŎŜƴǘƛƭŜ ŦƻǊ ŦǊŜǉǳŜƴŎȅ ƻŦ ƘŜŀǘ ǿŀǾŜǎ ŘƻŜǎƴΩǘ ŜȄŎŜŜŘ о ǳƴǘƛƭ ǘƘŜ ƳƛŘ-2030s in either scenario, yet we 
saw 3 or more heat warnings in three of the past seven summers. There may be different reasons for this (e.g., 
one example may be because heat warnings are released in advance of a heat event, so it may be possible 
that ŀŎǘǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘƛŘƴΩǘ meet the thresholds for the heat warning). In any case, it may be useful to 
consider and refer to both types of data into the future. 

Health Impacts 
When temperatures increase, the human body can typically regulate its internal temperature to cool itself.93ς

95 However, extreme heat can overwhelm this regulatory system, resulting in heat-related illness (HRI). HRI 
can range from minor symptoms, such as heat rash and cramps, to more severe conditions like heat 
exhaustion and heatstroke.95 HRIs usually result from exposure to high temperatures, high humidity, lack of 
shade and minimal air movement both indoors and outdoors.54,95 Extreme heat is also associated with other 
health outcomes and can exacerbate existing medical conditions such as cardiovascular disease, 
respiratory/lung diseases, diabetes, renal/kidney illnesses, hypertension, mental illness and more.95,96  

These impacts result in extreme temperature contributing to increased hospital admissions and mortality such 
as respiratory-related hospitalization and mortality, cardiovascular-related hospitalization and mortality, and 
all-cause mortality.41,96 Even moderate changes in temperature can impact mortality.96 The effect of a heat 
wave on cardiovascular mortality may potentially persist for a week after the event, though further research is 
needed.41  

There is an indication that tolerance for extreme heat can increase after regular exposure. This is known as 
acclimatization.96 This means that communities in cooler climates are at higher risk of the health outcomes of 
extreme temperatures to which they are not acclimatized.96 It may also mean that tolerance to extreme heat 
for the PPH population will increase over time and help to temper some of the potential health outcomes.54,97 
However, there are limits to temperatures that the human body can withstand and function optimally.98,99 
Extreme heat has also been associated with additional health impacts that include difficulty sleeping, increases 
in unintentional accidents and injuries,100 and perinatal effects.41,96 

ς historical ensemble mean 

ς SSPS-8.5 

ς SSP2-4.5 

Figure 5-7. Frequency of Heat Waves (Median) for PPH Region with Ensemble Mean Modelled for 1950 
to 2010, and Climate Modelling Projections for 2011 to 2100 Based on SSP2-4.5 and SSP5-8.5 Scenarios. 
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Many studies have explored the connections between extreme heat and mental health. High temperatures 
have been found to increase stress and contribute to the development of psychological and behavioural 
problems,41,65 and exacerbate mental illness.65,101 Both of these impacts can result in a higher risk of mental 
healthςrelated ED visits and possibly self-harm or self-inflicted mortality.101ς105 Higher temperatures have also 
been linked with increases in crime and violence, possibly because stress ƛƴŎǊŜŀǎŜǎ ǇŜƻǇƭŜΩǎ ǇǊƻǇŜƴǎƛǘȅ ŦƻǊ 
aggressive behaviour.65,106 And finally, extreme heat can impact mental health potentially contributing to 
isolation when outdoor activities are discouraged.41,107 

Populations at Increased Risk 

Children 
Children, especially young children and infants have 
increased sensitivity to extreme heat as they are less 
able to regulate their body temperature and adjust 
physically to extreme heat41,96 as outlined in Chapter 4: 
Vulnerability. A study in Montreal found that outdoor 
temperatures above 29°C increased risk of Sudden 
Infant Death Syndrome (SIDS).108 Children can also be 
vulnerable due to lower adaptive capacity and higher 
exposure; they depend on parents/caregivers to keep 
them safe, and they may spend more time outdoors depending on their age.82,96 To illustrate exposure 
considerations, a Canadian study of sun- and heat-related illnesses (HRIs) at 20 hospitals where 72% of cases 
were aged 19 years and younger found that the top three event circumstances associated with HRIs were 
sports and recreational activities (33.1%), playing outside (14.8%), and working (14.8%).109 This information 
highlights the importance of having adequate built environment and precautions to respond to extreme heat 
for children's summer programs or sporting events, especially. Children living in urban areas are at increased 
risk of extreme heat due to increased exposure to urban heat islands110 (See more information on urban heat 
islands below). 

Older Adults 
Older adults are more sensitive to extreme heat because they may be less able to adapt physically, have pre-
existing chronic diseases and use medications that may affect their thermoregulation, as outlined in Chapter 4:  
Vulnerability.41,96,111 Those who experience higher levels of social isolation or dependence, low socioeconomic 
status (SES), live in an urban heat island and/or have mobility issues may have limited ability to adapt to 
extreme heat.112,113 In the PPH region older adults (65 and older) represent 25.2% of the population compared 
to Ontario at 18.5% in 2021. 

Pregnant People 
Extreme heat may lead to pregnancy and labour complications, and impact prenatal development. Depending 
on timing of the exposure to extreme heat events, exposure has been associated with outcomes such as 
miscarriage and congenital complications (e.g., heart or neural tube defects) premature birth and stillbirth, 
and severe labour complications.114ς118 The causes and pathways of these impacts are not fully understood but 
research is growing.96 In the PPH region, on average about 1,200 pregnant people give birth each year. 
(Source: BORN Ontario, 2023)  

While the άtopulations at 
Increased Riskέ are presented 
here and in subsequent chapters 
as fairly discrete groups, the 
highest risk for vulnerability 
exists for the people that have 
multiple risk factors. 
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Socioeconomic Status  
Individuals experiencing low SES are often affected by low income and limited finances. They are more likely 
to experience housing that is poorly insulated and ventilated, and lacking air conditioning.41,119ς121 Finances 
can be a barrier to taking protective actions against extreme heat events, ǿƘƛŎƘ Ŏŀƴ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŜƴŜǊƎȅ 
ǇƻǾŜǊǘȅέΦ94 Examples of protective actions include the ability to purchase an air conditioner (including the 
ongoing expenses to operate it), accessing cool or shaded spaces, undertaking necessary housing repairs, and 
avoiding sources of air pollution such as high traffic areas.82,122,123 Low SES and a lack of air conditioning are 
two of the greatest combined risk factors for heat related illnesses.95 People with low SES have been found to 
be more likely to see a doctor during extreme heat events because of health impacts41,120 and low SES seniors 
were three times more likely to go the emergency department, be hospitalized or die from heat when 
temperatures were above 30°C.41,112 

Individuals with low SES are often found to inhabit single rooms or upper floors of apartment buildings where 
heat can reach extreme levels without proper ventilation or air.95 While accessing cooler environments - like 
cooling rooms or public spaces in urban centers - may be an option, it is important that barriers to access 
them are considered as part of adaptation planning and implementation.95   

The unemployment rate within the PPH region in 2021 was 12.8%, slightly higher than the Ontario rate 
(12.2%). The rate is notably higher in the city of Peterborough (14.7%) compared to in the county. Maps such 
as shown in Figure 4-2 in the Vulnerability chapter (Material Resources Quintiles of the Ontario 
Marginalization Index) can show areas of the PPH region that may be vulnerable due to SES. New immigrants 
are a specific population that may also face barriers to adapting to extreme heat events, largely due to SES 
factors and the challenges described above.5 

People Without Fans or Air Conditioning 
As described above, cooling equipment like fans and air conditioning can be important during an extreme heat 
event. Quinn et al.124 found that during heat waves homes without air conditioning often reach levels that are 
hazardous to human health. This can be particularly true in upper stories of high-rise buildings, and in areas 
where urban design characteristics result in heat retention, limited airflow, and/or reduced shade,54 which can 
characterize urban heat islands (further described below).  
 

 

In 2021, it was found that 22% of households in the Peterborough CMA did not have any kind of an air 
conditioner as part of the Statisticǎ /ŀƴŀŘŀΩǎ ǾƻƭǳƴǘŀǊȅ IƻǳǎŜƘƻƭŘ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘ {ǳǊǾŜȅΦ ¢Ƙƛǎ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ 
the provincial average of 16%.126  

 
Outdoor Workers 
Outdoor workers, for example those involved in agriculture, forestry, and construction, are at an increased 
health risk due to exposure to extreme heat. This exposure may increase the risk of injury and illness and 

A report on the 2021 Heat Dome in BC, where over 600 people died because of the 
heat found the following: 

άIƛƎƘ ƛƴŘƻƻǊ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ŎŀǳǎŜ ƻŦ ƛƴƧǳǊȅ ŀƴŘ ŘŜŀǘƘ ŘǳǊƛƴƎ ǘƘŜ 
extreme heat event. During this time, hot air became trapped indoors and continued 

to rise over time. Although outdoor temperatures decreased overnight, residences did 
not cool off, exposing people to harmful high temperatures for extended periods of 

ǘƛƳŜΦέ125 (p.22) 
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worker productivity may decrease.41 As stated in, Health of Canadians in a Changing Climate, Fortune et al.127 
found thatΣ άin Ontario, from 2004 to 2010, every degree above 22°C increased the median number of 
hospitalizations for heat-related occupational illnesses and diseases by 75%έ. 425 Heat related injuries are more 
frequent for men and younger workers.128 In the PPH region in 2021 the number of people working in the 
following sectors were:15      
Á Agriculture, forestry, fishing, and hunting - 1,560   
Á Mining, quarrying, and oil and gas extraction - 320   
Á Construction - 6,570 

People with Chronic Health Conditions 

άTemperature extremes can also worsen chronic conditions such as cardiovascular disease, respiratory 
disease, cerebrovascular disease, and diabetes-related conditions. Prolonged exposure to high temperatures is 
associated with increased hospital admissions for cardiovascular, kidney, and respiratory disorders.έ 96 
Medication usage may also be required to manage chronic health conditions, which can increase vulnerability 
to heat (See People who use Substances section below).  

Estimated prevalence (and age-standardized prevalence rate) of a few chronic diseases in PPH region in 2019 
were as follows: 
Á Asthma - 18.7% of population (19,235 per 100,000)*  
Á COPD - 12.7% of those aged 20+ (10,197 per 100,000 aged 20+)*  
Á Hypertension - 30.6% of those aged 20+ (24,686 per 100,000 aged 20)o 
Á Diabetes - 13.0% of those aged 20+ (10,776 per 100,000 aged 20)o 

*denotes rate is significantly higher than Ontario rate 
odenotes rate is significantly lower than the Ontario rate 

Source: Public Health Ontario, Institute for Clinical Evaluative Sciences (ICES) chronic disease cohorts 2019.62 

The age-standardized prevalence of Ischemic heart disease in Ontario in 2019-2020 was 7.55% of those aged 
20+.129 Prevalence increases with age, therefore PPH region likely has a higher crude prevalence rate due to 
the higher proportion of older adults in the region. 

Mobility limitations can lead to exacerbated effects of extreme heat. Being confined to a bed is strongly 
associated with heat-related illnesses.95 Individuals who require assistance for daily care are also at an 
increased risk of morbidity and mortality from extreme heat events. People with disabilities can also 
experience disproportionately higher rates of social risk factors, such as poverty and low SES.5  

People with Mental Health Problems 
Extreme heat can worsen health and increase hospitalizations of people with pre-existing mental illnesses 
such as schizophrenia, mood disorders, substance use disorder and dementia.83 Some medications used to 
treat mental illnesses make it difficult to control body temperature and cool down.65,78 People with 
schizophrenia are at higher risk of death during extreme heat events.130,131 People with mental illness also 
often live in chronic poverty,132 which further limits their ability to adapt and cope with extreme heat events. 

People who use Substances  
Alcohol or drug use and certain medications can make people more susceptible to the effects of heat.41,78,95 
¢ƘŜǎŜ ǎǳōǎǘŀƴŎŜǎ Ŏŀƴ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ ōƻŘȅΩǎ ǘƘŜǊƳƻǊŜƎǳƭŀǘƻǊȅ ƳŜŎƘŀƴƛǎƳǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜŘ 
risk of HRI. Some examples of medications which can make people more susceptible are diuretics, 
antidepressants, antihypertensives and psychotropic drugs.95 Methamphetamines are an example of a drug 
which can cause the body temperature to increase and put individuals at a higher risk for HRI.133 People under 
the influence of substances may have a reduced level of awareness and reaction time to initiate protective 
behaviours during extreme heat events.95     
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People Experiencing Homelessness  
People experiencing homelessness can be at increased risk to the health impacts of extreme heat due to 
various vulnerability factors. This population faces increased risks as they are directly exposed to outdoor heat 
and excess humidity with decreased respite from these conditions.95 This is often coupled with living in urban 
areas which increases their exposure to urban heat island effects. They face multiple risk factors which can 
increase their sensitivity to extreme heat events, as described in Chapter 4: Vulnerability, but include factors 
such as social isolation, substance use, mental illness and other chronic health conditions.41,66,78 Their ability to 
adapt to extreme heat events is limited, and there can be barriers to accessing cooling centres, which could 
include lack of transportation, and fear of leaving belongings or pets unattended.134 In Peterborough City and 
County in 2021, a monthly average of 266 individuals experienced homelessness.51 The most common health 
conditions reported by those experiencing homelessness were substance use (78%), mental health concerns 
(61%), followed by medical conditions/illness (52%).441 

Indigenous Peoples 
For Indigenous peoples, the indirect effects of rising temperatures on the environment and the direct and 
indirect effects of extreme heat may cause major health impacts.41,135  There are multiple factors that may 
influence health, including existing disparities of shorter lifespans, higher rates of chronic health conditions 
and greater food and water insecurity in many communities.59 The increased risks are largely the result of the 
health and social inequities experienced by Indigenous peoples, that are underpinned by systemic racism and 
colonialism. However, it is important to emphasize that these findings are broad, and it may not be 
appropriate to generalize findings to the Indigenous peoples that we share space with in the PPH region. In 
2021, the percentage of PPH region population who identified as Indigenous in private households was 4.9% 
vs 2.9% in Ontario.15   

Mapping Vulnerability in the Peterborough CMA 

Sensitivity and Adaptive Capacity 
In 2023, Université Laval launched a website with heat vulnerability maps for many of the Census 
Metropolitan Areas across Canada.136 One of their map layers is ŀ άǎensitivity ƛƴŘŜȄέΦ The variables used for 
this index include factors that match the definition of sensitivity used in this report, but also relate to factors 
that would relate to adaptive capacity (many of these described above). The variables are listed in the Figure 
5-8 below. 

Figure 5-8. Variables Used to Create the Sensitivity Index by Université Laval.137 

Proportion of elderly (җ 65 years old) and children (Җ 4 years old) (%) 

Proportion of people with no certificate, diploma, or degree (%) 

Proportion of recent immigrants (%) 

tǊƻǇƻǊǘƛƻƴ ƻŦ ǇŜƻǇƭŜ ǿƘƻ ŘƻƴΩǘ ƪƴƻǿ ŜƛǘƘŜǊ ƻŦŦƛŎƛŀƭ ƭŀƴƎǳŀƎŜ ό҈ύ 

Proportion of people living alone (%) 

Proportion of single-parent families (%) 

Proportion of rented dwellings (%) 

Proportion of dwellings in need of major repairs (%) 

Proportion of apartments in a building that has five or more storeys (%) 

Proportion of dwellings built before 1980 (%) 

Proportion of low income based on the Low-Income Measure after tax (%) 

Proportion of renter households spending 30% or more of income on shelter costs (%) 
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In Figure 5-9, it is possible to see how vulnerability to heat waves varies across the Peterborough CMA, being 
very high (dark maroon) in some areas of the City, as well as some areas of the broader CMA region. One 
limitation in this map is that it is not possible to delineate which variables from the list above are contributing 
most to the high sensitivity in different areas. This specific information could be useful to inform targeted 
initiatives or programs to support the communities with adaptation. 
 

Figure author: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report). Source is denoted in the Figure.   

 

  

Figure 5-9. Map of Sensitivity to Heat Waves for the Peterborough CMA.138 
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Exposure - Urban Heat Islands  
An urban heat island is a phenomenon that occurs when urban areas are warmer than surrounding rural 
areas.139ς141 These are primarily caused by the built environment in urban areas, as natural resources (i.e., 
trees) get replaced by structures that absorb solar radiation (e.g., buildings, factories, asphalt, roads). This 
creates less shade and moisture causing an increase in heat production.140,141 Health Canada142 reports that in 
some cities, the temperature can be 1-3°C warmer than surrounding urban areas and sometimes up to 12°C 
warmer if certain weather conditions (calm winds and clear skies) are present. This in turn intensifies the 
impact and adverse health effects of an extreme heat event, especially for those most vulnerable. 

 
Source: Health Canada. Reducing Urban Heat islands to Protect Health in Canada: An Introduction for Public 
Health Professionals.; 2020.142 

Urban heat island mapping can be conducted for communities, and is another product made available for the 
Peterborough CMA in 2023 by the Department of Geography at the Université Laval. The map (see Figure 5-
11), was created using ten indicators including ground temperature (taken on days when temperatures 
exceeded 30°C), the vegetation index (NDVI) and the built-up index (NDBI). Other variables included 
percentage of soil imperviousness, latitude, longitude, altitude, and proximity to bodies of water.143 On the 
map, dark red areas represent the hottest areas in the region, while dark green represents the coolest areas of 
the region. The map shows that the urban core of the City of Peterborough is hotter than the more rural and 
forested areas in the northern and surrounding portions of the CMA.  

  

Figure 5-10. Two-Dimensional Cross-Section of a Typical Urban Area Showing Both Day-
Time and Night-Time Surface Temperature (T0) and Air Temperature (Ta). 
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Figure author: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report). Source is denoted in the Figure.   

 

Mapping Vulnerability and Exposure in the City of Peterborough 
The heat mapping program from Université Laval makes one multivariable map available, combining their 
vulnerability and exposure indices, which is shown for the City of Peterborougha in Figure 5-12.  

Á The vulnerability index is shown on the map with the purple gradient. The index can be used to 
identify groups of people and areas most vulnerable to extreme heat and combines their sensitivity 
index and coping capacity index.  
o The sensitivity index groups together several demographic and socio-economic factors (presented 

and described above) 
o The coping capacity index is estimated by determining proximity to places and services that provide 

shelter and relief from extreme heat, like shopping centers, parks and public swimming pools.  
Á The exposure index is shown on the map with the orange gradient. It was calculated using satellite 

imagery data including temperature and impermeability data for soil, plant cover, and the built 
environment. It also incorporated factors such as water proximity, altitude, and location data.136 This 
index is comparable to the urban heat island map.  

On the map in Figure 5-12, dark brown areas (purple and orange combined) are places that are most 
vulnerable and exposed to extreme heat in the region, while the light beige areas represent places that are 
least vulnerable and least exposed. As indicated on the map, the areas where both indices are considered high 
or very high are located in the central area of the downtown core of the City of Peterborough. In the 

 
a The County portion of the CMA was not presented because exposure is relatively low throughout the whole region as shown in 
Figure 5-11. See Sensitivity Index and Urban Heat Island maps above to consider vulnerability factors for the County portion of the 
Peterborough CMA. 

Figure 5-11. Urban Heat Island Mapping for the Peterborough CMA.144 
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occurrence of a heat wave, these areas should be prioritized for adaptation supports. Other areas that show 
slightly lighter brown/purple shades may also be areas to consider. 

Figure author: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report). Source is denoted in the Figure.   

 

Mapping of Tree Canopy and Income in the Peterborough CMA 
Tree canopy cover is another factor that influences urban heat and can be mapped. The tree canopy can 
protect against the urban heat island effect by providing shade and cooling through evaporation and 
transpiration.145 It is possible to assess tree canopy with satellite data. HealthyPlan.City presents this 
information and combines it with demographic data from the census for many cities across the country, 
including the Peterborough CMA. Figure 5-13 presents a subset of the map for the Peterborough CMA 
combining tree canopy data (from 2015) with low-income data. The dark maroon areas have the highest 
inequities, where there is a higher proportion of low-income individuals and a lower level of tree canopy 
cover. HealthyPlan.City presents several statistics alongside the map, including the following: 

Figure 5-12. Vulnerability and Exposure to Heat Waves in the City of Peterborough.138 



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 57 of 148 

Á There are 5,973 low-income individuals living in unfavourable tree canopy cover areas in 
Peterborough. This is 61% of the population of low-income individuals in Peterborough, compared to 
57% in Canada.146  

Source: HealthyPlan.City, 2023.146 

The City of Peterborough has an Urban Forest Strategic Plan, and more recently implemented a Tree Bylaw to 
support achieving their commitment to preserve and expand their urban forest canopy to 35% by 2041.147,148 

Health Outcomes 

Heat-related Emergency Department (ED) visits 
Emergency department visits due to extreme heat have ranged in incidence from 4 to 25 cases per year during 
the 2008 to 2022 time period. Five-year totals and average rates are shown in Figure 5-14 below, and these 
totals and rates have increased over time. Increasing rates may correspond to increasing temperatures as well 
as increasing vulnerability in our community.  

  

Figure 5-13. Mapping of Tree Canopy and Low Income in the City of Peterborough.  
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Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

 

The rates per age group are shown in Figure 5-15. Those in the 18-44 age group have the highest rate and 
contribute about 43% of these ED visits. This age group falls outside of some of the populations at increased 
risk due to sensitivity to heat listed above, such as children, older adults, and those with chronic health 
conditions. This suggests that other characteristics of this age group may relate to vulnerability due to higher 
exposure and/or lower adaptive capacity, which could contribute to these negative health outcomes. This age 
group is a fairly broad age group but includes young adults, post-secondary students, and young to middle-
aged workers. 

 
Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

Figure 5-14. 5-Year Totals and Average Crude Incidence Rate (Cases per 100,000 Population per 
Year) of Heat-Related Emergency Department Visits by PPH Residents From 2008 to 2022. 

Figure 5-15. Number of Heat-Related ED Visits and Age-Specific Rate (per 100,000 Population) by 
PPH Residents for the Time Period 2008 to 2022. 

<18 18-44 45-64 >=65

Number of ED visits 34 91 51 36

Age-specific rate 9.19 13.27 8.32 7.74
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Finally, males make up 66% of these ED visits, suggesting a gender difference in vulnerability factors, likely 
relating to exposure and/or adaptive capacity factors. Various outdoor-based industries tend to have a male-
dominated workforce, including construction and agriculture,149 which relates to exposure. Gendered social 
norms relating to behaviours that might increase exposure or reduce preventative actions may also contribute 
to increased vulnerability of males.150 It is important that continued adaptation strategies to mitigate against 
the harms of extreme heat consider these vulnerability factors. 

It would be valuable to explore heat-related ED visit data more thoroughly to determine if there are 
noticeable patterns. For example, are visits more likely to happen: 
Á When temperature exceeds a certain daily high temperature? (What temperature?) 
Á During a heat warning or extended heat warning (i.e., during a multi-day heat event)? 
Á On the weekend vs. on a weekday/night? 

This information could support tailoring adaptation strategies to when risk is highest. 

Other Health Outcomes 
The impacts of extreme heat events on other health outcomes such as mental health, exacerbation of chronic 
physical or mental illnesses, and contributions to mortality, were not explored for the current report. If there 
was demand to explore this locally, the outcomes would need to be compared to daily temperatures to 
support drawing any connections with extreme heat. 

Extreme Cold  
Extreme cold refers to times where temperatures drop below a certain temperature. The specific temperature 
value considered extreme may vary depending on the location and what typical seasonal temperatures are. 
Locally, temperatures below -27°C are often considered extreme. Similar to extreme heat, the impact may be 
more significant if extreme cold persists for more than one day. See the next section below for more 
information about extreme cold alerts. 

While climate change is projected to reduce the frequency and intensity of extreme cold, extreme cold events 
are still going to occur.41 Beyond natural temperature variability, the impact of climate change on the arctic 
polar vortex is important to note. A changing climate could disrupt the polar vortex leading to cold air moving 
more south into mid-latitudes than is typical, and instances of extreme cold events.151 

Extreme cold can be harmful to health by causing cold weather injuries, such as frostbite and hypothermia. 
Exposed skin can freeze in less than half an hour, potentially in as little as 5 minutes, depending on the 
temperature.152  

Hazard Trends and Projections 

Extreme Cold Trends and Projections 
"Warmer temperatures will reduce the length of the cold season across Canada and the intensity and 
ŦǊŜǉǳŜƴŎȅ ƻŦ ŜȄǘǊŜƳŜ ŎƻƭŘΦέ41(p.152) 
 
Table 5-2 shows the projected changes in the number of very cold days (Tmin<-25°C) and cold days (Tmin<-
15°C) in the future according to two climate scenarios.  
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Table 5-2. Extreme Cold Variables for Baseline Time Period and Projected for 2050s and 2080s under Middle of the Road (SSP2-4.5) 
and Fossil-Fueled Development Scenarios (SSP5-8.5). 

variable 
Baseline 

(1981-2010) 
2050s 2080s 

  SSP4.5 SSP8.5 SSP4.5 SSP8.5 

Very cold days (days with Tmin<-25°C) 6 1 1 1 0 

Cold days (Days with Tmin<-15°C) 37 19 13 14 4 

Source: ClimateData.ca, 2023.21 

By 2050, the PPH region can anticipate a decrease in very cold days. The number of these days in the baseline 
time period (6) is already 2 days less than the 1951-1980 average (data not shown), and the number of days 
will continue to decrease to an average of 1 each year by the 2050s under both scenarios. 

To expand on this picture of PPH region winters, the number of cold days (Tmin<-15°C) is also presented. 
Likewise, these days are projected to decrease significantly under these two scenarios throughout the century.  

Frostbite Alerts 
 

Figure 5-16 presents the number of frostbite alerts and number of frostbite alert days each year between 
2013 and 2022 for the PPH region. The number of frostbite alerts each year is typically between 2 and 6, but in 
2015, there was a noticeable peak with 11 frostbite alerts. Frostbite alerts are often implemented for an 
overnight period, which is counted as two days, though sometimes alerts are enacted for one day or for more 
than two days. Again, 2015 is noticeably higher than the other years, with 42 frostbite alert days. The winter 
of 2015 was an example of how movement of the polar vortex can lead to instances of persistent, extreme 
cold, compared to typical years.153 
 
 

Extreme Cold Alerts 

Similar to extreme heat, weather forecasts (meteorology) make it possible to forecast 
instances of extreme cold, which can be helpful for communicating risks via extreme 
cold alerts. PPH has three levels of extreme cold alerts:  

1. Frostbite Alerts are the most common and are issued when temperatures are 
forecasted to be from -27°C to -38°C or a wind chill of -27°C to -38°C.152 

 

2. Frostbite Warnings are issued when temperatures are forecasted to be from 
-39°C to -47°C or a wind chill of -39°C to -47°C.152 

 

3. Cold Weather Emergencies are issued when temperatures are forecasted to 
be -48°C or colder or a wind chill of -48°C or colder (OR when the 
temperature is below -27°C or a wind chill below -27°C accompanied by a 
contributing risk factor such as a power outage, or critical infrastructure 
failure).152 
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Source: Peterborough Public Health records, 2023. 

Health Impacts 
Exposure to cold weather and extreme cold can result in a variety of health impacts such as windburn, 
hypothermia (body loses heat faster than it can be produced, which is a medical emergency), frostnip (mild 
form of frostbite), frostbite and trench foot (feet exposed to wet and cold conditions for prolonged 
periods).154,155 ! ǇŜǊǎƻƴΩǎ ōƻŘȅ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŎƻƭŘ ǿŜŀǘƘŜǊ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƘŜŀǊǘ ǊŀǘŜ ŀƴŘ pumping blood 
faster to maintain warmth. A high heart rate and blood pressure can increase the risk of heart attacks. Cold 
weather can worsen heart disease, respiratory illness and stroke-related illness and mortality, as well as 
general mortality.41 Cold temperatures can reduce blood supply to extremities which means the immune 
system is compromised and a person can be more susceptible to infections such as rhinovirus and influenza.155 
The health effects related to the time of the cold exposure are not well known and the effects can be seen up 
to two weeks or longer following the exposure.156 Other possible risks include falls and injuries related to 
hazardous icy conditions caused by extreme cold.155 This is further explored in Chapter 6: Extreme Weather 
Events. During extreme cold events people may increase their time indoors which can facilitate the spread of 
influenza and respiratory infections.41   

The projected global warming may mitigate some of the adverse health effects from cold in Canada.41 

Populations at Increased Risk 
Any person who does not dress appropriately for cold weather conditions is at risk for negative health 
impacts, however some populations are at greater risk than others.   

Children  
Children and infants are at greater risk for frost bite and hypothermia154 and those with respiratory conditions 
such as asthma are at increased risk for cold related morbidities.157,158 

Figure 5-16. Number of Frostbite Alerts and Frostbite Alert Days Issued by PPH from 2013 to 2022. 
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Older Adults 
Individuals over the age of 65 are at increased risk of cold related illnesses as their ability to regulate their 
temperature decreases with age.157,94 This age group also experiences higher rates of pre-existing chronic 
health conditions making them sensitive to extreme cold and further increasing their risk for illness. Some 
medications may also increase their susceptibility to hypothermia.155 The rate of hospitalization among the 
elderly for cold injuries from slips and falls increases during cold weather events.159  

Pregnant People  
Exposure to cold during pregnancy may increase the risk of adverse effects such as eclampsia, low birth weight 
and premature birth.41,116,160 

Socioeconomic Status    
Individuals who experience low SES are often affected by low income and limited financial resources. 
However, there is limited research on the impact of cold on this group.41 They may not be able to afford 
necessary repairs to their homes or afford utilities to keep their homes heated comfortably, which can be 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŜƴŜǊƎȅ ǇƻǾŜǊǘȅέΦ94  In order for individuals to afford other needs such as rent and food, they 
may lower the heat in an effort to save money.161,162,163  A cold home negatively affects the mental health of 
all age groups.164,165   

Outdoor Workers  
Workers who are exposed to cold weather may experience thermal discomfort and, in some cases, even 
severe injuries, illnesses, or death.166 Outdoor workers may have higher exposure and be at increased risk of 
cold related health impacts. Examples of outdoor workers are those that are involved in agriculture, forestry 
and construction, though many other job types require varied amounts of time spent outdoors. Indoor work in 
an unheated space could also put indoor workers at risk of negative health impacts. Workers who have had 
frostbite, perform sedentary work and those with poor circulation may be more at risk.166 Prolonged exposure 
to cold can lead to extreme cooling of the extremities and the lungs. Workers who have decreased sensation 
or pain in the extremities due to cold are more likely to suffer from injuries and accidents. Individuals can also 
have adverse health effects from pre-existing health conditions and respiratory tract cooling.167 

People with Chronic Health Conditions  
People with illnesses such as diabetes, peripheral neuropathy and diseases affecting the blood vessels are at 
greater risk for frostbite and hypothermia.155,94 Those with pre-existing health conditions such as thyroid 
problems,168 asthma, and cardiovascular disease may be more susceptible to cold exposure.155,41 According to 
the Health of Canadians in a Changing Climate report,  a study in Toronto found that,  άǇŜƻǇƭŜ with pre-
existing kidney or cardiac conditions had a higher probability of being admitted to the emergency department 
for cardiovascular reasons in extreme cold compared to those without this type of problemΦέ169, 425 found that 
people with pre-existing kidney or cardiac conditions had a higher probability of being admitted to the 
emergency department for cardiovascular reasons in extreme cold compared to those without this type of 
problem.169 

People with Mental Health Conditions  
People with dementia (e.g., Alzheimer's, vascular dementia) or who are mentally impaired may not fully 
understand the dangers of going outside in cold weather and consequently may experience negative health 
impacts due to exposure.155  

People who use Substances  
Alcohol or drug use and certain medications can make people more susceptible to the effects of cold.168,94 
{ǳōǎǘŀƴŎŜǎ Ŏŀƴ ƭƻǿŜǊ ǘƘŜ ōƻŘȅΩǎ ŀōƛƭƛǘȅ to retain heat and can impair judgment to initiate protective 
behaviours.155 
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People Experiencing Homelessness   
Many people experiencing homelessness or living in homes with inadequate heating are exposed to cold 
weather.155,94  They may experience social isolation, substance use, mental illness and other chronic health 
conditions.41,96,170,171,172 According to the Health of Canadians in a Changing Climate report,  ά[a] study in Paris, 
France, estimated that people experiencing homelessness accounted for 62% of those admitted to emergency 
departments for hypothermia or frostbite in winter from 2005 to 2009.έ173, 425 

Indigenous Peoples  
Indigenous peoples may be more vulnerable to extreme cold. Research literature notes a higher prevalence of 
living in inadequate housing that require minor to major repairs,41 which may not be protective of cold 
temperatures. Indigenous peoples have higher rates of chronic health conditions and have also been found to 
be disproportionately represented in the homelessness population,174,59 which contribute to being at 
increased risk. Again, it is important to acknowledge that 1) the increased risks are largely the result of the 
health and social inequities experienced by Indigenous peoples that are underpinned by systemic racism and 
colonialism, and 2) these findings are broad, and it may not be appropriate to generalize findings to the 
Indigenous peoples that we share space with in the PPH region. 

Health Outcomes 

Cold-related Emergency Department (ED) visits 
Cold-related emergency department visits by PPH residents have ranged in incidence from 7 to 47 cases per 
year during the 2008 to 2022 time period. Yearly totals seem to fluctuate somewhat, as shown in Figure 5-17. 
Looking at 5-year average rates of these ED visits (see Table 5-3), there has been an increase in the average 
since 2008-2012. These rates may be useful for comparison purposes in the future.  

 
Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

  

Figure 5-17. Number of Cold-Related Emergency Department Visits by PPH Residents Between 2008 
and 2022. 
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Table 5-3. 5-Year Average Crude Incidence Rate (Cases per 100,000 Population per Year) of Cold-Related Emergency Department 
Visits by PPH Residents from 2008 to 2022. 

 2008-2012 2013-2017 2018-2022 

Crude incidence rate per 100,000 
population 

9.99 
(95%CI:9.16-12.64) 

17.47 
(95%CI:16.38-20.84) 

20.29 
(95%CI:19.15-23.81) 

Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). Distributed by the 
Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

The rates per age group are shown in Figure 5-18. Like heat-related ED visits, those in the 18-44 age group 
have the highest rate (22.60 ED visits per 100,000 population in this age group) and contribute about 45% of 
these ED visits. By narrowing to 10-year age groups, the 20-29 year old age group stands out with the highest 
age-specific rate: 25.78 cases per 100,000 of the population), followed by the 30-39 year-old age group (data 
not shown). As mentioned with heat-related ED visits, this age group falls outside of some of the populations 
at increased risk due to sensitivity to cold. This suggests that other characteristics of this age group may relate 
to vulnerability due to higher exposure and/or lower adaptive capacity, which could contribute to these 
negative health outcomes. This age group is a fairly broad age group but includes young adults, post-
secondary students, and young to middle-aged workers.  

 
Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

Finally, males make up 73% of these ED visits, suggesting a gender difference in vulnerability factors, likely 
relating to exposure and/or adaptive capacity factors. These differences are not documented in the literature, 
but potential differences may relate to occupational or recreational exposure, or gendered social norms 
relating to behaviours that might increase exposure or reduce preventative actions in extreme cold. It is 
important that continued adaptation strategies to mitigate against the harms of extreme cold consider these 
vulnerability factors. 
  

Figure 5-18. Number of Cold-Related Emergency Department Visits and Age-Specific Rate (per 100,000 
Population) by PPH Residents for the Time Period 2008 to 2022. 

<18 18-44 45-64 >=65

Number of ED visits 39 155 95 53

Age-specific rate 10.54 22.60 15.50 11.40
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It would be valuable to explore cold-related ED visit data more thoroughly to determine if there are noticeable 
patterns. For example, are visits more likely to happen: 
Á At night vs. during the day? 
Á During extreme cold (frostbite alert in effect) or during moderate cold (no alert in effect)? 
Á On the weekend vs. on a weekday/night? 

This information could support tailoring adaptation strategies to when risk is highest. 

Peterborough Public Health Adaptation Efforts 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊŜ ŜȄŀƳǇƭŜǎ ƻŦ tŜǘŜǊōƻǊƻǳƎƘ tǳōƭƛŎ IŜŀƭǘƘΩǎ ŎǳǊǊŜƴǘ ǿƻǊƪ ǘƘŀǘ ƛǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŎƭƛƳŀǘŜ 
change adaptation and supporting those most vulnerable to the health impacts of climate change related to 
extreme temperatures (heat and cold):  

Population Assessment & Surveillance 
Á Monitoring extreme cold and extreme heat data.  
Á Conducting analysis on Rapid Risk Factor Surveillance System public surveys including general attitudes 

about climate change and extreme temperatures. 

Health Promotion  
Á Educating, information sharing, and health teaching related to the health risks of extreme temperatures 

during routine activities such as family home visits, parenting groups, clinics, prenatal classes, and general 
contacts with clients and families.  

Á Supporting community partners with the establishment of centres for warming, cooling, and publicly 
accessible bathrooms.  

Á Sharing information regarding access to drinking water stations.  
Á Municipal engagement and advocacy for healthy municipal policies to reduce the health-impacts of 

extreme temperatures (e.g., land-use, shade, and άƎǊŜŜƴέ community design), as required.  
Á Partnering with agencies who work with vulnerable people to disseminate information that is practical and 

useful.  
Á Providing support to school boards, as requested, on policies and procedures related to extreme 

temperatures and health. 

Health Protection 
Á Maintaining and implementing the Heat Alert Response Program based on the provincial Health Warning 

and Information System, including public alerts and notifications. 
Á Maintaining and implementing the Extreme Cold Response Plan, including public alerts and notifications. 
Á Providing recommendations and advice to vulnerable populations, for example, childcare settings and 

outdoor workers, related to exposure to extreme temperatures; facilitating referrals and connections with 
appropriate Ministries for legislative purposes. 

Á Providing enhanced inspections of recreational water facilities to ensure safe operation, particularly public 
beaches and splash pads, during periods of extreme heat. 

Á Providing guidance to special event organizers on the management and precautions related to anticipated 
extreme temperature events.  

Á Activating local protocols to open warming and cooling centres during extreme temperature events.  
Á Conducting compliance inspections of warming and cooling centres, as necessary. 
Á Contributing health expertise during periods of temperature emergencies and participating in coordinated 

emergency response efforts.  
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Extreme Weather Events 

9ȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ǊŜŦŜǊǎ ǘƻ άƛƴŦǊŜǉǳŜƴǘΣ ōǳǘ ǎƛƎƴƛŦƛŎŀƴǘΣ ŘŜǇŀǊǘǳǊŜǎ ŦǊƻƳ ŀ ƭƻŎŀǘƛƻƴΩǎ ƴƻǊƳŀƭ ǿŜŀǘƘŜǊ 

ŎƻƴŘƛǘƛƻƴǎέΦ175(p.4) There are many types of extreme weather events that may impact the PPH region including 
extreme windstorms (hurricanes and tornadoes), severe thunderstorms and heavy precipitation events 
(flooding), and winter storms (ice storms and blizzards). These events are often destructive and can have 
significant impacts on the communities affected.176 Health impacts can include injury, illness, and death as a 
direct result of the event, as well as those caused by power outages, property damage, evacuations, and 
associated displacement from homes, jobs, and school.3 

Climate change is expected 
to cause increased 
frequency and duration of 
extreme weather 
events.177,87,36 Changes to 
temperatures and 
precipitation patterns 
throughout the year, as well 
as snowmelt, may 
contribute to things like 
increased risk for drought, 
wildfires (across Canada), 
winter precipitation/storms, 
heavy rain precipitation 
events, and potential 
flooding.87 The effect of 
climate change on 
windstorms is more 
uncertain.178 Attributing 
extreme weather events to 
climate change is a growing field of research, and continued work in this area should strengthen scientific 
claims connecting climate change to extreme weather.87   

Health Impacts and Trends 
9ȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ǇǊŜǎŜƴǘ ǘƘǊŜŀǘǎ ǘƻ ƛƴŘƛǾƛŘǳŀƭΩǎ ƭƛǾŜǎΣ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭ-being in a variety of ways which 
vary depending on the individual, type of extreme weather event and adaptive capacity factors.179 For some 
extreme weather events, health effects may be more direct and acute such as injury, illness, stress, 
exacerbation of chronic diseases, or death. Other health impacts may be less direct and/or long-term, 
contributing to the development of a chronic physical or mental illness (e.g., depression and post-traumatic 
stress disorder) or perinatal effects.36 Research arising from extreme weather events indicates that the harm 
ǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƳŜƴǘŀƭ ƘŜŀƭǘƘ Ƴŀȅ ōŜ ǘƘŜ ƎǊŜŀǘŜǎǘ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘ ƻƴ ƘŜŀƭǘƘΦ ¢Ƙƛǎ Ŏŀƴ ŀǊƛǎŜ ŦǊƻƳ ŜƳŜǊƎŜƴŎȅ 
evacuations, displacement, compromised food security, lack of housing, trauma, and financial burdens.8 The 
potential health impacts that relate to extreme weather generally are summarized below in Figure 6-1.    
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Source: Council of Canadian Academies. /ŀƴŀŘŀΩǎ ¢ƻǇ /ƭƛƳŀǘŜ /ƘŀƴƎŜ wƛǎƪǎΣ hǘǘŀǿŀ όhbύΥ ¢ƘŜ 9ȄǇŜǊǘ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 
Risks and Adaptation Potential.; 2019, p21 (Adapted from Berry HL, Bowen K, Kjellstrom T. Climate change and mental health: a 
causal pathways framework. Int J Public Health. 2010;55(2):123-132. doi:10.1007/s00038-009-0112-0).180,181 

Trends for extreme weather events are not easy to identify as there is limited reliable and comprehensive data 
about natural disasters and extreme weather events in Canada.179 The most comprehensive database is the 
Canadian Disaster Database maintained by the Government of Canada.179 However, in order to be included in 
the database, certain criteria (i.e., ƻƴŜ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ җмл ǇŜƻǇƭŜ ƪƛƭƭŜŘΣ җмлл ǇŜƻǇƭŜ ŀŦŦŜŎǘŜŘΣ 
injured, evacuated or homeless, an appeal for national assistance, historical significance, or significant 
interruption or damage to normal processes)235 must be met, meaning that not all extreme weather events 
are captured.179 Public Health Ontario used this database to identify 23 disaster level extreme weather events 
in Ontario between 2003-2012. These included 9 floods, 4 tornadoes, 4 storms and severe thunderstorms, 4 
wildfires and 2 winter storms.182  

The health impacts and trends of specific types of extreme weather events are outlined below. 

Flooding 
Floods are considered the most common and significant natural disaster in Ontario in terms of death, damage, 
and civil disruption.41,183 Flooding is one of the most important concerns for the PPH region. The PPH region 
contains many streams, rivers, and lakes. Flooding can happen due to intense rainfall resulting in flash 
flooding, and from river flooding where water levels rise over the tops of river banks.184  Risks due to both 
types of flooding could increase due to warming temperatures, more precipitation falling as rain rather than 
snow, and more frequent and intense extreme precipitation events. In urban settings, overflow and flash 
flooding are of particular risk.41 

Figure 6-1. Linkages Between Climate Change-Related Disasters and Community Impacts, Physical and Mental Health. 
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Health Impacts 
Potential health effects of extreme precipitation events and flooding include physical and mental health 
impacts.  

Physical risks from floods include injuries, infection of wounds, and electrocution. Other risks include 
drowning and hypothermia.185 Flooding has also been associated with infectious diseases like water-borne, 
food-borne, and vector-borne diseases (see Chapter 7 and 8 for more information). Finally, in the aftermath of 
a flood, water damage from flooding can lead to additional health risks, particularly relating to growth of 
mold, bacteria and fungi, which can increase risk of developing or exacerbating skin, allergy and 
respiratory/lung problems.41 

The mental and social health impacts of major floods are significant. Flooding can destroy contents in homes 
that may be costly or sentimental. People may have to evacuate their homes for a time or undertake 
significant renovations to their home. The disruption of life and financial uncertainties can often cause stress 
for months. These impacts include increased symptoms of PTSD, depression, anxiety, and suicidal ideation, as 
well as worsened quality of life.41 Impacts can lead to increased use of substances and stress can also in turn 
impact physical health (e.g., cardiovascular health).186 

Trends and Projections 

Flooding History  
The City of Peterborough and other regions of the community have experienced flooding from time to time. 
For many, especially those in the City of Peterborough, the flood of July 2004, will stand out as an extreme 
flood event with immense impacts. The storm produced the largest 24-hour total rainfall depth on record for 
southern Ontario ς over 220 mm at one of PŜǘŜǊōƻǊƻǳƎƘΩǎ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴǎΦ ¢ƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ǘƘƛǎ нп-hour 
rainfall amount (approximately 9.1 mm per hour for 24hours) is extremely rare. Roads, homes, and businesses 
were flooded. A state of emergency was declared, staying in effect for two weeks. The City issued emergency 
clothing to more than 1,300 people and emergency food to more than 1,000 households. The cost relating to 
insured losses, repairs and restoration to community infrastructure was estimated to be $140 million.187 
Shortly after the 2004 flood, the City of Peterborough prepared a Flood Reduction Master Plan which helped 
guide further assessments and actions to protect the city from future flooding damage.187  

Flood Warnings by Conservation Authorities  
Conservation Authorities are responsible for forecasting where and when flooding is likely to occur and issuing 
appropriate messages. 188   The flood messages are issued to municipal emergency management officials and 
the media. 188   Municipal officials can then take action to warn local residents.188  

Much of the PPH Region is located within the Otonabee Region Conservation Authority (ORCA) district. ORCA 
tracks flood warnings by date and number of days in effect. The flood warnings issued by ORCA between 2008 
and 2022 are presented in Figure 6-2. There were nineteen flood warnings during this time, with between zero 
and four flood warnings issued each year. Flood warnings lasted between four and forty days and ten of the 
nineteen warnings were issued in April. Warnings apply to specific geographic areas; sometimes the warning is 
for all watercourses and waterbodies, others are for a few waterways, and others are issued for a specific 
waterway. aƻǎǘ ƻŦ ǘƘŜǎŜ ŦƭƻƻŘ ǿŀǊƴƛƴƎǎ ǊŜƭŀǘŜŘ ǘƻ άǎǇǊƛƴƎ ŦǊŜǎƘŜǘέ όƛΦŜΦΣ ǎƴƻǿƳŜƭǘύΣ ōǳǘ ǘƘŜ ǿŀǊƴƛƴƎǎ ƛƴ 
WŀƴǳŀǊȅ ŀƴŘ CŜōǊǳŀǊȅ ǊŜƭŀǘŜŘ ǘƻ άŦǊŀȊƛƭ ƛŎŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ƧŀƳƳƛƴƎ ƛƳǇŜŘƛƴƎ ŦƭƻǿΣ ŎŀǳǎƛƴƎ ōŀŎƪ-up". Only one 
ǿŀǊƴƛƴƎ ǿŀǎ ƳŀŘŜ ŘǳŜ ǘƻ άǎƛƎƴƛŦƛŎŀƴǘ ǊŜƎƛƻƴŀƭ-scale ǊŀƛƴŦŀƭƭέΦ 
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Source: Otonabee Region Conservation Authority, 2023. Overlapping days counted once. 

Smaller areas of the PPH region are covered by two other conservation authorities, other than ORCA. Part of 
the most northern area of the PPH region is not covered by a conservation authority, so the Ministry of 
Natural Resources and Forestry (MNRF) are responsible for flood warnings in this area. No flood warning data 
was available for these areas of the PPH region.   

Extreme Precipitation  
Climate modelling makes it possible to model various historical and projected extreme precipitation variables. 
Modelling an indicator such as maximum 1-day precipitation into the future shows an increasing shift in the 
30-year average for PPH region, but the actual maximum amount of precipitation that may fall in future years 
is not known with certainty. The province reported on projected shifts in the max 1-day precipitation across 
the province in their recent Ontario Provincial Climate Change Impact Assessment Technical Report (2023), 
displayed in Figure 6-3. Much of the province, including the PPH region shows increases in the average 1-day 
maximum precipitation from the baseline time period to the 2080s under the high emissions RCP8.5 scenario.a 

 
a RCP8.5 scenario is referred to above and in Figures 6-3, 6-7 and 6-8. RCP scenarios were used for the Ontario Provincial Climate 
Change Impact Assessment, where RCP8.5 would be comparable to the SSP5-8.5 scenario used in this report. 
 

Figure 6-2. The Number of Flood Warning and the Number of Days of the Year Under Flood 
Warning Issued by ORCA Between 2008 and 2022. 



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 70 of 148 

Source: Climate Risk Institute, Dillon Consulting Limited. Ontario Provincial Climate Change Impact Assessment Technical 
Report.; 2023. Accessed September 17, 2023. www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-impact-
assessment-en-2023-08-17.pdf, p60.90 

!ƴƻǘƘŜǊ ƛƴŘƛŎŀǘƻǊ ǘƘŀǘ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛǎ άƴǳƳōŜǊ ƻŦ ǿŜǘ Řŀȅǎέ ǇŜǊ ȅŜŀǊΦ ¢ŀōƭŜ 6-1 shows how the number 
of wet days (җ10mm) will increase in the future. The majority of the increase is projected to be experienced 
from December to May. 
 
Table 6-1. aŜŀƴ bǳƳōŜǊ ƻŦ ά²Ŝǘ 5ŀȅǎ җмлƳƳέ ǇŜǊ ¸ŜŀǊ όŦƻǊ ол-year Time Period) with Precipitationa җмлƳƳ !ŎŎƻǊŘƛƴƎ ǘƻ {{tн-4.5 
and SSP5-8.5 for the PPH Region. 

Variable  Baseline 
(1981-2010) 

2050s 2080s 

   SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5 

Number of days with precipitation 
җ10mm  

25.2 29.0 28.9 29.2 30.9 

Source: Climatedata.ca, 2023.189 

a Precipitation includes rain and snow combined. 

Short duration rainfall Intensity-Duration-Frequency (IDF) charts are another way of showing rainfall data, and 
the frequency one might expect to experience a certain intensity and duration of precipitation at the weather 
station.  

Figure 6-3. Maximum Short Duration (1 day) Precipitation Across Ontario (Left: Baseline Time Period (1981-2010); 
Right: Projections for 2080s under RCP8.5). 

https://pcchu.sharepoint.com/sites/EDRMS-Communications/Campaigns/www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-impact-assessment-en-2023-08-17.pdf
https://pcchu.sharepoint.com/sites/EDRMS-Communications/Campaigns/www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-impact-assessment-en-2023-08-17.pdf
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By comparing the IDF data for the Peterborough Airport weather station for 1971-2006, to projections of this 
data in the 2080s under a Fossil-fueled Development scenario (SSP5-8.5), the following findings were made:  

Á For two-hour long precipitation events (medium duration)  

o Precipitation intensities that have a 1 in 100 chance of occurring (i.e., a 100-year return period) during 
the baseline time period are projected to have a one in ten chance of occurring each year.   

Á For twelve-hour long precipitation events (longer duration) 
o Precipitation intensities that have a 1 in 100 chance of occurring (i.e., a 100-year return period) during 

the baseline time period are projected to have somewhere between a one in five and a one in ten 
chance of occurring each year. 

Source: Short Duration Rainfall IDF Data, accessed from ClimateData.ca, 2023.190   

Two storm duration periods are being highlighted because these intervals can often be associated with 
different community impacts. Storms that tend to cause damaging urban overland flooding are often shorter, 
more extreme events (e.g., up to two hours in duration). In contrast, soil saturation and stability may be most 
impacted by lower intensity, longer duration storm events (e.g., 12 to 24 hour events).191 As such, users of the 
data should look at the data that is most appropriate to their project or concern. Additional IDF analysis and 
charts are available upon request. 

These findings demonstrate that climate models indicate that there will be higher chances of what would be 
historically considered more rare, high-intensity precipitation events. 

Windstorms 
Another type of severe weather event that the Peterborough region may experience more frequently in the 
future is severe windstorms such as tornadoes and derechos, though the impact of climate change on 
windstorms is more uncertain than other aspects of extreme weather.36 Tornadoes are violent and destructive 
windstorms with varying wind speeds, size and damage potential.179 A ŘŜǊŜŎƘƻ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŀ ǿƛŘŜǎǇǊŜŀŘΣ 
convectively induced straight-line windstorm, more specifically, any family of downburst clusters produced by 
ŀƴ ŜȄǘǊŀǘǊƻǇƛŎŀƭ ƳŜǎƻǎŎŀƭŜ ŎƻƴǾŜŎǘƛǾŜ ǎȅǎǘŜƳέ192(p.935) or, in other words, an organized cluster of 
thunderstorms.  

Health Impacts 
Potential health effects from windstorms include death, physical injury (e.g., from building collapse or flying 
debris), loss of property, financial hardship and stress.179 Associated power outages can also contribute to 
injuries as the use of gasoline powered generators can result in fires, burns, electrocution and carbon 
monoxide poisoning.193,194 Infrastructure damage, staff shortages and other effects of a severe storm can also 
ǊŜǎǘǊƛŎǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀŎŎŜǎǎ ǘƻ medical care or medication resulting in exacerbation of chronic illnesses.195 

Trends  

Tornadoes 
The effect of climate change on severe winds and tornadoes remains uncertain.196,41 According to Sills et al., 196 
more than a dozen tornadoes occur on average every year in Ontario. Generally, they are weak in nature (i.e., 
rated F/EF0-1), however more intense tornadoes have occurred in the past (1946, 1970 and 1985) and were 
responsible for 31 deaths and hundreds of injuries. 196  

For the PPH region, Public Health Ontario reported that 4 tornadoes occurred between 2003 ς 2012.197  More 
recently, in July 2022, a tornado developed in the community of Rockdale in the Township of Havelock-
Belmont-Methuen.198 According to ²ŜǎǘŜǊƴ ¦ƴƛǾŜǊǎƛǘȅΩǎ bƻǊǘƘŜǊƴ ¢ƻǊƴŀŘƻ tǊƻƧŜŎǘ όNTP) 198, a multi-vortex 
supercell tornado developed at Rockdale and continued for 55.8 kilometers East-North-East into the 
neighbouring region. Extensive tree damage and widespread structural damage was reported.   
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Derechos 
Although derechos are rare, the PPH region has experienced these notable storms.199 The most recent 
encounter with a derecho storm in the PPH region occurred in May 2022. AŎŎƻǊŘƛƴƎ ǘƻ ²ŜǎǘŜǊƴ ¦ƴƛǾŜǊǎƛǘȅΩǎ 
Northern Tornado Project 200, on May 21, 2022, this historic storm was documented to be 1,000 km in length 
and 100 km in width and is considered one of the costliest weather events in Canadian history with over $1 
billion in insured losses (see Figure 6-4). The storm included four tornadoes, nine downbursts and resulted in 
12 deaths across Ontario and Quebec.200 Two deaths occurred in the PPH region (Lakefield and Apsley).201 The 
City of Peterborough called a state of emergency due to the extensive damage to structures, trees and power 
poles. Power outages affected the entire City of Peterborough and much of Peterborough County. These 
lasted days and in some cases, weeks following the storm.201 (See ǘƘŜ άImpacts of the 2022 Derecho Storm on 
±ǳƭƴŜǊŀōƭŜ tƻǇǳƭŀǘƛƻƴǎέ ǘŜȄǘōƻȄ in the άPopulations at Increased Riskέ section below for more impacts). The 
cost of local recovery efforts was estimated to have reached $3.3 million.202  

Source: The Northern Tornadoes Project. May 21 derecho update #2 of 2: EF-scale contour map - May 21 derecho update #2 of 2: 
EF-scale contour map - Western University. Published 2022. Accessed September 26, 2023. 
uwo.ca/ntp/blog/2022/may_21_derecho_update_2_of_2_efscale_contour_map.html.203 

Figure 6-4. Map Showing the Damage Areas and Intensity (via Enhanced Fujita Scale) of the May 21, 2022 Derecho. 

https://uwo.ca/ntp/blog/2022/may_21_derecho_update_2_of_2_efscale_contour_map.html
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A fallen hydro pole and its wires block Monaghan Road near Sherbrooke Street. Credit: Peterborough Examiner.202   

The PPH region was also impacted by a severe derecho windstorm in July 1995.204  While most of the damage 
associated with the storm that swept across Central Ontario was from intense straight-winds due to the 
derecho, several brief tornadoes also occurred, one of which took place in the community of Bridgenorth.204 
There, a tornado came ashore and destroyed a marina, leveled buildings, sunk boats and severely damaged 
several houses. One death was reported.204 

Winter Storms 
Winter weather that the PPH region typically experiences is often in the form of blizzards, ice storms and 
freezing rain.  

Health Impacts 
Potential health effects from extreme winter storms include increases in motor vehicle collisions and physical 
injury from slips and falls.205 According to Huynh et al., 206 unintentional falls are a leading cause of injury-
related hospital visits among Canadians, and slippery environments due to ice and snow are one of the main 
risk factors for outdoor falls. While various weather conditions can contribute to fall-related injuries, this study 
demonstrated that, άǎƴowfall and warmer winter temperatures were associated with an increased risk of fall-
related ED visits during Ontario winters.206  

Emergency department visits for falls due to ice and snow by PPH residents have ranged from 314 to 802 
cases per year during the 2008 to 2022 time period. Yearly totals seem to fluctuate year-to-year, as shown in 



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 74 of 148 

Figure 6-5. Looking at the 5-year average rates of these ED visits (see Table 6.2), there has been a slight 
increase in the average since 2008-2012. 

Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

Table 6-2. 5-Year Average Crude Incidence Rate (Cases per 100,000 Population per Year) of Emergency Department Visits for Falls 
Due to Ice and Snow by PPH Residents from 2008 to 2022. 

 2008-2012 2013-2017 2018-2022 

Crude incidence rate per 100,000 
population 

315 
(95%CI:310-328) 

341 
(95%CI:336-355) 

350 
(95%CI:345-364) 

Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). Distributed by the 
Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

The number of visits and rates per age group from 2008 to 2022 are shown in Figure 6-6. Those aged 45 years 
and older have the highest rates and comprise about 60% of these ED visits. Gender does not seem to be a 
major factor, with females making up 52% of these ED visits.   

  

Figure 6-5. Number of Emergency Department Visits by PPH Residents for Falls Due to Ice and Snow 
Between 2008 and 2022. 
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Source: National Ambulatory Care Reporting System (NACRS), Canadian Institute for Health Information (CIHI). 
Distributed by the Ontario Ministry of Health and Long-Term Care: IntelliHEALTH ONTARIO. Extracted: July 2023. 

Trends and Projections 

Winter Precipitation  
The Ontario Provincial Climate Change Impact Assessment Technical Report (2023) presented changes to 
mean winter precipitation (rain and snow) across the province.90 Much of the province, including the PPH 
region shows increases in the winter precipitation from the baseline time period to the 2080s under the high 
emissions RCP8.5 scenario (see Figure 6-7).90  

A second indicator, known as the Rain to Snow Ratio (percent of rain falling in the wintertime) revealed that 
increases in rain fall amounts during the winter season are projected for the PPH region (see Figure 6-8).90 

 
 
 
 
  

Figure 6-6. Number of Emergency Department Visits and Age-Specific Rate (per 100,000 Population) for 
Falls Due to Ice and Snow by PPH Residents for the Time Period 2008 to 2022. 

<18 18-44 45-64 >=65

Number of ED visits 846 2,052 2,473 1,788

Age-specific rate 228.7 299.1 403.4 384.7

0

50

100

150

200

250

300

350

400

450

0

500

1,000

1,500

2,000

2,500

3,000

A
g

e-
s
p

e
c
ifi

c 
ra

te
 (

p
e

r 
1
0
0
,0

0
0
)

N
u

m
b

e
r 

o
f 
E

D
 v

is
its



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 76 of 148 

 

Source: Climate Risk Institute, Dillon Consulting Limited. Ontario Provincial Climate Change Impact Assessment 
Technical Report.; 2023. Accessed September 17, 2023. www.ontario.ca/files/2023-08/mecp-ontario-provincial-
climate-change-impact-assessment-en-2023-08-17.pdf, p57,58.90 

Figure 6-8. Rain:Snow Ratio Across Ontario. (Left: Baseline Time Period (1981-2010); Right: 
Projections for 2080s Under RCP8.5). 

Figure 6-7. Mean Winter Precipitation Across Ontario. (Left: Baseline Time Period (1981-2010); Right: 
Projections for 2080s Under RCP8.5). 

https://pcchu.sharepoint.com/sites/EDRMS-Communications/Campaigns/www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-impact-assessment-en-2023-08-17.pdf
https://pcchu.sharepoint.com/sites/EDRMS-Communications/Campaigns/www.ontario.ca/files/2023-08/mecp-ontario-provincial-climate-change-impact-assessment-en-2023-08-17.pdf
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Freezing Rain 
The most notable and hazardous winter storms for Ontario are in the form of freezing rain events however, 
major freezing rain events in Ontario are rare.207 The costliest weather disaster to ever occur was in 1998 
when 95 mm of freezing rain fell in Ontario. It caused major electrical and power outages as well as 25 deaths 
and over 900 injuries.207  A significant ice storm that affected the PPH region occurred on April 12, 2013. This 
storm took out power lines and downed trees affecting 18,000 homes.208 

Although freezing rain and ice precipitation cannot be reliably projected and are difficult to estimate for 
current conditions due to climate data insufficiency, climate change is expected to increase the frequency and 
intensity of extreme weather events such as ice storms in the future.209    

A study by Cheng et al. (2011) used modelsa to project changes in frequency of freezing rain events, focusing 
on different severity levels. The PPH region experiences the most amount of freezing rain days in December, 
February, and March.210 Results indicated that compared to the baseline time period (1958-2007) the PPH 
region may experience an increase in freezing rain during these months - around 20% by 2081-2100. Freezing 
rain in January is less common but projected increases are more significant, so these events will become more 
common. Finally, freezing rain in November and April is not very common, and it is projected to decrease by 
2081ς2100.210  

a Three climate scenarios ǿŜǊŜ ǳǎŜŘΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ƭƻǿ ŜƳƛǎǎƛƻƴǎ ǘƻ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέΦ {ŜŜ /ƘŜƴƎ ŜǘΦ ŀƭΣ нлмм ŦƻǊ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴΦ 

Wildfires 
Wildfires are another example of extreme weather events that make headlines in Canada every summer. 
Wildfires occur across the country, particularly within the boreal forest and they are a natural part of the 
boreal forest life cycle.211 However, when fires are out of control and they approach human settlements, they 
become a dangerous or catastrophic threat.211  

Health Impacts 
Adverse health effects from forest fires on communities most affected (i.e., community is in close geographical 
proximity or directly engulfed) include both physical and mental health impacts. The immediate physical 
health consequences are often due to fire, smoke, and heat, and can include detrimental effects from smoke 
inhalation, respiratory tract burns and injury, and reduced levels of oxygen. Other health impacts include 
dehydration and heat exhaustion.212,213 Mental health issues can also occur or be exacerbated by wildfire 
events. This includes mental exhaustion, anxiety, depression and post-traumatic stress disorder (PTSD) related 
to loss of property, relatives or friends and economic hardship from lost or impacted livelihoods.213  

The health impacts from wildfire smoke are further explored in Chapter 9:  Air Quality. 

Trends 
In Ontario, most fire activity takes place in the northwest and northeast regions of the province. While the City 
ƻŦ tŜǘŜǊōƻǊƻǳƎƘ ƛǎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ CƛǊŜ wŜƎƛƻƴΣ ƻǘƘŜǊ ŀǊŜŀǎ ƻŦ ǘƘŜ ttI ǊŜƎƛƻƴ ŀǊŜ ǿƛǘƘƛƴ hƴǘŀǊƛƻΩǎ CƛǊŜ wŜƎƛƻƴ 
(See Figure 6-9 showing affected areas). 
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Source: Ontario Ministry of Natural Resources and Forestry. Forest Fire Info Map. Published 2023. Accessed September 28, 
2023. www.lioapplications.lrc.gov.on.ca/ForestFireInformationMap/index.html?viewer=FFIM.FFIM.214 

While the PPH region does not often have wildfires like the ones that cause widescale destruction and 
evacuations that are highlighted in national and international news, significant fires occasionally occur. For 
example, in 2018 a 12-hectare fire occurred in Trent Lakes township.215 Residents and seasonal residents of 
ǘƘŜ ttI ǊŜƎƛƻƴ ƛƴ hƴǘŀǊƛƻΩǎ CƛǊŜ wŜƎƛƻƴ ǎƘƻǳƭŘ ǇŀǊǘƛŎǳƭŀǊƭȅ ōŜ ŀǿŀǊŜ ƻŦ ǘƘŜ ǊƛǎƪǎΦ 

Natural Resources Canada has Fire Danger maps available. The Fire Danger index reflects three factors: άhow 
easy it is to ignite vegetation, how difficult a fire may be to control, and how much damage a fire may do.έ216 
While the fire risk in the PPH region is usually low, the Fire Danger index moved to the highest level (Extreme) 
for most of the PPH region on June 7th of 2023.217 This is a tool that can support communities in implementing 
protective actions such as burn bans.  

 

Figure 6-9. The Ontario Fire Region (as Set Out in Regulation O. Reg. 332/15, s. 7, Under the Forest Fires Prevention 
Act), with PPH Region Inset. 

http://www.lioapplications.lrc.gov.on.ca/ForestFireInformationMap/index.html?viewer=FFIM.FFIM
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Droughts 
As defined in the Health of Canadians in a Changing Climate Report,  a drought isΣ άa period of abnormally dry 
weather long enough to cause a serious hydrological (water) imbalanceΦέ226 pg 759 It can be caused by lack of 
rain, warmer temperatures, increased evaporation and increased human water use.227 Climate change may 
increase the likelihood of droughts across Canada, though impacts will vary by region.41,228 While the PPH 
region may experience more annual precipitation over the course of this century, summer precipitation is not 
projected to increase much, while temperatures will be increasing. Warming temperatures in the summer 
months may lead to more water evaporation, and also increase water demands of plants, agriculture crops 
and animals.41 

  

Wildfires Across Canada ς Trends and Climate Change Impacts 
 
Northern areas of Canada located within the boreal forest have been the most 
impacted by wildfire over the past 100 years.218 Across Canada, wildfire characteristics 
have shifted over time, including the number of fires and hectares burned each year. 
The number of hectares burned fluctuates from less than 1 million hectares some 
years, to up to 5 to 7 million hectares other years. However, in 2023, Canada 
experienced what many have called the worst wildfire season in record with over 18 
million hectares burned so far (up to October 6, 2023).219 

Climate change may increase the risk of more severe wildfire seasons in Canada. While 
the spread and severity of fires can also be impacted by factors such as fire 
management/suppression practices and population growth in forested areas, warming 
ƻŦ /ŀƴŀŘŀΩs climate is associated with escalating three important wildfire factors: 

Á [ƻƴƎŜǊ ŦƛǊŜ ǎŜŀǎƻƴǎ ŀƴŘ ƳƻǊŜ άŦƛǊŜ ǿŜŀǘƘŜǊέ - Warmer conditions earlier in the 
year and extending later in the year can extend the fire season.220 Warming can 
also increase fire weather (i.e., hot, dry, windy weather).221,211  

Á Ignition - Warmer temperatures increase the likelihood of ignition from lightning 
strikes as thunderstorms develop in warm/humid conditions.211,222  

Á Fuel source ς Warmer temperatures and extreme heat can dry out landscapes 
and vegetation (i.e., wildfire fuel), making forests more flammable unless 
precipitation counteracts these effects, which is unlikely based on climate 
projection scenarios.223,211  

It has been projected that some regions of Canada will experience increased burning 
or more uncontrolled burning by the end of the century, including the Arctic224 and 

British Columbia.225  
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Health Impacts 
Potential health impacts of drought include increases in respiratory (lung) illness as drought conditions have a 
negative effect on air quality by boosting the concentration of pollutants in the air (e.g., fine particulate 
matter).229 Health impacts of pollutants are further expanded in the Chapter 9: Air Quality. 

Droughts can decrease agricultural production which can negatively impact community food security.  They 
can also affect water quality, lead to a rise in infectious diseases, and conditions can increase the spread of 
vector-borne diseases.213  This is expanded on in Chapter 7: Food and Water Security and Safety, and Chapter 
8: Vector-borne diseases. 

Finally, drought conditions can cause stress and contribute to anxiety, emotional and psychological distress, 
loss and grief, as well as economic hardship for those relying on impacted water sources for livelihoods (e.g., 
agriculture and horticulture), or their personal consumption.230 

Trends 
Droughts are highly variable from one location to the next and have varying effects in each area where they 
occur. In southern Ontario, droughts that occur tend to be shorter, smaller in area and less frequent and 
intense than other areas in Canada.230   

The last major droughts in southern Ontario occurred in 1998, 1999, 2001 and 2002.230,231 Like flood alerts, 
conservation authorities (or the MNRF) have a role in monitoring precipitation, stream flow and water levels 
ǊŜƎǳƭŀǊƭȅ ǘƻ ƎŀǳƎŜ ǿŀǘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŀǎ ǇŀǊǘ ƻŦ hƴǘŀǊƛƻΩǎ [ƻǿ ²ŀǘŜǊ tǊƻƎǊŀƳΦ227,231  
There are three levels for these warnings: 231 
Á Level 1 ς the potential for water supply problems iso identified 
Á Level 2 ς minor water supply issues are encountered 
Á Level 3 ς supply may no longer meet demand; social and economic impacts are anticipated 

ORCA again has a role in this locally, as part of a collaborative Otonabee Region Water Response Team. Local 
data is reviewed monthly to determine if a low water warning is warranted. 

Low water warnings are tracked by identifying the months that the warning declaration was made, upgraded, 
downgraded or cancelled, and show the number of months that the declaration was in effect. Between 2000 
and 2022, there were 20 low water declarations in the ORCA region. The number of declarations per year 
ranged from zero (11 of 23 years) to three. Multiple declarations in one year typically related to upgrades or 
downgrades in the level of a low water warning. All warnings were either Level 1 (24 months total) or Level 2 
(17 months total), though there was no authority to declare Level 3 warnings until 2017.  

One notable period was between 2016-2017, when a low water warning was in effect for ten months (June 
2016 to March 2017) and which remained at Level 2 for nine of those months. The drought peaked between 
May to August 2016, where only 83.5 mm of rain fell compared to the average of 241.02 mm.232 Local 
businesses and residents were encouraged to reduce their daily water use by 20 per cent.233 This was noted to 
be the second driest year on record.234  

Populations at Increased Risk 
For each different type of extreme weather, there are unique populations at increased risk for health impacts. 
However, there are commonalities across many of the types. These groups of individuals tend to have fewer 
resources to deal with the aftereffects of extreme weather events including older adults, the very young, 
individuals experiencing low SES and certain sectors of the population who may use natural resources for their 
source of income. Presented below are the common categories of populations where vulnerabilities to specific 
types of extreme weather are further explained. The section finishes with geographic vulnerability relating to 
living in the floodplain.  
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Older Adults 
As individuals age there is a correlation with increased use of medications, chronic illness, and physical 
mobility issues.5,179 These issues may dictate that some older individuals need to rely on regular medical 
attention and assistance from caregivers for mobility and daily activities. Such requirements can be hindered 
by any type of extreme weather event, leaving them vulnerable to adverse health effects.179 Older adults can 
also have lower bone density which can make them more susceptible to bone fracture injuries.236 However, 
those that are more senior (i.e., aged 75+) have been found to have lower rates of injury due to precipitation 
than those aged 40-74, which may be due to protective measures like reducing their outdoor travelling time. 

237,238 Older individuals may also be on a fixed income, which can make it challenging to afford increases to 
home insurance, which is being experienced across Canada.239 According to Gifford, 240 older adults may also 
face untreated illnesses such as depression and they tend to employ fewer coping strategies during extreme 
weather events such as flooding. This sensitivity therefore leaves them more at risk for mental health 
concerns.241,242  

Children 
Children are at an increased risk for adverse effects of extreme weather events since they do not have the 
capabilities and resources to change their circumstances independently. They must rely on others for 
protection during and after an extreme weather event. Children are also growing and developing at fast rates 
requiring lots of food/water and in turn may have more hand to mouth behaviors.179 This can expose them to 
adverse health effects from loss of food resources and/or exposure to food- or water-borne illnesses arising 
from events such as flooding.179 They are also at risk of sustaining an injury on rainy days.237 
Wildfires and floods have the potential to cause PTSD for children, as they struggle to cope with the changes 
and losses brought by disaster, ǿƘƛŎƘ ŎƻǳƭŘ ƘŀǾŜ ƛƳǇŀŎǘǎ ƻƴ ŀ ŎƘƛƭŘΩǎ ƭƻƴƎ-term development.243,244,240 
Research has shown that children who have caregivers that are of low SES may suffer even more from 
increased stress after an extreme weather event as the family system was already experiencing limited 
financial resources and stress.179 Natural disasters can be considered a source of toxic stress, contributing to 
adverse childhood experiences (ACEs), which is another priority area in the PPH 2022-2025 Strategic Plan.245 

Pregnant People 
Evidence suggests that prenatal maternal stress related to extreme weather events significantly influences 
child development.246,247 Issues such as compromised food security, water scarcity, infection, malnutrition, 
stress related to the event plus displacement and lack of access to health services and resources can lead to 
gestational complications including low birthrate, restricted fetal growth, preterm birth or infant 
mortality229,248, as well as developmental impacts for the child.247,249,250  

Gender 
Men are more likely to have a cardiac event in the aftermath of a flood251 and following snowstorms.252 The 
snowstorm impact may be due to gendered roles in snow shoveling.252 Women are more likely to have mental 
health impacts from wildfires and flooding events.251 

Socioeconomic Status  
Individuals with low SES may be at increased risk for adverse health effects from extreme weather events. 
Individuals with low SES already have limited financial resources and may struggle to cope with increased 
levels of stress from extreme events.179 

Further, people who are more economically deprived are more likely to be without flood insurance or are 
challenged to afford their deductible.253,254 

New Immigrants are a specific group that (on average) experience incomes that are lower than the general 
population, as outlined in Chapter 4: Vulnerability. They are also more likely to not have knowledge of either 
official language which can be another barrier to coping with and adapting to an extreme weather event.4,35  
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People Experiencing Homelessness 
Individuals who are facing homelessness or precarious housing are disproportionately exposed to extreme 
weather, have difficulty protecting themselves, and thus, face increased risk of negative health effects.255 
In the event of extreme precipitation (rainfall) and winter precipitation, people experiencing homelessness 
may experience higher risk of infectious diseases. They may occupy more marginal areas of a community that 
are more vulnerable to environmental hazards.170 Impacts such as shelter damage and loss of property may 
result, possibly leading to evacuation or relocation, all of which can exacerbate mental health issues.66,172 With 
flash flooding, recreational water or safe drinking water sources may be compromised due to run off, which 
can limit access to potable water.256 These circumstances can increase the risk of health impacts for people 
who are unhoused. 

People with Chronic Health Conditions 
Individuals with chronic conditions can be affected by extreme weather events in multiple ways. Access to 
medical infrastructure or medication can be compromised or inaccessible, leaving conditions untreated.257 
This in addition to the stress of the weather event can result in the disease worsening over time or may cause 
an acute exacerbation of the condition leading to impairment or death.179,258 Power outages can also 
detrimentally affect proper storage of medication and the operation of critical medical equipment or other life 
saving devices for the maintenance or treatment of certain chronic conditions.259 Finally, flooding and runoff 
can lead to water contamination, where certain risk factors (e.g. health conditions, age, SES) can make a 
person at higher risk of water-borne illnesses. (See Chapter 7: Food and Water Security and Safety)  
Having disabilities is another challenge when extreme weather events occur. Disabilities are diverse and can 
include limitations relating to mobility, vision, hearing and cognition. Plans and communication about extreme 
weather may not be designed with accessibility in mind.260  

Also "[i]n multi-story residential buildings in which residents rely on elevators, electricity loss makes it difficult, 
if not impossible, for elderly residents and those with disabilities to leave the building to obtain food, 
ƳŜŘƛŎƛƴŜΣ ŀƴŘ ƻǘƘŜǊ ƴŜŜŘŜŘ ǎŜǊǾƛŎŜǎέΦ5(p.258)  

Indigenous Peoples 
Indigenous peoples may be at increased risk to health impacts of extreme weather. Again, we would like to 
emphasize that these findings are broad, and it may not be appropriate to generalize findings to the 
Indigenous peoples that we share space with in the PPH region. 
According to the National Collaborating Centre for Indigenous Health, 261 displacement and/or evacuations 
due to severe weather disproportionally affects Indigenous peoples living on reserve. Extreme weather events 
Ŏŀƴ ŀƭǎƻ άŘŜǎǘŀōƛƭƛȊŜ ƘƻǳǎƛƴƎΣ ǇƛǇŜƭƛƴŜǎΣ ŀƴŘ ƭƻŎŀƭ ŎƛǾƛŎ ǿŀǘŜǊΣ ǿŀǎǘŜǿŀǘŜǊΣ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
and systems, increasing the risk of injury, water-borne illnesses, and environmental contamination, as well as 
ŎŀǳǎƛƴƎ ŘƛǎǊǳǇǘƛƻƴǎ ƛƴ ǎǳǇǇƭȅ ŎƘŀƛƴǎέΦ261(p.21) LƴŘƛƎŜƴƻǳǎ ŎƻƳƳǳƴƛǘƛŜǎΩ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ 
often considered at moderate or higher risk to the impacts of heavy precipitation.262 Communities may 
experience boil water advisories which increases the risks from extreme rainfall events.263 Finally, increased 
exposure to extreme weather can result in the destruction of places that have cultural significance, which in 
turn impacts mental health.261 

Rural Populations 
In general, rural areas are more physically isolated and have reduced access to health care and other goods 
and services compared to urban areas.264 They may also have substandard housing, untreated drinking water 
sources and less robust electrical and transportation infrastructure.265 The effects of extreme weather events 
therefore are often more severe and felt immediately compared to their urban counterparts.265 
When power outages occur, access to water is limited in rural populations, except where back-up generators 
are installed. This can limit sanitation and can have health and wellbeing impacts. Rural populations often rely 
on ground or surface sources of water, which may be more vulnerable to contamination following drought, 
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extreme precipitation events or extended power outages.266,267 Wells in rural communities may also run dry 
more frequently if the PPH region experiences more severe droughts in the future.  

Dwellings and facilities in rural areas are often serviced by onsite sewage systems, rather than municipal 
sewers. Flooding is a risk factor for the malfunction of onsite sewage systems, resulting in untreated sewage 
leaching from the system or backup into a building. This increases the contamination of floodwaters and puts 
surface and groundwater at further risk for contamination. If sewage enters a building, it can result in 
increased risk of illness for occupants and can require specialized remediation. 

Occupational Exposure and Impacts 
Outdoor workers experience the effects of climate change firsthand. Depending on the nature of the work, 
they may be exposed to climate-related hazards for extended periods and at greater intensities. Occupations 
and volunteers that directly respond to extreme weather events may be at particular risk, potentially being 
exposed to hazards such as extreme weather, wildfire smoke, contaminated flood waters, etc.268ς270  
Beyond exposure, people who rely on natural resources for their sources of income and/or food, can be 
particularly impacted by extreme weather events. Droughts, storms and power outages can contribute to 
agricultural damage and loss, ongoing stress, and can have income and livelihood impacts.179,271 

Recreational Exposure 
Individuals who are participating in outdoor activities such as camping, hiking or attending events such as fairs 
or festivals are most at risk during windstorms such as tornadoes or derechos as they are more vulnerable to 
being injured or killed by falling trees, collapsing structures, or flying debris.272 People on the water are also at 
risk of drowning due to storm winds and waves that can overturn boats.272,273  

 

Impacts of the 2022 Derecho Storm on Vulnerable Populations  

The May 2022 derecho storm was an extreme weather event that impacted the 
Peterborough region. While this sudden extreme weather event disrupted the whole 
community, some people faced unique vulnerabilities to health impacts.  

During the power outages caused by the derecho, those with mobility issues were 
isolated in apartment buildings and unable to leave to meet basic needs, such as 
accessing food and medication, or going to work to earn income. Some people 
requiring electric lifts were unable to leave their beds. Community members requiring 
electrically powered assistive devices for activities of daily living were without power. 
The inability to charge electronic devices caused further isolation for some people 
trapped in buildings, unable to leave apartments or use elevators.274  

Community members also had to discard significant amounts of fresh and frozen food 
that had spoiled during wide-spread power outages due to the inability to keep it at 
safe temperatures. Replacing food lost at a time with high food prices was a struggle 
for community members living on low incomes, and for those already facing food 

insecurity.274,275  
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Populations at Increased Risk to Specific Types of Extreme Weather 

Flooding 
Living in the Floodplain 
Floodplain mapping is conducted by local conservation authorities to help predict the path of floodwaters and 
assess flooding risk and hazards.276 In the PPH region, this can help predict potential flooding from snow melt, 
rain or snow (typically March-April) and rainfall flood peaks (typically July, August, September).277 Living in the 
floodplain may increase the chance of exposure to flooding. 

Figure 6-10 shows the ORCA region highlighting the population centres and the mapped floodplain. It is 
possible to estimate the number of dwellings and population living in the floodplain, which is shown in Table 
6-3. The process is described in more detail in Appendix E. 

 
Figure author: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report). Sources are denoted in the Figure.   
 

Figure 6-10. ORCA Floodplain Map, with Populations Centres Shaded Brown. 
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Table 6-3. Estimated Number of Occupied Dwellings and Percentage of Population Living in the Floodplain in Population Centres in 
the ORCA region, 2021. 

Population Centre Number of occupied 
dwellings in the floodplain 

Population living in 
the floodplain 

% of population living 
in the floodplain 

City of Peterborough 832 1903 2% 

Bridgenorth - Chemong Park 
Area 

24 58 2% 

Lakefield 120 238 8% 

Millbrook 57 125 7% 

Norwood 64 154 10% 

Total 1,097 dwellings 2,478 persons  

Sources: Census of Population, 2021 (Statistics Canada)15, Otonabee Region Conservation Authority floodplain GIS (geographic 
information system) data. 
Data analysis by: City of Peterborough Geomatics/Mapping Division, 2023 (Created for this report).  

 
There are an estimated 2,478 people living in the 
floodplains of these population centres, with 77% 
of these people in the City of Peterborough. There 
would be additional people living in floodplains 
outside of population centres, as well as in the 
floodplain of the other two conservation 
authorities that overlap with parts of the PPH 
region: Crowe Valley and Kawartha Conservation 
Authorities. 
Detailed floodplain maps for ORCA region can be 
found at their website. 

Living in the Floodplain and Experiencing 
Marginalization 
Experiencing flooding can be particularly 
challenging for people who are having challenges 
in meeting their basic needs or those experiencing 
social isolation.71  

In the City of Peterborough, it is possible with 
maps to highlight areas where increased risk for 
flooding overlaps with areas experiencing higher 
marginalization. In Figure 6-11, the dark green 
areas highlight overlap between census 
dissemination areas with a high percentage of 
occupied dwellings in the floodplain, and high 
ƳŀǊƎƛƴŀƭƛȊŀǘƛƻƴ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ άƳŀǘŜǊƛŀƭ 
ǊŜǎƻǳǊŎŜǎέ όŘŜǎŎǊƛōŜŘ ƛƴ Chapter 4: Vulnerability). 
Three regions stand out: parts of the downtown 
core, extending up McDonnel Street towards 
Jackson Park, the Talwood area off Sherbrooke 

Figure 6-11. Multivariate Map of the City of Peterborough 
Combining the ORCA Floodplain Map, the Percentage of Occupied 
Dwellings in the Floodplain (by Dissemination Area), and the ON-
MARG Material Resources Marginalization Index.  

Figure author: City of Peterborough Geomatics/Mapping Division, 
2023 (Created for this report). Sources are denoted in the Figure. 
 



Climate Change Vulnerability Assessment ς TECHNICAL REPORT 2023 Page 86 of 148 

Street, and in the south end, the area around Crawford Drive and Johnson Drive. These inequities should be 
considered when developing and offering adaptation support to community members. 
 
Another aspect of marginalization is household and 
dwelling factors. This ON-Marg dimension relates 
to family and neighbourhood stability and 
cohesiveness, including but not limited to:71  
Á higher proportion of dwellings that are not 

owned,  
Á higher proportion of population living alone, 

and  
Á higher proportion of population who moved 

during the past 5 years 

It is particularly relevant to extreme weather 
because it can highlight areas that may experience 
more social isolation. The map shown in Figure 6-
12 is quite similar to the previous Material 
Resources map with darkest purple areas including 
the downtown core and the Talwood area, but not 
as much marginalization in the area around 
Crawford Drive. No additional areas achieve the 
darkest colour, but the area between Clonsilla 
Drive and Lansdowne Street presents high 
marginalization but a slightly lower percentage of 
occupied dwellings in the floodplain than the 
aforementioned areas. These inequities should be 
considered when developing and offering 
adaptation support to community members. 

Peterborough Public Health 
Adaptation Efforts 
The following are examples of Peterborough Public 
IŜŀƭǘƘΩǎ ŎǳǊǊŜƴǘ ǿƻǊƪ ǘƘŀǘ ƛǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŎƭƛƳŀǘŜ 
change adaptation and supporting those most vulnerable to health impacts of climate change as it relates to 
extreme weather:  

Population Assessment & Surveillance 
Á Providing consultations to local municipalities on outdoor public spaces, as required. 

Health Promotion  
Á Strategically connecting with clients, for example, community workers connecting with clients during 

programming to enable real time preparation for extreme weather events.  
Á Providing targeted communication efforts including traditional media, social media and working with 

partner agencies to provide information and health guidance that is practical and useful in a timely 
manner.  

Á Providing training and education related to food literacy and food skills training, including food safety 
during emergencies, and emergency planning. 

Figure author: City of Peterborough Geomatics/Mapping Division, 
2023 (Created for this report). Sources are denoted in the Figure. 

Figure 6-12. Multivariate Map of the City of Peterborough 
Combining the ORCA Floodplain Map, the Percentage of Occupied 
Dwellings in the Floodplain (by Dissemination Area), and the ON-
MARG Households and Dwellings Marginalization Index.  
































































































