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Key Topic #1: Climate Change Projections 

1. Describe the causes of climate change, including the greenhouse effect.

2. Explain the impacts of climate change on the environment, as well as social and economic

impacts both locally and globally.

3. Explain the concept of Canada’s Representative Concentration Pathway models and what

they imply for the future climate.

4. Differentiate types of climate models and the various components that enable models to

project future conditions.
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Basics of Climate Change 

The earth's climate is changing. Multiple lines of evidence show changes in our weather, oceans, and ecosystems, such 
as: 

● Changing temperature and precipitation patterns

● Increases in ocean temperatures, sea level, and acidity.

● Melting of glaciers and sea ice.3

● Changes in the frequency, intensity, and duration of extreme weather events.

● Shifts in ecosystem characteristics, like the length of the growing season, timing of flower blooms, and migration of
birds.

These changes are due to a buildup of greenhouse gases in our atmosphere and the warming of the planet due to the 
greenhouse effect. 

Figure 1) The greenhouse effect helps trap heat from the sun, which keeps 

the temperature on earth comfortable. But people’s activities are increasing 

the amount of heat-trapping greenhouse gases in the atmosphere, causing 

the earth to warm up. 

The earth's temperature depends on the balance between energy 
entering and leaving the planet’s system. When sunlight reaches the 
earth’s surface, it can either be reflected back into space or 
absorbed by the earth. Incoming energy that is absorbed by the 
earth warms the planet. Once absorbed, the planet releases some 
of the energy back into the atmosphere as heat (also called infrared 
radiation). Solar energy that is reflected back to space does not 
warm the earth. 

Certain gases in the atmosphere absorb energy, slowing or 
preventing the loss of heat to space. Those gases are known as 
“greenhouse gases.” They act like a blanket, making the earth 
warmer than it would otherwise be. This process, commonly known as the “greenhouse effect,” is natural and necessary to 
support life. However, the recent buildup of greenhouse gases in the atmosphere from human activities has changed the 
earth's climate and resulted in dangerous effects to human health and welfare and to ecosystems. 

Key Greenhouse Gases 

Most of the warming since 1950 has been caused by human emissions of greenhouse gases.4 Greenhouse gases come 
from a variety of human activities, including burning fossil fuels for heat and energy, clearing forests, fertilizing crops, storing 
waste in landfills, raising livestock, and producing some kinds of industrial products. 

Carbon Dioxide 

Carbon dioxide is the primary greenhouse gas contributing to recent climate change. Carbon dioxide enters the atmosphere 
through burning fossil fuels, solid waste, trees, and other biological materials, and as a result of certain chemical reactions, 
such as cement manufacturing. Carbon dioxide is absorbed and emitted naturally as part of the carbon cycle, through plant 
and animal respiration, volcanic eruptions, and ocean-atmosphere exchange. 

The Carbon Cycle 
The carbon cycle is the process by which carbon continually moves from the atmosphere to the earth and then back to the 
atmosphere. On the earth, carbon is stored in rocks, sediments, the ocean, and in living organisms. Carbon is released 
back into the atmosphere when plants and animals die, as well as when fires burn, volcanoes erupt, and fossil fuels (such 
as coal, natural gas, and oil) are combusted. The carbon cycle ensures there is a balanced concentration of carbon in the 
different reservoirs on the planet. But a change in the amount of carbon in one reservoir affects all the others. Today, people 
are disturbing the carbon cycle by burning fossil fuels, which release large amounts of carbon dioxide into the atmosphere, 
and through land use changes that remove plants, which absorb carbon from the atmosphere. 



Methane 

Both natural and human activities produce methane. For example, natural wetlands, agricultural activities, and fossil fuel 
extraction and transport all emit methane. 

Nitrous Oxide 

Nitrous oxide is produced mainly through agricultural activities and natural biological processes. Fossil fuel burning and 
industrial processes also create nitrous oxide. 

F-Gases

Chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride, together 
called F-gases, are often used in coolants, foaming agents, fire extinguishers, solvents, pesticides, and aerosol propellants. 

Global Warming Potential 
Different greenhouse gases can remain in the atmosphere for different amounts of time, ranging from a few years to 
thousands of years. In addition, some gases are more effective than others at making the planet warmer. Learn more about 
Global Warming Potential (GWP), a measure of climate impacts based on how long each greenhouse gas remains in the 
atmosphere and how strongly it absorbs energy. 

Other Greenhouse Gases 

Ground-Level Ozone 

Ground-level ozone is created by a chemical reaction between emissions of nitrogen oxides and volatile organic compounds 
from automobiles, power plants, and other industrial and commercial sources in the presence of sunlight. In addition to 
trapping heat, ground-level ozone is a pollutant that can cause respiratory health problems and damage crops and 
ecosystems. 

Water Vapor 

Water vapor is another greenhouse gas and plays a key role in climate feedbacks because of its heat-trapping ability. 
Warmer air holds more moisture than cooler air. Therefore, as greenhouse gas concentrations increase and global 
temperatures rise, the total amount of water vapor in the atmosphere also increases, further amplifying the warming effect.5 

Aerosols 

Aerosols in the atmosphere can affect climate. Aerosols are microscopic (solid or liquid) particles that are so small that 
instead of quickly falling to the surface like larger particles, they remain suspended in the air for days to weeks. Human 
activities, such as burning fossil fuels and biomass, contribute to emissions of these substances, although some aerosols 
also come from natural sources such as volcanoes and marine plankton. 

Unlike greenhouse gases, the climate effects of aerosols vary depending on what they are made of and where they are 
emitted. Depending on their color and other factors, aerosols can either absorb or reflect sunlight. Aerosols that reflect 
sunlight, such as particles from volcanic eruptions or sulfur emissions from burning coal, have a cooling effect. Those that 
absorb sunlight, such as black carbon (a part of soot), have a warming effect. 

Not only can black carbon directly absorb incoming and reflected sunlight, but it can also absorb infrared radiation.6 Black 
carbon can also be deposited on snow and ice, darkening the surface and thereby increasing the snow's absorption of 
sunlight and accelerating melt.7 While reductions in all aerosols can lead to more warming, targeted reductions in black 
carbon emissions can reduce global warming. Warming and cooling aerosols can also interact with clouds, changing their 
ability to form and dissipate, as well as their reflectivity and precipitation rates. Clouds can contribute both to cooling, by 
reflecting sunlight, and warming, by trapping outgoing heat. 



Climate Feedbacks 

Climate feedbacks are natural processes that respond to global warming by offsetting or further increasing change in the 
climate system. Feedbacks that offset the change in climate are called negative feedbacks. Feedbacks that amplify changes 
are called positive feedbacks. 

Water vapor appears to cause the most important positive feedback. As the earth warms, the rate of evaporation and the 
amount of water vapor in the air both increase. Because water vapor is a greenhouse gas, this leads to further warming. 

The melting of Arctic sea ice is another example of a positive climate feedback. As temperatures rise, sea ice retreats. The 
loss of ice exposes the underlying sea surface, which is darker and absorbs more sunlight than ice, increasing the total 
amount of warming. Less snow cover during warm winters has a similar effect. 

Clouds can have both warming and cooling effects on climate. They cool the planet by reflecting sunlight during the day, 
and they warm the planet by slowing the escape of heat to space (this is most apparent at night, as cloudy nights are usually 
warmer than clear nights). 

Climate change can lead to changes in the coverage, altitude, and reflectivity of clouds. These changes can then either 
amplify (positive feedback) or dampen (negative feedback) the original change. The net effect of these changes is likely an 
amplifying, or positive, feedback due mainly to increasing altitude of high clouds in the tropics, which makes them better 
able to trap heat, and reductions in coverage of lower-level clouds in the mid-latitudes, which reduces the amount of sunlight 
they reflect. The magnitude of this feedback is uncertain due to the complex nature of cloud/climate interaction.



Climate Change Indicators: Snow and Ice 

The Earth’s surface contains many forms of snow and ice, including sea, lake, and river ice; snow cover; 
glaciers, ice caps, and ice sheets; and frozen ground. Climate change can dramatically alter the Earth’s 
snow- and ice-covered areas because snow and ice can easily change between solid and liquid states in 
response to relatively minor changes in temperature. This chapter focuses on trends in snow, glaciers, and 
the freezing and thawing of oceans and lakes.

A Closer Look: 

Rising global average temperature is associated with widespread changes in weather patterns. Scientific 
studies indicate that extreme weather events such as heat waves and large storms are likely to become 
more frequent or more intense with human-induced climate change. This chapter focuses on observed 
changes in temperature, precipitation, storms, floods, and droughts. 

Why does it matter? 

Long-term changes in climate can directly or indirectly affect many aspects of society in potentially 
disruptive ways. For example, warmer average temperatures could increase air conditioning costs and 
affect the spread of diseases like Lyme disease, but could also improve conditions for growing some crops. 
More extreme variations in weather are also a threat to society. More frequent and intense extreme heat 
events can increase illnesses and deaths, especially among vulnerable populations, and damage some 
crops. While increased precipitation can replenish water supplies and support agriculture, intense storms 
can damage property, cause loss of life and population displacement, and temporarily disrupt essential 
services such as transportation, telecommunications, energy, and water supplies. 

Summary of Key Points 

● U.S. and Global Temperature. Average temperatures have risen across the contiguous 48 states
since 1901, with an increased rate of warming over the past 30 years. Nine of the top 10 warmest
years on record have occurred since 1998. Average global temperatures show a similar trend, and
all of the top 10 warmest years on record worldwide have occurred since 2005. Within the United
States, temperatures in parts of the North, the West, and Alaska have increased the most.

● Seasonal Temperature. As the Earth warms overall, average temperatures increase throughout the
year, but the increases may be larger in certain seasons than in others. Since 1896, average winter
temperatures across the contiguous 48 states have increased by nearly 3°F. Spring temperatures
have increased by about 2°F, while summer and fall temperatures have increased by about 1.5°F.

● High and Low Temperatures. Many extreme temperature conditions are becoming more common.
Since the 1970s, unusually hot summer days (highs) have become more common over the last few
decades in the United States. Unusually hot summer nights (lows) have become more common at
an even faster rate. This trend indicates less “cooling off” at night. Although the United States has
experienced many winters with unusually low temperatures, unusually cold winter temperatures
have become less common—particularly very cold nights (lows). Record-setting daily high
temperatures have become more common than record lows.

● Heat Waves. Heat waves are occurring more than they used to in major cities across the United
States. Heat waves are occurring three times more often than they did in the 1960s—about six per
year compared with two per year. The average heat wave season is 49 days longer, and individual
heat waves are lasting longer and becoming more intense.

● U.S. and Global Precipitation. Total annual precipitation has increased over land areas in the United
States and worldwide. Since 1901, precipitation has increased at an average rate of 0.2 inches per
decade over the contiguous 48 states. However, shifting weather patterns have caused certain
areas, such as the Southwest, to experience less precipitation than usual.



● Heavy Precipitation. In recent years, a higher percentage of precipitation in the United States has
come in the form of intense single-day events. The prevalence of extreme single-day precipitation
events remained fairly steady between 1910 and the 1980s but has risen substantially since then.
Nationwide, nine of the top 10 years for extreme one-day precipitation events have occurred since
1996. The occurrence of abnormally high annual precipitation totals (as defined by the National
Oceanic and Atmospheric Administration) has also increased.

● Tropical Cyclone Activity. Tropical storm activity in the Atlantic Ocean, the Caribbean, and the Gulf
of Mexico has increased during the past 20 years. Storm intensity, a measure of strength, duration,
and frequency,  is closely related to variations in sea surface temperature in the tropical Atlantic
and has risen noticeably during that time. However, changes in observation methods over time
make it difficult to know for sure whether a longer-term increase in storm activity has occurred.
Records collected since the late 1800s suggest that the actual number of hurricanes per year has
not increased.

● River Flooding. Increases and decreases in the frequency and magnitude of river flood events vary
by region. Floods have generally become larger across parts of the Northeast and Midwest and
smaller in the West, southern Appalachia, and northern Michigan. Large floods have become more
frequent across the Northeast, Pacific Northwest, and parts of the northern Great Plains, and less
frequent in the Southwest and the Rockies.

● Drought. Average drought conditions across the nation have varied over time. The 1930s and
1950s saw the most widespread droughts, while the last 50 years have generally been wetter than
average.  Specific trends vary by region, as the West has generally experienced more drought while
the Midwest and Northeast have become wetter. A more detailed index developed recently shows
that over the period from 2000 through 2020, roughly 20 to 70 percent of the U.S. land area
experienced conditions that were at least abnormally dry at any given time. However, this index
has not been in use for long enough to compare with historical drought patterns.

● A Closer Look: Temperature and Drought in the Southwest. The southwestern United States is
particularly sensitive to changes in temperature and thus vulnerable to drought, as even a small
decrease in water availability in this already arid region can stress natural systems and further
threaten water supplies. Several measures indicate persistent and more severe drought conditions
in recent years.

Weather and Climate 

Weather is the state of the atmosphere at any given time and place. Most of the weather that affects people, 
agriculture, and ecosystems takes place in the lower layer of the atmosphere. Familiar aspects of weather 
include temperature, precipitation, clouds, and wind that people experience throughout the course of a day. 
Severe weather conditions include hurricanes, tornadoes, blizzards, and droughts. 

Climate is the long-term average of the weather in a given place. While the weather can change in minutes or 
hours, a change in climate is something that develops over longer periods of decades to centuries. Climate is 
defined not only by average temperature and precipitation but also by the type, frequency, duration, and intensity 
of weather events such as heat waves, cold spells, storms, floods, and droughts. 

The concepts of climate and weather are often confused, so it may be helpful to think about the difference 
between weather and climate with an analogy: weather influences what clothes you wear on a given day, while 
the climate where you live influences the entire wardrobe you buy. 



Overview of Climate Change in Canada

4.1 THE CANADIAN ECONOMY 

Current State 

Climate change will impact a rapidly evolving Canadian economy, in which demographic, commercial and 
technological changes will exert strong influences on future outcomes. The magnitude of the impacts of climate 
change on the Canadian economy is thus difficult to predict. Impact modeling suggests that, although overall 
economic impacts may be slightly positive in the short term at moderate degrees of warming, further warming 
and associated changes in climate will overwhelm systems, causing net economic losses (Stern, 2006). It must 
also be stressed that much of the research to date on the economic impacts of climate change considers only 
changes in mean conditions, rather than extreme events, despite the fact that natural disasters associated with 
extreme weather events frequently incur significant short- and longer term costs. Losses to regional and local 
economies from both extreme weather events and gradual, longer term changes in climate could be severe. At 
the local scale, communities that are reliant on climate-sensitive natural resources may be particularly vulnerable 
to climate change . 

National-scale roll-ups, where losses or gains are expressed in terms of national GDP, tend to obscure the 
impacts in smaller provinces and territories. Consider, for example, the collapse of the northern cod fishery in 
Newfoundland in 1992. This had extreme provincial- and community-level repercussions, including the loss of 
up to 40 000 jobs (Mason, 2002), and yet was hardly reflected at the scale of national GDP. 

Some of the key ways in which climate change will impact the Canadian economy are categorized as follows: 

Impacts from extreme events and natural disturbances: 

● Economic losses from such events in Canada are often in the hundreds of millions of dollars (e.g.
Hurricane Juan, Alberta hailstorms, British Columbia wildfires), and even in the billions (1998 Ice Storm,
1996 Saguenay flood; 2001 -2002 national-scale drought). Insect damage to forests and crops may also
be significant.

● Impacts on buildings and infrastructure: Included in this category are increased maintenance and
protection costs, total loss or replacement costs, and loss of assets. Winter roads , coastal erosion and
permafrost degradation are key concerns in Canada.

● Impacts on the production and prices of, and the demand for, goods and services: These costs will be
manifest both within Canada and internationally , and will be both positive and negative.

● Costs related to the impacts on public safety, health and welfare of populations: These costs, although
difficult to quantify and predict, may be high. Examples include the effect of vector-borne diseases, the
long-term effects of flooding (e.g. mental health, mold issues and financial hardship), and impacts of
changing climate on culture and traditional ways of life. Potential benefits may result from less extreme
winter weather.

● Impacts resulting from hydrological changes in lakes and streams: Several economic sectors, including
energy (e.g. hydroelectricity), tourism and recreation, freshwater fisheries, and transportation will be
affected by changing water levels and supply.

Limited data are available on the sensitivity or vulnerability of the services sector in Canada, which now 
dominates our economy. In the short term, however, it is likely to be less sensitive to slow and/or moderate 
climate change than the renewable resources sector. For all sectors, continuing climate change means 
increasing risk that critical thresholds will be reached, triggering long-term future feedbacks (Schneider, 2004) 
and catastrophic events that would be extremely costly (Stern, 2006). 



4.2 POPULATION AND DEMOGRAPHICS 

Trends and Projections 

The elderly are commonly identified as being among the most vulnerable to climate change, especially with 
respect to health-related impacts. The proportion of elderly persons (age 65 and over) in Canada increased 3% 
between 1981 and 2005 (from 10 to 13%), and will continue to increase until 2056 under all projection scenarios 
(Statistics Canada, 2005). Under medium-growth scenarios, the proportion of elderly is projected to almost 
double in the next 25 years and, by 2056, half the Canadian population would be over 47 years of age. The 
proportion of the oldest seniors (80 years and over) also increases sharply in every projection scenario. For 
example, in the medium-growth scenario, about one in 10 Canadians will be 80 years and over by 2056, 
compared with about one in 30 in 2005. Other populations considered more vulnerable to climate change include 
children, Aboriginal people, people with pre-existing health conditions and the poor (Health Canada, 2005). 

Canada's population will continue to grow between now and 2056 under most scenarios analyzed by Statistics 
Canada (see Figure 6; Table 8). The medium-growth scenario would bring a 30% increase in the size of the 
Canadian population by 2056, whereas the high-growth scenario would yield a 53% increase from present. The 
low-growth scenario projects an increase to 2039, then a gradual decline to 2056. In all the scenarios considered, 
natural increase would become negative in the medium or long term and migration would become Canada's only 
source of population growth. 

TABLE 8: Population projections for Canada under low-, medium and high-growth scenarios to 2031 and 2056 
(compiled from Statistics Canada, 2005). 

Scenario 2031 2056 

Low growth 36.3 million 35.9 million 

Medium growth 39 million 42.5 million 

High growth 41.8 million 49.7 million 

Population actuelle (2006): 32,6 millions 



4.3 CLIMATE TRENDS AND PROJECTIONS 

Observed Trends - Temperature and Precipitation 

FIGURE 7: Annual national temperature departures and long-term trend, 1948 to 2006 (Environment Canada, 2006). 

The influence of anthropogenic climate change on Canada is evident in observed trends and temperatures 
simulated by global climate models (Zhang et al., 2006). These changes are already impacting human and 
natural systems (cf. Gillett et al., 2004). Observational data have been collected in southern Canada for more 
than a century and in other parts of Canada since the mid -twentieth century. These data, together with satellite 
data from the past 25 years or so, provide a detailed picture of how Canadian climate and associated biophysical 
variables have changed in recent decades. This section provides an overview of the observed changes; for more 
detailed discussion, readers are referred to Barrow et al. (2004) and Hengeveld et al. (2005). 

FIGURE 8: Regional distribution of linear temperature trends (°C) observed across Canada between 1948 and 2003, by 
season. The "X" symbols indicate areas where the trends are statistically significant. Source: Hengeveld et al. (2005). 



On average, Canada has warmed by more than 1.3°C since 1948 (Figure 7), a rate of warming that is about 
twice the global average. During this time period, the greatest temperature increases have been observed in the 
Yukon and Northwest Territories. All regions of the country have experienced warming during more recent years 
(1966 -2003; McBean et al., 2005), including the eastern Arctic, where there has been a reversal from a cooling 
trend to a warming one, starting in the early 1990s (Huntington et al., 2005a; Nickels et al., 2006). 

On a seasonal basis (Figure 8), temperature increases have been greater and more spatially variable during the 
winter and spring months. In northwestern Canada, winter temperatures increased more than 3 °C between 
1948 and 2003. During the same period, winter and spring cooling trends (up to -2.5°C) were observed in parts 
of the eastern Arctic. Summer warming has been both more modest and more uniform in space, whereas 
warming in the autumn period has been largely confined to Arctic regions and British Columbia (Figure 8). 

FIGURE 9: Trends in annual departures of average annual precipitation across Canada from the 1951 to 1980 normals, with weighted running 

mean. Source: Environment Canada. 

National trends in precipitation (Figure 9) are more difficult to assess, primarily because of the discontinuous nature 
of precipitation and its various states (rain, snow and freezing rain). Nevertheless, Canada has, on average, 
become wetter during the past half century, with mean precipitation across the country increasing by about 12 % 
(Environment Canada, 2003). 

Changes in precipitation have also varied by region and season (Figures 10, 11) since 1950. Annually averaged, 
the largest percentage increase in precipitation has occurred in the high Arctic, while parts of southern Canada 
(particularly the Prairies) have seen little change or even a decrease (Figure 10). For example, over most of 
Nunavut, annual precipitation has increased by 25 to 45%, whereas the average increase in southern Canada has 
been 5 to 35% (Environment Canada, 2003). 

FIGURE 10: Regional distribution of linear annual precipitation trends (% change) observed across Canada between 1948 and 2003. The "X" 

symbols indicate areas where the trends are statistically significant Source: Zhang et al. (2000), updated in 2005.



Seasonal trends since 1950 indicate that most of the Arctic has become wetter in all seasons. Southern British 
Columbia and southeastern Canada also show regions with significant increases in precipitation in spring and autumn. 
In contrast, most of southern Canada except the western part of southern Ontario, which has seen increased lake 
effect snow (see Chapter 6), has experienced a significant decline in winter precipitation. 

FIGURE 11: Changes in precipitation since 1950, by season. Data are presented as total change over the full 54 years of data,  expressed 

in mm. The magnitude of change is indicated by the size of the circle, with green indicating an increase and brown a decrease. The 

crosses denote areas where trends are not statistically significant. Source: Environment Canada. 

Changes in the frequency of extreme temperature and precipitation events have been observed in Canada from 
1950 to 2003, including (from Vincent and Mekis, 2006): 

● fewer extreme cold nights,

● fewer extreme cold days,

● fewer frost days,

● more extreme warm nights,

● more extreme warm days,

● more days with precipitation,



● decrease in mean amount of daily precipitation,

● decrease in maximum number of consecutive dry days,

● decrease in annual total snowfall (southern Canada), and

● increase in annual total snowfall (northern and northeastern Canada).

Accompanying these changes has been a significant decline in the number of heating-degree days. There are 
also significant changes at the regional scale in the numbers of intense precipitation events. On average, the 
fraction of precipitation falling as intense events (the upper 10%) has been decreasing in southern Canada but 
increasing in northern Canada, particularly in the northeast. Also, more of the precipitation is falling as rain rather 
than snow. 

Other Observed Changes 

Changes in temperature and precipitation during the past 50 to 100 years have led to changes in other variables, 
including sea ice, snow cover, permafrost, evaporation and sea level. These changes, as well as their 
implications for the environment, the economy and society, are discussed in detail in the regional chapters of 
this report. This section simply highlights key observations. The cryosphere has responded to observed warming. 
For example, the extent of Arctic sea ice during the late summer season has decreased by 8% since 1979 
(Figure 12). Snow-cover duration, on average, has decreased by about 20 days in the Arctic since 1950 (Figure 
13). Annual total snow amount has increased in some Arctic regions (Taylor et al., 2006), however, because 
higher temperatures induce higher humidity, which results in more precipitation. A general increase in thaw depth 
was observed through the 1990s across the Canadian permafrost regions (e.g. Brown et al., 2000; Nixon et al., 
2003; Smith et al., 2005). Shallow permafrost temperatures increased during the last two to three decades of 
the twentieth century by 0.3 to 0.5 °C per decade in the Canadian high Arctic (Taylor et al., 2006), and ranged 
from no change to almost 1 °C per decade in the western Arctic (Smith et al., 2005). 

FIGURE 12: Trends in minimum (September) Arctic sea-ice extent from 1978 to 2005, as recorded by NASA satellites. The 

trend from 1979 to 2005, now showing a decline of more than 8% percent, is shown with a straight blue line. Source: National 

Snow and Ice Data Center (2005). 

Recent declines in the volume of glacial meltwater in western Canada (Demuth et al., 2002), and precipitation 
changes and increased evaporation elsewhere (linked to higher temperatures), have altered water resources 

across much of Canada (Shabbar and Skinner, 2004). Actual evapotranspiration rates (AET) have, on average, 
increased in most regions of the country during the last 40 years (Table 10), although the trend is weak or 

inconsistent in some areas (Fernandes et al., 2007) due to limited availability of water to evaporate. For example, 
evapotranspiration rates have decreased slightly in the dry regions of the Prairies, where water (to evaporate) is 

already limited throughout much of the year (Huntington, 2006; Fernandes et al., 2007). Although many areas of the 
country are expected to experience an increase in precipitation (see Figure 14), this may not be sufficient to offset 
the AET increase due to temperature rise. In the Great Lakes area, for example, a 1 °C increase in mean annual 

temperature was associated with a 7 to 8% increase in AET (see Fernandes et al., 2007), resulting in a decrease in 
water availability. 



FIGURE 13: Trends in Canadian Arctic snow-cover duration, measured as change in days relative to 1990. Source: Ross Brown, 

Environment Canada, pers. comm., 2007. 

Water levels in lakes across Canada have varied considerably over time, and recent trends toward lower levels 
in the upper Great Lakes, in association with higher temperatures, have been quite dramatic (Mortsch et al., 
2006). Water levels in the Great Lakes are generally projected to continue to drop in the future (see also Chapter 
6; Moulton and Cuthbert, 2000; Mortsch et al., 2006; Figure 15). 

During the past century, global ocean levels have risen an estimated 0.17 m (range 0.12 -0.22 m; 
Intergovernmental Panel on Climate Change, 2007a). The magnitude of relative sea-level rise along Canadian 
coastlines depends upon whether the coast is experiencing crustal (glacioisostatic) rebound or subsidence as a 
result of the deglaciation that took place thousands of years ago. For example, in some parts of Canada, such 
as around Hudson Bay, land has continued to emerge despite increasing global sea levels. However, regional 
land subsidence in other regions, including most of the Atlantic coastline, has doubled the rate of local sea-level 
rise in some areas (McCulloch et al., 2002). In Charlottetown, for instance, relative sea level rose 32 cm over 
the twentieth century (Forbes et al., 2004). Additional geophysical factors influencing relative sea-level changes 
in Canada include tectonic activity along the Pacific coast and subsidence due to extensive sediment deposition, 
particularly in the Fraser River and Mackenzie River deltas. Along the west coast, relative sea level change has 
been lower, with sea level rising by 4 cm in Vancouver, 8 cm in Victoria, 12 cm in Prince Rupert and dropping 
by 13 cm in Tofino over the twentieth century (British Columbia Ministry of Water, Land and Air Protection, 2002). 
In the north, the Yukon coast and the directly adjacent Northwest Territories coast are subsiding, making relative 
sea-level rise in these regions greater than along most of the Arctic coast (Barrow et al., 2004). 



FIGURE 14: Seasonal change in precipitation by the 2050s (relative to 1961-1990), based on the median of seven global climate 

models and using the emissions scenarios of the Special Report on Emissions Scenarios (SRES). 

Projections - Temperature and Precipitation 

All of Canada, with the possible exception of the 
Atlantic offshore area, is projected to warm during the 
next 80 years. In most cases, future changes in climate 
will involve a continuation of the patterns, and often an 
acceleration of the trends, discussed above. 
Therefore, amounts of warming will not be uniform 
across the country (see Figure 16). During the present 
century, temperature increases will be greatest in the 
high Arctic, and greater in the central portions of the 
country than along the east and west coasts (Figure 
16). Regional differences in temperature projections 
are also illustrated in Figure 17, which shows historical 
and projected change in temperature for six cities 
across Canada. 

FIGURE 15: Projected changes in water levels for the Great Lakes (Mortsch et al., 2006). 



On a seasonal basis, warming is expected to be greatest during the winter months (Figure 16), due in part to the 
feedback effect that reduced snow and ice cover has on land-surface albedo. Winter warming by the 2050s is 
expected to be most pronounced in the Hudson Bay and high Arctic areas, and least in southwestern British 
Columbia and the southern Atlantic region. A decrease in the winter diurnal temperature range across the country 
indicates that winter nights will likely warm more than winter days (Barrow et al., 2004). This pattern was not 
found for the other seasons. Rates of warming will be lower in the summer and fall, and summer warming is 
projected to be more uniform across the country. These patterns are consistent with the observed trends 
presented above. 

The frequency of extreme warm summer temperatures (exceeding 30°C) is expected to increase across Canada 
(see Figure 18; Kharin et al., 2007). Heat waves are projected to become more intense and more frequent. The 
health impacts of extreme heat, as well as effective adaptation measures to deal with heat waves, are discussed 
in several of the regional chapters (e.g. Chapters 5, 6 and 7). At the same time, extreme cold days are projected 
to decline significantly (Kharin et al., 2007), resulting in an overall reduction in the climate severity index (Barrow 
et al., 2004). 

FIGURE 16: Seasonal change in temperature across Canada by 2050 (relative to 1961-1990), based on the median of seven 

global climate models and using the emissions scenarios of the Special Report on Emissions Scenarios (SRES). 

Future precipitation is more difficult to project, and changes are generally of lower statistical significance, than 
changes in temperature (Barrow et al., 2004). This is reflected in the wide range in model results for projected 
precipitation (see Figure 19). Annual total precipitation is projected to increase across the country during the current 
century. By the 2080s, projected precipitation increases range from 0 to 10% in the far south up to 40 to 50% in the 
high Arctic. Due to enhanced evapotranspiration, driven by higher temperatures, many regions will experience a 
moisture deficit despite greater amounts of precipitation. 

Seasonal changes in precipitation will generally have greater regional-scale impacts than the annual totals. 
Throughout most of southern Canada, precipitation increases are projected to be low (0 -10% by the 2050s) during 
the summer and fall months. In some regions, especially the south-central Prairies and southwestern British 
Columbia, precipitation is even expected to decline in the summer (Figure 14). This means less available precipitation 



during the growing season in important agricultural regions. Other important changes in precipitation include an 
increase in the percentage of precipitation falling as rain rather than snow, and an increase in extreme daily 
precipitation (Figure 20; Kharin and Zwiers, 2000) 

FIGURE 17: Historical trends (blue diamond) and projected maximum (yellow triangle), median (green diamond) and minimum (pink square) 

annual mean temperature scenarios for the 2020s, 2050s and 2080s for six cities across Canada: a) Yarmouth, NS; b) Drummondville, QC; c) 

Ottawa, ON; d) Regina, SK; e) Victoria, BC; and f) Yellowknife, NT. Note historical data presented are limited by data availability, and projected 

changes are derived from a range of global climate models using the emissions scenarios of the Special Report on Emissions Scenarios 

(SRES). 

FIGURE 18: Number of days with temperatures exceeding 30ºC, during observed (1961-1990) and future (2020-2040; 2041-2069; and 2080-

2100) time periods (Hengeveld et al., 2005) 



FIGURE 19: Historical trends (blue diamond) and projected maximum (yellow triangle), median (green diamond) and minimum (pink square) 

total annual precipitation scenarios for 2020s, 2050s and 2080s for six cities across Canada: a) Yarmouth, NS; b) Drummondville, QC; c) 

Ottawa, ON; d) Regina, SK; e) Victoria, BC; and f) Yellowknife, NT. Note historical data presented are limited by data availability, and projected 

changes are derived from a range of global climate models using the emissions scenarios of the Special Report on Emissions Scenarios 

(SRES).

Other Projected Changes 

Sea level will continue to rise during the current century, with global projections of 0.18 to 0.59 m by 2100 
(Intergovernmental Panel on Climate Change, 2007a). Relative sea-level changes in Canada will continue to 
exhibit similar patterns to those observed during the twentieth century. Therefore, regions of rebound (e.g. 
Hudson Bay, parts of the British Columbia coast and the Labrador coast) will generally experience lesser impacts 
as a result of sea-level change than areas that are currently subsiding (e.g. Beaufort Sea coast, much of the 
Atlantic coast and the Fraser River delta). The influence of sea-level rise on coastal communities and activities 
such as shipping and tourism are discussed in detail in Chapters 3, 4, 5 and 8. As sea level rises, the risk of 
storm-surge flooding increases. Such flooding will likely occur more frequently in the future, particularly in areas 
already impacted by these events. For example, storm-surge flooding in Charlottetown, which occurred six times 



between 1911 and 1998, is likely to occur every year by 2100 unless significant adaptation measures are 
implemented to protect the city (McCulloch et al., 2002). 

FIGURE 20: Projected changes in extreme 24-hour precipitation events, North America between latitudes 25°N and 65°N (based on Kharin and 

Zwiers, 2000). Source: Environment Canada. 

There is not a simple direct relationship between sea ice and temperature because complex interactions, associated 
with changes in atmospheric and ocean circulation patterns (e.g. the Arctic and North Atlantic oscillations), strongly 
influence sea-ice patterns (Barrow et al., 2004). Patterns of sea-ice reduction will therefore continue to vary locally 
and regionally, as they have during the past century (Barrow et al., 2004). Arctic sea-ice extent will, however, decrease 
during the twenty-first century, and summer ice extent will change more than winter ice extent (Intergovernmental 
Panel on Climate Change 2007a; Anisimov et al., 2007). Although climate models vary in estimating the rate of ice 
decline (see Chapter 3), several scenarios indicate that large areas of the Arctic Ocean will be seasonally ice free 
before the end of the twenty-first century (Solomon et al., 2007). 

Sea-level rise, storms and decreases in sea ice will all increase the rate of coastal erosion (see also Chapters 3 and 
4; Manson et al., 2005). In northern regions, permafrost degradation will make coastal areas further susceptible to 
erosion. 

4.4 CONCLUSIONS 

Canada's climate is changing, and projections show that it will continue to change in the future. In addition to gradual 
shifts in average temperature and precipitation, changes in temperature and precipitation extremes, sea level, storm 
surges, sea ice and other climate and climate-related parameters have been both observed and projected. These 
changes will continue to occur across a backdrop of social and economic changes, which will greatly influence net 
impacts. Regional differences in projected climate, sensitivity and factors influencing adaptive capacity (e.g. access 
to economic resources, population demographics) mean that vulnerability varies greatly across the country, both 
within and between regions. These differences are highlighted throughout the regional chapters of the report. 



Scenarios and Climate Models 

Emissions scenarios 

Human activity is causing climate change. However, we don’t know exactly how humans will behave in the future. 
Nor can we know how emissions of greenhouse gases will change. Emissions scenarios are a way to help us 
understand what the future could look like. These scenarios provide a range of possible futures, based on a 
range of future emissions. 

A set of scenarios referred to as Representative Concentration Pathways (RCPs) are in common use to study 
future climate change. RCPs are designed to provide plausible future scenarios of human emissions patterns. 
These include consideration of future greenhouse gas emissions, deforestation, population growth and many 
other factors. 

Based on best practices in the global science community, the Government of Canada usually presents 3 RCPs 
(Figure 1): 

● RCP8.5: high global emission scenario. This scenario indicates global average warming levels of 3.2
to 5.4°C by 2090.

● RCP4.5: medium global emission scenario, includes measures to limit (mitigate) climate change. This
scenario indicates global average warming levels of 1.7 to 3.2°C by 2090.

● RCP2.6: low emission global scenario, requires strong mitigation actions. This scenario indicates
global average warming levels of 0.9 to 2.3°C by 2090.

Other futures are also possible, but limiting consideration to a few RCPs is easier for research and 
communication. The pathway that unfolds in reality will depend on societies’ choices. 

Figure 1: Change in global average temperature relative to the 1986-2005 reference period 

Figure 1. This figure shows changes in global average temperature, relative to the 1986 to 2005 reference period, simulated by 29 global

climate models from the Coupled Model Intercomparison Project, Phase 5 (CMIP5). 

Climate models and projections 

The climate is affected by many elements, including ocean temperatures, clouds, rainfall and vegetation growth. 
Each of these processes can be simulated in a climate model. These models are so complex it can take weeks 
to run one simulation, even with supercomputers. To decrease computing time as much as possible, climate 
models divide the Earth up into large grid cells. For global climate models (GCMs) that cover the globe, grid cells 
are often larger than 100 kilometres (km). 



For impact, vulnerability or adaptation studies, you may need data from grid cells smaller than 100 km. For 
example, precipitation extremes often occur on much smaller scales than 100 km. Also, local temperatures can 
be affected by local landscape features. One way to get finer resolution data (smaller grid cells) is from dynamic 
or statistical downscaling. 

Dynamically downscaled models are also known as regional climate models (RCMs). RCMs simulate the climate 
of a smaller region, relying on information provided by GCMs. RCMs’ grid cells are usually from 10 to 50 km in 
size. RCMs use the laws of physics to simulate the local climate. 

Statistically downscaled models use statistical relationships between local climate variables (such as 
precipitation) and large-scale variables (such as atmospheric pressure). The relationship is then applied to 
projections from GCMs to simulate local climate. 

Climate models project future climate conditions based on the assumptions in the RCPs (Representative 
Concentration Pathways).  In other words, a climate projection shows how certain elements of climate, such as 
the average temperature in a region, could change based on one RCP. Although climate models are based on 
the laws of physics, different climate models can use different methods to simulate these laws when simulating 
the climate. So, even for the same RCP, projections from different climate models can differ. 

Managing uncertainty in climate projections 
We can’t say for certain how the climate will change in the future. This is because: 

● we can’t predict the exact amount of greenhouse gasses future human activity will produce

● we can’t perfectly model the Earth’s climate system

Use of different scenarios or RCPs help deal with the first issue. For the second issue, multiple climate models, 
each constructed somewhat differently, are used. There is no one best climate model. Plus, some models are 
better at capturing different aspects of the climate than others. Dealing with all these results can be daunting. 
Fortunately, we can account for the range of model results in a simpler way. 

The results from many climate models are grouped to create a “multi-model ensemble.” Then, percentiles (from 
statistics) are used to summarize the range of results from that ensemble. A percentile is the maximum value of 
a percentage of all results. To summarize the range of results, the 25th and 75th percentiles are commonly used, 
along with the median (50th percentile). For example, the 25th percentile for temperature increase means that 
25% of individual model results show the same or less warming. 



Linking Climate and Inequality 
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In recent decades, global economic growth has lifted millions out of extreme poverty and 
reduced inequalities between countries. But unmanaged climate change threatens to set back that 
progress by damaging poverty eradication efforts worldwide, and disproportionately affecting 
the poorest regions and people. 

The evidence is mounting: a World Bank report estimated that an additional 68 to 135 million 
people could be pushed into poverty by 2030 because of climate change. Our own research 
shows that if the most dire projections of future economic damages in the current scientific 
literature hold true, climate change would reverse the gains of the past few decades and cause 
inequality between countries to rise again. Within countries, the impacts of climate change also 
risk worsening inequality. 

At the same time, actions taken to curb warming could have an unwelcome effect on inequality, 
if climate policies prove too burdensome for poor countries. Such actions need to be 
complemented by measures to offset the costs on the poor and vulnerable across and within 
countries. 

We view mitigating climate change as a necessary condition for sustainably improving living 
standards around the world. At the same time, we maintain that distributive and procedural 
justice must be at the forefront of every stage of environmental policymaking. In planning, 
development, and implementation, the effort to reduce emissions must be at the service of 
broader objectives of development, such as poverty and inequality reduction, the creation of 
decent jobs, improvement of air quality, and improvement of public health. 

 

Risk to health and livelihoods 

Since the Industrial Revolution, emissions of greenhouse gases due to human activities have 
increased from a negligible level to more than 40 billion tons a year. As these emissions have 
accumulated in our atmosphere, they have increased the average annual temperature by about 1 
degree Celsius compared with the pre-industrial era. Temperature increases have led to glaciers 
and ice caps melting, sea levels rising, and more frequent and extreme meteorological events, 
such as heat waves and droughts, with cascading effects on ecosystems, agricultural yields, 
human health, and livelihoods. 

While the effects of climate change are global, and their projected impacts concern every area in 
the world, a wide scientific literature suggests that climate risks disproportionately affect the 
poorest countries and people, who are more exposed and more vulnerable to their impacts. 

In the poorest economies, a large part of the population depends directly on activities that may be 
the most affected by climate change, notably, the agricultural, forestry, and fisheries sectors. 
People with the lowest incomes are the most likely to depend for their survival on resources 



provided by nature. Rising temperatures are exacerbating preexisting disparities in access to 
clean water and affordable food. Most of the time, the poorest populations do not benefit from 
insurance mechanisms or have access to basic health services, making them particularly 
vulnerable to any shock hitting their assets and income streams. 

 

Rich countries and people 

And it is the populations of these economies most vulnerable to climate change who contribute 
the least to the accumulation of greenhouse gases.  

Greenhouse gas emissions today are mainly linked to the level of a nation’s wealth: the richest 
countries represent only 16 percent of the world population but almost 40 percent of CO2 
emissions. The two categories of the poorest countries in the World Bank classification account 
for nearly 60 percent of the world’s population, but for less than 15 percent of emissions. On a 
per capita basis, emissions are about 20 metric tons of CO2-equivalent a person a year in the 
United States—approximately double the amount per person in the European Union or in China, 
and almost 10 times the amount in India. 

This cross-country inequality is rooted in history: the contribution of the developed economies to 
global warming is greater than their share of current emissions because they have added to the 
accumulation of greenhouse gases in the atmosphere for a longer period. For example, the 
contribution of the United States to cumulative emissions is 25 percent of the total, the European 
Union’s 22 percent, China’s 13 percent, and India’s 3 percent. 

 

Reducing inequalities 

Without action to limit and adapt to climate change, its environmental impact will continue to 
amplify inequalities and could undermine development and poverty eradication. While inequality 
refers to differences in income or wealth across the whole range distribution, poverty concerns 
individuals below a given income threshold, or lacking access to basic needs. By hitting the 
poorest hardest, climate change risks both increasing existing economic inequalities and causing 
people to fall into poverty. 

Limiting the global temperature increase to 1.5°C requires reaching net zero CO2 emissions by 
2050 and reducing global emissions by approximately 50 percent in 2030, compared with 2010 
levels. Limiting the increase in temperature to 2°C means net zero CO2 emissions should be 
reached by 2070, and global emissions should be reduced by 25 percent by 2030. Every fraction 
of a degree counts because the impacts of climate change increase with rising temperature in a 
nonlinear way. For instance, while an increase of 1.5°C would expose 245 million people to a 
new or aggravated water shortage, this number becomes 490 million at +2°C. 

 

The need is urgent for policies to transform rapidly and profoundly the way we use energy and 
transportation, produce and consume food as well as other goods, and shelter ourselves. The 
question is how to design these policies. 

 



Mitigation efforts 

Reducing emissions will ultimately limit climate change impacts and their unequal effects; 
however, mitigation policies must not neglect their own impacts on inequalities. As they affect 
energy or food prices, mitigation policies may also slow down progress in energy access and 
affect the poorest, who spend a higher share of income on these goods. 

Thus, mitigation efforts should be shared fairly to ensure they serve the broader objectives of 
development, poverty and inequality reduction, improvement of air quality, health, and so forth. 
Given their greater historical contribution and greater ability to pay for mitigation, rich countries 
should pave the way by taking ambitious climate action. Financial transfers between countries 
can also reduce the burden of mitigation for poorer countries and increase participation in 
mitigation efforts. 

Within regions and countries, policy design is key to making sure climate policies do not hurt the 
poorest. For instance, redistribution plans for the revenues generated by carbon prices can offset 
the negative impacts on poor people and even lead to net benefits for the poorest. Conversely, 
concerns about the regressive effects of policies have prevented strengthening existing carbon 
tax levels, for instance in France following the Yellow Vest movement. Other policies, such as 
investment in low-carbon technologies or building standards, can also have unequal effects on 
individuals, depending on their design. 

 

Promoting adaptation and resilience 

In parallel to reducing emissions, adaptation policies must be put in place to decrease the 
exposure of the most vulnerable populations to climate change impacts. This means devising 
rules regulating construction in risky areas, such as flood zoning, land entitlement, and building 
standards. The poorest communities must be provided with better health services and new 
insurance mechanisms. 

As the poorest tend to be excluded from the decision-making process, there is always a risk of 
underinvestment in actions that would be particularly beneficial to them. Policies need to be 
tailored to ensure they do not impose undue financial constraints on those who have the fewest 
resources. Policymakers must guarantee that adaptation policies will actually benefit those most 
in need and will not be hijacked by the wealthiest or by political interests. 

Another idea of interest is the creation of adaptation funds that would ensure technological 
transfers from rich countries, which produce most patents, to poorer ones. 

Increasing countries’ mitigation ambitions will be the main topic of the United Nations Climate 
Change Conference of the Parties (COP26) November 1–12. The success of those negotiations is 
a precondition to limiting inequality-exacerbating climate change. At the same time, careful 
attention to the equity and fairness of actions for vastly unequal countries will be key for the 
success of the negotiations themselves. 

Jointly tackling climate change and inequality reductions requires paying attention to the 
intricate links between these issues. Limiting climate change is essential to reduce the risks it 
would impose, notably on the poorest. However, to design climate policies, the recognition that 
individuals and countries differ in their ability to mitigate emissions and to cope with climate 



change impacts is essential. Poorly designed policies risk amplifying existing inequalities, but 
just transitions to low carbon and more resilient economies can foster more equal societies. 

This article is based on the paper “Influence of Climate Change Impacts and Mitigation Costs 
on Inequality between Countries” published in the journal Climatic Change in February 2020. 

 



Climate change 
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Key facts 

• Climate change is directly contributing to humanitarian emergencies from heatwaves, 
wildfires, floods, tropical storms and hurricanes and they are increasing in scale, 
frequency and intensity. 

• Research shows that 3.6 billion people already live in areas highly susceptible to climate 
change. Between 2030 and 2050, climate change is expected to cause approximately 
250 000 additional deaths per year, from undernutrition, malaria, diarrhoea and heat 
stress alone. 

• The direct damage costs to health (excluding costs in health-determining sectors such as 
agriculture and water and sanitation) is estimated to be between US$ 2–4 billion per year 
by 2030. 

• Areas with weak health infrastructure – mostly in developing countries – will be the least 
able to cope without assistance to prepare and respond. 

• Reducing emissions of greenhouse gases through better transport, food and energy use 
choices can result in very large gains for health, particularly through reduced air 
pollution. 

 
Overview 

Climate change presents a fundamental threat to human health. It affects the physical 
environment as well as all aspects of both natural and human systems – including social and 
economic conditions and the functioning of health systems. It is therefore a threat multiplier, 
undermining and potentially reversing decades of health progress. As climatic conditions change, 
more frequent and intensifying weather and climate events are observed, including storms, 
extreme heat, floods, droughts and wildfires. These weather and climate hazards affect health 
both directly and indirectly, increasing the risk of deaths, noncommunicable diseases, the 
emergence and spread of infectious diseases, and health emergencies. 

Climate change is also having an impact on our health workforce and infrastructure, reducing 
capacity to provide universal health coverage (UHC). More fundamentally, climate shocks and 
growing stresses such as changing temperature and precipitation patterns, drought, floods and 
rising sea levels degrade the environmental and social determinants of physical and mental 
health. All aspects of health are affected by climate change, from clean air, water and soil to food 
systems and livelihoods. Further delay in tackling climate change will increase health risks, 
undermine decades of improvements in global health, and contravene our collective 
commitments to ensure the human right to health for all. 

 



Climate change impacts on health 

The Intergovernmental Panel on Climate Change's (IPCC) Sixth Assessment Report (AR6) 
concluded that climate risks are appearing faster and will become more severe sooner than 
previously expected, and it will be harder to adapt with increased global heating. 

It further reveals that 3.6 billion people already live in areas highly susceptible to climate 
change. Despite contributing minimally to global emissions, low-income countries and small 
island developing states (SIDS) endure the harshest health impacts. In vulnerable regions, the 
death rate from extreme weather events in the last decade was 15 times higher than in less 
vulnerable ones. 

Climate change is impacting health in a myriad of ways, including by leading to death and illness 
from increasingly frequent extreme weather events, such as heatwaves, storms and floods, the 
disruption of food systems, increases in zoonoses and food-, water- and vector-borne diseases, 
and mental health issues. Furthermore, climate change is undermining many of the social 
determinants for good health, such as livelihoods, equality and access to health care and social 
support structures. These climate-sensitive health risks are disproportionately felt by the most 
vulnerable and disadvantaged, including women, children, ethnic minorities, poor communities, 
migrants or displaced persons, older populations, and those with underlying health conditions. 

 
Figure: An overview of climate-sensitive health risks, their exposure pathways and vulnerability factors. 
Climate change impacts health both directly and indirectly, and is strongly mediated by environmental, 

social and public health determinants. 

Although it is unequivocal that climate change affects human health, it remains challenging to 
accurately estimate the scale and impact of many climate-sensitive health risks. However, 



scientific advances progressively allow us to attribute an increase in morbidity and mortality to 
global warming, and more accurately determine the risks and scale of these health threats. 

WHO data indicates 2 billion people lack safe drinking water and 600 million suffer from 
foodborne illnesses annually, with children under 5 bearing 30% of foodborne fatalities. Climate 
stressors heighten waterborne and foodborne disease risks. In 2020, 770 million faced hunger, 
predominantly in Africa and Asia. Climate change affects food availability, quality and diversity, 
exacerbating food and nutrition crises. 

Temperature and precipitation changes enhance the spread of vector-borne diseases. Without 
preventive actions, deaths from such diseases, currently over 700 000 annually, may rise. 
Climate change induces both immediate mental health issues, like anxiety and post-traumatic 
stress, and long-term disorders due to factors like displacement and disrupted social cohesion. 

Recent research attributes 37% of heat-related deaths to human-induced climate change. Heat-
related deaths among those over 65 have risen by 70% in two decades. In 2020, 98 million more 
experienced food insecurity compared to the 1981–2010 average. The WHO conservatively 
projects 250 000 additional yearly deaths by the 2030s due to climate change impacts on diseases 
like malaria and coastal flooding. However, modelling challenges persist, especially around 
capturing risks like drought and migration pressures. 

The climate crisis threatens to undo the last 50 years of progress in development, global health 
and poverty reduction, and to further widen existing health inequalities between and within 
populations. It severely jeopardizes the realization of UHC in various ways, including by 
compounding the existing burden of disease and by exacerbating existing barriers to accessing 
health services, often at the times when they are most needed. Over 930 million people – around 
12% of the world’s population – spend at least 10% of their household budget to pay for health 
care. With the poorest people largely uninsured, health shocks and stresses already currently 
push around 100 million people into poverty every year, with the impacts of climate change 
worsening this trend. 

 

Climate change and equity 

In the short- to medium-term, the health impacts of climate change will be determined mainly by 
the vulnerability of populations, their resilience to the current rate of climate change and the 
extent and pace of adaptation. In the longer-term, the effects will increasingly depend on the 
extent to which transformational action is taken now to reduce emissions and avoid the breaching 
of dangerous temperature thresholds and potential irreversible tipping points. 

While no one is safe from these risks, the people whose health is being harmed first and worst by 
the climate crisis are the people who contribute least to its causes, and who are least able to 
protect themselves and their families against it: people in low-income and disadvantaged 
countries and communities. 

Addressing climate change's health burden underscores the equity imperative: those most 
responsible for emissions should bear the highest mitigation and adaptation costs, emphasizing 
health equity and vulnerable group prioritization. 

 



Need for urgent action 

To avert catastrophic health impacts and prevent millions of climate change-related deaths, the 
world must limit temperature rise to 1.5°C. Past emissions have already made a certain level of 
global temperature rise and other changes to the climate inevitable. Global heating of even 1.5°C 
is not considered safe, however; every additional tenth of a degree of warming will take a serious 
toll on people’s lives and health. 

 

WHO response 

WHO’s response to these challenges centres around 3 main objectives: 

• Promote actions that both reduce carbon emissions and improve health: supporting a 
rapid and equitable transition to a clean energy economy; ensuring that health is central to 
climate change mitigation policy; accelerating mitigation actions that bring the greatest 
health gains; and mobilizing the strength of the health community to drive policy change 
and build public support. 

• Build better, more climate-resilient and environmentally sustainable health 
systems: ensuring core services, environmental sustainability and climate resilience as 
central components of UHC and primary health care (PHC); supporting health systems to 
leapfrog to cheaper, more reliable and cleaner solutions, while decarbonizing high-
emitting health systems; and mainstreaming climate resilience and environmental 
sustainability into health service investments, including the capacity of the health 
workforce. 

• Protect health from the wide range of impacts of climate change: assessing health 
vulnerabilities and developing health plans; integrating climate risk and implementing 
climate-informed surveillance and response systems for key risks, such as extreme heat 
and infectious disease; supporting resilience and adaptation in health-determining sectors 
such as water and food; and closing the financing gap for health adaptation and 
resilience.  

Leadership and Raising Awareness: WHO leads in emphasizing climate change's health 
implications, aiming to centralize health in climate policies, including through the UNFCCC. 
Partnering with major health agencies, health professionals and civil society, WHO strives to 
embed climate change in health priorities like UHC and target carbon neutrality by 2030. 

Evidence and Monitoring: WHO, with its network of global experts, contributes global 
evidence summaries, provides assistance to nations in their assessments, and monitors progress. 
The emphasis is on deploying effective policies and enhancing access to knowledge and data. 

Capacity Building and Country Support: Through WHO offices, support is given to ministries 
of health, focusing on collaboration across sectors, updated guidance, hands-on training, and 
support for project preparation and execution as well as for securing climate and health 
funding.  WHO leads the Alliance for Transformative Action on Climate and Health (ATACH), 
bringing together a range of health and development partners, to support countries in achieving 
their commitments to climate-resilient and low carbon health systems. 


