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Definitions
y extreme weather extreme climate
event event
an event that is rare at a a pattern of extreme
particular place and time weather that persists for
of year some time, such as a
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Heatwave hits Europe
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http://www.youtube.com/watch?v=XcrzaJksz6w

It is virtually certain that hot extremes have become more frequent and more
intense while cold extremes have become less frequent and less severe.
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Mechanisms and drivers

Global Large-scale Regional Local
reenhouse atmospheric feedbacks forcings e.g.
g effect circulation e.g. showl/ice from land

patterns

albedo use
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Global trends

Observed linear trends over 1960-2018

(a) Annual hottest temperature (TXx) (b) Annual coldest temperature (TNn) (c) Number of days exceeding
90th percentile (TX90p)
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Projections
Extremely high temperature event
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Annual maximum temperature (TXx) - median

(a) At 1.5°C global warming (b)At 2.0°C global warming (c) At 4.0°C global warming

Annual minimum temperature (TNn) - median
(d) At 1.5°C global warming (e)At 2.0°C global warming (f) At 4.0°C global warming
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Change (°C)

Projected changes at different levels of global warming compared to 1850-1900 baseline m
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Mechanisms and Drivers

Precipitation extremes are controlled by both thermodynamic and dynamic
processes. Warming-induced thermodynamic change results in an increase in
extreme precipitation, at a rate that closely follows the C-C relationship at the
global scale (high confidence). The effects of warming-induced changes in
dynamic drivers on extreme precipitation are more complicated, difficult to
quantify, and are an uncertain aspect of projections. Precipitation extremes are
also affected by forcings other than changes in greenhouse gases, including
changes in aerosols, land-use and land-cover change, and urbanization

(medium confidence).
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Observed trends in annual maximum daily precipitation (Rx1day)

(a) Percentage of stations with significant positive or negative trends
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Model Evaluation and attribution

° Multi model mean bias in annual maximum daily rainfall (Rx1day)

(b) HadEx3 (©) REGEN
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too dry

Precipitation bias (%)

Anthropogenic forcing has contributed to a global-scale intensification of heavy precipitation over the
second half of the 20th century.




Extremely high precipitation event

[ 10-year event
351 = 50-year event
30 A
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Increase in event intensity (%)

:: =[i aé Projected changes in annual maximum
= daily precipitation at (a) 1.5°C, (b) 2°C, \\
" Gobal warming level above 18501900 (C) and (c) 4°C of global warming compared

to the 1850-1900 baseline

Annual maximum daily precipitation change (Rx1day) - median

(a) At 1.5°C global warming (b) At 2.0°C global warming (c) At 4.0°C global warming
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FLOODS




| “In summary, global hydrological

models project a larger fraction
of land areas to be affected by an
increase in river floods than by a
decrease in river floods (medium

confidence).
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Mechanisms and Drivers

Similar to many other extreme events, droughts occur as a
combination of thermodynamic and dynamic processes (Box 11.1).
Thermodynamic processes contributing to drought, which are
modified by greenhouse gas forcing both at global and regional
scales, are mostly related to heat and moisture exchanges, and are
also partly modulated by plant coverage and physiology.




Increase in drought intensity (o)
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Changes in 10-year soil moisture drought in drying regions
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Compound Events-definitions

|.  two or more extreme events occurring simultaneously
or successively

Il. combinations of extreme events with underlying
conditions that amplify the impact of the events

Ill.  combinations of events that are not themselves
extremes but lead to an extreme event or impact when
combined



Co-occurring extreme precipitation and extreme winds can result in
infrastructural damage




The compounding of storm surge and precipitation extremes can cause
coastal floods




The combination of drought and heat can lead to tree mortality
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Compound storm types consisting of co-located cyclone, front and
thunderstorm systems have a higher chance of causing extreme rainfall and
extreme winds than individual storm types




“Extremes may occur at similar times
at different locations but affect the
same system, for instance, spatially
concurrent climate extremes affecting
crop yields and food prices”




“It is virtually certain that hot
extremes have become more frequent
and more intense while cold extremes
have become less frequent and less
severe.”
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Concurrent Droughts and Heatwaves

o Between 1979 and 2013, the global burnable area affected by long fire weather seasons doubled, and the
mean length of the fire weather season increased by 19%. However, at the global scale, the total burned area
has been decreasing between 1998 and 2015 due to human activities mostly related to changes in land use.
Given the projected high confidence increase in compound hot and dry conditions, there is high confidence that
fire weather conditions will become more frequent at higher levels of global warming in some regions.




o -There is high confidence that concurrent heatwaves and droughts have increased in frequency over the last

century at the global scale due to human influence.

-There is medium confidence that weather conditions that promote wildfires (fire weather) have become more
probable in southern Europe, northern Eurasia, the USA, and Australia over the last century.

-There is high confidence that compound hot and dry conditions become more probable in nearly all land
regions as global mean temperature increases.

-There is high confidence that fire weather conditions will become more frequent at higher levels of global
warming in some regions.
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The extreme El Nino in 2015-2016

o The 2015- 2016 extreme El Niho event was one of the three extreme El Nino events since the 1980s and the
availability of satellite rainfall observations. According to some measures, it was the strongest EL Nifio in the
past 145 years. The 2015-2016 warmth was unprecedented at the central equatorial Pacific and this
exceptional warmth was unlikely to have occurred entirely naturally, appearing to reflect an anthropogenically
forced trend. Amplitude and the frequency of high-magnitude events since 1950 is higher than over the
pre-industrial period (medium confidence), suggesting that global extremes similar to those associated with
the 2015-2016 extreme El Nino would occur more frequently under further increases in global warming.
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Will climate change cause unprecedented extremes?
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Large Tables

Table 11.4 | Observed trends, human contribution to observed trends, and projected changes at 1.5°C, 2°C and 4°C of global warming for temperature
extremes in Africa, subdivided by AR6 regions. See Sections 11.9.1 and 11.9.2 for details. CMIP6: Coupled Madel Intercomparison Project Phase 6; TXx: hottest daily
maximum temperature; TNn: coldest daily minimum temperature; CORDEX: Coordinated Regional Downscaling Experiment; RCM: regional climate model.

Observed trends

Increasing hot extremes, decreasing cold extremes

Detection and
Attribution; Event
Attribution

High confidence

4

Medium
confidence

Projections

2°C

4°C

: Limited evidence for o
Insufficient data for the 3 CMIP6 models project CMIP6 models project
1 the continent, but there
continent, but there g i a robust increase in the a robust incri
B is medium confidence : .
is high confidence S bution intensity and frequency of TXx and frequency of TXx
of an increase in the A increase events and a robust decrease nd a robust decrease
intensity and frequency o the inensity and in the intensity and frequency in the intensity and frequency
of hot extremes A ofl:y\ot e of TNn events (Li et al, 2021 of TNn events (Li et al.,, 2021;
and decrease in the ) . 11.5M). Median increase of
; . and decrease in the : %
intensity and frequency X PR more than 1°C in the 50-year
¢ intensity and frequen
of cold extremes in b e 2 TXx and TNn events compared TXx and TNn events compared
all subregions with ko vt to the 1°C warming level to the 1°C warming leve!
sufficient data 3 (Li et al., 2021) ietal, 2021)
sufficient data
All Africa
Increase in the intensity and
frequency of hot extremes:
Medium confidence Extremely likely (compared with rtually certain (compared with
Medium confidence in a human contribution the recent past, 1995-2014) nt past, 1995-2014)
in the increase in the to the observed Virtually certain (compared ertain (compared
intensity and frequency increase in the intensity with pre-industrial) pre-industrial)
of hot extremes and frequency of
and decrease in the hot extremes and Decrease in the intensity and ase in the intensity and
intensity and frequency decrease in the intensity frequency of cold extremes: uency of cold extremes:
of cold extremes and frequency of Extremely likely (compared with pared with
cold extremes the recent past, 1995-2014) past, 1995-2014)
Virtually in (compared Virtually certain (compared
with pre-industrial)
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Table 11.5 | Observed trends, human contribution to observed trends, and projected changes at 1.5°C, 2°C and 4°C of global warming for heavy
precipitation in Africa, subdivided by AR6 regions. See Sections 11.9.1 and 11.9.3 for details.

Virtually certain

Extremedy likely - Likely

Increasing heavy precipitation

Detection and
Attribution; Event
Attribution

Region Observed Trends

Projections

1.5°C

CMIP6 models project an

High confidence

confidence

CMIP6 models project a robust

increase in the intensity and increase in the intensity and
frequency of heavy precipitation | frequency of heavy precipitation
Insufficient data Simited evide (Li et al., 2021). Median increase | (Li etal, 2021). Median increase
to assess trends evidence of more than 2% in the 50-year | of more than 6% in the 50-year
Rx1day and Rx5day events Rx1day and Rx5day events
. compared to the 1°C warming compared to the 1°C warming
All Africa level (Li et al, 2021) level (Li et al, 2021)
Intensification of Intensification of
High confidence (compared with | Likely (compared with
L e A S the recent past, 1995-2014) the recent past, 1995-2014)
Likely (compared
with pre-industrial)

Low confidence
All

4°C

CMIP6 models project a robust
increase in the intensity and
frequency of heavy precipitation
(Li et al, 2021). Median inarease
of more than 20% in the 50-year
Rx1day and Rx5day events
compared to the 1°C warming
level (Li et al., 2021)

Intensification of

heavy precipitation:

Extremely likely (compared with
the recent past, 1995-2014)
Virtually certain (compared
with pre-industrial)




