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Frequently Asked Questions

FAQ 11.1 | How Do Changes In Climate Extremes Compare With Changes In 
Climate Averages?

Human-caused climate change alters the frequency and intensity of climate variables (e.g., surface temperature) 
and phenomena (e.g., tropical cyclones) in a variety of ways. We now know that the ways in which average and 
extreme conditions have changed (and will continue to change) depend on the variable and the phenomenon 
being considered. Changes in local surface temperature extremes closely follow the corresponding changes in 
local average surface temperatures. On the contrary, changes in precipitation extremes (heavy precipitation) 
generally do not follow those in average precipitation, and can even move in the opposite direction (e.g., with 
average precipitation decreasing but extreme precipitation increasing).

Climate change will manifest very differently depending on which region, season and variable we are interested 
in. For example, over some parts of the Arctic, temperatures will warm at rates about three to four times higher 
during winter compared to summer months. And in summer, most of northern Europe will experience larger 
temperatures increases than most places in south-east South America and Australasia, with differences that can 
be larger than 1°C, depending on the level of global warming. In general, differences across regions and seasons 
arise because the underlying physical processes differ drastically across regions and seasons.

Climate change will also manifest differently for different weather regimes and can lead to contrasting changes 
in average and extreme conditions. Observations of the recent past and climate model projections show that, 
in most places, changes in daily temperatures are dominated by a general warming where the climatological 
average and extreme values are shifted towards higher temperatures, making warm extremes more frequent and 
cold extremes less frequent. The top panels in FAQ 11.1, Figure 1 show projected changes in surface temperature 
for long-term average conditions (left) and for extreme hot days (right) during the warm season (summer in mid- 
to high latitudes). Projected increases in long-term average temperature differ substantially between different 
places, varying from less than 3°C in some places in central South Asia and southern South America to over 7°C 
in some places in North America, North Africa and the Middle East. Changes in extreme hot days follow changes 
in average conditions quite closely, although, in some places, the warming rates for extremes can be intensified 
(e.g., southern Europe and the Amazon basin) or weakened (e.g., northern Asia and Greenland) compared to 
average values.

Recent observations and global and regional climate model projections point to changes in precipitation 
extremes (including both rainfall and snowfall extremes) differing drastically from those in average precipitation. 
The bottom panels in FAQ 11.1, Figure 1 show projected changes in the long-term average precipitation (left) 
and in heavy precipitation (right). Averaged precipitation changes show striking regional differences, with 
substantial drying in places such as southern Europe and northern South America and wetting in places such as 
the Middle East and southern South America. Changes in extreme precipitation are much more uniform, with 
systematic increases over nearly all land regions. The physical reasons behind the different responses of averaged 
and extreme precipitation are now well understood. The intensification of extreme precipitation is driven by 
the increase in atmospheric water vapour (about 7% per 1°C of warming near the surface), although this is 
modulated by various dynamical changes. In contrast, changes in average precipitation are driven not only by 
moisture increases but also by slower processes that constrain future changes over the globe to only 2–3% per 
1°C of warming near the surface.

In summary, the specific relationship between changes in average and extreme conditions strongly depends on 
the variable or phenomenon being considered. At the local scale, average and extreme surface temperature 
changes are strongly related, while average and extreme precipitation changes are often weakly related. For 
both variables, the changes in average and extreme conditions vary strongly across different places due to the 
effect of local and regional processes.
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FAQ 11.1 (continued) 

FAQ 11.1: How will changes in climate extremes compare with changes in climate averages?
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The direction and magnitude of future changes in climate extremes and averages depend on the variable considered.
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FAQ 11.1, Figure 1 | Global maps of future changes in surface temperature (top panels) and precipitation (bottom panels) for long-term 
average (left) and extreme conditions (right). All changes were estimated using the Coupled Model Intercomparison Project Phase 6 (CMIP6) ensemble 
median for a scenario with a global warming of 4°C relative to 1850–1900 temperatures. Average surface temperatures refer to the warmest three-month 
season (summer in mid- to high latitudes) and extreme temperatures refer to the hottest day in a year. Precipitation changes, which can include both rainfall 
and snowfall changes, are normalized by 1850–1900 values and shown as a percentage; extreme precipitation refers to the largest daily precipitation in a year.
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Frequently Asked Questions

FAQ 11.2 | Will Unprecedented Extremes Occur As a Result Of Human-Induced Climate Change?

Climate change has already increased the magnitude and frequency of extreme hot events and decreased 
the magnitude and frequency of extreme cold events, and, in some regions, intensified extreme precipitation 
events. As the climate moves away from its past and current states, we will experience extreme events that 
are unprecedented, either in magnitude, frequency, timing or location. The frequency of these unprecedented 
extreme events will rise with increasing global warming. Additionally, the combined occurrence of multiple 
unprecedented extremes may result in large and unprecedented impacts.

Human-induced climate change has already affected many aspects of the climate system. In addition to the increase 
in global surface temperature, many types of weather and climate extremes have changed. In most regions, the 
frequency and intensity of hot extremes have increased and those of cold extremes have decreased. The frequency 
and intensity of heavy precipitation events have increased at the global scale and over a majority of land regions. 
Although extreme events such as land and marine heatwaves, heavy precipitation, drought, tropical cyclones, and 
associated wildfires and coastal flooding have occurred in the past and will continue to occur in the future, they 
often come with different magnitudes or frequencies in a warmer world. For example, future heatwaves will last 
longer and have higher temperatures, and future extreme precipitation events will be more intense in several 
regions. Certain extremes, such as extreme cold, will be less intense and less frequent with increasing warming. 

Unprecedented extremes – that is, events not experienced in the past – will occur in the future in five different ways 
(FAQ 11.2, Figure 1). First, events that are considered to be extreme in the current climate will occur in the future 
with unprecedented magnitudes. Second, future extreme events will also occur with unprecedented frequency. 
Third, certain types of extremes may occur in regions that have not previously encountered those types of events. 
For example, as the sea level rises, coastal flooding may occur in new locations, and wildfires are already occurring 
in areas, such as parts of the Arctic, where the probability of such events was previously low. Fourth, extreme events 
may also be unprecedented in their timing. For example, extremely hot temperatures may occur either earlier or 

later in the year than they have in the past.

Finally, compound events  – where multiple extreme 
events of either different or similar types occur 
simultaneously and/or in succession  – may be more 
probable or severe in the future. These compound 
events can often impact ecosystems and societies more 
strongly than when such events occur in isolation. 
For example, a drought along with extreme heat will 
increase the risk of wildfires and agriculture damages 
or losses. As individual extreme events become more 
severe as a  result of climate change, the combined 
occurrence of these events will create unprecedented 
compound events. This could exacerbate the intensity 
and associated impacts of these extreme events.

Unprecedented extremes have already occurred in 
recent years, relative to the 20th century climate. Some 
recent extreme hot events would have had very little 
chance of occurring without human influence on the 
climate (see FAQ 11.3). In the future, unprecedented 
extremes will occur as the climate continues to warm. 
Those extremes will happen with larger magnitudes 
and at higher frequencies than previously experienced. 
Extreme events may also appear in new locations, at 
new times of the year, or as unprecedented compound 
events. Moreover, unprecedented events will become 
more frequent with higher levels of warming, for 
example at 3°C of global warming compared to 2°C of 
global warming.

FAQ 11.2: Will climate change cause 
unprecedented extremes? 

Yes, in a changing climate, 
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FAQ 11.2, Figure 1 | New types of unprecedented extremes that 
will occur as a result of climate change.
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Frequently Asked Questions

FAQ 11.3 | Did Climate Change Cause That Recent Extreme Event In My Country?

While it is difficult to identify the exact causes of a particular extreme event, the relatively new science of event 
attribution is able to quantify the role of climate change in altering the probability and magnitude of some 
types of weather and climate extremes. There is strong evidence that characteristics of many individual extreme 
events have already changed because of human-driven changes to the climate system. Some types of highly 
impactful extreme weather events have occurred more often and have become more severe due to these human 
influences. As the climate continues to warm, the observed changes in the probability and/or magnitude of some 
extreme weather events will continue as the human influences on these events increase. 

It is common to question whether human-caused climate change caused a major weather- and climate-related 
disaster. When extreme weather and climate events do occur, both exposure and vulnerability play an important 
role in determining the magnitude and impacts of the resulting disaster. As such, it is difficult to attribute a specific 
disaster directly to climate change. However, the relatively new science of event attribution enables scientists to 
attribute aspects of specific extreme weather and climate events to certain causes. Scientists cannot answer directly 
whether a particular event was caused by climate change, as extremes do occur naturally, and any specific weather 
and climate event is the result of a complex mix of human and natural factors. Instead, scientists quantify the relative 
importance of human and natural influences on the magnitude and/or probability of specific extreme weather 
events. Such information is important for disaster risk reduction planning, because improved knowledge about 
changes in the probability and magnitude of relevant extreme events enables better quantification of disaster risks.

On a case-by-case basis, scientists can now quantify the contribution of human influences to the magnitude and 
probability of many extreme events. This is done by estimating and comparing the probability or magnitude of 
the same type of event between the current climate – including the increases in greenhouse gas concentrations 

and other human influences – and an alternate world 
where the atmospheric greenhouse gases remained 
at pre-industrial levels. FAQ 11.3 Figure  1  illustrates 
this approach using differences in temperature and 
probability between the two scenarios as an example. 
Both the pre-industrial (blue) and current (red) 
climates experience hot extremes, but with different 
probabilities and magnitudes. Hot extremes of a given 
temperature have a  higher probability of occurrence 
in the warmer current climate than in the cooler pre-
industrial climate. Additionally, an extreme hot event 
of a particular probability will be warmer in the current 
climate than in the pre-industrial climate. Climate model 
simulations are often used to estimate the occurrence 
of a specific event in both climates. The change in the 
magnitude and/or probability of the extreme event 
in the current climate compared to the pre-industrial 
climate is attributed to the difference between the two 
scenarios, which is the human influence.

Attributable increases in probability and magnitude 
have been identified consistently for many hot 
extremes. Attributable increases have also been found 
for some extreme precipitation events, including 
hurricane rainfall events, but these results can vary 
among events. In some cases, large natural variations 
in the climate system prevent attributing changes in 
the probability or magnitude of a specific extreme to 
human influence. Additionally, attribution of certain 
classes of extreme weather (e.g., tornadoes) is beyond 
current modelling and theoretical capabilities. As 
the climate continues to warm, larger changes in 

FAQ 11.3: Climate change and extreme events
Extreme events have become more probable and more intense. 
Many of these changes can be attributed to human influence 
on the climate.
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FAQ 11.3, Figure  1 | Changes in climate result in changes in the 
magnitude and probability of extremes. Example of how temperature 
extremes differ between a climate with pre-industrial greenhouse gases (shown 
in blue) and the current climate (shown in orange) for a representative region. 
The horizontal axis shows the range of extreme temperatures, while the vertical 
axis shows the annual chance of each temperature event’s occurrence. Moving 
towards the right indicates increasingly hotter extremes that are more rare (less 
probable). For hot extremes, an extreme event of a particular temperature in the 
pre-industrial climate would be more probable (vertical arrow) in the current 
climate. An event of a certain probability in the pre-industrial climate would 
be warmer (horizontal arrow) in the current climate. While the climate under 
greenhouse gases at the pre-industrial level experiences a  range of hot 
extremes, such events are hotter and more frequent in the current climate.
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probability and magnitude are expected and, as a result, it will be possible to attribute future temperature and 
precipitation extremes in many locations to human influences. Attributable changes may emerge for other types 
of extremes as the warming signal increases.

In conclusion, human-caused global warming has resulted in changes in a wide variety of recent extreme weather 
events. Strong increases in probability and magnitude, attributable to human influence, have been found for 
many heatwaves and hot extremes around the world.

FAQ 11.3 (continued) 




