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GOAL: To provide fundamental physical understanding of 
climate change, related uncertainties, and how the 
science can inform adaptation and mitigation
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GUIDELINES FOR TODAY

Please ASK QUESTIONS as they occur by dropping 
them into the Zoom chat
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WARM UP QUESTION
WHAT PERCENT OF GLOBAL 

WARMING CAN BE ATTRIBUTED 
(BLAMED) ON HUMAN ACTIVITIES?
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Figure SPM.1:  This report has a strong focus on the interactions among the coupled systems climate, ecosystems 

(including their biodiversity) and human society. These interactions are the basis of emerging risks from climate change, 

ecosystem degradation and biodiversity loss and, at the same time, offer opportunities for the future. (a) Human society 

causes climate change. Climate change, through hazards, exposure and vulnerability generates impacts and risks that can 

surpass limits to adaptation and result in losses and damages. Human society can adapt to, maladapt and mitigate climate 

change, ecosystems can adapt and mitigate within limits. Ecosystems and their biodiversity provision livelihoods and 

ecosystem services. Human society impacts ecosystems and can restore and conserve them. (b) Meeting the objectives of 

climate resilient development thereby supporting human, ecosystem and planetary health, as well as human well-being, 

requires society and ecosystems to move over (transition) to a more resilient state. The recognition of climate risks can 

strengthen adaptation and mitigation actions and transitions that reduce risks. Taking action is enabled by governance, 

finance, knowledge and capacity building, technology and catalysing conditions. Transformation entails system 

transitions strengthening the resilience of ecosystems and society (Section D). In a) arrow colours represent principle 

human society interactions (blue), ecosystem (including biodiversity) interactions (green) and the impacts of climate 

change and human activities, including losses and damages, under continued climate change (red). In b) arrow colours 

represent human system interactions (blue), ecosystem (including biodiversity) interactions (green) and reduced impacts 

from climate change and human activities (grey). {1.2, Figure 1.2, Figure TS.1} 

 
 
The concept of risk is central to all three AR6 Working Groups. A risk framing and the concepts of adaptation, 
vulnerability, exposure, resilience, equity and justice, and transformation provide alternative, overlapping, 
complementary, and widely used entry points to the literature assessed in this WGII report.   
 
Across all three AR6 working groups, risk5 provides a framework for understanding the increasingly severe, 
interconnected and often irreversible impacts of climate change on ecosystems, biodiversity, and human 
systems; differing impacts across regions, sectors and communities; and how to best reduce adverse 

 
 
5 Risk is defined as the potential for adverse consequences for human or ecological systems, recognising the diversity of values and 
objectives associated with such systems 

Climate 
Change is 

one key 
component 

of future risks
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Impacts ALSO 
depend on: where 

you live (exposure), 
and how well 

adapted (vulnerable) 
you are
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Understanding what is happening

(climate science)

Dealing with climate risks involves
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Understanding what is happening

(climate science)

Dealing with climate risks involves

Preventing as much warming as we can

(climate mitigation)
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Understanding what is happening

(climate science)

Dealing with climate risks involves

Preventing as much warming as we can

(climate mitigation)

Dealing with the changes that do happen

(climate adaptation)
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CLIMATE 
SCIENCE
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The 
Earth’s 
Climate 
System

https://www.geomar.de/en/discover/ocean-and-
climate/model-simulations/the-earths-climate-
system
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https://www.geomar.de/en/discover/ocean-and-climate/model-simulations/the-earths-climate-system
https://www.geomar.de/en/discover/ocean-and-climate/model-simulations/the-earths-climate-system
https://www.geomar.de/en/discover/ocean-and-climate/model-simulations/the-earths-climate-system


What is 
climate?

https://www.alabamawx.com/wp-content/uploads/
2019/06/weather-vs-climate_orig.jpg
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CLIMATE 

is what you expect


WEATHER 

is what you get
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WHEN WE TALK ABOUT CLIMATE CHANGE, WE’RE 
NOT TRYING TO PREDICT THE WEATHER

Will it rain on April 14, 2091?

-> What will average April 
rainfall be in the 2090s? 

How hot will it be on July 21, 2085?

-> How much higher will the 
risk and severity of heatwaves 
be in 2090s?
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WHEN WE TALK ABOUT CLIMATE CHANGE, WE’RE 
NOT TRYING TO PREDICT THE WEATHER

Will it rain on April 14, 2091?

-> What will average April 
rainfall be in the 2090s? 

How hot will it be on July 21, 2085?

-> How much higher will the 
severity of heatwaves be at the 
end of the 21st century?
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Earth’s 
Atmosphere

17



The Greenhouse 
Gas Effect

18

water vapor


carbon dioxide (CO2)


methane (CH4)


nitrous oxide (N2O) 
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https://www.csiro.au/en/research/environmental-impacts/climate-change/State-of-the-Climate/Greenhouse-gases

https://www.csiro.au/en/research/environmental-impacts/climate-change/State-of-the-Climate/Greenhouse-gases


Why care about CO2?

23



https://www.climatepartner.com/en/knowledge/glossary/carbon-dioxide-equivalent

https://www.climatepartner.com/en/knowledge/glossary/carbon-dioxide-equivalent


https://www.annualreviews.org/doi/abs/10.1146/annurev-earth-082420-063026

5. TOWARD A CONSISTENT PICTURE OF THE EVOLUTION
OF THE CENOZOIC CO2 SYSTEM
The updated records of CO2 from alkenones and δ11B presented here provide a more consis-
tent picture of Cenozoic CO2 change than in some earlier studies (Figure 6). We reconstruct
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In the past, 
when CO2 is 
high, global 

temperatures 
are high

25



https://www.annualreviews.org/doi/abs/10.1146/annurev-earth-082420-063026
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The Eocene 
(56-33.9 MYA)

Ellsmere Island, 50 MYA
Ellsmere Island, Today
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Ice Age Cycles

Thousands of years ago
27



Ice Age Cycles

Thousands of years ago

Low CO2 => Global Cooling
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Ice Age Cycles

Thousands of years ago

High CO2 => Global Warming
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images from: http://en.wikipedia.org/wiki/Ice_age

Ice Sheets 
During the LGM

dark = now
light = ~25 kybp
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THE WORLD IS WARMING
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RECORD HIGH: 2024

https://www.carbonbrief.org/state-of-the-climate-2024-sets-a-new-record-as-the-first-year-above-1-5c/
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2025: RANK #2 OR #3

https://www.carbonbrief.org/state-of-the-climate-2025-in-top-three-hottest-years-on-record-as-ocean-heat-surges/
33
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
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Summary for Policymakers

A.1.8   Changes in the land biosphere since 1970 are consistent with global warming: climate zones have shifted poleward in 
both hemispheres, and the growing season has on average lengthened by up to two days per decade since the 1950s 
in the Northern Hemisphere extratropics (high confidence).

  {2.3, TS.2.6} 

Figure SPM.1 | History of global temperature change and causes of recent warming
Panel (a) Changes in global surface temperature reconstructed from paleoclimate archives (solid grey line, years 1–2000) and from direct 
observations (solid black line, 1850–2020), both relative to 1850–1900 and decadally averaged. The vertical bar on the left shows the estimated temperature 
(very likely range) during the warmest multi-century period in at least the last 100,000 years, which occurred around 6500 years ago during the current interglacial 
period (Holocene). The Last Interglacial, around 125,000 years ago, is the next most recent candidate for a period of higher temperature. These past warm periods 
were caused by slow (multi-millennial) orbital variations. The grey shading with white diagonal lines shows the very likely ranges for the temperature reconstructions.
Panel (b) Changes in global surface temperature over the past 170 years (black line) relative to 1850–1900 and annually averaged, compared to 
Coupled Model Intercomparison Project Phase 6 (CMIP6) climate model simulations (see Box SPM.1) of the temperature response to both human and natural 
drivers (brown) and to only natural drivers (solar and volcanic activity, green). Solid coloured lines show the multi-model average, and coloured shades show the 
very likely range of simulations. (See Figure SPM.2 for the assessed contributions to warming). 
{2.3.1; Cross-Chapter Box 2.3; 3.3; TS.2.2; Cross-Section Box TS.1, Figure 1a}

Human influence has warmed the climate at a rate that is unprecedented
in at least the last 2000 years

Changes in global surface temperature relative to 1850–1900
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(b) Change in global surface temperature (annual average) as observed and 
simulated using human & natural and only natural factors (both 1850–2020)

(a) Change in global surface temperature (decadal average)
as reconstructed (1–2000) and observed (1850–2020)
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100,000 years
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https://www.theclimatebrink.com/p/higher-warming-predictions-for-2026
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FAQ 2.1, Figure 1: Independent analyses of many components of the climate system that would be expected to change 

in a warming world exhibit trends consistent with warming (arrow direction denotes the sign of the change), as shown 

in FAQ 2.1, Figure 2. 

 

Temperature
Over Land

Ocean Heat Content

Water Vapor

Air Temperature 
in the lowest few Km (troposphere)

Marine Air Temperature Snow Cover

Sea Level

Glacier Volume

Sea Surface Temperature

Sea Ice Area

Signs of a 
Warming World36



https://nsidc.org/cryosphere/glaciers/questions/located.html

Glaciers

/ice sheets

Huge masses 
of ice that 

move slowly 
over land

37



https://climate.nasa.gov/vital-signs/ice-sheets/ 38



https://www.nature.com/articles/s41586-019-1855-2.pdf

Greenland 
Ice Sheet

https://climate.copernicus.eu/ESOTC/2019/ice-sheets

1 Gt =

• Mass of all land mammals 

on earth (excluding 
humans)


• 2X mass of all humans on 
earth


• 5.5 million blue whales


• 3 million Boeing 747 jets

https://energyeducation.ca/encyclopedia/Gigatonne
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https://twitter.com/kevpluck/status/1010990270270377984?s=20

Greenland loses this much 
about every ~2 days
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http://www.windows2universe.org/teacher_resources/teach_glacier.html

McCarty Glacier,

Alaska
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https://www.theguardian.com/environment/2024/nov/05/people-do-not-want-to-believe-it-is-true-the-photographer-capturing-the-vanishing-of-glaciers

Blomstrandbreen Glacier

Svalbard, Norway
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https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level

Change in Sea level (cm, 1993-2023)
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highest of last 2000 yearshttps://www.nature.com/articles/s41467-021-22079-2/ 46



Heat Waves Are Increasing Almost Everywhere
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Climate change is already a@ecting every inhabited region across the globeķ 
with human influence contributing to many observed changes in weather 
and climate extremes
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https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/

Trend, Extreme 
Heat days


(1960-2018)
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More Intense Storms In Some Regions
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https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/https://nca2023.globalchange.gov/chapter/2/#key-message-2 52



How do we know the changes we are 
seeing are from human activities?

Detection: HOW have things changed? 

Ex: is it getting warmer?

Attribution: WHY have things changed? 
Ex: is it getting warmer because of 

anthropogenic greenhouse gas emissions?

53



https://www.nature.com/articles/s41612-025-00955-8

Climate 

Models


computer programs used to simulate 
the state of the climate system based 

on prescribed forcings (volcanos, 
GHGs, solar variability, etc)


Important tools for attribution and 
studying future climate


most common class of climate model 
is the general circulation model (GCM)


54

https://www.nature.com/articles/s41612-025-00955-8
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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Figure SPM.2 | Assessed contributions to observed warming in 2010–2019 relative to 1850–1900
Panel (a) Observed global warming (increase in global surface temperature). Whiskers show the very likely range.
Panel (b) Evidence from attribution studies, which synthesize information from climate models and observations. The panel shows temperature 
change attributed to: total human influence; changes in well-mixed greenhouse gas concentrations; other human drivers due to aerosols, ozone and land-use 
change (land-use reflectance); solar and volcanic drivers; and internal climate variability. Whiskers show likely ranges.
Panel (c) Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows temperature changes from individual components 
of human influence: emissions of greenhouse gases, aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, if any, on other climate drivers. For aerosols, 
both direct effects (through radiation) and indirect effects (through interactions with clouds) are considered. 
{Cross-Chapter Box 2.3, 3.3.1, 6.4.2, 7.3}
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Figure SPM.2 | Assessed contributions to observed warming in 2010–2019 relative to 1850–1900
Panel (a) Observed global warming (increase in global surface temperature). Whiskers show the very likely range.
Panel (b) Evidence from attribution studies, which synthesize information from climate models and observations. The panel shows temperature 
change attributed to: total human influence; changes in well-mixed greenhouse gas concentrations; other human drivers due to aerosols, ozone and land-use 
change (land-use reflectance); solar and volcanic drivers; and internal climate variability. Whiskers show likely ranges.
Panel (c) Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows temperature changes from individual components 
of human influence: emissions of greenhouse gases, aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, if any, on other climate drivers. For aerosols, 
both direct effects (through radiation) and indirect effects (through interactions with clouds) are considered. 
{Cross-Chapter Box 2.3, 3.3.1, 6.4.2, 7.3}
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Figure SPM.2 | Assessed contributions to observed warming in 2010–2019 relative to 1850–1900
Panel (a) Observed global warming (increase in global surface temperature). Whiskers show the very likely range.
Panel (b) Evidence from attribution studies, which synthesize information from climate models and observations. The panel shows temperature 
change attributed to: total human influence; changes in well-mixed greenhouse gas concentrations; other human drivers due to aerosols, ozone and land-use 
change (land-use reflectance); solar and volcanic drivers; and internal climate variability. Whiskers show likely ranges.
Panel (c) Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows temperature changes from individual components 
of human influence: emissions of greenhouse gases, aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, if any, on other climate drivers. For aerosols, 
both direct effects (through radiation) and indirect effects (through interactions with clouds) are considered. 
{Cross-Chapter Box 2.3, 3.3.1, 6.4.2, 7.3}
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Figure SPM.2 | Assessed contributions to observed warming in 2010–2019 relative to 1850–1900
Panel (a) Observed global warming (increase in global surface temperature). Whiskers show the very likely range.
Panel (b) Evidence from attribution studies, which synthesize information from climate models and observations. The panel shows temperature 
change attributed to: total human influence; changes in well-mixed greenhouse gas concentrations; other human drivers due to aerosols, ozone and land-use 
change (land-use reflectance); solar and volcanic drivers; and internal climate variability. Whiskers show likely ranges.
Panel (c) Evidence from the assessment of radiative forcing and climate sensitivity. The panel shows temperature changes from individual components 
of human influence: emissions of greenhouse gases, aerosols and their precursors; land-use changes (land-use reflectance and irrigation); and aviation contrails. 
Whiskers show very likely ranges. Estimates account for both direct emissions into the atmosphere and their effect, if any, on other climate drivers. For aerosols, 
both direct effects (through radiation) and indirect effects (through interactions with clouds) are considered. 
{Cross-Chapter Box 2.3, 3.3.1, 6.4.2, 7.3}
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A.1.8   Changes in the land biosphere since 1970 are consistent with global warming: climate zones have shifted poleward in 
both hemispheres, and the growing season has on average lengthened by up to two days per decade since the 1950s 
in the Northern Hemisphere extratropics (high confidence).

  {2.3, TS.2.6} 

Figure SPM.1 | History of global temperature change and causes of recent warming
Panel (a) Changes in global surface temperature reconstructed from paleoclimate archives (solid grey line, years 1–2000) and from direct 
observations (solid black line, 1850–2020), both relative to 1850–1900 and decadally averaged. The vertical bar on the left shows the estimated temperature 
(very likely range) during the warmest multi-century period in at least the last 100,000 years, which occurred around 6500 years ago during the current interglacial 
period (Holocene). The Last Interglacial, around 125,000 years ago, is the next most recent candidate for a period of higher temperature. These past warm periods 
were caused by slow (multi-millennial) orbital variations. The grey shading with white diagonal lines shows the very likely ranges for the temperature reconstructions.
Panel (b) Changes in global surface temperature over the past 170 years (black line) relative to 1850–1900 and annually averaged, compared to 
Coupled Model Intercomparison Project Phase 6 (CMIP6) climate model simulations (see Box SPM.1) of the temperature response to both human and natural 
drivers (brown) and to only natural drivers (solar and volcanic activity, green). Solid coloured lines show the multi-model average, and coloured shades show the 
very likely range of simulations. (See Figure SPM.2 for the assessed contributions to warming). 
{2.3.1; Cross-Chapter Box 2.3; 3.3; TS.2.2; Cross-Section Box TS.1, Figure 1a}
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A.1.8   Changes in the land biosphere since 1970 are consistent with global warming: climate zones have shifted poleward in 
both hemispheres, and the growing season has on average lengthened by up to two days per decade since the 1950s 
in the Northern Hemisphere extratropics (high confidence).

  {2.3, TS.2.6} 

Figure SPM.1 | History of global temperature change and causes of recent warming
Panel (a) Changes in global surface temperature reconstructed from paleoclimate archives (solid grey line, years 1–2000) and from direct 
observations (solid black line, 1850–2020), both relative to 1850–1900 and decadally averaged. The vertical bar on the left shows the estimated temperature 
(very likely range) during the warmest multi-century period in at least the last 100,000 years, which occurred around 6500 years ago during the current interglacial 
period (Holocene). The Last Interglacial, around 125,000 years ago, is the next most recent candidate for a period of higher temperature. These past warm periods 
were caused by slow (multi-millennial) orbital variations. The grey shading with white diagonal lines shows the very likely ranges for the temperature reconstructions.
Panel (b) Changes in global surface temperature over the past 170 years (black line) relative to 1850–1900 and annually averaged, compared to 
Coupled Model Intercomparison Project Phase 6 (CMIP6) climate model simulations (see Box SPM.1) of the temperature response to both human and natural 
drivers (brown) and to only natural drivers (solar and volcanic activity, green). Solid coloured lines show the multi-model average, and coloured shades show the 
very likely range of simulations. (See Figure SPM.2 for the assessed contributions to warming). 
{2.3.1; Cross-Chapter Box 2.3; 3.3; TS.2.2; Cross-Section Box TS.1, Figure 1a}
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Figure 11.8: Sources of uncertainty in climate projections as a function of lead time based on an analysis of CMIP5 
results. a) Projections of global mean decadal mean surface air temperature to 2100 together with a quantification of the 
uncertainty arising from internal variability (orange), model spread (blue), and RCP scenario spread (green). b) shows 
the signal-to-uncertainty ratio for various global and regional averages. The signal is defined as the simulated multi-
model mean change in surface air temperature relative to the simulated mean surface air temperature in the period 
1986–2005, and the uncertainty is defined as the total uncertainty. c), d), e), f) show the fraction of variance explained 
by each source of uncertainty for: global mean decadal and annual mean temperature (c), European (30°N–
75°N, 10°W–40°E) decadal mean boreal winter (December to February) temperature (d) and precipitation (f), and East 
Asian (5°N–45°N, 67.5°E–130°E) decadal mean boreal summer (June to August) precipitation (e). See text and 
Hawkins and Sutton (2009) and Hawkins and Sutton (2011) for further details. 
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Figure 11.8: Sources of uncertainty in climate projections as a function of lead time based on an analysis of CMIP5 
results. a) Projections of global mean decadal mean surface air temperature to 2100 together with a quantification of the 
uncertainty arising from internal variability (orange), model spread (blue), and RCP scenario spread (green). b) shows 
the signal-to-uncertainty ratio for various global and regional averages. The signal is defined as the simulated multi-
model mean change in surface air temperature relative to the simulated mean surface air temperature in the period 
1986–2005, and the uncertainty is defined as the total uncertainty. c), d), e), f) show the fraction of variance explained 
by each source of uncertainty for: global mean decadal and annual mean temperature (c), European (30°N–
75°N, 10°W–40°E) decadal mean boreal winter (December to February) temperature (d) and precipitation (f), and East 
Asian (5°N–45°N, 67.5°E–130°E) decadal mean boreal summer (June to August) precipitation (e). See text and 
Hawkins and Sutton (2009) and Hawkins and Sutton (2011) for further details. 
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model mean change in surface air temperature relative to the simulated mean surface air temperature in the period 
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by each source of uncertainty for: global mean decadal and annual mean temperature (c), European (30°N–
75°N, 10°W–40°E) decadal mean boreal winter (December to February) temperature (d) and precipitation (f), and East 
Asian (5°N–45°N, 67.5°E–130°E) decadal mean boreal summer (June to August) precipitation (e). See text and 
Hawkins and Sutton (2009) and Hawkins and Sutton (2011) for further details. 
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1986–2005, and the uncertainty is defined as the total uncertainty. c), d), e), f) show the fraction of variance explained 
by each source of uncertainty for: global mean decadal and annual mean temperature (c), European (30°N–
75°N, 10°W–40°E) decadal mean boreal winter (December to February) temperature (d) and precipitation (f), and East 
Asian (5°N–45°N, 67.5°E–130°E) decadal mean boreal summer (June to August) precipitation (e). See text and 
Hawkins and Sutton (2009) and Hawkins and Sutton (2011) for further details. 
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https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/

https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181

“In the IPCC reports, confidence is 
expressed qualitatively and tells us how 
certain we are that scientific findings 
are valid. The level of confidence is 
determined by the type, amount, quality 
and consistency of evidence”

Confidence
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Likelihood

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/

https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181

“The certainty of scientific findings is then described using 
likelihoods. Findings are assessed probabilistically using 

observations, modelling results or expert judgement.”

"When you look at a product on 
Amazon, the number of stars it 
has is the likelihood and the 
number of reviews it has is the 

confidence."

Allison Crimmins:
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https://www.ipcc.ch/report/ar6/wg1/figures/chapter-4/figure-4-2

Temperature & Precipitation (land)
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B.2.4  It is very likely that heavy precipitation events will intensify and become more frequent in most regions with additional global 
warming. At the global scale, extreme daily precipitation events are projected to intensify by about 7% for each 1°C of global 
warming (high confidence). The proportion of intense tropical cyclones (Category 4–5) and peak wind speeds of the most 
intense tropical cyclones are projected to increase at the global scale with increasing global warming (high confidence).

  {8.2, 11.4, 11.7, 11.9, Cross-Chapter Box 11.1, Box TS.6, TS.4.3.1} (Figure SPM.5, Figure SPM.6)

B.2.5  Additional warming is projected to further amplify permafrost thawing and loss of seasonal snow cover, of land ice and of 
Arctic sea ice (high confidence). The Arctic is likely to be practically sea ice-free in September31 at least once before 2050 
under the five illustrative scenarios considered in this report, with more frequent occurrences for higher warming levels. 
There is low confidence in the projected decrease of Antarctic sea ice.

   {4.3, 4.5, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, 12.4, Cross-Chapter Box 12.1, Atlas.5, Atlas.6, Atlas.8, Atlas.9, Atlas.11, TS.2.5} 
(Figure SPM.8)

31  Monthly average sea ice area of less than 1 million km2, which is about 15% of the average September sea ice area observed in 1979–1988.
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l a. 

Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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l a. 

Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}

Ő1ő��mm�-Ѵ�l;-m�ru;1brb|-ঞom�1_-m];�Őѷő
u;Ѵ-ঞ�;�|o�ƐѶƔƏŋƐƖƏƏ�

Change (%)

Ő7ő��mm�-Ѵ�l;-m�|o|-Ѵ�1oѴ�lm�vobѴ�
lobv|�u;�1_-m];�Őv|-m7-u7�7;�b-ঞomő

–1.0 –0.5 0.5 1.0 1.50
�_-m];�Őv|-m7-u7�7;�b-ঞom

of interannual variability)

–1.5

�u;1brb|-ঞom�bv�ruof;1|;7�|o�bm1u;-v;�o�;u�_b]_�Ѵ-ঞ|�7;vķ�|_;�;t�-|oub-Ѵ�
�-1bC1�-m7�r-u|v�o=�|_;�lomvoom�u;]bomvķ�0�|�7;1u;-v;�o�;u�r-u|v�o=�|_;�
v�0|uorb1v�-m7�bm�Ѵblb|;7�-u;-v�o=�|_;�|uorb1vĺ

!;Ѵ-ঞ�;Ѵ��vl-ѴѴ�-0voѴ�|;�1_-m];v
l-��-rr;-u�-v�Ѵ-u];�ѷ�1_-m];v�bm�
u;]bomv��b|_�7u��0-v;Ѵbm;�1om7bঞomvĺ

!;Ѵ-ঞ�;Ѵ��vl-ѴѴ�-0voѴ�|;�1_-m];v�
l-��-rr;-u�Ѵ-u];��_;m�;�ru;vv;7
bm��mb|v�o=�v|-m7-u7�7;�b-ঞom�bm�7u��
u;]bomv��b|_�Ѵb�Ѵ;�bm|;u-mm�-Ѵ�
�-ub-0bѴb|��bm�0-v;Ѵbm;�1om7bঞomvĺ

Across warming levels, changes in soil moisture largely follow changes in 
ru;1brb|-ঞom�0�|�-Ѵvo�v_o��vol;�7b@;u;m1;v�7�;�|o�|_;�bmY�;m1;�o=�
;�-ro|u-mvrbu-ঞomĺ

Simulated change at 2°C global warming Simulated change at 4°C global warmingSimulated change at ƐĺƔŦ� global warming

Simulated change at 2°C global warming Simulated change at 4°C global warmingSimulated change at ƐĺƔŦ� global warming

);�;uDrier

);�;uDrier

72

16

SPM

Summary for Policymakers

B.2.4  It is very likely that heavy precipitation events will intensify and become more frequent in most regions with additional global 
warming. At the global scale, extreme daily precipitation events are projected to intensify by about 7% for each 1°C of global 
warming (high confidence). The proportion of intense tropical cyclones (Category 4–5) and peak wind speeds of the most 
intense tropical cyclones are projected to increase at the global scale with increasing global warming (high confidence).

  {8.2, 11.4, 11.7, 11.9, Cross-Chapter Box 11.1, Box TS.6, TS.4.3.1} (Figure SPM.5, Figure SPM.6)

B.2.5  Additional warming is projected to further amplify permafrost thawing and loss of seasonal snow cover, of land ice and of 
Arctic sea ice (high confidence). The Arctic is likely to be practically sea ice-free in September31 at least once before 2050 
under the five illustrative scenarios considered in this report, with more frequent occurrences for higher warming levels. 
There is low confidence in the projected decrease of Antarctic sea ice.

   {4.3, 4.5, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, 12.4, Cross-Chapter Box 12.1, Atlas.5, Atlas.6, Atlas.8, Atlas.9, Atlas.11, TS.2.5} 
(Figure SPM.8)

31  Monthly average sea ice area of less than 1 million km2, which is about 15% of the average September sea ice area observed in 1979–1988.
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B.2.4  It is very likely that heavy precipitation events will intensify and become more frequent in most regions with additional global 
warming. At the global scale, extreme daily precipitation events are projected to intensify by about 7% for each 1°C of global 
warming (high confidence). The proportion of intense tropical cyclones (Category 4–5) and peak wind speeds of the most 
intense tropical cyclones are projected to increase at the global scale with increasing global warming (high confidence).

  {8.2, 11.4, 11.7, 11.9, Cross-Chapter Box 11.1, Box TS.6, TS.4.3.1} (Figure SPM.5, Figure SPM.6)

B.2.5  Additional warming is projected to further amplify permafrost thawing and loss of seasonal snow cover, of land ice and of 
Arctic sea ice (high confidence). The Arctic is likely to be practically sea ice-free in September31 at least once before 2050 
under the five illustrative scenarios considered in this report, with more frequent occurrences for higher warming levels. 
There is low confidence in the projected decrease of Antarctic sea ice.

   {4.3, 4.5, 7.4, 8.2, 8.4, Box 8.2, 9.3, 9.5, 12.4, Cross-Chapter Box 12.1, Atlas.5, Atlas.6, Atlas.8, Atlas.9, Atlas.11, TS.2.5} 
(Figure SPM.8)

31  Monthly average sea ice area of less than 1 million km2, which is about 15% of the average September sea ice area observed in 1979–1988.
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 

Present 1°C Present 1°C

+6.7%
�;�;u

+10.5%
�;�;u

+14.0%
�;�;u

+30.2%
�;�;u

Future global warming levels

1.5°C 2°C 4°C1850–1900

0%

+10%

+20%

+30%

+40%

+0.3 sd
drier

+0.5 sd
drier

+0.6 sd
drier

+1.0 sd
drier

Once now likely 
occurs
Ɛĺƕ�ঞl;v

(0.7–4.1)

will likely 
occur

ƑĺƏ�ঞl;v
(1.0–5.1)

will likely 
occur

ƑĺƓ�ঞl;v
(1.3–5.8)

will likely 
occur

ƓĺƐ�ঞl;v
(1.7–7.2)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0 sd

+1 sd

+2 sd

Once now likely 
occurs
Ɛĺƒ�ঞl;v

(1.2–1.4)

will likely 
occur

ƐĺƔ�ঞl;v
(1.4–1.7)

will likely 
occur

Ɛĺƕ�ঞl;v
(1.6–2.0)

will likely 
occur

Ƒĺƕ�ঞl;v
(2.3–3.6)FR

EQ
U

EN
CY

 p
er

 1
0 

ye
ar

s
IN

TE
N

SI
TY

 in
cr

ea
se

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se

Projected changes in extremes are larger in frequency and intensity with 
;�;u��-77bঞom-Ѵ�bm1u;l;m|�o=�]Ѵo0-Ѵ��-ulbm]

Frequency and increase in intensity of heavy 1-day 
ru;1brb|-ঞom�;�;m|�|_-|�o11�uu;7�once in 10 years on 

average bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

�;-���ru;1brb|-ঞom�o�;u�Ѵ-m7

Frequency and increase in intensity of an agricultural and ecological 
drought event that occurred once in 10 years on average across 

7u�bm]�u;]bomv�bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Agricultural & ecological droughts in drying regions
FR

EQ
U

EN
CY

 p
er

 5
0 

ye
ar

s
IN

TE
N

SI
TY

 in
cr

ea
se

Frequency and increase in intensity of extreme temperature 
event that occurred once in 50 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Present 1°C

+1.2°C
_o�;u

+2.0°C
_o�;u

+2.7°C 
_o�;u

+5.3°C
_o�;u

50-year event

Once now likely 
occurs
ƓĺѶ�ঞl;v

(2.3–6.4)

will likely 
occur

Ѷĺѵ�ঞl;v
(4.3–10.7)

will likely 
occur

ƐƒĺƖ�ঞl;v
(6.9–16.6)

will likely 
occur

ƒƖĺƑ�ঞl;v
(27.0–41.4)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Hot temperature extremes over land

Frequency and increase in intensity of extreme temperature 
event that occurred once in 10 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

+1.2°C
_o�;u

+1.9°C
_o�;u

+2.6°C 
_o�;u

+5.1°C
_o�;u

10-year event

10-year event10-year event

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se
Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Present 1°C

Once now likely 
occurs
ƑĺѶ�ঞl;v

(1.8–3.2)

will likely 
occur

ƓĺƐ�ঞl;v
(2.8–4.7)

will likely 
occur

5.6 ঞl;v
(3.8–6.0)

will likely 
occur

ƖĺƓ�ঞl;v
(8.3–9.6)

Changes in 10-year heat extremes

75

18

SPM

Summary for Policymakers

Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 

Present 1°C Present 1°C

+6.7%
�;�;u

+10.5%
�;�;u

+14.0%
�;�;u

+30.2%
�;�;u

Future global warming levels

1.5°C 2°C 4°C1850–1900

0%

+10%

+20%

+30%

+40%

+0.3 sd
drier

+0.5 sd
drier

+0.6 sd
drier

+1.0 sd
drier

Once now likely 
occurs
Ɛĺƕ�ঞl;v

(0.7–4.1)

will likely 
occur

ƑĺƏ�ঞl;v
(1.0–5.1)

will likely 
occur

ƑĺƓ�ঞl;v
(1.3–5.8)

will likely 
occur

ƓĺƐ�ঞl;v
(1.7–7.2)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0 sd

+1 sd

+2 sd

Once now likely 
occurs
Ɛĺƒ�ঞl;v

(1.2–1.4)

will likely 
occur

ƐĺƔ�ঞl;v
(1.4–1.7)

will likely 
occur

Ɛĺƕ�ঞl;v
(1.6–2.0)

will likely 
occur

Ƒĺƕ�ঞl;v
(2.3–3.6)FR

EQ
U

EN
CY

 p
er

 1
0 

ye
ar

s
IN

TE
N

SI
TY

 in
cr

ea
se

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se

Projected changes in extremes are larger in frequency and intensity with 
;�;u��-77bঞom-Ѵ�bm1u;l;m|�o=�]Ѵo0-Ѵ��-ulbm]

Frequency and increase in intensity of heavy 1-day 
ru;1brb|-ঞom�;�;m|�|_-|�o11�uu;7�once in 10 years on 

average bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

�;-���ru;1brb|-ঞom�o�;u�Ѵ-m7

Frequency and increase in intensity of an agricultural and ecological 
drought event that occurred once in 10 years on average across 

7u�bm]�u;]bomv�bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Agricultural & ecological droughts in drying regions
FR

EQ
U

EN
CY

 p
er

 5
0 

ye
ar

s
IN

TE
N

SI
TY

 in
cr

ea
se

Frequency and increase in intensity of extreme temperature 
event that occurred once in 50 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Present 1°C

+1.2°C
_o�;u

+2.0°C
_o�;u

+2.7°C 
_o�;u

+5.3°C
_o�;u

50-year event

Once now likely 
occurs
ƓĺѶ�ঞl;v

(2.3–6.4)

will likely 
occur

Ѷĺѵ�ঞl;v
(4.3–10.7)

will likely 
occur

ƐƒĺƖ�ঞl;v
(6.9–16.6)

will likely 
occur

ƒƖĺƑ�ঞl;v
(27.0–41.4)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Hot temperature extremes over land

Frequency and increase in intensity of extreme temperature 
event that occurred once in 10 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

+1.2°C
_o�;u

+1.9°C
_o�;u

+2.6°C 
_o�;u

+5.1°C
_o�;u

10-year event

10-year event10-year event

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se
Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Present 1°C

Once now likely 
occurs
ƑĺѶ�ঞl;v

(1.8–3.2)

will likely 
occur

ƓĺƐ�ঞl;v
(2.8–4.7)

will likely 
occur

5.6 ঞl;v
(3.8–6.0)

will likely 
occur

ƖĺƓ�ঞl;v
(8.3–9.6)

Changes in 10-year heat extremes

77

18

SPM

Summary for Policymakers

Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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l a. 

Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 

Present 1°C Present 1°C

+6.7%
�;�;u

+10.5%
�;�;u

+14.0%
�;�;u

+30.2%
�;�;u

Future global warming levels

1.5°C 2°C 4°C1850–1900

0%

+10%

+20%

+30%

+40%

+0.3 sd
drier

+0.5 sd
drier

+0.6 sd
drier

+1.0 sd
drier

Once now likely 
occurs
Ɛĺƕ�ঞl;v

(0.7–4.1)

will likely 
occur

ƑĺƏ�ঞl;v
(1.0–5.1)

will likely 
occur

ƑĺƓ�ঞl;v
(1.3–5.8)

will likely 
occur

ƓĺƐ�ঞl;v
(1.7–7.2)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0 sd

+1 sd

+2 sd

Once now likely 
occurs
Ɛĺƒ�ঞl;v

(1.2–1.4)

will likely 
occur

ƐĺƔ�ঞl;v
(1.4–1.7)

will likely 
occur

Ɛĺƕ�ঞl;v
(1.6–2.0)

will likely 
occur

Ƒĺƕ�ঞl;v
(2.3–3.6)FR

EQ
U

EN
CY

 p
er

 1
0 

ye
ar

s
IN

TE
N

SI
TY

 in
cr

ea
se

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se

Projected changes in extremes are larger in frequency and intensity with 
;�;u��-77bঞom-Ѵ�bm1u;l;m|�o=�]Ѵo0-Ѵ��-ulbm]

Frequency and increase in intensity of heavy 1-day 
ru;1brb|-ঞom�;�;m|�|_-|�o11�uu;7�once in 10 years on 

average bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

�;-���ru;1brb|-ঞom�o�;u�Ѵ-m7

Frequency and increase in intensity of an agricultural and ecological 
drought event that occurred once in 10 years on average across 

7u�bm]�u;]bomv�bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Agricultural & ecological droughts in drying regions

FR
EQ

U
EN

CY
 p

er
 5

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se

Frequency and increase in intensity of extreme temperature 
event that occurred once in 50 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

Present 1°C

+1.2°C
_o�;u

+2.0°C
_o�;u

+2.7°C 
_o�;u

+5.3°C
_o�;u

50-year event

Once now likely 
occurs
ƓĺѶ�ঞl;v

(2.3–6.4)

will likely 
occur

Ѷĺѵ�ঞl;v
(4.3–10.7)

will likely 
occur

ƐƒĺƖ�ঞl;v
(6.9–16.6)

will likely 
occur

ƒƖĺƑ�ঞl;v
(27.0–41.4)

Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Hot temperature extremes over land

Frequency and increase in intensity of extreme temperature 
event that occurred once in 10 years on average 

bm�-�1Ѵbl-|;��b|_o�|�_�l-m�bmY�;m1;

+1.2°C
_o�;u

+1.9°C
_o�;u

+2.6°C 
_o�;u

+5.1°C
_o�;u

10-year event

10-year event10-year event

FR
EQ

U
EN

CY
 p

er
 1

0 
ye

ar
s

IN
TE

N
SI

TY
 in

cr
ea

se

Future global warming levels

1.5°C 2°C 4°C1850–1900

0°C
+1°C
+2°C
+3°C
+4°C
+5°C
+6°C

Present 1°C

Once now likely 
occurs
ƑĺѶ�ঞl;v

(1.8–3.2)

will likely 
occur

ƓĺƐ�ঞl;v
(2.8–4.7)

will likely 
occur

5.6 ঞl;v
(3.8–6.0)

will likely 
occur

ƖĺƓ�ঞl;v
(8.3–9.6)

87

Changes in 10-year soil moisture drought

18

SPM

Summary for Policymakers

Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions
Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.
Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Figure SPM.8 | Selected indicators of global climate change under the five illustrative scenarios used in this Report
The projections for each of the five scenarios are shown in colour. Shades represent uncertainty ranges – more detail is provided for each panel below. The black 
curves represent the historical simulations (panels a, b, c) or the observations (panel d). Historical values are included in all graphs to provide context for the 
projected future changes. 
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Sea Level Rise & Coastal Flooding
MHHW stands for Mean Higher High Water, which is defined as the average of the highest observed water level at the selected location on each tidal day during the period 1983-2001

https://sealevel.nasa.gov/flooding-days-projection/
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Figure SPM
.9 | Synthesis of the num

ber of AR6 W
G

I reference regions w
here clim

atic im
pact-drivers are projected to change

A total of 35 clim
atic im

pact-drivers (CIDs) grouped into seven types are show
n: heat and cold; w

et and dry; w
ind; snow

 and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below

 displays the num
ber of AR6 W

GI reference regions w
here it is projected to change. The colours represent the direction 

of change and the level of confidence in the change: purple indicates an increase w
hile brow

n indicates a decrease; darker and lighter shades refer to high and 
m

edium
 confidence, respectively. Lighter background colours represent the m

axim
um

 num
ber of regions for w

hich each CID is broadly relevant.
Panel (a) show

s the 30 CIDs relevant to the land and coastal regions, w
hile panel (b) show

s the five CIDs relevant to the open-ocean regions. M
arine heatwaves 

and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent w

ith 2°C global warm
ing com

pared to a sim
ilar period w
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pared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).

{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM
.1)
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Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)

��ѴঞrѴ;�1Ѵbl-ঞ1�blr-1|Ŋ7ub�;uv�-u;�ruof;1|;7�|o�1_-m];�bm�-ѴѴ�u;]bomv
o=�|_;��ouѴ7

��l0;u�o=�Ѵ-m7�ş�1o-v|-Ѵ�u;]bomv (a)�and or;mŊo1;-m�u;]bomv�(b) where each 1Ѵbl-ঞ1�blr-1|Ŋ7ub�;u (CID) is projected 
to bm1u;-v;�or 7;1u;-v;�with high�1omC7;m1; (dark shade) or medium 1omC7;m1; (light shade)

�Ѵbl-ঞ1�blr-1|Ŋ7ub�;uv�Ő��	vő�-u;�r_�vb1-Ѵ�1Ѵbl-|;�v�v|;l�1om7bঞomv�Ő;ĺ]ĺķ�l;-mvķ�;�;m|vķ�;�|u;l;vő�|_-|�-@;1|�-m�;Ѵ;l;m|�
o=�vo1b;|��ou�;1ov�v|;lvĺ�	;r;m7bm]�om�v�v|;l�|oѴ;u-m1;ķ���	v�-m7�|_;bu�1_-m];v�1-m�0;�7;|ubl;m|-Ѵķ�0;m;C1b-Ѵķ�m;�|u-Ѵķ�
ou�-�lb�|�u;�o=�;-1_�-1uovv�bm|;u-1ঞm]�v�v|;l�;Ѵ;l;m|v�-m7�u;]bomvĺ�$_;���	v�-u;�]uo�r;7�bm|o�v;�;m�|�r;vķ��_b1_�-u;�
v�ll-ub�;7��m7;u�|_;�b1omv�bm�|_;�C]�u;ĺ��ѴѴ�u;]bomv�-u;�ruof;1|;7�|o�;�r;ub;m1;�1_-m];v�bm�-|�Ѵ;-v|�Ɣ���	vĺ��Ѵlov|�-ѴѴ�
ŐƖѵѷő�-u;�ruof;1|;7�|o�;�r;ub;m1;�1_-m];v�bm�-|�Ѵ;-v|�ƐƏ���	v�-m7�_-Ѵ=�bm�-|�Ѵ;-v|�ƐƔ���	vĺ�
ou�l-m����	�1_-m];vķ�|_;u;�bv�
�b7;�];o]u-r_b1-Ѵ��-ub-ঞomķ�-m7�vo�;-1_�u;]bom�bv�ruof;1|;7�|o�;�r;ub;m1;�-�vr;1bC1�v;|�o=���	�1_-m];vĺ��-1_�0-u�bm�|_;�
1_-u|�u;ru;v;m|v�-�vr;1bC1�];o]u-r_b1-Ѵ�v;|�o=�1_-m];v�|_-|�1-m�0;�;�rѴou;7�bm�|_;�)����m|;u-1ঞ�;��|Ѵ-vĺ

!;
Ѵ-
ঞ�
;�
v;
-�
Ѵ;
�;
Ѵ

�o
-v
|-
Ѵ�Y
oo
7

Co
as

ta
l e

ro
sio

n

�
-u
bm
;�
_;
-|
�
-�
;

O
ce

an
 a

ci
di

ty

�
;-
m�
o1
;-
m�
|;
l
r;
u-
|�
u;

�
-u
bm
;�
_;
-|
�
-�
;

O
ce

an
 a

ci
di

ty

O
ce

an
 s

al
in

ity

	
bvv
oѴ
�;
7�
o�
�]
;m

�
;-
m�
v�
u=
-1
;�
|;
l
r;
u-
|�
u;
�

��
|u
;l
;�
_;
-|

Co
ld

 s
pe

ll


u
ov
|

�
;-
m�
ru
;1
br
b|-
ঞo
m

!b
�;
u�Y
oo
7

�
;-
��
�r
u;
1b
rb
|-
ঞo
m�
-m
7�
rѴ
��
b-
Ѵ�Y
oo
7

La
nd

sli
de

�
ub7
b|�

�
�7
uo
Ѵo
]b
1-
Ѵ�7
uo
�]
_|

�
]u
b1
�Ѵ
|�
u-
Ѵ�-
m7
�;
1o
Ѵo
]b
1-
Ѵ�7
uo
�]
_|


b
u;
��
;-
|_
;u

M
ea

n 
w

in
d 

sp
ee

d

";
�;
u;
��
bm
7�
v|
ou
l

$u
or
b1
-Ѵ
�1
�1
Ѵo
m;

"-
m7
�-
m7
�7
�v
|�v
|o
ul

"m
o�
ķ�]
Ѵ-
1b
;u
�-
m7
�b1
;�
v_
;;
|

Pe
rm

af
ro

st

�-
h;
ķ�u
b�
;u
�-
m7
�v
;-
�b1
;

�
;-
��
�v
mo
�
=-
ѴѴ�
-m
7�
b1
;�
v|
ou
l

H
ai

l

"m
o�
�-
�-
Ѵ-
m1
_;

�
bu�
ro
ѴѴ�
ঞo
m�
�
;-
|_
;u

�|
l
ov
r_
;u
b1
��
�
ƨ�-
|�v
�u
=-
1;

!-
7b
-ঞ
om
�-
|�v
�u
=-
1;

�;-|�-m7��oѴ7 "mo��-m7��1; �o-v|-Ѵ)bm7 �r;m��1;-m�|_;u);|�-m7�	u�

Ɣ

Ɣ

ƐƔ

ƐƔ

Ɣ

Ɣ

ƐƔ

ƐƔ

ƑƔ

ƑƔ

ƒƔ

ƒƔ

ƓƔ

ƓƔ

ƔƔ

ƔƔ
N
U
M
BE

R�
O
F��
�
�
	
�ş
�C
O
A
ST
A
L�!
��
��
�
"

N
U
M
BE

R�
O
F�O

PE
N
ŊO

CE
A
N
�!
��
��
�
"

Ő-ő Ő0ő

Regions with high�1omC7;m1; bm1u;-v;
Regions with medium�1omC7;m1; bm1u;-v;
Regions with high 1omC7;m1; 7;1u;-v;
Regions with medium 1omC7;m1; 7;1u;-v;

�_-m];v�u;=;u�|o�-�ƑƏŋƒƏ�
�;-u�r;ubo7�1;m|u;7�-uo�m7�
ƑƏƔƏ�-m7ņou�1omvbv|;m|�
with 2°C global warming 
compared to a similar 
r;ubo7��b|_bm�ƐƖѵƏŋƑƏƐƓ�
ou�ƐѶƔƏŋƐƖƏƏĺ

bm|;u-1ঞ�;Ŋ-|Ѵ-vĺbr11ĺ1_

$_;�_;b]_|�o=�|_;�Ѵb]_|;u�v_-7;7�ļ;m�;Ѵor;Ľ�0;_bm7�;-1_�0-u�
u;ru;v;m|v�|_;�l-�bl�l�m�l0;u�o=�u;]bomv�=ou��_b1_�;-1_�
��	�bv�u;Ѵ;�-m|ĺ�$_;�;m�;Ѵor;�bv�v�ll;|ub1-Ѵ�-0o�|�|_;��Ŋ-�bv�
v_o�bm]�|_;�l-�bl�l�rovvb0Ѵ;�m�l0;u�o=�u;Ѵ;�-m|�u;]bomv�
=ou���	�bm1u;-v;�Ő�rr;u�r-u|ő�ou�7;1u;-v;�ŐѴo�;u�r-u|őĺ

��! ���!$ �����	 ����$�!Ŋ"��	�	�ļ��(�����Ľ������	 �""�""�	 
&$&!� ������"

26

SPM

Summary for Policymakers

Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)
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Figure SPM
.9 | Synthesis of the num

ber of AR6 W
G

I reference regions w
here clim

atic im
pact-drivers are projected to change

A total of 35 clim
atic im

pact-drivers (CIDs) grouped into seven types are show
n: heat and cold; w

et and dry; w
ind; snow

 and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below

 displays the num
ber of AR6 W

GI reference regions w
here it is projected to change. The colours represent the direction 

of change and the level of confidence in the change: purple indicates an increase w
hile brow

n indicates a decrease; darker and lighter shades refer to high and 
m

edium
 confidence, respectively. Lighter background colours represent the m

axim
um

 num
ber of regions for w

hich each CID is broadly relevant.
Panel (a) show

s the 30 CIDs relevant to the land and coastal regions, w
hile panel (b) show

s the five CIDs relevant to the open-ocean regions. M
arine heatwaves 

and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent w

ith 2°C global warm
ing com

pared to a sim
ilar period w

ithin 1960–2014, except for hydrological drought and agricultural and ecological drought, w
hich 

is com
pared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).

{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM
.1)
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Figure SPM
.9 | Synthesis of the num

ber of AR6 W
GI reference regions w

here clim
atic im

pact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 W

GI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. M

arine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM

.1)
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Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)

��ѴঞrѴ;�1Ѵbl-ঞ1�blr-1|Ŋ7ub�;uv�-u;�ruof;1|;7�|o�1_-m];�bm�-ѴѴ�u;]bomv
o=�|_;��ouѴ7

��l0;u�o=�Ѵ-m7�ş�1o-v|-Ѵ�u;]bomv (a)�and or;mŊo1;-m�u;]bomv�(b) where each 1Ѵbl-ঞ1�blr-1|Ŋ7ub�;u (CID) is projected 
to bm1u;-v;�or 7;1u;-v;�with high�1omC7;m1; (dark shade) or medium 1omC7;m1; (light shade)

�Ѵbl-ঞ1�blr-1|Ŋ7ub�;uv�Ő��	vő�-u;�r_�vb1-Ѵ�1Ѵbl-|;�v�v|;l�1om7bঞomv�Ő;ĺ]ĺķ�l;-mvķ�;�;m|vķ�;�|u;l;vő�|_-|�-@;1|�-m�;Ѵ;l;m|�
o=�vo1b;|��ou�;1ov�v|;lvĺ�	;r;m7bm]�om�v�v|;l�|oѴ;u-m1;ķ���	v�-m7�|_;bu�1_-m];v�1-m�0;�7;|ubl;m|-Ѵķ�0;m;C1b-Ѵķ�m;�|u-Ѵķ�
ou�-�lb�|�u;�o=�;-1_�-1uovv�bm|;u-1ঞm]�v�v|;l�;Ѵ;l;m|v�-m7�u;]bomvĺ�$_;���	v�-u;�]uo�r;7�bm|o�v;�;m�|�r;vķ��_b1_�-u;�
v�ll-ub�;7��m7;u�|_;�b1omv�bm�|_;�C]�u;ĺ��ѴѴ�u;]bomv�-u;�ruof;1|;7�|o�;�r;ub;m1;�1_-m];v�bm�-|�Ѵ;-v|�Ɣ���	vĺ��Ѵlov|�-ѴѴ�
ŐƖѵѷő�-u;�ruof;1|;7�|o�;�r;ub;m1;�1_-m];v�bm�-|�Ѵ;-v|�ƐƏ���	v�-m7�_-Ѵ=�bm�-|�Ѵ;-v|�ƐƔ���	vĺ�
ou�l-m����	�1_-m];vķ�|_;u;�bv�
�b7;�];o]u-r_b1-Ѵ��-ub-ঞomķ�-m7�vo�;-1_�u;]bom�bv�ruof;1|;7�|o�;�r;ub;m1;�-�vr;1bC1�v;|�o=���	�1_-m];vĺ��-1_�0-u�bm�|_;�
1_-u|�u;ru;v;m|v�-�vr;1bC1�];o]u-r_b1-Ѵ�v;|�o=�1_-m];v�|_-|�1-m�0;�;�rѴou;7�bm�|_;�)

����m|;u-1ঞ�;��|Ѵ-vĺ

!;Ѵ-ঞ�;�v;-�Ѵ;�;Ѵ

�o-v|-Ѵ�Yoo7

Coastal erosion

�-ubm;�_;-|�-�;

Ocean acidity

�;-m�o1;-m�|;lr;u-|�u;

�-ubm;�_;-|�-�;

Ocean acidity

Ocean salinity

	bvvoѴ�;7�o��];m

�;-m�v�u=-1;�|;lr;u-|�u;�

��|u;l;�_;-|

Cold spell


uov|

�;-m�ru;1brb|-ঞom

!b�;u�Yoo7

�;-���ru;1brb|-ঞom�-m7�rѴ��b-Ѵ�Yoo7

Landslide

�ub7b|�

��7uoѴo]b1-Ѵ�7uo�]_|

�]ub1�Ѵ|�u-Ѵ�-m7�;1oѴo]b1-Ѵ�7uo�]_|


bu;��;-|_;u

Mean wind speed

";�;u;��bm7�v|oul

$uorb1-Ѵ�1�1Ѵom;

"-m7�-m7�7�v|�v|oul

"mo�ķ�]Ѵ-1b;u�-m7�b1;�v_;;|

Permafrost

�-h;ķ�ub�;u�-m7�v;-�b1;

�;-���vmo�=-ѴѴ�-m7�b1;�v|oul

Hail

"mo��-�-Ѵ-m1_;

�bu�roѴѴ�ঞom��;-|_;u

�|lovr_;ub1���ƨ�-|�v�u=-1;

!-7b-ঞom�-|�v�u=-1;

�;-|�-m7��oѴ7
"mo��-m7��1;

�o-v|-Ѵ
)
bm7

�r;m��1;-m
�|_;u

);|�-m7�	u�

Ɣ Ɣ ƐƔƐƔ

Ɣ Ɣ ƐƔƐƔ

ƑƔƑƔ ƒƔƒƔ ƓƔƓƔ ƔƔƔƔ NUMBER�OF����	�ş�COASTAL�!�����"

NUMBER�OF�OPENŊOCEAN�!�����"

Ő-ő
Ő0ő

Regions with high�1omC7;m1; bm1u;-v;
Regions with medium�1omC7;m1; bm1u;-v;
Regions with high 1omC7;m1; 7;1u;-v;
Regions with medium 1omC7;m1; 7;1u;-v;

�_-m];v�u;=;u�|o�-�ƑƏŋƒƏ�
�;-u�r;ubo7�1;m|u;7�-uo�m7�
ƑƏƔƏ�-m7ņou�1omvbv|;m|�
with 2°C global warming 
compared to a similar 
r;ubo7��b|_bm�ƐƖѵƏŋƑƏƐƓ�
ou�ƐѶƔƏŋƐƖƏƏĺ

bm|;u-1ঞ�;Ŋ-|Ѵ-vĺbr11ĺ1_

$_;�_;b]_|�o=�|_;�Ѵb]_|;u�v_-7;7�ļ;m�;Ѵor;Ľ�0;_bm7�;-1_�0-u�
u;ru;v;m|v�|_;�l-�bl�l�m�l0;u�o=�u;]bomv�=ou��_b1_�;-1_�
��	�bv�u;Ѵ;�-m|ĺ�$_;�;m�;Ѵor;�bv�v�ll;|ub1-Ѵ�-0o�|�|_;��Ŋ-�bv�
v_o�bm]�|_;�l-�bl�l�rovvb0Ѵ;�m�l0;u�o=�u;Ѵ;�-m|�u;]bomv�
=ou���	�bm1u;-v;�Ő�rr;u�r-u|ő�ou�7;1u;-v;�ŐѴo�;u�r-u|őĺ

��! ���!$ �����	
����$�!Ŋ"��	�	�ļ��(�����Ľ������	

�""�""�	 
&$&!� ������"

26

SPM

Summary for Policymakers

Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)
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Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)
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Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)
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Figure SPM.9 | Synthesis of the number of AR6 WGI reference regions where climatic impact-drivers are projected to change
A total of 35 climatic impact-drivers (CIDs) grouped into seven types are shown: heat and cold; wet and dry; wind; snow and ice; coastal; open ocean; and other. 
For each CID, the bar in the graph below displays the number of AR6 WGI reference regions where it is projected to change. The colours represent the direction 
of change and the level of confidence in the change: purple indicates an increase while brown indicates a decrease; darker and lighter shades refer to high and 
medium confidence, respectively. Lighter background colours represent the maximum number of regions for which each CID is broadly relevant.
Panel (a) shows the 30 CIDs relevant to the land and coastal regions, while panel (b) shows the five CIDs relevant to the open-ocean regions. Marine heatwaves 
and ocean acidity are assessed for coastal ocean regions in panel (a) and for open-ocean regions in panel (b). Changes refer to a 20–30-year period centred around 2050 
and/or consistent with 2°C global warming compared to a similar period within 1960–2014, except for hydrological drought and agricultural and ecological drought, which 
is compared to 1850–1900. Definitions of the regions are provided in Sections 12.4 and Atlas.1 and the Interactive Atlas (see https://interactive-atlas.ipcc.ch/).
{11.9, 12.2, 12.4, Atlas.1, Table TS.5, Figures TS.22 and TS.25} (Table SPM.1)
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��l0;u�o=�Ѵ-m7�ş�1o-v|-Ѵ�u;]bomv (a)�and or;mŊo1;-m�u;]bomv�(b) where each 1Ѵbl-ঞ1�blr-1|Ŋ7ub�;u (CID) is projected 
to bm1u;-v;�or 7;1u;-v;�with high�1omC7;m1; (dark shade) or medium 1omC7;m1; (light shade)
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Summary for Policymakers

D.1.1  This Report reaffirms with high confidence the AR5 finding that there is a near-linear relationship between cumulative 
anthropogenic CO2 emissions and the global warming they cause. Each 1000 GtCO2 of cumulative CO2 emissions is assessed 
to likely cause a 0.27°C to 0.63°C increase in global surface temperature with a best estimate of 0.45°C.41 This is a narrower 
range compared to AR5 and SR1.5. This quantity is referred to as the transient climate response to cumulative CO2 emissions 
(TCRE). This relationship implies that reaching net zero anthropogenic CO2 emissions42 is a requirement to stabilize 
human-induced global temperature increase at any level, but that limiting global temperature increase to a specific level 
would imply limiting cumulative CO2 emissions to within a carbon budget.43 {5.4, 5.5, TS.1.3, TS.3.3, Box TS.5} (Figure SPM.10)

41  In the literature, units of °C per 1000 PgC (petagrams of carbon) are used, and the AR6 reports the TCRE likely range as 1.0°C to 2.3°C per 1000 PgC in the underlying report, with 
a best estimate of 1.65°C.

42 The condition in which anthropogenic carbon dioxide (CO2) emissions are balanced by anthropogenic CO2 removals over a specified period (Glossary).

43  The term ‘carbon budget’ refers to the maximum amount of cumulative net global anthropogenic CO2 emissions that would result in limiting global warming to a given level with 
a given probability, taking into account the effect of other anthropogenic climate forcers. This is referred to as the total carbon budget when expressed starting from the pre-industrial 
period, and as the remaining carbon budget when expressed from a recent specified date (Glossary). Historical cumulative CO2 emissions determine to a large degree warming to 
date, while future emissions cause future additional warming. The remaining carbon budget indicates how much CO2 could still be emitted while keeping warming below a specific 
temperature level.

Figure SPM.10 | Near-linear relationship between cumulative CO2 emissions and the increase in global surface temperature 
Top panel: Historical data (thin black line) shows observed global surface temperature increase in °C since 1850–1900 as a function of historical cumulative carbon 
dioxide (CO2) emissions in GtCO2 from 1850 to 2019. The grey range with its central line shows a corresponding estimate of the historical human-caused surface 
warming (see Figure SPM.2). Coloured areas show the assessed very likely range of global surface temperature projections, and thick coloured central lines show the 
median estimate as a function of cumulative CO2 emissions from 2020 until year 2050 for the set of illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and 
SSP5-8.5; see Figure SPM.4). Projections use the cumulative CO2 emissions of each respective scenario, and the projected global warming includes the contribution 
from all anthropogenic forcers. The relationship is illustrated over the domain of cumulative CO2 emissions for which there is high confidence that the transient climate 
response to cumulative CO2 emissions (TCRE) remains constant, and for the time period from 1850 to 2050 over which global CO2 emissions remain net positive under 
all illustrative scenarios, as there is limited evidence supporting the quantitative application of TCRE to estimate temperature evolution under net negative CO2 emissions.
Bottom panel: Historical and projected cumulative CO2 emissions in GtCO2 for the respective scenarios.
{Section 5.5, Figure 5.31, Figure TS.18}
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all illustrative scenarios, as there is limited evidence supporting the quantitative application of TCRE to estimate temperature evolution under net negative CO2 emissions.
Bottom panel: Historical and projected cumulative CO2 emissions in GtCO2 for the respective scenarios.
{Section 5.5, Figure 5.31, Figure TS.18}
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KAYA IDENTITY
GHGemissions = P *
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P = global population

G = world GDP

E = global energy consumption

F = GHG emissions from human sources (fossil fuels)97
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Agriculture, 
Forestry 

and Other 
Land Use 

(AFOLU)
Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do not add to exactly 100% due to rounding to two significant figures. 
Credit: Dr. Priya Donti 
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What is the 
scale of the 

decarbonization 
challenge?

https://ourworldindata.org/co2-emissions
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Climate equity/justice:

Recognition that climate change is 
a social, ethical, and political 
issue, and that addressing its root 
requires confronting historical 
responsibility, colonial legacies, 
and systemic injustices.
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GOOD NEWS 
efficiency is increasing
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BAD NEWS 
total emissions still increasing
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COVID
Only 5.8% 

year on year 
decline in 
emissions

The Scale of the Challenge
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“The Paris Agreement’s central aim is to strengthen the global response to the 
threat of climate change by keeping a global temperature rise this century well 
below 2 degrees Celsius above pre-industrial levels and to pursue efforts 
to limit the temperature increase even further to 1.5 degrees Celsius.”

http://unfccc.int/paris_agreement/items/9485.php

The Paris Agreement (COP 21, Dec 2015)

2o limit comes from Yale Economist William Nordhaus in his 
1975 paper:  “Can We Control Carbon Dioxide?”

Based on idea that it would be reasonable to try to keep 
climate change within limits of “normal variation”

Nordhaus stressed that his thought process was 
“deeply unsatisfactory”

http://theconversation.com/why-is-climate-changes-2-degrees-celsius-of-warming-limit-so-important-82058
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Countries: Proposed Contributions

http://climateactiontracker.org/countries.html

If all countries followed the rated 
country’s approach, warming 
could be held below—but not well 
below—2°C for the “Almost 
sufficient” category. For the 
“Insufficient” category, the range is 
2°C to 3°C, for the “Highly 
Insufficient” 3°C to 4°C, and for 
“Critically insufficient” above 4°C. 
Given that the overall rating is an 
aggregate of different elements, 
we do not provide a warming 
range for it.
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CLIMATE 
ADAPTATION
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CLIMATE ADAPTATION
Robustness: Withstanding a range of 

outcomes with no/minimal impact


Resilience: Recovering quickly after impact
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ANY warming avoided is warming we 
don’t have to adapt to


(even if we don’t meet Paris Goals)
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ADAPTATION

are relocated from coastal areas to avoid being flooded or
affected by storm surges, these hazards will no longer pose a
threat; however, if they are fishers their coastal access may be
constrained, resulting in the inability to keep a protective eye
on their boats and fishing equipment, with adverse impacts on
incomes and livelihood security. Or if people are given money
to rebuild their homes after an extreme storm, they may decide
to continue living in the rubble and use the money for other
things, such as purchasing new livestock or a vehicle.

Thechallengewith studyingandunderstandingadaptation is that
it is a process as much as it is an outcome. This is because the
climate continues to change, with some known but significantly
more unknown consequences for natural and human systems.
Furthermore, multiple factors aside from climate influence how
effective an adaptation strategy can be, many of which are also
changing over time, such as the global economy. As a conse-
quence, if farmers in increasingly dry areas seeking to move away
from thirsty cash crops, such as sugarcane, rice, wheat, or cotton
that have reliable markets, toward drought-tolerant crops, such as
sorghumandmillet, thiscanbeacostlyand time-consuming invest-
ment that may initially hold promise, but potentially fail as a result of
market volatility and diet trends. This can be seen in Figure 1, where
an adaptive strategy can become maladaptive over time.

As a consequence, determining whether a specific adaptation
strategyhasbeeneffectiveor evenwhether it hasbeenacomplete
success is often difficult. Against this backdrop, the discussion on
maladaptation has been unable to draw strict and definitive lines
around the process that translates adaptation intomaladaptation.
Yet the concept is still important because it speaks to the constant
need to assess human behavior, expectations, and understand-

ingsof risk. In addition,maladaptation is a reminder thatmanaging
how humans relate to the environment around them is challenging
and that, as a result of imperfect knowledge, choices and deci-
sions can lead to adverse outcomes. Finally, maladaptation mat-
tersbecause it raisesawarenessof themultitudeofdifferent actors
who are ‘‘doing’’ adaptation, including both those who are
designing and implementing strategies, as well as those who are
the supposedbeneficiaries of the strategies. It draws our attention
to unequal power balances that exist within this system, and the
extent to which the factors that determine vulnerability to climate
change in the first place continue to be perpetuated through badly
designed adaptation strategies, resulting in maladaptation.

MALADAPTATION AT ONE END OF A SPECTRUM OF
RESPONSES

Adaptation to environmental change first appeared in the aca-
demic literature in the middle of the last century, but only became
a subject of study in the context of climate change in the 1990s. It
was contained in a small group of scholars but had abreakthrough
whennegotiations on theUNclimate changeconventionstalled as
countries battled over details around greenhouse gas emissions
reduction strategies in the early 2000s. With unclear prospects
for stopping climate change, it emerged as a more serious threat
to society, and the need to adapt to the impacts it would cause
was thrust into the mainstream. Until that point, scientists had
mainly taken a theoretical approach to studying adaptation,
among other things describing how adaptation could occur
through identifying typologies. These differentiated, for instance,
between planned adaptation driven by explicit plans, such as

Figure 1. A Conceptual Diagram of Adaptation Outcomes over Time, Including Maladaptation
Coping strategies are short-term actions that help people get through a difficult time, usually undertaken with a belief that the ‘‘normal’’ situation will soon return.
Coping strategies are usually high-cost and can become maladaptive over time if the situation does not improve. The figure describes different outcomes.
(A) An adaptation strategy can start out as a coping strategy focused on the short term, but then build resilience incrementally, so that it eventually leads to
positive adaptation.
(B) An adaptation strategy can go through incremental stages of effectiveness, but then succeed based on learning.
(C) A coping strategy with short-term implications can be applied several times without allowing people to adapt fully, but also without making them more
vulnerable.
(D) No response to a changing climate will eventually lead to increased vulnerability to climate change and can be considered maladaptive.
(E) Strategies that start out to adapt or coping can become maladaptive over time.
Adapted from Singh et al (2016).
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care. This refers to the way in which decision makers and others
with funding hold power over beneficiaries, by engaging them in
projects that they may not necessarily want, often without allow-
ing thorough consultations or equitable participation in project
design.
Research and practice have identified a number of solutions to

the types of maladaptive outcomes that can emerge from adap-
tation projects, some of which are described in Table 1. A large
portion of these involve having a better overview of the context
into which an adaptation strategy is to be implemented. For
example, the tension between different actors can also manifest
in confusion about who the intended project beneficiaries are, on
occasion leaving those who are the most vulnerable to climate
change marginalized from a project. Ironically, they are already
so marginalized such that their voices rarely get heard. As
described in Table 1, a solution to this would be to pay more
attention to who the different actors are; and, from a develop-
ment actors’ perspective, going beyond tried and tested net-
works to ensure that themost powerful people are not suppress-
ing any voices. Similarly, looking beyond the lifetime of the
project is crucial, so that not only secondary but also possible
tertiary impacts, at both positive and negative sides of a project,
are understood. When adaptation is autonomous, this would
involve reflection of the many different possible consequences
of decisions, some of which may be irreversible.

CONCLUSIONS

Maladaptation is when adaptation to climate change goes
beyond wrong. A number of slightly varying understandings of
this term exist. At the heart is the idea that maladaptation is an

unexpected and unwanted outcome of an adaptation strategy
that is originally implemented with good intentions. With growing
experience of adaptation on the ground, it has become clear that
poorly designed adaptation strategies are often the drivers of
maladaptation. However, there are a number of ways in which
these flaws can materialize, and they cannot always be known
in advance. They include not being aware of what drives vulner-
ability to climate change in the first place, putting emphasis on
the wrong actors, not understanding the wider development
context, and investing in infrastructure or other semi-permanent
changes that can lead to lock-in effects.
Over the last decade, experience with implementing adapta-

tion has become widespread, and the study of these experi-
ences have also followed suit. Researchers and practitioners
are starting to get a better picture of what can define the limits
to adaptation from physical, social, financial, and emotional
perspectives. Similarly, they are slowly beginning to grasp
how one might define adaptation success. At the same time,
the uncertainty of how climate change will affect ecosystems
and human societies means that every strategy carries a
certain degree of risk. In early days of adaptation scholarship,
the ideas of ‘‘win-win’’ or ‘‘no-regrets’’ adaptation strategies
were heralded as guiding principles, but over time it has
become clear that responding to climate change is complex,
and rarely is any strategy only positive. Adaptation strategies
need to be embedded in and consistent with development ef-
forts; however, many development trajectories are heading to-
ward unsustainability, making this alignment impossible.
Consequently, until vulnerability reduction is at the heart of
adaptation measures, the risk of maladaptation will continue
to linger.

Figure 2. A Spectrum of Responses from Adaptation to Maladaptation
This spectrum describes how adaptation and maladaptation can have different degrees of success or failure, spanning from transformation to climate-resilient
pathway, and ideal outcome of an adaptation strategy, to a situation where the target population is irreversibly more vulnerable to climate change. But some
maladaptive strategies may not be beyond repair and may be able to move back into the ineffective or even effective adaptation zone over time (as described in
Figure 1). Ineffective adaptation sits at the center, where the outcome is essentially negligibly positive or negative. This figure reflects a snapshot rather than
movement in time.
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ing any voices. Similarly, looking beyond the lifetime of the
project is crucial, so that not only secondary but also possible
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are understood. When adaptation is autonomous, this would
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of decisions, some of which may be irreversible.

CONCLUSIONS
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that is originally implemented with good intentions. With growing
experience of adaptation on the ground, it has become clear that
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maladaptation. However, there are a number of ways in which
these flaws can materialize, and they cannot always be known
in advance. They include not being aware of what drives vulner-
ability to climate change in the first place, putting emphasis on
the wrong actors, not understanding the wider development
context, and investing in infrastructure or other semi-permanent
changes that can lead to lock-in effects.
Over the last decade, experience with implementing adapta-

tion has become widespread, and the study of these experi-
ences have also followed suit. Researchers and practitioners
are starting to get a better picture of what can define the limits
to adaptation from physical, social, financial, and emotional
perspectives. Similarly, they are slowly beginning to grasp
how one might define adaptation success. At the same time,
the uncertainty of how climate change will affect ecosystems
and human societies means that every strategy carries a
certain degree of risk. In early days of adaptation scholarship,
the ideas of ‘‘win-win’’ or ‘‘no-regrets’’ adaptation strategies
were heralded as guiding principles, but over time it has
become clear that responding to climate change is complex,
and rarely is any strategy only positive. Adaptation strategies
need to be embedded in and consistent with development ef-
forts; however, many development trajectories are heading to-
ward unsustainability, making this alignment impossible.
Consequently, until vulnerability reduction is at the heart of
adaptation measures, the risk of maladaptation will continue
to linger.

Figure 2. A Spectrum of Responses from Adaptation to Maladaptation
This spectrum describes how adaptation and maladaptation can have different degrees of success or failure, spanning from transformation to climate-resilient
pathway, and ideal outcome of an adaptation strategy, to a situation where the target population is irreversibly more vulnerable to climate change. But some
maladaptive strategies may not be beyond repair and may be able to move back into the ineffective or even effective adaptation zone over time (as described in
Figure 1). Ineffective adaptation sits at the center, where the outcome is essentially negligibly positive or negative. This figure reflects a snapshot rather than
movement in time.
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care. This refers to the way in which decision makers and others
with funding hold power over beneficiaries, by engaging them in
projects that they may not necessarily want, often without allow-
ing thorough consultations or equitable participation in project
design.
Research and practice have identified a number of solutions to

the types of maladaptive outcomes that can emerge from adap-
tation projects, some of which are described in Table 1. A large
portion of these involve having a better overview of the context
into which an adaptation strategy is to be implemented. For
example, the tension between different actors can also manifest
in confusion about who the intended project beneficiaries are, on
occasion leaving those who are the most vulnerable to climate
change marginalized from a project. Ironically, they are already
so marginalized such that their voices rarely get heard. As
described in Table 1, a solution to this would be to pay more
attention to who the different actors are; and, from a develop-
ment actors’ perspective, going beyond tried and tested net-
works to ensure that themost powerful people are not suppress-
ing any voices. Similarly, looking beyond the lifetime of the
project is crucial, so that not only secondary but also possible
tertiary impacts, at both positive and negative sides of a project,
are understood. When adaptation is autonomous, this would
involve reflection of the many different possible consequences
of decisions, some of which may be irreversible.

CONCLUSIONS

Maladaptation is when adaptation to climate change goes
beyond wrong. A number of slightly varying understandings of
this term exist. At the heart is the idea that maladaptation is an

unexpected and unwanted outcome of an adaptation strategy
that is originally implemented with good intentions. With growing
experience of adaptation on the ground, it has become clear that
poorly designed adaptation strategies are often the drivers of
maladaptation. However, there are a number of ways in which
these flaws can materialize, and they cannot always be known
in advance. They include not being aware of what drives vulner-
ability to climate change in the first place, putting emphasis on
the wrong actors, not understanding the wider development
context, and investing in infrastructure or other semi-permanent
changes that can lead to lock-in effects.
Over the last decade, experience with implementing adapta-

tion has become widespread, and the study of these experi-
ences have also followed suit. Researchers and practitioners
are starting to get a better picture of what can define the limits
to adaptation from physical, social, financial, and emotional
perspectives. Similarly, they are slowly beginning to grasp
how one might define adaptation success. At the same time,
the uncertainty of how climate change will affect ecosystems
and human societies means that every strategy carries a
certain degree of risk. In early days of adaptation scholarship,
the ideas of ‘‘win-win’’ or ‘‘no-regrets’’ adaptation strategies
were heralded as guiding principles, but over time it has
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care. This refers to the way in which decision makers and others
with funding hold power over beneficiaries, by engaging them in
projects that they may not necessarily want, often without allow-
ing thorough consultations or equitable participation in project
design.
Research and practice have identified a number of solutions to

the types of maladaptive outcomes that can emerge from adap-
tation projects, some of which are described in Table 1. A large
portion of these involve having a better overview of the context
into which an adaptation strategy is to be implemented. For
example, the tension between different actors can also manifest
in confusion about who the intended project beneficiaries are, on
occasion leaving those who are the most vulnerable to climate
change marginalized from a project. Ironically, they are already
so marginalized such that their voices rarely get heard. As
described in Table 1, a solution to this would be to pay more
attention to who the different actors are; and, from a develop-
ment actors’ perspective, going beyond tried and tested net-
works to ensure that themost powerful people are not suppress-
ing any voices. Similarly, looking beyond the lifetime of the
project is crucial, so that not only secondary but also possible
tertiary impacts, at both positive and negative sides of a project,
are understood. When adaptation is autonomous, this would
involve reflection of the many different possible consequences
of decisions, some of which may be irreversible.

CONCLUSIONS

Maladaptation is when adaptation to climate change goes
beyond wrong. A number of slightly varying understandings of
this term exist. At the heart is the idea that maladaptation is an

unexpected and unwanted outcome of an adaptation strategy
that is originally implemented with good intentions. With growing
experience of adaptation on the ground, it has become clear that
poorly designed adaptation strategies are often the drivers of
maladaptation. However, there are a number of ways in which
these flaws can materialize, and they cannot always be known
in advance. They include not being aware of what drives vulner-
ability to climate change in the first place, putting emphasis on
the wrong actors, not understanding the wider development
context, and investing in infrastructure or other semi-permanent
changes that can lead to lock-in effects.
Over the last decade, experience with implementing adapta-

tion has become widespread, and the study of these experi-
ences have also followed suit. Researchers and practitioners
are starting to get a better picture of what can define the limits
to adaptation from physical, social, financial, and emotional
perspectives. Similarly, they are slowly beginning to grasp
how one might define adaptation success. At the same time,
the uncertainty of how climate change will affect ecosystems
and human societies means that every strategy carries a
certain degree of risk. In early days of adaptation scholarship,
the ideas of ‘‘win-win’’ or ‘‘no-regrets’’ adaptation strategies
were heralded as guiding principles, but over time it has
become clear that responding to climate change is complex,
and rarely is any strategy only positive. Adaptation strategies
need to be embedded in and consistent with development ef-
forts; however, many development trajectories are heading to-
ward unsustainability, making this alignment impossible.
Consequently, until vulnerability reduction is at the heart of
adaptation measures, the risk of maladaptation will continue
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Figure 2. A Spectrum of Responses from Adaptation to Maladaptation
This spectrum describes how adaptation and maladaptation can have different degrees of success or failure, spanning from transformation to climate-resilient
pathway, and ideal outcome of an adaptation strategy, to a situation where the target population is irreversibly more vulnerable to climate change. But some
maladaptive strategies may not be beyond repair and may be able to move back into the ineffective or even effective adaptation zone over time (as described in
Figure 1). Ineffective adaptation sits at the center, where the outcome is essentially negligibly positive or negative. This figure reflects a snapshot rather than
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and human societies means that every strategy carries a
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forts; however, many development trajectories are heading to-
ward unsustainability, making this alignment impossible.
Consequently, until vulnerability reduction is at the heart of
adaptation measures, the risk of maladaptation will continue
to linger.

Figure 2. A Spectrum of Responses from Adaptation to Maladaptation
This spectrum describes how adaptation and maladaptation can have different degrees of success or failure, spanning from transformation to climate-resilient
pathway, and ideal outcome of an adaptation strategy, to a situation where the target population is irreversibly more vulnerable to climate change. But some
maladaptive strategies may not be beyond repair and may be able to move back into the ineffective or even effective adaptation zone over time (as described in
Figure 1). Ineffective adaptation sits at the center, where the outcome is essentially negligibly positive or negative. This figure reflects a snapshot rather than
movement in time.
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Primer

Maladaptation may generate 
short term benefits, but can 
create conflicts and will not 

lead to long-term sustainability  

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2


ALSO, adaptation easier and more 
effective a lower warming levels

https://www.sciencedirect.com/science/article/pii/S2590332224000873
https://www.carbonbrief.org/guest-post-climate-adaptation-becomes-less-effective-as-the-world-warms/
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Our results provide important further context for mitigation
pathway analysis, because these largely do not account for im-
pacts or adaptation,50,51 leading to an incomplete pictures of
overall costs and effects of adaptation on the feasibility of the as-
sessed pathways.6,7,52 Since these models provide essential in-
formation to inform climate policy, the lack of representation of
impacts and adaptation implies that decisions are made based
on incomplete information, likely overestimating the potential
for and effectiveness of adaptation with progressing warming.51

The information provided by our study is not only crucial to better
understand the potential implications of climate policy choices in
terms of mitigation outcomes but it also helps illustrate resource
and investment needs for adaptation going forward.53 In combi-
nation with emerging approaches to that would better represent
adaptive capacity within integrated assessment models,54–56

our results would allow for better constraining adaptation poten-
tials within quantitative models.7

Our assessment highlights the need for stringent emissions re-
ductions to limit warming to 1.5!C, as stated in the Paris Agree-
ment, to enable effective adaptation. Of the options we are able

Figure 4. Shares of co-benefits, maladapta-
tion, and effectiveness levels
Share of data points indicating different levels of

effectiveness (details on classification in the exper-

imental procedures), as well as co-benefits and

maladaptive outcomes at GWLs of 1.5!C, 2!C, 3!C,

and 4!C, aggregated per region.

to assess quantitatively in this study, a
meandecline of 70%per degreeofwarming
across the most effective data points in the
ability to return the system to its previous
state is apparent with increasing warming,
implying thatresidual impacts will be experi-
enced after adaptation, especially for the
most vulnerable regions. Limiting warming
is thus an essential contribution to effective
adaptation. Adaptation is challenging and
insufficient for many regions today. With
the reduced effectiveness of tested options
at higher warming levels, catastrophic out-
comes become increasingly unavoidable.
With the addition of existing adaptation con-
straints, as well as additional adaptation
limits likely to be reached with higher warm-
ing levels,3 it will be increasingly difficult to
alleviate climate impacts across sectors
and regions.
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Co-benefts, Maladaptation,

& Effectiveness

https://www.sciencedirect.com/science/article/pii/S2590332224000873
https://www.carbonbrief.org/guest-post-climate-adaptation-becomes-less-effective-as-the-world-warms/
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Cobenefits 
& Tradeoffs 
to Climate 

Action

https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/gcb.16109

    | 2849SHIN et al.

TA B L E  1  Action targets for 2030, from the first draft of the post- 2020 global biodiversity framework of the CBD (refer to CBD (2021) 
for the full and exact wording of the targets), and examples of biodiversity measures with contributions to climate change mitigation, and 
the reliability associated with achieving mitigation outcomes. The colour coding reflects expert judgement based on scientific literature 
(see Table S1 and main text). Target 8 is the outcome of all targets having significant and reliable positive contributions to climate change 
mitigation. (T: Target, ILK: Indigenous and Local Knowledge, IPLC: Indigenous Peoples and Local Communities)
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Geoengineering

https://education.cfr.org/learn/reading/what-geoengineering
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https://education.cfr.org/learn/reading/what-geoengineering

Solar Radiation Management
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https://education.cfr.org/learn/reading/what-geoengineering

Carbon Dioxide Removal
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Not Theoretical…
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ClimeWorks (Mammoth Plant)

https://climeworks.com/news/the-carbon-removal-production-waterfall

• Company: ClimeWorks, Location: Iceland

• Powered 100% renewable (geothermal) energy; target 

peak capacity of 36,000 tons of CO2 per year (actual 
will be slightly lower)


• Annual Global Human CO2 Emissions: ~38.6 
BILLION tons (2024)


• To nullify these CO2 emissions, we would need 
~1,072,222 these plants operating in equivalent 
capacity (e.g., powered fully by renewable energy).
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Disadvantages of CDR
May be costly to 

implement at large scales


May take a long time to 
see climate benefits


May have other, 
unintended consequences 

for ecosystems (e.g., 
ocean fertilization)

Disadvantages of SRM
Must be continuously maintained, 

which can be expensive


Does not address the issue of 
ocean acidification at all


Global governance nightmare


May have other, unintended climate 
consequences (e.g., precipitation)

NONE OF THESE HAVE BEEN DEMONSTRATED TO WORK ON A 
SCALE NECESSARY TO ADDRESS CLIMATE CHANGE (YET). 
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The only thing that we know works 
is to leave it in the ground

https://www.nature.com/articles/s41586-024-08326-8 141
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Think back over the session. What are 
the three things you most want to 

remember? Take 60 seconds



Avoiding the worst outcomes will require BOTH 
adaptation and mitigation 

MORE EMISSIONS = MORE WARMING; Warming 
only stops when emissions stop

Any policy decisions will need to consider lots of 
uncertainties in terms of climate system response, 

co-benefits and tradeoffs

Geoengineering proposals are stopgaps, at best, and 
have never been demonstrated to work at scale

143



THANK YOU
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