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PREFACE
The Environmental Health Climate Change Framework for Action has been developed by the Population and Public
Health Division of the Ministry of Health and Long-Term Care to meet the public health challenges of a changing
climate in Ontario. This framework is designed to support an adaptive and resilient public health system that
anticipates, addresses and mitigates the emerging risks and impacts of climate change. This framework will improve
the overall effectiveness and efficiency of the public health system and its ability to:

›› Reduce incidence of adverse health outcomes from the impacts of climate change
›› Reduce public exposure to health hazards related to a changing climate
›› Identify interventions that reduce exposure to climate change impacts
›› Enhance capacity to address the risk factors associated with climate change
As part of the Environmental Health Climate Change Framework for Action, a toolkit has been developed to assist
public health units across Ontario.
This toolkit includes the:

›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines: Technical Document;
›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines: Workbook; and
›› Ontario Climate Change and Health Modelling Study: Report.
These documents are designed to be used in concert to enable public health units to identify vulnerabilities within
their communities; identify and implement local mitigation and adaptation strategies; raise awareness about the health
hazards of climate change; and reduce public health vulnerability to climate change.

PURPOSE AND CONTEXT OF THE ASSESSMENT
Climate change and health vulnerability and adaptation (V&A)
assessments are conducted at local to national scales to
understand current impacts and projected future risks of climate
variability and change, and to identify policies and programs to
increase resilience to these risks. V&A assessments:

›› Improve evidence and understanding of the

current associations between weather/climate
and health outcomes;

›› Provide health and emergency management officials,

stakeholders, and the public with information on the
magnitude and pattern of current and future health risks
associated with climate variability and change, including
the populations most vulnerable to these risks;

›› Identify opportunities to incorporate climate change

concerns into existing policies and programs designed to
manage health risks associated with weather and climate,
and to develop new programs where necessary to prevent
and reduce the severity of future risks;

›› Serve as a baseline analysis against which future changes
in risks and in associated policies and programs can be
monitored; and

›› Forge collaborations with sectors such as water and
infrastructure to further promote activities to improve
population health in a changing climate.

Photo Credit: CDC/James Gathany

This document provides practical guidance for conducting a vulnerability and adaptation assessment by public
health units across Ontario. The assessment will provide information on the health risks of climate change and options
to manage those risks that can be used by health units and communicated to the public and relevant stakeholders.
An underlying theme is the importance of conducting a comprehensive assessment that includes other sectors
and considers interdependencies. Doing so will help public health officials inform and improve existing operational
processes with findings about climate change impacts on health. It will also facilitate cross-sectoral collaboration on
new and existing adaptation programs. Achieving this type of integration is necessary to increase the resilience of
Ontario communities to a changing climate. Box 1 provides an example. The guidelines presented here are flexible so
that the assessment can be tailored to the circumstances, resources, and interests of health units and stakeholders.
Cumulative greenhouse gas emissions will determine the amount of climate change that communities will need
to adapt to by mid-century, so reducing emissions is a high priority. Hospitals and health care facilities are often a
significant source of such emissions. However, this document does not explicitly address conducting an assessment
of actions that primary health care providers and public health units could undertake to reduce their greenhouse
gas emissions.

Box 1: Heat-Health Vulnerability and the City of Windsor’s Heat-Health Management Plan
In 2011, the City of Windsor carried out a vulnerability assessment to understand the community’s exposure and sensitivity to extreme heat events
as well as its capacity to adapt. A key finding of the assessment was that Windsor would face an increasing population of seniors and individuals
with chronic illnesses, leading to a growth in the population vulnerable to the impacts of extreme heat events (Berry et al. 2011). The assessment
recommended targeted education and outreach services for these groups to increase awareness about health risks from extreme heat events.
The Stay Cool Windsor-Essex Heat Alert and Response Plan
includes communications and outreach activities that address
the information needs of these key populations. Windsor
targeted seniors with advertising in the publication Retired
Living which is distributed monthly to neighborhoods with
higher senior populations and to various other locations
throughout Windsor-Essex (30,000 copies total). Seniors and
individuals with chronic diseases were also targeted through
pharmacy labels. Tips on the labels advised people to talk to
their doctor or pharmacist about the impact of heat on health
and possible interactions with medications (Richters, 2012).
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Climate Change in Ontario
Ontario covers a large geographical area and there are significant
differences in climate in different parts of the province. Environment
Canada provides historical climate data from stations across Ontario
through its National Climate Archive (http://climate.weather.gc.ca/).
Adjusted and homogenized Canadian climate data (including stations in
Ontario) are also available from Environment Canada to assess longterm climate trends and variability (http://www.ec.gc.ca/dccha-ahccd/).
To illustrate change in different regions of the province, Figure 1 shows
the time evolution and long-term changes in annual, winter, and
summer mean temperatures for three Ontario cities (Toronto, Thunder
Bay and Windsor) over different periods of record (depending on the
data available). For Toronto, the annual, winter, and summer mean
temperatures increased 2.2, 2.6, and 1.9°C, respectively, over the period
1900–2013. For Thunder Bay, the annual, winter, and summer mean
temperatures increased 2.1, 2.2, and 2.0°C, respectively, from 1900 to
2011. For Windsor, the annual, winter, and summer mean temperatures
increased 1.4, 1.5, and 1.3°C, respectively, over the period 1941–2013.

Source: Ontario Ministry of Natural Resources and Forestry

Figure 1: Time Series and Long-term Trends in a) Annual, b) Winter, and c) Summer Mean Temperatures for Toronto,
Thunder Bay, and Windsor, Ontario1
a)

1

Trends were calculated using linear regression, based on data from Environment Canada.
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b)

c)

8

Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines

Annual mean temperature is projected to increase in the future, with the magnitude of projected increase largely
dependent on future emissions of greenhouse gases. For example, by the middle of the 21st Century, winter
(December–February) average temperature in Ontario is projected to increase by 3.2°C (with a range of 2.4–4.1°C,
relative to the 1986–2005 baseline period; see Table 1 and Figure 2) under a mid-range atmospheric GHG concentration
scenario characterized by RCP4.5 (one of the four Representative Concentration Pathways, or RCPs, used in the IPCC
Fifth Assessment Report). The projected increase in winter average temperature in Ontario under the “business as
usual” scenario (RCP8.5, which represents higher atmospheric GHG concentrations and little additional mitigation
measures) is 4.6°C, with a range of 3.4–5.4°C. Under an aggressive mitigation scenario (RCP2.6, which represents lower
atmospheric GHG concentrations), the projected winter average temperature increase in Ontario is 2.2°C (1.5–2.8°C).
The analogous summer (June–August) average temperature projections for Ontario are: 2.1°C (range: 1.6–2.8
under RCP4.5; Table 1, Figure 3); 3.1°C (range: 2.6–3.9 under RCP8.5); and 1.4°C (range 1.0–2.2 under). Table 1 gives
the projected winter and summer temperature increases for Ontario for the mid-21st Century, relative to the 1986–2005
baseline period (the median value as well as the range from the 25th to 75th percentiles) under three Representative
Concentration Pathways. These projected increases are presented graphically in Figures 2 (winter) and 3 (summer).
Additional Ontario-specific high resolution regional climate projections can be found at http://ontarioCCDP.ca and
http://lamps.math.yorku.ca/drupal/ontariogmap.

Table 1: Projected Winter and Summer Average Temperature Increases for Ontario for the Mid-21st Century (2046–2065)
Time Horizon (relative to 1986–2005 baseline period) as Calculated from Coupled Model Intercomparison Project Phase 5
(CMIP5) Multi-model Ensemble Projections (analysis from Environment Canada, 2015)
RCP 2.6

PROJECTED AVERAGE WINTER (DEC, JAN,
FEB) TEMPERATURE INCREASE

PROJECTED AVERAGE SUMMER (JUNE, JULY,
AUGUST) TEMPERATURE INCREASE

Median
(50th Percentile)

2.2°C

1.4°C

Range
(25th – 75th Percentile)

1.5–2.8°C

1.0–2.2°C

RCP 4.5

PROJECTED AVERAGE WINTER (DEC, JAN,
FEB) TEMPERATURE INCREASE

PROJECTED AVERAGE SUMMER (JUNE, JULY,
AUGUST) TEMPERATURE INCREASE

Median
(50th Percentile)

3.2°C

2.1°C

Range
(25th – 75th Percentile)

2.4–4.1°C

1.6–2.8°C

RCP 8.5

PROJECTED AVERAGE WINTER (DEC, JAN,
FEB) TEMPERATURE INCREASE

PROJECTED AVERAGE SUMMER (JUNE, JULY,
AUGUST) TEMPERATURE INCREASE

Median
(50th Percentile)

4.6°C

3.1°C

Range
(25th – 75th Percentile)

3.4–5.4°C

2.6–3.9°C

Source: Analysis from Environment Canada 2015
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Figure 2: Projected Increase in Average Winter Temperature (°C) for the Mid-21st Century
(relative to 1986–2005 baseline period) Under Three Representative Concentration Pathway (RCP) Scenarios
25th Percentile

50th Percentile (Median)

75th Percentile

Temperature change RCP2.6 in 2046–2065:
December – February (25%)

Temperature change RCP2.6 in 2046–2065:
December – February (50%)

Temperature change RCP2.6 in 2046–2065:
December – February (75%)

Temperature change RCP4.5 in 2046–2065:
December – February (25%)

Temperature change RCP4.5 in 2046–2065:
December – February (50%)

Temperature change RCP4.5 in 2046–2065:
December – February (75%)

Temperature change RCP8.5 in 2046–2065:
December – February (25%)

Temperature change RCP8.5 in 2046–2065:
December – February (50%)

Temperature change RCP8.5 in 2046–2065:
December – February (75%)

Source: Environment Canada 2015
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Figure 3: Projected Increase in Average Summer Temperature (°C) for the Mid-21st Century
(relative to 1986–2005 baseline period) Under Three Representative Concentration Pathway (RCP) Scenarios
25th Percentile

50th Percentile (Median)

75th Percentile

Temperature change RCP2.6 in 2046–2065:
June – August (25%)

Temperature change RCP2.6 in 2046–2065:
June – August (25%)

Temperature change RCP2.6 in 2046–2065:
June – August (25%)

Temperature change RCP4.5 in 2046–2065:
June – August (25%)

Temperature change RCP4.5 in 2046–2065:
June – August (50%)

Temperature change RCP4.5 in 2046–2065:
June – August (75%)

Temperature change RCP8.5 in 2046–2065:
June – August (25%)

Temperature change RCP8.5 in 2046–2065:
June – August (50%)

Temperature change RCP8.5 in 2046–2065:
June – August (75%)

Source: Environment Canada 2015
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Climate change is bringing not just changes in temperature, but also changes in precipitation and in the frequency,
intensity, and duration of extreme weather and climate events. Ontario has seen an increase in prolonged
heat events, heavy rainstorms, and windstorms. Probabilistic projections of extreme events are available at
http://lamps.math.yorku.ca/drupal/ontariogmap, with future precipitation intensity, duration and frequency (IDF)
curves available at http://OntarioCCDP.ca.
Although there is uncertainty around attributing any one extreme event to climate change directly, there is scientific
consensus that a broad range of health risks will increase as the climate continues to change. Box 2 provides an
example of the significant impacts forest fires can have on communities and the health of individuals.

Box 2: Health Impacts of Forest Fires that Affected Northern Ontario in July, 2011
On July 6, 2011, a lightning storm sparked a series of forest fires that rapidly spread across northwestern Ontario, lasting for over two weeks (120
fires were reported on July 20). Many First Nations communities were directly threatened by the fires and those at increased risk of suffering from
smoke inhalation were ordered to evacuate, as were communities impacted by power outages, food shortages, and a lack of food storage capacity. In
total, 3292 people were evacuated from 8 First Nations communities including the entire communities of Keewaywin and Koocheching First Nations.
Residents were relocated to 14 communities as far away as Southern Ontario and Manitoba. Evacuation and displacement from extreme weather
events and related hazards can have negative psychosocial impacts on communities (Wilk et al. 2014).
Source: Public Safety Canada 2013

Definitions and Framing
Climate change presents many risks to health and well-being in Ontario. The V&A assessment is designed to increase
understanding of how climate change may affect the health of people in Ontario’s communities. Assessment results
facilitate community-driven change that builds and maintains healthy communities and environments, while taking
the economic implications of these changes into account, including the costs associated with reducing the burden of
climate-sensitive health outcomes and reducing the strains on health care systems.
Conducting a climate change vulnerability and adaptation assessment has much in common with similar types of studies
such as health impact assessments and risk assessments, and also points of departure. Therefore, many steps will be
familiar, but others will require different approaches and interactions. In particular, understanding and effectively
managing the health risks of climate change requires working with departments and stakeholders in other sectors.
This guidance is closely aligned with Climate Ready: Ontario’s Adaptation Strategy and Action Plan 2011–2014 where
a commitment was made to require consideration of climate change adaptation in the province’s policies and programs.
The Action Plan focused on five goals and has specific actions of immediate relevance to human health including:

›› Raise public awareness of Lyme disease;
›› Raise awareness about the health hazards of climate change;
›› Support the development of risk management tools to manage heat-related illnesses;
›› Consider climate change impacts in the Building Code;
›› Integrate adaptive solutions into drinking water management; and
›› Develop guidance for stormwater management.
In addition, this guidance supports the government’s mandate to build on, and support, the most current science,
and Ontario’s new climate change strategy available at https://www.ontario.ca/page/climate-change-strategy, that sets
out Ontario’s vision for combating climate change and achieving a greenhouse gas emissions reduction target of 80 per
cent below 1990 levels by 2050. This guidance also assumes familiarity with the Ontario Public Health Standards and
Protocols (Box 3).
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Source: Shutterstock

Box 3: Ontario Public Health Standards and Protocols
The Ontario Public Health Standards and Protocols establish the minimum requirements for fundamental public health programs and services; this
includes assessment and surveillance, health promotion and policy development, disease and injury prevention, and health protection. Of particular
relevance are the Health Hazard Prevention and Management Standard and related protocols. These focus on increasing public awareness of health
hazards in the environment, including climate change; implementing control measures to prevent or reduce exposure to health hazards; managing
health hazards in the environment; and developing policies related to reducing such hazards.
The document is available at: http://www.health.gov.on.ca/en/pro/programs/publichealth/oph_standards/

The results of the V&A assessment should be communicated broadly, so that identified risks to health and information
on existing vulnerabilities can be included in future policies and action plans.

TECHNICAL DOCUMENT
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Key Definitions
The inherent multi-disciplinarity of climate change means that framing, concepts, and definitions central to the assessment process need to be
agreed upon across sectors to facilitate common understanding of an approach to data acquisition and analysis. A few key terms are:
Adaptation – is the process societies go through in order to prepare for and cope with an uncertain future. Adapting to climate change entails
taking measures to reduce the negative effects of climate change – or to take advantage of the positive effects.
Impact – an impact is a change in, for example, a health outcome. Impact is used instead of effect to better characterize the often complex
interrelationships between changes in weather variables (including extreme weather and climate events) other factors that are important for
determining the magnitude and pattern of a health outcome, and the health outcome. For example, changing weather patterns mean that the ticks
that can carry Lyme disease are increasing their geographic range in southern Ontario. This change in range along with outdoor activities putting
people into contact with ticks, increased forestation in some urban areas, and other factors can affect the distribution and incidence of the disease.
Impacts can refer not just to effects on lives, but also on ecosystems, economic status, social and cultural assets, and infrastructure, as well as to
effects on geophysical systems, including floods and droughts. The term impact is generally used to describe effects that have occurred.
Mitigation – in climate change science, mitigation means human interventions to reduce the sources of greenhouse gasses or enhance their sinks.
This differs from standard usage in health, disaster risk management, and other fields, where it means actions to reduce the severity or seriousness of
an outcome.
Resilience – describes the capacity of a system to respond or cope with a hazardous event or disturbance in ways that maintain its essential function.
Risk – describes the possible consequences of future changes in climate and the other factors relevant for a health outcome. Risk is generally
described as the probability of occurrence of an adverse event multiplied by the consequences of that event if it occurs. For example, extreme heat
events are increasing in frequency, intensity, and duration, increasing the risk of heat stress in vulnerable populations.
Sensitivity – is the degree to which a community or system is affected (positively or negatively) by climate variability or change.
Vulnerability – the core of the many definitions of vulnerability is that it is the propensity or predisposition to be adversely affected. Vulnerability
can arise because of individual susceptibility, geographic location, socioeconomic factors, and a wide range of other factors that determine an
individual or community’s susceptibility to harm and ability to cope with an event. For example, certain individuals can be vulnerable to extreme
heat events because of where they live (parts of cities may warm more than others), characteristics of their dwelling (such as whether there is cross
ventilation) that influence inside temperature, socioeconomic status, age, fitness, and a range of other factors that determine their susceptibility to
high ambient temperatures.
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Useful Resources
World Health Organization – Protecting Health from Climate Change: Vulnerability and Adaptation Assessment
www.who.int/globalchange/publications/vulnerability-adaptation/en/
Health Canada – Adapting to Extreme Heat Events: Guidelines for Assessing Health Vulnerability
http://www.hc-sc.gc.ca/ewh-semt/pubs/climat/adapt/index-eng.php
European Centre for Disease Prevention and Control – Climate Change and Communicable Diseases in the EU Member States:
Handbook for National Vulnerability, Impact and Adaptation Assessments
http://www.ecdc.europa.eu/en/publications/Publications/1003_TED_handbook_climatechange.pdf
Ontario Ministry of Natural Resources and Forestry – Climate Change and the Lake Simcoe Watershed: A Vulnerability Assessment of
Natural Heritage Areas and Nature-based Tourism – CCRR28
http://files.ontario.ca/environment-and-energy/aquatics-climate/stdprod_100941.pdf
Canadian Council of Forest Ministers – Adapting Sustainable Forest Management to Climate Change: Scenarios for Vulnerability Assessment
http://www.ccfm.org/pdf/WilliamsonVulnerability_Eng_Final.pdf

Understanding and Managing the Risks of Climate Change
Figure 3 shows the framework for understanding the risks of climate variability and change, including those on human
health. The magnitude and pattern of the health risks are a function of the:

›› Hazards resulting from a changing climate, such as changing precipitation patterns, and increases in the frequency,
intensity, and duration of heat events;

›› The populations exposed to those hazards; and
›› The vulnerability of exposed populations. Vulnerability is determined by population sensitivity to the exposure
due to individual physiological factors, demographic structure, and other factors It is also determined by the
ability of individuals and institutions to prepare for, cope with, respond to, and recover from the exposure
(IPCC 2014; NRC 2012).
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Figure 3: Framework of the Risks of Climate Variability and Change

Source: IPCC, 2014

The figure also shows that natural climate variability and anthropogenic climate change are drivers of weather and
climate-related hazards, and that a range of socioeconomic processes are drivers of vulnerability and exposure.
This framing is useful as it highlights that a V&A assessment is not only about climate change, but is about all factors
that can interact with climate to increase or decrease risk. An assessment needs to consider how climate change has
or likely will alter the weather and climate hazards to which a population is exposed, whether exposures are likely to
change with increasing climate change, and the characteristics of individuals and populations that can increase their
risk when exposed to the hazard. This information is needed to be able to identify how modifying current programs
could reduce the burden of climate-sensitive health outcomes. It is important to consider the full range of options
for reducing health risks, including those that could be taken by other departments. For example, the health risks of
high ambient temperatures can be exacerbated by urban heat islands; altering the built environment to reduce heat
retention at night, changing land use planning to increase the amount of green space, modifying building codes to
encourage the use of white roofs, and other factors could reduce these risks.
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Source: Ontario Ministry of Natural Resources and Forestry. Photo Credit: Adam McAllister/ MNRF

Structure of the Guidelines
The steps of the assessment are described below, including the choices that need to be made and the approaches that
can be used. The structure is flexible so the assessment can be tailored to the circumstances and resources of local
public health units and communities. Only those steps most appropriate to address the focus of the assessment need
to be followed in detail, although considering all steps will strengthen the relevance and usefulness of the assessment.
Sufficient time and effort should be devoted at the start of the assessment to deciding the health outcomes to be
included. Increases in the frequency and intensity of extreme weather and climate events, particularly heat events and
extreme precipitation, mean that including the health risks of climate variability may be particularly relevant. There
may be pre-existing concerns about vector-borne diseases, air pollution, or other climate-sensitive health outcomes.
Priorities will need to be set when there are more concerns than available time and resources. The choice of the health
outcome(s) will determine the range of stakeholders and skill sets needed to conduct the assessment.
Because an important component of an assessment is informing the public
and policymakers of the health risks of climate change, and of actions
to reduce those risks, the assessment should deliver not just a report,
but also communication materials to inform the public and media of the
process and outcomes. Communication is generally more effective when
it is started at the beginning of the assessment, providing information
throughout the process to interested stakeholders and the public. Table 2
provides examples of climate change vulnerability assessments.

Source: Ontario Ministry of Natural Resources and Forestry
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Table 2: Examples of Climate Change Vulnerability Assessments
ASSESSMENT EXAMPLE
Canada in a
Changing Climate:
Sector Perspectives
on Impacts and
Adaptation (2014)

DESCRIPTION
The report presents impacts, adaptations and recommendations to reduce climate change risks across sectors relevant
to the Canadian context. It is an update to the 2008 science assessment report, From Impacts to Adaptation: Canada
in a Changing Climate. A chapter on Human Health provides updated information on a wide range of health risks
to Canadians that are increasing as the climate continues to change. For example, climate-sensitive diseases (e.g.
Lyme disease) and vectors are moving northward into Canada and will likely continue to expand their range. The
chapter also provides information on adaptation measures being taken in the health sector in Canada and provides
recommendations for further actions.
Source: http://www.nrcan.gc.ca/environment/resources/publications/impacts-adaptation/reports/
assessments/2014/16309

Human Health in a
Changing Climate:
A Canadian Assessment
of Vulnerabilities
and Adaptive
Capacity (2008)

The report synthesizes knowledge around the impacts of climate on the health of Canadians at the time of publication
and what can be expected with climate change. The assessment examines issues including extreme weather events, air
quality, water, food, vector and rodent borne diseases, and provides two regional assessments (the province of Quebec
and Canada’s North). It includes an assessment of health vulnerabilities, adaptation and adaptive capacity in Canada.
Many adaptation measures can be taken to reduce climate change and health risks in Canada; an inventory of possible
measures is provided in the report.
Source: http://publications.gc.ca/collections/collection_2008/hc-sc/H128-1-08-528E.pdf

Climate Change
Impacts in the
United States (2014)

The assessment report was developed by a team of more than 300 experts guided by a 60-member Federal Advisory
Panel. It examines how climate change affects key sectors such as health, water, and agriculture and impacts urban
areas, rural communities, and Indigenous Peoples.
Source: http://www.globalchange.gov/ncadac

Assessment Of
Vulnerability To
The Health Impacts
Of Climate Change
In Middlesex-London
(2014)

The assessment examines possible health vulnerabilities resulting from climate change in Middlesex-London and
provides recommendations about how to enhance adaptive capacity to address these vulnerabilities. The report focuses
on key threats to health. Baseline measures of climate-related health vulnerability in the Middlesex-London region are
established through analysis of historical weather variability and the occurrence of climate hazards and impacts, climate
change projections, and priority health risks from climate change. Populations most vulnerable to current and future
health impacts are identified. The report concludes with recommendations about how to enhance adaptive capacity
within Middlesex-London to address the health vulnerabilities.
Source: https://www.healthunit.com/climate-change

Assessing Health
Vulnerability to Climate
Change in the Region
of Peel (2012)

The assessment was undertaken as part of implementing the Region’s comprehensive climate change strategy. The
assessment found that climate change may impact human health in Peel Region through increases in temperature,
air pollution, extreme weather events, food and water contamination, vector survival, and health inequalities. Groups
within the community that are more vulnerable to these impacts were identified and it was determined that existing
programming may not be able to address these future impacts. The report recommended extensive consultations to
further inform programming and policy, continued health information gathering and sharing, and using the assessment
as a basis for broader discussions around public health vulnerability to climate change in the Region.
Source: http://www.peelregion.ca/planning/climatechange/
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STEPS IN CONDUCTING A VULNERABILITY AND
ADAPTATION ASSESSMENT
The six assessment steps are designed to produce a comprehensive vulnerability and adaptation assessment
of the current and projected health risks of climate variability and change. They include:
1. Frame and scope the assessment;
2. Describe current risks, including vulnerabilities and capacities;
3. Project future health risks;
4. Identify and prioritize policies and programs to manage the additional health risks associated with
a changing climate;
5. Establish an iterative process for managing and monitoring health risks;
6. Examine the potential health benefits and co-harms of adaptation and mitigation options implemented
in other sectors.
Annex I provides a checklist of actions required to undertake a climate change and health vulnerability and
adaptation assessment.
Figure 4 below illustrates the recommended steps for conducting a climate change and health vulnerability
assessment in Ontario health unit jurisdictions.

Figure 4: Steps in a Health Vulnerability and Adaptation Assessment
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Step 1: Frame and Scope the Assessment
Before an assessment is initiated, the assessment needs to be framed and scoped, which includes identifying:

›› Timeframe and resources;
›› Health risks of climate change of most interest;
›› Future time period(s)for risks and adaptation that need to be considered;
›› How the assessment will be managed; and
›› Communication plan for informing decision-makers, stakeholders, and the public of the progress and results
of the assessment.

It is important for the assessment to be framed and scoped so that it includes not only critical issues for the public
health sector, but also linkages with the sectors relevant to the issues under consideration and their interdependencies.
For example, the determinants of water and foodborne diseases include factors outside the heath sector, such as the
extent to which stormwater infrastructure can manage extreme precipitation events. Creating these linkages where
they do not exist could have consequences for the work plan and for the size and expertise of the project team.

1A

DECIDE WHICH HEALTH OUTCOMES TO INCLUDE

Given time and resources constraints and the wide range of risks, the first decision to be made is which health
outcomes are of greater importance for including in the assessment. In Ontario, climate variability and change can
affect morbidity and mortality from:

›› Extreme weather and climate events, including from heat
events and cold spells;

›› Changes in air quality arising from changing concentrations
of ground level ozone, particulate matter, or aeroallergens;

›› Water and foodborne diseases;
›› Vectorborne diseases such as Lyme disease and
West Nile virus; and

›› Psychosocial impacts.
Table 3 lists key health concerns from climate change in Canada.
In Ontario, altering weather patterns may facilitate changes in the
geographic range, seasonality, and incidence of selected infectious
diseases in some parts of the Province. The associations between
weather and health outcomes, as well as how risks could change
with additional climate change are comprehensively discussed in
the Health Chapter of the 2014 Canadian assessment, Canada
in a Changing Climate: Sector Perspectives on Impacts and
Adaptation (Warren and Lemmen, 2014). Health unit officials
should refer to Ministry of Health and Long-Term Care’s (MOHLTC)
Climate Change and Health Modelling Study (Box 4) to identify
future health risks of concern in their jurisdictions. The resource
provides information on projected health risks of climate change
based on climate models across each of the 36 Ontario health units
for the periods 2020, 2050 and 2080.
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Health unit officials are encouraged to consider the following questions when deciding which health outcomes to include:

›› What are the priority climate-sensitive health outcomes of concern in the study area? For health units, the highest

priority health outcomes are often those causing the greatest morbidity and mortality. For example, if air quality is
a particular concern in the region, then focusing on how ground-level ozone and particulate matter might change
with climate change could be a starting point.

›› Which climate-sensitive health outcomes are of greatest concern for stakeholders and the public? For example, is
there concern about Lyme disease or West Nile virus becoming more common or moving into the region?

›› Did recent extreme weather and climate events raise concerns about health risks, such as heat events or floods?
›› Were recent assessments conducted in the region in other sectors that highlighted issues that could affect health,
such as changes in flooding risk? If so, then the work already conducted can be used to inform the assessment
(eg.: assessments conducted in Peel, London, or Windsor.

›› Are neighboring health units also conducting a health V&A assessment? If so, then public health units may choose
to pool expertise and look at shared climate-sensitive health issues of common concern.

Supplemental resources, such as those listed throughout this document, should also be used to enhance understanding
of priority risks and vulnerable populations.

Table 3: Key Health Concerns from Climate Change
HEALTH IMPACT
CATEGORY

POTENTIAL CHANGES

PROJECTED/POSSIBLE HEALTH EFFECTS

Temperature
extremes

• More frequent, severe, and longer heatwaves
• Overall warmer weather, with possible colder conditions
in some locations

• Heat related illnesses and deaths
• Respiratory and cardiovascular disorders
• Possible changed patterns of illness and death due to cold

Extreme weather
events and
natural hazards

• More frequent and violent thunderstorms, more severe
hurricanes, and other types of severe weather
• Heavy rains causing mudslides and floods
• Rising sea levels and coastal instability
• Increased drought in some areas, affecting water
supplies and agricultural production, and contributing
to wildfires
• Social and economic changes

• Injuries, illness, and death from violent storms, floods, etc.
• Psychological health effects, including mental health and
stress-related illnesses
• Health impacts due to food or water shortages
• Illnesses related to drinking water contamination
• Effects of the displacement of populations and crowding
in emergency shelters
• Indirect health impacts from ecological changes,
infrastructure damages, and interruptions in health services

Air quality

• Increased air pollution from higher levels of ground-level
ozone and airborne particulate matter, including smoke
and particulates from wildfires
• Increased production of pollens and spores by plants

•
•
•
•
•

Eye, nose, and throat irritation, and shortness of breath
Exacerbation of respiratory conditions
Chronic obstructive pulmonary disease and asthma
Exacerbation of allergies
Increased risk of cardiovascular diseases (e.g. heart attacks
and ischemic heart disease)
• Premature death
continued on next page
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HEALTH IMPACT
CATEGORY

POTENTIAL CHANGES

PROJECTED/POSSIBLE HEALTH EFFECTS

Water and
foodborne
diseases

• Increase contamination of drinking and recreational
water by run-off from heavy rainfall
• Changes in marine environments that result in algal
blooms and higher levels of toxins from fish and shellfish
• Behavioural changes with warmer temperatures
resulting in an increased risk of water and
foodborne infections (e.g. through longer BBQ
and swimming seasons)
• Increase economic pressures on low income
and subsistence food users

• Sporadic cases and outbreaks of disease from strains of
waterborne pathogenic micro-organisms
• Foodborne illnesses
• Other diarrheal and intestinal disorders
• Impacts on nutrition due to changing availability of local
and traditional foods

Infectious
diseases
transmitted by
insects, ticks,
and rodents

• Changes in the biology and ecology various
disease-carrying insects, ticks, and rodents
(including geographical distribution)
• Faster maturation for pathogens within insect
and tick vectors
• Longer disease transmission season

• Increased incidence of vectorborne infectious diseases
native to Canada (e.g. Eastern and Western Equine
encephalitis, Rocky Mountain spotted fever)
• Introduction of infectious diseases new to Canada
• Possible emergence of new diseases, and re-emergence
of those previously eradicated in Canada

Stratospheric
ozone depletion

• Depletion of stratospheric ozone by some of
the same gases responsible for climate change
(e.g. chloro- and fluorocarbons)
• Temperature-related changes to stratospheric ozone
chemistry, delaying recovery of the ozone hole
• Increased human exposure to UV radiation owing to
behavioural changes resulting from a warmer climate

• More cases of sunburns, skin cancers, cataracts,
and eye damage
• Various immune disorders

Source: Berry et al. 2014
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Source: Ontario Ministry of Natural Resources and Forestry

Box 4: Ontario Climate Change and Health Modelling Study
The Ontario Ministry of Health and Long-Term Care in partnership with the Ontario Ministry of the Environment and Climate Change and the
University of Toronto conducted a study that projects climate change and health risks across the 36 health units in Ontario. Health risks are based
on temperature and precipitation changes and weather extremes projected with climate change for the years 2050 and 2080. In each public health
unit area, information is provided on the projected risks to health. This information can help public health officials identify priority climate change
and health risks to focus on when conducting vulnerability assessments and when developing adaptation plans. The report also provides graphical
representation of health risks over the aforementioned time periods to illustrate the spatial distribution them for use by decision-makers.
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1B

IDENTIFY THE PROJECT TEAM

Once the health outcomes to be considered are identified then a project team with relevant expertise can be identified
and a work plan developed. In deciding whom to include on the project team, it can be helpful to consider a person’s:

›› Area of responsibility (such as departments managing the health outcomes included, or other sectors whose
activities can affect the health outcomes);

›› Expertise; or
›› Whom they represent (individuals or organizations).
It also would be helpful to identify additional resource persons with targeted expertise on specific topics.
The assessment needs to include on the project team (or conduct interviews with) stakeholders from local authorities
whose activities can affect the burden and pattern of climate-sensitive health outcomes, such as:

›› Conservation authorities to determine if key health or health dependent infrastructure is located in a floodplain;
›› Public works departments to determine age and vulnerability of sewage and water treatment infrastructure, and
to determine the vulnerability of roads and bridges that are needed for access to health care facilities during
flooding events;

›› Utility providers to identify sensitive infrastructure that can impact public health during a heatwave, cold spell,
or flooding event;

›› Conservation authorities and local planning departments for local natural heritage plans;
›› Local health unit representatives responsible for the surveillance, monitoring, and control of health risks of
concern, including surveillance of vector-borne diseases;

›› Health service providers that may operate facilities (e.g. hospitals) that are vulnerable to climate change impacts;
›› Regional offices for the Ministry of the Environment and Climate Change with respect to source water protection
and air quality;

›› District offices for the Ministry of Natural Resources and Forestry with respect to invasive species (emerging
pathogens), flooding, natural heritage, biodiversity, and forest management; and

›› First Nations, NGOs, and other community groups that work with or represent particularly vulnerable groups.
It is important to include representatives of the groups who could be potentially affected either by the risk or by the
actions to manage the risk. In all cases, it would be important to include a representative of health care providers who
would diagnose and treat any identified impacts. Having core members of the project team who stay throughout the
project is highly beneficial. There is always a tension between a high degree of inclusivity, which has the benefits of
increasing access to relevant information and buy-in for the assessment, vs. having smaller assessment teams that may
be able to direct the study more effectively.
Determining the membership of the project team may require identifying within other departments and organizations
individuals that are working on issues relevant to the mandate of the assessment. Illustrative examples include:

›› If there is interest in assessing vulnerability to Lyme disease or West Nile virus changing its geographic range
with climate change, then it would be helpful to include on the project team experts in disease transmission,
representatives from the department involved in monitoring and surveillance of the tick/mosquito that can carry
Lyme/West Nile; and individuals working on land use and land use change to identify any changes in ecosystems
that can facilitate mosquito breeding grounds.

›› If there is interest in assessing vulnerability to changes in air quality, then it would be helpful to include on the

project team experts on the sources of ground-level ozone and particulate matter from industry and transport,
individuals knowledgeable in agricultural practices, and representatives from local and provincial departments
responsible for policies and programs that regulate and monitor air pollutants.
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National agencies such as Health Canada (http://www.hc-sc.gc.ca/ewh-semt/climat/index-eng.php) and the
Public Health Agency of Canada (http://www.phac-aspc.gc.ca/hp-ps/eph-esp/index-eng.php) can often provide
technical information to assist in assessing vulnerability on a wide range of issues. Environment Canada provides
historical climate data and future climate projections and scenarios to support vulnerability assessments
(http://www.ccds-dscc.ec.gc.ca/).
During this step, it may be helpful to include communication experts to discuss how to present the results to the
public in ways that empower appropriate behavioral actions, such as checking for ticks after spending time in a
forested area.

1C

DEVELOP AN ASSESSMENT WORK PLAN

The work plan needs to consider the extent to which steps in a vulnerability and adaptation assessment are needed
to achieve the desired results. For example, because of time and financial resources, it may be decided to delay until
the next assessment examination of the potential health benefits and co-harms of adaptation and mitigation options
implemented in other sectors. If certain assessment steps are not taken, it would be helpful to document why in the
final report so that users of the report can understand the rationale for the approach taken and inform the framing
and scoping of subsequent assessments. The work plan should specify the management plan, key responsibilities and
activities, the time line, and resources needed for the assessment.

1D

IDENTIFY QUALITATIVE AND QUANTITATIVE INFORMATION TO INFORM THE ASSESSMENT

Another activity to undertake during the scoping phase is to identify available and relevant information to inform the
assessment. This includes:

›› Peer-reviewed literature. For example, for the impacts of extreme heat on health, there are quite a few publications
on potential changes in risks to vulnerable populations in Canada and the US that can be accessed through PubMed
or from the authors of the publications. Some of these include projections of future hot days and warm nights in
Canada in the coming decades (e.g. Casati et al. 2014) and maps on the current and projected ranges of the vector
that causes Lyme disease in eastern Canada (Ogden et al. 2014 and Figure 5);

›› Grey literature describing the current burden of climate-sensitive diseases and plans and management approaches
for the health outcomes of concern. Also, national and provincial level assessment reports in Canada include
potential changes in air quality and the frequency of extreme heat events in various cities;

›› Online resources, such as watershed maps from the local conservation authority; and
›› Provincial and community health reports and associated datasets of relevance.

Gathering this information before starting the assessment will facilitate development of the work plan and the conduct
of relevant steps of the assessment.
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Figure 5: Risk Maps for the Establishment and Spread of the Lyme Disease Vector Ixodes scapularis Under Current
Climate (2000) and Projected Future Climate

The green zone indicates the main extent of locations where I. scapularis may become established. The orange and red zones indicate areas with increasingly high risk for
I. scapularis population emergence. The grey zone indicates areas where the risk of I. scapularis population emergence is very low. The scale bar indicates 720km.
Source: Ogden et al. 2008
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Useful Resources
Statistics Canada – 2011 Census Profiles
Community level information on population, age, sex, dwellings, families, marital status and language presented for various levels of geography.
http://www12.statcan.ca/census-recensement/2011/dp-pd/prof/index.cfm?Lang=E
Statistics Canada – Maps and Geography
Thematic maps by subject for census subject areas including agriculture, environment, and health; map series at national, provincial/territorial,
and regional levels, as well as for census of metropolitan areas and census subdivisions (e.g. percentage of population aged 65 years and older,
aged 80 years and older, with low income, adult obesity, circulatory and respiratory diseases and deaths, asthma by health region).
http://www.statcan.gc.ca/eng/mgeo/thematic
Natural Resources Canada – The Atlas of Canada
On-line maps of health topics including health behaviours, non-medical determinants of health, health resources, rural health, and health status;
people and society section topics including age, education, language, and literacy (e.g. age structure, old-age dependency ratios, performance on
adult literacy skills, educational attainment, foreign-born population).
http://atlas.nrcan.gc.ca/site/english/index.html
Statistics Canada – Canadian Vital Statistics Program Death Database
Demographic and medical (cause of death) information annually from all provincial and territorial vital statistics registries on all deaths in Canada for
calculation of basic indicators (e.g. counts and rates) on deaths of residents of Canada and statistical analyses (e.g. cause-specific death rates, life expectancy).
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3233&lang=en&db=imdb&adm=8&dis=2
Ontario Ministry of Natural Resources and Forestry – Comparing Various Approaches for Estimating Fire Frequency – The Case of Quetico
Provincial Park – CCRR18
This report compares approaches used to estimate the fire frequency for Quetico Provincial Park, Ontario, to highlight their advantages and
associated challenges. Information is intended to augment resource managers’ understanding of natural fire regimes to support forest and protected
area planning and management.
http://www.climateontario.ca/MNR_Publications/stdprod_088018.pdf
Public Health Agency of Canada – Notifiable Disease Surveillance System
This portal provides information including the number and rates of reported cases for diseases identified as priorities for monitoring and control in Canada.
http://dsol-smed.phac-aspc.gc.ca/dsol-smed/ndis/index-eng.php
Public Health Ontario – Vector-Borne Disease Surveillance Reports
These reports encompass vector-borne diseases of public health importance in Ontario (including West Nile virus, Lyme disease, and Eastern Equine
Encephalitis virus).
http://www.publichealthontario.ca/en/ServicesAndTools/SurveillanceServices/Pages/Vector-Borne-Disease-Surveillance-Reports.aspx
continued on next page
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Public Health Ontario – Monthly Infectious Diseases Surveillance Report
These reports feature information including counts and rates of reportable disease incidents.
http://www.publichealthontario.ca/en/ServicesAndTools/SurveillanceServices/Pages/Monthly-Infectious-Diseases-Surveillance-Report.aspx
Ontario Ministry of the Environment and Climate Change – Air Quality in Ontario Report & Appendix
These annual reports provide a summary of the state of ambient (outdoor) air quality in Ontario.
http://www.airqualityontario.com/press/publications.php
Ontario Ministry of Natural Resources and Forestry – A Summary of the Effects of Climate Change on Ontario’s Aquatic Ecosystems – CCRR11
This report provides information about the known and potential effects of climate change on aquatic ecosystems and selected fish species and
outlines research priorities and management strategies available to natural asset managers.
http://www.climateontario.ca/MNR_Publications/stdprod_088243.pdf
Environment Canada – National Climate Data and Information Archive
Official climate and weather observations (e.g. temperature, humidity) for Canada.
http://climate.weather.gc.ca/index_e.html
Environment Canada – Adjusted and Homogenized Canadian Climate Data
Adjusted and homogenized climate data for many climatological stations in Canada for use in assessing long-term climate change and variability.
Updated regularly.
http://www.ec.gc.ca/dccha-ahccd/
Environment Canada – Canadian Climate Data and Scenarios website
Provides access to Canadian climate data and climate change scenarios from various multi-model ensembles.
http://www.ccds-dscc.ec.gc.ca/

1E

DEVELOP A COMMUNICATION PLAN

Finally, developing a communication plan early in the process is important for ensuring the assessment is structured
from the beginning to communicate identified risks effectively to those who will manage the risks and those who could
be affected. The communication plan should specify the primary output of the assessment (generally a report), to
whom it will be communicated, mechanisms for sharing the results (e.g. webinars, workshops), and whether outreach
materials will be developed to communicate results to, for example, key stakeholders or particularly vulnerable groups.
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Step 2: Describe Current Risks Including Vulnerabilities and Capacities
This step is undertaken to describe current climate change and health relevant exposures, vulnerabilities, and
capacities, to provide the context for understanding where modifications to current programs could decrease
vulnerability to current and projected climate change. The information is also helpful for consideration of where
new programs are needed to better manage the health risks expected within the next couple of decades.
The key components of this step are:

›› Review qualitative and quantitative information;
›› Estimate current relationships between weather patterns and climate-sensitive health outcomes;
›› Describe trends for environmental hazards of interest;
›› Characterize current vulnerability of exposed individuals and communities;
›› Describe and assess effectiveness of policies and programs; and
›› Develop an explicit baseline for use in monitoring future vulnerability and for evaluation of adaptation options.
An example of a comprehensive vulnerability and adaptation assessment is presented in Box 5.

Box 5: Assessing Health Vulnerability to Climate Change in the Region of Peel
As part of the Region of Peel’s Climate Change Strategy, Peel Public Health (PPH) undertook a climate change and health vulnerability assessment.
The assessment followed World Health Organization/Pan American Health Organization methodology (WHO 2012) to identify current and future
climate-related exposures, sensitivities, and adaptive capacities in the Region of Peel. Staff from PPH and Health Canada advised on the scope
of the assessment and provided relevant reports and resources in the grey literature. A consultant conducted a search of the peer-reviewed and
grey literature. The assessment concluded that climate change has the potential to affect human health in the region of Peel by: (1) increasing
temperature-related morbidity and mortality; (2) exacerbating air quality; (3) increasing the risks of injuries and death from extreme weather;
(3) increasing water and foodborne contamination; and (5) increasing the incidence of vectorborne diseases. Populations most vulnerable to impacts
include seniors, children, those experiencing social isolation, individuals with chronic conditions and/or disabilities, and socially or economically
marginalized individuals. Further, climate change may worsen existing health inequalities in the community by increasing the health burden in
already vulnerable groups.
The assessment recommended conducting further community and stakeholder consultations to capture Peel’s unique social and cultural
characteristics, continued gathering of relevant health information to improve understanding of local health impacts of climate change, sharing
the report with municipal, provincial, and federal partners; using the report as a foundation from which to begin a broader discussion of health
vulnerability; and development of an implementation plan to address identified vulnerabilities.
Source: Pajot and Aubin 2012
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2A

REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION

The datasets, department documents, peer-reviewed publications, and internet sources identified during the scoping
phase should be reviewed for relevant information. Gaps in knowledge can be filled to some extent by interviewing
subject matter experts to describe current exposures, vulnerabilities and capabilities (see Box 6 for an example
from Europe). Generally, health unit experts have a wealth of knowledge on vulnerable locations and populations,
and on what modifications would help improve the effectiveness of current control programs. Further, experts from
other sectors, such as those working in authorities that monitor water treatment plants, can provide insights into the
strengths and limitations of current equipment and practice.

Box 6: Using Expert Judgment to Identify the Risks Climate Change Might Pose to the Burden
of Infectious Diseases in Europe
The European Centre for Disease Prevention and Control combined information from a literature review with expert solicitation to better understand
what adjustments will likely be needed to existing surveillance practices in the European Union in a changing climate (Lindgren et al. 2012). A
weighted risk analysis looked at the strength of the association of infectious diseases with climate change and the potential severity of consequences
of an increase in incidence or geographic range to society, both categorized as low, medium, and high. Because a strong association between a
disease and climate change does not necessarily imply the need for surveillance, the risk analysis combined the prevalence, severity, and secondary
complications (including human and financial costs) into one ranking. The results were plotted on a matrix (Figure 6) to reflect the joint importance
of climate change and the severity of a specific infectious disease in Europe. The results can be used to prioritize improvements in surveillance and
monitoring programs.

Figure 6: Weighted Risk Analysis of Climate Change Impacts on Infectious Disease Risks in Europe

Source: Adapted from Lindgren et al. 2012
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2B

ESTIMATE CURRENT RELATIONSHIPS BETWEEN WEATHER PATTERNS AND CLIMATE-SENSITIVE
HEALTH OUTCOMES

Where there are sufficient local or regional health, meteorological, and environmental data, determine the associations
(if any) between the exposures and the incidence, seasonality, and geographic range of the climate-sensitive health
outcomes under consideration. Graphing the data may prove useful for identifying patterns, particularly with limited
time series. Because a range of environmental factors may be associated with a health outcome, it is important to
consider more than mean temperature and precipitation. For example, minimum temperatures may be a determinant
of the geographic range of vectors. It is important to consider factors that could influence any observed trends, such
as changes in disease control programs and changes in land use. There will be more confidence in analyses conducted
using longer and larger health data series.
When sufficient data are not available, estimates of the strength of association can be gathered from the published
literature or from interviews with subject matter experts (Box 6). For example, experts may be able to provide
estimates of the impacts of extreme heat events on excess mortality, or of heavy precipitation events on episodes
of gastrointestinal diseases. This information can be used to describe exposure-response relationships.

2C

DESCRIBE HISTORICAL TRENDS IN THE ENVIRONMENTAL HAZARDS OF INTEREST

Once the current weather patterns (e.g. heat, heavy precipitation, drought. air pollution) associated with climate-sensitive
health outcomes are determined, then data and maps can be collected on recent trends in these weather variables. Data
can be obtained from the Ontario Ministry of the Environment and Climate Change, the Ontario Ministry of Natural
Resources and Forestry, Natural Resources Canada (the atlas of Canada http://atlas.nrcan.gc.ca/site/english/index.html),
or Environment Canada (national climate data and information archive http://climate.weather.gc.ca). If the assessment
will consider extreme weather and climate events, then it would be helpful to understand how the geographic range,
intensity, and duration of particular events have changed over recent decades. Including a meteorologist or climatologist
on the project team can be helpful to ensure data are interpreted appropriately.

2D

CHARACTERIZE THE CURRENT VULNERABILITY OF EXPOSED INDIVIDUALS AND COMMUNITIES,
INCLUDING SENSITIVITY AND ABILITY TO COPE

Effectively designing adaptation policies and programs requires understanding which subpopulations are vulnerable
to particular climate-sensitive health outcomes. There are multiple lenses through which to identify vulnerability,
including socioeconomic, geographic, and biologic. The extent to which a particular group is vulnerable to a specific
health outcome reflects the balance between factors that increase sensitivity and factors that increase the ability to
cope with exposures. Sensitivity is an expression of the increased responsiveness of an individual or community to an
exposure, generally for biological reasons (e.g. age or the presence of pre-existing medical conditions). Experience
with the health outcomes of interest and the medical and epidemiology literature can provide information on factors
increasing or decreasing biological sensitivity. The ability to cope measures the ability of individuals and communities
to plan for, respond to, and recover from exposure to climate change-related hazards.
While general information on vulnerability is available for each health outcome, this step is focused on which
individuals and communities in the area served by the health unit are more vulnerable to recent and projected climate
change. The more detailed the information, the easier it will be to design effective adaptation options. For example,
particularly vulnerable populations to extreme heat events include older adults, infants and young children, people
with chronic illnesses or who have mobility/cognitive constraints, poorer populations, newcomers to Canada, outdoor
workers, the physically active, and pregnant women (Table 4). Questions to consider for heat-vulnerable groups
include if there are neighborhoods within the health unit that have higher proportions of such populations. Or, are
there places within an urban area that are likely to experience a greater urban heat island effect?

TECHNICAL DOCUMENT

31

Source: Shutterstock image

Table 4: Heat-Vulnerable Groups and Examples of Challenges They May Face in Adapting to Extreme Heat Events
HEAT-VULNERABLE GROUPS
Older adults

EXAMPLES OF CHALLENGES
Physiological characteristics that may contribute to increased vulnerability to heat include:
•
•
•
•
•

Reduced thirst sensation
Reduced fitness level
Reduced sweating ability
Increased susceptibility to chronic dehydration
Visual, cognitive, and hearing impairments

Agility and mobility challenges
Differing perceptions of risks and vulnerabilities based on life experiences
Reduced literacy
Social isolation
Infants and young children

Physiological and behavioural characteristics that may contribute to increased vulnerability to heat include:
• Increased body heat production during physical activity
• Faster heat gain from the environment if air temperature is greater than skin temperature owing to greater
surface-area-to-body-weight ratio
• Inability to increase cardiac output
• Reduced sweating
Dependence on caregiver to recognize heat impacts and take recommended actions
continued on next page
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HEAT-VULNERABLE GROUPS
People with chronic illness or
who are physically impaired

EXAMPLES OF CHALLENGES
Physiological characteristics that may amplify health risks, such as failing cardiovascular or respiratory systems,
psychiatric illnesses, or renal illnesses
Taking certain medications that affect heat sensitivity by interfering with the body’s cooling functions or water/
salt retention (e.g. antihypertensives, antidepressants, antipsychotics, anti-Parkinson’s agents)
Confined to bed or dependence on caregiver, family or friends for assistance with daily living (e.g. water access)
Communication, sensory or cognitive impairment
Characteristics related to health status or behaviour (e.g. chronic dehydration, shut-in, or does not leave home)
Social isolation

Socially disadvantaged
individuals and communities:

Limited financial resources to adequately take protective actions

• Low income

Limited access to health care and social services

• Homeless
• Living alone

Reduced access to clean water and cool places
More environmental exposures (e.g. homeless, living on higher floors with no air conditioning)
Higher rates of alcohol and drug dependency
Social isolation

Newcomers to Canada and
transient populations,
such as tourists

Language and literacy barriers for non-English or non-French speakers
Cultural differences, such as food consumption habits, clothing choices, and pre-existing social
or cultural beliefs
Unique media use patterns
Limited knowledge of local alert systems, health and social service programs

Occupational groups

Environmental and workplace exposures (e.g. farmers, construction workers, miners, tree planters)
Increased physical strain
Variation in health and safety regulations, codes, and standards
Irregular exposure to heat (i.e. lack of acclimatization) for new workers with job-related heat exposures and
those faced with early season extreme heat events

The physically active

Greater environmental exposures (e.g. marathon runners, recreational athletes, people who walk or bike)
Increased physical strain
Reduced perception of risks and heat vulnerabilities
Expectation of usual performance in the heat

Source: Reprinted from Health Canada, Communicating the Health Risks of Extreme Heat Events: Toolkit for Public Health and Emergency Management Officials, 2011.
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Urban and rural communities have different histories and characteristics that affect climate change and human health
vulnerability. Table 5 provides information on urban and rural characteristics that increase vulnerability to climate
change and related impacts.

Table 5: Urban and Rural Characteristics that Increase Vulnerability to Climate Change and Climate-Related Impacts
KEY VULNERABILITY
FACTORS
Exposure

EXAMPLES OF URBAN
CHARACTERISTICS

EXAMPLES OF RURAL
CHARACTERISTICS

• Geography

Complex infrastructure, high density buildings,
and landscape dominated by impervious surfaces

Increase health risks from water contamination due
to a high reliance on small drinking water systems

• Land use

Higher population density

More people employed in outdoor occupations

• Climate

Higher air pollution levels

Higher risk of exposure to land shifts, wildfires, vectorborne diseases, and floods

Individual sensitivity

Ageing population

• Age and gender

Cardiovascular and respiratory conditions in large
urban centers from air pollution and extreme heat

High elderly population and high incidence of chronic
illnesses, smoking, and obesity

• Health status
Key adaptive capacity factors
• Socioeconomic status
• Public services and risk
communication programs
• Employment

Greater prevalence of high risk population
groups, with limited adaptive capacity (e.g. low
socioeconomic status)
Higher prevalence of social isolation and limited
access to services (e.g. immigrants, First Nations,
homeless, or persons of low income or with
mental illnesses)
High reliance on critical infrastructure for health care
and emergency service provision that are vulnerable
to extreme weather

Limited access to services during extreme events
(e.g. power, water, food, medical)
Limited availability and accessibility of public services
and programs and communication venues to deliver
health and emergency messages
High dependency on natural resources that are
vulnerable to disruption from extreme weather
Lower proportion of population highly educated
Limited livelihood opportunities and
economic diversification
Limited resources and services to respond to extreme
weather events and associated health burdens
Limited service access to remote communities

Information to determine and describe vulnerability and the ability to cope can be obtained from datasets and records
or from interviews with city planners and other departments. Those who work with vulnerable groups, or researchers
engaged in the issue may also provide useful information. GIS mapping of particularly vulnerable regions can be a
helpful output from the assessment (e.g. locations of vulnerable subpopulations, geographic regions at higher risk of,
for example, flooding).
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2E

DESCRIBE AND ASSESS THE EFFECTIVENESS OF POLICIES AND PROGRAMS TO MANAGE CURRENT
VULNERABILITIES AND HEALTH BURDENS

It can be helpful to generate a list of all existing policies and programs that affect the climate-sensitive health outcomes
considered in the assessment, and to identify which of these have undergone formal evaluations, such as early warning
systems, and monitoring and surveillance programs.
For each policy and program, effectiveness can be estimated from any formal evaluation(s) that have been conducted,
or through expert judgment. The basic question is how well policies and programs are protecting individuals and
communities against climate-related hazards. If there are early warning systems, have these systems reduced morbidity
and mortality associated with the extreme event? For infectious diseases, how well have the disease burdens been
managed over the past few decades, and what additional activities could further reduce morbidity and mortality
irrespective of climate change? Are there programs designed to address particular vulnerabilities, such as urban heat
islands? If so, how effective have they been?
Effectiveness can be measured qualitatively or quantitatively. It is important that the criteria used be explicitly
described in an annex to the report so that others can duplicate the process. For example, a monitoring and
surveillance program could be considered effective if it: (1) collected timely and high quality data that covered the
areas of concern; (2) analyzed the data quickly enough to identify worrying trends; and (3) triggered responses to
address any increases in health burdens. Box 7 provides an example.
It is useful to assess the capacity of community and regional health services to manage climate change hazards
to health. Health care facilities need to be prepared to manage increasing risks from climate change to patients,
visitors, and staff. The Canadian Coalition for Green Health Care, in collaboration with Health Canada, developed
a toolkit to assess the climate change resiliency of health care facilities so that hospital administrators could take
actions to improve preparedness for expected impacts. The toolkit, including the assessment checklist, is available
at http://www.greenhealthcare.ca/component/content/article/251-ccr.
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Box 7: Evaluation of the City of Toronto’s Heat Alert and Response System
As part of a multi-pronged evaluation of Toronto’s Heat Alert Response System (HARS), a media content analysis for the period 2007–2009 was
conducted to assess the media attention received by Toronto’s heat alerts. It also examined the heat-related messages that are communicated
through the Toronto media as part of an evaluation of the city’s HARS. Both print and broadcast media clips related to heat and alerts/warnings were
examined in this study. The analysis showed that:
• Toronto’s heat alerts generate significant media interest. Media coverage was concentrated during the heat season when Toronto’s system is active
(May 15 – Sept 30)
• The health messages communicated through the media are consistent with those provided by Toronto Public Health.
A telephone survey of 1,100 Toronto
adults conducted in August 2010 found
that 70% or more of respondents
undertook eight of Toronto Public
Health’s recommended actions after
receiving the heat-health messaging.
Source: Gower et al. 2011
More information about Toronto’s HARS is
available from www.toronto.ca/health

2F

DEVELOP A BASELINE OF INFORMATION FOR USE IN MONITORING FUTURE VULNERABILITY AND FOR
EVALUATING ADAPTATION OPTIONS

An important output from a vulnerability and adaptation assessment is the description of an explicit baseline of
information that can be used as the basis for determining the success (or failure) of adaptation policies and programs.
The baseline should describe current morbidity and mortality of the climate-sensitive health outcomes of concern,
including recent trends and information on the key factors associated with the outcome. It should also examine the
policies and programs in place to manage those outcomes, including measures of their effectiveness. The baseline
information comes directly from the results of the assessment.
For the health outcomes of concern, the assessment should gather and report information on the current burden of
climate-sensitive health outcomes and on recent trends in the incidence of disease or deaths, both as the numbers of
cases and as rates per 1000, so that future assessments can compare health burdens over time. It also would be helpful
to include any information on key factors associated with an outcome, such as a recent extreme event associated with
excess morbidity or mortality (to put trends into perspective), changes in regulations that affected concentrations of
air pollutants, changes in disease surveillance systems, and other factors that influence the burden of health outcomes.
The assessment also should describe current policies and programs to reduce and manage the burden of climatesensitive health outcomes, such surveillance programs for water- and foodborne diseases of concern, assessments of
the effectiveness of these programs, and recommendations for improvements. Having this information gathered in one
place will make future comparisons easier to determine the extent to which any changes implemented were effective
in reducing future health risks of climate variability and change.
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Step 3: Project Future Health Risks
This step builds on the information gathered in the previous step (2b) on the relationships between weather patterns
and health outcomes to consider how the current magnitude and pattern of climate-sensitive health burdens could be
affected by climate change.

3A

REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION

Datasets, department documents, peer-reviewed publications, and internet sources should be explored to identify
relevant information. In some cases, there may be sufficient information to address some of the questions the
assessment was designed to answer, such as how climate change could affect air pollution or the frequency, intensity,
and duration of future heat events. In others, the assessment will need to identify additional information, including
that generated by expert judgment.

3B

DESCRIBE HOW CURRENT RISKS COULD CHANGE UNDER DIFFERENT WEATHER
AND DEVELOPMENT PATTERNS

In this step, the first question to be addressed is the time frame for projecting future risks. There is greater certainty in
climate projections over the next few decades (to about the 2040s), thereby reducing the need to include consideration
of the potential consequences of a range of different emission scenarios past mid-century. The MOHLTC’s Climate
Change and Health Modelling Study provides information on projected climate-related health impacts in 2050 and
2080 (Box 4). Public health officials can use this information to identify future health risks and plan accordingly.
The typical approach to projecting future health risks is to multiply current exposure-response relationships by the
projected change in the relevant weather variable(s) over the time periods of interest. However, doing so assumes that
current vulnerability will remain the same over coming decades. As this in not likely, it is important to consider how
both weather and development patterns could affect how climate-sensitive health risks evolve. Given the complexity
of projecting future risks, health officials can work with individuals or groups with modelling expertise, or take a more
qualitative approach that focuses on the next few decades. For example, expert interviews or facilitated discussions can
be used to estimate how morbidity and mortality of the health outcome of interest could be altered by (1) development
patterns alone (2) climate change alone and (3) climate and development.
If time and resources permit, it would be helpful to host an expert meeting with the goal of describing several
possible development pathways over the next few decades, taking into consideration planned changes in policies and
programs. These pathways should include the major drivers of the health outcome of interest, including assumptions
about levels of research and technology development. There may be quantification of some factors, such as population
growth and urbanization, from regional or national authorities.
In addition to the MOHLTC’s Climate Change and Health Modelling Study, if more information is required, local and
regional climate projections are available from provincial and national sources. Scenarios can be created that combine
the development pathways (e.g. Representative Concentration Pathway scenarios) and climate change projections, to
facilitate projections that cover a wider range of possible futures.
No matter the approach, the projected risks will have several sources of uncertainty. However, the inherent uncertainty
about the future should not obstruct decision-making for priority health risks. It is important that the assessment report
clearly describes the uncertainties and the extent to which they could influence the projected health risks.
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Useful Resources
Ontario Ministry of the Environment and Climate Change – https://www.ontario.ca/ministry-environment
Ontario Ministry of Natural Resources and Forestry – Climate Change Projections for Ontario: Practical Information for Policymakers
and Planners http://www.climateontario.ca/MNR_Publications/276923.pdf
Natural Resources Canada – Climate Change and the Future Fire Environment in Ontario: Fire Occurrence and Fire Management Impacts CCRR-01
https://cfs.nrcan.gc.ca/publications?id=34351
Environment Canada – Canadian Climate Data and Scenarios website
http://www.ccds-dscc.ec.gc.ca/
Ontario Centre for Climate Impacts and Adaptation Resources
http://www.climateontario.ca/
Consortium on Regional Climatology and Adaptation to Climate Change
http://www.ouranos.ca/en/
Pacific Climate Impacts Consortium
http://www.pacificclimate.org/
See also Box 4

Step 4: Identify and Prioritize Policies and Programs to Manage the Additional
Health Risks Associated with a Changing Climate
There are a wide range of policies and programs that can reduce the burden of climate-sensitive health outcomes that
could increase in the future. This step will recommend options to modify current policies and programs to protect
health. Opportunities for increasing resilience to climate change include:

›› Strengthening integrated disease surveillance programs;
›› Strengthening environmental health services;
›› Strengthening early warning systems and disaster risk management;
›› Mainstreaming climate change into public health policy;
›› Strengthening primary health care services; and
›› Improving infrastructure and built environment initiatives by including climate change considerations
and informants.

Prioritizing the identified options will indicate the most appropriate time scale for implementation. Examples
of climate change adaptation as it pertains to health emergency management are presented in Box 9.
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Source: Ontario Ministry of Natural Resources and Forestry. Photo Credit: Gary Wice/MNRF

Box 9: Adaptation Actions to Reduce Health Risks From Climate Change
The chart below illustrates the application of emergency management activities with and without possible adaptation measures to reduce climate
change risks. The left panel highlights routine emergency management activities that do not include climate change adaptation. The right panel
provides options for mainstreaming climate change into these emergency management activities. For example, Hazard, Risk, and Vulnerability
Assessments could integrate climate change projections and/or findings from climate change impacts and adaptation assessments. Drivers of climate
change could inform disaster mitigation efforts, for example, by taking actions to address the urban heat island effect. Disaster planning could be
informed by climate change, for example, by planning for events that could occur simultaneously or in close succession. It will be important to
monitor new health risks. Health care facilities can play a role by adopting a syndromic surveillance system to link climate-related exposures to health
outcomes, including emerging infectious diseases. Finally, it will be important to broaden partnerships to include those with expertise on climate
change or persons knowledgeable of what climate variability and climate change means for your health unit.

EMERGENCY MANAGEMENT ACTIVITY

EMERGENCY MANAGEMENT ACTIVITY WITH ADAPTATION

Hazard Risk Vulnerability Assessment (HRVA)

HRVA integrating climate change and climate change assessment findings

Disaster mitigation

Disaster mitigation informed by climate change drivers (e.g. mitigating urban
heat islands)

Disaster planning

Disaster plans informed by climate change (e.g. simultaneous events)

Table-top exercises

Table-top exercises include climate change scenarios

Surveillance and monitoring of known
health risks

Surveillance and monitoring of new climate change risks

Response and recovery efforts

Training staff on response and recovery activities to address new climate change risks

Increasing planning capacity

Partners involved in planning who have knowledge about climate change risks
and staff are aware of these risks

Source: Berry and Paterson, 2014
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4A

REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION

Step 2e assessed the policies and programs designed to manage current morbidity and mortality associated with
climate-sensitive health outcomes. Step 4a builds on that one by identifying information on possible modifications of
current policies and programs, and possible additional new efforts, to manage the increased health risks associated
with climate variability and change. This information can come from discussions with health authorities in other
jurisdictions, including the Ontario Ministry of Health and Long-Term Care, Public Health Ontario, Health Canada and
the Public Health Agency of Canada, to determine what they are doing to manage climate-sensitive health outcomes,
or from peer-reviewed publications or internet sources. The increasing interest in sharing adaptation lessons learned
and best practices means that NGOs and others are publishing more information on effective approaches to manage
particular health risks.
An important source for adapting to extreme heat events is the HARS best practices guide developed by Health
Canada (Health Canada, 2012). The best practices were identified through an examination of the peer reviewed
literature and HARS plans and guidance documents from the World Health Organization, the United States
Environmental Protection Agency, Europe, Australia, and Canada. The report also drew upon lessons learned through
the pilot development of new HARS in four communities – Winnipeg, Manitoba; the Town of Melita in the Assiniboine
Regional Health Authority2, Manitoba; Windsor, Ontario; and Fredericton, New Brunswick.

4B

INVENTORY OPTIONS TO IMPROVE THE EFFECTIVENESS OF CURRENT POLICIES AND PROGRAMS OR
TO IMPLEMENT NEW ONES TO MANAGE THE HEALTH RISKS OF CLIMATE VARIABILITY AND CHANGE

This step requires building on the inventory developed to identify possible modifications to current policies and
programs, or the implementation of new ones, to manage changing health risks with climate change. Examples of
possible adaptation options include:

›› Implementing an early warning system;
›› Increasing targeted monitoring and surveillance for a particular infectious disease;
›› Increasing public awareness of the risk and possible preventive measures; and
›› Improving diagnosis and treatment.
It is important to include policies, measures, and operational processes within and outside the health sector because
some of the key drivers of health outcomes are managed by other sectors (Box 10). For example, water quality can be
affected by agricultural runoff, urban or industrial development, and the capacity of the water treatment systems to
manage historically large amounts of precipitation. Air quality can be affected by the location of housing with respect
to industrial development, major highways, and other sources of air pollutants.
It can be informative to identify all possible measures that could be implemented, without regard to technical
feasibility, cost, or other limiting criteria. This list can be based on information gathered during the review of
quantitative and qualitative information, through a survey of current practices and experience in other health
authorities and other sectors, and from discussions with scientists, practitioners, and stakeholders within and
outside the health sector. For example, gastrointestinal disease outbreaks can be associated with heavy precipitation
events washing pathogens into drinking water sources. When considering changes in policies and programs to
address more frequent heavy precipitation events, key stakeholders should include representatives from the
Ministry of the Environment and Climate Change, the local Conservation Authority and individuals who might
be affected by such events.
The main output of this step is a list of possible adaptation options. Such a list can prove useful to inform policymakers
of the range of options, and can be the basis for identifying additional adaptations when the next V&A is conducted.

2

In 2012, the province of Manitoba reduced the number of health regions from 11 to 5. At this time, the ARHA and two other regional health authorities merged to form the Prairie Mountain
Health Authority.
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Box 10: Collaboration Across Sectors to Reduce Climate Change Impacts on Health
Managing the health risks of climate change often involves working across sectors. A simple example is heatwave early warning and response
systems. Establishing an effective system involves at minimum representatives from health, meteorology, and other stakeholder groups engaged in
outreach activities. Possible adaptation options to reduce the urban heat island, such as increasing tree cover, often need to be implemented by other
sectors or agencies, in this case local urban planning departments and conservation authorities.

Source: Adobe Stock

4C

White-Newsome et al. (2014) interviewed government and non-governmental
organization leaders representing public health, general social services,
emergency management, meteorology, and the environmental planning
sectors in four U.S. cities chosen for their diverse demographics, climates, and
climate adaptation strategies (Detroit, MI; New York City, NY; Philadelphia, PA
and Phoenix, AZ). The interviews identified activities to reduce the harmful
effects of high ambient temperatures and the obstacles faced. Cooling centers,
heatwave early warning systems, programs to distribute fans and/or air
conditioning, and outreach programs were common across the cities. The local
context, including political will, resources, and the maturity of community
organizations were important for identifying and reaching the most vulnerable
populations and for using health statistics effectively. The primary obstacles faced
were financial constraints, strategies for promoting the effective use of cooling
centres, and other communication issues. Addressing these issues requires
multi-sectoral approaches.

PRIORITIZE OPTIONS AND IDENTIFY RESOURCE NEEDS

The next step is to screen this wide range of options to identify which policies and programs are possible to implement
over a particular time period, within existing technological, human, and financial resource constraints. The focus
should be on options that not only reduce the burden of adverse health outcomes, but that also enhance or improve
the natural and built environments. This step will generate a short list of options from which policymakers can choose.
Criteria to decide which choices are practical include:

›› Whether the option is technically feasible. For example, a possible option to reduce future burdens of Lyme disease
is vaccination. However, because no vaccine is available, this is not a feasible option at this time;

›› The degree of effectiveness of the proposed measure in reducing morbidity and mortality. Long experience with

managing the risks of climate-sensitive health outcomes means that public health programs are typically effective
but further improvements would enhance effectiveness in a changing climate;

›› The consequences that might be associated with the option. For example, draining wetlands may decrease vector

breeding sites, but often with dire and unacceptable ecological consequences on wetlands, which also act as carbon
sinks. This calls for thinking about what (and how) implementation could go wrong, and for monitoring outcomes
and taking appropriate corrective actions as needed;

›› Whether there is the financial capacity to implement and maintain the option. Upgrading water purification

to reduce the presence of pathogens such as cryptosporidiosis may be possible, but at a very high cost that a
community might find difficult to afford; and

›› Whether the proposed option is socially acceptable. For example, people may object to spraying mosquito breeding
sites with insecticides.
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Once the list of practical options is finalized, the project team will then need to prioritize which options to recommend
implementing over the short and medium term. It can be helpful to create two sets of priorities- critical policies
and programs that should be implemented now and those that are important but can wait a few years before
implementation.
There are multiple approaches to prioritization, each with advantages and challenges, including multi-criteria analysis,
cost-benefit analysis, and stakeholder-driven identification of prioritization criteria. Any approach can be taken,
provided the criteria used to identify the priorities are explicitly described. Considerations should include the current
morbidity and mortality from the health outcome of concern, and how well it is managed with current policies and
programs. Low priority may be assigned to health outcomes with relatively low numbers of annual cases and with
relatively effective control programs, under the assumption that a small increase in risk with climate change could be
managed. Conversely, higher priority may be assigned to emerging health risks causing high morbidity and mortality,
or where there is significant public concern.

Useful Resources
Ontario Ministry of Natural Resources and Forestry – A Practitioner’s Guide to Climate Change Adaptation in Ontario’s Ecosystems
https://www.ontario.ca/environment-and-energy/practitioners-guide-climate-change-adaptation-ontarios-ecosystems-ver-1-2011
Canadian Council of Forest Ministers – Adapting Sustainable Forest Management to Climate Change: Preparing for the Future
http://www.ccfm.org/pdf/Edwards_PreparingForFuture_FinalEng.pdf
Ontario Ministry of the Environment and Climate Change – Climate Ready: Ontario’s Adaptation Strategy and Action Plan 2011–2014
https://www.ontario.ca/environment-and-energy/climate-ready-adaptation-strategy-and-action-plan-2011-2014
Ontario Ministry of the Environment and Climate Change – Adapting to Climate Change in Ontario: Towards the Design and Implementation
of a Strategy and Action Plan http://www.climateontario.ca/doc/publications/ExpertPanel-AdaptingInOntario.pdf

4D

ASSESS POSSIBLE CONSTRAINTS TO IMPLEMENTING OPTIONS AND HOW TO OVERCOME THEM

For each priority policy and program, it is helpful to write a brief description of:

›› The technological, human, and financial resources required for implementation;
›› The expected time frame for implementation;
›› Any other requirements; and
›› The possible constraints that will need to be overcome to implementing the options.
It is helpful to differentiate constraints (or barriers), which can be overcome, from limits where there is no adaptation
option or the available options are too difficult or expensive to implement. An example of a limit is maintaining
engineering design standards (such as the flood return period for a bridge) in the face of increases in the frequency
and intensity of heavy precipitation events.
Constraints make it more difficult to plan and implement adaptation options. Constraints can arise from lack of
awareness or political will, limited human and financial resources, limited information, and lack of authority or
jurisdiction to act. Constraints also can arise from the attitudes and beliefs of decision-makers. Options for overcoming
constraints are important to identify, evaluate, and incorporate into the implementation processes. For example,
broadening an existing monitoring and surveillance program will generally require additional human and financial
resources. This could require convincing decision-makers of the need for prioritizing resources for this use over other
needs. A well-documented assessment can be used to generate the support needed to secure these resources.
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Discussions of constraints to adaptation should include other sectors to identify opportunities for these sectors to
implement policies and programs that advance adaptations that promote population health. Such discussions will also
allow the health sector to advance adaptations that help other sectors achieve their goals, such as mutual planning on
disaster risk management. In many cases, working with other sectors to implement adaptation measures that achieve
mutual goals can help overcome adaptation barriers. Box 11 provides an example of how multiple partners across
sectors combined efforts to implement a shade policy in the City of Toronto that achieves multiple goals including
climate change adaptation and mitigation.

Box 11: Shade Policy and Guidelines in the City of Toronto
The Shade Guidelines were created by the Shade Policy Committee of the Toronto Cancer Prevention Coalition in collaboration with the Department of
Parks, Forestry and Recreation and with the support of Toronto Public Health. The Shade Guidelines are intended to complement the Shade Policy for
the City of Toronto and to assist all city agencies, boards, commissions, and divisions (ABCDs) to provide ultraviolet radiation (UVR) protection and sun
safety measures for their outdoor environments. As stated in the Shade Policy, the provision of shade can be an effective means of reducing exposure
to UVR and its associated health risks such as skin cancer. In addition, the Shade Policy provides numerous co-benefits in many areas that are
important to human health. Most notably, they help reduce the urban heat island effect, air pollution, climate change, and provide energy savings.
Planting trees can also help reduce flood risks by increasing filtration of floodwaters.
The development and implementation of the Shade Policy and Guidelines were successful in large part due to collaboration amongst several partners
across sectors to identify and work towards achieving common goals. Partners included: Toronto Public Health; Parks, Forestry and Recreation
(Community Recreation, Parks Development and Capital Projects, and Urban Forestry Branches); City Planning including Urban Design; Children’s
Services; Facilities and Real Estate; Ryerson University Department of Architectural Science and School of Occupational and Public Health; Local
Enhancement and Appreciation of Forests; the Toronto District School Board; Evergreen; Tree Canada; dermatologists from Women’s College Hospital
and University Health Network Senior Architect from Parsons (former Delcan Corporation), Play by Nature, environmentalists and urban foresters.
The 2014 US Surgeon General’s Call to Action to prevent skin cancer cites Toronto’s Shade Policy as one of the success stories in skin cancer prevention.
A short film entitled “Partners In Action” captures reflections of members of the Shade Policy Committee about the importance of Toronto’s Shade
Policy and is available at https://www.youtube.com/watch?v=Jg1jD6E43Z4.
The Shade Guidelines are available at: http://www1.toronto.ca/health/shadeguidelines

4E

DEVELOP A CLIMATE CHANGE AND HEALTH ADAPTATION PLAN

The information generated in previous steps can be synthesized to develop a climate change and health adaptation
plan that considers shorter and longer time scales, and that facilitates coordination and collaboration with other
sectors to promote resilience. The action plan does not have to be extensive, but should provide enough information
so that those not involved in its development can understand it and use it to implement the recommended actions.
The plan should link with initiatives to address the risks of climate change in other sectors, and include specific goals and
the time frame over which they will be accomplished. For example, a goal might be to establish an integrated approach for
managing the health effects of heatwaves, with one possible activity to establish an early warning system. The plan would
articulate how establishing an early warning system would be achieved, which stakeholders should be involved, within
what time frame it would be implemented, and how (and with what frequency) its effectiveness would be monitored.
Depending on the context, the plan may include expected results, milestones, the sequencing of activities, clear
responsibilities for implementation, the required human and financial resources, the costs and benefits of interventions,
and financing options. The plan should promote coordination and synergies with city and provincial goals. Including on
the project team someone involved with the city and provincial climate change plans would be an effective approach
to making these linkages. Box 12 provides an example of an air quality and climate change management plan.
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Box 12: Air Quality and Climate Change Management Plan, City of Ottawa
The City of Ottawa’s Air Quality and Climate Change Management Plan (2014) outlines
goals, objectives, and recommendations to address climate change over the next
5 years. Included in the Plan are specific goals and activities underway or planned to
reduce climate-related health risks. One goal is to adapt to climate change and protect
people and property by reducing the risks to public health (e.g. through West Nile and
Lyme disease monitoring and prevention programs).
This will be achieved through the identification and communication of health risks
to Ottawa residents and businesses, continued disease surveillance, education and
prevention programs for vectorborne diseases such as West Nile virus and Lyme
disease, and increasing the ratio of vegetated to impermeable surfaces to reduce the
Source: Shutterstock image
urban heat island effect. Ottawa Public Health identified a need to continue to invest
resources to combat illnesses associated with extreme weather in Ottawa and conduct research and evaluation studies to keep improving the Heat
and Smog Action Plan to protect health.
Source: City of Ottawa 2014

Step 5: Establish an Iterative Process for Managing and Monitoring Health Risks
Ensuring the adaptation plan is effective in the face of ongoing climate change means it is important to develop an
iterative process for managing and monitoring health risks (Ebi 2011; Hess et al. 2012). This includes recommending
when the V&A assessment should be repeated to identify whether new risks have arisen, including any changes in the
geographic range of health outcomes. It also involves determining the effectiveness of the implemented adaptation
options and what modifications are needed to continue to be effective with additional climate change.

5A

DEVELOP A MONITORING PLAN

Effectively managing the health risks of climate variability and change requires interventions to explicitly address risks
over spatial and temporal scales, with high degrees of uncertainty as to the magnitude, rate, and pattern of changes in
a particular location at a particular time. These include risks from a changing climate as well as from changes in other
factors that determine the distribution and incidence of climate-sensitive health outcomes (see Step 3).
Therefore, a plan is needed for monitoring the burden of health outcomes and the effectiveness of adaptation options
implemented, including milestones for evaluation. This step is closely aligned with Step 2f that developed a baseline
for comparing how morbidity and mortality of climate-sensitive health outcomes change over time. As noted in the
discussion of that step, it is expected that morbidity and mortality will decrease with effective adaptation. However,
the health burden could increase if, for example, infectious diseases change their geographic range, seasonality, or
intensity of transmission because of climate change-related changes in the ecosystems on which the vectors rely.
Similarly, heat-related mortality could increase with increases in the frequency, intensity, and duration of extreme heat
events. It is therefore important to specify in the climate change and health adaptation plan what will be monitored,
how frequently, and how the data will be collected and analyzed and how it will be communicated to ensure
appropriate and timely adjustments to the adaptation options.
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5B

DEVELOP INDICATORS FOR MONITORING

Defining indicators for the health risks of climate change is an emerging field (English et al. 2009; Cheng and Berry
2013). An agreed set of minimum indicators, similar to those defined for measuring meteorological and climatological
variables, along with means of verification, are needed for measuring the degree of success of health adaptation
activities. Working with stakeholders, indicators should be chosen that include quantification of health burdens and
qualitative metrics of the process of adaptation. For example, Appendix 1 of the Region of Peel assessment lists
vulnerability tables, organized by health outcomes and indicators for exposure, sensitivity, and adaptive capacity.
Indicators for exposure to heat could include excess heat-related morbidity and mortality, tree cover, percent
impervious surface, occupational groups working outdoors, households without air conditioning, and metrics of social
and economic disadvantage. Refer to the text box below for information on how to evaluate programs and policies that
may be helpful in completing step 5.
Information on conducting evaluations on programs and policies for reducing health risks from climate change hazards.

Box 13: Information Sources for Evaluations of Programs or Policies
Formal evaluations are most credible and useful when information is gathered using a mix of qualitative (e.g. focus groups, in-depth interviews,
open-ended survey questions) and quantitative methods (e.g. surveys, process tracking forms and records, large data sets). Informal feedback from
stakeholders and target audiences, as well as observations about the performance of the policy or program from lead agencies, may be used for the
evaluation; however, this type of data is often incomplete and may be biased. The most appropriate indicators and methodologies for data collection
can be identified when the evaluation design addresses the following: evaluation goals, data availability, types of tools and measures needed for data
collection, frequency of data collection and optimal time frame to collect the data, and organizations responsible for data collection and analysis. A
collaborative approach to the evaluation process, including identifying the core objectives, is essential. Using this approach, partners and stakeholders
contribute to the evaluation through their knowledge of individual and community-level vulnerabilities, target audiences for outreach activities,
and existing information gaps. It is important to identify core elements of the program or policy and its ultimate goal. A schematic can guide the
evaluation process by highlighting how the program or policy operates and by identifying leads with their roles and responsibilities.
Process and Outcome Evaluations
• Process evaluation determines if the policy or program has been carried out as planned and whether each component of the policy or program
has been operating effectively. It involves gathering data during implementation to assess program-specific issues of relevance and performance
as well as design and delivery. The evaluation should address pre-identified questions using a set of indicators. Data sources could include: financial
reporting information, interviews, meeting summaries, website usage statistics and other inquiries received and table-top exercises.
• Outcome evaluation focusses on the impact of the policy or program based upon the policy or program goals and objectives. An evaluation
should be focussed on issues of greatest concern to partners and stakeholders, while being as simple and cost-effective as possible. It is most
appropriate for well-developed programs or policies that have made progress towards achieving intermediate objectives and ultimate goals. This
type of evaluation should focus on policy or program effectiveness by measuring changes in morbidity and mortality and the impact of the public
health interventions on awareness, knowledge, understanding and behavioural change. Outcome evaluations may need more resources because
they require several years of observation, the establishment of baseline data, access to hospitalization and annual mortality data, and the expertise
of an epidemiologist to conduct the analysis. A detailed analysis of health outcomes based on only a few years of implementation of the program
or policy will likely convey a limited understanding of program impact and effectiveness.
Adapted from Health Canada, 2012, Heat Alert Response Systems to Protect Health: Best Practices Guidebook –
http://www.hc-sc.gc.ca/ewh-semt/alt_formats/pdf/pubs/climat/response-intervention/response-intervention-eng.pdf
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5C

IDENTIFY AND SHARE LESSONS LEARNED AND BEST PRACTICES

During the process of implementing and monitoring adaptation options, it would be helpful to other health authorities
for the project team to document lessons learned and to share this information with partners and stakeholders. As
experience grows with health adaptation, there will be a growing body of information to help other health authorities
as they conduct vulnerability and adaptation assessments.

Step 6: Examine the Potential Health Benefits and Co-Harms of Adaptation and
Mitigation Options Implemented in Other Sectors
6A

REVIEW ADAPTATION AND MITIGATION OPTIONS IMPLEMENTED/PROPOSED IN OTHER SECTORS

Because climate change adaptation and mitigation options implemented in other sectors can affect public health, an
important part of a vulnerability and adaptation assessment is to engage with these sectors to identify possible health
consequences from these options, and to identify and recommend actions for minimizing health risks and maximizing
any potential health gains. This review can be accomplished by an expert evaluation of the policies and programs
to determine the nature and magnitude of possible health impacts. These health effects are generally unintended,
and can range from none to highly significant. For example, green roofing has multiple environmental benefits, such
as cooling and storm water management, that are unlikely to have other than beneficial or neutral health impacts.
Changes to industrial processes to reduce carbon dioxide emissions have the potential for human exposures to
potentially hazardous materials, depending on the technology, the chemicals or other agents involved, and how
they are implemented.
There may be local or regional climate change programs that coordinate climate change activities; engaging with
these programs can facilitate identification of adjustments to adaptation and mitigation choices that would promote
health. Box 13 gives an example if initiatives led by the government of Quebec to reduce urban heat islands. The
Department of Health and partners in other sectors are involved in these efforts, illustrating the effectiveness of
collaborative initiatives to address vulnerabilities to a changing climate, thereby promoting resilience in health
and other sectors simultaneously.
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Box 14: Urban Heat Island Reduction Initiatives Led by the Government of Quebec
Quebec is at the forefront of efforts within Canada to reduce the urban heat island (UHI) effect. A number of projects have been undertaken as part
of the Quebec Government’s 2006–123 and 2013–204 Climate Change Action Plans. Under both Plans, the Institut National de Santé Publique du
Québec (INSPQ) has been mandated with developing initiatives to prevent and reduce the risk from climate change to human health. This has led to
heat-related initiatives such as developing heat alert and response plans and advancing preventative actions such as pilot greening projects that help
reduce the UHI effect. Innovative UHI-related projects include:
Quebec Online Heat-Health Portal5 – The INSPQ developed an online heat-health mapping portal for Quebec that displays land surface
temperatures for the southern portion of the province and sends automated alerts. The portal features an interactive map of the province and includes
heat-health data layers (i.e. cooling centres, vegetation maps, socio-economic deprivation, access to air conditioning, etc.) that can easily be turned
on or off to accommodate viewer preferences6. A vulnerability tool at the census dissemination area level is also available and can be parameterized
by the user.
“Cool Island” Grant Program7– The INSPQ developed a $14 million grant program to support pilot projects that reduce urban heat islands.
The grants were open to municipalities publicly funded services such as schools, daycares, and affordable housing and, non-profit groups such as
environment groups and housing cooperatives. There were 37 projects selected that obtained funds and contributed twice as much in total. The
program supported projects in communities that are characterised by a UHI and have vulnerable populations. Projects included the greening of
schoolyards, the creation of “green alleyways”, and the planting of trees and climbing plants at affordable housing sites, as well as improved local
management of rainwater and high albedo roofs.
Green Parking Lot Design Standards8,9 – The Government of Quebec’s Fonds Vert and Natural Resources Canada jointly supported the
development of parking lot design guidelines that provide recommendations to mitigate urban heat island and reduce storm water run-off volumes.
The Guidelines were produced by the Bureau de Normalisation de Quebec, a recognized standards granting agency. In 2014, the City of Montreal
formally endorsed the guidelines for the design and construction of parking lots throughout the city.

3
4
5
6
7
8
9

Quebec Government’s Climate Change Action Plan (2006–12): http://www.mddelcc.gouv.qc.ca/changements/plan_action/2006-2012_en.pdf
Quebec Government’s Climate Change Action Plan (2013–2020): http://www.mddelcc.gouv.qc.ca/changements/plan_action/pacc2020-en.pdf
Ilots de chaleur/fraicheur urbains et température de surface http://www.donnees.gouv.qc.ca/?node=/donnees-details&id=2f4294b5-8489-4630-96a1-84da590f02ee#meta_pointOfContact
Kestens, Y., Brand, A., Fournier, M., Goudrequ, S., Kosatsky, T., Maloley, M. and Smargiassi, A. (2011). Modelling the variation of land surface temperature as determinant of risk of
heat-related health events. International Journal of Health Geographics. 10 (7). doi:10.1186/1476-072X-10-7
INSPQ: Plan d’action 2006–2012 sur les changements climatique (PACC) – Volet sante http://www.inspq.qc.ca/plan-daction-2006-2012-sur-les-changements-climatiques
BNQ: Lutte aux ilots de chaleur urbain http://www.bnq.qc.ca/fr/normalisation/environnement/lutte-aux-ilots-de-chaleur-urbains.html
http://ville.montreal.qc.ca/documents/Adi_Public/CM/CM_PV_ORDI_2014-03-24_14h00_FR.pdf

TECHNICAL DOCUMENT

47

6B

IDENTIFY SYNERGIES FOR ADAPTATION AND MITIGATION OPTIONS

Greenhouse gas mitigation is a primary prevention health measure that is required and advocated by public health
officials to reduce climate change and health risks. There are many examples of actions that aim to mitigate GHG
emissions and increase resilience to future climate-related health risks, such as, planting trees, buying local food, and
installing green roofs.
Box 14 and 15 provides examples of mitigation and adaptation actions and initiatives underway in the City of Toronto
that will help reduce health risks from climate change as well as contribute to GHG mitigation.

Box 15: Examples of Adaptation and Mitigation Actions in the City of Toronto
The City of Toronto has a strong commitment to addressing climate change and is actively working to reduce greenhouse gas emissions and increase
the resilience of the city to a changing climate and extreme weather events. The success of Toronto’s efforts is reflected in the fact that it is estimated
that greenhouse gas emissions in 2012 were about 25% below 1990 levels. Toronto far exceeded its initial target of a 6% reduction by 2012. A few
examples of efforts occurring in Toronto are:
1. A Commitment to Double the Tree Canopy – Expanding the tree canopy in Toronto will provide shade, lessen the urban heat island effect,
and reduce runoff and other effects of climate change. Toronto’s Strategic Forest Management Plan for 2012–2022 can be found at:
http://www1.toronto.ca/City%20Of%20Toronto/Parks%20Forestry%20&%20Recreation/Urban%20Forestry/Files/pdf/B/backgroundfile-55258.pdf
2. Building Green Roofs – Toronto is working to reduce the negative effects on the UHI of large flat roofs through its Green Roof Bylaw which
requires the construction of a green roof on effectively all new development. The EcoRoof Financial Incentive program provides financial assistance
towards the installation of a green or cool roof on existing buildings.
http://www.toronto.ca/greenroofs/overview.htm
3. Creating Energy Efficiency Buildings – Innovative regulations, programs and financing options have and are being established
to encourage deep energy efficiency retrofits. For example, Toronto has utilized changes to the Local Improvement Charge regulations
to create the Home Energy Loan Program that provides low interest, long term loans for residents wanting to make substantive
energy efficiency upgrades to their home. Other programs include the Toronto Green Standard and the Better Buildings Partnership.
http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=fd95ba2ae8b1e310VgnVCM10000071d60f89RCRD
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Box 16: Examples of Adaptation and Mitigation Actions in the City of Toronto
The figure shows the intersection of adaptation and mitigation actions in the City of Toronto. It was adapted from Sandink and MacLeod 2009:
http://www.iclr.org/images/Muni_world_Sandink_McLeod.pdf
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CONCLUSION
Climate change is among the major challenges for health this century. Projected health impacts include greater
morbidity and mortality related to an increase in the frequency and severity of extreme weather events (e.g. extreme
heat, floods, hurricanes, ice storms and droughts), increases in illnesses and deaths due to poor air quality, food and
waterborne illnesses and the expansion of vectorborne and zoonotic diseases. Recent scientific assessments indicate
that Ontarians are at risk from the impacts of climate change and these risks will continue to increase in coming
decades. Ontario is taking aggressive actions to comprehensively address climate change including the development of
the Environmental Health Climate Change Framework for Action to reduce public health vulnerability to climate
change and support an adaptive and resilient public health system.
As part of a suite of tools to help public health officials address environmental and climate change risks to health, the
guidance in this document provides step-by-step direction to help decision-makers understand current impacts and
projected future risks of climate variability and change, and identify policies and programs to increase resilience to
these risks. Health officials are encouraged to use this information to plan an assessment, obtain and analyse relevant
data, and communicate the results to governmental partners, stakeholders and the public. Case studies of application
of assessment steps are included to provide practical guidance to the user, as is a checklist for use by assessment
teams. Information resources that can be drawn upon for completion of each step are also highlighted. In this regard,
a key source of information is the Ontario Climate Change and Health Modelling Study which projects climate
change and health risks across the 36 health units in Ontario. Understanding how future risks to health might change
is critical for enhancing resilience to future climate change impacts and not just to current climate stresses on health.
Efforts to prepare for the health impacts of climate change will bring significant benefits to Ontarians now and reduce
risks into the future. Collaborative efforts among researchers and public health officials supported by community
engagement in the assessment process can provide the evidence based information needed to adapt successfully
helping to make communities safer and more resilient to climate change.
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ANNEX 1: VULNERABILITY ASSESSMENT
ACTIVITIES CHECKLIST
Step 1: Frame and Scope the Assessment
›› Specify timeframe and resources
›› Identify health risks and outcomes from climate change of most interest
›› Specify future time period for associated risks and adaptation needs to be considered
›› Define and describe how the assessment will be managed
›› Develop a communication plan for informing stakeholders of results and progress
›› Include critical public health sector issues, linkages with the sectors and interdependencies
›› Create a project team with relevant expertise
›› Identify available information to inform the assessment
›› Identify additional resource persons with targeted expertise on specific topics
›› Conduct interviews with stakeholders to obtain information as needed on specific topics
›› Consult with communication experts to discuss how to present the results to the public
›› Develop a work plan

Step 2: Describe Current Risks Including Vulnerabilities and Capacities
›› Compile avalable qualitative & quantitative information
›› Estimate current relationships between weather patterns and climate-sensitive health outcomes
›› Describe trends for environmental hazards of interest
›› Characterize current vulnerability of exposed individuals and communities
›› Describe and assess effectiveness of policies & programs
›› Develop an explicit baseline for use in monitoring future vulnerability and for evaluation adaptation options

Step 3: Project Future Health Risks
›› Define time frame for projecting future risks (2020’s, 2050’s, 2080’s)
›› Refer to the MOHLTC’s Climate Change and Health Modelling Study as a key resource for identifying future climate
change and health risks

›› Consider how weather and development patterns could affect future climate-sensitive health risks
›› Refer to other available resources as needed
›› Identify uncertainties and the extent to which they could influence projected health risks
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Step 4: Identify and Implement Adaptation Options
›› Identify information on possible modification of current policies and programs
›› Recommend options to be implemented to modify current policies and programs, examples are:
–– Strengthening integrated disease surveillance programs
–– Strengthening environmental health services
–– Strengthening early warning and disaster risk management
–– Mainstreaming climate change into public health policy
–– Strengthening primary health care service
–– Improving infrastructure
–– Improving built environment (e.g. plant trees, improve urban landscape)
›› Prioritize options to identify time scale for implementation
›› Identify information on possible modifications of current policies and programs
›› Identify possible additional new efforts to manage additional health risks from climate variability and change
›› Consult with health authorities in other jurisdictions, sectors, scientists, practitioners and other stakeholders
within and outside the health sector

›› Identify all possible measures that could be implemented regardless of technical feasibility, cost, or other
limiting criteria

›› Identify possible policies and programs to implement over a particular time period, within existing technological,
human and financial resource constraints. Screening criteria could include:

–– Whether the option is technically feasible
–– The degree of effectiveness of the proposed measure in reducing morbidity and mortality
–– What consequences might be associated with the option
–– Where there is the financial capacity to implement and maintain option
–– Whether the proposed option is socially acceptable

›› Prioritize which options to implement over the short and medium term
›› Create two sets of priorities: critical policies and programs that should be implemented now; and those that are
important but can wait a few years before implementation

›› Assess possible constraints to implementing options and how to overcome them
›› Develop a climate change and health adaptation plan that:
–– Defines action that will be taken in shorter and longer time scales
–– Facilitates coordination and collaboration with other sectors to promote resilience
–– Specifies overarching strategies (e.g. climate change strategies in other sectors)
–– Specifies goals and the timeframe of accomplishments
–– Outlines expected results, milestones, sequencing of activities
–– Outlines roles and responsibilities for implementation
–– Outlines required human and financial resources required to implement plan
–– Provides analysis of costs and benefits of interventions and financing options
–– Promotes coordination and synergies between the implementation plan and city and provincial goals
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Step 5: Establish an Iterative Process for Managing and Monitoring Health Risks
›› Develop a plan for monitoring the burden of health outcomes and effectiveness of adaptations
›› Indicate when the V&A assessment should be repeated to identify new risks
›› Specify milestones for evaluation
›› Identify what will be monitored, how frequently and how data will be analyzed and communicated
›› Identify an agreed set of minimum indicators to track health outcomes and adaptation progress
›› Document lessons learned
›› Share lessons learned with partners and stakeholders and more broadly

Step 6: Examine the Potential Health Benefits and Co-Harms of Adaptation
and Mitigation Options Implemented in Other Sectors
›› Review Adaptation and Mitigation Options Implemented/Proposed in Other Sectors
›› Identify Synergies for Adaptation and Mitigation Options
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PREFACE
The Environmental Health Climate Change Framework for Action has been developed by the Population and Public
Health Division of the Ministry of Health and Long-Term Care to meet the public health challenges of a changing
climate in Ontario. This framework is designed to support an adaptive and resilient public health system that
anticipates, addresses and mitigates the emerging risks and impacts of climate change. This framework will improve
the overall effectiveness and efficiency of the public health system and its ability to:

›› Reduce incidence of adverse health outcomes from the impacts of climate change
›› Reduce public exposure to health hazards related to a changing climate
›› Identify interventions that reduce exposure to climate change impacts
›› Enhance capacity to address the risk factors associated with climate change
As part of the Environmental Health Climate Change Framework for Action, a toolkit has been developed to assist
public health units across Ontario. This toolkit includes the:

›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines: Technical Document;
›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines: Workbook; and
›› Ontario Climate Change and Health Modelling Study: Report.
These documents are designed to be used in concert to enable public health units to identify vulnerabilities within
their communities; identify and implement local mitigation and adaptation strategies; raise awareness about the health
hazards of climate change; and reduce public health vulnerability to climate change.

STEP 1: FRAME AND SCOPE THE ASSESSMENT
Step 1: Overview
Before an assessment is initiated, the assessment needs to be framed and scoped. The project leads should identify
the assessment timeframe and resources, health risks of climate change of most interest, future time periods to assess
risks, adaptation needs to be considered, how the assessment will be managed, and a communication plan for
informing stakeholders.

STEP 1A: DECIDE WHICH HEALTH OUTCOMES TO INCLUDE
The first decision to be made is which health outcomes are of greatest importance for including in the assessment.
Use the Priority Health Hazards template to compile preliminary information on health outcomes and climaterelated hazards to identify which should be a priority for the assessment. In the template, record information on
morbidity and mortality in your jurisdiction from extreme weather and climate events (e.g. heat events, floods),
changes in air quality arising from changing concentrations of ozone, particulate matter or aeroallergens, and water,
food, and vectorborne diseases that can be made worse by climate change (e.g. Lyme disease and West Nile Virus).
When compiling this information, pose the following questions to help prioritize health concerns:

›› What are the priority climate-sensitive health outcomes of concern in the study area?
›› Which climate-sensitive health outcomes are of greatest concern for stakeholders and the public?
›› Did recent extreme weather and climate events raise concerns about health risks such as heat events or floods?
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›› Were recent assessments conducted in the region in other sectors that highlighted issues affecting health?
›› Are neighbouring health units also conducting a health vulnerability and adaptation assessment?
STEP 1B: IDENTIFY PROJECT TEAM
Once the health outcomes to be considered are identified, a project team with relevant expertise can be created and a
work plan developed.
Use the Project Team template to list project team members and other relevant information such as their respective
areas of responsibility (e.g. health departments managing the health outcome of interest along with other sectors
whose activities can affect the health outcome), expertise and/or whom they represent (individuals or organizations)
and their roles in the assessment.
When identifying potential project team members, include the following stakeholders and considerations:

›› Officials from local authorities whose activities can affect the burden and pattern of climate-sensitive
health outcomes

›› Representative health care providers who would diagnose and treat any identified cases
›› Core members of the project team who stay for the entire project
›› Individuals that are working on issues relevant to the mandate of the assessment in other departments or
organizations (e.g. experts in disease transmission, experts on sources of ground-level ozone)

›› Communication experts to discuss how to present the results to the public in ways that empower appropriate
behavioral adaptation actions

›› Ensuring a high degree of stakeholder inclusivity while having a small enough team to direct the study
most effectively

›› Additional resource persons with targeted expertise on specific topics
STEP 1C: DEVELOP A VULNERABILITY AND ADAPTATION ASSESSMENT WORK PLAN
The work plan needs to consider the extent to which steps in a vulnerability and adaptation assessment are necessary
to achieve the desired results. Time and financial resources may call for a delay in the implementation or removal of a
particular step; this should be noted in the work plan. For example, the examination of potential health benefits and
co-harms of adaptation and mitigation options implemented in other sectors might be omitted or could be undertaken
when the next assessment is carried out. Reasons for not undertaking a certain step should be included in the final
report to inform the framing and scoping of subsequent assessments.
The work plan should specify the management plan, key responsibilities, activities, time line and resources needed for
the assessment. Use the Work Plan template to develop your assessment work plan.

STEP 1D: IDENTIFY QUALITATIVE AND QUANTITATIVE INFORMATION TO INFORM THE ASSESSMENT
Another activity to undertake during the scoping phase is to identify available and relevant information for the
assessment. Sources of relevant information could include:

›› PEER-REVIEWED LITERATURE – There are many publications on potential changes in health risks to

vulnerable populations from climate hazards. Some of these include projections of future hot days and warm
nights in Canada in the coming decades and maps on the current and projected ranges of the vector that causes
Lyme disease in eastern Canada.
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›› GREY LITERATURE – Grey literature may describe the current burden of climate-sensitive diseases and

management approaches for the health outcomes of concern. Also, national and provincial level assessment
reports in Canada include potential changes in air quality and in the frequency of extreme heat events due to
climate change.

›› CLIMATE AND WEATHER DATA – This data may be obtained from environment agencies and can include
changes in precipitation patterns and occurrences of drought.

›› PROVINCIAL AND COMMUNITY REPORTS – These reports can provide information on a range of key
vulnerability factors (e.g. relevant health reports and associated datasets).

Compile data sources into the Information Sources template.

STEP 1E: DEVELOP A COMMUNICATION PLAN
Developing a communication plan early in the process is important to ensure that the assessment is structured from
the beginning to communicate identified risks effectively to those who will manage the risks and those who could be
affected. The plan should specify the primary assessment output (e.g. report), to whom it will be communicated,
mechanisms for sharing the results (e.g. webinars, workshops), and if outreach materials will be developed to
communicate results. Refer to the Communication Plan template to document relevant information.

Assessment Templates
The following templates are available to help complete Step 1 of the Vulnerability and Adaptation Assessment.
1a
1b
1c
1d
1e

|
|
|
|
|

Priority Health Hazards
Project Team
Work Plan
Information Sources
Communication Plan

STEP 1A: PRIORITY HEALTH HAZARDS TEMPLATE
Use this template to compile preliminary information on climate change health outcomes and climate-related hazards
in order to identify which should be a priority for the assessment. The template lists examples of climate and health
outcome indicators to assist you in this step. You may have more or different hazards and indicators to include. Use
the template to document data and information related to each health outcome and knowledge gaps of interest to
help in prioritization. Provide information on morbidity and mortality in your jurisdiction from climate hazards. When
compiling this information, pose the following questions to help prioritize health concerns:

›› What are the priority climate-sensitive health outcomes of concern in the study area?
›› Which climate-sensitive health outcomes are of greatest concern for stakeholders and the public?
›› Did recent extreme weather and climate events raise concerns about health risks such as heat events or floods?
›› Were recent assessments conducted in the region in other sectors that highlight issues affecting health?
›› Are neighbouring health units also conducting a health vulnerability and adaptation assessment?

WORKBOOK
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Health Hazard Example

Health Hazard Example

Health Hazard Example

EXTREME TEMPERATURE
(heat, cold) EVENTS

OTHER EXTREME WEATHER EVENTS
(e.g., storms, floods, drought)

Indicator Examples

Indicator Examples

AIR QUALITY
(aeroallergens, air pollution – ground-level
ozone, particulate matter)

• Heat-related morbidity and mortality
• Cold-related morbidity and mortality

• Morbidity and mortality from extreme
weather events (e.g. injuries, infections,
mental health outcomes

Indicator Examples

Data and Information

Data and Information

Data and Information

Knowledge Gaps

Knowledge Gaps

Knowledge Gaps

Health Hazard Example

Health Hazard Example

Health Hazard Example

FOOD AND WATERBORNE DISEASES

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

STRATOSPHERIC
OZONE DEPLETION

• Illnesses or outbreaks due to food, or
waterborne diseases

Indicator Examples

Indicator Examples

• West Nile Virus incidence
• Lyme disease incidence
• Other vectorborne disease incidence

• Cases of sunburns, skin cancers, cataracts
and eye damage

Data and Information

Data and Information

Data and Information

Knowledge Gaps

Knowledge Gaps

Knowledge Gaps

Indicator Examples
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• Cardiovascular or respiratory health
outcomes from aeroallergens or poor
air quality (ground-level ozone,
particulate matter)
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STEP 1B: PROJECT TEAM TEMPLATE
Use this template to list project team members and other relevant information such as their area of responsibility
(e.g. health departments managing the health outcome of interest, other sectors whose activities can affect the health
outcome), expertise and/or whom they represent (individuals or organizations) and roles in the assessment.
When identifying potential project team members, include the following stakeholders, member types and considerations:

›› Officials from local authorities whose activities can affect the burden and pattern of climate-sensitive health outcomes
›› Representatives of health care providers who would diagnose and treat any identified cases
›› Core members of the project team who stay for the entire project
›› Ensure a high degree of stakeholder inclusivity while having a small enough team to direct the study
most effectively

›› Individuals that are working on issues relevant to the mandate of the assessment in other departments or
organizations (e.g. experts in disease transmission, experts on sources of ground-level ozone)

›› Communication experts to discuss how to present the results to the public in ways that empower appropriate
behavioral adaptation actions

›› Additional resource persons with targeted expertise on specific topics
PROJECT TEAM MEMBER

PROJECT TEAM MEMBER

CONTACT INFORMATION

CONTACT INFORMATION

AREA OF EXPERTISE
(e.g. health specialty, non-health speciality)

AREA OF EXPERTISE
(e.g. health specialty, non-health speciality)

ROLES AND RESPONSIBILITIES
(e.g. write report, conduct literature review, conduct statistical
analysis, organize meetings and stakeholder workshops etc.)

ROLES AND RESPONSIBILITIES
(e.g. write report, conduct literature review, conduct statistical
analysis, organize meetings and stakeholder workshops etc.)
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PROJECT TEAM MEMBER

PROJECT TEAM MEMBER

CONTACT INFORMATION

CONTACT INFORMATION

AREA OF EXPERTISE
(e.g. health specialty, non-health speciality)

AREA OF EXPERTISE
(e.g. health specialty, non-health speciality)

ROLES AND RESPONSIBILITIES
(e.g. write report, conduct literature review, conduct statistical
analysis, organize meetings and stakeholder workshops etc.)

ROLES AND RESPONSIBILITIES
(e.g. write report, conduct literature review, conduct statistical
analysis, organize meetings and stakeholder workshops etc.)
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STEP 1C: WORK PLAN TEMPLATE
The work plan should specify the management plan, key responsibilities, activities, time line and resources needed for
the assessment. Use this template to document key milestones or deliverables, deadlines, resources and key contacts
for undertaking the assessment. The work plan also needs to consider the extent to which all steps in a vulnerability
and adaptation assessment are necessary to achieve the desired results. Time and financial resources may call for a
delay in implementing or removal of a particular step; this should be noted in the work plan. Adapt the work plan
template to suite the specific information needs of the assessment.

Assessment Step

Assessment Step

Assessment Step

1. FRAME AND SCOPE
THE ASSESSMENT

2. DESCRIBE CURRENT RISKS
INCLUDING VULNERABILITIES
AND CAPACITIES

3. PROJECT FUTURE
HEALTH RISKS

Milestone or Deliverable

Milestone or Deliverable

Milestone or Deliverable

Deadline

Deadline

Deadline

Resources

Resources

Resources

Lead or Key Contact

Lead or Key Contact

Lead or Key Contact

WORKBOOK
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Assessment Step

Assessment Step

Assessment Step

4. IDENTIFY AND PRIORITIZE
POLICIES AND PROGRAMS
TO MANAGE THE ADDITIONAL
HEALTH RISKS ASSOCIATED
WITH A CHANGING CLIMATE

5. ESTABLISH AN ITERATIVE
PROCESS FOR MANAGING AND
MONITORING HEALTH RISKS

6. EXAMINE POTENTIAL HEALTH
BENEFITS AND CO-HARMS OF
ADAPTATION AND MITIGATION
OPTIONS IMPLEMENTED IN
OTHER SECTORS

Milestone or Deliverable

Milestone or Deliverable

Milestone or Deliverable

Deadline

Deadline

Deadline

Resources

Resources

Resources

Lead or Key Contact

Lead or Key Contact

Lead or Key Contact
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STEP 1D: INFORMATION SOURCES TEMPLATE
Another activity to undertake during the scoping phase is to identify available and relevant data and information for
the assessment. It is important to collect information on important indicators of risk for each climate hazard identified
as a priority. Examples of key indicators that may be considered are included in the template. You may identify other
indicators needed for the assessment in your community or region. Sources of relevant information include:

›› PEER-REVIEWED LITERATURE – There are many publications on potential changes in health risks to

vulnerable populations from climate hazards. Some of these include projections of future hot days and warm
nights in Canada in the coming decades and maps on the current and projected ranges of the vector that causes
Lyme disease in eastern Canada

›› GREY LITERATURE – Grey literature may describe the current burden of climate-sensitive diseases and

management approaches for the health outcomes of concern. Also, national and provincial level assessment
reports in Canada include potential changes in air quality and in the frequency of extreme heat events due to
climate change

›› CLIMATE AND WEATHER DATA – This data may be obtained from environment agencies and can include
changes in precipitation patters and occurrences of drought

›› PROVINCIAL AND COMMUNITY REPORTS – These reports can provide information on a range of key
vulnerability factors (e.g. health reports and associated datasets of relevance)

Health Hazard Examples

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURE
(heat, cold) EVENTS

OTHER EXTREME WEATHER
EVENTS (storms, floods,
droughts)

AIR QUALITY (aeroallergens,
air pollution – ground-level ozone,
particulate matter)

Indicators of Risk

Indicators of Risk

• Historical precipitation intensity, duration and
frequency patterns
• Projected changes in precipitation
• Historical frequency, severity, distribution,
and duration of wildfires, flooding, droughts
and tornadoes
• Projected frequency, severity, distribution,
and duration of wildfires, flooding, droughts
and tornadoes
• Incidence of injury/death from extreme events
and diseases

•
•
•
•
•

Indicators of Risk
• Maximum and minimum temperatures,
heat index
• Increase in heat alerts/warnings
• Projected hot days and warm nights
• Projected cold days
• Excess mortality due to extreme heat
• Excess morbidity due to extreme heat
• Daily all-cause mortality (trends associated
with heat)
• Percent households without any air conditioning
• Access to cooling centers
• Percent households with central air conditioning
• Number of heat wave early warning systems
• Number of municipal heat island
mitigation plans

•
•

•
•
•
•

Source

Source

Stagnation air mass events
Ground-level ozone estimates due to climate change
Pollen counts, ragweed presence
Number and duration of smog advisories
Ozone and particulate matter concentrations
and exceedance
Number of vehicle miles travelled/ Automobile use
Respiratory/allergic disease and mortality
related to increased air pollution and pollens
(ground-level ozone, fine particulate
matter (PM2.5))
Daily all-cause mortality (trends associated
with air pollution)
Daily non-accidental mortality (trends
associated with heat and air pollution)
Air quality monitoring capabilities
Government regulations aimed at improving
air quality

Source
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Health Hazard Examples

Health Hazard Examples

Health Hazard Examples

FOOD AND WATERBORNE DISEASES

STRATOSPHERIC OZONE DEPLETION

VULNERABLE POPULATIONS

Indicators of Risk

Indicators of Risk

Indicators of Risk

• Foodborne diseases or outbreaks
• Water related diseases and infections
(drinking and recreational water)
• Food safety surveillance and control programs

• Preventable deaths from skin cancer
• Estimated number of excess hospital
admissions due to climate hazard exposure

•
•
•
•

Source

Source

Health Hazard Examples

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)
Indicators of Risk
• West Nile disease incidence in humans
• Lyme borreliolis incidence in humans
• Number of positive test results in reservoirs/
sentinels/vectors
• Vectorborne disease surveillance and
control programs
• Projected expansion of disease vectors
• Number of vector management activities

Source
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•
•
•
•
•
•
•
•
•
•

≥ 65 years of age
≥ 65 years of age living alone
Infants and young children
People with chronic illness/physically impaired
(e.g. diabetes, cardiovascular or renal disease,
nervous system disorders)
Socially disadvantaged individuals and communities
Newcomers
Relevant occupational groups (e.g. outdoor
workers for heat-exposure sensitivity)
Physically active individuals
Smoking population
People suffering from food insecurities
Vulnerable populations (above) living in 100and 500- year flood zones
Population by country within 5km of coast with
“very high” vulnerability to sea level rise
Employment and unemployment rates
Below poverty line

Source
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STEP 1E: COMMUNICATION PLAN TEMPLATE
Developing a communication plan early in the process is important to ensure that the assessment is structured,
from the beginning, to communicate identified risks effectively to those who will manage the risks and to those
who could be affected. Use this template to specify the primary assessment output (e.g. report), to whom it will
be communicated, mechanisms for sharing the results (e.g. webinars, workshops), and if outreach materials will
be developed to communicate results.

Assessment Milestone or Event

Assessment Milestone or Event

Assessment Milestone or Event

1. ASSESSMENT LAUNCH

2. ASSESSMENT AWARENESS
AND ENGAGEMENT

3. DRAFT REPORT RELEASE
FOR REVIEW

Output/Outcome

Output/Outcome

Output/Outcome

Target Audience

Target Audience

Target Audience

Communication Mechanism

Communication Mechanism

Communication Mechanism

(e.g. decision-makers, public)

(e.g. webinar, outreach materials)

(e.g. decision-makers, public)

(e.g. webinar, outreach materials)

(e.g. decision-makers, public)

(e.g. webinar, outreach materials)
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Assessment Milestone or Event

Assessment Milestone or Event

4. FINAL REPORT RELEASE

5. POST ASSESSMENT ENGAGEMENT

Output/Outcome

Output/Outcome

Target Audience

Target Audience

Communication Mechanism

Communication Mechanism

(e.g. decision-makers, public)

(e.g. webinar, outreach materials)

(e.g. decision-makers, public)

(e.g. webinar, outreach materials)

Photo Credit: Shutterstock
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STEP 2: DESCRIBE CURRENT RISKS INCLUDING
VULNERABILITIES AND CAPACITIES
Step 2: Overview
This step is undertaken to describe current climate change and health risks. This involves documenting climate
hazards and vulnerabilities, which are a function of sensitivities and individual and community level capacities to
cope or adapt. This will provide the context for understanding where modifications to current programs could help
protect health as the climate continues to change.

STEP 2A: REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION
The datasets, departmental documents, peer-reviewed publications, and internet sources identified during step 1
should be reviewed for relevant information on the priority health hazards. Gaps in knowledge can be filled, to some
extent, by interviewing subject matter experts to describe current exposures and vulnerabilities. Keep track of the
information collected in order to quickly reference and analyze the data and to inform the assessment report.

STEP 2B: ESTIMATE CURRENT RELATIONSHIPS BETWEEN WEATHER PATTERNS AND CLIMATE-SENSITIVE
HEALTH OUTCOMES
Determine the associations (if any) between the exposures and the incidence, seasonality, and geographic range of the
climate-sensitive health outcomes under consideration.
Graphing the data may prove useful for identifying patterns, particularly with limited time series. It is important to
consider factors that could influence any observed trends such as changes in disease control programs and changes
in land use. There will be more confidence in analyses conducted using longer and larger health data sets.
When sufficient data are not available, estimates of the strength of associations can be gathered from the published
literature or from interviews with subject matter experts. This information can be used to describe exposure-response
relationships. Survey questionnaires may be useful for obtaining this type of information. Refer to the Estimating
Current Relationships template to help document relevant information.

STEP 2C: DESCRIBE HISTORICAL TRENDS IN THE ENVIRONMENTAL HAZARDS OF INTEREST
Collect data and maps on recent weather and climatic trends of interest. Data can be obtained from the Ontario
Ministry of the Environment and Climate Change, the Ontario Ministry of Natural Resources and Forestry, Natural
Resources Canada (the atlas of Canada http://atlas.nrcan.gc.ca/site/english/index.html), or Environment Canada
(national climate data and information archive http://climate.weather.gc.ca).
If relevant to important health outcomes, document how the geographic range, intensity, and duration of particular
weather events have changed over recent decades. Consulting a meteorologist or climatologist can be helpful to
ensure data are interpreted appropriately.
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STEP 2D: CHARACTERIZE THE CURRENT VULNERABILITY OF EXPOSED INDIVIDUALS AND COMMUNITIES,
INCLUDING SENSITIVITY AND ABILITY TO COPE
The extent to which a particular group is vulnerable to a specific health outcome reflects the balance between factors
that increase sensitivity and the ability to cope with exposures.

›› SENSITIVITY is an expression of the increased responsiveness of an individual or community to an exposure,
generally for biological reasons (e.g. age or the presence of pre-existing medical conditions).

›› The ABILITY TO COPE measures the ability of individuals and communities to plan for, respond to, and recover
from exposure to climate change-related hazards.

Use vulnerability indicators for each climate hazard and pose questions to obtain indicator data. When collecting data,
consider those individuals and communities that are most vulnerable. Refer to the Vulnerability Indicators template
for examples and to record relevant information.

STEP 2E: DESCRIBE AND ASSESS THE EFFECTIVENESS OF POLICIES AND PROGRAMS TO MANAGE CURRENT
VULNERABILITIES AND HEALTH BURDENS
Generate a list of all existing policies and programs that affect the climate-sensitive health outcomes considered in
the assessment. Using evaluations or expert judgement, determine how well policies and programs are protecting
individuals and communities against climate-related hazards. Consider the effectiveness of current programs/systems
in reducing morbidity and mortality, the quality of program management and delivery, (e.g. infectious disease
monitoring and surveillance) and whether existing measures are sufficient for reducing risks. Refer to the
Effectiveness of Policies and Programs template to help document relevant information.

STEP 2F: DEVELOP A BASELINE OF INFORMATION FOR USE IN MONITORING FUTURE VULNERABILITY AND
FOR EVALUATING ADAPTATION OPTIONS
Develop an explicit baseline of information from assessment results that can be used to determine the success
(or failure) of future adaptation policies and programs. The baseline should describe current morbidity and mortality
of the climate-sensitive health outcomes of concern, including recent trends and information on the key factors
associated with the respective outcomes. It should also examine the policies and programs in place to manage those
outcomes, including measures of their effectiveness. Drivers that affect the health outcome and risk level should be
documented and monitored over time (e.g. policies and programs).

Assessment Templates
The following templates are available to help complete Step 2 of the Vulnerability and Adaptation Assessment.
2b | Estimating Current Relationships
2d | Vulnerability Indicators
2e | Effectiveness of Policies and Programs
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STEP 2B: ESTIMATING CURRENT RELATIONSHIPS
BETWEEN WEATHER PATTERNS AND CLIMATESENSITIVE HEALTH OUTCOMES TEMPLATE
Determine the associations (if any) between the exposures and the incidence, seasonality, and geographic range of the
climate-sensitive health outcomes under consideration. The template below includes guiding questions and examples
of key relationships that could be examined. In the last column of the template, indicate if the information is available
and accessible. If it is not readily available or accessible, indicate how the data could be obtained (e.g. conduct a
literature search, conduct interviews with subject matter experts). Experts can provide estimates of the impacts of
extreme heat events on excess mortality or of heavy precipitation events on episodes of gastrointestinal diseases
which can be used to describe exposure-response relationships. If interviews with experts will be conducted, identify
key respondents who have carried out other assessments. Create survey questionnaires and keep track of the
information collected in order to quickly reference and analyze the data.

Examples of Health Hazards

EXTREME TEMPERATURES (heat and cold events)
Examples of Guiding Questions
•
•
•
•
•

Is the population widely exposed to extreme heat or cold? If so which populations are exposed?
What is the incidence of heat- or cold-related illnesses or deaths?
Is there a particular seasonality that characterizes the heat- or cold related health outcomes?
What is the geographic range within which heat- or cold related health hazards pose health risks to individuals?
What is the current impact of _______ on morbidity and/or mortality? How does this vary with changes in duration,
intensity and frequency of the hazard?

Indicators of Duration, Intensity, Frequency, Seasonality and Geographic Range for Hazard of Interest
• Number of extreme heat and/or cold days
• Number of extreme heat and/or cold events
• Number of heat alerts called

Indicators of Mortality or Morbidity
• Number of heat or cold related hospital visits
• Number of deaths attributable to heat or cold
• Number of heat or cold-related illnesses

Is this information available/accessible? If so record this information. If not, how can it be obtained?
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Examples of Health Hazards

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone, particulate matter and/or wildfire smoke)
Examples of guiding questions
•
•
•
•
•

Is the population exposed to air pollution, aeroallergens or wildfire smoke? If so which populations are exposed?
What is the incidence of respiratory conditions attributable to air pollution, aeroallergens or wildfire smoke?
Are there certain times of the year when air pollution, aeroallergens and wildfire smoke pose the greatest human health risks?
What is the geographic range within which air pollution, aeroallergens and wildfire smoke poses health risks to individuals?
What is the current impact of _______ on morbidity and/or mortality? How does this vary with changes in duration, intensity and frequency?

Indicators of Duration, Intensity, Frequency, Seasonality and Geographic Range for Hazard of Interest
•
•
•
•
•

Number of smog days
Number of high allergen days
Duration of allergy season
Number of poor air quality days due to wildfire smoke
Geographic range of poor air quality

Indicators of Mortality or Morbidity
•
•
•
•

Number of hospital visits attributable to smog
Number of hospital visits due to exposure to wildfire smoke
Number of hospital visits attributable to allergies
Number of deaths attributable to poor air quality

Is this information available/accessible? If so record this information. If not, how can it be obtained?
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STEP 2D: VULNERABILITY INDICATORS TEMPLATE
Use the template below to document information on the sensitivity and adaptive capacity of individuals and the
community to climate-related health hazards. Many sensitivity and adaptive capacity indicators are relevant for all
climate-related health hazards (i.e. provide an indication of vulnerability for all), while others are specific to one or
more. Examples of vulnerability indicators are provided in the template to help guide data collection. Data from these
indicators will also be useful for monitoring adaptation success. See Step 5b: Monitoring Indicators Template.

Health Hazards

Health Hazards

Health Hazards

EXTREME TEMPERATURE
(heat, cold) EVENTS

EXTREME TEMPERATURE
(heat, cold) EVENTS

EXTREME TEMPERATURE
(heat, cold) EVENTS

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Maximum and minimum temperatures,
heat index
• Increase in heat alerts/warnings
• Projected hot days and warm nights
• Projected cold days
• Projected air temperature seasonal changes
and extremes
• Proportion of the population living in an
urban heat island

• Socially and economically disadvantaged
populations
• Number of people with conditions that inhibit
temperature regulation
• Number of seniors
• Number of children
• Heat-related morbidity and mortality
• Cold-related morbidity and mortality

Examples of Vulnerability Indicators

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Vulnerability Category

• Health and social services
• Proportion of the population without
air conditioning
• Access to cooling centers
• No. of heat wave early warning systems
• No. of municipal heat island
mitigation plans
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Health Hazards

Health Hazards

Health Hazards

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Vulnerability Category
Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Historical precipitation intensity, duration and
frequency patterns
• Projected precipitation intensity, duration and
frequency patterns
• Historical frequency, severity, distribution, and
duration of wildfires, flooding, droughts and
other extremes
• Projected frequency, severity, distribution, and
duration of wildfires, flooding, droughts and
other extremes
• Proportion of the population living on or near
flood plains

• Socially and economically disadvantaged
populations
• Number of people with mobility limitations
• Number of seniors
• Number of pregnant women
• Number of children
• Number of people who drink alcohol, use illicit
substances or take medication
• Morbidity and mortality from extreme
weather events (e.g. injuries, infections,
mental health outcomes)

Examples of Vulnerability Indicators

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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• Health and social services
• Emergency management programs
• Mental health programs focused on reducing
mental health outcomes from floods, droughts
and other extremes
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Health Hazards

Health Hazards

Health Hazards

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Vulnerability Category
Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Proportion of the population that does not take
protective measures during sunniest parts of
the day
• Extension of warm season due to
climate change

• Number of children
• Number of persons working outdoors
• Number of persons with skin conditions that
increase sun damage risks

Examples of Vulnerability Indicators

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

• Health and social services
• Health promotion activities on sun safety/sun
damage prevention/cancer prevention
• Urban greening/shade policies
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Health Hazards

Health Hazards

Health Hazards

AIR QUALITY (aeroallergens,
air pollution from ozone,
particulate matter and/or
wildfire smoke)

AIR QUALITY (aeroallergens,
air pollution from ozone,
particulate matter and/or
wildfire smoke)

AIR QUALITY (aeroallergens,
air pollution from ozone,
particulate matter and/or
wildfire smoke)

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Vulnerability Category
Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Stagnation air mass events
• Projected ground-level ozone and particulate
matter estimates due to climate change
• Pollen counts, ragweed presence
• Number and duration of smog advisories
• Ground-level ozone and particulate matter
concentrations and exceedance

• Socially and economically disadvantaged
populations
• Number of seniors
• Number of children
• Number of people with chronic diseases and
who smoke tobacco
• Cardiovascular or respiratory health outcomes
from aeroallergens or poor air quality (groundlevel ozone, particulate matter)
• Number of persons working outdoors
• Daily all-cause mortality (trends associated
with air pollution)
• Daily non-accidental mortality (trends
associated with air pollution)

Examples of Vulnerability Indicators

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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• Health and social services
• Health promotion activities on air pollution
prevention and protection from air pollutants,
aeroallergens or wildfire smoke
• Air quality regulations
• Proportion of people who use public
transportation / active transportation
• Air quality monitoring capabilities
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Health Hazards

Health Hazards

Health Hazards

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Vulnerability Category
Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Number of people on small water systems
• Number of people using natural outdoor
recreational facilities (e.g., beaches)
• Number of people on flood plains
• Harmful algal blooms
• Number of outdoor events (e.g., farmers
markets) during warm weather

• Socially and economically disadvantaged
populations
• First Nations and Inuit populations relying on
traditional foods
• People with suppressed or developing
immune systems
• Foodborne diseases or outbreaks
• Water related diseases and infections (drinking
and recreational water)

Examples of Vulnerability Indicators

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

• Health and social services
• Food safety regulations for food processing
activities and food premises
• Drinking and recreational water quality
guidelines and regulations
• Water quality advisories and programs
• Number of meal programs and food banks
• Surveillance of water and foodborne diseases
• Health promotion activities on food safety and
drinking water safety
• Local community ability to grow food
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Health Hazards

Health Hazards

Health Hazards

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Vulnerability Category
Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

•
•
•
•
•
•

• Number of seniors
• Number of children
• People with suppressed or developing
immune systems
• Number of persons spending greater time
outdoors for recreation
• Number of persons working outdoors
• Number of persons travelling to other parts of
the world where other vectorborne diseases
may be endemic

Examples of Vulnerability Indicators

West Nile Virus incidence
Lyme disease incidence
Other vectorborne disease incidence
West Nile disease incidence in humans
Lyme borreliolis incidence in humans
No. of positive test results in reservoirs/
sentinels/vectors

• Health and social services
• Vectorborne diseases programs (e.g.
surveillance and monitoring, larviciding,
adulticiding, public awareness campaigns)

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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STEP 2E: EFFECTIVENESS OF POLICIES AND
PROGRAMS TEMPLATE
Use the Table 1 in this template to generate a list of all existing policies and programs that affect the climate-sensitive
health outcomes considered in the assessment. Keep track of data sources that can be used to undertake the evaluation.
Use Table 2 to record evaluation information for each policy and program under evaluation. Using existing evaluations
and/or expert judgement, evaluate the effectiveness of each policy and program in reducing the relevant climate-related
health risks. Two main categories of investigation should be considered when conducting an evaluation. Refer to Text
Box 1 in this template for a description of process and outcome evaluations and examples of data sources.

TABLE 1. TEMPLATE FOR GENERATING A LIST OF EXISTING POLICIES OR PROGRAMS THAT AFFECT CLIMATESENSITIVE HEALTH OUTCOMES
Examples of Health Hazards

Examples of Health Hazards

Examples of Health Hazards

Examples of Health Hazards

GENERAL

EXTREME
TEMPERATURE
(heat, cold) EVENTS
Policies or Programs

OTHER EXTREME WEATHER
EVENTS (e.g. storms, floods,
drought)
Policies or Programs

STRATOSPHERIC OZONE
DEPLETION

1.

1.

Policies or Programs
1.

Evaluation Data Sources
2.

Evaluation Data Sources
2.

Evaluation Data Sources
3.

4.

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources
4.

Evaluation Data Sources
5.

Evaluation Data Sources

Evaluation Data Sources
3.

4.

5.

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources
2.

3.

4.

5.

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources

1.

2.

3.

Policies or Programs

Evaluation Data Sources
5.

Evaluation Data Sources

Evaluation Data Sources
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Examples of Health Hazards

Examples of Health Hazards

Examples of Health Hazards

AIR QUALITY
(aeroallergens, air pollution from
ground-level ozone, particulate
matter and/or wildfire smoke)

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

VECTORBORNE DISEASES
(e.g. Lyme disease,
West Nile Virus)

Policies or Programs

Policies or Programs

Policies or Programs

1.

1.

1.

Evaluation Data Sources

Evaluation Data Sources
2.

2.

2.

Evaluation Data Sources

Evaluation Data Sources
3.

3.

3.

4.

4.

5.

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources
5.

Evaluation Data Sources

Evaluation Data Sources

Evaluation Data Sources
4.

Evaluation Data Sources

Evaluation Data Sources
5.

Evaluation Data Sources

Evaluation Data Sources

Photo Credit: Shutterstock
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TABLE 2. TEMPLATE FOR CONDUCTING A PROCESS AND/OR OUTCOME EVALUATION OF A CLIMATE CHANGE
AND HEALTH POLICY OR PROGRAM
Policy or Program Name:
Date Template Completed:
Completed By:
*1=Highly effective, 2=Somewhat effective, 3=Not effective, 4=Unknown
Evaluation Type

Evaluation Type

PROCESS

PROCESS

Guiding Questions

Guiding Questions

Operational Costs

Protocols/Processes

•
•
•
•

•
•
•
•

Has the policy or program been carried out as planned?
Has each component of the policy or program been operating effectively?
What are the operational costs (resources used)?
Were processes involved in implementing the policy/program efficient?

Indicator Examples

Was information provided to stakeholders accurate?
Were relevant stakeholders engaged?
Did stakeholders find the process useful and helpful?
Are intended responses being followed through by the public
or other stakeholders?

Operational Costs

Indicator Examples

• Resources used by each partner to implement program
• Resources required for collecting and monitoring surveillance data
• Staff time spent on the implementing the policy or program at various
stages
• Costs to communicate messages to stakeholders and the public
• Costs of maintaining the policy or program

Protocols/Processes

Evaluation Data

Evaluation Data

•
•
•
•
•

Frequency of partner notification and public alerts
Timeliness of alert information received
Timeliness and efficiency of message delivery to the public
Quality of surveillance data
Frequency of warnings and alerts issued in relation to actual
weather conditions occurring
• Capacity of participating agencies to monitor and deliver surveillance
and weather data

Operational Costs

Protocols/Processes

Evaluation Result

Evaluation Result

Operational Costs

Protocols/Processes

WORKBOOK
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Evaluation Type

Evaluation Type

PROCESS

PROCESS

Guiding Questions

Guiding Questions

Stakeholder Engagement

Communication

• Were relevant and key messages being provided to the public in a timely
manner?
• Is the target population aware of the policy/program and do they
comprehend the messages?

• Was communication effective?

Indicator Examples
Stakeholder Engagement
• Level of participation of agencies and other community groups in
education activities
• Number and types of response measures delivered by stakeholders
• Number and diversity of engaged stakeholders and meeting frequency
• Partners’ views on the degree of coordination of activities
• Stakeholders’ views on the adequacy of support offered
• Level of stakeholder satisfaction
• Number of at-risk people who took preventive actions
• Number of people, their demographic makeup, and degree of
compliance with intended responses
• Number of people and their demographic makeup who took advantage
of other response measures

Evaluation Data

Indicator Examples
Communication
• Number of planned communication elements delivered
• Vulnerable and general populations reached by each
communication element
• Number and types of inquiries received
• Number and types of resources distributed
• Promotion and publicity received through media activities
• Number of media and information sources engaged as part
of the outreach campaign
• Reach of key messages into media
• Accessibility of information to the public
• Number of at-risk people who perceive hazard to be a health risk
• Number of at-risk people who can identify preventive measures
• Capacity of targeted population to recall accurate messaging

Evaluation Data

Stakeholder Engagement

Communication

Evaluation Result

Evaluation Result

Stakeholder Engagement
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Evaluation Type

OUTCOME
Guiding Questions
Outcome
• Has progress been made towards achieving intermediate
objectives and ultimate policy or program goals?
• Has the policy or program been effective in reducing health
risks or negative health outcomes as intended?
• Has morbidity or mortality decreased due to the public
health intervention?
• Has the public health intervention lead to a desired change in awareness,
knowledge, understanding and behavioural change?

Indicator Examples
Outcome
• Number of daily deaths relative to historical baseline
• Number of daily emergency calls attributable to the hazard
• Number of daily emergency room visits and hospitalizations
attributable to the hazard
• Changes in health protective behaviours of at-risk population
• Changes in public awareness, knowledge and beliefs an changes
in service utilization

Evaluation Data
Outcome

Evaluation Result
Outcome

Photo Credit: Adobe Stock
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Text Box 1. Information on Conducting Evaluations of Policies and Programs for Reducing Health Risks
from Climate Change Hazards
Information Sources for Evaluations of Policies or Programs
Formal evaluations are most credible and useful when information is gathered using a mix of qualitative (e.g. focus groups, in-depth interviews,
open-ended survey questions) and quantitative methods (e.g. surveys, process tracking forms and records, large data sets). Informal feedback from
stakeholders and target audiences, as well as observations about the performance of the policy or program from lead agencies, may be used for the
evaluation; however, this type of data is often incomplete and may be biased. The most appropriate indicators and methodologies for data collection
can be identified when the evaluation design addresses the following: evaluation goals, data availability, types of tools and measures needed for
data collection, frequency of data collection and optimal time frame to collect the data, and organizations responsible for data collection and
analysis. A collaborative approach to the evaluation process, including identifying the core objectives, is essential. Using this approach, partners and
stakeholders contribute to the evaluation through their knowledge of individual and community-level vulnerabilities, target audiences for outreach
activities, and existing information gaps. It is important to identify core elements of the program or policy and its ultimate goal. A schematic can
guide the evaluation process by highlighting how the policy or program operates and by identifying leads with their roles and responsibilities.
Process and Outcome Evaluations
• Process evaluation determines if the policy or program has been carried out as planned and whether each component of the policy or
program has been operating effectively. It involves gathering data during implementation to assess program-specific issues of relevance and
performance as well as design and delivery. The evaluation should address pre-identified questions using a set of indicators. Data sources could
include: financial reporting information, interviews, meeting summaries, website usage statistics and other inquiries received and table-top
exercises.
• Outcome evaluation focusses on the impact of the policy or program based upon the policy or program goals and objectives. An evaluation
should be focussed on issues of greatest concern to partners and stakeholders, while being as simple and cost-effective as possible. It is most
appropriate for well-developed policies or programs that have made progress towards achieving intermediate objectives and ultimate goals.
This type of evaluation should focus on policy or program effectiveness by measuring changes in morbidity and mortality and the impact of the
public health interventions on awareness, knowledge, understanding and behavioural change. Outcome evaluations may need more resources
because they require several years of observation, the establishment of baseline data, access to hospitalization and annual mortality data, and the
expertise of an epidemiologist to conduct the analysis. A detailed analysis of health outcomes based on only a few years of implementation of the
program or policy will likely convey a limited understanding of program impact and effectiveness.
Adapted from Heat Alert and Response Systems to Protect Health: Best Practices Guidebook. Health Canada. Ottawa, Ontario:
Her Majesty the Queen in Right of Canada represented by the Minister of Health.]http://www.hc-sc.gc.ca/ewh-semt/alt_formats/pdf/pubs/climat/response-intervention/response-intervention-eng.pdf
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STEP 3: PROJECT FUTURE HEALTH RISKS
Step 3: Overview
This step requires a consideration of how the current magnitude and pattern of climate-sensitive health burdens could
change in a changing climate. For this step, build on information that was collected in Step 2b (refer to the Estimating
Current Relationships template).

STEP 3A: REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION
Explore datasets, department documents, peer-reviewed publications, and internet sources to identify relevant
information. Collect information to answer questions about future health burdens from climate change such as:
how could climate change affect air pollution or the frequency, intensity, and duration of future heat events?
When information from the aforementioned sources is unavailable, seek insight from experts.

STEP 3B: DESCRIBE HOW CURRENT RISKS COULD CHANGE UNDER DIFFERENT WEATHER AND
DEVELOPMENT PATTERNS
Determine the time frame for projecting future health risks. Confidence in climate projections over the next few
decades (up to 2040’s) is greatest.
MOHLTC’s Climate Change and Health Modeling Study provides information on projected climate-related health
impacts in 2020, 2050 and 2080. Refer to this study as one source of data on potential future health risks.
To project future health risks, a common approach is to multiply current exposure-response relationships by the
projected change in the relevant weather variable(s) over the time periods of interest. This approach assumes that
current vulnerability will remain the same over the coming decade; which is unlikely. Vulnerability is expected to
change as socio-economic and environmental factors change over time. Consider also how weather affects how
climate-sensitive health risks evolve. Aim to estimate how morbidity and mortality of health outcomes could be a
ltered by: (1) development patterns alone, (2) climate change alone, and (3) climate and development.
Use the following approaches to obtain relevant information:

›› Work with modeling experts to obtain quantitative projections of health risks.
›› Host an expert meeting with the goal of describing several possible development pathways over the next few
decades, taking into consideration planned changes in policies and programs.

›› Use local and regional climate projections from available sources. Scenarios can be created that combine development
pathways with climate change projections to facilitate projections that cover a wider range of possible futures.

›› Use a qualitative approach, through expert interviews and facilitated discussions, to estimate health risks in the
next few decades.

The projected risks will have several sources of uncertainty. Describe climate uncertainties in the assessment report
and the extent to which they could influence projected health risks. Refer to the Project Future Health Risks
template to document relevant information for this step.

Assessment Templates
The following template is available to help complete Step 3 of the Vulnerability and Adaptation Assessment.
3b | Project Future Health Risks
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STEP 3B: PROJECT FUTURE HEALTH RISKS TEMPLATE
Use the template below to document projections of future climate change risks to health. To project future health
risks, a common approach is to multiply current exposure-response relationships by the projected change in the
relevant weather variable(s) over the time periods of interest. Keep in mind that vulnerability and adaptive capacity
will also evolve over time. For each climate health hazard of interest, use the guiding questions to collect and
document information. Add to the list of questions to focus inquiries and to obtain relevant information for the
assessment. To obtain data, employ literature searches, expert interviews, facilitated discussions at a workshop,
consultations with modelling experts and other approaches. Document uncertainties and how they could affect
projected health risks in the template.

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURES (heat and cold events)

EXTREME TEMPERATURES (heat and cold events)

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties
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Health Hazard Examples

Health Hazard Examples

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties
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Health Hazard Examples

Health Hazard Examples

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties
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Health Hazard Examples

Health Hazard Examples

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone, particulate
matter and/or wildfire smoke)

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone, particulate
matter and/or wildfire smoke)

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties

WORKBOOK
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Health Hazard Examples

Health Hazard Examples

FOOD AND WATERBORNE CONTAMINATION

FOOD AND WATERBORNE CONTAMINATION

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties
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Health Hazard Examples

Health Hazard Examples

DISEASE VECTORS
(e.g. vectors for Lyme disease and West Nile Virus)

DISEASE VECTORS
(e.g. vectors for Lyme disease and West Nile Virus)

Guiding Questions

Guiding Questions

(1) How is climate change expected to affect the hazard?

(2) How are vulnerability and adaptive capacity expected to change?

Time period

Time period

Projected Changes

Projected Changes

Baseline Health Risks

Baseline Health Risks

Projected changes to health risks

Projected changes to health risks

Uncertainties

Uncertainties
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STEP 4: IDENTIFY AND PRIORITIZE
POLICIES AND PROGRAMS TO MANAGE THE
ADDITIONAL HEALTH RISKS ASSOCIATED
WITH A CHANGING CLIMATE
Step 4: Overview
The purpose of this step is to identify and recommend options to modify current policies and programs. It involves
prioritizing options to inform timelines for implementation. Examples include:

›› Strengthening primary health care services and environmental health services
›› Strengthening early warning systems, disaster risk management and integrated disease surveillance programs
›› Mainstreaming climate change into health policy
›› Improving infrastructure and built environment initiatives to include climate change and health considerations
STEP 4A: REVIEW QUALITATIVE AND QUANTITATIVE INFORMATION
Build on step 2e (and the Effectiveness of Policies and Programs template) by collecting information that can be
used to identify needed modifications to current policies and programs and new actions to manage climate related
health risks. Collect information by:

›› Holding discussions with health authorities in other jurisdictions, scientists, practitioners, and stakeholders within
and outside the health sector about the adaptations they have implemented and possible new actions

›› Conducting a literature review (e.g. peer-reviewed publications and other internet sources)

Use to the Sources for Identifying Adaptation Options template to document relevant information.

STEP 4B: INVENTORY OPTIONS TO IMPROVE THE EFFECTIVENESS OF CURRENT POLICIES AND PROGRAMS OR
TO IMPLEMENT NEW ONES TO MANAGE THE HEALTH RISKS OF CLIMATE VARIABILITY AND CHANGE
Use the information collected from Step 4a to develop an adaptation inventory listing all options no matter the
resource (cost, staff, time) requirements.
Include potential adaptations within and outside the health sector.
When developing the list, include key stakeholders that need to be engaged. For example, when considering strategies
to reduce risks from frequent heavy precipitation events, representatives from the Ministry of the Environment and
Climate Change and the local Conservation Authority could be involved. Use the Options Inventory template to
document relevant information.
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Photo Credit: Shutterstock

STEP 4C: PRIORITIZE OPTIONS AND DEVELOP RESOURCE NEEDS
Identify which policies and programs are possible to implement now and in the future based on existing resource
constraints (technological, human, and financial). Generate a priority list of options from which policymakers can choose.
Use one or more prioritization approaches to identify when options should be implemented. Ensure that criteria used
to identify the priorities are explicitly described. Examples of criteria for prioritising options include:

›› Is the option technically feasible?
›› Is the option effective in reducing health risks?
›› Does the option have positive or negative consequences? If so, consider how best to monitor consequences

and potential corrective actions. Superior options reduce negative health outcomes and improve the natural
and built environment.

›› Are adequate financial resources available for implementing and sustaining the option?
›› Is the option socially acceptable?

Key considerations when prioritizing options are the current morbidity and mortality from the health outcome of
concern, projections of future impacts and how well it is managed with current policies and programs. Use the
Prioritize Options and Develop Resource Needs template to document relevant information.

STEP 4D: ASSESS POSSIBLE CONSTRAINTS TO IMPLEMENTING OPTIONS AND HOW TO OVERCOME THEM
For each priority policy and program, list possible constraints or barriers to implementing the options by considering
the following:

›› Technological, human, and financial resources required for implementation
›› Expected time frame for implementation
›› Other possible implementation requirements
Differentiate constraints (i.e. which can be overcome) from limits (i.e. no adaptation option is possible or available
options are too difficult or expensive to implement). Working with other sectors can help overcome adaptation
barriers. Include other sectors in discussions of adaptation constraints to identify non-health sector opportunities
to advance adaptations and promote population health. List possible constraints, barriers and limits as well as
explore how they might be overcome using the Possible Constraints template.
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STEP 4E: DEVELOP A CLIMATE CHANGE AND HEALTH ADAPTATION PLAN
The information generated in previous steps can be synthesized to develop a climate change and health adaptation
plan that considers shorter and longer time scales, and that facilitates coordination and collaboration with other sectors
to promote resilience. The adaptation plan does not have to be extensive, but should provide sufficient information so
that those not involved in its development can understand it and use it to implement the recommended actions.
The plan should link with initiatives to address the risks of climate change in other sectors, and include specific goals
and the time frame over which key actions will be accomplished. Depending on the context, the plan may include:

›› Expected results
›› Milestones
›› Sequencing of activities
›› Clear responsibilities for implementation
›› Required human and financial resources
›› Costs and benefits of interventions
›› Financing options
The plan should promote coordination and synergies with city and provincial goals. Including someone with knowledge
of such goals on the project team would be an effective approach to making these linkages.

Assessment Templates
The following templates are available to help complete Step 4 of the Vulnerability and Adaptation Assessment.
4a
4b
4c
4d
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Sources for Identifying Adaptation Options
Options Inventory
Prioritize Options and Develop Resource Needs
Possible Constraints
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STEP 4A: SOURCES FOR IDENTIFYING ADAPTATION
OPTIONS TEMPLATE
Use the template below to identify sources to help prioritize adaptation policies and programs. Information from
the sources collected can help identify potential modifications to policies and programs to reduce current and
future health risks from climate change. A range of information sources can be used to identify and collect relevant
information (e.g. interviews, literature reviews, workshops).

Health Hazard Examples*

Health Hazard Examples*

Health Hazard Examples*

EXTREME TEMPERATURE
(heat, cold) EVENTS

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Guiding Questions

Guiding Questions

Guiding Questions

1. Who is aware of or has implemented (possible)
adaptations (e.g. scientists, MOHLTC, PHO, HC,
PHAC, staff within your public health unit or
other public health units)?
a. Have other health jurisdictions implemented
adaptations that your health unit can
learn from?
b. Could your health unit learn from work being
done in other provinces or internationally?

1. Who is aware of or has implemented (possible)
adaptations (e.g. scientists, MOHLTC, PHO, HC,
PHAC, staff within your public health unit or
other public health units)?
a. Have other health jurisdictions implemented
adaptations that your health unit can
learn from?
b. Could your health unit learn from work being
done in other provinces or internationally?

1. Who is aware of or has implemented (possible)
adaptations (e.g. scientists, MOHLTC, PHO, HC,
PHAC, staff within your public health unit or
other public health units)?
a. Have other health jurisdictions implemented
adaptations that your health unit can
learn from?
b. Could your health unit learn from work being
done in other provinces or internationally?

2. What peer-reviewed or grey literature can you
draw on to identify possible adaptations?

2. What peer-reviewed or grey literature can you
draw on to identify possible adaptations?

2. What peer-reviewed or grey literature can you
draw on to identify possible adaptations?

3. What are some ways this information can
be collected from partners and stakeholders
(e.g. workshop, webinar, teleconference and
facilitated discussions)?

3. What are some ways this information can
be collected from partners and stakeholders
(e.g. workshop, webinar, teleconference and
facilitated discussions)?

3. What are some ways this information can
be collected from partners and stakeholders
(e.g. workshop, webinar, teleconference and
facilitated discussions)?

Key Experts, Literature,
Data Collection Opportunities

Key Experts, Literature,
Data Collection Opportunities

Key Experts, Literature,
Data Collection Opportunities

Stakeholders to Engage

Stakeholders to Engage

Stakeholders to Engage

* Draw on results from the “Project Future Health Risks Template” in Step 3 to select climate change-related health hazards which are most relevant to
your community.
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Health Hazard Examples*

Health Hazard Examples*

AIR QUALITY
(aeroallergens, air pollution from groundlevel ozone, particulate matter and/or
wildfire smoke)

FOOD AND WATERBORNE DISEASES

Guiding Questions
1. Who is aware of or has implemented (possible)
adaptations (e.g. scientists, MOHLTC, PHO, HC,
PHAC, staff within your public health unit or
other public health units)?
a. Have other health jurisdictions implemented
adaptations that your health unit can
learn from?
b. Could your health unit learn from work being
done in other provinces or internationally?
2. What peer-reviewed or grey literature can you
draw on to identify possible adaptations?
3. What are some ways this information can
be collected from partners and stakeholders
(e.g. workshop, webinar, teleconference and
facilitated discussions)?

Guiding Questions
1. Who is aware of or has implemented (possible)
adaptations (e.g. scientists, MOHLTC, PHO, HC,
PHAC, staff within your public health unit or
other public health units)?
a. Have other health jurisdictions implemented
adaptations that your health unit can
learn from?
b. Could your health unit learn from work being
done in other provinces or internationally?
2. What peer-reviewed or grey literature can you
draw on to identify possible adaptations?
3. What are some ways this information can
be collected from partners and stakeholders
(e.g. workshop, webinar, teleconference and
facilitated discussions)?

Key Experts, Literature, Data
Collection Opportunities

Key Experts, Literature, Data
Collection Opportunities

Stakeholders to Engage

Stakeholders to Engage

* Draw on results from the “Project Future Health Risks Template” in Step 3 to select climate changerelated health hazards which are most relevant to your community.

Photo Credit: Shutterstock
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STEP 4B: OPTIONS INVENTORY TEMPLATE
Use the template below to develop a list of adaptation options. Refer to the information collected in Step 4a (and
documented in the Sources for Prioritizing Policies and Programs template) to develop the inventory of potential
adaptation options. Include in the template any key stakeholders that may need to be engaged when prioritizing
potential options.

Health Hazard Examples

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURE
(heat, cold) EVENTS

STRATOSPHERIC OZONE
DEPLETION

FOOD AND WATERBORNE
DISEASES

Potential Adaptation Options

Potential Adaptation Options

Potential Adaptation Options

Health Hazard Examples

Health Hazard Examples

Health Hazard Examples

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

AIR QUALITY
(aeroallergens, air pollution from
ground-level ozone, particulate
matter and/or wildfire smoke)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Potential Adaptation Options

Potential Adaptation Options

Potential Adaptation Options
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STEP 4C: PRIORITIZE OPTIONS AND DEVELOP
RESOURCE NEEDS TEMPLATE
Use the template below to prioritize the adaptation options.

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURE
(heat, cold) EVENTS

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Adaptation Option A

Adaptation Option A

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURE
(heat, cold) EVENTS

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Adaptation Option B

Adaptation Option B

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)
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Health Hazard Examples

Health Hazard Examples

STRATOSPHERIC OZONE DEPLETION

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone,
particulate matter and/or wildfire smoke)

Adaptation Option A

Adaptation Option A

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)

Health Hazard Examples

Health Hazard Examples

STRATOSPHERIC OZONE DEPLETION

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone,
particulate matter and/or wildfire smoke)

Adaptation Option B

Adaptation Option B

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)
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Health Hazard Examples

Health Hazard Examples

FOOD AND WATERBORNE DISEASES

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Adaptation Option A

Adaptation Option A

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)

Health Hazard Examples

Health Hazard Examples

FOOD AND WATERBORNE DISEASES

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Adaptation Option B

Adaptation Option B

Prioritisation Criteria Examples

Prioritisation Criteria Examples

1. Feasibility

1. Feasibility

2. Effectiveness in reducing health risks

2. Effectiveness in reducing health risks

3. Positive/Negative consequences

3. Positive/Negative consequences

4. Adequate financial resources

4. Adequate financial resources

5. Social acceptability

5. Social acceptability

Outcome of Prioritisation Process (e.g. Score/Ranking)

Outcome of Prioritisation Process (e.g. Score/Ranking)
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STEP 4D: POSSIBLE CONSTRAINTS TEMPLATE
Use the template below to list possible constraints or barriers that need to be overcome when implementing the
identified adaptation options. Differentiate constraints from limits (i.e. no adaptation option is possible or available
options are too difficult or expensive to implement). Include possible ways to overcome barriers in the last column.

Health Hazard Examples

Health Hazard Examples

EXTREME TEMPERATURE (heat, cold) EVENTS

EXTREME TEMPERATURE (heat, cold) EVENTS

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required for
implementation?

3. What are the technological, human and financial resources required for
implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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Health Hazard Examples

Health Hazard Examples

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required
for implementation?

3. What are the technological, human and financial resources required
for implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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Health Hazard Examples

Health Hazard Examples

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required
for implementation?

3. What are the technological, human and financial resources required
for implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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Health Hazard Examples

Health Hazard Examples

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone,
particulate matter and/or wildfire smoke)

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone,
particulate matter and/or wildfire smoke)

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required
for implementation?

3. What are the technological, human and financial resources required
for implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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Health Hazard Examples

Health Hazard Examples

FOOD AND WATERBORNE DISEASES

FOOD AND WATERBORNE DISEASES

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required
for implementation?

3. What are the technological, human and financial resources required
for implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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Health Hazard Examples

Health Hazard Examples

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Adaptation Options A

Adaptation Options B

Guiding Questions

Guiding Questions

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

1. What are the possible constraints or barriers needing to be overcome
when implementing options?

2. What are possible limits, which cannot be overcome?

2. What are possible limits, which cannot be overcome?

3. What are the technological, human and financial resources required
for implementation?

3. What are the technological, human and financial resources required
for implementation?

4. What is the expected time-frame for implementation?

4. What is the expected time-frame for implementation?

5. What are other possible implementation requirements?

5. What are other possible implementation requirements?

6. Can other sectors be involved in helping overcome adaptation barriers?

6. Can other sectors be involved in helping overcome adaptation barriers?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

7. Are there opportunities to engage other sectors to discuss adaptation
constraints and to identify non-health sector opportunities to advance?
adaptations and promote health?

Possible Constraints or Barriers

Possible Constraints or Barriers

Possible Ways to Overcome Barriers

Possible Ways to Overcome Barriers
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STEP 5: ESTABLISH AN ITERATIVE PROCESS FOR
MANAGING AND MONITORING HEALTH RISKS
Step 5: Overview
Develop an iterative process for managing and monitoring health risks from climate change. This involves:

›› Identifying a lead agency to coordinate monitor reporting
›› Recommending when the V&A assessment should be repeated to identify new risks
›› Being aware of changes in the geographic range of health outcomes
›› Consulting with partners and stakeholders
STEP 5A: DEVELOP A MONITORING PLAN
Develop a plan for monitoring the burden of health outcomes and the effectiveness of implemented adaptation
options. When completed, insert the monitoring plan in the adaptation plan (Step 4e). This step aligns with the
baseline developed in Step 2f for comparing how morbidity and mortality of climate-sensitive health outcomes
change over time. Morbidity and mortality should decrease with effective adaptation; however, the health burden
could increase if climate-related and other factors create new or exacerbate existing risks. The monitoring plan
should include:

›› What will be monitored
›› Frequency of monitoring
›› Methods of data analysis and collection
›› Milestones for evaluation
›› Recommended adaptation modifications
›› Communication protocol to ensure appropriate and timely adjustments to the adaptation options
Refer to the Monitoring Plan template to collect relevant information.
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STEP 5B: DEVELOP INDICATORS FOR MONITORING
An agreed set of minimum indicators and a means of verifying the efficacy and appropriateness of the indicators are
needed for measuring the degree of success of health adaptation activities. Work with stakeholders to select appropriate
indicators. Select indicators that enable the quantification of health burdens over time and space and that include
qualitative metrics of the adaptation processes. Categorize indicators into themes if helpful, for example, by health
hazard or by key characteristics of vulnerability. Steps 1a (Priority Health Hazards template), 1d (Information
Sources template) and 2d (Vulnerability Indicators template) provide examples of indicators that can be used for
monitoring adaptation effectiveness. Refer to the Indicators for Monitoring template which compiles these
indicators. When indicators for monitoring are decided upon, include them in the monitoring plan.

STEP 5C: IDENTIFY AND SHARE LESSONS LEARNED AND BEST PRACTICES
Document lessons learned from implementing adaptations and monitoring adaptation success. Share information with
partners and stakeholders to support health authorities as they conduct vulnerability and adaptation assessments and
to build adaptive capacity in the province.

Assessment Templates
The following templates are available to help complete Step 5 of the Vulnerability and Adaptation Assessment.
5a | Monitoring Plan
5b | Monitoring Indicators
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STEP 5A: MONITORING PLAN TEMPLATE
Use the template below to develop the monitoring plan. Insert the completed monitoring plan into the adaptation plan
(Step 4e).

Health Hazard

Health Hazard

EXTREME TEMPERATURE (heat, cold) EVENTS

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

Examples Indicator to be Monitored*

Examples Indicator to be Monitored*

Frequency of Monitoring

Frequency of Monitoring

Methods of Data Analysis and Collection

Methods of Data Analysis and Collection

Recommended Adaptation Modifications

Recommended Adaptation Modifications

Communications Activitises

Communications Activities

* Use the Monitoring Indicators template (step 5b) for ideas on what could be monitored.
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Health Hazard

Health Hazard

STRATOSPHERIC OZONE DEPLETION

AIR QUALITY
(aeroallergens, air pollution from ground-level ozone,
particulate matter and/or wildfire smoke)

Examples Indicator to be Monitored*

Examples Indicator to be Monitored*

Frequency of Monitoring

Frequency of Monitoring

Methods of Data Analysis and Collection

Methods of Data Analysis and Collection

Recommended Adaptation Modifications

Recommended Adaptation Modifications

Communications Activities

Communications Activities

* Use the Monitoring Indicators template (step 5b) for ideas on what could be monitored.
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Health Hazard

Health Hazard

FOOD AND WATERBORNE DISEASES

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Examples Indicator to be Monitored*

Examples Indicator to be Monitored*

Frequency of Monitoring

Frequency of Monitoring

Methods of Data Analysis and Collection

Methods of Data Analysis and Collection

Recommended Adaptation Modifications

Recommended Adaptation Modifications

Communications Activities

Communications Activities

* Use the Monitoring Indicators template (step 5b) for ideas on what could be monitored.

STEP 5B: MONITORING INDICATORS TEMPLATE
This template provides indicators that can be used to monitor adaptation success. Select from this list, or identify new
indicators and include them in the monitoring plan.

Health Hazards

Health Hazards

Health Hazards

EXTREME TEMPERATURE
(heat, cold) EVENTS

EXTREME TEMPERATURE
(heat, cold) EVENTS

EXTREME TEMPERATURE
(heat, cold) EVENTS

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Maximum and minimum temperatures,
heat index
• Increase in heat alerts/warnings
• Projected hot days and warm nights
• Projected cold days
• Projected air temperature seasonal changes
and extremes
• Proportion of the population living in an urban
heat island

• Socially and economically disadvantaged
populations
• Number of people with conditions that inhibit
temperature regulation
• Number of seniors
• Number of children
• Heat-related morbidity and mortality
• Cold-related morbidity and mortality

• Health and social services
• Proportion of the population without
air conditioning
• Access to cooling centers
• No. of heat wave early warning systems
• No. of municipal heat island mitigation plans

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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Health Hazards

Health Hazards

Health Hazards

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought)

OTHER EXTREME WEATHER EVENTS
(e.g. storms, floods, drought))

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Historical precipitation intensity, duration and
frequency patterns
• Projected precipitation intensity, duration and
frequency patterns
• Historical frequency, severity, distribution, and
duration of wildfires, flooding, droughts and
other extremes
• Projected frequency, severity, distribution, and
duration of wildfires, flooding, droughts and
other extremes
• Proportion of the population living on or near
flood plains

• Socially and economically
disadvantaged populations
• Number of people with mobility limitations
• Number of seniors
• Number of pregnant women
• Number of children
• Number of people who drink alcohol, use illicit
substances or take medication
• Morbidity and mortality from extreme
weather events (e.g. injuries, infections,
mental health outcomes)

• Health and social services
• Emergency management programs
• Mental health programs focused on reducing
mental health outcomes from floods, droughts
and other extremes

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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Health Hazards

Health Hazards

Health Hazards

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

STRATOSPHERIC OZONE DEPLETION

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Proportion of the population that does not take
protective measures during sunniest parts of
the day
• Extension of warm season due to
climate change

• Number of children
• Number of persons working outdoors
• Number of persons with skin conditions that
increase sun damage risks

• Health and social services
• Health promotion activities on sun safety/sun
damage prevention/cancer prevention
• Urban greening/shade policies

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

58

Ontario Climate Change and Health Vulnerability Assessment and Adaptation Guidelines

Health Hazards

Health Hazards

Health Hazards

AIR QUALITY
(aeroallergens, air pollution from
ozone, particulate matter and/or
wildfire smoke)

AIR QUALITY
(aeroallergens, air pollution from
ozone, particulate matter and/or
wildfire smoke)

AIR QUALITY
(aeroallergens, air pollution from
ozone, particulate matter and/or
wildfire smoke)

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Stagnation air mass events
• Projected ground-level ozone and particulate
matter estimates due to climate change
• Pollen counts, ragweed presence
• Number and duration of smog advisories
• Ground-level ozone and particulate matter
concentrations and exceedance

• Socially and economically disadvantaged
populations
• Number of seniors
• Number of children
• Number of people with chronic diseases and
who smoke tobacco
• Cardiovascular or respiratory health outcomes
from aeroallergens or poor air quality (groundlevel ozone, particulate matter)
• Number of persons working outdoors
• Daily all-cause mortality (trends associated
with air pollution)
• Daily non-accidental mortality (trends
associated with air pollution)

• Health and social services
• Health promotion activities on air pollution
prevention and protection from air pollutants,
aeroallergens or wildfire smoke
• Air quality regulations
• Proportion of people who use public
transportation/active transportation
• Air quality monitoring capabilities

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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Health Hazards

Health Hazards

Health Hazards

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

FOOD AND WATERBORNE
ILLNESSES AND FOOD
SECURITY ISSUES

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

• Number of people on small water systems
• Number of people using natural outdoor
recreational facilities (e.g., beaches)
• Number of people on flood plains
• Harmful algal blooms
• Number of outdoor events (e.g., farmers
markets) during warm weather)

• Socially and economically
disadvantaged populations
• First Nations and Inuit populations relying on
traditional foods
• People with suppressed or developing
immune systems
• Foodborne diseases or outbreaks
• Water related diseases and infections (drinking
and recreational water)

• Health and social services
• Food safety regulations for food processing
activities and food premises
• Drinking and recreational water quality
guidelines and regulations
• Water quality advisories and programs
• Number of meal programs and food banks
• Surveillance of water and foodborne diseases
• Health promotion activities on food safety and
drinking water safety
• Local community ability to grow food

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators
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Health Hazards

Health Hazards

Health Hazards

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

VECTORBORNE DISEASES
(Lyme disease, West Nile Virus)

Vulnerability Category

Vulnerability Category

Vulnerability Category

Exposure

Sensitivity

Adaptive Capacity

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

Examples of Vulnerability Indicators

•
•
•
•
•
•

• Number of seniors
• Number of children
• People with suppressed or developing
immune systems
• Number of persons spending greater time
outdoors for recreation
• Number of persons working outdoors
• Number of persons travelling to other parts of
the world where other vectorborne diseases
may be endemic

• Health and social services
• Vectorborne diseases programs (e.g.
surveillance and monitoring, larviciding,
adulticiding, public awareness campaigns)

Data Source

Data Source

Data Source

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

Method(s) of Verifying Efficacy and
Appropriateness of Indicators

West Nile Virus incidence
Lyme disease incidence
Other vectorborne disease incidence
West Nile disease incidence in humans
Lyme borreliolis incidence in humans
No. of positive test results in reservoirs/
sentinels/vectors
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STEP 6: EXAMINE THE POTENTIAL HEALTH
BENEFITS AND CO-HARMS OF ADAPTATION
AND MITIGATION OPTIONS IMPLEMENTED IN
OTHER SECTORS
STEP 6A: REVIEW ADAPTATION AND MITIGATION OPTIONS PROPOSED OR IMPLEMENTED IN OTHER SECTORS
Climate change adaptation and mitigation options implemented in other sectors can affect public health. Collaborative
efforts to address vulnerabilities to a changing climate can promote resilience in health and other sectors simultaneously.
Identify proposed and/or implemented adaptation and mitigation strategies in other sectors that may affect health as
well as possible adjustments that could promote health by:

›› Engaging with other sectors
›› Engaging with local or regional climate change programs
›› Arranging for an expert evaluation of the human health implications of policies and programs proposed or
implemented in other sectors

Health effects from adaptation and mitigation efforts in other sectors are generally unintended and can range from
non-existent to highly significant. For example, green roofing has multiple environmental benefits, such as cooling
and storm water management, that are likely to have only beneficial or neutral health effects. Changes to industrial
processes to reduce carbon dioxide emissions have the potential for human exposures to potentially hazardous
materials depending on the technology, the chemicals or other agents involved, and how they are implemented.
Refer to the Health Implications of Adaptation and Mitigation Options template to document relevant information.

STEP 6B: IDENTIFY SYNERGIES FOR ADAPTATION AND MITIGATION OPTIONS
Greenhouse gas mitigation is a primary prevention health measure that is required and advocated by public health
officials to reduce climate change and health risks. There are many examples of actions that aim to mitigate GHG
emissions and increase resilience to future climate-related health risks, such as, planting trees, buying local food,
and installing green roofs. Refer to the Synergies for Adaptation and Mitigation Options template to document
relevant information.

Assessment Templates
The following templates are available to help complete Step 6 of the Vulnerability and Adaptation Assessment.
6a | Health Implications of Adaptation and Mitigation Options
6b | Synergies for Adaptation and Mitigation Options
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STEP 6A: HEALTH IMPLICATIONS OF ADAPTATION
AND MITIGATION OPTIONS
Use the template below to document proposed and/or implemented adaptation and mitigation strategies in other
sectors that may affect health and recommendations to minimize risks and maximize potential health gains. For
example, planting trees, buying local food and installing green roofs might both mitigate greenhouse gas emissions
and increase resilience to future climate-related health risks.

Examples of Sectors

Examples of Sectors

Examples of Sectors

PLANNING
(e.g. Urban)

EMERGENCY MANAGEMENT

WATER AND WASTE WATER/
PUBLIC WORKS

Adaptation and Mitigation
Strategies That Can Affect Health

Adaptation and Mitigation
Strategies That Can Affect Health

Adaptation and Mitigation
Strategies That Can Affect Health

Health Implications
(Synergies/Impacts), If Any

Health Implications
(Synergies/Impacts), If Any

Health Implications
(Synergies/Impacts), If Any

Recommendations to Reduce Risks/
Maximize Health Benefits

Recommendations to Reduce Risks/
Maximize Health Benefits

Recommendations to Reduce Risks/
Maximize Health Benefits
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Examples of Sectors

Examples of Sectors

Examples of Sectors

CONSERVATION AND
ENVIRONMENTAL MANAGEMENT

TRANSPORTATION

NATURAL RESOURCES

Adaptation and Mitigation
Strategies That Can Affect Health

Adaptation and Mitigation
Strategies That Can Affect Health

Adaptation and Mitigation
Strategies That Can Affect Health

Health Implications
(Synergies/Impacts), If Any

Health Implications
(Synergies/Impacts), If Any
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STEP 6B: SYNERGIES FOR ADAPTATION AND
MITIGATION OPTIONS TEMPLATE
Use the template below to document actions that aim to mitigate greenhouse gas emissions and also increase
resilience to future climate-related health risks. Examples include: planting trees, buying local food, and installing
green roofs. When identifying synergies, ask the question: what is the likelihood/certainty that the program,
policy or initiative decreases greenhouse gas emissions as well as reduces current and future health risks from
a changing climate? Recommend options that are of high probability and/or certainty.

Examples of Sectors

Examples of Sectors

Examples of Sectors

PLANNING (e.g. Urban)

WATER AND WASTE WATER/
PUBLIC WORKS
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to Maximize Adaptation and
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EMERGENCY MANAGEMENT

CONSERVATION AND
ENVIRONMENTAL MANAGEMENT

NATURAL RESOURCES

Recommendations for Options
to Maximize Adaptation and
Mitigation Synergies

Recommendations for Options
to Maximize Adaptation and
Mitigation Synergies

Recommendations for Options
to Maximize Adaptation and
Mitigation Synergies
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Examples of Sectors
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to Maximize Adaptation and
Mitigation Synergies
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INFRASTRUCTURE
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Recommendations for Options
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INTRODUCTION
The Environmental Health Climate Change Framework for Action has been developed by the Population and
Public Health Division of the Ministry of Health and Long-Term Care to meet the public health challenges of a
changing climate in Ontario. This framework is designed to support an adaptive and resilient public health system
that anticipates, addresses and mitigates the emerging risks and impacts of climate change. This framework will
improve the overall effectiveness and efficiency of the public health system and its ability to:

›› Reduce incidence of adverse health outcomes from the impacts of climate change
›› Reduce public exposure to health hazards related to a changing climate
›› Identify interventions that reduce exposure to climate change impacts
›› Enhance capacity to address the risk factors associated with climate change
As part of the Environmental Health Climate Change Framework for Action, a toolkit has been developed to assist
public health units across Ontario. This toolkit includes the:

›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines:
Technical Document;

›› Ontario Climate Change and Health Vulnerability and Adaptation Assessment Guidelines: Workbook; and
›› Ontario Climate Change and Health Modelling Study: Report.
These documents are designed to be used in concert to enable public health units to identify vulnerabilities within
their communities; identify and implement local mitigation and adaptation strategies; raise awareness about the
health hazards of climate change; and reduce public health vulnerability to climate change.
The Ontario Climate Change and Health Modelling Study: Report was developed in partnership with the
Ministry of the Environment & Climate Change and the University of Toronto Climate Lab to:

›› Assess the potential impacts of climate change on human health and forecast key health risks across Ontario;
›› Generate projection scenarios for the 2050s and 2080s for each of the 36 public health unit areas; and
›› Provide graphical representation to illustrate the spatial distribution of potential health risks.
This Report summarizes the results of the modelling study and is intended to provide a foundation for public health
units to undertake and complete a Climate Change and Health Vulnerability and Adaptation Assessment in each of
their communities.
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Background
Rainstorms and floods have always been a fact of life in Ontario. So have droughts and heat waves, winter
storms, tornadoes and windstorms. These events used to happen infrequently. Now, these events have become
more common – a clear sign of a shift in our weather patterns. This shift is called ‘climate change.’ It threatens
our health and safety, our environment and our economy.
The Intergovernmental Panel on Climate Change’s Fifth Assessment report has confirmed the high likelihood that
anthropogenic release of greenhouses gases has led to a warmer climate and the legacy greenhouse gases and new
emissions commit the world to a warming climate for decades to come.
Between 1948 and 2008, the average annual temperature in Ontario has increased by approximately 1.5 degrees
Celsius. In Ontario, we can expect average temperatures to rise by as much as 3 to 8 degrees Celsius over the
next century. Warmer temperatures will result in milder winters, longer growing seasons and a higher frequency
of severe weather events such as record-breaking storms, floods, droughts and heat waves. The expected changes
in our climate will have a significant impact on all sectors of our province.

Health Implications of Climate Change

Photo Credit: Shutterstock

Across Ontario we have seen an increase in prolonged heat
waves, torrential rain storms, windstorms, even drought.
Extreme weather events are becoming more frequent and more
intense. However, climate change is not merely an environmental
phenomenon. Humans are directly exposed to climate change
and its related health hazards through changes in weather
patterns. Humans are also at risk of adverse health outcomes
from the impacts of climate change including:

›› Increased incidence of heat-related illness and respiratory

and cardiovascular disorders due to rising temperatures and
reduced air quality;

›› Risk of diseases (e.g., Lyme disease, West Nile virus)

transmitted by mosquitoes, ticks and other vectors will increase due to rising summer temperatures, shorter
winters, ecological changes, increased human exposure, and faster maturation cycles for pathogens;

›› Aggravation of allergy symptoms and respiratory conditions due to increased pollen and spore production as
summer temperatures increase and the winters become shorter; and

›› Increased risk of food and waterborne illnesses and the possibility of injury, illness or loss of life due to damage
and weakening of infrastructure from extreme weather events such as flooding, ice and windstorms.

The impacts of climate change on human health occur through multiple interdependent mechanisms. Some health
outcomes may be considered direct results of climate change, however, most will occur through indirect exposures.
Health outcomes caused by direct exposures include injuries, illnesses and deaths sustained as a direct result of
the weather, for example broken bones from falls on ice; illness due to extreme heat; and drowning during a flood.
These outcomes may be expected to occur more frequently with an increase in climate variability including extreme
weather events.
Indirect human exposures can occur through complex processes. Alterations to environmental conditions such
as ecology, air, water and food quality can increase human exposure to pathogens and contaminants thereby
increasing risk of illness. For example, warmer temperatures are favourable to the growth of micro-organisms and
are associated with outbreaks of foodborne diseases. Similarly, the reproduction and survival of disease-carrying
insects, ticks and rodents can be influenced by temperature.
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Weather, climate variability, and other environmental factors are key determinants of health. Climate change
can affect the economic and social factors that play an important role in human health. For example, impacts on
transportation, including damage from extreme weather events and loss of access, have significant implications
for access to food, goods, services and employment. Disruptions to economic activity have consequences for
individuals and communities, and can result in changes in nutrition, housing conditions, sanitation, and social
networks. In addition, health inequities will increase among Ontario residents who are older, chronically ill and
socially disadvantaged and are more vulnerable to the health effects of climate change such as extreme heat.

Methods
Climate change manifests regionally and locally in a heterogeneous fashion. This modelling study examined the
impacts of projected climate change on public health across the 36 public health units in Ontario.
Climate change has been clearly identified as a pressing environmental issue with widespread social implications.
One such implication is human health. These potential health implications are summarized by the Intergovernmental
Panel on Climate Change in the Working Group II report (IPCC, 2014). The IPCC summary referenced literature that
has provided a foundation to assess the potential health impacts for the 36 public health units in Ontario. From this
summary the following health exposure units were identified as potentially relevant for Ontario including: heat, ultraviolet (UV) exposure, air pollution, vector borne disease, and extreme precipitation events and associated impacts.
A climate change impact assessment framework was used to examine each of the identified exposure units. In this
framework, two major steps were followed. Initially, a careful review of relevant scientific literature was undertaken
to provide a clear link between the exposure units and relevant climate variables. Included in this first step, was an
assessment of the baseline behaviour of the identified climate variables using historical climate data. The second
step was to project the relevant climate variables for the rest of the century and relate these projections to the
exposure units. Although a number of techniques are available to project climate, projections were generated from
Global Climate Models (GCMs). An ensemble approach was used to produce projections, rather than an individual
model – this provided an ensemble average of available models (30+). These projections are based on a range of
scenarios that include a number of demographic, economic and technological assumptions producing a range of
emission scenarios that directly determine projected greenhouse gas concentrations.
The analysis of these climate projections has been tailored to the 36 public health units in Ontario by providing
projections based on the geographical location of each individual public health unit. The baseline climate
assessment uses climate stations within the public health unit or stations closest to the area if no climate
stations were located within the public health unit area itself.
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RESULTS
Heat
Heat wave frequencies for the baseline (1971–2000) and the two future periods (2050s, 2080s) are presented in
Figures 1, 2 and 3. Table 1 presents the same information on a per public health unit basis. A heat wave is defined in
this study using criteria established by the Ontario Ministry of Labour, of at least three consecutive days exceeding
32oC. Throughout Ontario during the baseline period, heat waves occur less than once per year (the peak is 0.66 per
year in the Windsor-Essex County Public Health Unit, Table 1). During the 2050s, 25 PHUs could exceed 1 per year
and of these, 3 PHUs could exceed 2 per year. By the 2080s, all but two PHUs could exceed 1 per year and 28 exceed
two per year. The peak value is 5.74 for the Windsor-Essex Public Health Unit, an almost 9 fold increase over the
baseline period.

Figure 1 – Number of heat waves for the baseline period (1971–2000)
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Figure 2 – Number of heat waves for the 2050s

Legend
Weather Stations
# of heat waves
-0.562–0.5
0.501–1
1.01–1.5
1.51–2
2.01–2.5
2.51–3
3.01–3.5
3.51–4
4.01–4.5
4.51–5
5.01–5.5
5.51–6
6.01–6.5
6.51–7

Heat Waves (2050s)

0

125

250

500 Kilometers

Figure 3 – Number of heat waves for the 2080s
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Table 1 – Number of heat waves per public health unit. A heat wave is defined in this study as at least three
consecutive days exceeding 32oC. Frequency of heat waves exceeding one per year are highlighted in orange,
those exceeding 2 per year are bolded in orange.
HEAT WAVES
(1971–2000)

HEAT WAVES
(2050s)

HEAT WAVES
(2080s)

Algoma

0.05

0.50

1.40

Brant County

0.24

1.60

4.11

Chatham-Kent

0.48

2.32

4.99

Durham Region

0.22

1.22

2.93

Eastern Ontario

0.29

1.54

3.68

Elgin-St. Thomas

0.27

1.67

4.18

Grey Bruce

0.10

0.72

2.21

Haldimand-Norfolk

0.23

1.57

4.09

Haliburton, Kawartha, Pine Ridge District

0.18

1.02

2.72

Halton Region

0.26

1.55

3.68

Hamilton Public Health Services

0.25

1.58

3.91

Hastings & Prince Edward Counties

0.16

1.17

2.84

Huron County

0.12

1.14

2.87

Kingston, Frontenac and Lennox & Addington

0.17

1.19

2.89

Lambton Community Health Services

0.45

2.12

4.52

Leeds, Grenville & Lanark District

0.21

1.31

3.16

Middlesex-London

0.27

1.64

3.92

Niagara Region

0.25

1.57

3.78

North Bay – Parry Sound District

0.13

0.75

2.26

Northwestern

0.12

0.62

1.59

Ottawa

0.29

1.56

3.59

Oxford County

0.21

1.50

3.91

Peel Region

0.29

1.42

3.38

Perth District

0.15

1.23

3.25

Peterborough County

0.15

1.03

2.67

Porcupine

0.03

0.27

0.70

Renfrew County and District

0.24

1.29

3.20

Simcoe Muskoka District

0.19

0.85

2.50

PUBLIC HEALTH UNITS

continued on next page
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HEAT WAVES
(1971–2000)

HEAT WAVES
(2050s)

HEAT WAVES
(2080s)

Sudbury & District Health Unit

0.11

0.71

1.97

Thunder Bay District Health Unit

0.02

0.22

0.72

Timiskaming

0.17

0.93

2.46

Toronto Public Health

0.29

1.45

3.34

Waterloo Region Health

0.22

1.44

3.70

Wellington-Dufferin-Guelph Health

0.21

1.21

3.15

Windsor – Essex County

0.66

2.87

5.74

York Region

0.28

1.31

3.12

PUBLIC HEALTH UNITS

UV Exposure
Exposure to solar ultraviolet radiation has implications for public health. Many studies have demonstrated
evidence of harm associated with overexposure to UV. Skin cancer and malignant melanoma are among the most
severe health effects (WHO, 2006) There are three main types of skin cancer: basal cell carcinoma, squamous cell
carcinoma, and melanoma. Squamous cell carcinoma occurs when there is uncontrolled growth in the squamous
cells, in the upper layer of the skin. Basal cell carcinoma is uncontrolled growth in the basal cells, in the deepest
layer of the skin. Since chlorofluorocarbons (CFCs) have been released into the atmosphere, the ozone levels in
the stratosphere have dropped significantly resulting in higher levels of UV radiation. As such, the levels of basal
and squamous cell carcinoma are projected to rise in the future. Ultraviolet-B-radiation (UV-B, 280-316 nm) is well
known to cause non-melanoma skin cancer.
So far, the link between UV-B radiation and melanoma is less clear (Diffey, 2004). One study (van der Leun
et al., 2008), showed that basal cell and squamous cell carcinoma increased by 2.9% and 5.5% respectively per oC
increase in summer temperature. These results are derived from epidemiological studies and the relationship with
temperature may have proxy elements. With this caveat, the study uses this relationship between cancer rate and
temperature as the basis of the assessment of future risk. It is recognized that other factors such as the recovery of
the ozone layer are also at play and may mitigate this risk.
The results for basal cell carcinoma change are presented in Figures 4 and 5 and Table 2. They are represented as a
percentage increase over the baseline period (1971–2000) rather than absolute numbers. A north to south gradient
of increased rates of basal cell cancer is a reflective of the gradient of temperature which also increases with
latitude, reflective of amplification of warming associated with the disappearance of James Bay and Hudson Bay sea
ice (Gagnon and Gough, 2005). For completeness the results for the squamous cell carcinoma have been included
in Figures 6 and 7 and Table 2. These results essentially show the same pattern except with a higher magnitude due
to the stronger relationship with temperature (5.5% increase per oC).
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Figure 4 – Projected percentage increase in Basal Cell Carcinoma for the 2050s over the baseline (1971–2000)
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Figure 5 – Projected percentage increase in Basal Cell Carcinoma for the 2080s over the baseline (1971–2000)
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Figure 6 – Projected percentage increase in Squamous Cell Carcinoma for the 2050s over the baseline (1971–2000)
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Figure 7 – Projected percentage increase in Squamous Cell Carcinoma for the 2080s over the baseline (1971–2000)
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Table 2 – Projected percentage increase in basal cell and squamous cell carcinoma per public health unit for 2050s
and 2080s over the baseline period (1971–2000)
% INCREASE IN
BASAL CELL
CARCINOMA
(2050s)

% INCREASE IN
BASAL CELL
CARCINOMA
(2080s)

% INCREASE IN
SQUAMOUS
CELL
CARCINOMA
(2050s)

% INCREASE IN
SQUAMOUS
CELL
CARCINOMA
(2080s)

Algoma

8.2

13.6

15.5

25.8

Brant County

7.7

12.8

14.6

24.4

Chatham-Kent

7.8

12.8

14.8

24.3

Durham Region

7.8

13

14.7

24.7

Eastern Ontario

7.7

12.9

14.5

24.5

Elgin-St. Thomas

7.7

12.8

14.7

24.4

Grey Bruce

7.7

13.0

14.7

24.6

Haldimand-Norfolk

7.8

12.8

14.7

24.3

Haliburton, Kawartha, Pine Ridge District

7.8

13.1

14.7

24.8

Halton Region

7.7

12.9

14.7

24.5

Hamilton Public Health Services

7.7

12.9

14.7

24.4

Hastings & Prince Edward Counties

7.8

13.0

14.7

24.7

Huron County

7.7

12.9

14.6

24.5

Kingston, Frontenac and Lennox & Addington

7.7

13.0

14.7

24.7

Lambton Community Health Services

7.8

12.8

14.7

24.4

Leeds, Grenville & Lanark District

7.7

13.0

14.6

24.6

Middlesex-London

7.7

12.9

14.6

24.4

Niagara Region

7.8

12.9

14.8

24.5

North Bay – Parry Sound District

8.0

13.4

15.1

25.4

Northwestern

8.1

13.8

15.4

26.2

Ottawa

7.7

13.0

14.6

24.6

Oxford County

7.7

12.9

14.6

24.4

Peel Region

7.7

13.0

14.7

24.6

Perth District

7.7

12.9

14.6

24.4

PUBLIC HEALTH UNITS

continued on next page
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% INCREASE IN
BASAL CELL
CARCINOMA
(2050s)

% INCREASE IN
BASAL CELL
CARCINOMA
(2080s)

% INCREASE IN
SQUAMOUS
CELL
CARCINOMA
(2050s)

% INCREASE IN
SQUAMOUS
CELL
CARCINOMA
(2080s)

Peterborough County

7.8

13.0

14.7

24.7

Porcupine

8.7

14.8

16.5

28.0

Renfrew County and District

7.7

13.1

14.7

24.9

Simcoe Muskoka District

7.8

13.1

14.8

24.8

Sudbury & District

8.1

13.5

15.3

25.7

Thunder Bay District

8.2

14.0

15.5

26.5

Timiskaming

8.2

13.8

15.5

26.1

Toronto Public Health

7.8

13.0

14.7

24.6

Waterloo Region Health

7.7

12.9

14.6

24.4

Wellington-Dufferin-Guelph Health

7.7

12.9

14.6

24.5

Windsor – Essex County

7.8

12.8

14.8

24.3

York Region

7.8

13.0

14.7

24.7

Air Pollution – Ozone
Air pollution events are expected to rise in the future as a result of increases in average temperature. Air pollutants
of particular concern are particulate matter and ground level ozone. Although these pollutants have antecedent
processes that are independent of climate change, air pollution can be exacerbated by the changing climate. For
example, extreme heat events can effect air pollution due to associated weather patterns and elevated temperatures
can alter the rates of photochemical smog formation (Seguin and Berry, 2008). In addition, air pollutants, such
as ozone, are greenhouse gases that can potentially effect rising temperatures (Beaney and Gough, 2002). It has
been estimated that in the eastern United States, an increase of 0.34 parts per billion (ppb) in ozone could occur
for every 1oC increase in temperature (Pfister et al., 2014). This demonstrates the impact of rising temperatures
on ozone production, however, this does not account for ozone or ozone precursors that are transported from one
region to another. Southern Ontario, in particular, is subject to substantial transborder transport of ozone and its
precursors (Beaney and Gough, 2002; Huryn and Gough, 2014). For the purposes of this analysis, the focus is on
the direct effect of increasing temperature on ozone production in southern Ontario as the occurrence of ozone
exceedances (>80 ppb) is typically restricted to the southern Ontario region.
The average ozone concentration for the baseline period and the projection periods (2050s and 2080s) are
presented in Figures 8 to 10 and Table 3. There is a modest increase by the 2050s and 2080s over the baseline
period for ozone exceedance (>80 ppb) days. As noted above, these changes are a direct result of temperature
change and do not reflect potential impacts of the transborder transport of ozone and ozone precursors that can
have a much larger effect.
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Figure 8 – Number of days with ozone exceedances (> 80 ppb) for the baseline period (1971–2000)
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Figure 9 – Number of days with ozone exceedances (> 80 ppb) count for the 2050s
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Figure 10 – Number of days with ozone exceedances (> 80 ppb) count for the 2080s
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Table 3 – Changes in number of exceedances (> 80 ppb) count (days per year) by PHU in southern Ontario for the
baseline period (1971-2000) and two projection periods (2050s) and (2080s)
PUBLIC HEALTH UNITS

DAYS ABOVE 80PPB
(1971–2000)

DAYS ABOVE 80PPB
(2050s)

DAYS ABOVE 80PPB
(2080s)

Algoma

0

1

1

Brant County

4

5

6

Chatham-Kent*

Range 8–12, Average 10

Range 9–12, Average 10.5

Range 10–13, Average 11.5

Durham Region

5

6

6

Eastern Ontario*

2

Range 2–3, Average 2.5

Range 2–3, Average 2.5

Elgin-St. Thomas

12

14

15

Grey Bruce

9

9

10

Haldimand-Norfolk

14

14

14

Haliburton, Kawartha, Pine Ridge District

4

5

5

Halton Region

5

6

7

Hamilton Public Health Services

6

7

8

Hastings & Prince Edward Counties

10

12

13

Huron County

9

9

10

Kingston, Frontenac and Lennox & Addington

10

12

13

Range 7–17, Average 12

Range 8–17, Average 12.5

Range 9–19, Average 14

Leeds, Grenville & Lanark District

0

0

0

Middlesex-London

2

3

3

Niagara Region

6

7

8

Range 2–5 , Average 3.5

Range 3–6, Average 4.5

Range 3–6, Average 4.5

—

—

—

0

0

0

Lambton Community Health Services*

North Bay – Parry Sound District*
Northwestern
Ottawa

continued on next page
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PUBLIC HEALTH UNITS

DAYS ABOVE 80PPB
(1971–2000)

DAYS ABOVE 80PPB
(2050s)

DAYS ABOVE 80PPB
(2080s)

Oxford County

2

3

3

Peel Region

5

5

5

Perth District

2

3

3

Peterborough County

4

5

5

—

—

—

Renfrew County and District

0

0

0

Simcoe Muskoka District

3

3

4

Sudbury & District Health Unit

2

2

3

—

—

—

2

2

3

Toronto Public Health*

Range 5–8, Average 6.5

Range 6–9, Average 7.5

Range 6–10, Average 8

Waterloo Region Health

4

5

6

Wellington-Dufferin-Guelph Health

4

5

5

Windsor – Essex County

10

11

12

York Region

8

8

9

Porcupine

Thunder Bay District
Timiskaming

*Specific projected changes in number of exceedance days are listed for most PHUs in Table 3, while ranges are provided for Chatham-Kent, Eastern, Lambton, North Bay-Parry
Sound and Toronto PHUs in which additional information from multiple stations exists.
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Vectorborne Disease – West Nile Virus (WNV)
West Nile Virus (WNV) was first recognized in Africa in the 1930s and primarily circulates between birds and
bird-biting mosquitoes (PHO, 2014). WNV is transmitted to humans when particular species of mosquito obtain
the virus from biting an infected bird, prior to biting a human. These species of mosquitoes that transfer the
virus from birds to humans in Ontario are the Culex pipiens/restuans species which may be found in significant
numbers in urban areas.
The climate linkage to the spread of WNV is connected to the nature of its carrier, the Culex pipiens/restuans mosquito.
The minimum threshold temperature required for this mosquito to develop is 14oC, and the maximum temperature
is 35oC (Chen et al., 2013). Another climate related consideration for WNV transmission is the extrinsic incubation
period (EIP), the period of time between infection of the mosquito and its ability to transmit the infection. The climate
projections show an expansion of the regions in Ontario that will be able to climatologically host mosquitoes that transmit
WNV, to virtually all of Ontario by the 2080s. Actual occurrence of WNV and expansion into these new areas is also
dependent on other factors including the nature of propagation and remediation efforts. Figures 11, 12 and 13 depict the
favourable climatic conditions (degree days) for the spread of WNV. In addition, the statistics for the incidence rate of
WNV from 2012–2013 (Public Health Ontario, 2014) were added to the baseline period map as a reference of the actual
extent of reported WNV occurrence.

Figure 11 – WNV. Favourable climatic conditions for the baseline period (1971-2000) including incidence rate
of WNV for 2012–2013
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Figure 12 – WNV. Favourable climatic conditions for the 2050s
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Figure 13 – WNV. Favourable climatic conditions for the 2080s
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Impacts Associated with Extreme Precipitation
The occurance of extreme precipitation events in general is increasing. The frequency and intensity of these
extreme events are changing and infrastructure of all kinds is becoming subject to conditions for which it
was not designed. This includes stormwater and wastewater infrastructure which may become overwhelmed,
impacting water quality, water quantity and the ecosystem (MOECC, 2016). Beach contamination can occur as
a result of extreme precipitation events, typically characterized by high bacteria counts linked to ear, nose and
throat infections. These events often result in beach closures. For the Great Lakes region of the United States,
contamination events typically occur when the daily rainfall amount exceeds a threshold of 5–6 cm (Patz et al.,
2008). Since beach usage maximizes in the summer, for the purposes of this study, only summer anomalies and
rain events were examined.
Figures 14, 15 and 16 depict the number of extreme rainfall events in the summer (i.e. June, July and August)
for the baseline period, the 2050s, and 2080s. Over any of these 3 time periods, the number of days with more
than 50 mm of rainfall is less than one per summer for most of Ontario, with a slight increasing trend in the future,
especially over northern Ontario.

Figure 14 – Extreme precipitation events (>50 mm) per summer (June, July and August) for baseline
period (1971–2000)
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Figure 15 – Extreme precipitation events (>50 mm) per summer (June, July and August) for the 2050s
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Figure 16 – Extreme precipitation events (>50 mm) per summer (June, July and August) for the 2080s
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MOVING FORWARD
Evidence-informed Change
Climate change is already impacting human health as demonstrated by rising temperatures, reduced air quality
and increased precipitation. Reducing public health vulnerability to climate change requires effective and informed
adaptation strategies. Emerging evidence and information regarding climate change health risks, vulnerabilities and
impacts is essential to this process. This research will support and enhance the foundation of knowledge necessary
to target areas of vulnerability.

Building Adaptive Capacity
Adaptive capacity has been defined by the Intergovernmental Panel on Climate Change as the ability of a system
to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take
advantage of opportunities, or to cope with the consequences (IPCC, 2007).
Barriers to successful adaptation include insufficient knowledge of health risks; disproportionate access to
interventions; limited awareness of best management practices and adaptation measures to reduce health
vulnerability; and limited ability and resources to enhance or create new health protection programs and
services (Health Canada, 2008).
For the public health system, its ability to adapt and meet the climate change challenge will be determined
by its ability to comprehend, assimilate, and utilize emerging knowledge and expertise; engage in agile and
responsive problem resolution; and leverage partnerships and collaborative opportunities.

Reducing Public Health Vulnerability
Climate change is not simply an environmental problem – it poses a serious public health challenge. Bridging the
divide between the human health and environmental impacts of climate change is the key to promoting healthy
environments – both natural and built – improving health and reducing health and social costs. Public health units
are uniquely positioned to bridge this divide and reduce public health vulnerability to climate change through risk
assessment, preparation and public communication. To effectively address the climate change challenge, climate
change information and adaptation considerations need to be integrated into operational processes.
Planning for climate change impacts requires the enhancement of capacity and comprehension to support
adaptation activities at the local and community level. To this end, assessments of health risk and vulnerability
at the local level are essential to understanding and reducing the incidence of adverse health outcomes from
the impacts of climate change. Vulnerability assessments identify the health risks and impacts of climate change
and facilitate identification and prioritization of prevention and response activities within communities. The findings
from this modelling study provide a starting point for public health units to identify the projected health risks and
impacts of climate change within each of their communities and to inform the completion of a local Climate Change
and Health Vulnerability and Adaptation Assessment.
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