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Summary of key messages 
Around the world, extreme weather events have become more frequent, 
intense, and severe due to human-caused climate change. With a changing 
climate, it is no longer sufficient to rely solely on historical climate data and 
trends. “Toronto’s Current and Future Climate” report looks at how Toronto’s 
climate has changed and what future climate conditions could be based on 
two possible climate scenarios.

Key message 1: Toronto’s climate is getting warmer, wetter, and wilder.

Data from the last 170+ years show that Toronto’s climate has already 
changed. The costs and impacts associated with these changes continue 
to grow. For example, Toronto has seen at least four intense storms in 
the last 20 years (August 2005, July 2013, August 2018, and July 2024) 
that have exceeded the 100-year storm in parts of the city. Each of these 
caused extensive flooding and erosion damage across the city and resulted 
in hundreds of millions of dollars in insured damage. Exposure to heat 
is associated with heat-related illness and death in Toronto, and impacts 
are often unequally distributed across the population. These impacts are 
already occurring while global surface temperature has increased by more 
than 1°C since the pre-industrial period (1850-1900). With every additional 
increment of global warming, more devastating impacts are anticipated. 

Key message 2: It has been getting hotter in Toronto since 1850.

In Toronto, the ten warmest years on record have all occurred since 1998 
(Figure 1). Annual average temperature between 1991-2020 was 0.8°C 
warmer than 1961-1990, increasing from 8.9°C to 9.7°C. 

The number of very hot days in a year with daily maximum temperature 
above 30°C is increasing – from 10 days between 1961-1990 to 14 days 
between 1991-2020. Meanwhile, the number of very cold days with daily 

minimum temperature below -20°C has hovered around 2 to 3 days a year 
in the last few decades but has generally declined over the past 170+ years. 
Heating demand for buildings is declining, while cooling demand is on  
the rise. In 1991-2020, heating demand decreased by 5.8% compared to 
1961-1990, while cooling demand increased by 17.3% over the same period.



Toronto’s Current and Future Climate 3

Figure 1. Observed historical annual average temperature (1850-2023) based on data from the Toronto City climate station. Source data: Historical Climate (Toronto City climate station)

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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Key message 3: Precipitation is increasing, but patterns 
remain variable.

Warmer air can hold more moisture and increase evaporation  
to produce more storms.  In downtown Toronto, annual total  
precipitation has increased by 0.5% during 1991-2020 compared 
to 1961-1990. However, it is important to note that precipitation  
can be very localized, so trends may vary across the city.

In the past few decades, some months have seen more precipitation 
than before, while others have seen less (Figure 2). June precipitation 
increased the most, followed by April and January. Meanwhile, 
December precipitation decreased the most over the same period, 
followed by March and August.

With warmer temperatures, the share of annual precipitation falling  
as snow has declined since 1850, with more precipitation falling as 
rain. On average, the proportion of total precipitation falling as snow 
has declined by 0.2% per decade between the 1850s and 1990s.  
Meanwhile, ice cover over Lake Ontario has also declined since the 
1970s. On average, annual maximum ice cover has decreased by 
approximately 3.5% per decade between the 1970s and 2010s, while 
Lake Ontario’s surface water temperature has been warming rapidly 
since the 1990s.

Lake Ontario water levels fluctuate naturally, with some high  
periods and some low periods. 2017 and 2019 saw some of the  
highest annual average lake levels ever recorded in Lake Ontario, 
which caused extensive flooding, erosion, and damage to Toronto’s 
shorelines and Toronto Island Park.

Figure 2. Comparing historical monthly total precipitation between two 30-year climate normal 
periods (1961-1990 and 1991-2020). Source data: Canadian Climate Normals (Toronto City  
climate station)

https://climate.weather.gc.ca/climate_normals/index_e.html
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Key message 4: Toronto’s future climate depends on the choices 
we make now.

This study focused on two possible climate scenarios: a medium emissions 
scenario (SSP2-4.5) and a very high emissions scenario (SSP5-8.5), which 
translate to approximately 2.7°C and 4.4°C of global warming by the end 
of the century, respectively (IPCC, 2021). Based on current global emissions 
and countries’ emissions reduction targets, we are tracking towards  
somewhere in between these two scenarios (UNEP, 2024; IPCC, 2023; IEA, 
2023). Both scenarios would exceed the Paris Agreement goal of limiting 
global warming to well below 2°C above pre-industrial levels and pursuing 
efforts to limit global warming to 1.5°C.  

Figure 3. Warming stripes showing measured historical annual average temperature (1849-2023) based on data from the Toronto City climate station and projected annual average  
temperature (2024-2100) under the medium emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5). Each bar shows the difference in annual average temperature for each  
year compared to the average temperature over the 20th century (1901-2000). Warmer than average years are represented by red stripes and cooler years are represented by blue stripes. 
The darker the stripe colour, the greater the difference from the 20th century average.

Rapid and sustained actions to reduce greenhouse gas (GHG) emissions 
globally are required to meet those goals, which would avoid many of the 
climate changes described in this report. Toronto must do our part in  
contributing to the global effort to reduce GHG emissions to avoid the 
worst impacts of climate change for current and future generations. If 
global emissions are not significantly and urgently reduced, then Toronto’s 
future climate can be expected to change in ways described in this report. 
Figure 3 shows how each scenario impacts future temperatures in Toronto.
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Key message 5: Toronto is expected to continue to get hotter. The more 
heat-trapping greenhouse gases (GHGs) we emit, the hotter it will become.

Under both scenarios, annual temperatures are expected to increase by 2°C in 
the short term (2015-2040) compared to the 1980s (Figure 4). By the end of the 
century, annual temperatures are expected to increase further by 4°C under the 
medium emissions scenario or 6-7°C under the very high emissions scenario 
compared to the 1980s. Every additional increase in average temperature can 
lead to more extreme weather events. 

Figure 4. Projected annual temperatures (maximum, mean, and minimum) under the medium  
emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5), with differences in median  
values compared to 1971-2000 (modelled historical)
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Under both scenarios, extreme heat events that meet heat warning 
temperature thresholds are expected to occur more frequently and 
last longer, putting more people at risk of heat-related illnesses and 
death. In Southern Ontario, a heat warning is issued when there is 
a forecast of two or more consecutive days with daytime maximum 
temperatures of 31°C or warmer, together with nighttime minimum 
temperatures of 20°C or warmer, or when there is a forecast of two  
or more consecutive days with humidex values expected to reach  
40 or higher (Ontario Ministry of Health, 2023). Meanwhile, the  
number of frost days (below 0°C), cold days (below -10°C), and very 
cold days (below -20°C) is expected to decrease as temperatures 
continue to rise.

On average, the temperature on the hottest day in a year in the 
1980s used to be around 33°C. By the end of the century, hottest 
day temperature could increase by 4-7°C, reaching a sweltering  
37°C and 40°C under the medium and very high emissions  
scenario, respectively. The number of days with high humidity is  
also anticipated to increase, bringing more uncomfortable and  
dangerously hot conditions.

With warming temperature, heating demand for buildings is expected 
to continue to decrease, while cooling demand is expected to 
increase by a lot – tripling or more than quadrupling by the 2080s 
compared to the 1980s, depending on the climate scenario (Figure 5).

Figure 5. Projected changes in heating and cooling degree days under the medium emissions  
scenario (SSP2-4.5, top) and very high emissions scenario (SSP5-8.5, bottom), with percentage  
differences in median values compared to 1971-2000 (modelled historical). “Degree days”  
represents the difference in daily mean temperature that is accumulated above or below a  
specified base temperature. Daily mean temperature below 18°C is commonly used as the  
temperature threshold for assessing space heating demand in Canada. Conversely, daily average 
temperature above 18°C is commonly used for assessing space cooling demand. The heating  
degree days for a single day represents the number of degrees Celsius that the mean temperature  
is below 18°C, and this difference is added over a year for annual heating degree days. 
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Key message 6: Toronto is expected to get wetter. With increased warming, 
we can expect more precipitation overall and more extreme storms.

Annual total precipitation has generally increased in Toronto, but some 
years have seen drier-than-average conditions as well (Figure 6). Overall, 
precipitation is expected to increase under both climate scenarios. By the 
end of the century, annual total precipitation is expected to increase by 
approximately 11% under the medium emissions scenario and 16% under 
the very high emissions scenario compared to the 1980s.

Extreme precipitation is also expected to increase, with greater increases 
anticipated under the very high emissions scenario. Maximum total  
precipitation falling in one day may increase by 8-11% by the 2030s,  

13-17% by the 2050s, and 18-27% by the 2080s, depending on the climate
scenario. More rain is also anticipated to fall over short periods – within
minutes to 24 hours  – increasing the risk of flooding and erosion.

Key message 7: The length of the frost-free season is expected to start 
earlier and end later.

The frost-free season typically lasted 230 days a year in the 1980s. By the 
end of the century, the length of the frost-free season is expected to  
increase by 84-117 days under the medium and very high emissions  
scenario, respectively. While an extended warm-weather period is  
expected to benefit agricultural production, it also creates conditions that 
are more favourable for the growth and spread of insects and pests.

Figure 6. Precipitation stripes showing changes in measured historical annual total precipitation (1849-2023) based 
on data from the Toronto City climate station and projected annual total precipitation (2024-2100) under the medium 
emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5). Each bar shows the percentage increase or decrease 
in annual total precipitation for each year compared to the average precipitation between 1950-2000. Measured historical 
precipitation (1849-2023) is compared to the observed average, while projected future precipitation (2024-2100) is 
compared to the modelled historical average. Wetter than average conditions are represented by green stripes and 
drier than average conditions are represented by brown stripes. The darker the stripe colour, the greater the difference 
from the 1950-2000 average (observed/modelled).
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Key message 8: Climate change in Toronto will lead to a wide 
range of impacts. The consequences depend on how quickly we 
can reduce GHG emissions and adapt equitably and sustainably.

Over the remainder of this century, Toronto can expect to see warmer 
temperatures, intensifying heat events, less extreme cold, a longer 
growing season, more extreme high and extreme low lake levels, 
and more extreme weather (Figure 7). These changes may lead to 
wide-ranging impacts – some of which we have already seen – such 
as increased disruption to infrastructure and services; increased 
maintenance and operations costs; detrimental impacts on people’s 
health and well-being; increased spread of invasive species and 
pests; more flooding and erosion; gains and losses in species and 
ecosystems; more poor air quality days from wildfire smoke; global  
supply chain impacts; increased cost of living; loss of economic 
productivity; and increased damage to property and infrastructure. 
These impacts are often unequally distributed, affecting some people 
more than others including people who face multiple, overlapping 
stressors due to systemic and long-standing inequities.

The updated climate projections in this report can help the City better 
plan and prepare for changes in the current and future climate. They 
are a key input to Toronto’s city-wide climate risk and vulnerability 
assessment, which is currently underway (as of late 2024). It uses local 
information to specifically identify the people, assets, and services 
that are most vulnerable to the impacts of climate change in Toronto. 
This equips the city with risk-based information to continue to support 
more proactive and effective adaptation and resilience-building 
efforts across the city.

This climate data can also help businesses, residents, and communities 
by building common understanding of the possible future changes 
in Toronto’s climate if GHG concentrations continue to rise, and help 
initiate conversations about climate change in Toronto. By understanding 
what we need to avoid and why, we can collectively help shape a 
healthier and more resilient future – one in which current and future 
generations of people, plants, and animals can continue to thrive.

Figure 7. Illustration of anticipated changes in Toronto’s future climate, and potential impacts 
on Toronto’s people and communities if the concentration of heat-trapping greenhouse gases 
continues to rise. Adapted from: UK Met Office 

https://www.metoffice.gov.uk/weather/climate-change/effects-of-climate-change
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1. Introduction
This report describes how Toronto’s climate has changed and 
what future climate conditions could be based on two possible 
climate scenarios.  

As extreme weather events become more frequent, intense, and  
severe due to climate change, it is no longer sufficient to rely solely  
on historical climate data and trends. This report serves to update 
“Toronto’s Future Weather and Climate Driver Study” that was  
completed in 2011 (SENES Consultants Ltd.) to provide an updated, 
comprehensive picture of what could be in store for Toronto if we do 
not significantly and urgently reduce greenhouse gas (GHG) emissions 
and achieve the global target of limiting global warming to well below 
2°C compared to the pre-industrial period. Using the latest data and 
climate scenarios, this report describes: 

• How Toronto’s climate has changed based on long-term
observation records;

• What Toronto’s future climate could look like if GHG
concentrations continue to rise under two possible climate
scenarios; and

• How this data and information can be used to help inform
Toronto’s adaptation and resilience-building efforts.

Context

Global surface temperature has warmed by more than 1°C since the pre-industrial 
period (1850-1900), and this warming has already caused devastating impacts 
around the world, including in Canada (Intergovernmental Panel on Climate 
Change [IPCC], 2022, 2021). For example, the dangerous 2021 extreme heat event 
that affected western Canada and parts of the U.S. resulted in the deaths of over 
600 people in British Columbia and would have been “virtually impossible” without 
human-caused climate change (Egilson et al., 2022; Philip et al., 2022).  

Climate change is putting people’s health, safety, and livelihoods at increasing risk, 
and the costs of climate change are rising across Canada (Berry and Schnitter, 2022; 
Canadian Climate Institute, 2020-2022). According to the Insurance Bureau  
of Canada (2024a, 2024b), insured damages from catastrophic weather events  
exceeded $3 billion in 2023 for the second year in a row, with 2024 on track to 
more than double this value. Some of Canada’s costliest severe weather events 
based on insured losses have occurred in Toronto and surrounding areas.  

Panel 1 illustrates some past extreme weather and climate-related events that  
have impacted Toronto’s people and communities since 2000. Past impacts  
include widespread flooding and erosion; transportation disruptions; damage to 
infrastructure, trees, and public and private property; power outages; heat-related 
illnesses and deaths; and costs incurred by the City, residents, and businesses. 
However, the true cost of climate change and extreme weather is likely much  
higher due to uninsured damage and less tangible impacts such as impacts on 
people’s mental health and well-being.

As these past events highlight, the impacts of extreme weather and climate-
related events can be wide-ranging, affecting people’s daily lives, health and 
safety, infrastructure and property, businesses and the economy, and the natural 
environment. In the last 20 years, Toronto has seen at least four intense storms 
(August 2005, July 2013, August 2018, and July 2024) that have exceeded the 
100-year storm in parts of the city, which historically has a 1% chance of
occurring in any given year. As the cost and pressures from such events continue
to mount, it is imperative that we prepare for the shocks and stresses that we will
continue to see under a rapidly changing climate.



Panel 1. Summary of some past extreme weather and climate-related 
events that have occurred in Toronto since 2000

MAY 2000 storm 
Overnight Friday, May 12 through May 13, 2000, a severe 
thunderstorm produced an average of 68 mm of rain across 
Toronto (up to 73 mm; Toronto Water, 2013; City Council, 
2000). The storm resulted in widespread flooding and led to 
road closures, infrastructure damage, and erosion in ravines 
and watercourses (City Council, 2000). Over 3,000 basement 
flooding complaints were reported. 

Summer 2005 extreme heat events 
During the summer of 2005, 8 Heat Alert days and 18 
Extreme Heat Alert days were reported by Toronto Public 
Health (2007). While some days did not meet the criteria 
for a heat alert, there were 41 very hot days with daily 
temperatures above 30°C in 2005 (Health Canada, 2011b).  
At least 6 heat-related deaths were reported of individuals 
who lived in rooming and boarding homes (City Council, 
2006). Over 200 emergency calls for heat-related illnesses 
were reported (City of Toronto, 2008).

August 2005 storm 
On Friday afternoon of August 19, 2005, severe thunderstorms 
moved eastward over the city, bringing high winds, golf-
ball sized hail, and heavy rain (Public Safety Canada, 2013b; 
Deputy City Manager and Chief Financial Officer, 2008). Over 
100 mm of rain was recorded in the city in the span of 2-3 
hours (up to 153 mm), which led to flash flooding and erosion 
along rivers, creeks, and ravines (Deputy City Manager and 
Chief Financial Officer, 2008; Toronto Water, 2006).  

A culvert under Finch Avenue West was washed out and led 
to the collapse of a section of the road. Over 4,200 basement 
flooding complaints were received by Toronto Water (2008). 
The City incurred $44 million in multi-year operating and 
capital costs (Deputy City Manager and Chief Financial Officer, 
2008). Over 15,000 insurance claims were submitted, totaling 
more than $500 million (Public Safety Canada, 2013b; Deputy 
City Manager and Chief Financial Officer, 2008).  

Summer 2010 extreme heat events 
During the summer of 2010, 5 Heat Alert days and 11 
Extreme Heat Alert days were reported by Toronto Public 
Health (2011). At least 6 heat-related deaths and 6 heat-
related emergency calls were reported.  

On July 5, 2010, a fire at a Hydro One transformer station 
(Manby) in Etobicoke left approximately 250,000 people 
without electricity during an extreme heat alert and smog 
advisory (Health Canada, 2011a). The power outage started 
around 4:45 pm with temperature rising to around 35°C and 
humidex around 40 (Health Canada, 2011a; CBC News, 2010). 
Commuter traffic was disrupted, and firefighters rescued 
some people who were trapped in elevators when the 
power failed. Power was fully restored by around 8:30 pm 
(The Canadian Press, 2010). If the power outage had lasted 
longer as it did in 2003, the consequences could have been 
much more dire (Health Canada, 2011a).  

July 2013 storm 
In the early evening of Monday, July 8, 2013, a slow-moving 
cluster of thunderstorms drenched the city with heavy 
rain that resulted in power outages, downed trees, major 
disruptions to transportation during evening rush hour, and  
overwhelmed sewer and water systems (AMEC Environment 
and Infrastructure, 2014; City Manager, 2013). Over 100 mm of 
rain was recorded in the city in the span of approximately 3 
hours (up to 138 mm; Toronto Water, 2013).  

At least 300,000 Toronto residents and businesses were 
affected by power outages, which were reportedly caused 
by equipment failure due to flooding at two Hydro One 
transformer stations (Richview and Manby; Mortillaro and 
Armstrong, 2013). Large segments of the subway system were 
put out of service due to flooded stations and signal problems. 
Power outages trapped some subway trains in tunnels until 
commuters could be rescued (CTV Toronto, 2013). 

Highways, arterial roads, and underpasses were flooded  
(City Manager, 2013). Railways and airlines were also disrupted, 
including a flooded GO train near Bayview Avenue and Pottery 
Road that stranded approximately 1,400 passengers for more 
than 7 hours before they could all be rescued.  

Over 4,700 basement flooding complaints were received by 
Toronto Water, surpassing the number of complaints received 
during the August 2005 storm (City Manager, 2013). The City 
incurred $65 million in operating and capital costs, which  
were further exacerbated by the December 2013 ice storm  
a few months later (City Manager and Deputy City Manager 
and Chief Financial Officer, 2014; City Manager, 2013).  

According to the Insurance Bureau of Canada, the storm 
caused approximately $940 million in insured property 
damage across the Greater Toronto Area (Public Safety 
Canada, 2013d). At the time, this was the most expensive 
natural disaster in Ontario’s history based on insured  
damages (Flavelle, 2014; CityNews, 2014).

December 2013 ice storm 
During the evening of Saturday, December 21 through 
December 22, 2013, an extreme winter storm battered the 
city with freezing rain for more than 40 hours, along with 
ice pellets, and wind (Toronto Hydro Corporation, 2023; City 
Manager, 2014). 

Approximately two million trees were damaged across the 
city (Toronto Hydro Corporation, 2023). Downed trees and ice 
accumulation damaged approximately 500 power lines and 
led to widespread power outages (Toronto Hydro Corporation, 
2023; City Manager, 2014; Public Safety Canada, 2013c). 

Approximately 416,000 residents and businesses were without 
power, displacing thousands of people from their homes 
(Acting City Manager, 2015; City Manager, 2014). Some people 
were without power for days to weeks during the winter 
holiday season as electricity was fully restored on January 
1, 2014 (City Manager, 2014). Call volume to Toronto’s 311 
service increased significantly during and following the storm, 
peaking at 5,800 calls on December 24. An increased volume 
of emergency calls was also experienced, including calls for 
slips, trips, falls, and carbon monoxide exposure. Fire Services 
responded to nine second alarm (or higher) fires – many of 
which were reportedly caused by residents’ attempts to power 
and heat their homes. 

The ice storm cost the city approximately $107 million, further 
exacerbating the financial pressures that the City was already 
facing following the July 8, 2013 storm event (City Manager 
and Deputy City Manager and Chief Financial Officer, 2014).

2017 high lake levels and April 2018 windstorm 
In the spring of 2017, Lake Ontario saw an unprecedented rise in 
water levels as snowmelt and an exceptionally rainy spring increased 
water supply to the lake (Toronto Parks, Forestry and Recreation, 
2018). Water levels began rising in April and by May 4, impacts 
on residents and assets on Toronto Island Park began to be felt 
(Toronto Parks, Forestry and Recreation, 2017). On May 26, Toronto 
Public Health advised residents to avoid contact with floodwater 
due to potential risk of waterborne illnesses. The next day, water 
level peaked at 75.93 m (IGLD851), which was 0.91 m above normal 
averages (Toronto Parks, Forestry and Recreation, 2018).  

Flooding affected the entire span of Toronto’s waterfront and 
Toronto Island Park, resulting in flooding and erosion damage. By 
the end of May, over 45,000 sandbags, 1,000 metre bags, and 27 
industrial pumps were deployed by City and TRCA staff to protect 
Island residents and assets (Toronto Parks, Forestry and Recreation, 
2017). Public access to the Island was restricted between May 4 
and July 30, 2017 (except for approximately 800 Island residents), 
resulting in the loss of recreational opportunities for thousands of 
people who typically visit the Island during the summer. Seventy 
landslides were recorded along the Scarborough Bluffs where public 
access was also restricted. 

By early June, Lake Ontario water level began to decline but 
remained elevated above average levels into early 2018 (Toronto 
Parks, Forestry and Recreation, 2018, 2017). On Monday, April 14 
through April 15, 2018, a windstorm pummeled the city, exacerbating 
existing shoreline damage and caused further damages (Toronto 
Parks, Forestry and Recreation, 2018). The waves produced during 
the windstorm were the highest ever measured in Lake Ontario in 
at least the past 45 years. Over a 24-hour period, the windstorm 
produced the same amount of damage as the flooding that was 
experienced over the entire course of 2017. 

Together, these two events resulted in a combined cost of 
approximately $28 million.

August 2018 storm 
On Tuesday, August 7, 2018, a slow-moving tropical storm 
fell over parts of North York and moved slowly south 
across downtown Toronto, producing 80-100 mm of rain 
within two hours (Opler et al., 2020; TRCA, 2018). The highly 
localized storm inundated the Black Creek watershed and 
western parts of the Don River and caused flash flooding in 
low-lying areas (TRCA, 2018).  

The heavy rain caused power outages, inundated streets, 
damaged streetcars, and disrupted subway service on  
Line 1 between Finch West and Wilson stations due to 
flooding (Toronto Star, 2018). Several people were rescued 
from their vehicles due to flooded roads (Toronto Star, 2018; 
Public Safety Canada, 2013a). Two men were rescued from a 
flooded elevator in the basement of an office building in the 
city’s north end (Welsh, 2019; Toronto Star, 2018).  

The City received over 1,000 basement flooding complaints 
(Toronto Water, 2023). According to the Insurance Bureau of 
Canada, the storm caused more than $80 million in insured 
damage (CBC News, 2018). 

1IGLD85 refers to the International Great Lakes Datum of 1985.  
Implemented in 1992, it is a commonly used height reference system  
to measure Great Lakes water levels (Vertical Control – Water Levels 
Subcommittee, 2017). New reference systems are established  
approximately every 25-30 years to account for the movement of  
the Earth’s crust in the Great Lakes region.

2019 high lake levels 
In the spring of 2019, Lake Ontario water level once again 
rose to unprecedented levels, breaking the 2017 record 
with a peak height of 76.03 m (IGLD85) on May 29, 2019 
(Toronto Parks, Forestry and Recreation, 2019). This further 
exacerbated erosion and damage along the shoreline and 
brought the cost of repairing damages to over $30 million 
since 2017 (TRCA Restoration and Infrastructure, 2020).

June 2024 heat event 
Between June 17-21, 2024, a heat warning was in effect in 
Toronto, among other parts of Ontario, Quebec, and Atlantic 
Canada (City of Toronto, 2024c; Shingler, 2024; Ramos, 2024). 
The dangerously hot and humid conditions were associated 
with a heat dome that centred over the eastern U.S. (Jiang, 
2024b). Sweltering conditions lasted for most of the week, 
affecting millions of people across eastern Canada (Shingler, 
2024). According to ECCC’s rapid heat wave attribution 
analysis (2024b), the heat wave experienced in eastern 
Ontario was made “much more likely” by human-caused 
climate change. 

July 2024 storm 
Rain began to fall in the morning of Tuesday, July 16, 2024, which 
was followed by a series of intense thunderstorms that dumped 
more than 100 mm of rain in some Toronto areas in the span of 
three hours (Mortillaro, 2024; City of Toronto, 2024a; Jiang, 2024a). 
The heavy rain caused widespread flooding and power outages 
just as a heat warning remained in effect in Toronto, disrupting 
transportation, City services, and people’s daily lives.  

At the peak of the power outage, approximately 167,000 residents 
and businesses were without power due to flooding at a Hydro 
One transmission station (City of Toronto, 2024a; D’Cunha and 
Casaletto, 2024). Telecommunications services were also affected. 
By the next day, approximately 3,200 customers were still without 
power (City of Toronto, 2024b).  

By the evening of July 16, the City received over 700 basement 
flooding complaints (City of Toronto, 2024a). Many people had 
to be rescued from elevators or vehicles as floodwaters rose. 
Flooding led to several road closures, including parts of the Don 
Valley Parkway. Subway service was affected on portions of Lines 
1 and 2 due to flooding and power outages (Spurr et al., 2024).  

According to the Insurance Bureau of Canada, the storm cost more 
than $940 million in insured damage in Toronto and southern 
Ontario (Insurance Bureau of Canada, 2024b; Tsekouras, 2024).
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2. How this report was prepared
2.1 Characterizing Toronto’s historical climate 

Long-term observation records from the Toronto City climate station, 
located in downtown Toronto, were used to illustrate changes that 
have already occurred in Toronto’s climate over time. This climate 
station was selected because 30-year climate normal data for various 
historical periods are currently available, including the most recent 
1991-2020 period. Climate normals are calculated by Environment 
and Climate Change Canada (ECCC) and consider changes in the 
number of stations across the country and measured data over time 
(ECCC, 2023). Therefore, the characterization of Toronto’s historical 
climate was primarily based on this climate normal data.  

Historical daily data measured at this station was also retrieved from 
ECCC to supplement this analysis. Daily data provides further infor-
mation on how Toronto’s climate has continuously changed over 
the past 170+ years, up to 2023. As the analysis relies on data from 
a single climate station within the city of Toronto, the results may 
not be representative of climate across the entire city, especially for 
precipitation which can be highly localized.

Weather is something we  
experience every day. It is the  
short-term state of the atmosphere 
and can change within minutes or 
hours (World Meteorological  
Organization [WMO], 2024a).

Climate is the average weather 
conditions over a long period of time. 
Thirty-year periods, known as  
“climate normals”, are typically used 
to characterize the average climate.
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2.3 Projecting Toronto’s future climate

Projections of future climate are generated using computer models 
that account for the interactions of different elements such as the 
ocean, atmosphere, and land, which influence the climate (Lee et al., 
2021; Flato et al., 2013). To make it easier for computers to process, 
the earth is divided by climate models into grid cells that are typically 
hundreds of kilometres in size (McSweeney and Hausfather, 2018; 
Flato et al., 2013). While this is useful at the global scale, 100 km is 
too large to be useful for local and regional planning, which is why 
we need to downscale global climate projections at a smaller scale 
for a specific region or area of interest such as Toronto. 

This study relied on statistically downscaled climate projections 
available through PAVICS (Power Analytics and Visualization for  
Climate Science)2. PAVICS is part of a national suite of climate data 
portals supported by the Canadian Centre for Climate Services 
(CCCS), providing reliable and consistent projections across the 
country at a resolution of approximately 10 km (Government of  
Canada, 2021). These portals also provide climate projections  
based on the latest set of climate scenarios included in the  
Intergovernmental Panel on Climate Change’s (IPCC’s) most recent 
Sixth Assessment Report. 

Since 1990, the IPCC continues to provide the most authoritative 
scientific assessments of the causes and potential impacts of  
climate change worldwide. IPCC assessments are updated every  
5-7 years, synthesizing the latest science and research. In the latest
Sixth Assessment Report, five new climate scenarios were included
to provide illustrative warming scenarios up to 2100 (Figure 1).

Figure 1. Projected changes in global surface temperature (°C) compared to 1850-1900 under  
five illustrative climate scenarios: very low emissions (SSP1-1.9), low emissions (SSP1-2.6),  
medium emissions (SSP2-4.5), high emissions (SSP3-7.0), and very high emissions scenario  
(SSP5-8.5). Source: IPCC Sixth Assessment Report, Working Group II, Technical Summary

SSP = Shared socio-economic pathways

2This study used the CanDCS-U6 (Canadian Downscaled Climate Scenarios –  
Univariate, CMIP6) dataset, which was being used by ClimateData.ca at the time of 
the study. By the time of publication, ClimateData.ca switched their default dataset to 
the CanDCS-M6 (Multivariate) dataset, which may result in some differences between 
this report and data found in the portal moving forward.

https://pavics.ouranos.ca/index.html
https://pavics.ouranos.ca/index.html
http://ClimateData.ca
https://www.ipcc.ch/report/ar6/wg2/figures/technical-summary/figure-ts-004
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Only the very low emissions scenario (SSP1-1.9) would meet the Paris Agreement 
goal of limiting global warming to well below 2°C above pre-industrial levels, 
while pursuing efforts to limit global warming to 1.5°C (IPCC, 2021). Currently, 
we are tracking towards somewhere in between the medium and very high 
emissions scenarios, which translate to approximately 2.7°C and 4.4°C of global 
warming by the end of the century, respectively (United Nations Environment 
Programme [UNEP], 2024; IPCC, 2023; International Energy Agency [IEA], 2023). 
Therefore, this study focused on these two scenarios to illustrate possible climate 
futures for Toronto. By understanding what we need to avoid and why, we can 
collectively help shape the future that we want. 

For this report, modelled historical and future daily projections were obtained 
from PAVICS and used to derive a comprehensive set of 12 climate parameters 
and 54 climate variables. These variables help to illustrate how Toronto’s future 
climate may change across key climate indicators such as temperature, extreme 
heat, extreme cold, precipitation, extreme precipitation, frost-free season, and 
growing degree days. Almost all of these climate variables were derived from a 
total of 26 global climate models, except for the humidex variables which were 
based on 19 models. For more information about how these variables were  
derived and why they are important, please see Appendix B.

Data tables were prepared using R Studio to calculate summary  
statistics for a historical reference period (1971-2000) and three future 
periods (20153-2040, 2041-2070, and 2071-2100). The short, medium, 
and long-term future are compared against the historical 1980s period 
to help characterize the extent, direction, and magnitude of change. 
Climate data is presented in more than one statistical output to depict 
uncertainty in the modelling and variation in future climate conditions 
(Appendix A1 and A2). Together, the 10th and 90th percentiles capture 
80% of all projected values, excluding the top and bottom 10%. The 
50th percentile (or median) indicates the middle value. Maps were 
produced in ArcGIS using the median values. 

A rapid literature review was conducted for some additional climate 
variables of interest to City staff (Appendix A3). These include: 

• Lake Ontario: Over-land air temperature, over-lake
precipitation, lake levels, ice cover, and ice season length;

• Infrastructure design values: Hourly design temperature,
rainfall loads, humidity, wind loads, snow loads, total
precipitation and intensity rates for various short-duration
rainfall (5-minute, 10-minute, 15-minute, 30-minute, 1-hour,
2-hour, 6-hour, 12-hour, 24-hour); and

• Other climate variables: Thunderstorms, wind, snow,
rain-on-snow, freezing rain, joint precipitation and
temperature extremes, and fire spread.

Many of these variables are more challenging to project and are often 
associated with greater uncertainty. Summary values for Toronto and 
relevant key findings were drawn from multiple sources, including 
government-supported resources and peer-reviewed articles.

3The short-term future period starts in 2015 because this is the year that the future  
projections begin for the latest climate scenarios.
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3. How Toronto’s climate has
already changed

Based on observed historical climate data measured in downtown Toronto, 
the city is already warmer and wetter due to human-caused climate 
change, leading to wilder weather. The following sections explore some 
key changes in Toronto’s climate, including changes affecting Lake Ontario 
on which the city is situated.  

3.1 Annual average temperature has been rising since 1850

Since 1850, Toronto’s annual average temperature has been on the rise  
(Figure 2). Annual average temperatures have increased by approximately 
0.2°C per decade since 1850. The ten warmest years on record have all  
occurred since 1998. While average temperature varies year-to-year due to 
many factors, the linear trend over this long-term data of more than 170 years 
demonstrates a clear increasing trend. 

Figure 2. Observed historical annual average temperature (1850-2023) based on data from the Toronto City climate station. Source data: Historical Climate (Toronto City climate station)

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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Monthly temperatures in Toronto have also increased, with warmer winters and 
earlier spring onset (Figure 3). Between 1961-1990 and 1991-2020, December has 
warmed the most (by +1.4°C), followed by February (+1.1°C). January and September 
are tied for third (+1°C).

Figure 3. Comparing historical monthly average temperature between two 30-year climate  
normal periods (1961-1990 and 1991-2020).  Source data: Canadian Climate Normals (Toronto City 
climate station)

https://climate.weather.gc.ca/climate_normals/index_e.html
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3.2 The number of very hot days is on the rise

The number of very hot days in a year with daily maximum  
temperature above 30°C is also on the rise (Figure 4). Between  
1961-1990, there used to be an average of 9.7 days with daily maximum 
temperature above 30°C in Toronto. In the most recent 1991-2020 period, 
the average number of very hot days has increased by approximately 
4 days, reaching an average of 14 very hot days a year. Extreme heat 
puts everyone’s health at risk, especially seniors, young children, 
people with pre-existing conditions, people with limited access to 
cooling, and people who must spend long hours outdoors. 

In Southern Ontario, a heat warning is issued when there is a forecast 
of two or more consecutive days with daytime maximum temperatures 
of 31°C or warmer, together with nighttime minimum temperatures of 
20°C or warmer, or when there is a forecast of two or more consecutive 
days with humidex values expected to reach 40 or higher (Ontario  
Ministry of Health, 2023). Using daily temperature records, the number 
of times in a year that conditions met the current temperature-based 
thresholds (excluding humidex4) for heat warnings has also been on 
the rise since 1960 (Figure 5)5. Between 1960 and 2023, the maximum 
length of a temperature-based heat event in Toronto was 8 days. 

Figure 4. Comparing the historical number of very hot days with daily maximum temperature above 
30°C in Toronto over four 30-year climate normal periods (1961-1990, 1971-2000, 1981-2010, and 
1991-2020). Source data: Canadian Climate Normals (Toronto City climate station)

Figure 5. Observed historical temperature-based heat warnings in a year with two or more  
consecutive days with daytime maximum temperatures of 31°C or warmer, together with nighttime 
minimum temperatures of 20°C based on data from the Toronto City climate station. Source data: 
Historical Climate (Toronto City climate station)

4Daily humidex records are currently unavailable, so humidity is not included. 
5The criteria for issuing heat alerts and heat warnings have changed over time so this  
figure may not be reflective of historical records of heat alerts/warnings issued by the City. 

https://climate.weather.gc.ca/climate_normals/index_e.html
https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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3.3 The number of very cold days is declining

The number of very cold days with daily minimum temperature below -20°C has 
hovered around 2 to 3 days a year in the last few decades but has generally declined 
over the past 170+ years (Figure 6).  

Figure 6. Observed historical number of very cold days in a year with daily minimum temperature 
below -20°C based on data from the Toronto City climate station. Source data: Historical Climate 
(Toronto City climate station)

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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3.4 Heating demand for buildings is declining, while cooling 
demand is rising

With Toronto’s observed warming trends, heating demand for  
buildings is declining, while cooling demand is on the rise (Figure 7  
and Figure 8). Daily average temperature below 18°C is commonly  
used as the temperature threshold for assessing space heating 
demand in Canada (MacDonald et al., 2023; Boyd, 1979). Conversely, 
daily average temperature above 18°C is commonly used as the  
temperature threshold for assessing space cooling demand. Total 
heating demand in a year can be characterized by the temperature 
difference that is accumulated daily when average temperature is 
below 18°C, known as “heating degree days (or HDDs)”. Heating  
degree days for a single day represents the number of degrees 
Celsius that the mean temperature is below 18°C. This difference is 
added over a year for annual heating degree days. Meanwhile, total 
cooling demand in a year can be characterized by the temperature 
difference that is accumulated daily when average temperature is 
above 18°C, known as “cooling degree days (or CDDs)”. Since mean 
air temperature does not account for humidity, cooling degree days 
likely underestimates the energy demand for cooling. 

In 1991-2020, heating demand decreased by 5.8% compared to 
1961-1990, while cooling demand increased by 17.3% over the  
same period. 

Figure 7. Observed historical heating degree days (i.e., temperature difference that is  
accumulated daily when mean temperature is below 18°C) based on data from the Toronto  
City climate station. Source data: Historical Climate (Toronto City climate station)

Figure 8. Observed historical cooling degree days (i.e., temperature difference that is  
accumulated daily when mean temperature is above 18°C) based on data from the Toronto  
City climate station. Source data: Historical Climate (Toronto City climate station)

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
https://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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3.5 Precipitation is increasing, but patterns remain variable

Overall, Toronto is also getting wetter, but precipitation can be highly 
variable (Figure 9). In 1961-1990, annual total precipitation as recorded 
in downtown Toronto was around 819 mm. This total increased slightly 
by 0.5% in the most recent 1991-2020 climate normal period compared 
to 1961-1990. In contrast, annual total precipitation increased by 
1.8% and 1.5% in 1971-2000 and 1981-2010, respectively, compared 
to 1961-1990. However, it is important to note that precipitation  
can be highly localized, so these precipitation records may not be 
representative of the entire city.  

As illustrated in the Introduction, short-duration intense storms are 
also increasing in Toronto. In the last 20 years, Toronto has seen at least 
four intense storm events (August 2005, July 2013, August 2018, and 
July 2024) that have exceeded the 100-year storm in parts of the city, 
which historically has a 1% chance of occurring in any given year. 

Observed changes in precipitation vary between months – some 
months have seen more precipitation than before, while others have 
seen less (Figure 10). Between 1961-1990 and 1991-2020, June  
precipitation has increased the most (by +21.8%), followed by April 
(+19.3%) and January (+17%). Meanwhile, December precipitation 
has decreased the most (by -24.4%) over the same period, followed by 
March (-19%) and August (-12.9%).  

With warmer temperatures, the share of annual precipitation falling as 
snow has been declining since 1850, with more precipitation falling as 
rain. On average, the proportion of total precipitation falling as snow has 
been declining by 0.2% per decade between the 1850s and 1990s6.

Figure 9. Comparing historical annual total precipitation over four 30-year climate normal periods 
(1961-1990, 1971-2000, 1981-2010, and 1991-2020). Source data: Canadian Climate Normals  
(Toronto City climate station)

Figure 10. Comparing historical monthly total precipitation between two 30-year climate  
normal periods (1961-1990 and 1991-2020). Source data: Canadian Climate Normals  
(Toronto City climate station)

6Daily total rain and snow records were not available from 2003 onwards for the Toronto 
City climate station.

https://climate.weather.gc.ca/climate_normals/index_e.html
https://climate.weather.gc.ca/climate_normals/index_e.html


Toronto’s Current and Future Climate 21

3.6 Lake Ontario is losing ice cover, with warmer water 
temperature and fluctuating lake levels

Not only is snow cover decreasing in Toronto, ice cover over Lake  
Ontario has also been declining since the 1970s (Figure 11). On 
average, annual maximum ice cover has decreased by approximately 
3.5% per decade between the 1970s and 2010s. 

The surface water temperature of Lake Ontario (as derived from  
satellite imagery) has also been warming rapidly since the 1990s 
(Figure 12). Recent years have seen the warmest surface water  
temperatures in Lake Ontario since the 1990s, with 2012 in the top 
spot, followed by 2016, 2021, 2023, and 2020. 

While Lake Ontario water levels fluctuate naturally, recent years saw 
some of the highest annual average lake levels ever recorded in Lake 
Ontario, which caused extensive flooding, erosion, and damage to 
Toronto’s shorelines and Toronto Island Park (see Introduction).  

The measured historical data tells a clear story of how Toronto’s 
climate is already getting warmer, wetter, and wilder. Climate and 
extreme weather-related impacts have already been felt in Toronto 
(as discussed in the Introduction), and these impacts will likely grow 
larger if global warming continues. In the next chapter, we will explore 
what Toronto’s future climate could look like under two illustrative 
climate scenarios: a medium and very high emissions scenario.

Figure 11. Observed historical annual maximum ice cover (%) over Lake Ontario. Source data:  
NOAA Great Lakes Environmental Research Laboratory (Lake Ontario)

Figure 12. Estimated historical annual average surface water temperature over Lake Ontario.  
Source data: NOAA Great Lakes Surface Environmental Analysis (Lake Ontario)

https://www.glerl.noaa.gov/data/ice/#historical
https://coastwatch.glerl.noaa.gov/statistics/average-surface-water-temperature-glsea/
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4. What Toronto’s future climate
could look like

Using two climate scenarios, 54 modelled climate variables, and a 
rapid literature review, this study looks at what Toronto’s future climate 
could look like over the course of this century. Overall, temperature 
and extreme heat variables are expected to increase under both 
climate scenarios. Extreme cold is expected to decrease, along with 
heating demand for buildings. Meanwhile, cooling demand for 
buildings is expected to increase.  

Annual precipitation and extreme precipitation are anticipated to 
increase under both scenarios. Winter precipitation is anticipated to 
increase under the medium emissions scenario, while it may vary 
under the very high emissions scenario. Spring, summer, and fall 
precipitation are anticipated to vary under the medium emissions 
scenario, while these are anticipated to increase under the very high 
emissions scenario (except summer precipitation, which is anticipated 
to vary). The total number of dry days in a year is expected to increase 
under both scenarios and dry conditions are also anticipated to 
last longer.  

With warmer temperatures anticipated, the frost-free season is 
expected to stretch over a longer period under both scenarios, 
starting earlier and ending later. The amount of heat available to 
support the growth of different crops is anticipated to increase under 
both scenarios, but an increased risk of pests is also anticipated. 

Annual freeze-thaw cycles are anticipated to decrease under both 
scenarios. Meanwhile, the number of days with freezing rain potential 
is anticipated to remain about the same under both scenarios, with a 
slight increase anticipated under the medium emissions scenario and 
a mixed pattern anticipated under the very high emissions scenario. 

Figure 13 presents some key indicators and overall projected trends 
for Toronto. A ‘variable’ trend indicates that there is a mix of increases 
and decreases in the data across the future periods.

Increasing

• Average temperatures
• Extreme heat
• Cooling degree days (or cooling

demand for buildings)
• Annual precipitation
• Extreme precipitation
• Frost-free season

Variable • Freezing rain potential

Decreasing • Heating degree days (or heating
demand for buildings)

• Freeze-thaw cycles
• Extreme cold

Figure 13. High-level summary of overall future climate trends for Toronto, under a  
medium and very high emissions scenario
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The following sections (4.1 to 4.7) describe some of these anticipated 
changes in greater detail, with more focus on the very high emissions 
scenario. Based on current global emissions and countries’ emissions 
reduction targets collectively, we are currently tracking in between the 
medium and very high emissions scenarios (UNEP, 2024; IPCC, 2023; 
IEA, 2023). In the short and medium-term future, the two scenarios 
are anticipated to lead to similar levels of global warming. By the end 
of the century, the two scenarios diverge significantly, with a difference 
of nearly 2°C. Understanding the very high emissions scenario can 
help inform risk-based planning and help the City, residents, and  
businesses prepare for more devastating impacts if they were to  
occur. This is also consistent with how other jurisdictions present  
scenarios in preparing for climate change. By highlighting the very 
high emissions scenario, we also hope to inspire urgent and collective 
action to avoid higher levels of warming, while shaping the future  
that we want.  

For detailed data tables for all 54 variables for both emissions scenarios, 
please see Appendix A and the accompanying climate projection 
dataset. Climate trends for a selection of additional climate variables 
are also presented based on a rapid literature review, including 
projections for Lake Ontario, infrastructure design values, and other 
climate variables such as thunderstorms and wind  
(sections 4.8 to 4.10).
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4.1 Temperatures are expected to continue to rise over the course of 
the century

Temperature is a direct indicator of climate change as a result of the rise 
in GHG concentrations from human activities (WMO, n.d.). Changes in  
temperature affect agriculture, infrastructure, people’s health, water  
availability, energy use, recreation, and ecosystem health (ECCC, 2024a; 
ClimateData.ca, 2024). 

As the observed data shows, Toronto’s annual average temperature has gotten 
warmer, with an increase in the number of warmer- than-average years in 
recent decades (Figure 14). Since 1980, each decade has been warmer than 

the last. This warming trend is expected to continue over the course of this 
century under both climate scenarios. 

In the 2030s period, Toronto is anticipated to see similar warming trends 
under both scenarios. By the 2050s, Toronto is expected to warm slightly 
more under the very high emissions scenario compared to the medium 
emissions scenario. However, by the end of the century, the temperature 
differences between the two scenarios grow larger – leading to a future  
Toronto that may be +4°C warmer or +6°C warmer by the end of the  
century. While the difference may seem small, every additional increase  
in average temperature can lead to more extreme weather events  
(Seneviratne et al., 2021). Therefore, what Toronto’s future climate will  
look like depends on the choices we make now.

Figure 14. Warming stripes showing measured historical annual average temperature (1849-2023) based on the Toronto City climate station 
and projected annual average temperature (2024-2100) under the medium emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5). 
Each bar shows the difference in annual average temperature for each year compared to the average temperature over the 20th century 
(1901-2000). Warmer than average years are represented by red stripes and cooler years are represented by blue stripes. The darker the stripe 
colour, the greater the difference from the 20th century average.
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Annual maximum and minimum temperatures are also expected 
to increase by the 2030s, 2050s, and 2080s compared to the 1980s 
(Figure 15). 

Seasonal temperatures are also expected to increase under both  
scenarios. Warmer maximum, mean, and minimum temperatures  
are expected across all seasons, bringing hotter summers, warmer 
winters, and greater variability in temperatures (e.g., Figure 16).  
Winter temperatures are expected to increase the most compared  
to the 1980s, with greater increases in winter mean and minimum  
temperatures. This may in turn influence energy management,  
recreation, agriculture, infrastructure, the spread of pests and diseases, 
water availability, and ecosystem health (ECCC, 2024a; Agriculture and 
Agri-Food Canada, 2020).

Figure 15. Projected annual temperatures (maximum, mean, and minimum) under the medium 
emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5), with differences in median  
values compared to 1971-2000 (modelled historical)

Figure 16. Projected seasonal temperatures (maximum, mean, and minimum) under the very  
high emissions scenario (SSP5-8.5), with differences in median values compared to 1971-2000 
(modelled historical)
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4.2 Extreme heat is expected to become more frequent, intense, 
and last longer, increasing the risk of heat-related illnesses and 
deaths

Extreme heat puts everyone’s health at risk, especially seniors, young 
children, people with pre-existing conditions, people with limited 
access to cooling, and people who must spend long hours outdoors 
(World Health Organization [WHO], 2024; Health Canada, 2024).  
It can pose a risk to our built infrastructure such as buildings,  
transportation systems, and energy systems, depending on their 
design parameters (ClimateData.ca, 2024). Extreme heat also poses 
a threat to plants and animals that are not adapted to the heat or 
require stable temperature conditions. 

Under both scenarios, the number of very hot days with daily maximum 
temperature above 30°C and 35°C is anticipated to increase. Greater 
increases are anticipated under the very high emissions scenario  
compared to the medium emissions scenario. Under the very high 
emissions scenario, days above 30°C could increase by more than two 

months’ time by the end of the century compared to the 1980s (Figure 17). The 
number of days with high humidity is also anticipated to increase, bringing more 
uncomfortable and dangerously hot conditions. 

Under both scenarios, extreme heat events (i.e., two or more days with maximum 
temperature ≥ 31°C and nighttime temperature ≥ 20°C) are expected to occur 
more frequently and last longer. More frequent and intense extreme heat events 
are expected under the very high emissions scenario compared to the medium 
emissions scenario, putting people at greater risk of heat-related illnesses and 
deaths (Figure 18). 

On average, the temperature on the hottest day in a year in the 1980s used to be 
around 33°C. By the end of the century, hottest day temperature could increase  
by 4-7°C, reaching a sweltering 37°C and 40°C under the medium and very high 
emissions scenario, respectively.

Figure 17. Projected number of very hot days with daily maximum temperature 
above 30°C under the very high emissions scenario (SSP5-8.5), with differences in 
median values compared to 1971-2000 (modelled historical)

Figure 18. Projected number of temperature-based heat warnings7 in a year (left) and maximum 
consecutive temperature-based heat warning days (right) under the very high emissions scenario 
(SSP5-8.5), with differences in median values compared to 1971-2000 (modelled historical)

7This is based on current temperature thresholds for issuing a heat warning in Southern Ontario and 
does not include humidity. Humidex projections are presented separately as projections that combine 
temperature and humidex are currently unavailable.



Toronto’s Current and Future Climate 27

4.3 Cold weather days are expected to continue to decrease 
as winters get warmer

Cold weather conditions can directly impact people’s health,  
especially seniors, young children, people with pre-existing  
conditions, people who must spend long hours outdoors, and  
people with limited access to electricity or heat (Toronto Public 
Health, 2024; Health Canada, 2018). Extreme low temperatures  
and temperature fluctuations between freezing and non-freezing 
temperatures can pose a risk to our built infrastructure, depending 
on their design parameters (ClimateData.ca, 2024). Extreme cold  
also poses a threat to plants and animals that are not adapted to  
the cold or require stable temperature conditions. 

Under both scenarios, the number of frost days (below 0°C), cold 
days (below -10°C), and very cold days (below -20°C) is expected 
to decrease as temperatures continue to rise. A greater decline in 
these cold weather days is anticipated under the very high emissions 
scenario compared to the medium emissions scenario. For example, 
under the very high emissions scenario, the number of frost days 
could decrease by nearly a months’ time by the 2030s, nearly two 
months’ time by the 2050s, and nearly three months’ time by the 
2080s compared to the 1980s (Figure 19). Meanwhile, the number of 
very cold days (below -20°C) is expected to become increasingly rare 
by the 2030s, 2050s, and 2080s compared to the 1980s – decreasing 
from 3 days to nearly 0 days a year.  

Figure 19. Projected number of cold days with daily minimum temperature below 0°C and -20°C 
under the very high emissions scenario (SSP5-8.5), with differences in median values compared to 
1971-2000 (modelled historical)
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4.4 Heating demand for buildings is expected to continue  
to decrease, while cooling demand is expected to increase 
significantly

Under both climate scenarios, heating demand for buildings is expected 
to decrease, while cooling demand is expected to increase (Figure 20 
and Figure 21). By the end of the century, heating demand may  
decrease by 30-45% compared to the 1980s, while cooling demand 
may nearly triple or more than quadruple compared to the 1980s,  
depending on the climate scenario.  

Figure 20. Projected changes in heating and cooling degree days8  under the medium emissions 
scenario (SSP2-4.5), with percentage differences in median values compared to 1971-2000  
(modelled historical) 

Figure 21. Projected changes in heating and cooling degree days under the very high emissions 
scenario (SSP5-8.5), with percentage differences in median values compared to 1971-2000  
(modelled historical)

8“Degree days” represents the difference in daily mean temperature that is accumulated 
above or below a specified base temperature. Daily mean temperature below 18°C is 
commonly used as the temperature threshold for assessing space heating demand 
in Canada. Conversely, daily average temperature above 18°C is commonly used for 
assessing space cooling demand. The cooling degree days for a single day represents the 
number of degrees Celsius that the mean temperature is above 18°C, and this difference 
is added over a year for annual cooling degree days. Since mean air temperature does 
not account for humidity, cooling degree days likely underestimates the energy demand 
for cooling.
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4.5 Precipitation is expected to continue to increase overall, with 
wetter and drier conditions possible

Precipitation is a fundamental aspect of the climate and a key indicator of 
how human-induced climate change is affecting the Earth’s water cycle 
(WMO, 2024b). Changes in precipitation affect agriculture, infrastructure, 
people’s health, water availability, recreation, and ecosystem health  
(ClimateData.ca, 2024). 

Annual total precipitation has generally increased in Toronto, but some years 
have seen drier-than-average conditions as well (Figure 22). Overall,  
precipitation is expected to increase under both climate scenarios, with 
greater increases in wetter-than-average conditions anticipated under the 
very high emissions scenario compared to the medium emissions scenario.

Figure 22. Precipitation stripes showing changes in measured historical annual total precipitation (1849-2023) based on data from the Toronto City climate station and projected annual total  
precipitation (2024-2100) under the medium emissions (SSP2-4.5) and very high emissions scenarios (SSP5-8.5). Each bar shows the percentage increase or decrease in annual total precipitation 
for each year compared to the average precipitation between 1950-2000. Measured historical precipitation (1849-2023) is compared to the observed average, while projected future  
precipitation (2024-2100) is compared to the modelled historical average. Wetter than average conditions are represented by green stripes and drier than average conditions are represented  
by brown stripes. The darker the stripe colour, the greater the difference from the 1950-2000 average (observed/modelled).
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Under both scenarios, annual total precipitation is anticipated to  
increase by the 2030s, 2050s, and 2080s compared to the 1980s 
(Figure 23). By the 2030s and 2050s, annual total precipitation is 
anticipated to see similar increases under both scenarios, increasing 
by 5-6% by the 2030s and 10% by the 2050s compared to the 1980s. 
By the 2080s, annual total precipitation is expected to increase by 
approximately 11% under the medium emissions scenario and 16% 
under the very high emissions scenario compared to the 1980s. 

Under both scenarios, seasonal total precipitation is generally  
anticipated to increase (e.g., Figure 24). Under the very high  
emissions scenario, the range in precipitation (i.e., 10th and 90th  
percentile) increases by the end of the century, making wetter- and 
drier-than-average conditions possible in any given year. Winter  
total precipitation is anticipated to increase the most under both 
scenarios, followed by spring precipitation. As more precipitation  
is expected to fall as rain instead of snow, more rain may fall on  
frozen ground during winter and spring, which may in turn lead  
to increased flooding and ice jams (TRCA Flood Risk  
Management, 2024).

Figure 23. Projected annual total precipitation under the medium emissions scenario (SSP2-4.5) and 
very high emissions scenario (SSP5-8.5), with percentage differences in median values compared to 
1971-2000 (modelled historical)

Figure 24. Projected seasonal total precipitation under the very high emissions scenario  
(SSP5-8.5), with median temperature differences compared to 1971-2000 (modelled historical)
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Extreme precipitation is also anticipated to increase under both climate scenarios. 
Greater increases are anticipated under the very high emissions scenario,  
especially by the end of the century. For example, under the very high emissions 
scenario, the maximum amount of precipitation that would typically fall in a day 
may increase by 11% by the 2030s, 17% by the 2050s, and 27% by the 2080s 
compared to the 1980s (Figure 25). 

At the high end (i.e., 90th percentile), days with more than a month’s worth of 
precipitation (currently around 68 mm) falling in a day are expected to become 
more common. In the past two decades, Toronto has experienced several major 
storms that have exceeded this value and the 100-year storm, which has a 1% 
chance of occurring in any given year based on historical conditions. With increasing 
precipitation, what used to be a 1-in-100 year storm can be expected to occur more 
frequently as suggested by climate-adjusted intensity-duration-frequency (IDF) 
curves (section 4.9).

Figure 25. Projected maximum 1-day precipitation under the very high emissions 
scenario (SSP5-8.5), with percentage differences in median values compared to  
1971-2000 (modelled historical)
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4.6 Freeze-thaw cycles are expected to decrease, while days with 
freezing rain potential are expected to remain about the same

Freeze-thaw cycles can have major impacts on infrastructure  
(ClimateData.ca, 2024). Water expands when it freezes, so the freezing, 
melting and re-freezing of water can cause significant damage to  
roadways, sidewalks, and other outdoor structures over time. Under 
both scenarios, the number of freeze-thaw cycles in a year is anticipated 
to decrease as winters are expected to get warmer (Figure 26). A shorter 
winter season may also lead to more freeze-thaw cycles occurring over 
a shorter period of time (i.e., become more concentrated).  

Freezing rain can create slippery road conditions that endanger people’s 
health and safety (Ouranos, 2024; Public Safety Canada, 2011). It  
can also affect infrastructure, recreation, and ecosystem health. The  
median number of days with freezing rain potential is expected to  
remain about the same (at approximately 2-3 days) under both  
scenarios, but this may vary widely year-to-year. However, temperature 
is only one of many factors that influence the production of freezing 
rain. One study by McCray and others (2022) found that the frequency 
of freezing rain may increase over parts of western and central Canada 
under the high emissions scenario (RCP8.5; as noted in section 4.10). 

4.7 The frost-free season is expected to become longer, but may 
also be accompanied by a growing risk of pests

Changes in the length and timing of the growing season affect agriculture, 
energy use, recreation, and ecosystem health, which can affect daily  
life in Toronto (ClimateData.ca, 2024; Agriculture and Agri-Food  
Canada, 2020). Under both scenarios, the length of the frost-free  
season is expected to become longer, with the transition from colder  
to warmer weather expected to start earlier and the transition back to 
colder weather expected to start later in a year (e.g., Figure 27). Under 
the very high emissions scenario, the length of the frost-free season  
may increase by 117 days by the end of the century compared to the 
1980s. While an extended warm-weather period is expected to benefit 
agricultural production, it also creates conditions that are more  
favourable for the growth and spread of insects and pests, which can 
harm agriculture and natural ecosystems.

Figure 26. Projected freeze-thaw cycles under the medium emissions scenario (SSP2-4.5)  
and very high emissions scenario (SSP5-8.5), with differences in median values compared  
to 1971-2000 (modelled historical)

Figure 27. Projected frost-free season length (left) and growing degree days with base  
temperature of 15°C (right) under the very high emissions scenario (SSP5-8.5), with  
differences in median values compared to 1971-2000 (modelled historical)
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4.8 Anticipated changes for Lake Ontario will also affect Toronto

As Toronto is situated on the northern shores of Lake Ontario, changes  
in the climate over Lake Ontario and its hydrology can have a  
significant impact on the city. Throughout the year, Lake Ontario  
moderates temperature in its vicinity (Wuebbles et al., 2019), helping 
to keep Toronto cool in the summer and warm in the winter.  

The following trends are based on available projections under the  
medium (RCP4.5) and high emissions scenarios (RCP8.5), which are 
comparable to SSP2-4.5 and SSP5-8.5, respectively. More detailed  
summary tables of the projected values are available in Appendix A3. 

Under the medium and high emissions scenarios, over-land air  
temperature around Lake Ontario is expected to increase by the late 
century (Lam and Dokoska, 2022). Annual average lake levels are also 
expected to increase under both scenarios, with more extreme high 
and extreme low lake levels possible. Under the high emissions  
scenario, annual and seasonal over-lake precipitation are expected  
to increase, while ice cover and ice season length are expected to 
decrease. Winter over-lake precipitation is also anticipated to increase 
under the medium emissions scenario but otherwise, over-lake  
precipitation is anticipated to vary under this scenario.  

4.9 Climate-adjusted infrastructure design values indicate 
increasing pressures on existing and new infrastructure

Climate-adjusted infrastructure design values have been developed  
by the Pacific Climate Impacts Consortium (PCIC) in collaboration  
with ECCC and the National Research Council (NRC). Using the  
online Design Value Explorer tool (version 2.4.0), available historical  
and projected future design values for the Toronto City Hall location  
were obtained including design temperature, humidity, precipitation 
loads, and wind loads. These projections can help inform infrastructure 
planning and design under a changing climate based on different  
levels of global mean temperature change, or global warming  
levels (GWLs).  

With each 0.5°C increase in global warming, various design values are anticipated 
to increase, including July (hot weather) design temperatures, rainfall loads,  
humidity, and most wind loads (except driving rain wind pressures, which is 
expected to vary). Meanwhile, January (cold weather) design temperatures and 
snow loads are expected to decrease as global warming continues. More detailed 
summary tables of the projected values can be found in Appendix A3. 

Precipitation intensity-duration-frequency (IDF) curves also provide important 
information for the planning and design of infrastructure and stormwater  
management. Various climate-adjusted IDF curves are available for Ontario and 
Canada. Here, available historical and projected IDF curves from Western University’s 
IDF_CC tool (version 7.5) and from ClimateData.ca (version 3.30) were retrieved for 
the Toronto City gauge. Cilmate-adjusted IDF curves are derived using different 
methods, which enable helpful comparison: 

• Precipitation fitted to the Generalized Extreme Value (GEV) distribution was
retrieved from the IDF_CC tool9; and

• Precipitation intensity scaled based on temperature (or the Clausius-Clapeyron 
relation) was retrieved from ClimateData.ca, whereby precipitation intensity is 
anticipated to increase by 7% for every 1°C of temperature increase.

Both sets of climate-adjusted IDF curves indicate an increase in precipitation  
intensity rates across all short-duration rainfall under both climate scenarios.  
With more rain anticipated to fall over a short period, total precipitation (or rainfall 
depth) is also anticipated to increase, amplifying the risk of flooding and erosion.

9Precipitation fitted to the Gumbel distribution is also available through the IDF_CC tool (version 7.5).

https://www.pacificclimate.org/analysis-tools/design-value-explorer
https://www.idf-cc-uwo.ca/
https://climatedata.ca/variable/idf/


Toronto’s Current and Future Climate 34

4.10 Thunderstorms and other variables are also anticipated to change, 
bringing more variable and extreme weather

Drawing on available academic articles, this section summarizes some high-level 
trends for future thunderstorms, wind, snow, rain-on-snow, freezing rain, joint 
precipitation and temperature extremes, and fire spread. Studies have focused on 
various climate scenarios and geographic scales. Here, we highlight findings that 
may be most relevant for Toronto. 

Thunderstorms

The number of days with conditions favourable for thunderstorms in Southern 
Ontario is expected to increase under the high emissions scenario (RCP8.5; Huryn 
et al., 2020). The risk of thunderstorms could as much as triple over the year and 
during the summer over the course of the century. While thunderstorms commonly 
form during warmer months, another study also found that fall, spring, and winter 
are expected to see an increase in favourable conditions for thunderstorms over 
North America (Canada and U.S.; Lepore et al., 2021). 

Wind

Mean wind speed over northern and eastern parts of Canada is expected to 
increase under the medium (RCP4.5) and high emissions scenarios (RCP8.5; Jeong 
and Sushama, 2019). Some increases in the future 50-year return levels of 3-hourly 
wind speed and hourly wind gust are also anticipated over North America under 
both scenarios.  

The frequency of extreme stagnant winds is anticipated to increase over the 
eastern Great Lakes under the high emissions scenario (RCP8.5; Morris et al., 2024). 
Meanwhile, changes in high wind speeds over the eastern Great Lakes vary under 
the high emissions scenario (RCP8.5) depending on model resolution. 

Future driving rain wind pressure (DRWP) with a 5-year return period are projected 
to increase over western, eastern, and northern Canada under the high emissions 
scenario (RCP8.5; Jeong et al., 2020), though this is anticipated to vary for the  
Toronto City Hall location based on PCIC’s Design Value Explorer tool (as noted  
in section 4.9). 

One study that simulated wind loads on high-rise buildings in Toronto 
did not find substantial changes in mean design wind speed with a 
50-year return period under the medium (RCP4.5) and high emissions 
scenarios (RCP8.5) but noted that the risk of increased wind loads 
should not be ruled out (Teran et al., 2022). 

Snow, rain-on-snow, and freezing rain

Future 50-year return levels of snow water equivalent (SWE) loads are 
anticipated to decrease for southern Canada (Jeong and Sushama, 
2018). More rain-on-snow is anticipated during November to March 
for most regions in Canada under the medium (RCP4.5) and high 
emissions scenarios (RCP8.5; Jeong and Sushama, 2018).  

The frequency of freezing rain is anticipated to increase over parts 
of western and central Canada under the high emissions scenario 
(RCP8.5; McCray et al., 2022). 

Extreme precipitation and temperature occurring together

Most parts of southern Canada are expected to see a coinciding  
increase in precipitation and temperature extremes during the  
summer under the high emissions scenario (RCP8.5; Singh et al., 2022). 
This may result in an increased risk of flooding during extreme heat 
days, amplifying the risk to people’s health and safety, especially as 
past storm events have also led to extensive power outages across the 
city (see Introduction). 

Fire spread

The frequency of seasons with many potential fire spread days is 
expected to increase for most parts of Canada’s forested regions under 
future climate scenarios (Wang et al., 2017). Meanwhile, a review of 
wildfire studies found that fire spread days, area burned, and seasonal 
severity rating are anticipated to increase across Canada (Coogan et 
al., 2019). These increases are expected to intensify the risk of poor air 
quality days from wildfire smoke, which is already having far-reaching 
effects across Canada and around the world (e.g., Health Canada, 
2024b; Byrne et al., 2024).

https://www.pacificclimate.org/analysis-tools/design-value-explorer


Toronto’s Current and Future Climate 35

5. From climate data to
climate action

The City of Toronto has been a municipal leader on climate action. In 
October 2019, City Council joined a growing number of municipalities 
and governments around the world in declaring a climate emergency 
(City Council, 2019). Prior to this, Toronto has had a GHG reduction 
target in place since 2007 (Deputy City Manager and Deputy City 
Manager and Chief Financial Officer, 2007). Following the global 
adoption of the Paris Agreement in 2015, City Council unanimously 
adopted “TransformTO: Climate Action for a Healthy, Equitable and 
Prosperous Toronto” in 2017, with refreshed targets and a roadmap 
to achieve them (City Council, 2017). With its declaration of a climate 
emergency, the City further strengthened its carbon-reduction goal  
and has since adopted enhanced targets and actions for achieving net 
zero by 2040 (City Council, 2021).  

Through these initiatives, the need to advance climate adaptation 
and resilience along with mitigation has been well recognized. For 
example, the City’s “Climate Change, Clean Air and Sustainable Energy 
Action Plan” (2007) called for the development of a climate change 
adaptation strategy, which led to the release of  “Ahead of the Storm: 
Preparing Toronto for Climate Change” in 2008. In 2019, Toronto 
released its first Resilience Strategy, which highlighted many climate 
resilience initiatives across the City. In 2024, the City moved to refocus 
on information development and coordinated leadership to further 
address climate risks and build resilience (Toronto Environment and 
Climate Division, 2024).  

Figure 28. Overview of the adaptation planning process. Source: Brown et al., 2021

Understanding how the climate is changing often forms the first key step in 
adaptation planning (Figure 28). Since 2011, the City has been leveraging 
local climate projections to guide its work based on “Toronto’s Future 
Weather and Climate Driver Study” (SENES Consultants Ltd., 2011). With 
updated climate scenarios and improved availability of high-quality climate 
projections across Canada, this report provides an updated, comprehensive 
outlook of Toronto’s future climate over the remainder of the 21st century.

https://changingclimate.ca/national-issues/chapter/2-0/
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Using these updated climate projections, the City is undertaking a city-
wide climate risk and vulnerability assessment, which will help identify 
the people, assets, and services that are most vulnerable to the impacts 
of climate change (Toronto Environment and Climate Division, 2024). 
This will better equip the city with risk-based information to continue 
to support proactive adaptation and resilience-building efforts across 
the city. In addition, there are many other ways this data is expected to 
be used by City staff to ensure that future climate is considered now 
for projects and initiatives that will affect services, assets, and people 
for years to come. Some additional TRCA and other datasets are also 
detailed in Appendix C, which may help further inform the city-wide 
climate risk and vulnerability assessment or other assessments, plans,  
or policies that the City may undertake. 

This climate data can also help businesses, residents, and communities 
prepare for a hotter, stormier, and more disruptive future. We hope 
that this report can help build common understanding of the possible 
future changes in Toronto’s climate if GHG concentration continues to 
rise and help initiate conversations about climate change. By the end 
of the century, Toronto may see warmer temperature, intensifying heat 
events, less extreme cold, a longer growing season, more extreme high 
and extreme low lake levels, and more extreme weather (Figure 29). 
These changes may lead to a wide range of impacts – some of which  
we have already seen – such as: 

• Increased disruption to infrastructure and services;
• Increased maintenance and operations costs;
• Detrimental impacts on people’s health and well-being;
• Increased spread of invasive species and pests;
• More flooding and erosion;
• Impacts on native species and ecosystems;
• More poor air quality days from wildfire smoke;
• Global supply chain impacts;
• Increased cost of living;
• Loss of economic productivity; and
• Increased damage to property and infrastructure.

Figure 29. Anticipated changes in Toronto’s future climate and potential impacts on 
Toronto’s people and communities if the concentration of heat-trapping greenhouse gases 
continues to rise. Adapted from: UK Met Office

https://www.metoffice.gov.uk/weather/climate-change/effects-of-climate-change
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These impacts are often unequally distributed, affecting some people more than 
others including people who face multiple, overlapping stressors due to systemic 
and long-standing inequities.  

Building on these potential changes and associated impacts, residents and 
businesses can make further connections between climate change and 
their personal lives. Similarly, this information can help City staff make 
connections with their work. By understanding what we need to avoid 
and why, we can collectively help shape the future that we want. The most 
devastating impacts of climate change can still be avoided by rapidly 
reducing heat-trapping GHG emissions, while reducing vulnerability and 
enhancing resilience. What Toronto’s future climate could look like depends 
on the choices we make now. A safer, healthier, and more resilient city is 
possible if we plan and adapt now.
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