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Executive Summary 
Understanding Edmonton’s Changing Climate 2025: Observed Climate Trends provides a clear, 

science-based account of how Edmonton’s climate is shifting and why it matters. Developed 

to support evidence-based decision-making across sectors, this assessment identifies the 

following key trends: rising temperatures, declining cold extremes, worsening air quality 

during wildfire season, and shifting precipitation patterns. These changes carry far-reaching 

implications, including effects on City operations, infrastructure resilience, ecosystems, and 

public health. Every fraction of a degree of additional warming compounds risks across multiple 

systems. The findings presented in this report should inform the next generation of climate 

adaptation and mitigation strategies tailored specifically to Edmonton’s unique challenges and 

opportunities.

Rapid Warming 
Edmonton is warming faster than the global average. Since 1885, the city’s mean annual 

temperature has increased by 2.3°C, with winter temperatures rising by over 4°C. This warming 

has been especially rapid in the last two decades, with 2023 recorded as the warmest year 

in Edmonton’s history. Summers are hotter, nights are warmer, and extreme heat events are 

longer and more frequent, increasing cooling demands and public health risks. At the same time, 

extreme cold events have sharply declined, signaling a new thermal regime that could challenge 

infrastructure, ecosystems, and emergency response systems.

Rising Risks from Air Pollution and Wildfires
While Edmonton’s long-term air quality has remained relatively stable, episodic events, 

especially wildfire smoke during summer months, have caused spikes in exposure to harmful 

air pollutants such as fine particulate matter (PM₂.₅). In 2023 alone, the city experienced 34 

high-risk air quality days, the worst year on record. Although nitrogen dioxide levels have 

declined, likely due to cleaner vehicles and regulations, ozone levels are rising, indicating evolving 

atmospheric chemistry. Fine particulate matter remains highly variable, with wildfires now a 

dominant and unpredictable driver of air pollution.
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Drier Climate, Greater Uncertainty
Edmonton is also experiencing a drying trend. Annual average precipitation has declined by 

14 per cent, with winter precipitation dropping 31 per cent relative to the 1961–1990 baseline. 

Summer and fall seasons have become noticeably drier, likely increasing drought risk, wildfire 

vulnerability, and pressure on water resources. While extreme rainfall events still occur, 

prolonged dry spells, especially during the growing season, are reshaping conditions for 

agriculture, ecosystems, and water supply systems.

A Science-Based Call to Action
The findings presented in this report are clear: climate change is not a future threat—it is a 

present reality in Edmonton. Rising temperatures, declining precipitation, and worsening air 

quality trends demand urgent and sustained action. These changes, while consistent with 

global and national trends, are unfolding locally in ways that are deeply shaped by Edmonton’s 

geography, infrastructure, and social systems.

This report establishes a scientific foundation to guide effective, equitable, and forward-looking 

responses. The information presented is intended to support future integration into corporate 

planning and decision-making. It also calls for ongoing scientific updates, the integration 

of Indigenous knowledge, and the application of a climate equity lens to ensure that all 

communities, especially the most vulnerable, are protected and empowered.
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Introduction
Edmonton has long been recognized as a leader in transparent climate reporting, committed to 

advancing understanding of environmental and climate issues. The City of Edmonton believes 

that climate action starts with climate knowledge.

Edmonton was proud to host the inaugural CitiesIPCC Cities and Climate Change Science 

Conference in 2018, where the Edmonton Declaration was created. This Declaration stands as a 

powerful call for cities worldwide to prioritize scientific research and data when crafting ambitious 

climate action plans.

To understand how to effectively address greenhouse gas emissions reductions and adapt 

to changing climate impacts, decision-makers need the best available science, evidence and 

information. Climate change presents a long-term, multi-disciplinary challenge, and requires 

multiple sources of different types of information and data to understand the impact of City of 

Edmonton’s decisions. 

EDMONTON DECLARATION COMMITMENT

Over 3,400 municipalities across North America, including the City of Edmonton, have  

endorsed the Edmonton Declaration under the Global Covenant of Mayors for Climate  

and Energy, which includes a commitment to:

“COMMIT TO AND CALL UPON all national, other subnational and local governments to  

establish formal, science-based policy and decision-making processes within their 

organizations”

— Edmonton Declaration, 2018

Purpose of the Report 
This report provides a scientific foundation to help the City of Edmonton, interested parties, 

and the public understand how Edmonton’s climate is changing and why it matters. The report 

translates complex climate science into meaningful, locally relevant insights, offering a clear, 

evidence-based understanding of observed changes and the emerging challenges the city 

must prepare for to ensure future resilience.

Developed by the City of Edmonton’s Environment and Climate Resilience Section, this 

assessment synthesizes a wide range of climate data and scientific studies to tell the story of 

Edmonton’s changing climate. While the report draws on advanced scientific sources,  historical 

climate observations, and publicly available assessments, it presents findings in a way that is 

accessible and relevant to Edmonton’s unique environmental and community context. 
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Edmonton is already experiencing measurable climate shifts consistent with global trends: rising 

temperatures, altered precipitation patterns, and more frequent extreme weather events. These 

changes are reshaping City operations, infrastructure, ecosystems, and public health risks. 

Given Edmonton’s unique geography, economy, and urban development patterns, a localized 

scientific approach ensures that climate risks and opportunities are assessed meaningfully. 

While national and global reports provide valuable context, Edmonton-specific climate science 

enables precision in designing resilient infrastructure, safeguarding services, and preparing the 

community for future conditions.

The scientific consensus, as reflected in the IPCC Sixth Assessment Report (IPCC, 2021), confirms 

that climate change is primarily driven by human activities. Global agreements such as the Paris 

Agreement aim to limit warming to well below 2°C—and preferably 1.5°C—to reduce the risks of 

irreversible climate impacts (UNFCCC, 2015). Importantly, Edmonton’s climate is warming faster 

than the global average, amplifying the urgency for informed, locally grounded action.

The need for rapid emissions reductions and resilience planning is critical, as every fraction of a 

degree of additional warming increases risks across multiple systems. Further detail on climate 

science, key definitions, and global agreements is provided in Appendix: Foundations Behind 

Understanding Edmonton’s Changing Climate.

Climate Equity, Inclusion, and Gender-Based Analysis Plus (GBA+) 
Climate change does not affect all communities and individuals equally. Vulnerability to climate 

impacts varies significantly based on intersecting social, economic, cultural, and demographic 

factors, including gender, income, age, Indigeneity, newcomer status, disability, and housing 

security. 

Applying a Gender-Based Analysis Plus (GBA+) lens recognizes that multiple identity factors 

influence how individuals experience environmental risks, access resources, and recover from 

climate-related disruptions. For example, vulnerable populations may be disproportionately 

affected by extreme heat, poor air quality, or infrastructure service interruptions, and may face 

greater systemic barriers to resilience and recovery.

This assessment acknowledges the critical role of equity in shaping climate impacts and 

responses. While the current report is primarily scientific in scope, it provides a foundation for 

future work that will further integrate social vulnerability assessments, Indigenous knowledge, 

and equitable adaptation planning to ensure that climate resilience-building efforts are inclusive, 

just, and reflect the needs of all Edmontonians. This initial scientific report, while foundational, 

may not fully capture the diverse range of climate impacts and perspectives across all Edmonton 

communities due to varying social, economic, and demographic factors.
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ACKNOWLEDGING INDIGENOUS KNOWLEDGE SYSTEMS

Indigenous people have long-standing relationships with the land, waters, and ecosystems that 

are grounded in distinct knowledge systems. Traditional Ecological Knowledge (TEK) connects 

Indigenous ways of knowing with ecological processes, supporting environmental stewardship 

and sustainable land use practices that have persisted for generations. TEK offers unique insights 

into ecosystem connectivity, resilience, and change — perspectives that are often overlooked or 

underrepresented in Western scientific traditions.

Under the directives of The City Plan and the City’s Indigenous Framework, the City of Edmonton is 

committed to integrating Indigenous values and knowledge into environmental management and 

stewardship. Respecting and incorporating Indigenous knowledge is critical to achieving a more 

holistic understanding of climate impacts and solutions.

This report recognizes that Indigenous knowledge and Western science offer complementary 

perspectives. While this current assessment is based primarily on Western scientific methods, 

it acknowledges that integrating Indigenous knowledge alongside scientific approaches will 

strengthen future work, leading to more effective, culturally appropriate, and sustainable 

responses to climate change in the Edmonton region.

City of Edmonton’s Leadership in Climate Action
The City of Edmonton has emerged as a leader in climate action within Canada. Through initiatives 

such as the Community Energy Transition Strategy and the Climate Resilient Edmonton: 

Adaptation Strategy, Edmonton has committed to ambitious mitigation and adaptation goals—

including community-wide net zero greenhouse-gas emissions by 2050 and a corporate 

emissions neutral target by 2040.

Edmonton’s climate actions support strengthening resilience while supporting sustainable 

growth and community well-being. This report focuses on the scientific foundation of Edmonton’s 

climate change and does not provide details on the specific actions taken under the City’s climate 

strategies.

Importance of this Assessment
The Edmonton region faces a range of climate risks and shifts in seasonal patterns, including 

rising temperatures, more frequent and intense heat waves, milder winters, shifting seasonal 

precipitation, extreme rainfall events, wildland fires and smoke, and damaging hailstorms. 

Without action, these impacts are likely to intensify, placing growing pressure on Edmonton’s 

infrastructure, natural systems, and the essential services that support residents’ well-being (City 

of Edmonton, 2018). By identifying and understanding these risks now, the City of Edmonton can 

proactively plan and implement measures that support a safer, more climate-resilient future for 

the Edmonton region.
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A localized, science-based assessment is essential because it translates global climate 

knowledge into actionable insights that can inform the City of Edmonton’s planning and 

decision-making. While global and national assessments provide important context, they 

cannot capture the unique geographic, ecological, and urban characteristics that shape 

Edmonton’s specific climate risks. Edmonton’s warming trend surpasses the global average, 

emphasizing the local impacts of climate change. The city’s physical setting — including land use, 

vegetation cover, and urban form — also influences how global changes manifest locally.

Localized climate science enables the City to assess how climate change will affect municipal 

operations, critical infrastructure, and community services. This level of detail is necessary 

to guide everything from stormwater design standards and heat mitigation strategies to 

emergency management and long-term planning. The more precise the information, the better 

the City can prepare and allocate resources where they are most needed.

Sets the strategic 
direction for the way 
Edmonton grows, its 
land use, its mobility 

systems, open spaces, 
employment and social 

networks.

Provides the path for how we achieve the 
transformational change to a low carbon city that 

is adapting to a changing climate as outlined in 
ConnectEdmonton and City Plan.

Sets the direction for 
Edmonton’s future

CONNECTEDMONTON

Climate Resilience 
Goal: Edmonton is a 

city transitioning to a 
low-carbon future, has 
clean air and water and 

is adapting to a changing 
climate.

EDMONTON CITY PLAN

Includes targets 
to achieve a total 
community wide 

carbon budget of 135 
megatonnes and Net 

per-person greenhouse 
gas emissions are zero.

EDMONTON’S 
COMMUITY ENERGY 

TRANSITION 
STRATEGY

Outlines the path for 
Edmonton to transition 

to a low carbon city.

CLIMATE RESILIENT 
EDMONTON

Adaptation Strategy 
and Action Plan outlines 
the path for Edmonton 
to be prepared for and 
respond to anticipated 

climate change impacts.

City of Edmonton Climate Ambitions

Structure of the Report 

TEMPERATURE IN EDMONTON

This section presents detailed analyses of historical temperature records, including annual and 

seasonal trends. It explores changes in temperature, including seasonal shifts, increases in 

extreme heat events, and declines in extreme cold. The section also explores the Urban Heat 

Island (UHI) effect, which contributes to elevated temperatures in densely built-up areas. To 

contextualize year-to-year variability, large-scale atmospheric patterns—such as El Niño and the 

Pacific Decadal Oscillation (PDO)—are also discussed.
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AIR QUALITY IN EDMONTON

This section evaluates the trends and seasonal patterns in three key air quality parameters—

nitrogen dioxide (NO₂), ozone (O₃), and fine particulate matter (PM₂.₅)—and their implications for  

the Air Quality Health Index (AQHI) in Edmonton. It explores how air quality is influenced by 

climate-driven events such as wildfire smoke, along with urban factors like temperature 

inversions and traffic emissions. The section also highlights associated public health risks.

PRECIPITATION IN EDMONTON

This section evaluates long-term and seasonal changes in precipitation across Edmonton, 

including shifts in annual and seasonal totals, as well as the frequency of extreme wet and dry  

events.

APPENDIX: FOUNDATIONS BEHIND UNDERSTANDING EDMONTON’S 
CHANGING CLIMATE

The appendix provides the purpose, scope, and methods of this assessment, detailing the  

scientific frameworks, definitions, and data sources that underpin the findings presented 

throughout the report.

To support reader ease, where appropriate, sections and subsections begin with a summary in 

bold, dark blue font highlighting key insights. The report also includes Climate Brief: Key Insights 

to Know pages, which provide simplified, accessible overviews of the main content for a general 

audience.

Evolution and Future Updates
This assessment marks an important milestone and represents the first in a series of 

complimentary reports aimed at deepening understanding of historical climate trends, observed 

impacts, progress, and potential future conditions in Edmonton. This report is the first iteration  

and is intended to serve as a foundation for ongoing updates, refinements, and expansions as  

new scientific information, local data, and modeling capabilities emerge.

The City of Edmonton recognizes that climate science is dynamic, and that continuous learning  

and improving  is needed and must be based on the best available science, research, and evidence 

This cycle of continuous learning and improvement ensures that the City of Edmonton’s climate 

science foundation remains relevant, evidence-based, and responsive to new challenges and 

opportunities. Embedding this assessment within a broader cycle of monitoring, research, and 

policy evaluation will strengthen the City’s ability to proactively manage climate risks and support 

long-term community resilience. The City of Edmonton is committed to ongoing improvement 

to ensure our knowledge remains at the forefront, empowering Edmontonians to boldly face 

challenges and seize opportunities, strengthening our resilience and securing a vibrant future for all.
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Climate Brief: Key Insights to Know
How Edmonton’s Climate is Already Changing
Edmonton’s climate has changed in clear and measurable ways. Temperatures have increased, 

snowfall patterns have changed, and certain weather events are happening more often. The 

climate today is not the same one that earlier generations in the city experienced. This Climate 

Brief summarizes key findings of this full assessment, which draws on local weather records 

and scientific data to show how Edmonton’s climate has already changed. It highlights real, 

observed changes that are already affecting daily life in the city, including transportation, 

infrastructure performance, and health and safety during extreme weather.

 » Air conditioning demand has also increased 
sharply, with cooling needs now far higher  
than in previous decades [Fig. 2.6].

 » Extreme heat events have become longer and 
more intense, with years like 2021 and 2024 
seeing record-breaking heatwaves [Fig. 2.9].

 » Winters are no longer as cold as they once 
were. Although extremely cold days still  
occur, they are becoming less frequent, and 
long stretches of deep cold are now rare due  
to the overall warming trend [Fig. 2.14].

 » In 2023, Edmonton recorded its warmest  
year ever, with annual temperatures reaching 
2.8°C above the long-term average.

 » Built-up urban areas tend to stay warmer at 
night due to the urban heat island effect—a 
phenomenon in which buildings, pavement,  
and other infrastructure absorb and retain heat, 
causing cities to be warmer than surrounding 
rural areas. This increases heatwave risk in  
some neighbourhoods [Fig. 2.17].

 » Edmonton’s climate has become warmer 
over time. Over the past 140 years, the city’s 
average temperature has risen by 2.3°C  
[Fig. 2.1; 2.2], which is more than twice the 
global average increase over the same period.

 » From 2001 to 2024, only two years—2009 
and 2019—were cooler than the 1961–1990 
baseline. This means that 92 per cent of 
recent years were warmer than the baseline 
[Fig. 2.3].

 » Warming has occurred in all seasons, but 
winter temperatures have increased the 
most. Spring, summer, and fall have also 
become noticeably warmer [Fig. 2.4].

 » There are now more ‘very hot days’ in 
summer, with temperatures reaching 32°C or 
higher, occurring more often than in the past 
[Fig. 2.13]. These conditions can be dangerous, 
especially for young children, older adults, 
marginalized individuals and  people with 
certain health conditions.

EDMONTON IS WARMER THAN BEFORE



CITY OF EDMONTON 7 UNDERSTANDING EDMONTON’S CHANGING CLIMATE 2025: OBSERVED CLIMATE TRENDS

Climate Brief: Key Insights to Know

SMOKE AND AIR POLLUTION

 » Although Edmonton’s overall air quality has 
remained fairly stable since 2010, wildfires 
and winter temperature inversions can cause 
poor air quality days to occur.

 » In recent years, wildfire smoke has become a 
major cause of summer air pollution. 

 » In 2023, Edmonton recorded 34 high-risk air 
quality days, the most on record, with 24 of 
those days linked to wildfire smoke [Fig. 3.4].

 » In winter, cold air can trap pollution (especially 
from traffic and home heating) near the 
ground. These events, known as temperature 
inversions, lead to a buildup of harmful 

pollutants such as nitrogen dioxide (NO₂) and 
fine particulate matter (PM2.5), increasing 
their concentration in air.

 » Hot weather can also worsen air pollution by 
increasing levels of ground-level ozone, which 
affects lung and heart health.

 » The number of smoke days and heat-related 
pollution spikes has grown in recent years. 

 » While poor air quality affects everyone, it is 
especially harmful to children, seniors, people 
with respiratory conditions such as asthma 
and marginalized individuals.

PRECIPITATION IS BECOMING LESS RELIABLE

 » Over the past three decades, Edmonton has 
received less precipitation overall compared  
to the past [Fig. 4.1]. 

 » Annual precipitation has declined by about 14 
per cent, with winter showing the largest drop 
(31 per cent, mostly due to reduced snowfall.

 » Summer and fall have also become noticeably 
drier [Fig. 4.3], with growing implications for 
water availability during key growing periods.

 » Although heavy rain and snow events still 
happen, dry years are now more common 
than wet ones.

 » Seven of Edmonton’s 12 driest years on 
record have occurred since 2000, and the city 
has seen more long stretches without rain, 
especially in spring and summer.

 » Shifting precipitation patterns add pressure 
on water resources.
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2.0 Temperature in Edmonton
Building a brighter future for Edmonton begins with understanding how the climate is changing. 

Examining long-term climate trends creates an opportunity, not just to reflect on what has 

shifted, but to act with foresight and purpose. This understanding supports the development 

of strategies that strengthen resilience, protect public health and infrastructure, and create a 

more sustainable, livable city. By learning from the past, it becomes possible to shape a future 

where Edmonton can adapt and thrive in the face of environmental change.

This section provides critical context for interpreting future climate projections, by establishing 

a data-driven baseline of how Edmonton’s climate has already changed, supporting a more 

informed and confident approach to adaptation. The findings serve not only as a record of past 

change, but also as a foundation for forward-looking decisions that enhance resilience, protect 

quality of life, and strengthen environmental stability across sectors.

To support this analysis, it is essential to clarify a few key terms used in this assessment. For 

the purposes of this report, climate is understood as the long-term statistical description of 

weather patterns, including the mean, variability, and extremes of key atmospheric variables 

such as temperature and precipitation—typically observed over a 30-year averaging period. 

This definition follows the standards set by Environment and Climate Change Canada (ECCC), 

who describe climate as “the historical record and description of average daily and seasonal 

weather events that help describe a region,” with statistics “generally drawn over several 

decades” (ECCC, 2024a). It also incorporates the Intergovernmental Panel on Climate Change 

(IPCC)’s more technical framing of climate as “the statistical description in terms of the mean 

and variability of relevant quantities over a period of time ranging from months to thousands or 

millions of years” (IPCC, 2018).

In contrast, the term weather in this report refers to the atmospheric conditions at a specific 

time and place, including variables like temperature and precipitation. It is understood that 

weather changes over short timescales, such as hours or days, and is inherently more variable 

and immediate. As defined by ECCC, weather is “the state of the atmosphere at a specific time. 

It is the short term or instantaneous variations of the atmosphere, as opposed to the long term, 

or climatic changes” (ECCC, 2024a). 
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2.1 Global and National Temperature Trends 
Global temperatures have risen by 1.09°C since pre-industrial times, with 2024 being the 

warmest year on record at 1.55°C above pre-industrial level. Canada is warming at more than 

twice the global rate, with a 2.1°C increase since 1948 and record highs in 2023 and 2024. This 

trend, driven by human-caused emissions, is intensifying heat waves, wildfires, health risks, 

and infrastructure damage.

The IPCC states, “global surface temperature has increased by 1.09  [0.95 to 1.20]°C from 1850–

1900 to 2011–2020” (IPCC, 2021). The global average surface temperature has continuously 

warmed since 18801 (IPCC, 2013), especially at an unprecedented rapid rate since the mid-20th 

century mainly due to human activities superimposed on natural variability (Wuebbles et al., 

2017; Eum et al., 2023). 

According to the World Meteorological Organization (WMO), 2024 was the warmest year on 

record, with global average surface temperature reaching 1.55°C (with a margin of uncertainty 

of ± 0.13 °C) above the mid-19th century average (1850–1900) (WMO, 2025). Both 2023 and 

2024 were record-breaking warm years, reaching 1.43 °C and 1.55 °C above the pre-industrial 

period respectively. These unprecedented temperatures were driven by multiple factors, 

including unusually warm ocean waters and a strong El Niño event, compounded by the ongoing 

long-term trend of human-induced global warming (ClimateData.ca, 2025b).

2024 was the warmest year on record globally.

Canada’s climate is also experiencing notable warming. According to preliminary data from 

ECCC, the national average temperature for 2024 was 3.0°C above the 1961–1990 baseline 

(defined as the mean over the 1961–1990 reference period). “This makes it tied as the warmest 

1  The year 1880 is significant as it marks the advent of modern global temperature record-keeping (NASA, 2024).
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year since nationwide recording began in 1948, matching the previous record of 3.0°C set in 2010” 

(ECCC, 2025b). In Canada, annual average temperatures across the country have fluctuated over 

the 1948–2024 period. Apart from 1996 and 2004, temperature departures above the baseline 

average have been observed in the previous three decades. The linear trend indicates that 

annual average temperatures across the nation have warmed up by 2.1°C over the past 77 years, 

highlighting the ongoing impact of climate change across the country (ECCC, 2025b). The national 

average temperature for 2023 was 2.8°C higher than the 1961–1990 reference period, reflecting 

a persistent warming trend (ECCC, 2024c). The record high temperatures in 2023 and 2024 

were accompanied by heat waves across Canada attributed to climate change (ClimateData.ca, 

2025b).

Temperature serves as a key indicator of climate change, primarily driven by greenhouse gas 

(GHG) emissions from human activities, leading to warming in the lower atmosphere. The primary 

sources of global GHG emissions include fossil fuel combustion for energy and transportation, 

industrial activities, deforestation, and agricultural practices. The primary anthropogenic 

GHGs are carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O) (IPCC, 2021). Carbon 

dioxide is predominantly emitted through the burning of fossil fuels and land-use changes, 

such as deforestation. Methane emissions largely originate from livestock production, landfill 

decomposition, and natural gas extraction, while nitrous oxide emissions are mainly associated 

with the use of synthetic fertilizers in agriculture. These gases contribute to warming by 

enhancing the greenhouse effect, trapping heat in the lower atmosphere and driving significant 

changes in the global climate system (IPCC, 2021).

Rising temperatures have widespread implications on Canadians,  
affecting agriculture, infrastructure, human health, water availability,  

and ecosystem stability (ECCC, 2024c).

The increasing frequency and intensity of heat waves pose significant health risks, particularly 

for vulnerable populations, while also driving up residential and building cooling costs and 

heightening the risk of food and waterborne illnesses. Additionally, warmer temperatures 

facilitate the spread of forest and agricultural pests into new regions, as well as disease vectors 

like ticks. Hotter and drier conditions further elevate the risks of droughts and wildfires. In 

Canada’s North,  the consequences of higher temperatures are particularly severe, with 

challenges including infrastructure damage from permafrost thaw, unpredictable sea ice 

conditions, and shorter winter road seasons. As temperature changes continue, most sectors of 

the Canadian economy will face growing adaptation challenges to mitigate these impacts (ECCC, 

2024c). 
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2.2 Long-Term Warming Trends in Edmonton (1885–2024)
Edmonton has warmed by 2.3°C since pre-1900—over double the global average—with the 

greatest increases seen in winter (4.1°C) and nighttime summer temperatures. Since 2000, 

92 per cent of years have been warmer than the historical baseline (1961–1990). 2023 was 

the warmest year on record for Edmonton. Extreme heat events, tropical nights, and cooling 

demand have all intensified, with 2021 and 2024 recording the longest and hottest heat waves. 

Extreme cold events have declined in both frequency and intensity, consistent with national 

warming trends, though isolated cold snaps still occur due to atmospheric variability and 

circulation patterns. These events do not reflect a reversal of Edmonton’s long-term warming. 

Although atmospheric patterns like El Niño and the PDO contribute to short-term variability, 

Edmonton’s persistent long-term warming trend appears to be primarily driven by human 

activity.

2.2.1 ANNUAL TEMPERATURE CHANGE 

Understanding Edmonton’s long-term warming trends requires examining temperature data 

through different analyses. By using different visualizations, this section shows how the city’s 

climate has changed over time. Figures 2.1, 2.2 and 2.3 highlight the persistence, magnitude, and 

variability of temperature trends, offering a richer context for interpreting the data.

Figure 2.1 illustrates the trend in Edmonton’s annual average temperatures from 1885–2024 

using a ‘warming stripes’ visualization. Each stripe represents one year, with cooler colors (blues) 

indicating years with temperatures below the 1961–1990 average of 3.6°C, and warmer colors 

(reds) indicating years above this baseline. The progression from blue to red stripes highlights the 

steady increase in Edmonton’s annual average temperatures, particularly over recent decades.

Long-term temperature records for Edmonton reveal an upward trend in mean annual 

temperatures, aligning with broader global climate patterns. Historical data (Figure 2.2) indicate 

that Edmonton’s average temperatures have risen over the past century. Although year-to-

year variability is observed globally, driven by natural factors such as volcanic activity and solar 

fluctuations, the overall trendline points to a general warming (Bush and Lemmen, 2019). This 

pattern aligns with scientific understanding, which attributes global climate change largely to 

human activities, including greenhouse gas emissions from fossil fuels and deforestation (IPCC, 

2021). The observed increase in Edmonton’s temperatures suggests a shift in baseline conditions 

(the historical average climate values), likely influenced by these anthropogenic factors. 
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Edmonton’s Annual Average Temperature (1885–2024)

Figure 2.1: Edmonton’s annual average temperature (Warming Stripes), 1885 to 2024.

Edmonton’s 140-Year Annual Average Temperature: 1885–2024

 
Figure 2.2: Annual average temperature trend in Edmonton, 1885–2024.

From 1885 to 2024, Edmonton’s annual average temperature has increased at a rate of 

approximately 0.17°C per decade. This observed local trend aligns with broader global climate 

patterns that demonstrate a long-term warming trend, including periods of accelerated 

warming in recent decades. 

According to the IPCC’s Sixth Assessment Report (AR6), global mean surface temperature has 

increased by 0.99°C from pre-1900 to the first two decades of the 21st century (2001–2020) 

and by 1.09°C from pre-1900 to 2011–2020 (Arias et al., 2021).

Edmonton’s mean temperature has risen by 2.3°C from pre-1900 to the recent 
15 years. This indicates that Edmonton’s warming trend surpasses  

the global average, emphasizing the local impacts of climate change.

1905: 
First cars  
in Edmonton

1928: 
First traffic 
light in  
Edmonton

1947: 
Oil discovered 
near Leduc

1966: 
CN Tower  
(1st Skyscraper) 
opens

1978: 
LRT opens

1970s 
A warmer climate 
is visable starting 
in the 1970s

Temperature (°C) Baseline: 3.6°C (1961–1990)
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The accelerated rate of warming observed in Edmonton is consistent with broader patterns 

across high northern latitudes. One key driver is the presence of climate feedback mechanisms, 

such as the loss of snow and ice cover, which reduces the Earth’s albedo (surface reflectivity). 

As more solar radiation is absorbed by darker, exposed surfaces, rather than reflected away, 

this reinforces additional warming—a feedback loop well-known in Arctic and sub-Arctic 

environments (Bush and Lemmen, 2019). 

In addition, Edmonton’s inland continental position, far from the moderating influence of 

oceans, contributes to pronounced temperature extremes and seasonal variability (Oliver, 

2005). Without the thermal buffering effect of oceans, inland areas tend to experience hotter 

summers and colder winters, which further amplifies the local impacts of climate change. These 

geographic and climatic features help explain why Canada, including Edmonton, is experiencing 

more rapid warming than the global average (Bush and Lemmen, 2019). 

A comparison of Edmonton’s yearly average temperatures to the historical baseline period 

(1961–1990) reveals how the city’s temperature has shifted over time (Figure 2.3). During 

this period (1961–1990), the mean temperature was 3.6°C and this period is widely used as a 

standard reference in climate studies, as it provides a consistent benchmark for assessing 

long-term temperature changes. This baseline is recognized by international organizations 

like the World Meteorological Organization (WMO, 2024) and commonly utilized in national 

assessments, such as the ECCC’s (ECCC, 2024c) reports, to compare annual temperature 

departures from historical norms.
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Annual Average Temperature Departures in Edmonton

 
Figure 2.3: Annual average temperature departures from the 1961–1990 baseline in Edmonton, 1885–2024

Figure 2.3 shows the annual average temperature departures from the 1961–1990 baseline.  

Red dots represent years warmer than the baseline, while blue dots indicate cooler years. These 

temperature departures are calculated by subtracting the baseline mean temperature (3.6°C) 

from each year’s annual average temperature, showing how each year deviates from  

the historical norm.

In recent decades, the majority of years have exceeded this baseline, indicating a warming 

trend. From 2001 to 2024, only two years (2009 and 2019) recorded annual temperatures 

slightly below the baseline. The remaining 22 years (92  per cent) were warmer, showing a clear 

departure from historical norms. The linear trendline (Figure 2.3) also highlights a gradual and 

persistent increase in temperatures over time.

From 2001 to 2024, 92 per cent of years were warmer than the historical baseline—showing a 

clear departure from historical norms.

2023 was the warmest year on record for Edmonton

In 2023, Edmonton recorded its warmest year on record, with the annual average temperature 

reaching 2.8°C above the baseline. This is in line with national trends, as Canada also experienced 

significant warming in 2023, which was one of the warmest years since 1948, registering 2.8°C 

above the 1961–1990 reference period (ECCC, 2024c).

Trendline
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KEY OBSERVATIONS 

Warming Over the Years: Over the last 140 years, Edmonton’s mean temperature has 

risen by 2.3°C from pre-1900 to the recent 15 years. This rate of warming is more than 

double the global average of approximately 1.1°C over the same timeframe (IPCC, 2021), 

indicating that Edmonton is experiencing a faster-than-global warming trend.

Comparison with Canada: This warming pattern in Edmonton is consistent with regional 

and national observations. Canada as a whole has experienced a 2.1°C increase in 

temperature from 1948 to 2024 (ECCC, 2025b), reflecting the broader impact of rising 

greenhouse gas concentrations on the country’s climate. Notably, “Canada is warming 

faster than the world as a whole — at more than twice the global rate— and the Canadian 

Arctic is warming even faster — at about three times the global rate” (Bush and Lemmen, 

2019).

Temperature Departures: Analysis of Edmonton’s annual temperature departures 

relative to the 1961–1990 baseline reveals that between 2001 and 2024, only two years 

were colder than the baseline average, while the remaining years experienced above-

average temperatures (Figure 2.3).

Notable Warm Years: Three of the five warmest years recorded in Edmonton have 

occurred within the past decade (2023, 2016 and 2015). Six out of the 10 warmest years 

recorded in Edmonton have occurred in 2001–2024 (Figure 2.3).

Edmonton has experienced warming trends over recent decades, consistent with patterns 

observed across Canada and other regions influenced by similar atmospheric and geographic 

factors. Global warming is driven by increased concentrations of greenhouse gases from 

human activities, including fossil fuel combustion and land use changes. These changes 

have contributed to a warmer and less predictable climate in Edmonton, affecting seasonal 

temperature patterns and highlighting the importance of monitoring and adaptation to build 

resilience (Bush and Lemmen, 2019; ECCC, 2024c).
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2.2.2 SEASONAL TEMPERATURE CHANGE 

From 1885 to 2024, Edmonton has experienced warming across all four seasons (Figure 2.4), 

indicating the impacts of broader climate change on regional temperatures (Climate Central, 

2024). The seasons follow ECCC delineations and are defined as winter (December of the 

previous year, January and February), spring (March, April and May), summer (June, July and 

August), and fall (September, October and November) (ECCC, 2024c).

Seasonal temperature departures for Edmonton from the 1961–1990 baseline over the long 

term are illustrated in Figure 2.4. Positive departures indicate warmer-than-average seasons, 

while negative departures indicate cooler-than-average seasons. 

Seasonal Average Temperature Departures in Edmonton

 
Figure 2.4: Seasonal average temperature departures from the 1961–1990 baseline in Edmonton, 1885–2024.

An analysis of seasonal temperature data indicates warming trends, with the magnitude of 

increase varying by season. 

In Edmonton, winter has the most pronounced warming, with an  
average increase of 4.1°C over the past 140 years, equivalent to an  

increase of approximately 0.3°C per decade (Figure 2.4)

This increase in winter temperatures suggests that Edmonton’s winters are becoming milder, 

with some of the warmest winters on record occurring in recent years. 
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The average spring temperature in Edmonton rose by 1.3°C over the same period, at an average 

rate of 0.1°C per decade (Figure 2.4). While this warming trend is less pronounced than winter’s, 

the steady increase suggests a shift toward earlier and potentially warmer springs.

Summer temperatures in Edmonton have increased by approximately 2.7°C since 1885, at a rate 

of 0.2°C per decade (Figure 2.4). This long-term warming trend not only implies hotter average 

summers but also increases the likelihood and severity of extreme heat events, such as heat 

waves. The rise in both mean summer temperatures and the frequency of extreme heat days 

illustrates the broader shift in Edmonton’s climate towards warmer and more intense summer 

conditions.

Similar to spring, fall has warmed by a total of 1.3°C, with an average increase of 0.1°C per decade 

(Figure 2.4). This seasonal shift suggests a delay in the onset of colder temperatures.

Summer 2021 was the warmest summer on record in Edmonton

Summer 2021, marked the warmest summer on record, followed by 2022 and 2024, with the 

seasonal average temperatures 2.0°C to 2.5°C above the baseline values. 2023 recorded one 

of the warmest summers and falls in Edmonton’s history, with temperatures well above the 

baseline. It is also worth noting that eight out of the 10 warmest summers occurred in the 

recent two decades.

Edmonton’s temperature records over the last 140 years reveal year-to-year variation in 

winter, spring, and fall (Figure 2.4). However, summer is characterized with less temperature 

fluctuation and a warming trend, largely due to increasingly high nighttime temperatures. Both 

of these observations can have significant implications for public health and energy use.

Nationwide, Canada has observed warmer and more humid summer nights between 1948 and 

2016, with the nighttime temperatures increasing by 1.3°C over the 69 years (ClimateData.ca, 

2024a). Furthermore, the IPCC AR6 reports states that despite substantial spatial and seasonal 

variations, strong evidence indicates a very likely increase in the intensity and frequency of hot 

extremes for North America (IPCC, 2021). 
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Summer Average Daily Minimum Temperature in Edmonton 
 

Figure 2.5: Summer average daily minimum temperature in Edmonton, 1885–2024.

The change in average daily minimum temperatures during summer (June, July, and August) 

shows that summer nighttime temperatures have increased at a rate of 0.35°C per decade, 

considerably higher than the warming rate of average summer temperatures (0.2°C per decade) 

(Figure 2.5). Between 1885 and 1952, most years recorded average summer nighttime minimum 

temperature between 8°C and 10°C. From 1953 to 2024, this range shifted upward to 10°C to 

12°C, with the average summer nighttime minimum temperature in the most recent four years 

(2021–2024) reaching 13°C to 13.5°C. A more detailed discussion on the intensity and frequency 

of tropical nights is provided in Section 2.2.4.2 of this report.

2.2.3 COOLING DEGREE DAYS 

Rising temperatures typically lead to increased energy demanding methods of air conditioning 

(UNICEF, 2024). Cooling Degree Days (CDD) measure the amount of air conditioning required to 

maintain comfortable conditions in a building, calculated as the cumulative number of degrees 

Celsius above a threshold value (18°C is commonly used) (CAC, 2025). Annual CDD is the sum of 

the number of degrees Celsius by which each day’s mean temperature exceeds 18°C in a year.
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Annual Cooling Degree Days in Edmonton

 

 
Figure 2.6: Annual Cooling Degree Days in Edmonton, 1885–2024. 

Edmonton’s Cooling Degree Days (CDD) have risen from 33 annually before 1900 to 122 annually 

since 2010 (Figure 2.6). 

In Edmonton, 2021 and 2024 both exceeded 200 Cooling Degree  
Days, representing the highest cooling demands on record

Of the 15 years with over 120 CDDs between 1885 and 2024, 10 have occurred in the last 25 years. 

Similarly, five of the six years with over 150 CDDs also fall within this recent quarter-century, 

highlighting a strong upward trend.

Further aggregation analysis of annual average CDDs reveals a substantial increase in cooling 

demand over the years, as shown in Figure 2.7, when Edmonton’s annual Cooling Degree Days are 

examined in 25-year periods.

Annual Average Cooling Degree Days by 25-year Period in Edmonton

 
Figure 2.7: Annual average Cooling Degree Days by 25-year periods in Edmonton, 1885–2024. 
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2.2.4 EXTREME TEMPERATURE EVENTS IN EDMONTON 

2.2.4.1 Heat Waves 

Extreme heat events, commonly known as “heat waves,” affect many regions across Canada 

(Health Canada, 2024), including Edmonton. A heat wave generally refers to an extended 

period of unusually high temperatures. In this report, a heat wave is defined as two or more 

consecutive days with maximum daytime temperatures of at least 29°C and minimum 

nighttime temperatures of 14°C or higher. This aligns with ECCC’s heat warning criteria for 

Edmonton region (ECCC, 2024d; ECCC, 2025c). Accordingly, heat wave days in this report 

refer to days in the heat wave events meeting the defined temperature thresholds based on 

observed weather data. However, it is important to note that not all events meeting these 

temperature thresholds necessarily triggered official heat warnings, as ECCC may also consider 

additional factors. This section examines key characteristics of heat waves in Edmonton, 

including their frequency, intensity, and duration.
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Annual Number of Heat Wave Days in Edmonton

Figure 2.8: Annual number of heat wave days in Edmonton, 1885–2024.

Figure 2.8 illustrates the fluctuating patterns of extreme heat in Edmonton from 1885 to 2024 

by analyzing the annual number of heat wave days. Heat wave days fluctuate notably from 

year to year, with periods of low or no heat wave activity interspersed with years of heightened 

frequency. For example, certain years such as 2002, 2008, 2015, 2021, and 2024, experienced 

a higher number of heat wave days (nine or more), while others recorded fewer or none. This 

reflects the influence of broader climate variability and atmospheric patterns. 

In Edmonton, 2021 recorded the highest number of heat wave days (19 days) 
on record, and 2024 follows 2021 with 12 heat wave days, indicating the 
frequency of extreme heat events has been increasing in recent years.

The intensity of heat wave events from 1885 to 2024 provides additional insight into the 

changing characteristics of extreme heat in Edmonton. Examining the maximum temperatures 

recorded during these events can help better understand how the severity of heat waves has 

evolved over time.

Recent heat wave periods have also reached record maximum temperatures. 

Importantly, five out of the eight years with daily maximum temperatures reaching 34.5°C or 

higher have occurred within the past 20 years (2006, 2008, 2018, 2021 and 2024).

Heat waves have not only become more frequent and intense but are also lasting longer 

in recent years. Analysis of the annual maximum length of heat waves from 1885 to 2024, 

indicates heat wave duration is increasing (Figure 2.9).
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Annual Maximum Duration of Heat Waves in Edmonton

Figure 2.9: Annual maximum duration of heat waves (in days) in Edmonton, 1885–2024

Both 2021 and 2024 recorded the longest heat waves on record in Edmonton, each lasting 

eight consecutive days (Figure 2.9). While these events may reflect short-term variability or 

anomalous years, they align with broader warming trends and increasing heat wave frequency 

and intensity in recent decades. When considered in this context, such extended events may 

indicate an emerging trend toward longer and more severe heat waves. Continued monitoring 

is essential to determine whether these are isolated occurrences or part of a longer-term shift. 

Notably, of the 14 years that recorded heat waves lasting four days or more, half occurred in 

the 21st century. The persistence of these conditions appears to be consistent with observed 

warming patterns, which may contribute to an increased potential for extended heat events in 

the future.

Canada’s rapid warming (Box 2.1) places Edmonton in a region experiencing heightened climate 

impacts, contributing to the increased frequency, intensity, and duration of extreme heat 

events. To further investigate this, heat wave events were summarized and compared across 

25-year periods, beginning in 1900. The only recorded heat wave event before 1900 occurred  

in 1886.
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(a) Total Number of Heat Wave Events  
by 25-Year Period in Edmonton

       
 

Figure 2.10: (a) Total number of heat wave events and (b) total number of heat wave days by 25-year period in 
Edmonton, 1900–2024. 

The total number of heat wave events (Figure 2.10a) represent heat wave frequency, while the 

cumulative number of days within those heat waves (Figure 2.10b) reflects both frequency and 

duration. Between 2000 and 2024, a total of 38 heat waves including 111 days were observed,  

which equals to the total counts of heat events but exceeds the total number of heat wave days 

from the previous half century (1950–1999). 

The heat wave in June 2021 recorded a peak temperature of 37°C, marking the 
second-highest temperature in Edmonton’s history, following June 1937 when 

a daily high temperature of 37.2°C was observed. 

Furthermore, the average heat wave duration has increased from two days in the early years to 

2.9 days (111 heat wave days in 38 events) in the most recent quarter-century. This period also 

experienced the longest heat waves on record, reaching eight days in both 2021 and 2024.

Climate change can increase the frequency and severity of extreme heat events, not only 

making heat waves more common but also altering the atmospheric patterns that drive them. 

For instance, heat waves may last longer in one location when high-pressure systems move 

more slowly, maintaining elevated temperatures over a region for an extended period (IPCC, 

2021). Additionally, the occurrence of ‘heat domes’, where high-pressure systems trap heat 

over a region, has become more frequent and intense under warming conditions (Chen et al., 

2023). These phenomena are pertinent to Alberta’s recent heat wave trends (CER, 2021), where 

extended high-temperature events, such as the eight-day heat waves in 2021 in Edmonton, 

may reflect broader patterns of climate-driven extreme heat.

(b) Total Number of Heat Wave Days  
by 25-Year Period in Edmonton
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2.2.4.2 Extremely Hot Days and Tropical Nights 

Extremely high temperatures pose significant risks to both human life and ecosystems, 

potentially resulting in severe consequences such as heat stroke, dehydration, and respiratory 

problems (WHO, 2024a). To assess the frequency of extreme heat over the past 140 years, this 

section analyzes two key climate indicators: the number of days with maximum temperatures 

at or above 32°C and 34°C (CAC, 2025).

Unlike heat wave events, which have thresholds for daily high and low temperatures and 

last two days or longer, extremely hot days are defined based on the maximum temperature 

on a single day. In addition, the occurrence of tropical nights, defined in this report as days 

when minimum nighttime temperatures remain at or above 18°C or 20°C, is analyzed as an 

important indicator of persistent heat. Hot days become particularly hazardous when nighttime 

temperatures fail to provide relief (ClimateData.ca, 2024b).

(a) Annual Number of Extremely Hot Days at 32°C or Higher in Edmonton 

(b) Annual Number of Extremely Hot Days at 34°C or Higher in Edmonton

Figure 2.11: Annual number of extremely hot days based on temperature thresholds of (a) 32°C or higher and 
(b) 34°C or higher, in Edmonton, 1885–2024. 

The annual number of extremely hot days in Edmonton from 1885 to 2024, is shown in Figure 

2.11. These days are defined as those reaching daily high temperatures of 32°C or higher (Figure 

2.11a) and 34°C or higher (Figure 2.11b).
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Among the five years that recorded six or more such days with temperatures reaching or 

exceeding 32°C (1936, 1961, 2002, 2021, and 2024), three occurred in the most recent quarter-

century (i.e. the past 25 years). The years 2021 and 2024 each recorded nine days at or above 

32°C, including four days reaching at least 34°C, setting a record for the most extremely hot 

days observed in Edmonton.

(a) Annual Number of Tropical Nights at 18°C or Higher in Edmonton

(b) Annual Number of Tropical Nights at 20°C or Higher in Edmonton

 
 

Figure 2.12: Annual number of tropical nights with minimum temperatures of (a) 18°C or higher and (b) 20°C or 
higher, in Edmonton, 1885–2024. 

As shown in Figure 2.12, tropical nights have become more frequent in recent years. Prior to 

1900, only four nights with minimum temperatures above 18°C were recorded. In contrast, the 

past 15 years have seen 41 such nights. Historically, most years experienced no tropical nights. 

Since 2000, six years have recorded more than five tropical nights individually. Notably, 2021 and 

2024 set new records with 11 and 12 tropical nights, respectively, including three and six nights 

exceeding 20°C. This increase in both frequency and intensity of tropical nights poses a growing 

health risk to vulnerable and sensitive populations such as elderly adults, individuals with pre-

existing health conditions, and those without access to adequate cooling. Prolonged warm nights 

hinder the body’s ability to recover from daytime heat and can significantly increase the risk of 

heat stress and other heat-related illnesses (ClimateData.ca, 2024b).

20
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To gain further insights into long-term patterns of extreme daytime and nighttime temperatures, 

historical data on extremely hot days and tropical nights was aggregated into 25-year periods 

(Figure 2.13). 

The total number of extremely hot days (Figure 2.13a) and tropical nights (Figure 2.13b) for each 

quarter-century is summarized using defined temperature thresholds. In the most recent quarter-

century (2000–2024), Edmonton recorded 54 days with daily maximum temperatures of 32°C or 

higher, including 15 days reaching or exceeding 34°C. During the same period, there were 63 tropical 

nights (defined as nights with a minimum temperature of 18°C or higher), of which 13 exceeded 20°C. 

This trend reflects a significant reduction in overnight cooling and an increased risk of heat stress. 

The frequency of both extremely hot days and tropical nights in 2000–2024 is markedly higher than 

in any previous 25-year period.

(a) Total Number of Extremely Hot Days  
by 25-Year Period in Edmonton 

                           

Figure 2.13: Total number of (a) extremely hot days and (b) tropical nights by 25-year  
period in Edmonton, 1900–2024. 

2.2.4.3 Cold Extremes 

Extreme cold events in Edmonton are identified based on the criteria set by ECCC. According to 

ECCC, extreme cold warnings for Alberta are issued when the temperature or wind chill is expected 

to reach -40°C or lower for a minimum duration of two hours. This threshold is primarily intended for 

short-term public safety alerts rather than long-term climate trend analysis. 

In this study, thresholds of -30°C and -35°C were selected to support a more comprehensive 

analysis of extreme cold events over time. These thresholds capture very cold days that, while 

not always reaching -40°C warning level, still have considerable implications for public health and 

environmental systems. Additionally, wind chill values are derived metrics and are not consistently 

available in historical daily climate records. Therefore, minimum daily air temperature provides a 

more reliable and continuous indicator of cold extremes from 1885 to 2024.

(b) Total Number of Tropical Nights  
by 25-Year Period in Edmonton

80
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In this report, for the analysis of very cold days, extreme cold is defined as days when the minimum 

temperature falls to -30°C or lower, with a subset of those days reaching –35°C or lower (Figure 

2.14).

Annual Number of Very Cold Days in Edmonton 

 

Figure 2.14: Annual number of very cold days in Edmonton, 1885–2024.

The annual number of very cold days is based on daily minimum temperatures, with dark blue 

bars representing days at or below -35°C and light blue bars representing days with minimum 

temperatures between -30°C and -35°C (Figure 2.14). The frequency of very cold days was highest 

prior to 1950 and has decreased gradually over time. Between 1970 and 2024, there were 14 years 

in which Edmonton recorded no days colder than -30°C.

A quarter-century analysis of extremely cold temperatures reveals a clear downward trend in the 

frequency of very cold days (Figure 2.15).

Total Number of Very Cold Days by 25-Year Period in Edmonton

Figure 2.15: Total number of very cold days by 25-year period in Edmonton, 1900–2024. 
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While Edmonton continues to experience occasional and isolated extreme cold events, these 

occurrences are increasingly understood as part of complex interactions between Arctic 

warming and atmospheric circulation dynamics, particularly disruptions to the polar vortex 

(Overland and Wang, 2019; Cohen et al., 2024). The polar vortex is a large area of low-pressure 

and cold air encircling the Arctic, generally held in place by the polar jet stream. Recent studies 

have shown that Arctic amplification—the intensified warming of the Arctic relative to global 

averages—can influence atmospheric pressure patterns and destabilize the stratospheric polar 

vortex, increasing the likelihood of cold-air outbreaks into mid-latitudes regions (Cohen et al., 

2024).

Temporary breakdowns or displacements of the polar vortex can allow Arctic air to surge 

southward into the Prairies. These events highlight the role of natural atmospheric variability 

within the broader context of ongoing regional warming.

There is strong scientific consensus that human activities—primarily the burning of fossil 

fuels—are causing the Earth to warm, with the Arctic warming at two to three times the global 

rate (Miller et al., 2013; Meredith et al., 2019; Bush and Lemmen, 2019; ClimateData.ca, 2024c). 

This overarching warming trend has led to an increase in extreme heat events globally, which 

now outnumber cold snaps. However, cold snaps still punctuate the general warming trend, 

particularly in northern temperate regions like North America. These cold snaps, although 

less frequent and generally not setting new records for cold, can bring temperatures that are 

significantly below seasonal averages and have considerable effects on human health, energy 

consumption, and transportation systems (ClimateData.ca, 2024c).
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In Edmonton, broader climate change patterns are already reflected in observable shifts in winter 

conditions. Recent assessments suggest that changes are occurring not only in temperature 

trends but also in the overall characteristics and seasonal dynamics of winter. The city has 

experienced a reduction in the number of cold days (Figure 2.14), consistent with a general 

trend toward shorter and milder winters observed in several Canadian cities (Climate Central, 

2024). These changes may influence snow cover, freeze-thaw cycles, and the timing of seasonal 

transitions. According to Climate Central, Edmonton now experiences an average of four winter 

days per year with minimum temperatures above 0°C, three of which are attributed to human-

induced climate change (Climate Central, 2024). These results represent averages over the past 

decade (2014–2023). While Edmonton remains among the colder major cities in Canada, these 

findings indicate a measurable local signal of winter warming, with potential implications for 

infrastructure, ecosystems, and climate adaptation planning.

While the long-term trend in Edmonton shows a decline in extreme cold days, 
episodic cold snaps remain possible due to dynamic atmospheric processes.

2.2.5 INFLUENCE OF NATURAL ATMOSPHERIC PATTERNS 

Edmonton’s climate is likely influenced by large-scale natural oscillations, notably the El Niño–

Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO), which are known to 

drive year-to-year and decadal variability in temperature across western Canada (Shabbar 

and Khandekar, 1996; Bonsal et al., 2001). ENSO, in particular, is associated with episodes of 

unusually high sea-surface temperatures in the equatorial eastern Pacific, which arise from 

large-scale fluctuations in surface air pressure between the western and eastern tropical 

Pacific (Moran and Morgan, 1997). These ocean–atmosphere interactions result in atmospheric 

oscillations that can influence weather patterns far beyond the tropics.
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ENSO’s effects appear to include contributing to positive surface temperature anomalies across 

western Canada and the northwestern United States (Khandekar, 2000). During El Niño winters, 

an amplified high-pressure ridge often develops over western North America, inhibiting Arctic 

air outbreaks and contributing to warmer-than-normal conditions from the Yukon through the 

Prairies. Conversely, La Niña episodes are typically associated with colder winter anomalies in 

Alberta and surrounding areas due to a southward displacement of the jet stream, which allows 

more frequent Arctic air incursions (Shabbar and Khandekar, 1996). It is hypothesized that these 

patterns may contribute to observed winter temperature variability in Edmonton, although more 

localized attribution remains limited in the literature. Their influence generally diminishes by spring.

The PDO, a multi-decadal oscillation in North Pacific ocean–atmosphere conditions, appears to 

influence climate over longer timeframes. It typically persists for 20–30 years in either a “warm” 

(positive) or “cool” (negative) phase. Positive PDO phases have been associated with milder 

winters across western Canada, while negative phases are linked to increased cold-air surges 

(Bonsal et al., 2001). When El Niño events coincide with positive PDO conditions, especially warm 

winters have been observed in parts of western North America, potentially due to reinforcing 

circulation patterns. The mid-1970s shift to a positive PDO phase, along with a rise in El Niño 

frequency, coincided with relatively greater winter and spring warming in western North America, 

including parts of Alberta (Bonsal and Shabbar, 2011).

Although such oscillations introduce important short-term and decadal variability, they are 

unlikely to fully explain the persistent long-term warming trends observed in recent decades. 

Large-scale atmospheric oscillations—including ENSO, the North Atlantic Oscillation (NAO), 

and the Arctic Oscillation (AO)—may account for some variability and potentially a portion of 

observed warming trends at the hemispheric scale (Khandekar, 2000), but not the sustained 

upward trajectory in temperatures over decades. Canadian studies suggest that these natural 

modes modulate the spatial pattern and timing of warming, but are insufficient to account for its 

magnitude and duration (Vincent et al., 2015).



CITY OF EDMONTON 31 UNDERSTANDING EDMONTON’S CHANGING CLIMATE 2025: OBSERVED CLIMATE TRENDS

T
E

M
P

E
R

A
T

U
R

E IN
 E

D
M

O
N

TO
N

Canada’s Changing Climate Report (Bush and Lemmen, 2019) concludes that while both natural 

variability and human influence have played roles in observed warming, it is very likely that 

anthropogenic factors are the dominant cause of long-term warming across Canada. The 

report discusses that from 1948 to 2016, the annual average temperature in Canada increased 

by approximately 1.7°C, with even greater increases in the Prairie provinces and during winter 

months. These changes are greater than what would be expected from internal variability alone.

Overall, while ENSO, PDO, and other large-scale atmospheric oscillations likely influence short-

term and seasonal climate variability in Edmonton, they do not account for the persistent 

warming observed in recent decades. Regional and national scientific assessments consistently 

suggest that Edmonton’s long-term temperature increase is occurring within the broader 

context of anthropogenic climate change, with natural variability serving a secondary, 

modulating role. Further research may help clarify the specific influence of these oscillations on 

local temperature trends.

2.3 Urban Heat Island (UHI) Effect in Edmonton
Urban Heat Island effects in Edmonton are shaped by the city’s high-latitude location, land 

use patterns, and seasonal climate variability, resulting in UHI dynamics that are distinct from 

other major Canadian cities. While Edmonton shows its highest UHI intensity during winter 

nights, due to heat retention in built environments, the greatest potential for climate and health 

impacts likely occurs in summer, when daytime and nighttime UHI compound elevated ambient 

temperatures. Satellite-based analyses confirm urban hotspots in downtown and industrial 

zones, while vegetated zones and large water bodies provide localized cooling.

UHIs are a climate phenomenon where urban areas experience significantly higher temperatures 

compared to nearby rural regions (Welegedara et al., 2023). This temperature difference—

referred to as UHI intensity—results from a combination of land cover changes, human activity, 

and urban infrastructure. Impermeable surfaces such as asphalt, concrete, and buildings absorb 
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and retain more solar radiation, especially when composed of low-albedo materials that reflect 

less sunlight. The reduction of vegetation further exacerbates this effect by limiting natural cooling 

processes like shading and evapotranspiration (Welegedara et al., 2023).

While UHIs can intensify heat-related risks during summer—by increasing temperatures, stressing 

energy systems, and reducing comfort in urban settings, their significance varies by season. 

For example, in winter, Edmonton’s elevated nighttime UHI may mitigate extreme cold exposure 

rather than increase risk. Thus, the most intense UHI does not always result in the most severe 

impacts, emphasizing the need to interpret UHI effects in context, accounting for both seasonal 

conditions and climate vulnerabilities.

In Edmonton, the UHI effect is most pronounced in densely populated areas with limited green 

space—defined here as areas with natural or semi-natural vegetation such as parks, treed 

boulevards, vegetated open spaces, and community gardens. During heat waves, the UHI effect 

can exacerbate temperature extremes, with heightened implications for public health and energy 

infrastructure (Welegedara et al., 2023; Duan et al., 2024). 

While the Urban Heat Island (UHI) effect contributes to localized warming in 
specific urban areas, Edmonton’s overall warming trend is not solely—or even 
primarily—due to urban growth. Long-term temperature increases observed 

across the Edmonton region reflect broader climatic changes driven largely by 
greenhouse gas emissions and global climate dynamics. UHI intensifies warming 

within city boundaries, but it does not explain the magnitude or persistence of 
Edmonton’s regional warming trend.

Recent analyses using MODIS Land Surface Temperature (LST) data from 2021 provide further 

insights into Edmonton’s UHI dynamics (Duan et al., 2024). Understanding Edmonton’s UHI requires 

examining its land use and land cover characteristics. The city’s urban areas are predominantly 

built-up and are surrounded by croplands, vegetated zones, and the river valley, which serve as 

natural cooling areas. The contrast between Edmonton’s urban areas (signified by built-up areas in 

red) and its surrounding natural and rural zones, based on 2021 data, is illustrated in Figure 2.16.
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Land Use and Land Cover Map of Edmonton

Edmonton’s UHI intensity shows notable seasonal and diurnal patterns. During the winter 

months, daytime UHI intensity is relatively low at -1.29°C, as the colder temperatures in 

surrounding rural areas offset urban warming. However, nighttime UHI intensity increases 

significantly to 2.86°C, primarily due to heat retention in built-up areas, which release 

stored heat during longer winter nights (Duan et al., 2024). This highlights the role of urban 

infrastructure in contributing to nighttime warming.

Seasonal patterns further reveal urban heat sinks in vegetated zones and along the river valley 

during winter days, contrasting with persistent warming patterns in the urban areas during 

nighttime throughout the year. Warmer urban areas are consistently evident in both daytime 

and nighttime maps across all seasons, while areas near the river valley remain cooler due to 

vegetation (Figure 2.17). Notably, Edmonton experiences its highest maximum daytime UHI 

intensity during the winter months likely influenced by snow-covered vegetated surfaces 

and limited solar reflection  (Duan et al., 2024). However, the most critical UHI-related risks 

emerge in summer, when elevated baseline temperatures are compounded by both daytime 

and nighttime UHI effects. These compounding factors can significantly intensify heat waves, 

heightening public health risks and straining infrastructure (Zhao et al., 2018; Ejiagha et a., 2022).

Figure 2.16: Land Use and Land Cover 
map of Edmonton, highlighting urban, 
vegetated, and cropland areas relevant 
to UHI patterns (Illustration by Duan et 
al., 2024).
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(a) Four-season daytime UHI distribution map
WINTER SPRING SUMMER FALL

(b) Four-season nighttime UHI distribution map
WINTER SPRING SUMMER FALL

Figure 2.17: Four-season Urban Heat Island (UHI) intensity distribution maps for Edmonton, showing (a) 
daytime and (b) nighttime patterns (Illustration by Duan et al., 2024).

The spatial distribution of UHI in Edmonton reveals the role of urbanization in shaping 
temperature dynamics. High UHI intensities are concentrated in downtown Edmonton and 
industrial areas, where impermeable surfaces such as roads and buildings dominate. These 
urban areas experience greater heat retention compared to areas near the river valley and 
other vegetated zones, which benefit from the cooling effects of water bodies and vegetation. 
These green spaces significantly lower surface temperatures, providing natural relief from UHI 
effects (Duan et al., 2024). 

Land use also plays a pivotal role in Edmonton’s UHI intensity. Built-up areas consistently 

exhibit the highest daytime surface temperatures due to the heat-absorbing properties of 

impermeable surfaces. In contrast, vegetated areas—particularly croplands and tree-covered 

regions—as well as large water bodies act as natural cooling zones by moderating surface 

temperatures. These findings highlight the importance of preserving and expanding green 

spaces to mitigate urban heat and enhance thermal comfort in the city (Duan et al., 2024).

Edmonton’s UHI effect is distinct from other Canadian cities, with more 
pronounced nighttime warming due to its high-latitude location.

Compared to other major Canadian cities such as Vancouver and Toronto, Edmonton’s UHI 

dynamics are distinct. Situated at a high latitude, Edmonton displays unique UHI characteristics 

shaped by its geographical location, seasonal climate, and diverse land use patterns. While 

Vancouver and Toronto are characterized by prominent daytime UHI effects—partly shaped by 

the moderating influence of nearby large water bodies— Edmonton’s nighttime UHI intensity 
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is more pronounced. This unique trend is attributed to Edmonton’s high-latitude location, which 

leads to extended winter nights and increased heat retention in urban areas. Additionally, 

Edmonton experiences significant seasonal variability in UHI patterns, with heat sinks in green 

spaces during winter days juxtaposed against nighttime warming in built-up zones (Duan et al., 

2024).

The contrast with other cities shows the importance of Edmonton’s specific geographic and 

climatic context in shaping its UHI effects. These insights are vital for tailoring mitigation 

strategies that account for local conditions, such as increasing tree cover, reducing impermeable 

surfaces, and protecting green spaces in high-UHI areas like downtown (Duan et al., 2024). 
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3.0 Air Quality in Edmonton
Edmonton is part of an airshed currently classified at the “orange” management level under the 

Canadian Ambient Air Quality Standards (CAAQS). This status reflects pollutant levels that are 

elevated enough to warrant management plans but not yet exceed national thresholds. Within 

this context, air quality in Edmonton has remained relatively stable between 2010 and 2024. This 

stability suggests that conditions have not worsened, even amid growing urban activity and 

increasing climate pressures. Episodes of poor air quality are driven primarily by winter inversions 

and summer wildfire smoke, rather than persistent urban emissions. Nitrogen dioxide (NO₂) levels 

have declined overall but continue to peak during traffic rush hours. Ozone (O₃) concentrations 

have risen and show clear midday peaks linked to photochemical processes. Fine particulate 

matter (PM₂.₅) remains highly variable, with spikes during wildfire events and atmospheric 

inversions, but no clear long-term trend. 

Air quality, defined as the condition of air in the surrounding environment,  is essential for  

both human and ecosystem health (ECCC, 2017a). It relates to the concentration of air pollutants 

present in the atmosphere that may affect human health or the natural environment. Air pollution 

can negatively impact environmental systems and pose serious health risks, particularly for 

vulnerable populations such as older adults, young children, and individuals  

with pre-existing respiratory conditions (ECCC, 2017a).

The World Health Organization identifies outdoor air pollution as one of the most significant 

global environmental health risks, affecting populations worldwide (WHO, 2024b; ECCC, 2017a). 

Pollutants such as ground-level ozone (O₃), acidifying compounds, and heavy metals not only 

harm human health but also affect soil, water, crops, and wildlife. Some air pollutants—like short-

lived climate pollutants—further contribute to climate change, amplifying their environmental and 

socioeconomic impacts (ECCC, 2017a).

To place these findings in a broader policy and regulatory context, the Canadian Ambient Air Quality 

Standards (CAAQS) provide a benchmark for air quality management across Canada. According to 

the Alberta Air Zones Report (2020–2022), the North Saskatchewan Air Zone, which includes the 

Edmonton Metropolitan Region, remains within the orange management level for PM₂.₅, NO₂, and 

O₃. This designation indicates that the air zone is either exceeding the standards or is at risk of doing 

so in the near future and requires proactive management actions (Brown et al., 2025). However, 

analysis of Edmonton-specific monitoring stations shows that the city met the 2023 CAAQS 

thresholds for all three pollutants—PM₂.₅ (after exclusion of wildfire data), NO₂, and O₃—based on 

the most recent three-year average. These findings highlight the importance of distinguishing 

between episodic and anthropogenic pollution sources and reinforce the need for targeted emission 

reduction strategies alongside emergency response planning for natural events like wildfires.
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The following sections provide an overview of air quality trends and key emission sources in 

Edmonton, based on findings from a recent study conducted for the City of Edmonton by the 

Alberta Capital Airshed (McCullum, 2025).

3.1 Air Quality Indices 
This section evaluates the trends in three key air quality parameters—nitrogen dioxide (NO₂), 

ozone (O₃), and fine particulate matter (PM₂.₅)—and their implications for the Air Quality Health 

Index (AQHI) in Edmonton. Evaluated data was collected from 2010 to 2024 by four monitoring 

stations across the city (Edmonton Woodcroft, Edmonton McCauley, Edmonton Lendrum, 

and Edmonton East). Monthly averages, followed by the 98th percentile of these parameters, 

were analyzed to identify significant patterns over time, reflecting both broad-scale trends and 

episodic events for the three parameters and AQHI (Figure 3.1). Mean trends reflect broader, 

long-term changes in air quality, while the 98th percentile trends  provide insight into the 

behaviour of extreme pollution events.

Mean Monthly Air Quality Trends in Edmonton

(a)      (b)

 
 

 

 

Figure 3.1: (a) Monthly mean and (b) 98th percentile trends for three key air pollutants and 
the Air Quality Health Index (AQHI) in Edmonton, 2010–2024. 

 
 
 
 
 
 

Figure 3.1: (a) Monthly mean and (b) 98th percentile trends for three key air pollutants and the Air Quality 
Health Index (AQHI) in Edmonton, 2010–2024.

NITROGEN DIOXIDE (NO₂)

Mean monthly NO₂ levels show a decreasing trend between 2010 to 2024 with strong statistical 

evidence of decline (Seasonal Mann-Kendall test, z = -3.6126, p-value = 0.00030), indicating an 

overall improvement in air quality related to this pollutant. The 98th percentile data also shows 

a statistically significant decreasing trend (z = -3.8605, p-value =0.00011), suggesting that 

even the highest NO₂ concentrations have declined over time. Together, these findings indicate 
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that reductions in NO₂ emissions are influencing both average and peak levels. This reduction 

likely reflects the effectiveness of improved emissions control technologies at key sources, 

influenced by advancements in vehicle technology, industrial regulations, and cleaner energy 

practices however no source-specific attribution analysis has been conducted for Edmonton. 

As such, while these technologies are expected to contribute to observed improvements, 

the exact contributions of various sectors (e.g., transportation vs. industrial sources) remain 

unquantified locally. (GoA, 2025b). 

OZONE (O₃)

Mean monthly O₃ levels show an increasing trend between 2010–2024 (z = 3.2934, p-value 

= 0.00099), likely influenced by reductions in NO₂ emissions. Changes in nitrogen oxide 

concentrations over time may also play a role, as they can both promote and suppress ozone 

concentration, depending on pollution levels and meteorological conditions (GoA, 2025b). 

Nitrogen dioxide acts as a scavenger for ozone, and its reduction in the atmosphere can lead to 

higher average O₃ levels. 

However, 98th percentile data shows no significant trend (z = 0.4682, p-value = 0.6397), 

indicating that extreme ozone levels are not increasing significantly, even though average levels 

are rising. The increasing trend in mean O₃ may reflect broader environmental changes, while 

the absence of a trend in the 98th percentile suggests that extreme ozone events have not 

become more frequent or severe and remain stable.
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PARTICULATE MATTER (PM₂.₅)

Mean monthly PM₂.₅ levels show no significant trend between 2010 and 2024 (z = -1.5702, 

p-value = 0.1164), with occasional spikes that coincide with episodic events such as increased 

wildfire activity and wintertime temperature inversion. The 98th percentile data also shows 

no significant trend (z = 0 , p-value = 1), but displays high variability and sharp peaks likely 

associated with extreme events. Both metrics indicate a lack of consistent long-term trend; 

however, the 98th percentile highlights episodic high-concentration events which may not 

strongly affect the mean.

AIR QUALITY HEALTH INDEX (AQHI)

The Air Quality Health Index, or AQHI, is a scale from 1 to 10 that communicates the health 

risk associated with local air quality. It is particularly useful for individuals more sensitive to 

air pollution such as children, the elderly, and those with pre-existing health conditions by 

providing real-time guidance on outdoor activity. The higher the AQHI value, the greater the 

potential health risk and the need to take appropriate precautions (GoA, 2025c).

The AQHI, calculated using NO₂, O₃, and PM₂.₅, demonstrates no significant trend in mean 

monthly values between 2010 and 2024 (z = -0.415, p-value = 0.678). The 98th percentile data 

also shows no significant trend (z = 0.0661, p-value = 0.9473), suggesting that extreme AQHI 

levels—such as those observed during high pollution events—have not shown a consistent 

change over the period evaluated. Together, these metrics indicate that while air quality 

remains variable, there is no clear indication of an increase in the frequency or severity of 

extreme AQHI events based on the 2010–2024 monthly data.

KEY OBSERVATIONS IN AIR QUALITY TRENDS:

The consistent decline in NO₂ levels likely reflects effective emission reduction measures 

across Edmonton, with source-specific attribution analysis required to identify the 

specific causes.

Rising mean ozone levels point to changing atmospheric chemistry, likely driven by 

reductions in NO₂ and broader environmental changes, though extreme events remain 

stable.

PM₂.₅ levels are characterized by high variability due to episodic events, such as wildfires 

and wintertime inversions, which can lead to short-term but severe air quality impacts 

without significantly influencing long-term averages.
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3.1.1 TEMPORAL AND NORMALIZED PATTERNS IN AIR QUALITY 
PARAMETERS 

To better understand the trends in Edmonton’s air quality, an additional analysis was conducted 

by normalizing the data for NO₂, O₃, PM₂.₅, and AQHI (Figure 3.2). The purpose of normalizing is 

to highlight relative variations in each metric over time (hourly, monthly, or weekly) without 

being influenced by absolute concentration differences between pollutants. The normalization 

process highlighted relative variations in these parameters over time (hourly, monthly, and 

weekly) while minimizing the influence of absolute concentration differences. This analysis 

uses the same data set covering the 2010–2024 period. This approach is particularly effective 

when working with parameters measured on vastly different scales, such as NO₂ in parts per 

billion (ppb), PM₂.₅ in micrograms per cubic meter (µg/m³), and the AQHI as a unitless index. By 

normalizing the data, patterns and trends became more apparent, enabling easier comparisons. 

Normalized Temporal Air Quality Patterns in Edmonton

Figure 3.2: Normalized patterns of NO₂, O₃, PM₂.₅ and AQHI in Edmonton.

Analysis of daily patterns offers insight into contributing causal mechanisms (Figure 3.2).  

NO₂ exhibited peaks during morning (7–9 AM) and evening (6-9 PM) rush hours, a reflection 

of emissions from vehicular traffic. In contrast, O₃ levels peaked around midday due to 

photochemical reactions driven by sunlight and decreased at night in the absence of sunlight. 

PM₂.₅ displayed relatively stable levels throughout the day, with slight increases during 

evening hours. These increases may be attributed to a combination of factors, including 
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residential heating, the use of local fire pits, evening traffic, possible industrial emissions, and 

meteorological influences such as localized wind patterns or temperature inversions that 

hinder pollutant dispersion. However no source attribution has been completed to define 

the contribution of these potential sources. Meanwhile, AQHI showed relatively stable daily 

behavior, as it reflects the combined effects of NO₂, O₃, and PM₂.₅.

Monthly patterns provided further insights into seasonal variations (Figure 3.2). NO₂ 

concentrations were highest during the winter months, particularly from November to 

February, likely due to low atmospheric ceilings and temperature inversions trapping pollutants 

near the surface and increased emissions from vehicle idling and residential heating (Britannica, 

2020). In contrast, O₃ concentrations peaked in the spring months, from April to July, as warmer 

temperatures and sunlight promote ozone formation. PM₂.₅ displayed a dual pattern, with 

spikes during summer months, likely due to wildfires and agricultural burning, and a secondary 

peak during winter, possibly influenced by inversions and heating-related emissions. The AQHI 

reflected the combined seasonal behaviors of its component pollutants, showing variability that 

aligned with these trends.

Weekly patterns showed further differentiation among the pollutants. NO₂ levels were higher 

during weekdays, consistent with traffic patterns, and dropped significantly on weekends, 

reflecting reduced commuting and vehicular activity. O₃ levels, on the other hand, remained 

more consistent across the week but showed a slight increase on weekends, likely due to 

reduced NO₂ scavenging. PM₂.₅ and AQHI demonstrated minimal variation throughout the week, 

suggesting they were less influenced by weekly activity cycles and more by longer-term or 

episodic factors.

To further understand the patterns in the data, the analysis was repeated without normalization 

to visualize the temporal patterns using actual concentration values (Figure 3.3). This approach 

retains the absolute values of each parameter, providing important context about real-

world exposure levels and their magnitude. When multiple pollutants exhibit similar temporal 

patterns, this may indicate shared sources (e.g., traffic emissions), similar atmospheric behavior, 

or common meteorological influences. Conversely, when patterns differ—such as one pollutant 

peaking in the morning and another in the afternoon—it can highlight differences in source 

timing, chemical transformation processes (e.g., ozone formation), or dispersion characteristics. 

This distinction helps to better interpret the drivers behind observed air quality dynamics and 

supports targeted mitigation efforts. 

Daily patterns in absolute terms showed NO₂ concentrations peaking at approximately 30 ppb 

during rush hours—morning (around 7–9 AM) and evening (around 6–9 PM), while O₃ reached 

values between 30 and 40 ppb around midday (Figure 3.3). PM₂.₅ levels generally remained 

below 15 µg/m³. AQHI values stayed low and stable, mostly below 3.
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Weekly patterns in absolute terms mirrored those in the normalized analysis, with NO₂ levels 

clearly higher on weekdays compared to weekends, O₃ slightly elevated on weekends, likely due 

to reduced NO₂ scavenging, and PM₂.₅ and AQHI remaining relatively stable across the week.

Monthly patterns highlighted that NO₂ concentrations were highest during winter, exceeding 20 

ppb, and lowest in summer. O₃ exhibited peaks in spring months, exceeding 30 ppb, while PM₂.₅ 

levels showed modest baseline concentrations with occasional spikes above 15 µg/m³ during 

wildfire events in summer months. AQHI values remained predominantly low.

Temporal Air Quality Patterns in Edmonton 

Figure 3.3: Temporal patterns of NO₂, O₃, PM₂.₅ and AQHI in Edmonton.

The combined insights from normalized (Figure 3.2) and absolute (Figure 3.3) data highlight 

several key trends. Traffic-related emissions (reflected in NO₂) and photochemical reactions 

(driving O₃ levels) dominate daily variations, while PM₂.₅ and AQHI appear to be less influenced 

by daily activities and exhibit more stable daily patterns. Seasonal trends show that NO₂ is 

highest in winter, O₃ peaks in spring, and PM₂.₅ shows episodic spikes in spring and summer 

(due to wildfires) and winter (due to atmospheric temperature inversions and localized heating-

related emissions). Weekly variations underline the influence of human activity, with NO₂ 

and O₃ showing distinct weekday–weekend differences likely driven by traffic patterns and 

photochemical processes, while PM₂.₅ and AQHI remain relatively stable across the week.
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This analysis provides a comprehensive understanding of Edmonton’s air quality dynamics 

between 2010–2024, highlighting both broad-scale trends and the impact of episodic pollution 

events. The temporal trends observed offer valuable insights for interpreting air quality data and 

informing mitigation strategies to address Edmonton’s unique air quality challenges.

A comparative analysis of air quality parameters—NO₂, O₃, and PM₂.₅— across monitoring stations 

in Alberta, including four stations in Edmonton for 2023 showed NO₂ concentrations were notably 

higher in urban centers such as Edmonton, driven by transportation, home heating, and industrial 

emissions, with Edmonton’s stations ranking among the top 10 in the province. In contrast, O₃ 

concentrations were lower in urban areas due to the scavenging effect of NO₂, where elevated NO₂ 

suppresses O₃ formation (Brown et al., 2025). As a result, two of Edmonton’s stations were within 

the bottom 10, and all four ranked in the bottom 20 for O₃ levels. PM₂.₅ concentrations, influenced 

by episodic wildfire events, displayed a different pattern, with three of Edmonton’s stations 

ranking among the top 20 in the province. A notable north-to-south gradient in PM₂.₅ levels was 

observed, reflecting wildfire activity across Canada in 2023. These contrasting spatial patterns 

highlight the unique drivers of NO₂, O₃, and PM₂.₅ concentrations, with NO₂ and O₃ influenced by 

urbanization and atmospheric chemistry, while PM₂.₅ is predominantly affected by episodic events 

like wildfires and atmospheric inversions.

3.2 Seasonal Variation in Pollutant Levels
A comprehensive analysis of seasonal variations in pollutant levels was conducted using data from 

2010 to 2024. To visualize these patterns, calendar plots were developed to display daily variations 

in AQHI (Figure 3.4), PM₂.₅ (Figure 3.5), NO₂ (Figure 3.6) and O₃ (Figure 3.7). These calendar plots use 

a color scale to display daily values throughout the year, providing an intuitive visual summary of 

seasonal and episodic patterns in air quality. High and very high levels are prominently highlighted 

in red, making these plots an effective communication tool for interpreting complex temporal 

dynamics. They are particularly useful for identifying:

 ∙ PM₂.₅ peaks during wildfire seasons (typically May–August) and wintertime temperature 

inversions (Britannica, 2020).

 ∙ NO₂ elevations in colder months (November–February), associated with home heating and 

transportation (Britannica, 2020).

 ∙ O₃ increases in spring and early summer, driven by photochemical processes under high 

sunlight conditions (GoA, 2025b).

 ∙ AQHI spikes, which often align with the above seasonal pollutant trends.

These plots complement the previous trend analyses by visually reinforcing the seasonality and 

variability of Edmonton’s air quality. 
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Air Quality Health Index (AQHI) in Edmonton (2010–2024)

Figure 3.4: Calendar plot of the daily maximum AQHI values in Edmonton, 2010–2024.



CITY OF EDMONTON 45 UNDERSTANDING EDMONTON’S CHANGING CLIMATE 2025: OBSERVED CLIMATE TRENDS

A
IR

 Q
U

A
LIT

Y
 IN

 E
D

M
O

N
TO

N

Fine Particulate Matter (PM₂.₅) Levels in Edmonton (2010–2024)

PM₂.₅ ( μg/m³)

Figure 3.5: Calendar plot of daily maximum PM₂.₅ concentrations in Edmonton, 2010–2024.
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Nitrogen Dioxide (NO₂) Levels in Edmonton (2010–2024)

NO2 ppb

Figure 3.6: Calendar plot of daily maximum NO₂ concentrations in Edmonton, 2010–2024.
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Ozone (O₃) Levels in Edmonton (2010–2024)

Figure 3.7: Calendar plot of daily maximum O₃ concentrations in Edmonton, 2010–2024.

3.2.1 LONG-TERM EVOLUTION OF SEASONAL PATTERNS

A deeper analysis using ridge plots (Figure 3.8) provided additional insights into the evolving 

seasonal patterns of PM₂.₅, NO₂, O₃, and AQHI in Edmonton over 2010–2024. Notably, PM₂.₅ 

distributions in years with significant wildfire activity, such as 2018 and 2023, exhibited clear 

bimodal spikes, reflecting the acute air quality impacts of these events. In contrast, earlier years 

(2010–2015) generally displayed lower and tighter distributions, highlighting a concerning trend 

of increasing wildfire-driven pollution in more recent years.

O3 ppb
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Monthly pattern of PM2.5 in  Edmonton

 
 

Monthly Pattern of NO2 in Edmonton

 
 

Monthly pattern of O3 in  Edmonton

 

Figure 3.8: Annual ridge plots of monthly PM₂.₅, NO₂, O₃, and AQHI in Edmonton, 
2010–2024. 

 
 
 

Monthly pattern of AQHI in  Edmonton

Figure 3.8: Annual ridge plots of monthly PM₂.₅, NO₂, O₃, and AQHI in Edmonton, 2010–2024. 

NO₂ trends revealed higher concentrations in earlier years, followed by a gradual decrease over 

time. This reduction aligns with the introduction of enhanced vehicular emission controls and 

industrial regulations, however no formal source attribution has been completed to confirm the 

specific cause of these reductions. The stabilization of NO₂ peaks around 10-20 ppb, along with 

reduced tail distributions in recent years, may reflect more consistent emission patterns from 

key sources.
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O₃ levels, conversely, showed a slight increase over the study period, with broader and higher 

peaks in recent years. This trend is consistent with the photochemical dynamics of ozone, where 

reduced NO₂ emissions lead to less scavenging and therefore higher ozone formation. The broader 

spread of O₃ in some years may also indicate the compounded influence of summer wildfires, 

which contribute to higher ozone formation during peak sunlight months.

The AQHI distributions remained relatively stable across the years, with most values clustering at 

the lower end, indicating generally good air quality. However, recent years (2023–2024) displayed 

a modest shift towards higher AQHI values, correlating with the increased frequency and intensity 

of wildfire events. This trend highlights the episodic but significant impacts of extreme events on 

Edmonton’s air quality, a critical consideration in the context of ongoing climate change.

3.3 Influence of Wildfire Smoke on Air Quality
Wildfire smoke contributes to poor air quality in the Edmonton region. To understand the 

relationship between wildfire smoke and general ambient air quality, this section first examines 

the correlation between wildfire smoke hours and the Air Quality Health Index (AQHI), followed 

by a historical analysis of smoke hour data from 1963 to 2024. Figure 3.9 shows a calendar plot of 

days with AQHI values greater than six in Edmonton, 2010–2024.

Wildfire smoke plays a pivotal role in shaping AQHI levels during  
the wildfire season.

To explore the relationship between wildfire smoke and air quality, the smoke hour data from 2010 

to 2024 was correlated with AQHI values greater than six (indicating “high” or “very high” health 

risks) (Figure 3.10). The analysis revealed a strong seasonal overlap, with elevated AQHI values 

(7–10+) predominantly occurring during the same months as high smoke hour events, specifically 

from May to August. This seasonal alignment underscores the significant contribution of wildfire 

smoke to Edmonton’s elevated AQHI levels during these months. Notably, the years 2018, 2021, 

2023, and 2024 exhibited clusters of high smoke hours and corresponding spikes in AQHI values, 

further affirming the direct impact of wildfires on air quality.

2023: A YEAR OF POOR AIR QUALITY IN EDMONTON

In 2023, Edmonton experienced unprecedented levels of poor  

air quality, deterioration, making it the most severe year on  

record for short-term air pollution exposure:

 » 34 days with AQHI greater than seven (high risk)

 » 18 days with AQHI greater than 10 (very high risk)

 » 24 smoke days, primarily attributed to regional wildfire activity
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High AQHI values during winter months were not associated with smoke events but were 

instead linked to local emissions, such as NO₂ and PM₂.₅ from urban sources, combined with poor 

atmospheric dispersion conditions due to temperature inversions. This distinction highlights the 

seasonal variability in AQHI drivers, with wildfire smoke dominating the summer months and 

urban emissions playing a more prominent role in winter.

AQHI 7 to 10+ in Edmonton

Figure 3.9: Calendar plot of days with AQHI values greater than six in Edmonton, 2010–2024.

A correlation analysis between smoke hours and elevated AQHI values (7–10+) yielded a 

correlation coefficient of 0.78 (Figure 3.10), suggesting a strong linear relationship between the 

presence of wildfire smoke and higher AQHI values. This result aligns with expectations, given 

the well-documented contribution of wildfire smoke to elevated PM₂.₅ concentrations, which 

are a key driver of AQHI. 
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While the correlation does not imply causation, the findings strongly suggest that smoke is a 

significant factor in Edmonton’s elevated AQHI levels during wildfire seasons. Further analysis 

of monthly data revealed strong positive correlations between smoke hours and elevated AQHI 

values during late spring, summer, and early fall (May–October). These months coincide with 

the peak wildfire season in Western Canada, reflecting the regional influence of wildfire activity 

on Edmonton’s air quality. A further correlation analysis was conducted to identify counts of 

smoke hours and elevated AQHI hours (7-10+) (Figure 3.11). 

Correlation Between Smoke Presence and AQHI Hours more than 6 in Edmonton

 
Figure 3.10: Correlation between smoke hours and elevated AQHI values in Edmonton.

Annual Comparison of Smoke Hours and AQHI Hours more than 6 in Edmonton

Figure 3.11: Annual comparison of smoke hours and elevated AQHI (greater than six) hours in Edmonton.
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The monthly correlation analysis (Table 1) also highlighted some notable variations. Strong 

positive correlations were observed in May (0.902), July (0.778), August (0.835), September 

(0.993), and October (0.829), indicating that smoke presence during these months is closely 

associated with elevated AQHI values. These months also align with wildfire seasonality in 

Western Canada. In contrast, weak or negative correlations were observed in March (0.222) and 

June (-0.0843), suggesting that other pollution sources, such as local emissions, may dominate 

during these months. The absence of sufficient data for January, February, April, November, and 

December reflects the lack of significant wildfire activity during these months.

TABLE 1. Correlation analysis between monthly smoke hours and AQHI hours exceeding 
six in Edmonton.

MONTH CORRELATION NOTES

January NA no correlation

February NA no correlation

March 0.222 weak correlations

April NA no correlation

May 0.902 strong positive correlations, smoke and high AQHI

June -0.0843 weak correlations

July 0.778 strong positive correlations, smoke and high AQHI

August 0.835 strong positive correlations, smoke and high AQHI

September 0.993 strong positive correlations, smoke and high AQHI

October 0.829 strong positive correlations, smoke and high AQHI

November NA no correlation

December NA no correlation

To provide historical context, calendar plots of smoke hours were analyzed for the period from 

1963 to 2024 (Figure 3.12). These plots were split into four time periods to highlight changes in 

frequency and intensity over time: 1963–1978, 1979–1994, 1995–2009, and 2010–2024. 

It is important to note that the smoke hour data is based on visual observations recorded by 

meteorological staff rather than direct instrument-based measurements. This distinction is 

essential when interpreting the data and its correlation with AQHI. Furthermore, the available 

data is dependent on the weather station and quality of the observations, therefore limited in 

coverage and only applicable to the point where the visibility observation was taken.
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Figure 3.12: Calendar plots of smoke hours in Edmonton from 1963 to 2024.

From 1963 to 1978, smoke events appeared sporadically and of relatively low intensity, with 

fewer days experiencing high smoke hours. By the period of 1979 to 1994, smoke events 

showed a slight increase in both frequency and intensity, particularly during the late summer 

months of August. This pattern likely reflects the increasing occurrence of wildfires during this 

time. Between 1995 and 2009, smoke events were less frequent overall; however, isolated 

years with high-intensity smoke events emerged, primarily in July and August, suggesting 

specific notable wildfire years.

In the most recent period, from 2010 to 2024 (Figure 3.12), there is a noticeable increase in 

smoke hours, particularly during the wildfire season from June to August. This period also 

marks a shift in the wildfire season, with smoke events observed as early as May and as late 



CITY OF EDMONTON UNDERSTANDING EDMONTON’S CHANGING CLIMATE 2025: OBSERVED CLIMATE TRENDS 54 

A
IR

 Q
U

A
LIT

Y
 IN

 E
D

M
O

N
TO

N

as October in certain years. Key wildfire years, including 2018, 2021, 2023, and 2024, stand out 

due to prolonged and severe smoke hours, reflecting heightened wildfire activity across Western 

Canada. This sharp increase in smoke hours aligns with heightened wildfire activity across 

Western Canada, likely influenced by predicted climate change impacts, such as hotter, drier 

summers and an accumulation of fuel in the Boreal Forest, which amplify wildfire risks.

Overall, the analysis highlights the growing influence of wildfire smoke on Edmonton’s air quality, 

with a strong seasonal and interannual variability driven by wildfire activity. The data illustrates 

that wildfire smoke plays a pivotal role in shaping AQHI levels during the wildfire season, with 

its impacts becoming increasingly pronounced in recent years due to climate change. This 

underscores the importance of targeted air quality management strategies and emergency 

response measures during wildfire-heavy periods to mitigate the health impacts of poor air  

quality in Edmonton.

3.4 Sources of Air Pollution
Understanding the sources of air pollutants is essential for effective air quality management. While 

ambient air quality measurements reflect pollutant concentrations in the atmosphere, they do not 

directly reveal the origin of those pollutants. In Edmonton, emissions result from a combination of 

local and regional human activities, with varying contributions depending on the pollutant and the 

time of year. 

Although a complete, Edmonton-specific emissions inventory of all air pollutants is not yet 

available, this section identifies key emission sources using the best available spatial data, 

infrastructure maps, and broader provisional emission patterns along with relevant demographic 

and transportation metrics. The analysis includes both point sources—such as regulated industrial 

facilities—and nonpoint sources, which include vehicle traffic, residential heating, and wildfire 

smoke.

To explore point source emissions, a spatial map was developed including the locations of 

licensed emitters within Edmonton’s municipal boundaries. These include facilities regulated 

under the Alberta Energy Regulator (AER), approval holders under the Environmental Protection 

and Enhancement Act (EPEA), and facilities required to report to the National Pollutant Release 

Inventory (NPRI). These stationary sources are associated primarily with industrial processes and 

represent significant contributors to gaseous pollutants such as nitrogen oxides (NOx) and sulphur 

oxides (SOx).

However, not all emissions come from stationary facilities. Nonpoint sources, such as 

transportation and home heating, are spread throughout the city and are harder to isolate. A road 

network map was developed using 2021 Census data (StatCan, 2022) to identify areas with high 

traffic volume. Vehicles are a known contributor to both nitrogen dioxide (NO₂) and fine particulate 

matter (PM₂.₅), especially from exhaust and road dust.
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Further insight into mobile source emissions was provided through the analysis of vehicle 

registration trends. A comparison of vehicle registrations in Edmonton from 2004 to 2023 

indicates a rising trend over this period (Figure 3.13). This trend is juxtaposed with a gradual 

decline in measured NOx concentrations over the same period. This observation suggests that 

although the number of vehicles has increased, improvements in fuel quality, cleaner engine 

technologies, and the implementation of stringent emissions standards for vehicles and engines 

may have contributed to controlling vehicle emissions (ECCC, 2017b). National analyses support 

this interpretation, indicating that the decline in NOx emissions since 2000 is largely attributable 

to the progressive introduction of cleaner fuels and vehicle technologies (ECCC, 2023b).

Annual Trend of Vehicle Counts and Nitrogen Emissions in Edmonton

Figure 3.13: Annual trend in vehicle registrations and NOx concentrations in the Edmonton region.

Population density also offers insights into other diffuse emissions, such as those from 

residential heating and daily commuting. Higher-density neighborhoods in the north, west, and 

south parts of Edmonton are associated with increased winter heating demand, which may 

contribute to localized emissions during colder months.
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4.0 Precipitation in Edmonton
Annual and seasonal precipitation in Edmonton has declined over the past three decades, with 

a 14 per cent drop in annual average precipitation compared to the 1961–1990 baseline. Winter 

precipitation has decreased by 31 per cent, largely due to reduced snowfall, while summer and 

fall precipitation have declined by 15 per cent and 13 per cent respectively. This drying trend has 

increased the frequency of dry years and extreme dry spells, including longer consecutive dry 

days during the growing season. While extreme wet events still occur, the recent period has 

seen more years with below-average precipitation, raising concerns about drought risk and 

water resource pressures.

Precipitation, for the purpose of this report, is defined as any and all forms of water, liquid or 

solid, that falls from clouds and reaches the ground. This includes rain, freezing rain, drizzle, 

snow, ice pellets, and hail etc (ECCC, 2024a). Precipitation plays a critical role in Edmonton’s 

environment, influencing water resources, agriculture, ecosystems, and infrastructure 

resilience. Understanding changes in precipitation patterns—both annual and seasonal—is 

essential for assessing potential risks such as droughts, floods, and shifting water availability 

(City of Edmonton, 2018). While this section focuses on long-term trends in total precipitation, 

the form precipitation takes (e.g., snow versus rain) also has important implications for water 

storage, runoff patterns, and drought resilience. 

This section evaluates long-term and seasonal changes in precipitation across Edmonton, 

including changes in annual and seasonal totals, the frequency of extreme wet and dry events, 

and shifts in winter snowfall.
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4.1 Annual Precipitation Trends 
Substantial interannual variability is evident in Edmonton’s annual precipitation from 1885 to 

2024 (Figure 4.1). The inclusion of a 10-year moving average (black line) helps to smooth out the 

fluctuations in this interannual variability and reveals a downward trend in precipitation since 

the mid-1990s. Specifically, the moving average was generally above 400 mm between 1885 

and the 1990s, but it has decreased in recent years, dropping below 400 mm. This reduction in 

precipitation could have important implications for water resources, agricultural practices, and 

the risk of drought in the Edmonton region.

Edmonton’s 140-Year Annual Precipitation: 1885 - 2024 

Figure 4.1: Annual average precipitation trend in Edmonton, 1885–2024.

The annual average precipitation departures in Edmonton, expressed as a percentage relative 

to the 1961–1990 reference value (461 mm) are presented in Figure 4.2. The green bars above 

the reference line represent years with precipitation exceeding the baseline, while the brown 

bars represent years with below-average precipitation. 

Edmonton’s 140-year precipitation data reveals interannual variability. Notably, in the last 25 

years, only six years recorded above-average precipitation, while 19 fell below. Moreover, seven 

of the 12 driest years (defined as having precipitation 30 per cent below the baseline or less) 

have occurred in this recent period. 2002 and 2009 recorded the driest years since 1889, with 

annual precipitation around 240 mm, 45 per cent below the reference value.
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Annual Average Precipitation Departures in Edmonton

Figure 4.2: Annual average precipitation departures from the 1961–1990 baseline in Edmonton, 1885–2024.

4.2 Seasonal Precipitation Change
Seasonal precipitation patterns in Edmonton are essential to understand climate variability 

and long-term trends, with direct implications for water availability, agriculture, flood risks, and 

ecosystem health. Figure 4.3 shows average seasonal and annual precipitation across three 

periods: 1885–1960 (historical), 1961–1990 (baseline), and 1991–2024 (recent) in Edmonton.

Annual average precipitation remained relatively stable between the historical period (456 mm) and 

the 1961–1990 baseline (461 mm). However, in the most recent period (1991–2024), annual average 

precipitation declined to 397 mm, a 14 per cent decrease compared to the baseline. This decline 

suggests an increased risk of drought conditions and water stress in the region (AAFC, 2025).

Average Seasonal and Annual Precipitation in Edmonton for Three Time Periods

Figure 4.3: Average seasonal and annual precipitation for three periods (1885–1960, 1961–1990,  
and 1991–2024) in Edmonton.
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The most pronounced decline in total precipitation has occurred during winter, with a 31 per cent 

decrease from the 1961–1990 baseline, largely due to reduced snowfall from warmer winters 

(Newton et al., 2021). Summer and fall precipitation have also declined by 15 per cent and 13 per 

cent, respectively, while spring precipitation has remained relatively stable. These seasonal 

shifts, likely influenced by climate variability and regional patterns, when combined with rising 

temperatures, considerably increase the risk of water shortages, severe drought, and wildfires.

Winter precipitation has decreased by 31 per cent from the  
1961–1990 baseline.

Seasonal precipitation departures for Edmonton were analyzed from the 1961–1990 baseline 

over the long term (Figure 4.4). To calculate seasonal precipitation departures, monthly 

precipitation totals and normals were summed for each defined season: winter (December of 

the previous year, January, February), spring (March, April, May), summer (June, July, August), 

and fall (September, October, November). Positive departures indicate wetter-than-average 

conditions, while negative values reflect drier-than-average seasons, compared to the 

baseline. This approach enables a season-by-season comparison of long-term trends relative 

to the historical norm.

Seasonal Average Precipitation Departures in Edmonton

Figure 4.4: Seasonal average precipitation departures in Edmonton from the 1961–1990 baseline, 1885–2024.
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Winter precipitation in Edmonton has shown a clear downward trend, with a 31 per cent decline 

from an average of 62 mm (1961–1990) to 43 mm (1991–2024). Notably, 22 of the past 25 winters 

were drier than the baseline, including six winters with precipitation at least 70 per cent below 

average.

Spring precipitation in Edmonton exhibits substantial year-to-year variability, ranging from under 

30 mm to over 200 mm. Despite this wide range, average spring precipitation has remained close 

to the baseline, indicating no clear long-term trend for the season.

Edmonton’s summers have become drier, with a 15 per cent reduction in average precipitation—

from 241 mm (1961–1990) to 204 mm (1991–2024). This drying trend increases the risk of drought, 

wildfires, and increased stress on water resources. Furthermore, 19 of the last 25 summers were 

drier than the baseline period, and six of these rank among Edmonton’s 10 driest summers on 

record. 

2021 and 2002 stand out as the second and third driest summers, respectively.

Edmonton’s fall precipitation has declined by 13  per cent—from 75 mm (1961–1990) to 65 mm 

(1991–2024). Seventy-six per cent of the past 25 falls were drier than average. 2023 was the 

driest fall on record, attributed to a prolonged summer and delayed onset of winter influenced by a 

strong El Niño (Amiri et al., 2024).

4.3 Extreme Precipitation Events
Precipitation plays a vital role in supporting human well-being and ecosystem health. Rainfall, 

snowfall, and snowmelt directly affect water availability for drinking, irrigation, and industrial use, 

while also influencing flood risk and habitat conditions. This section analyzes long-term trends 

in extreme precipitation events, focusing on three key indicators:  wet days, maximum five-day 

precipitation, and consecutive dry days to examine extremely high and low precipitation events 

over the last 140 years.

4.3.1 WET DAYS AND HEAVY PRECIPITATION EVENTS

A wet day is defined in this report as a calendar day with at least 10 mm or more of precipitation 

(rain, sleet or snow). These heavy precipitation days can cause drainage problems, crop damage, 

and transportation disruptions. 

Analysis shows that about 90 per cent of years between 1885 and 2024 recorded between five 

to 16 wet days annually (Figure 4.5). Wet days were more frequent in the early 20th century, 

particularly up to the 1940s, followed by a gradual decline from 1945 onward. The highest numbers 

of wet days in a year occurred in 1900 (23 days) and 1901 (19 days), while 1995 and 2009 each 

recorded just three wet days, the lowest on record.
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Annual Number of Heavy Precipitation Days in Edmonton

Figure 4.5: Annual number of heavy precipitation days (greater than or equal to 10mm) in Edmonton, 1885–
2024.

The maximum five-day precipitation indicator measures the largest total precipitation recorded 

over any five consecutive days within a year. Figure 4.6 shows the yearly maximum five-

day precipitation, along with a 10-year moving average line. The highest recorded five-day 

precipitation occurred in 1937 and 1953, both exceeding 150 mm and taking place in July.
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Figure 4.6: Annual maximum five-day precipitation totals in Edmonton, 1885–2024.

4.3.2 DRY DAYS

The maximum length of dry spell, also known as Consecutive Dry Days (CDD), represents the 

maximum number of consecutive days within a year during which daily precipitation is less than 

one mm (GoC, 2024). This analysis focuses on CDD values during the growing season, defined as 

April 1 to September 30 (Sushama et al., 2010), when prolonged dry periods can have considerable 

impacts on agriculture, ecosystems, and water resources.

Edmonton’s longest growing-season dry spell occurred in 1939, lasting 52 consecutive days 

without significant precipitation from mid-July through September (Figure 4.7). The second-

longest was in 2001, with 44 consecutive dry days from April to mid-May. Both substantially 

exceed the 1961–1990 baseline value of 19 days, underscoring the increasing potential for 

extended periods of water stress.

(a) Annual Maximum Consecutive Dry Days During the Growing Season in Edmonton



CITY OF EDMONTON 63 UNDERSTANDING EDMONTON’S CHANGING CLIMATE 2025: OBSERVED CLIMATE TRENDS

T
E

M
P

E
R

A
T

U
R

E IN
 E

D
M

O
N

TO
N

       

 
Figure 4.7: (a) Annual maximum consecutive dry days and (b) annual number of dry spells longer than five days 
during the growing season in Edmonton, 1885–2024.

Prolonged dry spells, defined here as six or more consecutive days with daily precipitation 

below one mm, have become increasingly common in recent years. Notably, 2003 experienced 

13 such dry spells during the growing season alone (April 1 to September 30). In total, 15 years 

have recorded more than 10 extended dry spells, with five of these occurring in the most recent 

quarter-century.

This trend suggests an increasing likelihood of more frequent or prolonged dry periods, which 

may reduce the replenishment of soil moisture, surface water, and groundwater. Drought 

conditions can affect ecosystems and agriculture and may also increase the likelihood of forest 

fires.

(b) Annual Number of Dry Spells Longer Than Five Days During the Growing Season in 
Edmonton
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Appendix: Foundations Behind 
Understanding Edmonton’s  
Changing Climate
Rationale and Scope 
This appendix establishes the foundational context for Understanding Edmonton’s Changing 

Climate by situating the assessment within the broader landscape of global and regional climate 

change, local and national policy responses, and the history of climate science in the Edmonton 

region. It introduces key concepts and methods pertinent to understanding Edmonton’s climate, 

recent developments in local and regional climate science, and the general approach used to 

understand Edmonton’s historical climate conditions. Together, these components provide a 

comprehensive background for understanding the specific climate challenges and opportunities 

facing the Edmonton region.

Foundations of Climate Science
This report evaluates existing scientific evidence relevant to a rapidly changing climate system, 

recognized internationally by leading scientists as predominantly influenced by human activities 

(IPCC, 2021). The Intergovernmental Panel on Climate Change (IPCC) is the United Nations body 

responsible for assessing the science related to climate change. Its reports are widely regarded 

as the most comprehensive and authoritative sources of climate science, developed through 

contributions from thousands of leading experts across the globe and subject to rigorous peer 

review. These reports provide regular assessments of the scientific basis of climate change, its 

impacts and future risks, and options for adaptation and mitigation. They also serve as a key input 

into international climate change negotiations.

Further, sustained changes across all major components of the climate system, including the 

atmosphere, land, and biosphere, are documented and widely available as  evidence-based 

information from peer-reviewed research and leading climate organizations. 

Edmonton’s Climate in a Global Climate Context
Multiple lines of evidence — including the understanding of climate processes, paleoclimate 

reconstructions using ice cores and tree rings, instrumental records, and satellite observations — 

indicate that the recent large-scale global climatic changes are unprecedented in the context of 

human history (IPCC, 2021). For Edmonton, these changes have the potential to present long-term 
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challenges, including shifts in seasonal patterns, impacts on water resources, and increased risks 

from extreme events. The city is already experiencing climate shifts consistent with global trends, 

such as rising temperatures, altered precipitation patterns, and an increase in the frequency and 

intensity of extreme weather events. These changes, both gradual trends and acute events, 

have far-reaching implications across multiple systems. Shifting climate conditions are already 

affecting City operations, infrastructure, and service levels, while also posing growing risks to 

public health, ecosystems, and the local economy.

As global temperatures continue to rise, the decisions the City of Edmonton makes today 

about how the city is planned, built, and operated will define its resilience in the decades ahead. 

Climate pressures will place increasing strain on city assets such as buildings, roads, parks, and 

transportation networks, and challenge the delivery of essential services. Proactive, locally driven 

climate action can strengthen resilience, support economic growth, and improve the quality of life 

for Edmontonians.

Key Definitions of Climate Change and Related Terms
For the purpose of this report, climate refers to the long-term statistical description of weather 

patterns—specifically the average, variability, and extremes of key atmospheric variables such 

as temperature and precipitation. Unlike weather, which changes over short timescales (hours or 

days), climate reflects conditions observed over much longer periods, typically 30 years or more.

CLIMATE CHANGE

Climate change, as used in this report, refers to long-term changes in weather patterns—for 

example, an increase or decrease in extreme weather events such as hurricanes, droughts, or 

floods—occurring over time frames ranging from decades to millions of years.
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This framing aligns with both national and international definitions. Environment and Climate 

Change Canada (ECCC) describes climate as “the historical record and description of average daily 

and seasonal weather events that help describe a region,” with statistics “generally drawn over 

several decades” (ECCC, 2024a). The IPCC defines climate more technically as “the statistical 

description in terms of the mean and variability of relevant quantities over a period of time ranging 

from months to thousands or millions of years” (IPCC, 2018).

The IPCC defines climate change as “a change in the state of the climate that can be identified (e.g., 

by using statistical tests) by changes in the mean and/or the variability of its properties and that 

persists for an extended period, typically decades or longer” (IPCC, 2021). According to the IPCC, 

climate change can result from both natural processes such as solar cycles and volcanic eruptions, 

and human activities. Similarly, Environment and Climate Change Canada (ECCC) defines climate 

change as “a long-term shift in the average weather conditions of a region, such as its typical 

temperature, rainfall, and windiness” (ECCC, 2020). 

The United Nations Framework Convention on Climate Change (UNFCCC) uses a narrower 

definition that attributes climate change specifically to human activity: “a change of climate which 

is attributed directly or indirectly to human activity that alters the composition of the global 

atmosphere” distinguishing it from natural climate variability (UNFCCC, 1992). In this report, the 

broader definitions from IPCC and ECCC are used to represent the full range of long-term shifts in 

climate patterns driven by both natural systems and human influence.

In addition to defining climate and climate change, this report also refers to several related 

concepts that are central to climate science and policy. Mitigation refers to efforts that aim to slow 

the pace of climate change by reducing or preventing the release of greenhouse gases into the 

atmosphere. These actions include transitioning to renewable energy, improving energy efficiency, 

and protecting carbon-absorbing ecosystems like forests and wetlands. Adaptation focuses on 

reducing the risks and negative impacts associated with climate change while embracing potential 

opportunities. It enables communities and ecosystems to prepare for and adjust to new climate 

conditions, such as increased flooding or prolonged heat waves. Resilience refers to the capacity 

of systems—natural, human, or built—to survive and thrive under changing conditions, maintaining 

essential functions in the face of disruptions brought about by climate impacts. Together, these 

approaches represent interconnected strategies to address both the causes and consequences of 

a changing climate.

GLOBAL AGREEMENTS AND WARMING THRESHOLDS

The Paris Agreement, a legally binding international treaty on climate change adopted in 2015, 

established long-term objectives to keep the global average temperature rise well below 2°C 

above pre-industrial levels and to pursue efforts to limit the temperature increase to 1.5°C above 

pre-industrial levels (UNFCCC, 2015). The Agreement commits participating countries to reduce 
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greenhouse gas (GHG) emissions and adapt to climate change impacts, while encouraging nations 

to develop and communicate long-term low GHG emission development strategies. These 

temperature thresholds—2°C and 1.5°C—are informed by scientific evidence, including findings 

from the IPCC Sixth Assessment Report (AR6), which indicates that exceeding 2°C could lead to 

irreversible climate impacts—such as intensified heat waves, rising sea levels, and more frequent 

extreme weather events. The urgency of climate action cannot be overstated; every fraction 

of a degree matters, and changes in extremes and risks become larger with each increment of 

warming. Limiting global warming to below 1.5°C is expected to substantially reduce the risks 

from a changing climate, reducing costly losses and damages to infrastructure, livelihoods, and 

natural resources, and safeguarding the function of essential natural ecosystems (IPCC, 2021). 

Additionally, the Agreement seeks to achieve ‘a balance between anthropogenic emissions by 

sources and removals by sinks of GHGs in the second half of this century’ (UNFCCC, 2015). 

Understanding these global thresholds is crucial, as they guide international climate policies, 

impact global security, and inform risk assessments across multiple sectors, including insurance, 

infrastructure planning, and market stability. However, meeting the commitments of the Paris 

Agreement remains challenging, and current global efforts are insufficient to avoid the most 

severe climate risks (UNEP, 2024). Notably, the past decade has seen an extraordinary streak of 

record-breaking temperatures, with each of the last ten years ranking among the warmest on 

record. In 2024, the global average temperature exceeded 1.5°C above pre-industrial levels for the 

first full calendar year, with average temperatures temporarily reaching 1.55°C to 1.60°C above 

pre-industrial levels (NASA, 2025; WMO, 2025; C3S, 2025). This marks a critical climate signal, 

emphasizing the need for urgent and collective global action. While short-term climate patterns 

such as the El Niño Southern Oscillation (ENSO) may influence year-to-year variability, human-

induced climate change remains the dominant driver of long-term warming and the increasing 

frequency of extreme air and sea surface temperatures (C3S, 2025).

Projections suggest that even if all existing commitments made by countries under the Paris 

Agreement are fulfilled, global temperatures could rise by approximately 2.6°C by the end of 

the century (UNEP, 2024). This trajectory points toward more severe climate impacts, including 

intensified heat waves, rising sea levels, and increased frequency of extreme weather events.  As 

temperatures rise further, the risks do not simply scale linearly, higher levels of warming introduce 

greater uncertainty, including the potential for cascading effects, such as the release of stored 

carbon from permafrost or forests. These processes could accelerate warming even further and 

trigger long-term, irreversible changes to the climate system (Bush and Lemmen, 2019). Many of 

these changes, once reached, would be effectively locked in for centuries (IPCC, 2021), making the 

window for meaningful intervention both narrow and urgent. 

The IPCC emphasizes that limiting warming to 1.5°C requires global GHG emissions to peak before 

2025 and then decline by 43 per cent by 2030, reaching net-zero around 2050 (IPCC, 2022). 
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Achieving this target demands not just a long-term vision, but continuous and progressing 

reductions. These reductions must occur alongside rapid and far-reaching transitions in energy 

production, land use, urban infrastructure, and industrial systems. Delaying action not only makes 

the transition more costly and difficult, but also allows the problem to grow larger and more 

challenging to solve.

While setting a 2050 net-zero target is important, it must be matched with near-term action. 

Global climate models already illustrate what kinds of emissions reductions are needed across all 

major sectors to limit warming. These scenarios identify the timing and scale of changes required 

— showing that emissions must peak immediately and decline rapidly to stay within the 1.5°C limit. 

Delays compress the timeline, increasing costs, technological hurdles, and social disruption. The 

longer emissions continue to rise, the harder it becomes to reach net-zero by 2050 without relying 

on uncertain or risky technologies. 

Furthermore, delaying implementation increases the risk of crossing critical tipping points—

thresholds in the climate system that, once passed, could trigger widespread and potentially 

irreversible impacts on both human societies and natural ecosystems. 

CANADA’S CLIMATE COMMITMENTS AND ALBERTA’S ROLE

Canada, as a signatory to the Paris Agreement, submitted its Nationally Determined Contribution 

(NDC) in 2021, committing to reduce GHG emissions by 40-45 per cent below 2005 levels by 

2030 (ECCC, 2025a). This represents a more ambitious target compared to the previous goal of a 

30 per cent reduction by 2030 (ECCC, 2023a). This shift reflects growing recognition that global 

and national emissions reductions were not occurring at the pace required to limit warming to 

1.5°C. Both the IPCC’s Sixth Assessment Report (AR6) and Canada’s National Inventory Report 

underscore this gap, highlighting the need for deeper and faster cuts (IPCC, 2021; ECCC, 2025a). 
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The updated target aims to recover lost ground and align with scientific guidance on the reductions 

required to reach net-zero emissions by 2050.

Canada has also set a long-term goal of achieving net-zero emissions by 2050, meaning that 

GHG emissions will be balanced by their removal from the atmosphere (ECCC, 2025a).  However, 

the country faces a unique set of challenges in meeting its emissions targets. These include a 

strong economic reliance on fossil fuel extraction and production, a vast landmass and dispersed 

population that increase transportation and infrastructure demands, and a cold climate that drives 

higher energy use for heating. In addition, energy-intensive sectors such as mining and forestry 

remain vital to Canada’s economy, making a swift transition more complex and costly.

Alberta, as a leading energy-producing province, plays a key role in Canada’s emissions profile. 

While the oil and gas sector remains a major contributor to both the provincial economy and 

national greenhouse gas emissions (ECCC, 2024b), Alberta has made important strides in other 

areas. Notably, the province has completed a near-total phase-out of coal-fired electricity 

generation, resulting in significant emissions reductions from the power sector (CER, 2024). This 

example highlights both the complexities and opportunities in transitioning toward a lower-carbon 

economy in fossil fuel-dependent regions. 

CITY OF EDMONTON’S ROLE IN CLIMATE ACTION

As the governing body of a rapidly growing metropolitan centre, the City of Edmonton plays 

a critical role in addressing climate change through both mitigation and adaptation. While 

climate action requires coordination across all levels of government, municipalities are uniquely 

positioned to implement effective, localized solutions. Globally, cities account for over 70 per 

cent of energy-related CO₂ emissions (Luqman et al., 2023), and urban areas—due to dense 

populations, concentrated infrastructure, and systemic inequalities—are especially vulnerable to 

climate impacts. At the same time, cities represent one of the greatest opportunities for climate 

leadership (C40 Cities, 2021).

The City of Edmonton has taken bold steps to lead on climate. It was one of the first municipalities 

in Canada to implement a carbon budget, directly linking municipal planning and spending to 

greenhouse gas reduction targets (City of Edmonton, 2022a). Initiatives such as the Clean Energy 

Improvement Program (CEIP, 2025) and Neighbouring for Climate have been recognized nationally 

for advancing community-scale climate action. The City has also invested in renewable energy, 

supported building retrofits, and integrated climate goals into key plans like The City Plan and the 

Community Energy Transition Strategy (City of Edmonton, 2024).

These efforts have been made possible by the ongoing support of the City Council, which has 

championed ambitious climate action through strategic funding, fostering partnerships, and 

enabling transformative policy development. Edmonton’s approach is rooted in both local priorities 
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and alignment with national and global emissions reduction targets, reinforcing the city’s role as 

a climate leader in Canada.

Edmonton’s climate strategies reflect this alignment. Edmonton’s Community Energy Transition 

Strategy and Action Plan (City of Edmonton, 2021) and Climate Resilient Edmonton: Adaptation 

Strategy and Action Plan (City of Edmonton, 2018) integrate both global commitments and local 

priorities (i.e. contributing to Canada’s federal climate commitments through local action). This 

multi-level governance approach ensures Edmonton’s policies contribute to broader climate 

goals while addressing specific local risks such as urban heat islands, extreme weather events, 

and water scarcity.

Edmonton’s Community Energy Transition Strategy and Action Plan, approved by City Council 

in April 2021, outlines several targets, including reducing community GHG emissions by 35 

per cent by 2025 (relative to 2005 levels), 50 per cent by 2030, and achieving an emissions 

neutral community by 2050. The strategy also includes a target to achieve an emissions neutral 

corporation by 2040, ten years ahead of the community target. The strategy provides four main 

pathways for achieving these targets, including:

1. Renewable and Resilient Energy Transition

2. Low Carbon City and Transportation

3. Emissions Neutral Buildings

4. Nature Based Solutions and Carbon Capture

The Climate Resilient Edmonton: Adaptation Strategy and Action Plan, approved by City Council 

in December 2020, focuses on helping the city respond to the impacts of climate change 

and protect the community, infrastructure, and services. The Adaptation Strategy outlines 

the climate science and projections, identifies impacts and opportunities, and provides five 

pathways towards a climate resilient Edmonton:

1. Science and Evidence Based Decisions

2. Preparing for Changing Temperatures

3. Preparing for Changing Precipitation

4. Preparing for Changing Weather Extremes

5. Preparing for Changing Ecosystems

These strategies meet the requirements of the City of Edmonton Charter, 2018 Regulation 

(GoA, 2025a), which mandates both mitigation and adaptation plans. They also align with the 

strategic goal of Climate Resilience in ConnectEdmonton (City of Edmonton, 2022b), the Big City 

Move of Greener as we Grow in The City Plan (City of Edmonton, 2020), and Council’s priority 

of Climate Action and Energy Transition as outlined in the Corporate Business Plan 2023-2026 

(City of Edmonton, 2023).
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To implement its climate-related policies—including C627 Climate Resilience Policy, which 

establishes clear governance and accountability for achieving a climate-resilient community 

and signals the City’s leadership in climate solutions— the city has launched several key 

initiatives. These include expanding renewable energy integration, developing climate-resilient 

infrastructure, and fostering community-led sustainability programs (CEIP, 2025; City of 

Edmonton, 2025). By embedding scientific assessments into decision-making, the City ensures 

that its climate strategies remain evidence-based and adaptable to emerging challenges such as 

increased extreme weather events, shifting precipitation patterns, and rising temperatures.

Climate change is already influencing Edmonton’s weather patterns, environmental conditions, 

economic stability, and public health. Without substantial global efforts to reduce GHG emissions, 

these impacts will persist and intensify, posing significant challenges for the city’s resilience and 

sustainability. However, the City of Edmonton remains well-positioned to lead through innovative 

policies, building resilient infrastructure, and active community engagement. By aligning local 

climate action with national and global objectives, the City of Edmonton not only strengthens local 

resilience but also contributes meaningfully to broader efforts to address climate change (City of 

Edmonton, 2018).

In Edmonton, the development and communication of climate information are influenced by local 

values, including a strong sense of community, a commitment to environmental stewardship, and 

economic considerations tied to the region’s dependence on oil and gas development and related 

industries. These values, as reflected in The City Plan (City of Edmonton, 2020) and Connect 

Edmonton (City of Edmonton, 2022b), shape how climate information is best conveyed. Effective 

climate communication must therefore be accessible, accurate, and locally relevant—addressing 

misconceptions, providing clear evidence, and engaging diverse audiences.

Methodology Used across the Report 
This assessment of Edmonton’s climate draws on a variety of high-quality data sources and 

analytical approaches to provide an accurate and comprehensive understanding of the local 

climate system. It synthesizes multiple lines of evidence—including observational records, 

reanalysis datasets, and peer-reviewed scientific literature focused on regional climate patterns—

to establish a credible scientific foundation.

Advancements in climate observation technologies, combined with the extensive data collection 

efforts by ECCC, have significantly enhanced the ability to monitor local weather and climate. ECCC 

provides high-resolution data from local monitoring networks, including weather stations that 

track temperature, precipitation, and other atmospheric variables. Remote sensing systems and 

ECCC’s extensive datasets support a robust understanding of Edmonton’s climate, despite some 

limitations such as occasional gaps in data continuity and the impacts of recent global disruptions 

on monitoring systems (ClimateData.ca, 2025a).
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Reanalysis datasets combine historical observations with climate models to create a 

comprehensive record of past climate conditions. For Edmonton, ECCC’s historical climate data 

serves as a foundational input to these reanalyses, enabling consistent, spatially complete 

depictions of climate trends and variability. This approach helps fill observational gaps and 

improves the accuracy of modeled representations of Edmonton’s historical climate.

In this report, the analysis of Edmonton’s annual temperature and precipitation trends from 

1885 to 2024 is based primarily on historical observations from weather stations located in the 

Edmonton City Centre and Blatchford area. To address gaps in the historical record and ensure 

continuity, supplementary data from other nearby stations—Edmonton Blatchford, Edmonton 

South Campus, and Edmonton Namao—were incorporated as needed. These datasets were 

carefully combined to construct a continuous and reliable long-term climate record. The data 

were sourced from ECCC through ClimateData.ca (ECCC and ClimateData.ca, 2025).

By integrating observational data, reanalysis tools, and scientific literature, this report provides 

a detailed and locally relevant assessment of Edmonton’s historical climate. This information is 

essential for guiding local decision-making and policy development within the limits of municipal 

authority.

The data used throughout this report is drawn from reputable sources, including:

 ∙ Observational Records: Historical data from ECCC which includes regional weather 

stations used to assess long-term climate trends.

 ∙ Reanalysis Data1: Reconstructed datasets that merge observations with models to 

improve continuity and completeness.

 ∙ Attribution Studies: Scientific methods used to determine the extent to which human 

activities have contributed to observed climate trends in Edmonton.

This report takes inspiration from the structure and methodology of major international climate 

assessments—particularly the Intergovernmental Panel on Climate Change’s Climate Change 

2021: The Physical Science Basis (IPCC, 2021)—while tailoring the approach to Edmonton’s 

unique environmental and socioeconomic context.

By bridging global scientific knowledge with local priorities, this assessment offers findings 

relevant to local policymakers, interested parties, and the public. Findings are grounded in 

traceable evidence, supported by clearly cited sources throughout the report.

1. Reanalysis data are long-term records of weather and ocean conditions—like temperature, wind, and ocean currents—created by  
combining past observations with modern weather forecasting models. These records use the same method throughout time to keep  
the data consistent. While this approach improves continuity, the data can still be affected by changes in how and where measurements 
were taken over the years (IPCC, 2012).
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