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FAQ 1.1: Do we understand climate change better than when the IPCC started?

Yes. Between 1990 and 2021, observations, models and climate understanding improved, while the dominant
role of human influence in global warming was confirmed.
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Climate models
State of the art
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CLIMATE CHANGE

Observations

A

1990

Gave a broad overview of
climate change science,
discussion of uncertainties
and evidence of warming

1995

“The balance of evidence
suggests a discernible
human influence on
global climate”

2001
“There is new and stronger
evidence that most of the

warming observed over the
last 50 years is attributable
to human activities”

Improvements:

Confidence Process based
in models understanding

Climate Change 2021:

More sophisticated Multiple lines

models

2007

"Warming of the
climate system is
unequivocal..."

2013

“Human influence on the climate
system is clear.”

2021

“It is unequivocal that human
influence has warmed the
atmosphere, ocean and land”.

of evidence
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Since the 20th century, the global surface temperature has increased rapidly.

Global surface temperature was 1.09°C higher in the last decade than 1850-1900.
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(b) Warming accelerated after the 1970s, but
not all regions are warming equally
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The Earth has warmed by 1.1°C
Warming is unprecedented in more than 2000 years

Changes in global surface temperature relative to 1850-1900
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(a) Global surface temperatures are more likely than not unprecedented in the past 125,000 years
The latest decade was warmer than any multi-century period
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Changes are widespread, rapid,

and intensifying

Y
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Human influence on climate is unequivocal

Atmospheric concentrations
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Changes in assessed historical surface temperature

changes since AR5
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Climate change is already affecting every region on Earth

Hot extremes
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Figure SPM.3



Climate change is already affecting every region on Earth
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Changes are widespread, rapid,

and intensifying

Y

Atmospheric circulation

Air temperature Water
(in the lowest vapour
few km)

Surface
temperature

Permafrost
: | extent
SesRT Ice sheets Snow cover
Arctic sea ice

Global _ Glaciers
greenness
Species. Growing
range shifts 'season length
Precipitation

Figure



These changes are unprecedented

Fastest sea level rates
in at least 3000 years

Fastest sea surface
temperature warming
in at least
11,000 years

-4

Sea surface
temperature

Ocean acidification unusual
in at least 2 million years

Lowest Arctic sea
ice level in at least

Ocean heat content
unprecedented
in at least
18,000 years

1000 years
Sxel *
Ocean heat *
content
Arctic seaice
A ¥
Ocean
acidification Glaciers
'\ Unprecedented
glacier meltin at
least
2000 years

Figure FAQ2.2
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Human-caused radiative forcing is increasing

Changes in effective radiative forcings
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Human influence causes heating of the climate system

Stable climate: in balance Today: imbalanced
Incoming Incoming
solar energy solar energy
Outgoing Less outgoing

energy energy due to
greenhouse gases

Atmosphere @

Ice
Excess energy accumulating Figure FAQ7.1



Klaus Hasselmann: 2021 Nobel Prize in Physics

The pioneer of Optimal Fingerprinting Approach
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Observed warming is driven by emissions from
warming partly masked by

Evidence from

°C attribution studies °C
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Adapted from Figure SPM.2



Improved understanding of the role of each individual component of human influence
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Human-induced changes are increasingly apparent at regional and
local scales

Change in surface air temperature
human-caused & natural

natural only Africa Central and South America Asia

e

1850 1900 1950 2000 150 1900 1850 2000 360 1900 1950 2000

Figure TS.7



Widespread changes are
attributed to human W .o
influence 4

Main driver of ...

Precipitation -

ym Figure FAQ2.2



Confidence has increased in human influence
on many aspects of climate system

Variables

AR5 (2013)

AR6 (2021) Confidences

GST
Large sclae
precipitation
Extreme temperature
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land ice sheet
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in upper ocean
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Syukuro Manabe: 2021 Nobel Prize in Physics

“The father of the first general circulation climate model”



SSP-RCP Senario
Framework

® CMIP5 used RCPs

® CIMP6 used SSPs
*SSPX-YZ 5 set of illustraive senarios:

SSP1-1.9 Very low GHG emission
SSP1-2.6 Low

SSP3-7.0 High
SSP5-8.5 Very high GHG emission

SSP1
Sustainability SSP2
Middle of the SSP3
Road Regional SSP4 Fosgils-flzesled
Rivalry Inequality

development

)

SSP2-4.5

—
—_
e

G\oba\—mean tempgrature _

2100

2050

Figure CCB1.4, Fig.1
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The illustrative set of five SSP scenarios span a broader range of greenhouse gas and
air pollutant futures than assessed in earlier WGI reports

Shared Socioeconomic Pathway (SSP) Scenarios
Carbon dioxide (GtCO,/yr)

Net zero CO,

140
SSP5-8.5
120
100
SP3-7.0
80 S 7.0
60
40
20
0
S5P1-2.6
SSP1-1.9
-20
2015 2050 2100

Very high

Low

- CO, emission pathways without
any climate change mitigation

CO, emission pathway

CO, emission pathways in which CO, emissions
decline to net zero around or after 2050

Box SPM. 1, Figure SPM.4



Broad agreement across multiple lines of evidence, supporting a best estimate of
equilibrium climate sensitivity of 3°C, with a likely range of 2.5°C to 4°C

Equilibrium Climate Sensitivity in IPCC reports
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Broad agreement across multiple lines of evidence, supporting a best estimate of
equilibrium climate sensitivity of 3°C, with a likely range of 2.5°C to 4°C

Multiple lines of evidence are used to better constrain climate sensitivity

Process understanding B e —— T j

Instrumental record | o

Paleoclimates i s e

Emergent constraints T — ;
The ARG best estimate of ECS is — > Combined assessment R
3°C, the likely range is 2.5 to 4°C — —
and the very likely range is 2 to 5°C. o 1 2 3 4 5 6 [ 8 9

| Best estimate range or value Likefy range or limit

Figure T5.16 frosasssesns 1 Very likely range or limit | Extremely likely limit



GSAT 2081-2100relative to 1995-2014(°C)
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Global warming of 1.5°C and 2°C will be exceeded unless deep reductions in
CO, and other greenhouse gas emissions occur in the coming decades

CO, emissions

°C Global surface temperature change relative to
1850-1900
° Very
4 High
3
1.5°C 2 ----------------------------------------------------- = Low

Near-term
4  Near-term

1950 2000 2015 2050 2100
Figure SPM.8



Global warming of 1.5°C and 2°C will be exceeded unless deep reductions in
CO, and other greenhouse gas emissions occur in the coming decades

Global surface temperature change relative to

¢ 1850-1900

5

CO, emissions

1950 2000 2015 2050 2100



Projections in the context of the Earth’s climate history
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e) Global mean sea
level change in 2300
relative to 1200

Projected change in Global mean SRS over15m
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M Extreme sea level events will increase as GSL rise

HCE 1/decade

R S U

1/year

1/decade 1/month
1/year

mean sea level

Sea level height and recurrence frequency

1/month sea
level
mean sea level rise
RN N T N, = —
recent past future
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Continued global warming is
projected to further intensify

the global water cycle, including its
variability, global monsoon
precipitation and the severity of
wet and dry events

Atmosphere

Frozen regions




Many changes in the climate system become larger in direct relation to
increasing global warming
ﬁ Larger magnitude

i
® hot extremes and marine heatwaves mlﬂ Increased frequency
® heavy precipitation (+7% per °C) "
® drought in some regions A

P frequency and intensity

Mew locations

P proportion of intense tropical cyclones |
Different timing

+
e Ith MNew combinations
i ~

Figure FAQ11.2



EKERET R M iREE

SSP1-1.9(M M HERUIE =)

2041-2060°41.6° C
2081-2100°41.4° C

Table SPM. 1

Near term, 2021-2040 Mid-term, 2041-2060 Long term, 2081-2100

Scenario | Best estimate | Very likely | Best estimate | Very likely | Best estimate | Very likely

(°O) range (°C) (°O) range (°C) (°O) range (°C)

t*
SSP1-1.9 1/1.57 1.2to 1.7 1.6 1.2t02.0 1.4 1.0to 1.8 D
SSP1-2.6 ‘: 1.5 1.2to 1.8 1.7 1.3t02.2 1.8 1.3t02.4p
\ N
SSP2-4.5 1.5 1.2to 1.8 2.0 1.6t0 2.5 2.7 2.1t03.5
SSP3-7.0 1.5 1.2to 1.8 2.1 1.7t02.6 3.6 2.8t04.6
SSP5-8.5 ¢ 1.6 1.3t0 1.9 2.4 1.9t0 3.0 4.4 33t05.7p
e —




Table SPM.1. See more in Table

ST IRES = NaFARIRd b 4.5 and Fig 4.11

Near term, 2021-2040 Mid-term, 2041-2060 Long term, 2081-2100

Scenario | Best estimate | Very likely | Best estimate | Very likely | Best estimate | Very likely

O range (°C) cO range (°C) cO) range (°C)
SSP1-1.9 ﬁx 1.2to 1.7 1.6 1.2t02.0 1.4 1.0to 1.8
SSP1-2.6 / 15 \ 1.2t0 1.8 1.7 1.3 t02 0 1.8 1.3t02.4
SSP2-4.5 { 1.5 ‘ 1.2t0 1.8 2.0 1.6 to 2.5 2.7 2.1t0 3.5
SSP3-7.0 1.5 1.2t01.8 2:1 1.7t0 2.6 3.6 2.8t04.6
SSP5-8.5 \1.6/ 1.3t0 1.9 2.4 1.9t0 3.0 4.4 3.3t05.7
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Multiple lines of evidence are

distilled for the co-production of

values

framed by context and

Climate information construction

Sources of climate information

Observational Model Literature Process
data data understanding

Synthesis
with uncertainty assessment

Climate
Information

distilled from the
dimate sources and
provided in the form
B of. (]
Data ® Graphics
with uncertainty estimates Storylines

of plausible futures

Climate
experts

User-oriented climate information construction

User elements ® . o User elements
@ Co-producing climate '@
information

@ for user action following a co-exploration @
approach and infreducing user elements

User-relevant
climate
information
The output format
= bl
determined by the
LSer 5

Chapter 10, Figure 10.1



Natural variability can enhance or reduce near term climate changes, particularly

on regional scales

Ocean Heat Content change
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Global temperature change
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Regional climate assessment
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Regional fact sheet — Central and South America

Common regional changes

Mean temperatures have very fikely increased in all sub-regions and will continue to increase at rates greater
than the global average (high confidence)

SOUTHERN CENTRAL AME]

~ Anidity, and agricuitural an
increasing (medium confide
projected to increase (med

NORTHWESTERN SOUTH 4

- Decreases in snow and
pluvialriver flooding  ar
confidence

- Glacier volume loss and pq
likely continue in the Anded
greenhouse emissions scq
causing important reductior
potentially high-magnitude
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lean is projected to change, with increases in North-West South America (NWS) and South-East
South America (SES) (high confidence) and decreases in North-East South America (NES) and South-West
South America (SWS) (medium confidence). This s consistent among model projections by mid- and end of
the 21st century for RCP4.5 and RCP8 5 scenarios.

Compared fo global mean sea level, over the last three decades, relative sea level has increased at a higher
rate than global mean level in the South Atlantic and the subtropical North Atlantic, and at a lower rate in the
East Pacific.

Relative sea level rise is extremely fikely to continue in the oceans around Central and South America,
contributing to increased coastal flooding in low-lying areas (high confidence) and shoreline retreat along most
sandy coasts (high confidence).

Marine heatwaves are also projected to increase around the region over the 21st century (high confidence).
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Links for further information:
TS sections: TS4.31, TS 432 Box TS 6, Box TS.13, Figure TS 21a, Figure TS 24 Chapters: 83, 84, 86, 104,
113,114,119, Table 11.13, Table 11.14, Table 11.5, 12.4, Atlas 7.1, Atlas. 7.2

- Increases in one or more

range of sectors, including agriculture, forestry, health, and ecosystems.
~ Theintensity and frequency of extreme precipitation and pluvial floods is projected to increase (medium
confidence) for a 2°C of global warming level and above.
+ Over the Amazon, the number of days per year with maximum temperatures exceeding 35°C would increase by
more than 150 days by the end of the 21st century in the SSP5-8.5 scenario, while it is expected to increase by
less than 60 days under the SSP1-2.6 scenario (high confidence)
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Multiple climatic impact-drivers will change in all regions of the world
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A climatic impact-driver is a physical climate system conditions
(e.g., means, events, extremes) that affect an element of society or
ecosystems
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Worldwide changes in heat, cold, snow and ice, coastal, oceanic climatic
impact-drivers will continue over the 21st century

Changes of CIDs related to the water cycle have a more region specific distribution

e All regions are projected to experience changes in at least 5 CIDs.
e 96% of regions are projected to experience changes in at least 10 CIDs.
e 950% of regions are projected to experience changes in at least 15 CIDs.



Regional sea level rise contributes to increases in the frequency and severity of coastal
flooding in low-lying areas and to coastal erosion along most sandy coasts

Extreme sea levels that occurred once per century in the recent past will

occur
* by 2050: 20 to 30 times more frequently
annually or more frequently at about 15-31% of tide gauges

by 2100 : at least 160 times more frequently,
annually or more frequently at 60% (<2°C) to 80% (4°C) of tide

gauges



Regional sea level rise contributes to increases in the frequency and severity of coastal
flooding in low-lying areas and to coastal erosion along most sandy coasts
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At 2°C global warming and above, the magnitude of changes increases for droughts,
heavy precipitation and associated flooding events, and for mean precipitation
compared to those at 1.5°C
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Region-specific changes include intensification of tropical cyclones and/or
extratropical storms
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The open ocean regions are projected to experience widespread warming,
increased marine heatwaves, loss of oxygen and increased surface salinity

contrasts due to the intensified water cycle
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IPCC WGI Interactive Atlas

A novel tool for flexible spatial and temporal analyses of

much of the observed and projected climate change ,
information underpinning the Working Group |

contribution to the Sixth Assessment Report, including

regional synthesis for Climatic Impact-Drivers (CIDs).

Participate in the user testing survey .~ Errata and problem reporting ()
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Low Likelihood High Impact events

» The probability of occurrence is low but potential impacts on society and
ecosystems could be high

» Their chance of occurrence increases with higher global warming

» They can occur at the global and regional scale
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Table SPM.2
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Remaining carbon budgets
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Total cumulative CO, emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey)

under the five illustrative scenarios from 1850 to 2100
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For scenarios with
higher cumulative
CO., emissions...

...the amount of CO, emissions
taken up by land and ocean
carbon sinks is larger,

but more of the emitted

CO., emissions remains

in the atmosphere...

...meaning that the proportion
of CO; emissions taken up by
land and ocean carbon sinks
from the atmosphere

is smaller in scenarios

with higher CO, emissions.

Figure SPM.7



Summery:

« Recent climate changes are widespread, rapid, and intensifying, and unprecedented in
thousands of years.

« Human activities are causing climate change, making extreme climate events, including
heat waves, heavy rainfall, and droughts, more frequent and severe.

 Climate change is already affecting every region on Earth, in multiple ways. The changes
we experience will increase with further warming.

« There’s no going back from some changes in the climate system. However, some
changes could be slowed and others could be stopped by limiting warming.

« Unless there are immediate, rapid, and large-scale reductions in greenhouse gas
emissions, limiting warming to 1.5°C and even 2°C will be beyond reach.
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