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Section 1: Introduction
1. Introduction

This Synthesis Report (SYR) of the IPCC Sixth Assessment Report (AR6) summarises the state of knowledge
of climate change, its widespread impacts and risksclmete changenitigation and adaptation, based on

the peetreviewed scientific, technical ambcice c onomi ¢ | i t erature since the
Assessment Report (AR5) in 2014.

The assessment is undertaken within the context@fevolving international landscape, in particular,
developments in the UN Framework Convention orm@te Change (UNFCCC) process, including the
outcomes of the Kyoto Protocol and the adoption of the Paris Agredtrefiects the increasing diversity of
thoseinvolved in climate action.

This report integrates the main findings of the AR6 Working @roeport$ and the three AR6 Special
Reports. It recognizes the interdependence of climate, ecosystems and biodiversity, and human societies; the
value of diverse forms of knowledge; and the close linkages between climate change adaptation, mitigation,
ecosystem health, human wbking and sustainable development. Building on multiple analytical
frameworks, including those from thghysicaland social sciences, this report identifies opportunities for
transformative action which are effective, feasiplst and equitable using concepts of systems transitions and
resilient development pathway®ifferent regional classification scherfi@se used for physical, social and
economic aspects, reflecting the underlying literature.

After this introductionSection 2 &Current Status and Trendls, opens with the asses:
evidence for our changing climate, historical and current drivers of hindaned climate change, and its
impacts. It assesses the current implementation of adaptatiomidgdtion response options. Section 3,
dongTerm Climate and Development Futuies p r o v itaine assessmentmfrcigmate change to 2100

and beyond in a broad range of see@nomic futures. It considers letgym characteristicsimpads, risks
andcosts in adaptation and mitigation pathwNegs i n
Term Responses in a Changing Clindate assesses opportunities for sca
up to 2040, in the context of climate pigd, and commitments, and the pursuit of sustainable development.

Based on scientific understanding, key findings cafobmaulatedas statements of fact or associated with an
assessed level of confidence using the IPCC calibrated larfigiiagescientit findings are drawn from the
underlying reports and arise from their Summary for Policymakers (hereafter SPM), Technical Summary
(hereafter TS), and underlying chapters and are indicated by {} brackets. Figsihewslthe Synthesis Report
Figures Keya guide to visual icons that are used across multiple figures within this report.

! The three Working Group contributions to AR6 are: Climate Change 2021PAysical Science Basis; Climate Change 2022:
Impacts, Adaptation and Vulnerability; and Climate Change 2022: Mitigation of Climate Change, respectively. Their assessments
cover scientific literature accepted for publication respectively by 31 Januaryl282ptember 2021 and 11 October 2021.

2The three Special Reports are : Global Warming of 1.5°C (2018): an IPCC Special Report on the impacts of global wafi@ing of 1.
above prendustrial levels and related global greenhouse gas emission pathwayscantbxt of strengthening the global response

to the threat of climate change, sustainable development, and efforts to eradicate poverty (SR1.5); Climate Change@hé)Land (

an IPCC Special Report on climate change, desertification, land degradatsdainable land management, food security, and
greenhouse gas fluxes in terrestrial ecosystems (SRCCL); and The Ocean and Cryosphere in a Changing Climate (2019) (SROCC).
The Special Reports cover scientific literature accepted for publication respebiiviEbs May 2018, 7 April 2019 and 15 May 2019.

3 The GlossaryAnnex ) includes definitions of these, and other terms and concepts used in this report drawn from the ARG joint
Working Group Glossary.

4 Depending on the climate information context, gephieal regions in AR6 may refer to larger areas, such agsntnents and
oceanic regions, or to typological regions, such as monsoon regions, coastlines, mountain ranges or cities. A newaet AR&an

WGI reference land and ocean regions have deéned {1.4.5, 10.1, 11.9, 12.12.4, Atlas.1.3.81.3.4}. WGIII allocates countries

to geographical regions, based on the UN Statistics Division Classification {Annex I, WG IIl}.

5 Each finding is grounded in an evaluation of underlying evidence ameéragnt. A level of confidence is expressed using five
qualifiers: very low, low, medium, high and very high, and typeset in italics, for exametdum confidencelhe following terms

have been used to indicate the assessed likelihood of an outcometovirdisally certain 99100% probability; very likely 90100%;

likely 66i 100%; more likely than not >5000%; about as likely as not 133%%,; unlikely @33%; very unlikely 010%; and
exceptionally unlikely 01%. Additional terms (extremely likely 8300%;more likely than not >50L00%; and extremely unlikely

0i 5%) are also used when appropriate. Assessed likelihood also is typeset in italics: for examfilely This is consistent with

ARS. In this Report, unless stated otherwise, square bracketg]are used to provide the assesgy likelyrange, or 90% interval
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Synthesis Report Axis labels Italicized “annotations’
figures key & GHG emissions these help non-experts Simple explanations written
. navigate complex content iy non.technical language
4°C Temperature

© Cost or budget

net zero| Net zero

Figure 1.1: The Synthesis Report figures key.
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Section 2: Current Status and Trends

2.1 Observed Changes, Impacts and Attribution

Human activities, principally through emissions of greenhouse gases, have unequivocally cau
global warming, with global surface temperature reaching 1.1°C above 18500 in 201312020.
Global greenhouse gas emissions have continued to increase over 28009,with unequal historical

and ongoing contributions arising from unsustainable energy use, land use and lande change
lifestyles and patterns of consumption and production across regions, between and within countrig
and between individuals fiigh confidencg. Human-caused climate change is already affecting marf
weather and climate extremes in every region across the globe. This has led to widespread adv
impacts on food and water security, human health and on economies and society and related |o;
and damage&to nature and people ligh confidencg. Vulnerable communities who have historicallyj
contributed the least to current climate change are disproportionately affectech{gh confidencs.

2.1.1 Observed Warming and its Causes

Global surface temperature was around 1.1°C above 1850900 in 20112020 (1.09°C [0.95°C
1.20°CJY, with larger increases over land (1.59 [1.34 to 1.83]°C) than over the ocean (0.88°C [0.68°C
1.01°C]P. Observed warming is humancaused, with warming from greenhouse gas (GHG),
dominated by CG; and methane (CH), partly masked by aerosol coolingFigure 2.1). Global surface
temperature in the first two decades of the 21st century {202@) was 0.99 [0.84 to 1.10]°C higher than
1850-1900.Global surfacgemperature has increased faster since 1970 than in any othearsferiod over
at least the last 2000 yearkigh confidence The likely range of total humanaused global surface
temperature increase from 183@00 to 20102019 is 0.8°C to 1.3°C, wh a best estimate of 1.07°C. It is
likely that welkmixed GHG$? contributed a warming of 1.0Y2.0°C, and other human drivers (principally
aerosols) contributed a cooling of 0.0TC8°C, natural (solar and volcanic) drivers changed global surface
temperaure by +0.1°C and internal variability changed it by £0.Z¥WGI SPM A.1, WGI SPM A.1.2, WGI
SPM A.1.3, WGI SPM A.2.2, WGI Figure SPM.2; SRCCL TS.2}

Observed increases in watlixed GHG concentrations since around 1750 are unequivocally caused by GHG
emissions from human activitiekand and ocean sinks have taken up a-neastant proportion (globally

about 56% per year) of GQ@missions from human activities over the past six decades, with regional
differenceslfigh confidence In 2019,atmospheridCO. concentrations reaedd410 parts per million (ppm)

CH, reached 866 parts per billion (ppb) amitrousoxide (N2O) reached 332 pph Other major contributors

to warming are tropospheric ozones)@nd halogenateghse. Concentrations of CiHand NO have increased

to levels unprecedented in at least 800,000 yeany (high confidende and there ihigh confidencehat

current CQ concentrations are higher than at any time over at least the past two million years. Since 1750,
increases in CQ(47%) and CH: (156%) concentrations far excekednd increases in 4 (23%) are similar

toi the natural multimillennial changes between glacial and interglacial periods over at least the past 800,000

' n this report, the term 6losses and damagesd refendorto adv
norreconomic. (See Annex |: Glossary)

" Theestimated increase in global surface temperature since AR5 is principally due to further warming sin2@12003.19 [0.16

to 0.22] °C). Additionally, methodological advances and new datasets have provided a more complete spatial represévatagisn of

in surface temperature, including in the Arctic. These and other improvements have also increased the estimate ofaglbal surf
temperature change by approximately 0.1°C, but this increase does not represent additional physical warming since AR8 {WGI S
Al.2 and footnote 10}

8 For 18501900 to 20182022 the updated calculations are 1.15°C [1.00°25°C] for global surface temperature, 1.65°C [1.36°C
1.90°C] for land temperatures and 0.93°C [0.73°04°C] for ocean temperatures above 18800 using the exact same datasets
(updated by 2 years) and methods as employed in WGI.

9 The period distinction with the observed assessment arises because the attribution studies consider this slightljodafiee per
observed warming to 2012019 s 1.06°C [0.88°C1.21°C]. {WGI SPM footnote 11}

10 Contributions from emissions to the 262019 warming relative to 1850900 assessed from radiative forcing studies are: CO2

0.8 [0.5 to 1.2]°C; methane 0.5 [0.3 to 0.8]°C; nitrous oxide 0.1 [0.0 to O&tjéiGluorinated gases 0.1 [0.0 to 0.2]°C.

11 For 2021 (the most recent year for which final numbers are available) concentrations using the same observational giroducts an
methods as in AR6 WGI are: 415 ppm £0896 ppb Clt and 335 ppb BD. Note that theCO: is reported here using the WMO
CO2-X2007 scale to be consistent with WGI. Operationab @porting has since been updated to use the WMI2 X2019 scale.
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years very high confidendeThe netcooling effectwhich arises from anthropogenic aerosols peaked in the
late 20" century high confidence {WGI SPM A1.1, WGI SPM A1.3, WGI SPM A.2.1, WGI Figure SPM.2,
WGI TS 2.2, WGI 2ES, WGI Figure 6.1}

[START FIGURE 2.1HERE]
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Figure 2.1: The causal chain from emissions to resulting warming of the climate systenEmissions of GHG have
increased rapidly over recent decagemgl (a)). Global net anthropogenic GHG emissions include fe@n fossil fuel
combustion and industrial processes (FBI) (dark green); net C&rom land use, landise change and forestry (€O
LULUCF) (green); CH; N2O; and fluorinated gases (HFCs, PFCss, =) (light blue). These emissions have led to
increases in the atmospheric concentrations of several Gidfading the three major wethixed GHGs CQ CH, and
N2O (panel (b), annual val ues) . To indicate their r elChtandv e
N2O is scaled to match the assessed individual direct effect (and, in the dask ioflirect effect via atmospheric
chemistry impacts on tropospheric ozone) of historical emissions on temperature change fidi8AB&D20102019.
This estimate arises from an assessment of effective radiative forcing and climate sensitivity. Bhesigfabe
temperature (shown as annual anomalies from aillB&D baseline) has increased by around 1.1°C since 1860
(panel (c). The vertical bar on the right shows the estimated temperatene lkelyrange) during the warmest multi

m

century perid in at least the last 100,000 years, which occurred around 6500 years ago during the current interglacial
period (Holocene). Prior to that, the next most recent warm period was about 125,000 years ago, when the assessed multi
century temperaturerange39Ci1 . 5 | overl aps the observations of the

were caused by slow (mutlthillennial) orbital variations. Formal detection and attribution studies synthesise information
from climate models and observations and shitat the best estimate is that all the warming observed betweeh 1850
1900 and 201019 is caused by humarmatfel (d)). The panel shows temperature change attributed to: total human

influence; its decomposition into changes in GHG concentrations anchoiiman drivers (aerosols, ozone and lasd
change (landise reflectance)); solar and volcanic drivers; and internal climate variability. Whiskerdilsdigwanges.
{WGI SPM A.2.2, WGI Figure SPM.1, WGI Figure SPM.2, WGI TS2.2, WGI 2.1; WGIII Figure SPWGIII

A.llLIL2.5.1}

[END FIGURE 2.1 HERE]

Average annual GHG emission® during 2010/ 2019 were higher than in any previous decade, but the
rate of growth between 2010 and 2019 (1.3% ¥J was lower than that between 2000 and 2009 (2.1%yr
1. Historical cumulative net C£emissions from 1850 to 2019 were 2400 +240 GtQ@ these, more than
half (58%) occurred between 1850 and 1989 [1400 +195 &t@@d about 42% between 1990 and 2019
[1000 £90 GtCQ. Global net anthropogenic GHG emissions have been estimated to bé 83€&-eq in
2019, about 12% (6.5 GtG@q) higher than in 2010 and 54% (21 Gt&Q) higher than in 1990. By 2019,
the largest growth in gross emissions occurred in f@@n fossil fuels and industry (G&-FI) followed by
CH,, whereas the highest relagigrowth occurred in fluorinated gasesg@&ses), starting from low levels in
1990. high confidence{WGIII SPM B1.1, WGIII SPM B.1.2, WGIII SPM B.1.3, WGIII Figure SPM.1,
WGIII Figure SPM.2}

[START FIGURE 2.2 HERE]

12 GHG emission metrics are used to express emissions of different GHGs in a common unit. Ag@etaemissions in this report

are stated in Cfequivalents (C®eq) using the Global Warming Potential with a time horizon of 100 years (GWP100) with values

based on the contribution of Working Group | to the AR6. The AR6 WGI and WGIII reports copthited emission metric values,

evaluations of different metrics with regard to mitigation objectives, and assess new approaches to aggregating gases.ofhe ch

metric depends on the purpose of the analysis and all GHG emission metrics have linaitationcertainties, given that they simplify

the complexity of the physical climate system and its response to past and future GHG emissions. {WGI SPM D.1.8, WGl 7.6; WGI

SPM B.1, WGIII CrossChapter Box 2.2(Annex |: Glossary
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Emissions have grown in most regions but are distributed unevenly,
both in the present day and cumulatively since 1850

a) Historical cumulative net anthropogenic b) Net anthropogenic GHG emissions per capita
CO, emissions per region (1850-2019) and for total population, per region (2019)
0, GHG
North America North America
Europe 20

Australia, Japan and New Zealand
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1850 1990 2019 I All GHG emissions
L .
- T f q GHG
) Global net anthropogenic GHG emissions by region (1990-2019) 59 GtCO,-eq
60 International shipping and aviation
33 GtCOy-eq Australia, Japan and New Zealand
Middle East
— 50 Eastern Europe and West-Central Asia
% Total: 42 GtCO--eq Europe i
g 38 GtCO-eq 2% rop
=) — Southern Asia
b1
=) Africa
g 30 I South-East Asia and Pacific
g Latin America and Caribbean
a 7
s 0 North America
a
§
10
% Eastern Asia
(&
® 0
1990 2000 2010 2019
d) Regional indicators (2019) and regional production vs consumption accounting (2018)
Africa Australia, Eastern Eastern Europe Latin Middle North South-East Southern
Japan, Asia Europe, America East America Asiaand Asia
New West- and Pacific
Zealand Central Asia Caribbean
Population (million persons, 2019) 1292 157 1471 291 620 646 252 366 674 1836
GDP per capita (USD1000;, 2017 per person) ' 5.0 43 17 20 43 15 20 61 12 6.2
Net GHG 2019 2 (production basis)
GHG emissions intensity (tCO,-eq / USD1000pp, 2017) 0.78 0.30 0.62 0.64 0.18 061 0.64 0.31 0.65 042
GHG per capita (tCO,-eq per person) 39 13 11 13 7.8 0% 13 19 79 26
CO,FFl, 2018, per person
Production-based emissions (tCO,FFI per person, based on 2018 data) 1.2 10 8.4 9.2 6.5 28 8.7 16 26 16
Consumption-based emissions (tCO,FFl per person, based on 2018 data) 0.84 1 6.7 6.2 78 28 76 17 2.5 1.5
' GDP per capita in 2019 in USD2017 currency purchasing power basis. The regional groupings used in this figure are for statistical
2 Includes CO,FFI, CO,LULUCF and Other GHGs, excluding international aviation and shipping. purposes only and are described in WGIII Annex Il Part I.

Figure 2.2: Regional GHG emissios, and the regional proportion of total cumulative productionbased CQ
emissions from 1850 to 201%anel (a)shows the share of historical cumulative net anthropogenjce@(i¥sions per

region from 1850 to 2019 in GtCGOThis includes C@FFI and CQ-LULUCF. Other GHG emissions are not included.
CO,-LULUCF emissions are subject to high uncertainties, reflected by a global uncertainty estimate of +70% (90%
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confidence interval)Panel (b)shows the distribution of regional GHG emissions in tonnes&tfper capita by region

in 2019. GHG emissions are categorised into>-€Bl; net CO-LULUCF; and other GHG emissions (GHN.O,
fluorinated gases, expressed in &9 using GWP10@R6). The height of each rectangle shows per capita emissions,

the width show the population of the region, so that the area of the rectangles refers to the total emissions for each region.
Emissions from international aviation and shipping are notincluded. In the case of two regions, the arga i @CF

is below the axis, idicating net C@Qremovals rather than emissiozanel (c)shows global net anthropogenic GHG
emissions by region (in GtG&q yf* (GWP1060AR®6)) for the time period 199@019. Percentage values refer to the
contribution of each region to total GHG emissadn each respective time period. The singlar peak of emissions in

1997 was due to higher GQULUCF emissions from a forest and peat fire event in South East Asia. Regions are as
grouped in Annex Il of WGIIIPanel (d)shows population, GDP per pens@mission indicators by region in 2019 for

total GHG per person, and total GHG emissions intensity, together with prodbesed and consumptidrased C@

FFI data, which is assessed in this report up to 2018. Consuniatienl emissions are emissiaeteased to the
atmosphere in order to generate the goods and services consumed by a certain entity (e.g., region). Emissions from
international aviation and shipping are not included. {WGlIII Figure SPM.2}

[END FIGURE 2.2 HERE]

Regional contributions to global human-caused GHG emissions continue to differ widelyHistorical
contributions of C@emissions vary substantially across regions in terms of total magnitude, but also in terms
of contributions to C@FFI (1650 + 73 GtC®eq) and net COLULUCF (760 220 GtC(Q-eq) emissions
(Figure 2.2). Variations in regional and national per capita emissions partly reflect different development
stages, but they also vary widely at similar income levels. Average per capita net anthropogenic GHG
emissions in 2019 rmed from 2.6 tC®eq to 19 tC@eq across regions (Figure 2.2). Least developed
countries (LDCs) and Small Island Developing States (SIDS) have much lower per capita emissions {1.7 tCO2
eqg and 4.6 tCO2q, respectively) than the global average (6.9:4&{), excluding C@LULUCF. Around

48% of the global population in 2019 lives in countries emitting on average more thap-&g@er capita,

35% of the global population live in countries emitting more than %-&Oper capitd (excluding CG-
LULUCF) while another 41% live in countries emitting less than 3:;t€Pper capita. A substantial share of

the population in these leemitting countries lack access to modern energy servib&gh ¢onfidence

{WGIII SPM B.3, WGIII SPM B31, WGIII SPM B.3.2, WGIII SPM B.3.3}

Net GHG emissions have increased since 2010 across all major sectdngh confidencd. In 2019,
approximately 34% (20 GtC&eq) of net global GHG emissions came from the energy sector, 24% (14-GtCO
eq) from industry22% (13 GtC@eq) from AFOLU, 15% (8.7 GtC£eq) from transport and 6% (3.3 Gt&O

eq) from building$ (high confidence Average annual GHG emissions growth between 2010 and 2019
slowed compared to the previous decade in energy supply (from 2.3% tpanh@%ndustry (from 3.4% to
1.4%) but remained roughly constant at about 2%irythe transport sectohigh confidence About half of

total net AFOLU emissions are from @OULUCF, predominantly from deforestatigmedium confidenge
Land overall costituted a net sink df6.6 (+4.6) GtCQyr'* for the period 2012019° (medium confidenge
{WGIII SPM B.2, WGIII SPM B.2.1, WGIII SPM B.2.2, WGIII TS 5.6.1}

Human-caused climate change is a consequence of more than a century of net GHG emissions from
energy use, landuse and land use change, lifestyle and patterns of consumption, and production.
Emissions reductions in G@&rom fossil fuels and industrial processes (G&R), due to improvements in
energy intensity of GDP and carbon intensity of endngye been less than emissions increases from rising
global activity levels in industry, energy supply, transport, agriculture and buildings. The 10% of households
with the highest per capita emissions contributé4346 of global consumptiebhased houselh GHG
emissions, while the middle 40% contributé 88%, and the bottom 50% contribute 18%. An increasing

share of emissions can be attributed to urban areas (a rise from about 629%2% &* the global share
between 2015 and 2020). THevers of urban GHG emissiofisare complex and include population size,

13 Territorial emissions

14 GHG emission levels are rounded to two significant digits; as a consequence, small differences in sums due to roundimg may oc
{WGIII SPM footnote 8}

15 Comprising a gross sink ef2.5 (+3.2) GtCQyr* resulting from responses of all land to both antbgenic environmental change

and natural climate variability, and net anthropogenie-COLUCF emissions +5.9 (+4.1) GtGOr! based on bookeeping models

{WGIII SPM Footnote 14}.

16 This estimate is based on consumpii@sed accounting, including both direct emissions from within urban areas, and indirect
emissions from outside urban areas related to the production of electricity, goods and services consumed in citiegndiesse est
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income, state of urbanisation and urban folmgh confidence {WGIII SPM B.2, WGIII SPM B.2.3, WGIII
SPM B.3.4, WGIII SPM D.1.1}

2.1.2 Observed Climate System Changes damgbacts to Date

It is unequivocal that human influence has warmed the atmosphere, ocean and lantfidespread and

rapid changes in the atmosphere, ocean, cryospheaad biosphere have occurred (Table 2.1The scale

of recent changes across the climatdesyisas a whole and the present state of many aspects of the climate
system are unprecedented over many centuries to many thousands df igaems likelythat GHG emissions

were the main drivéf of tropospheric warming anektremely likelythat humarcaused stratospheric ozone
depletion was the main driver of stratospheric cooling between 1979 and ti8%90isl It isvirtually certain

that the global upper ocean-700m) has warmed since the 1970s axidemely likelythat human influence

is the mairdriver. Ocean warming accounted for 91% of the heating in the climate system, with land warming,
ice loss and atmospheric warming accounting for about 5%, 3% and 1%, respegitivetpfidence Global

mean sea level increased by 0.20 [DAL85] m betveen 1901 and 2018. The average rate of sea level rise was
1.3 [0.6 to 2.1)Jmm yd between 1901 and 1971, increasing to 1.9 [0.8 to 2.9] mibgtween 1971 and

2006, and further increasing to 3.7 [3.2th2] mm yrl between 2006 and 2018igh confideroe). Human
influence was very likely the main driver of these increases since at least 1971 (Figure 3.4). Human influence
is very likelythe main driver of the global retreat of glaciers since the 1990s and the decrease in Arctic sea ice
area between 1972988 and 201i®019. Human influence has alsery likely contributed to decreased
Northern Hemisphere spring snow cover and surface melting of the Greenland ice shagualliscertain

that humarcaused C@emissions are the main driver of currelotgl acidification of the surface open ocean.
{WGI SPM A.1, WGI SPM A.1.3, WGI SPM A.1.5, WGI SPM A.1.6, WG1 SPM Al1.7, WGI SPM A.2,
WG1.SPM A.4.2; SROCC SPM.A.1, SROCC SPM A.2}

[START TABLE 2.1 HERE]

Table 2.1: Assessment of observed changes in largeale indicators of mean climate across climate system
components, and their attribution to human influence.The colour coding indicates the assessed confidence in /
likelihood'® of the observed change atiee human contribution as a driver or main driver (specified in that case) where
available (see colour key). Otherwise, explanatory text is provided. {WGI Table TS.1}

include all CQ and CH emission categories except for aviation and marine bunker fuelsusendhange, forestry and agriculture

{WGIII SPM footnote 15}

“"6Main driver6 means responsible for more than 50% of the <ch
18 Based o scientific understanding, key findings can be formulated as statements of fact or associated with an assessed level of
confidence indicated using the IPCC calibrated language.
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L Observed change Human contribution
Change in indicator assessment assessment
Atmosphere likel r'anjqepf human contribution
and water cycle Warming of global mean surface air temperature since 1850-1900 :L?_le“ciocgg;c;a'uﬁﬁﬁ? t?ﬁ)“’;’%"é‘kc&"ﬁ
Warming of the troposphere since 1979 _
Cooling of the lower stratosphere since the mid-20th century _ Main driver 1979 - mid-1990s
Large-scale precipitation and upper troposphere humidity changes since 1979
Expansion of the zonal mean Hadley Circulation since the 1980s Southern Hemisphere
Ocean , ) -
Ocean heat content increase since the 1970s Main driver
Sa“mw Changgg since the 20 cent N _ _
Global mean sea level rise since 1970 _
Cryosphere ) ‘ )
Arctic sea ice loss since 1979
Reduction in Northern Hemisphere springtime snow cover since 1950
Greenland ice sheet mass loss since 1990s _
Antarctic ice sheet mass loss since 1990s Limited evidence & medium agreement
Retreat of glaciers
Carbon cycle Increased amplitude of the seasonal cycle of .
. ; Main driver
atmospheric CO; since the early 1960s
fediicetion of e gIOhBI sufece ocean _
Land climate Mean surface air temperature over land
(about 40% larger than global mean warming)
Synthesis
y Warming of the global climate system since preindustrial times
Key L J 1
medium likely / high  very likely — extremely virtually fact
confidence  confidence likely certain

[END TABLE 2.1 HERE]

Human-caused climate change is already affecting many weath&nd climate extremes in every region

across the globe. Evidence of observed changes in extremes such as heatwaves, heavy precipitation,
droughts, and tropical cyclones, and, in particular, their attribution to human influence, has
strengthened since ARYFigure 2.3).1t is virtually certainthat hot extremes (including heatwaves) have
become more frequent and more intense across most land regions since the 1950s (Figure 2.3), while cold
extremes (including cold waves) have become less frequent andvess sathhigh confidencéhat human

caused climate change is the main driver of these chavigeise heatwaves have approximately doubled in
frequency since the 198(@sigh confidence)and human influence hasry likelycontributed to most of them

since at least 2008.he frequency and intensity of heavy precipitation events have increased since the 1950s
over most land areas for whiabservational data are sufficient for trend analyBighl confidencg and
humancaused climate change likely the main driver (Figure 2.3). Humaraused climate change has
contributed to increases in agricultural and ecological droughts in some regions due to increased land
evapotranspiratiomiedium confidengdFigure 2.3)lt is likely that the global proportion ahajor (Category

3i 5) tropical cyclone occurrence has increased over the last four de&@IsSPM A.3, WGI SPM A3.1,

WGI SPM A3.2; WGI SPM A3.4; SRCCL SPM.A.2.2; SROCC SPM. A.2}
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[START FIGURE 2.3 HERE]

Climate change has impacted human and natural systems across the
world with those who have generally least contributed to climate
change being most vulnerable

a) Synthesis of assessment of observed change in hot extremes, heavy precipitation and
drought, and confidence in human contribution to the observed changes in the world’s regions

Hot extremes £_~including heatwaves Dimension of Risk: @&—— Hazard
North O Key

America ‘

Type of observed change since the 19505

009

Small

Central
America

Small
Islands

America

(@) Heavy precipitation

North
America ‘

Central
America

Small
Islands

Australasia

North
America ‘

Small
Central Islands
America
‘ NAU -
. Small
Islands

Australasia

Decrease
O Limited data and/or literature

O Low agreement in the type of change

Confidence in human contribution
to the observed change
eee High
ee [Viedium
e Low due to limited agreement
o Low due to limited evidence

Each hexagon corresponds
to aregion

NWJ\ North-Western
( | North America

IPCC AR6 WGl reference regions:

North America: NWN (North-Western North
America, NEN (North-Eastern North
America), WNA (Western North America),
CNA (Central North America), ENA (Eastern
North America), Central America: NCA
(Northern Central America), SCA (Southern
Central America), CAR (Caribbean), South
America: NWS (North-Western South
America), NSA (Northern South America),
NES (North-Eastern South America), SAM
(South American Monsoon), SWS
(South-Western South America), SES
(South-Eastern South America), SSA
(Southern South America), Europe: GIC
(Greenland/Iceland), NEU (Northern Europe),
WCE (Western and Central Europe), EEU
(Eastern Europe), MED (Mediterranean),
Africa; MED (Mediterranean), SAH (Sahara),
WAF (Western Africa), CAF (Central Africa),
NEAF (North Eastern Africa), SEAF (South
Eastern Africa), WSAF (West Southern
Africa), ESAF (East Southern Africa), MDG
(Madagascar), Asia: RAR (Russian Arctic),
WSB (West Siberia), ESB (East Siberia), RFE
(Russian Far East), WCA (West Central Asia),
ECA (East Central Asia), TIB (Tibetan
Plateau), EAS (East Asia), ARP (Arabian
Peninsula), SAS (South Asia), SEA (South East
Asia), Australasia: NAU (Northern Australia),
CAU (Central Australia), EAU (Eastern
Australia), SAU (Southern Australia), NZ
(New Zealand), Small Islands: CAR
(Caribbean), PAC (Pacific Small Islands)
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b) Vulnerability of population & per capita emissions per country in 2019 Dimension =" Vulnerability
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Figure 2.3: Both vulnerability to current climate extremes and historical contribution to climate change are highly
heterogeneous with many of those who have least contributed to climate change to date being most vulnerable to

its impacts. Panel (a)The IPCC AR6 WGI ihabited regions are displayed as hexagons with identical size in their
approximate geographical location (see legend for regional acronyms). All assessments are made for each region as a
whole and for the 1950s to the present. Assessments made on tifieeiscales or more local spatial scales might

differ from what is shown in the figure. The colours in each panel represent the four outcomes of the assessment on
observed changes. Striped hexagons (white anddiggy) are used where therdasv agreenentin the type of change

for the region as a whole, and grey hexagons are used when there is limited data and/or literature that prevents an
assessment of the region as a whole. Other colours indicate amigisim confidence the observed change. &h
confidence level for the human influence on these observed changes is based on assessing trend detection and attribution
and event attribution literature, and it is indicated by the number of dots: three dbighf@monfidencetwo dots for

medium conflenceand one dot fotow confidence(single, filled dot:limited agreementsingle, empty dotlimited

evidencg For hot extremes, the evidence is mostly drawn from changes in metrics based on daily maximum temperatures;
regional studies using other iods (heatwave duration, frequency and intensity) are used in addition. For heavy
precipitation, the evidence is mostly drawn from changes in indices based-dayooefiveday precipitation amounts

Ocean ¥=
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using global and regional studies. Agricultural andi@gical droughts are assessed based on observed and simulated
changes in total column soil moisture, complemented by evidence on changes in surface soil moisture, water balance
(precipitation minus evapotranspiration) and indices driven by precipitatbatarospheric evaporative demaRdnel
(b)shows the average | evel of wvul ner abi }HAFltenissompergpgat a c O
per country for the 180 countries for which both sets of metrics are available. Vulneraldlitpatibn isbased on two

global indicator systems, namely INFORM and World Risk Index. Countries with a relatively low average vulnerability
often have groups with high vulnerability within their population and vice versa. The underlying data includes, for
example, information on poverty, inequality, health care infrastructure or insurance coRarag€c)Observed impacts

on ecosystems and human systems attributed to climate change at global and regional scales. Global assessments focu:
on large studiesmulti-species, metanalyses and large reviews. Regional assessments consider evidence on impacts
across an entire region and do not focus on any country in particular. For human systems, the direction of impacts is
assessed and both adverse and poditipacts have been observed e.g., adverse impacts in one area or food item may
occur with positive impacts in another area or food item (for more details and methodology see WGII SMTS.1). Physical
water availability includes balance of water availablerfrearious sources including ground water, water quality and
demand for water. Global mental health alieplacement assessmergflect only assessed regions. Confidence levels

reflect the assessment of attribution of the observed impact to climate ck@&rmge.Figure SPM.3, Table TS.5,
Interactive Atlas; WGII Figure SPM.2, WGII SMTS.1, WGII 8.3.1, Figure 8.5; WGIII 2.2.3}

[END FIGURE 2.3 HERE]

Climate change has caused substantial damages, and increasingly irreversiblesses, in terrestrial,
freshwater, cryospheric and coastal and opemcean ecosystemshigh confidencg. The extent and
magnitude of climate change impacts are larger than estimated in previous assessmertggh{
confidencg. Approximately half of the spées assessed globally have shifted polewards or, on land, also to
higher elevationssery high confidengeBiological responses including changes in geographic placement and
shifting seasonal timing are often not sufficient to cope with recent climatgehgry high confidende
Hundreds of local losses of species have been driven by increases in the magnitude of heat kighemes (
confidenc® and mass mortality events on land and in the oceanry high confidende Impacts on some
ecosystems are amarching irreversibility such as the impacts of hydrological changes resulting from the
retreat of glaciers, or the changes in some mountagdium confidengeand Arctic ecosystems driven by
permafrost thaw High confidencg Impacts in ecosystems fromoglonset processes such as ocean
acidification, sea level rise or regional decreases in precipitation have also been attributed toadusedn
climate changehigh confidence Climate change has contributed to desertification and exacerbated land
degrad#on, particularly in low lying coastal areas, river deltas, drylands and in permafrost kigdas (
confidenc® Nearly 50% of coastal wetlands have been lost over the last 100 years, as a result of the combined
effects of localised human pressures, seallgse, warming and extreme climate evelhiglf confidence

{WGII SPM B.1.1, WGII SPM B.1.2, WGII Figure SPM.2.A, WGII TS.B.1; SRCCL SPM A.1.5, SRCCL
SPM A.2, SRCCL SPM A.2.6, SRCCL Figure SPM.1; SROCC SPM A.6.1, SROCC SPM, A.6.4, SROCC
SPM A.7}

Climate change has reduced food security and affected water security due to warming, changing
precipitation patterns, reduction and loss of cryospheric elements, and greater frequency and intensity

of climatic extremes, thereby hindering efforts to meet Sustaable Development Goals High
confidencg. Although overall agricultural productivity has increased, climate change has slowed this growth
in agricultural productivity over the past 50 years glob@iedium confidengewith related negative crop
yield impacts mainly recorded in midnd low latitude regions, and some positive impacts in some high
latitude regionsh(igh confidence Ocean warming in the 20th century and beyond has contributed to an overall
decrease in maximum catch potenfialedium confidncd, compounding the impacts from overfishing for
some fish stocksh{gh confidencke Ocean warming and ocean acidification have adversely affected food
production from shellfish aquaculture and fisheries in some oceanic regighcénfidence Currert levels

of global warming are associated with moderate risks from increased dryland water dugicitgiifidence
Roughly half of the worl dbés population currently
year due to a combinatioof climatic and nostlimatic drivers fnedium confidenge(Figure 2.3).
Unsustainable agricultural expansion, driven in part by unbalanced’ dietseases ecosystem and human

19 See Annex I: Glossary.

20 Balanced diets feature plabased foods, such asose based on coarse grains, legumes fruits and vegetables, nuts and seeds, and
animatsource foods produced in resilient, sustainable and36l6 emissions systems, as described in SRCCL. {WGII SPM Footnote

32}
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vulnerability and leads to competition for land and/or watepurceshigh confidence Increasing weather
and climate extreme events have exposed millions of people to acute food inSeandtyeduced water
security, with the largest impacts observed in many locations and/or communities in Africa, Asid,aDentra
South America, LDCs, Small Islands and the Arctic, and for sscale food producerdpw-income
households and Indigenous Peoples glolailigh confidence {WGIlI SPM B.1.3, WGII SPM.B.2.3, WGII
Figure SPM.2, WGII TS B.2.3, WGII TS Figure TS. ®EGCL SPM A.2.8, SRCCL SPM A.5.3; SROCC
SPM A.5.4., SROCC SPM A.7.1, SROCC SPM A.8.1, SROCC Figure SPM.2}

In urban settings, climate change has caused adverse impacts on human health, livelihoods and key
infrastructure (high confidencg. Hot extremes inciding heatwaves have intensified in citigggh
confidence)where they have also worsened air pollution evenéslium confidengeand limited functioning

of key infrastructurehligh confidence Urban infrastructure, including transportation, waterjtaton and
energy systems have been compromised by extreme andssatevents, with resulting economic losses,
disruptions of services and impacts to wmding (high confidence)Observed impacts are concentrated
amongst economically and socially rgimalised urban residents, e.g., those living in informal settlements
(high confidence)Cities intensify humaiaused warming locallyéry high confidendewhile urbanisation
also increases mean and heavy precipitation over and/or downwind ofroédiart confidengeand resulting
runoff intensity bigh confidence {WGI SPM C.2.6; WGII SPM B.1.5, WGII Figure TS.9, WGII 6 ES}

Climate change hasadversely affected human physical lealth globally and mental health in assessed

regions {very high confideree), and is contributing to humanitarian crises where climate hazards interact

with high vulnerability (high confidencé. In all regions increases in extreme heat events have resulted in
human mortality and morbiditywéry high confidenge The occurrence of climatelated fooeborne and
waterborne diseases has increasgdry high confidenge The incidence of vectdvorne diseases has
increased from range expansion and/or increased reproduction of disease hagharsr{fidence Animd

and human diseases, including zoonoses, are emerging in newhigbasoffidence In assessed regions,

some mental health challenges are associated with increasing tempetagireoiifidence trauma from

extreme eventsvéry high confidenge andloss of livelihoods and culturéhigh confidence (Figure 2.3).

Climate change impacts on health are mediated through natural and human systems, including economic and
social conditions and disruptionkigh confidence Climate and weather extremes arer@asingly driving
displacement in Africa, Asia, North Americhigh confidencg and Central and South Americaddium
confidence (Figure 2.3) , with small island states in the Caribbean and South Pacific being disproportionately
affected relative to thie small population sizehfgh confidence Through displacement and involuntary
migration from extreme weather and climate events, climate change has generated and perpetuated
vulnerability (nedium confidenge{WGII SPM B.1.4, WGII SPM B.1.7}

Human influence haslikely increased the chance of compound extreme evefitsince the 1950s.
Concurrent and repeated climate hazards have occurred in all regions, increasing impacts and risks to
health, ecosystems, infrastructure, livelihoods and foodhigh confidence). Compound extreme events
include increases in the frequency of concurrent heatwaves and drcuightsdnfidenck fire weather in

some regionsniedium confidengpand compound flooding in some locatiomge@ium confidengeMultiple

risks interactgenerating new sources of vulnerability to climate hazards, and compounding overhlbtisk (
confidenc®& Compound climate hazards can overwhelm adaptive capacity and substantially increase damage
(high confidenceYWGI SPM A.3.5; WGII SPM. B.5.1, WGITS.C.11.3}

Economic impacts attributable to climate change are increasingly affecting peoples' livelihoods and are
causing economic and societal impacts across national boundar{gggh confidence) Economic damages
from climate change have bedetected in climatexposed sectors, with regional effects to agriculture,
forestry, fishery, energy, and tourism, and through outdoor labour produchiigty ¢onfidencewith some
exceptions of positive impacts in regions with low energy demand andacatiwp advantages in agricultural

21 Acute food insecurity can occur at any diwith a severity that threatens lives, livelihoods or both, regardless of the causes, context
or duration, as a result of shocks risking determinants of food security and nutrition, and is used to assess the meaitddahu
action {WGII SPM, footna¢ 30}.

22 Slow-onset events are described among the cliniapact drivers of the WGI AR6 and refer to the risks and impacts associated
with e.g., increasing temperature means, desertification, decreasing precipitation, loss of biodiversity, landt atehfadadion,

glacial retreat and related impacts, ocean acidification, sea level rise and salinization {WGII SPM footnote 29}

23 See Annex 1: Glossary.
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markets and tourismhigh confidence Individual livelihoods have been affected through changes in
agricultural productivity, impacts on human health and food security, destruction of homes and infrastructure,
and loss bproperty and income, with adverse effects on gender and social dggltyconfidence Tropical

cyclones have reduced economic growth in the dleom (igh confidence Event attribution studies and
physical understanding indicate that hurtamised kimate change increases heavy precipitation associated

with tropical cycloneshigh confidence Wildfires in many regions have affected built assets, economic
activity, and healthngediunto high confidenck In cities and settlements, climate impactisdp infrastructure

are leading to losses and damages across water and food systems, and affect economic activity, with impacts
extending beyond the area directly impacted by the climate hdighdconfidence {WGI SPM A.3.4, WGII

SPM B.1.6, WGII SPM B.2, WGII SPM B.5.3}

Climate change hasausedwidespread adverse impacts and related losses and damages to nature and
people pigh confidencg. Losses and damages are unequally distributed across systems, regions and sectors
(high confidence Cultural losses, related to tangible and intangible heritage, threaten adaptive capacity and
may result in irrevocable losses of sense of belonging, valuedal practices, identity and home, particularly

for Indigenous Peoples and those more directly reliant on the environment for subsistealem(
confidencg For example, changes in snow cover, lake and river ice, and permafrost in many Arctig regions
are harming the livelihoods and cultural identity of Arctic residents including Indigenous populatgins (
confidence Infrastructure, including transportation, water, sanitation and energy systems have been
compromised by extreme and slamset everst, with resulting economic losses, disruptions of services and
impacts to wellbeinghigh confidence {WGIl SPM B.1; WGII SPM B.1.2, WGII SPM.B.1.5, WGII SPM
C.3.5,WGII TS.B.1.6; SROCC SPM A.7}1

Across sectors and regions, the most vulnerable people caisystems have been disproportionately
affected by the impacts of climate changehi{gh confidencg. LDCs and SIDS who have much lower per
capita emissions (1.7 tG@q, 4.6 tCQ@-eq, respectively) than the global average (6.%t€4) excluding C@
LULUCEF, also have high vulnerability to climatic hazards, with global hotspots of high human vulnerability
observed in West Central and East Africa, South Asia, Central and South America, SIDS and the Arctic
(high confidence Regions and people witlbesiderable development constraints have high vulnerability to
climatic hazardshigh confidence Vulnerability is higher in locations with poverty, governance challenges
and limited access to basic services and resources, violent conflict and highofeckisate sensitive
livelihoods (e.g., smallholder farmers, pastoralists, fishing communitieg) confidence Vulnerability at
different spatial levels is exacerbated by inequity and marginalisation linked to gender, ethnicity, low income
or combinaibns thereof figh confidenck especially for many Indigenous Peoples and local communities
(high confidencl Approximately 3.3 to 3.6 billion people live in contexts that are highly vulnerable to climate
change [ligh confidence Between 2010 and 202®man mortality from floods, droughts and storms was 15
times higher in highly vulnerable regions, compared to regions with very low vulnerdtidjtyqonfidence

In the Arctic and in some high mountain regions, negative impacts of cryosphere changedraespecially

felt among Indigenous Peoplesigh confidencek Human and ecosystem vulnerability are interdependent
(high confidenck Vulnerability of ecosystems and people to climate change differs substantially among and
within regions yery high cofidencd, driven by patterns of intersecting seeiconomic development,
unsustainable ocean and land use, inequity, marginalisation, historical and ongoing patterns of inequity such
as colonialism, and governaitéhigh confidence {WGIl SPM B.1, WGII SPM B.2, WGII SPM B.2.4;
WGIII SPM B.3.1; SROCC SPM A.7.1, SROCC SPM A.7.2}

24 Governance: The structures, processes and actions through which private and public actoroiatiteess societal goals. This
includes formal and informal institutions and the associated norms, rules, laws and procedures for deciding, managietimgnplem
and monitoring policies and measures at any geographic or political scale, from global. th\¥sall SPM Footnote 31}
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2.2 Responses Undertaken to Date

International climate agreements, rising national ambitions for climate action, along with rising publid
awareness are accelerating efforts to addresclimate change at multiple levels of governanc
Mitigation policies have contributed to a decrease in global energy and carbon intensity, with seve
countries achieving GHG emission reductions for over a decade. Leamission technologies arg
becoming more affordable, with many low or zero emissions options now available for energ
buildings, transport, and industry. Adaptation planning and implementation progress has generate
multiple benefits, with effective adaptation options having the potentiald reduce climate risks and
contribute to sustainable development. Global tracked finance for mitigation and adaptation has se
an upward trend since AR5, but falls short of needsh{gh confidencg

2.2.1 GlobalPolicy Setting

The United Nations Framework Convention on Climate Change (UNFCCC), Kyoto Protocol, and Paris
Agreement are supporting rising levels of national ambition and encouraging the development and
implementation of climate policies at multiple levels of governamhigh confidence) The Kyoto Protocol

led to reduced emissions in some countries and was instrumental in building national and international capacity
for GHG reporting, accounting and emissions marketh(confidence The Paris Agreement, adopted unde

the UNFCCC, with near universal participation, has led to policy development andsittged at national

and subnational levels, particularly in relation to mitigation but also for adaptation, as well as enhanced
transparency of climate action andpport (nedium confidenge Nationally Determined Contributions
(NDCs), required under the Paris Agreement, have required countries to articulate their priorities and ambition
with respect to climate action. {WGII 17.4, WGIII SPM B.5.1, WGIII SPM E.6, WIBID.1.1}

Loss & Damag® was formally recognized in 2013 through establishment of\tMaesaw International
Mechanism on Loss and Damai€IM), and in 2015, Article 8 of the Paris Agreement provided a legal basis

for the WIM. There is improved understanding of both economic aneecomomic losses and damages,
which is informing international climate policy dnwhich has highlighted that losses and damages are not
comprehensively addressed by current financial, governance and institutional arrangements, particularly in
vulnerable developing countrigsigh confidence {WGII SPM C.3.5, WGII Cros£hapter Box LGS}

Other recent global agreements that influence responses to climate change include the Sendai Framework for
Disaster Risk Reduction (2003030), the financeriented Addis Ababa Action Agenda (2015) and the New
Urban Agenda (2@), and theKigali Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer (2016 amongothers.In addition,the 2030 Agenda for Sustainable Development, adopted in
2015 by UN member states, sets out 17 Sustainable Development Goals (SDGs) and seeksftoralig

globally to prioritise ending extreme poverty, protect the planet and promote more peaceful, prosperous and
inclusive societieslf achieved,these agreementgould reduce climate change, and the impacts on health,
wellbeing, migration, and comét, among othersvéry high confidenge{WGII TS.A.1, WGII 7 ES}

Since AR5, rising public awareness andn increasing diversity of actors, have overall helped accelerate
political commitment and global efforts to address climate changer(edium confidence). Mass social
movements have emerged as catalysing agents in some regions, often building on prior movements including
Indigenous Peoplded movements, youth movements, human rights movements, gender activism, and climate
litigation, which is raisingwareness and, in some cases, has influenced the outcome and ambition of climate
governancerfiedium confidengeEngaging Indigenous Peoples and local communities usintrgusition

and rightsbased decisiemaking approaches, implemented through callecand participatory decisien

making processes has enabled deeper ambition and accelerated action in different ways, and at all scales,
depending on national circumstanceg(ium confidengeThe media helps shape the public discourse about
climate chang. This can usefully build public support to accelerate climate actiedi(im evidence, high
agreement)In some instances, public discourses of media and organised counter movements have impeded
climate action, exacerbating helplessness and disinformatial fuelling polarisation, with negative
implications for climate actiomfedium confiden¢e{WGII SPM C.5.1, WGII SPM D.2, WGII TS.D.9, WG|

25 See Annex I: Glossary.
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TS.D.9.7, WGII TS.E.2.1, WGII 18.4; WGIII SPM D.3.3, WGIII SPM E.3.3, WGIII TS.6.1, WGIII 6.7, WGIII
13 ESWGIII Box.13.7}

2.2.2 Mitigation Actions to Date

There has been a consistent expansion of policies and laws addressing mitigation since ARGh(
confidencg. Climate governance supports mitigation by providing frameworks through which diverse actors
interact and a basis for policy development and implementatised{um confidengeMany regulatory and
economic instruments have already been deployed successkiglydonfidence By 2020, laws primarily
focussed on reducing GHG emissions existed in 56 desntovering 53% of global emissionagdium
confidenc® The application of diverse policy instruments for mitigation at the national antbsiobal levels

has grown consistently across a range of seduigh Confidenck Policy coverage is uneven ass sectors

and remains limited for emissions from agriculture, and from industrial materials and feedsigbks (
confidencg {WGIII SPM B.5, WGIII SPM B.5.2, WGIII SPM E.3, WGIII SPM E.4}

Practical experience has informed economic instrument designhalped to improve predictability,
environmental effectiveness, economic efficiency, alignment with distributional goals, and social acceptance
(high confidence Low-emission technological innovation is strengthened through the combination of
technologypush policies, together with policies that create incentives for behaviour chadgmarket
opportunities lfigh confidenck (Section 4.8.3). Comprehensive and consistent policy packages have been
found to be more effective than single policieigyk confidencg. Combining mitigation with policies to shift
development pathways, policies that induce lifestyle or behaviour changes, for example, measures promoting
walkable urban areas combined with electrification and renewable energy can create Heatfifitedrom

cleaner air and enhanced active mobilibjgh confidencg Climate governance enables mitigation by
providing an overall direction, setting targets, mainstreaming climate action across policy domains and levels,
based on national circumstancaesdain the context of international cooperation. Effective governance
enhances regulatory certainty, creating specialised organisations and creating the context to mobilise finance
(medium confidence)These functions can be promoted by clirralevant aws, which are growing in
number, or climate strategies, among others, based on national amatisnial contextrhedium confidenge

Effective and equitable climate governance builds on engagement with civil society actors, political actors,
businessesyouth, labour, media, Indigenous Peoples and local commumnitiediim confidenge{WGIII

SPM E.2.2, WGIII SPM E.3, WGIII SPM E.3.1, WGIII SPM E.4.2, WGIII SPM E.4.3, WGIII SPM E.4.4}

The unit costs of several lowemission technologies, including solawind and lithium -ion batteries, have

fallen consistently since 2010 (Figure 2.4). Design and process innovations in combination with the use

of digital technologies have led to neacommercial availability of many low or zero emissions options

in buildings, transport and industry. From 2010 to 2019, there have been sustained decreases in the unit
costs of solar energy (by 85%), wind energy (by 55%), and lithitmibatteries (by 85%), and large increases

in their deployment, e.g., >10x for solar and >100ixdlectric vehicles (EVs), albeit varying widely across
regions (Figure 2.4). Electricity from PV and wind is now cheaper than electricity from fossil sources in many
regions, electric vehicles are increasingly competitive with internal combustion engimkdargescale
battery storage on electricity grids is increasingly viallle comparison to modular smalhit size
technologies, the empirical record shows that multiple faogde mitigation technologies, with fewer
opportunities for learning, haveeen minimal cost reductions and their adoption has grown slowly.
Maintaining emissiofntensive systems may, in some regions and sectors, be more expensive than
transitioning to low emission systembigh confidencg{WGIIl SPM B.4, WGIII SPM B.4.1, WGIIl SPM

C.4.2, WGIIISPM C.5.2, WGIII SPM C.7.2, WGIII SPM C.8, WGIII Figure SPM.3, WGIII Figure SPM.3}

For almost all basic materiailsprimary metals, building materials and chemidafeany low to zereGHG
intensity production processes are at the pilotearcommercial and in some cases commercial stage but they
are not yet established industrial practioéegrated design in construction and retrofit of buildings has led to
increasing examples of zero energy or zero carbon buildireghnological innovation made possible the
widespread adoption of LED lightin@igital technologies including sensors, the internet of things, robotics,
and artificial intelligence can improve energy management in all sectors; they can increase doiemyyyeff

and promote the adoption of many l@mission technologies, including decentralised renewable energy,
while creating economic opportunities. However, some of these climate change mitigation gains can be
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reduced or counterbalanced by growth in dedntor goods and services due to the use of digital devices.
Several mitigation options, notably solar energy, wind energy, electrification of urban systems, urban green
infrastructure, energy efficiencgemand side management, improved fei@st crop/gassland management,

and reduced food waste and loss, are technically viable, are becoming increasingly cost effective and are
generally supported by the public, and this enables expanded deployment in many reigiocenfidence

{WGIIl SPM B.4.3, WGIIl SPM C.5.2, WGIII SPM C.7.2, WGIII SPM E.1.1, WGIII TS.6.5}

[START FIGURE 2.4HERE]

Renewable electricity generation
is increasingly price-competitive
and some sectors are electrifying
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Figure 2.4: Unit cost reductions and use in some rapidly changing mitigation technologiehetop panel (a)shows

global costs per unit of energy (USD per MWh) for some rapidly changing mitigation technologies. Solid blue lines
indicate average unit cost in each year. Light blue shaded areas show the range between the 5th and 95th percentiles in
each year. Yetlw shading indicates the range of unit costs for new fossil fuel (coal and gas) power in 2020 (corresponding
to USD55 148 per MWh). In 2020, the levelised costs of energy (LCOE) of the three renewable energy technologies
could compete with fossil fuels imany places. For batteries, costs shown are for 1 kWh of battery storage capacity; for
the others, costs are LCOE, which includes installation, capital, operations, and maintenance costs per MWh of electricity
produced. The literature uses LCOE becauakoitvs consistent comparisons of cost trends across a diverse set of energy
technologies to be made. However, it does not include the costs of grid integration or climate impacts. Further, LCOE
does not take into account other environmental and sociahektees that may modify the overall (monetary and-non
monetary) costs of technologies and alter their deploymenthdttem panel (b)shows cumulative global adoption for

each technology, in GW of installed capacity for renewable energy and in mifisabicles for batterglectric vehicles.

A vertical dashed line is placed in 2010 to indicate the change over the past decade. The electricity production share
reflects different capacity factors; for example, for the same amount of installed capaxitpreduces about twice as
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much electricity as solar PV {WGIII 2.5, 6.4}. Renewable energy and battery technologies were selected as illustrative
examples because they have recently shown rapid changes in costs and adoption, and because consistent data ar
available. Other mitigation options assessed in the WGIII report are not included as they do not meet these criteria.
{WGIII Figure SPM.3}

[END FIGURE 2.4 HERE]

The magnitude of global climate finance flows has increased and financing channels haveduened

(high confidencg. Annual tracked total financial flows for climate mitigation and adaptation increased by up
to 60% between 2013/14 and 2019/20, but average growth has slowed sincen@0iLén( confidengeand

most climate finance stayathin national bordershigh confidence Markets for green bonds, environmental,
social and governance and sustainable finance products have expanded significantly sindeglARS5 (
confidenc® Investors, central banks, and financial regulators are driktreased awareness of climate risk
to support climate policy development and implementatiigh( confidence Accelerated international
financial cooperation is a critical enabler of l&HG and just transitionsigh confidence {WGIII SPM

B.5.4, WGII SPM E.5, WGIII TS.6.3, WGIII TS.6.4}

Economic instruments have been effective in reducing emissions, complemented by regulatory instruments
mainly at the national and also snational and regional levehigh confidence By 2020, over 20% of global

GHG emissions were covered by carbon taxes or emissions trading systems, although coverage and prices
have been insufficient to achieve deep reductiomsd{um confidendeEquity and distributional impacts of

carbon pricing instruments can be addressedidiyg revenue from carbon taxes or emissions trading to
support lowincome households, among other approachigsh (confidence The mix of policy instruments

which reduced costs and stimulated adoption of solar energy, wind energy and-ilithibatteris includes

public R&D, funding for demonstration and pilot projects, and demand pull instruments such as deployment
subsidies to attain scalkigh confidence(Figure 2.4). {WGlIII SPM B.4.1, WGIII SPM B.5.2, WGIII SPM

E.4.2, WG Il TS.3}

Mitigation acti ons, supported by policies, have contributed to a decrease in global energy and carbon
intensity between 2010 and 2019, with a growing number of countries achieving absolute GHG emission
reductions for more than a decadehligh confidencg. While global nelGHG emissions have increased since
2010, global energy intensity (total primary energy per unit GDP) decreased by'28étween 2010 and

2019. Global carbon intensity (G®FI per unit primary energy) also decreased by 0.3% iyrainly due to

fuel switching from coal to gas, reduced expansion of coal capacity, and increased use of renewables, and with
large regional variations over the same period. In many countries, policies have enhanced energy efficiency,
reduced rates of deforestation and acceldregehnology deployment, leading to avoided and in some cases
reduced or removed emissiomdgh confidenck At least 18 countries have sustained produeiased CQ

and GHG and consumptidrased C@ absolute emission reductions for longer than 10 ys@se 2005

through energy supply decarbonization, energy efficiency gains, and energy demand reduction, which resulted
from both policies and changes in economic structhigh(confidence Some countries have reduced
productionbased GHG emissions by lartd or more since peaking, and some have achieved reduction rates
of around 4% Yyt for several years consecutivelyigh confidence Multiple lines of evidence suggest that
mitigation policies have led to avoided global emissions of several £&G®F! (medium confidengeAt

least 1.8 GtC®eq yr* of avoided emissions can be accounted for by aggregating separate estimates for the
effects of economic and regulatory instrumentedium confidengeGrowing numbers of laws and executive
orders have imgded global emissions and are estimated to have resulted in 5.3-€4G®* of avoided
emissions in 2016nfedium confidenge These reductions have only partly offset global emissions growth
(high confidence{WGIII SPM B.1, WGIII SPM B.2.4, WGIIl SPM B.5, WGIIl SPM B.5.1, WGIII SPM

B.5.3, WGIII 1.3.2, WGIII 2.2.3}

2.2.3 Adaptation Actions to Date

Progress in adaptation planning and implementation has been observed across all sectors and regions,
generating multiple benefits gery high confidencg The ambition, scope and progress on adaptation have
risen among governments at the local, national and international levels, along with businesses, communities
and civil society lfigh confidence Various tools, measures and processes are availableathanable,
accelerate and sustain adaptation implementaliigh (confidence Growing public and political awareness
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of climate impacts and risks has resulted in at least 170 countries and many cities including adaptation in their
climate policies and ptaing processedigh confidencg Decision support tools and climate services are
increasingly being usedadry high confidengeand pilot projects and local experiments are being implemented

in different sectorshigh confidencke {WGII SPM C.1, WGII SPMC.1.1, WGII TS.D.1.3, WGII TS.D.10}

Adaptation to waterelated risks and impacts make up the majority (~60%) of all docunieattaptation

(high confidence A large number of these adaptation responses are in the agriculture sector and these include
on-farm water management, water storage, soil moisture conservation, and irrigation. Other adaptations in
agriculture include cultivar improvements, agroforestry, commtbaged adaptation and farm and landscape
diversification among otherigh confidene). For inland flooding, combinations of nstructural measures

like early warning systems, enhancing natural water retention such as by restoring wetlands and rivers, and
land use planning such as no build zones or upstream forest management, cafloediugk (nmedium
confidencg Some landelated adaptation actions such as sustainable food production, improved and
sustainable forest management, soil organic carbon management, ecosystem conservation and land restoration
reduced deforestation and dadation, and reduced food loss and waste are being undertaken, and can have
mitigation cebenefits hiigh confidence Adaptation actions that increase the resilience of biodiversity and
ecosystem services to climate change include responses like migimdiitional stresses or disturbances,
reducing fragmentation, increasing natural habitat extent, connectivity and heterogeneity, and protecting
smallscale refugia where microclimate conditions can allow species to pdrigjht donfidence Most
innovations in urban adaptation have occurred through advances in disaster risk management, social safety
nets and green/blue infrastructuragdium confidengeMany adaptation measures that benefit health and
wellbeing are found in other sectors.d., food, livelihoods, social protection, water and sanitation,
infrastructure) figh confidence {WGII SPM C.2.1, WGII SPM C.2.2, WGII TS.D.1.2, WGII TS.D.1.4,

WGII TS.D.4.2, WGII TS.D.8.3, WGII 4 ES; SRCCL SPM B.1.1}

Adaptation can generate multiple additional bigseuch as improving agricultural productivity, innovation,
health and welbeing, food security, livelihood, and biodiversity conservation as well as reduction of risks
and damagewéry high confidenge{WGIl SPM C1.1}

Globally tracked adaptation finance has shown an upward trend since AR5, but represents only a small
portion of total climate finance, is uneven and has developed heterogeneously across regions and sectors
(high confidenc. Adaptation finance has come goginantly from public sources, largely through grants,
concessional and nesoncessional instrumentgefy high confidende Globally, privatesector financing of
adaptation from a variety of sources such as commercial financial institutions, institirti@sdors, other
private equity, notfinancial corporations, as well as communities and households has been limited, especially
in developing countriesh{gh confidenck Public mechanisms and finance can leverage private sector finance
for adaptation byaddressing real and perceived regulatory, cost and market barriers, for example via public
private partnershipshigh confidence Innovations in adaptation and resilience finance, such as forecast
based/anticipatory financing systems and regional riskrance pools, have been piloted and are growing in
scale high confidence {WGIlI SPM C.3.2, WGII SPM C.5.4; WGII TS.D.1.6, WGII Cre€hapter Box
FINANCE; WGIII SPM E.5.4}

There are adaptation options which are effectiv€ in reducing climate risks?® for specific contexts,

sectors and regions and contribute positively to sustainable development and other societal gdalshe
agriculture sector, cultivar improvements;fanm water management and storage, soil moisture conservation,
irrigatior?®, agroforestry, communitpased adaptation, and farm and landscape level diversification, and
sustainable land management approaches, provide multiple benefits and reduce climate risks. Reduction of
food loss and waste, and adaptation measures in supfiataoiced diets contribute to nutrition, health, and
biodiversity benefits.High confidence{WGII SPM C.2, WGIl SPM C.2.1, WGII SPM C.2.2; SRCCL B.2,
SRCCL SPM C.2.1}

26 Documented adaptation refers to published literature on adaptation policies, measures and actions that has been inmolemented a
documented in peer reviewed literature, as opposed to adaptation thaawedyeen planned, but not implemented.

27 effectiveness refers here to the extent to which an adaptation option is anticipated or observed to reduoglaiedatek.

28 See Annex I: Glossary.

29 |rrigation is effective in reducing drought risk an@mate impacts in many regions and has several livelihood benefits, but needs
appropriate management to avoid potential adverse outcomes, which can include accelerated depletion of groundwateagard other
sources and increased soil salinizatiorediumconfidencg
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Ecosystenbased AdaptatidAapproaches such as urban greening, restoration of wetladdgpstream forest
ecosystems reduce a range of climate change risks, including flood risks, urban heat and provide multiple co
benefits. Some lanbdased adaptation options provide immediate benefitg, Conservation of peatlands,
wetlands, rangelandsyangroves and forests); while afforestation and reforestation, restoration-chhiogin
ecosystems, agroforestry, and the reclamation of degraded soils take more time to deliver measurable results.
Significant synergies exist between adaptation andgatitin, for example through sustainable land
management approaches. Agroecological principles and practices and other approaches that work with natural
processes support food security, nutrition, health andlvedtig, livelihoods and biodiversity, sustalnility

and ecosystem servicetigh confidencg{WGII SPM C.2.1, WGIlI SPM C.2.2, WGII SPM C.2.5, WGII
TS.D.4.1; SRCCL SPM B.1.2, SRCCL SPM.B.6.1; SROCC SPM C.2}

Combinations of nostructural measures like early warning systems and structural meakerdesdies have
reduced loss of lives in case of inland floodinge@lium confidengeand early warning systems along with
flood-proofing of buildings have proven to be ce$fiective in the context of coastal flooding under current
sea level risehigh conidencg. Heat Health Action Plans that include early warning and response systems are
effective adaptation options for extreme hddgilf confidence Effective adaptation options for water, food

and vectotborne diseases include improving access to petater, reducing exposure of water and
sanitation systems to extreme weather events, and improved early warning systems, surveillance, and vaccine
development ery high confidende Adaptation options such as disaster risk management, early warning
systans, climate services and social safety nets have broad applicability across multiple $éghors (
confidencg {WGIlI SPM C.2.1, WGII SPM C.2.5, WGII SPM C.2.9, WGII SPM C.2.11, WGII SPM C.2.13;
SROCC SPM C.3.2}

Integrated, multsectoral solutions thatldress social inequities, differentiate responses based on climate risk

and cut across systems, increase the feasibility and effectiveness of adaptation in multiple tsglotors (
confidence {WGII SPM C.2}

2.3 Current Mitigation and Adaptation Actions and Policies are not Sufficient

At the time of the present assessmefitthere are gaps between global ambitions and the sum
declared national ambitions. These are further compounded by gaps between declared natio
ambitions and current implementation for all aspects of climate action. For mitigation, global GHG
emissions in 2030 implied by NDCs announced by October 2021 would makdikely that warming
will exceed 1.5°C during the 21st century and would make it harder to limit warming below 2°¢
Despite progress, adaptation gap¥ persist, with many initiatives prioritising short-term risk
reduction, hindering transformational adaptation. Hard and soft limits to adaptation are being
reached in some sectors and regions, while maladaptation is also incriegsand disproportionately
affecting vulnerable groups. Systemic barriers such as funding, knowledge, and practice ga
including lack of climate literacy and data hinders adaptation progress. Insufficient financing
especially for adaptation, constraintsclimate action in particular in developing countries. figh
confidencg

2.3.1 The Gap Between Mitigation Policies, Pledges and Pathways that Limit Warming to 1.5 or Below
2°C

Global GHG emissions in 2030 associated with the implementation of ND@snounced prior to
COP26* would make it likely that warming will exceed 1.5°C during the 21st century and would make

30 EDbA is recognised internationally under the Convention on Biological Diversity (CBD14/5). A related concept isbhisedre
Solutions (NbS), see Annex I: Glossary

31 The timing of various cubffs for assessment differs by WG report and the aspect assessed. See footnote 1 in Section 1.

32 See CSB.2 for a discussion of scenarios and pathways.

33 See Annex I: Glossary.

34 NDCs announced prior to COP26 refer to the most recent NDCs submitted to the UNFCCC up to the literatiudateusf the

WGIII report, 11 October 2021, and revised NDCs announced by China, Japan and the Republic of Korea prior to October 2021 but
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it harder to limit warming below 2°C 1 if no additional commitments are made or actions taken (Figure

25 Table 22)A substanitomad @Gamd sexi sts as gl obal GHG en
implementation of NDCs announced prior to COP26 would be similar to or only slightly below 2019 emission
levels and higher than those associated with modelled mitigation pathwaysithatliming to 1.5C (>50%)

with no or limited overshoot or to°€ (>67%), assuming immediate actiavhich impliesdeep rapid and
sustainedglobal GHG emission reductions this decabigl{ confidence(Table 2.2, Table 3.1, 4.3 The
magnitude of the emissions gap depends on the global warming level considered and whether only
unconditional or also conditional elements of NEf@se considerechigh confidence(Table 2.2). Modelled
pathways that are consistent with NDCs announweat to COP26 until 2030 and assume no increase in
ambition thereafter have higher emissions, leading to a median global warming of 234[2A by 2100
(medium confidenge. I f the o6éemission gapdé is not rwithuced,
NDCs announced prior to COP26 makigitly that warming will exceed 1.5°C during the 21st century, while
limiting warming to 2°C (>67%) would imply an unprecedented acceleration of mitigation efforts during
2030 2050 medium confidengdsee Sectio 4.1, CSB2). {WGIIl SPM B.6, WGIIl SPM B.6.1, WGIIl SPM

B.6.3, WGIII SPM B.6.4, WGIII SPM C.1.1}.

Palicies implemented by the end of 2020 are projected to result in higher global GHG emissions in 2030
than those i mplied by NDtCisq n?3 (bighgdnfidendg (Tgble .8, Figuremp | e m
2.5). Projected global emissions implied by policies implemented by the end of 2020 aré Q) (GECQ-

eq in 2030 (Table 2.2). This points to an implementation gap compared with the NDICE GfCOQ-eq in

2030 (Table 2.2); without a strengthening of policies, emissions are projected to rise, leading to a median
global warming of 2.2°C3.5°C {ery likelyrange) by 2100njedium confidengd€see Section 3.1.1). {WGlII

SPM B.6.1, WGIII SPM C.1}

Projected cumlative future CQ emissions over the lifetime of existing fossil fuel infrastructure without
additional abatemetitexceed the total cumulative net £&nissions in pathways that limit warming to 1.5°C
(>50%) with no or limited overshoot. They are appradety equal to total cumulative net €@&missions in
pathways that limit warming to 2°C with a likelihood of 83%see Figures.5). Limiting warming to 2°C
(>67%) or lower will result in stranded assets. About 80% of coal, 50% of gas, and 30% of vilgesanot

be burned and emitted if warming is limited to 2°C. Significantly more reserves are expected to remain
unburned if warming is limited to 1.5°Chigh confidence{WGIII SPM B.7, WGIII Box. 6.13}

[START TABLE 2.2 HERE]

Table 2.2Projected global emissions in 2030 associated with policies implemented by the end of 2020 and NDCs
announced prior to COP26, and associated emissions gajsnissions projections for 2030 and gross differences in
emissions are based on emissions 6f5B2GCO-eq yr#! in 2019 as assumed in underlying model stifligsiedium
confidencg {WGIII Table SPM.1} (Table 3.1, CSB.2)

only submitted thereafter. 25 NDC updates were submitted between 12 October 2021 and the start of COP26. {WGIIl SPM footnote
24}

35 Immediate action in modelled global pathways refers to the adoption between 2020 and at latest before 2025 of clinsate policie
intended to limit global warming to a given level. Modelled pathways that limit warming to 2°C (>67%) based on immediate action
are summarised in category C3a in Table 3.1. All assessed modelled global pathways that limit warming to 1.5°C (>50%) with no
limited overshoot assume immediate action as defined here (Category C1 in Table 3.1). {WGIII SPM footnote 26)

Bln this report., 6unconditional 8 el ement s of NDCs rePer t o
elements refer tmitigation efforts that are contingent on international cooperation, for example bilateral and multilateral agreements,
financing or monetary and/ or technological transfers.is This t

Reportsnot by the Paris Agreement. {WGIII SPM footnote 27}

37 Implementation gaps refer to how far currently enacted policies and actions fall short of reaching the pledges. Thegfblicy cu
date in studies used to projeby GHE emdsesfolddf20b Gpolikesi bet v
2020. {WGlIl Table 4.2, WGIII SPM footnote 25}

38 Abatement here refers to human interventions that reduce the amount of GHGs that are released from fossil fuel infaiteicture
atmosphere. {\M&lIl SPM footnote 34}

39WGI provides carbon budgets that are in line with limiting global warming to temperature limits with different likelihmbdas s

50%, 67% or 83% {WGI Table SPM.2}.

40 The 2019 range of harmonised GHG emissions across the pat[88ag8 GtCQ-eq] is within the uncertainty ranges of 2019
emissions assessed in WGIII Chapter 2 EBGtCQ-eq]
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Emission and implementation gaps associated with projected
global emissions in 2030 under Nationally Determined
Contributions (NDCs) and implemented policies

Implied by Nationally Determined Contributions

Implied bg Eolicies (NDCs) announced prior to COP26

implemented by the end
of 2020 (GtCOz-eq/yr) Unconditional Including conditional
elements (GtCOz-eqfyr) elements (GtCO;-eq/yr)
Median projected global emissions N L
| (min—max)J 57 [52-60] 53 [50-57] 50 [47-55]
Implementation gap between
implemented policies and NDCs - 4 7
(median)

Emissions gap between NDCs and
pathways that limit warming to - 10-16 6-14
2°C (>67%) with immediate action

Emiﬁsions ap Fetween NDCs and

pathways that limit warming to

1.5°C (>50%) with no or limited - 19-26 16-23
overshoot with immediate action

*Emissions projections for 2030 and gross differences in emissions are based on emissions of 52-56 GtCOz-eq/yr in 2019 as assumed in underlying model studies. (medium confidence)

[END TABLE 2.2 HERE]

[START FIGURE 2.5HERE]

Projected global GHG emissions from NDCs announced prior to
COP26 would make it likely that warming will exceed 1.5°C and
also make it harder after 2030 to limit warming to below 2°C

a) Global GHG emissions b) 2030

70 0=

Trend from implemented policies

:
60 60,
P Limit warming to 2°C (>67%) | | 4%
= 7 or 1.5 (>50%) after high ’i |
¢ overshoot with NDCs until 2030 | |
S : :
[G) 0 0 B f 260,
— 1 | -26%
2 Limit warming I I
S to 2°C (>67%) ; !
2 . | a__L
g 30 301 ‘
@ I |
o | |
= | |
(G : : 0 be on-track to limit
& 20 20, ] warming to 1 5eC,
i | we need much more
| | reduction bg 2030
1 I
10 Limit warming to : :
: 1.5°C (>50%) with 10 !
no or limited overshoot | | T Past GHG emissions and
| : + uncertainty for 2015 and 2019
0 I + (dot indicates the median)
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Figure 2.5 Global GHG emissions of modelled pathways (funnels in Panel and projected emission outcomes

from near-term policy assessments for 2030 (Panel Banel ashows global GHG emissions over 202650 for four

types of assessed modelled global pathways:

T Trend from implemented policies: Pathways with projected-tesar GHG emissions in line with policies implemented

until the end of 2020 and extended with comparable ambition levels beyond 2030 (29 scenarios across caié€ljiries C5
WGIII Table SPM.2);

T Limit to 2°C (>67%) or return warming to 1.5°C (>50%) after ehlagershoot, NDCs until 2030: Pathways with GHG
emissions until 2030 associated with the implementation of NDCs announced prior to COP26, followed by accelerated
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emissions reductiongkely to limit warming to 2°C (C3b, WGIII Table SPM.2) or to return wargnto 1.5°C with a
probability of 50% or greater after high overshoot (subset of 42 scenarios from C2, WGIII Table SPM.2).

T Limit to 2°C (>67%) with immediate action: Pathways that limit warming to 2°C (>67%) with immediate action after
2020 (C3a, WGIITable SPM.2).

T Limit to 1.5°C (>50%) with no or limited overshoot: Pathways limiting warming to 1.5°C with no or limited overshoot
(C1, WGIII Table SPM.2 C1).

All these pathways assume immediate action after 2020. Past GHG emissions i@202810sedo project global
warming outcomes of the modelled pathways are shown by a blacR#inel bshows a snapshot of the GHG emission
ranges of the modelled pathways in 2030 and projected emissions outcomes froenmesolicy assessments in 2030
from WGIII Chapter 4.2 (Tables 4.2 and 4.3; median and full range). GHG emissionsaeg@alent using GWP100
from AR6 WGI. {WGIII Figure SPM.4, WGIII 3.5, 4.2, Table 4.2, Table 4.3, CiGhapter Box 4 in Chapter 4} (Table

3.1, CSB.2)

[END FIGURE 2.5 HERE]

[START CROSS-SECTION BOX.1 HERE]
Cross-Section Box.1: Understanding Net Zero C@and Net Zero GHG Emissions

Limiting human -caused global warming to a specific level requires limiting cumulative C&emissions,
reaching net zero or net negative C@emissions, along with strong reductions in other GHG emissions

(see 3.3.2)Future additional warming will depend on future emissions, with total warming dominated by past
and future cumusl{\dGl SPAMeD.1C,WGI Fgure ISP 4; SR1.5 SPM A.2.2}.

Reaching net zero CQemissions is different from reaching net zero GHG emission$he timing of net
zero for a basket of GHGs depends on the emissions metric, such as global warming potentiflGeyeara
period, chosen to convert @O, emissions into C&equivalent Ligh confidence However, for a given
emissions pathway, the physical climate response is independent of the metric loigbsemnfidence{WGI
SPM D.1.8; WGIII Box TS.6, WGIII Grsschapter box 2}.

Achieving global net zero GHG emissions requires all remaining Cand metric-weighted” non-CO>
GHG emissions to be counterbalanced by durably stored COemovals high confidencg. Some non
CO, emissions, such as GHind NO from agiculture, cannot be fully eliminated using existing and
anticipated technical measures {WGIIl SPM C.2.4, WGIII SPM C.11.4, CCbspter Box 3}.

Global net zero CQ or GHG emissions can be achieved even if some sectors and regions are net emitters,
provided that others reach net negative emissions (see Figure 4TlHe potential and cost of achieving net

Zero or even net negative emissions vary by sector and region. If and when net zero emissions for a given
sector or region are reached depends on melfffgtors, including the potential to reduce GHG emissions and
undertake carbon dioxide removal, the associated costs, and the availability of policy mechanisms to balance
emissions and removals between sectors and courftigh. confidence{WGIII Box T S.6, WGIII Cross

Chapter Box 3}.

The adoption and implementation of netzero emission targets by countries and regioreso depend on
equity and capacity considerationsifigh confidencg. The formulation of net zero pathways by countries
will benefit from clarity on scope, plansf-action, and fairness. Achieving net zero emission targets relies on
policies, institutions, and milestones against which to track progress-dasagilobal modelled pathways
have been shown to distribute the mitigation effiorévenly, and the incorporation of equity principles could
change the countrlevel timing of net zerohigh confidence The Paris Agreement also recognizes that
peaking of emissions will occur later in developing countries than developed countrie (Ad) {WGIII

Box TS.6, WGIII CrosChapter Box 3, WGIII 14.3}.

More information on countrevel net zero pledges is provided in S2.3.1, on the timing of global net zero
emissions in S3.3.2, and on sectoral aspects of net zero in S4.1.

41 See footnotd 2 above.
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[END CROSSSECTION BOX.1 HERE]

Many countries have signalled an intention to achieve netero GHG or netzero CO; emissions by

around mid-century (Cross Section Box 1) More than 100 countries have either adopted, announced or are
discussing net zero GHG ortreero CQ emissions commitments, covering more than-tiiods of global

GHG emissions. A growing number of cities are setting climate targets, includingrogbHG targets. Many
companies and institutions have also announced net zero emissionsitargeent years. The various net

zero emission pledges differ across countries in terms of scope and specificity, and limited policies are to date
in place to deliver on them. {WGIII SPM C.6.4, WGIII TS.4.1, WGIII Table TS.1, WGIII 13.9, WGIII 14.3,
WGIII 14.5}

All mitigation strategies face implementation challenges, including technology risks, scaling, and costs

(high confidencd. Almost all mitigation options also face institutional barriers that need to be addressed to
enable their application at scdfeedium confidengeCurrent development pathways may create behavioural,
spatial, economic and social barriers to accelerated mitigation at all dugles@nfidence Choices made

by policymakers, citizens, the private sector and other stakeholflekrsine nce soci eti esd dev
(high confidence Structural factors of national circumstances and capabilities (e.g., economic and natural
endowments, political systems and cultural factors and gender considerations) affect the breadth ahd depth
climate governancer(edium confidengeThe extent to which civil society actors, political actors, businesses,
youth, labour, media, Indigenous Peoples, and local communities are engaged influences political support for
climate change mitigation and esual policy outcomesriedium confidenge{WGIIl SPM C.3.6, WGIII

SPM E.1.1, WGIII SPM E.2.1, WGIII SPM E.3.3}

The adoption of lowemission technologies lags in most developing countries, particularly least
developed ones, due in part to weaker enablingonditions, including limited finance, technology
development and transfer, and capacity hedium confidencg In many countries, especially those with
limited institutional capacity, several adverse siffects have been observed as a result of diffusidow-
emission technology, e.g., levalue employment, and dependency on foreign knowledge and suppliers
(medium confidengeLow-emission innovation along with strengthened enabling conditions can reinforce
development benefits, which can, in turn, cedaedbacks towards greater public support for potizgdjum
confidenc® Persistent and regiespecific barriers also continue to hamper the economic and political
feasibility of deploying AFOLU mitigation optiongnedium confidenge Barriers to implematation of
AFOLU mitigation include insufficient institutional and financial support, uncertainty over-tkenmg
additionality and tradeffs, weak governance, insecure land ownership, low incomes and the lack of access
to alternative sources of incomedathe risk of reversah{gh confidence {WGIII SPM B.4.2, WGIII SPM
C.9.1, WGIII SPM C.9.3}

2.3.2 Adaptation Gaps and Barriers

Despite progress, adaptation gaps exist between current levels of adaptation and levels needed to
respond to impacts andreduce climate risks figh confidencg. While progress in adaptation
implementation is observed across all sectors and regienstfigh confidengemany adaptation initiatives
prioritise immediate and ne&erm climate risk reductiorg.g.,through hardlood protection, which reduces
the opportunity for transformational adaptaffofinigh confidence Most observed adaptation is fragmented,
small in scale, incremental, secgpecific, and focused more on planning rather than implementéiigim (
confidencd. Further, observed adaptation is unequally distributed across regions and the largest adaptation
gaps exist among lower population income grouggh( confidencg In the urban context, the largest
adaptation gaps exist in projects that manage compdks, for example in the foddnergy watei health
nexus or the interelationships of air quality and climate rigkigh confidence Many funding, knowledge
and practice gaps remain for effective implementation, monitoring and evaluaticcuiadt adaptation
efforts are not expected to meet existing gdailgh( confidence At current rates of adaptation planning and
implementation the adaptation gap will continue to grbigh{ confidence {WGII SPM C.1, WGIlI SPM
C.1.2, WGII SPM C.4.1, WGITS.D.1.3, WGII TS.D.1.4}

42 See Annex I: Glossary.
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Soft and hard adaptation limits*® have already been reached in some sectors and regions, in spite of
adaptation having buffered some climate impactshigh confidencg. Ecosystems already reaching hard
adaptation limits includeosne warm water coral reefs, some coastal wetlands, some rainforests, and some
polar and mountain ecosystentsgh confidenck Individuals and households in low lying coastal areas in
Australasia and Small Islands and smallholder farmers in Central attd/Suarica, Africa, Europe and Asia

have reached soft limitsnedium confidengeresulting from financial, governance, institutional and policy
constraints and can be overcome by addressing these consthaghiscgnfidence Transitioning from
incremenal to transformational adaptation can help overcome soft adaptation highsconfidence {WGII

SPM C.3, WGII SPM C.3.1, WGII SPM C.3.2, WGII SPM C.3.3, WGII SPM.C.3.4, WGII 16 ES}

Adaptation does not prevent all losses and damages, even with effedéiptation and before reaching soft

and hard limits. Losses and damages are unequally distributed across systems, regions and sectors and are nc
comprehensively addressed by current financial, governance and institutional arrangements, particularly in
vulnerable developing countriefidgh confidence{WGII SPM.C.3.5}

There is increased evidence of maladaptatiéfin various sectors and regionsExamples of maladaptation

are observed in urban areas (e.g., new urban infrastructure that cannot be adsiyedr affordably),
agriculture (e.g., using higtost irrigation in areas projected to have more intense drought conditions),
ecosystems (e.g. fire suppression in naturallyditepted ecosystems, or hard defences against flooding) and
human settlentds (e.g. stranded assets and vulnerable communities that cannot afford to shift away or adapt
and require an increase in social safety nets). Maladaptation especially affects marginalised and vulnerable
groups adversely (e.g., Indigenous Peoples, ethmorities, lowincome households, people living in
informal settlements), reinforcing and entrenching existing inequities. Maladaptation can be avoided by
flexible, multisectoral, inclusive and loAgrm planning and implementation of adaptation actioith w
benefits to many sectors and systerhigi{ confidence{WGII SPM C.4, WGII SPM C.4.3, WGII TS.D.3.1}

Systemic barriers constrain the implementation of adaptation options in vulnerable sectors, regions and

social groups high confidencg. Key barriersinclude limited resources, lack of privegector and civic
engagement, insufficient mobilisation of finance, lack of politmahmitmentJimited research and/or slow

and low uptake of adaptation science and a low sense of urgency. Inequity and pte@rtpnstrain
adaptation, leading to soft limits and resulting in disproportionate exposure and impacts for most vulnerable
groups high confidence The largest adaptation gaps exist among lower income population grogips (
confidenc® As adaptationmtions often have long implementation times, kiaign planning and accelerated
implementation, particularly in this decade, is important to close adaptation gaps, recognising that constraints
remain for some regionsigh confidence Prioritisation of ofions and transitions from incremental to
transformational adaptation are limited due to vested interests, economiindpdkstitutional path
dependencies and prevalent practices, cultures, norms and belief systgnOfidence Many funding,
knowledge and practice gaps remain for effective implementation, monitoring and evaluation of adaptation
(high confidenck including, lack of climate literacy at all levels and limited availability of data and
information fnedium confidengefor example for Arica, severe climate data constraints and inequities in
research funding and leadership reduce adaptive capeeity lfigh confidenge{WGII SPM C.1.2, WGII

SPM C.3.1, WGII TS.D.1.3, WGII TS.D.1.5, TS.D.2.4}

2.3.3 Lack of Finance as a Barrier to Climate Aicin

Insufficient financing, and a lack of political frameworks and incentives for finance, are key causes of

the implementation gaps for both mitigation and adaptation lligh confidencg. Financial flows remained
heavily focused on mitigation, are unevenand have developed heterogeneously across regions and
sectors high confidencg. In 2018, public and publicly mobilised private climate finance flows from
developed to developing countries were below the collective goal under the UNFCCC and Paris Agoeemen

“Adaptation Iimit: The point at whi c lured flomantlerabte éisks thoobgh adaptiiev e s (
actions. Hard adaptation limilNo adaptive actions are possible to avoid intolerable risks. Soft adaptation@iptibns are currently

not available to avoid intolerable risks through adaptive action.

4 Maladaptation refers to actions that may lead to increased risk of adverse -cétattd outcomes, including via increased
greenhouse gas emissions, increased or shifted vulnerability to climate change, more inequitable outcomes, or dimarisheolwelf

or in the future. Most often, maladaptation is an unintended consequence. See Annex |: Glossary.
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mobilise USD 100 billion per year by 2020 in the context of meaningful mitigation action and transparency
on implementationriedium confidengdePublic and private finance flows for fossil fuels are still greater than
those for climatedaptation and mitigatiomigh confidence The overwhelming majority of tracked climate
finance is directed towards mitigationefy high confidenge Nevertheless, average annual modelled
investment requirements for 2020 to 2030 in scenarios thatdanihing to 2°C or 1.5°C are a factor of three

to six greater than current levels, and total mitigation investments (public, private, domestic and international)
would need to increase across all sectors and regiediym confidengeChallenges remain f@reen bonds

and similar products, in particular around integrity and additionality, as well as the limited applicability of
these markets to many developing countriggh( confidence {WGII SPM C.3.2, WGII SPM C.5.4; WGIII

SPM B.5.4, WGIII SPM Eb5.1}

Current global financial flows for adaptation including from public and private finance sources, are insufficient
for and constrain implementation of adaptation options, especially in developing coumgesonfidence

There are widening disparitiestveen the estimated costs of adaptation and the documented finance allocated
to adaptationiigh confidence Adaptation finance needs are estimated to be higher than those assessed in
AR5, and the enhanced mobilisation of and access to financial res@uecessential for implementation of
adaptation and to reduce adaptation g&gh(confidence Annual finance flows targeting adaptation for
Africa, for example, are billions of USD less than the lowest adaptation cost estimates -termegimate

change high confidence Adverse climate impacts can further reduce the availability of financial resources
by causing losses and damages and impeding national economic growth, thereby further increasing financial
constraints for adaptation particularly fbeveloping countries and LDCédium confidenge{WGII SPM

C.1.2, WGII SPM C.3.2, WGII SPM C.5.4, WGII TS.D.1.6}

Without effective mitigation and adaptation, losses and damages will continue to disproportionately affect the
poorest and most vulnerabf@opulations. Accelerated financial support for developing countries from
developed countries and other sources is a critical enabler to enhance mitigation action {WGlIII SPM. E.5.3}.
Many developing countries lack comprehensive data at the scale needackaantkbquate financial resources
needed for adaptation for reducing associated economic anécpaomic losses and damagdsiglt
confidenceWGII Cross-Chapter Box LOSS, WGII SPM C.3.1, WGII SPM C.3.2, WGII TS.D.1.3, WGII
TS.D.1.5; WGIII SPM E.5.3}

There are barriers to redirecting capital towards climate action both within and outside the global
financial sector. These barriers include: the inadequate assessment of ehifetied risks and investment
opportunities, regional mismatch between avadlatapital and investment needs, home bias factors, country
indebtedness levels, economic vulnerability, and limited institutional capacities. Challenges from outside the
financial sector include: limited local capital markets; unattractiverglern profles, in particular due to
missing or weak regulatory environments that are inconsistent with ambition levels; limited institutional
capacity to ensure safeguards; standardisation, aggregation, scalability and replicability of investment
opportunities andinancing models; and, a pipeline ready for commercial investmérigh confidence)

{WGII SPM C.5.4; WGIII SPM E.5.2; SR15 SPM D.5.2}

[START CROSS-SECTION BOX.2 HERE]
Cross-Section Box.2: Scenarios, Global Warming Levels, and Risks

Modelledscenarios and pathwdysire used to explore future emissions, climate change, related impacts and
risks, and possible mitigation and adaptation strategies and are based on a range of assumptions, including
sociceconomic variables and mitigation optiollese are quantitative projections and are neither predictions

nor forecasts. Global modelled emission pathways, including those based on cost effective approaches contain
regionally differentiated assumptions and outcomes, and have to be assessedcatéfiiheecognition of

these assumptions. Most do not make explicit assumptions about global equity, environmental justiee or intra
regional income distribution. IPCC is neutral with regard to the assumptions underlying the scenarios in the

45 n the literature, the terms pathways and scenarios are used interchangeably, with the former more frequently usedtdn relatio
climate goals. WGI primdsi used the term scenarios and WGIII mostly used the term modelled emissions and mitigation pathways.
The SYR primarily uses scenarios when referring to WGI and modelled emissions and mitigation pathways when referring to WGIII
{WGI Box SPM.1; WGlIII footrote 44}
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literature assssed in this report, which do not cover all possible ful8R0OCC Box SPM.1; SRCCL Box
SPM.1; WGI Box SPM.1; WGII Box SPM.1; WGIII Box SPM.1}.

Socieeconomic Development, Scenarios, and Pathways

The five Shared Socieconomic Pathways (SSP1 to SSR&ye designed to span a range of challenges to
climate change mitigation and adaptation. For the assessment of climate impacts, risk and adaptation, the SSPs
are used for future exposure, vulnerability and challenges to adaptation. Depending on |&vEIG of
mitigation, modelled emissions scenarios based on the SSPs can be consistent with low or high warming
levels'. There are many different mitigation strategies that could be consistent with different levels of global
warming in 2100 (see Figure 4.1). 8V Box SPM.1; WGII Box SPM.1; WGIII Box SPM.1, WGIII Box

TS.5, WGIII Annex Ill; SRCCL Box SPM.1, Figure SPM.2}

WGI assessed the climate response to five illustrative scenarios based 6htls8Rover the range of
possible future development of anthrgpaic drivers of climate change found in the literature. These scenarios
combine socieeconomic assumptions, levels of climate mitigation, land use and air pollution controls for
aerosols and ne@H, ozone precursors. The high and very high GHG emissiomsasios (SSR3.0 and
SSP58.5) have C@emissions that roughly double from current levels by 2100 and 2050, respéttiviety
intermediate GHG emissions scenario (S8 has C@emissions remaining around current levels until the
middle of the centty. The very low and low GHG emissions scenarios (SEB&and SSR2.6) have CQ
emissions declining to net zero around 2050 and 2070, respectively, followed by varying levels of net negative
CO; emissions. In addition, Representative Concentration Pathways (R@8® used by WGI and WGII to
assess regional climate changes, impacts and risks. {WGI Box SPM.1}{&rossn Box.2, Figure 1)

In WGIII, a large number of globahodelled emissionpathways were assessed, of which 1202 pathways
were categorised based on their projected global warming over the 21st century, with categories ranging from
pathways that limit warming to 1.5°C with more than 50% likelikdadth no or limited overshoot (O to
pathways that exceed 4°C (C8). Methods to project global warming associated with the modelled pathways
were updated to ensure consistency with the AR6 WGI assessment of the climate systentied@ilie

Box SPM.1, WGIII Table 3.1} (Table 3.1, G3®Section Box.2, Figure 1)

Global Warming Levels (GWLSs)

For many climate and risk variables, the geographical patterns of changes in climatiedriveasf and
climate impacts for a level of global warmi@re common to all scenarios considered and independent of
timing when that level is reached. This motivates the use of GWLs as a dimension of integration. {WGI Box
SPM.1.4, WGI TS.1.3.2; WGII Box SPM.1Figure 3.1, Figure 3.2)

46 Around half of all modelled global emissions pathways assumestfestive approaches that rely on leasst mitigation/abatement

options globally. The other half look at existing policies and regionally and sectorally differentiated aidtiensderlying population
assumptions range from 8.5 to 9.7 billion in 2050 and 7.4 to 10.9 billion in 219Btfbpercentile) starting from 7.6 billion in 2019.

The underlying assumptions on global GDP growth range from 2.5 to 3.5% per year in 2080%%eriod and 1.3 to 2.1% per year

in the 20502100 (5 95th percentile). {WGIIlI Box SPM.1}.

47 High mitigation challenges, for example, due to assumptions of slow technological change, high levels of global popwtion gr

and high fragmentation as in the Shared Secionomic Pathway SSP3, may render modelled pathways that limit warming {® 2°C

67%) or lower infeasiblenfedium confidend§SRCCL Box SPM.1; WGIII SPM C.1.4}.

48 SSRbased scenarios are referred to as 96Px where O0SSPx6 refers to the Shared S
socioeconomic trends uyndd errelfyeirnsg ttoh et hsec elneawe lo sqf arnadidéa2)i ve f o
resulting from the scenario in the year 2100. {WGI SPM footnote 22}

49 Very high emission scenarios have become less likely but cannot be ruled out. Temperature levels red@trirayn very high

emission scenarios, but can also occur from lower emission scenarios if climate sensitivity or carbon cycle feedbaunisthenhig

the best estimate.

RCPbased scenarios are referred t deleva of Rdiddve forcingh(ia watts pérysguare e f e r
metre, or Wrrf) resulting from the scenario in the year 2100. {WGII SPM footnote 21}

'Denoted 6>50%6 in this report.

52 The climate response to emissions is investigated with climate models, paleodisigtits and other lines of evidence. The
assessment outcomes are used to categorise thousands of scenarios via simple {biagsidatiymate models (emulators) {WGI
TS.1.2.2}.

53 See Annex I: Glossary

5 See Annex |: Glossary. Here, global warming isZbigear average global surface temperature relative toi 1880. The assessed

time of when a certain global warming level is reached under a particular scenario is defined here apdime aiithe first 26year

running averag@eriod during which thassessed average global surface temperature change exceeds the level of global warming.
{WGI SPM footnote 26, CrosSection Box TS.1}
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Risks

Dynamic interactions between climatdated hazards, exposure and vulnerability of the affected human
society, species, or ecosystems result in risks arising from climate change. AR6 assesses key risks across
sectors and regns as well as providing an updated assessment of the Reasons for Concern (fRFECS)
globally aggregated categories of risk that evaluate risk accrual with increasing global surface temperature.
Risks can also arise from climate change mitigation aptadion responses when the response does not
achieve its intended objective, or when it results in adverse effects for other societal objectives. {WGII SPM
A, WGII Figure SPM.3, WGII Box TS.1, WGII Figure TS.4; SR1.5 Figure SPM.2; SRCCL Figure SPM.2;

SROQC Errata Figure SPM.3} (3.1.2, CreSgction Box.2, Figure 1; Figure 3.3)
[START CROSS-SECTION BOX.2, FIGURE 1 HERE]

Scenarios and warming levels structure our understanding across the
cause-effect chain from emissions to climate change and risks

a) AR6 integrated assessment framework on future climate, impacts and mitigation
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Subjectto Copyedit p31



Adoptad Longer Report IPCC AR6 SYR

** The AR5 scenarios (RCPy), which partly inform the AR6 WGI and WGII assessnaeatisidexed to a similar set of approximate
2100 radiative forcing levels (in WA The SSP scenarios cover a broader range of GHG and air pollutant futures than the RCPs.
They are similar but not identical, with differences in concentration trajecforidiéferent GHGs. The overall radiative forcing tends

to be higher for the SSPs compared to the RCPs with the samental@iith confidenge{WGI TS.1.3.1}

*** | imited overshoot refers to exceeding 1.5°C global warming by up to about 0.1°Cowégbhoot by 0.1°@.3°C, in both cases

for up to several decades.

Cross-Section Box.2, Figure 1Schematic of the AR6 framework for assessing future greenhouse gas emissions,
climate change, risks, impacts and mitigationPanel (a) The integrated framewk encompasses soeszonomic
development and policy, emissions pathways and global surface temperature responses to the five scenarios considered
by WGI (SSP11.9, SSP42.6, SSP2.5, SSP3/.0, and SSPB.5) and eight global mean temperature change
categrisations (CLC8) assessed by WGIII, and the WGII risk assessment. The dashed arrow indicates that the influence
from impacts/risks to socieconomic changes is not yet considered in the scenarios assessed in the AR6. Emissions
include GHGs, aerosols, andone precursors. G@missions are shown as an example on the left. The assessed global
surface temperature changes across the 21st century relative id988dor the five GHG emissions scenarios are
shown as an example in the centvery likelyranges are shown for SSP216 and SSR3.0. Projected temperature
outcomes at 2100 relative to 183@00 are shown for C1 to C8 categories with median (line) and the comkined

likely range across scenarios (bar). On the right, future risks due to ingreagiming are represented by an example
Oburning emberé figure (s e &and (b)lDesriptioroand reldtienship eff scenaridsi o n
considered across AR6 Working Group repdeenel(c) lllustration of risk arising from the interdgh of hazard (driven

by changes in climatic impadfivers) with vulnerability, exposure and response to climate change. {WGI TS1.4, Figure
4.11; WGII Figure 1.5, WGII Figure 14.8; WGIII Table SPM.2, Figure 3.11}

[END CROSS SECTION BOX.2 FIGURE 1 HERE]

[END CROSSSECTION BOX.2 HERE]
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Section 3: LongTerm Climate and Development Futures

3.1 Long-Term Climate Change, Impacts and Related Risks

Future warming will be driven by future emissions and will affect all major climatesystem components
with every region experiencing multiple and ceoccurring changes. Many climaterelated risks are
assessed to be higher than in previous assessments, and projected-teng impacts are up to multiple
times higher than currently observed Multiple climatic and non-climatic risks will interact, resulting in

compounding and cascading risks across sectors and regions. Sea level rise, as well as other irreversible
changes, will continue for thousands of years, at rates depending on future esians. figh confidencé

3.1.1 Long-term Climate Change

The uncertainty range on assessed future changes in global surface temperature is narrower than in the
ARS. For the first time in an IPCC assessment cycle, mudtdlel projections of global surface temperature,
ocean warming and sea level are constrained using observations and the assessed climate senbkahty. The
range of equilibrium climate sensitivityas been narrowed to 2.5€0°C (with a best estimate of 3.0°C)
based on multiple lines of evidefAgeincluding improved understanding of cloud feedbacks. For related
emissions scenarios, this leads to narrower uncertainty ranges fetefamgprojectedglobal temperature
change than in AR5. {WGI A.4, WGI Box SPM.1, WGI TS.3.2, WGI 4.3}

Future warming depends on future greenhouse gas (GHG) emissionajth cumulative net CO.
dominating. The assessed best estimates a1y likelyranges of warming for B1i 2100 with respect to
1850 1900 vary from 1.4°C [142.8°C] in the very low GHG emissions scenario (S&P) to 2.7°C [2.1°C
3.5°C] in the intermediate GHG emissions scenario (S682and 4.4°C [3.3°(5.7°C] in the very high GHG
emissions scenario (85-8.55%. {WGI SPM B.1.1, WGI Table SPM.1, WGI Figure SPM.4} (Cr&sction
Box.2, Figure 1)

Modelled pathways consistent with the continuation of policies implemented by the end of 2020 lead to

global warming of 3.2 [2.2-3.5]°C (5/ 95% range) by 2100 hedium confidencg (see also Section 2.3.1).

Pat hways of >4AC (0O50%) by 2100 would imply a re
trends fnedium confidenge However, such warming could occur in emissions pathways consistent with
policies inplemented by the end of 2020 if climate sensitivity or carbon cycle feedbacks are higher than the
best estimatehfgh confidence {WGIII SPM C.1.3}

Global warming will continue to increase in the near term in nearly all considered scenarios and
modelled pathways. Deep, rapid and sustained GHG emissions reductions, reaching net zero LLO
emissions and including strong emissions reductions of other GHGs, in particular GHare necessary to

limit warming to 1.5°C (>50%) or less than 2°C (>67%) by the end afentury (high confidencg. The

best estimate of reaching 1.5°C of global warming lies in the first half of the 2030s in most of the considered
scenarios and modelled pathwHy# the very low GHG emissions scenario (S3F), CQ emissions reach

net zeo around 2050 and the besdtimate enaf-century warming is 1.4°C, after a temporary overshoot (see
Section 3.3.4) of no more than 0.1°C above 1.5°C global warming. Global warming of 2°C will be exceeded
during the 21st century unless deep reductioil@nand other GHG emissions occur in the coming decades.

55 Understanding of climate processes, the instrumental record, paleoclimates andasedetmergent constraints (see énh
Glossary). {WGI SPM footnote 21}

56 The best estimates [anvery likelyranges] for the different scenarios are: 1.4°C [1iQ°6°C] (SSP411.9); 1.8°C [1.3°C2.4°C]
(SSP12.6); 2.7°C [2.1°€3.5°C] (SSP2.5); 3.6°C [2.8°C4.6°C] (SSP37.0); and 4.4°C [3.3°(5.7°C] (SSP8.5). {WGI Table
SPM.1} (CSB.2)

57 In the near term (2022040), the 1.5°C global warming levelvsry likelyto be exceeded under the very high GHG emissions
scenario (SSPB.5),likely to be exceeded under the intermediate and high GHG emissions scenaried.& SSP37.0),more likely

than notto be exceaged under the low GHG emissions scenario (S&BLandmore likely than noto be reached under the very low
GHG emissions scenario (SSBD). In all scenarios considered by WGI except the very high emissions scenario, the midpoint of the
first 20-yearrunning averagperiod during which the assessed global warming reaches 1.5°C lies in the first half of the 2030s. In the
very high GHG emissions scenario, this fpiint is in the late 2020s. Median fiyear interval at which a 1.5°C global warming
levelis reached (50% probability) in categories of modelled pathways considered in WGIII i2 RROWGI SPM B.1.3, WGI
CrossSection Box TS.1, WGIII Table 3.2} (Cro&ection Box.2)
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Deep, rapid and sustaineeductions in GHG emissions would lead to improvements in air quality within a
few years, to reductions in trends of global surface temperature discernible after arowads2@ryd over

longer time periods for many other climate impaivers® (high confidence Targeted reductions of air
pollutant emissions lead to more rapid improvements in air quality compared to reductions in GHG emissions
only, but in the long ternfurther improvements are projected in scenarios that combine efforts to reduce air
pollutants as well as GHG emissiomsgh confidencg®. {WGI SPM B.1, WGI SPM B.1.3, WGI SPM D.1,

WGI SPM D.2, WGI Figure SPM.4, WGI Table SPM.1, WGiossSection Box TS.1WGIII SPM C.3,

WGIII Table SPM.2, WGIII Figure SPM.5VGIII Box SPM.1 Figure IWGIII Table 3.2}(Table 3.1, Cross

Section Box 2, Figuré)

Changes inshort-lived climate forcers (SLCF) resulting from the five considered scenarios lead to an
additional net global warming in the near and long term figh confidencé. Simultaneous stringent
climate change mitigation and air pollution control policies limit this additional warming and lead to
strong benefits for air quality (high confidencg. In high and very high GHG emissions scenarios (SEB3
and SSP8.5), combined changes in SLCF emissions, such asd&tbsol and ozone precursorsdi¢a a

net global warming by 2100 dikely 0.4°Q 0.9°C relative to 2019. This is due to projected increases in
atmospheric concentration of GHropospheric ozone, hydrofluorocarbons and, when strong air pollution
control is consideredeductions of cooling aerosols. In low and very low GHG emissions scenarios- (SSP1
1.9 and SSR2.6), air pollution control policies, reductions in £&hd other ozone precursors lead to a net
cooling, whereas reductions in anthropogenic cooling aerosadstte a net warmingh{gh confidence
Altogether, this causedisiely net warming of 0.0°00.3°C due to SLCF changes in 2100 relative to 2019 and
strong reductions in global surface ozone and particulate mhaiggr ¢onfidence {WGI SPM D.1.7, WGI

Box TS.7} (CSB.2)

Continued GHG emissions will further affect all major climate system components, and many changes
will be irreversible on centennial to millennial time scalesMany changes in the climate system become
larger in direct relation to increasimgyobal warming. With every additional increment of global warming,
changes in extremes continue to become ladgdditional warming will lead to more frequent and intense
marine heatwaves and is projected to further amplify permafrost thawing and kesssohal snow cover,
glaciers, land ice and Arctic sea ida@gh confidence Continued global warming is projected to further
intensify the global water cycle, including its variability, global monsoon precipitdtiandvery wet and
very dry weatherrad climate events and seasohigl confidence The portion of global land experiencing
detectablechangesn seasonal mean precipitation is projected to increaseliim confidengewnith more
variableprecipitation and surface watepoWs over most landegions within seasonifh confidenceand
from year to yeamgedium confidengeMany changedue to past and future GHG emissians irreversibl&

on centennial to millennial time scales, especially in the ocean, ice sheets and global sea I8\veB]see
Ocean acidificationvirtually certain), ocean deoxygenatiomigh confidenceand global mean sea level
(virtually certair) will continue to increase in the 21st century, at rates dependent on future emissions. {WGI
SPM B.2, WGI SPM B.2.2, WGI SPR.2.3, WGI SPM B.2.5, WGI SPM B.3, WGI SPM B.3.1, WGI SPM
B.3.2, WGI SPM B.4, WGI SPM B.5, WGI SPM B.5.1, WGI SPM B.5.3, WGI Figure SPM.8} (Figure 3.1)

With further global warming, every region is projected to increasingly experience concurrent and
multiple changes in climatic impactdrivers. Increass inhot and decreasen cold climatic impactdrivers,

such as temperature extremas projected in allegions figh confidence At 1.5°C global warming, éavy
precipitation and flooding events are projected to intensify and become more frequent in most regions in
Africa, Asia (igh confidencg North America hedium to high confidengcand Europerfiediunconfidencg

At 2°C or above,hese changes expand to more regions and/or become more signifigantdnfidenck

and more frequent and/or severe agricultural and ecological droughts are projected in Europe, Africa,
Australasia and North, Central anduth America fnediumto high confidence Otherprojected regional
changes include intensification of tropical cyclones and/or extratropical stamegiuin confidenge and
increases in aridity and fire weatffe(mediumto high confidence Compoundheatwaves and droughts

58See Cros$Section Box.2.

59 Based on additional scenarios.

60 particularly over South and South East Asia, East Asia and West Africa apart from the far west Sahel {WGI SPM B.3.3}
61 See Annex I: Glossary.

62 See Annex I: Glossary.
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becomdikely more frequent, includingoncurrentlyat multiple locationshigh confidence {WGI SPM C.2,
WGI SPM C.2.1, WGI SPM C.2.2, WGI SPM C.2.3, WGI SPM C.2.4, \8BC.2.7}

[START FIGURE 3.1 HERE]

With every increment of global warming, regional changes in mean
climate and extremes become more widespread and pronounced

the last time global surface temperature was sustained

at or above 2.5°C was over 3 million years ago
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projections in annual mean precipitation but also show
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Figure 3.1: Projected changes ofannual maximum daily temperature, annual mean total column soil moisture
CMIPand annual maximum daily precipitation at global warming levels of 1.5°C, 2°C, 3°C, and 4°C relative to
1850 1900. Simulated &) annual maximum temperatureastge (°C), If) annual mean total column soil moisture
(standard deviation)c) annual maximum daily precipitation change (%). Changes correspond to CMIP&nodéi
median changes. In panels (b) and (c), large positive relative changes in dry regiacwnesyond to small absolute
changes. In panel (b), the unit is the standard deviation of interannual variability in soil moisture durintP@850
Standard deviation is a widely used metric in characterising drought severity. A projected reductiam $oitmaoisture
by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six
years during 1850.900.The WGI Interactive Atlashitps://interative-atlas.ipcc.cl)/can be used to explore additional
changes in the climate system across the range of global warming levels presented in tH{M/@dUrgure SPM.5,
WGI Figure TS.5, WGI Figure 11.11, WGI Figure 16, WGI Figure 11.19JCSB.2)
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[END FIGURE 3.1 HERE]

3.1.2 Impacts and Related Risks

For a given level of warming, many climaterelated risks are assessed to be higher than in AR&igh
confidencd. Levels of risk®for all Reasons for Concéf(RFCs) are assessed to become high to very high

at lower global warming levels compared to what was assessed irhfgREconfidenck This is based upon

recent evidence of observed impacts, improved process understandimgvwaknowledge on exposure and
vulnerability of human and natural systems, including limits to adaptation. Depending on the level of global
warming, the assessed lotegm impacts will be up to multiple times higher than currently obseivigh (
confidene) for 127 identified key riskse.g.,in terms of the number of affected people and speRis&s,

including cascading risks (see 3.1.3) and risks from overshoot (see 3.3.4), are projected to become increasingly
severe with every increment of global wamm (very high confidende {WGIl SPM B.3.3, WGII SPM B.4,

WGII SPM B.5, WGII 16.6.3; SRCCL SPM A5.3} (Figure 3.2, Figure 3.3)

Climaterelated risks for natural and human systems are higher for global warming of 1.5°C than at present
(1.1°C) but lower thaat 2°C high confidenci(see Section 2.1. X limaterelated risks to health, livelihoods,

food security, water supply, human security, and economic growth are projected to increase with global
warming of 1.5°Cln terrestrial ecosystemsi B4% of the éns of thousands of species assessedikélly

face a very high risk of extinction at a GWL of 1.5°C. Coral reefs are projected to decline by a furd®g6 70

at 1.5°C of global warmingh{gh confidence At this GWL, many lowelevation and small glacemaround

the world would lose most of their mass or disappear within decades to ceritigiesgnfidence Regions

at disproportionately higher risk include Arctic ecosystems, dryland regions, small island development states
and Least Developed Countrigggh confidence {WGII SPM B.3, WGII SPM B.4.1, WGII TS.C.4.2; SR1.5

SPM A.3, SR1.5 SPM B.4.2, SR1.5 SPM B.5, SR1.5 SPM B.5.1} (Figure 3.3)

At 2°C of global warming, overall risk levels associated with the unequal distribution of impacts (RFC3),
global aggregate impacts (RFC4) and lasgpale singular events (RFC5) would be transitioning to high
(medium confidengethose associated with extreme weather events (RFC2) would be transitioning to very
high (medium confidengeand those associated with umégand threatened systems (RFC1) would be very
high (high confidence (Figure 3.3, panel a)Vith about 2°C warming, climatelated changes in food
availability and diet quality are estimated to increase nutritdbeied diseases and the number of
undermurished people, affecting tens (under low vulnerability and low warming) to hundreds of millions of
people (under high vulnerability and high warming), particularly amongnoame households in lovand
middle-income countries in suBaharan Africa, Sah Asia and Central Americéhigh confidence For
example, snowmelt water availability for irrigation is projected to decline in some snowmelt dependent river
basins by up to 20%medium confidengeClimate change risks to cities, settlements and kegdtrficture

will rise sharply in the midand longterm with further global warming, especially in places already exposed
to high temperatures, along coastlines, or with high vulnerabilitigh confidence {WGII SPM B.3.3, WGII

SPM B.4.2, WGII SPM B.&, WGII TS C.3.3, WGII TS.C.12.2} (Figure 3.3)

63 Undetectable risk level indicates no associated itspa@ detectable and attributable to climate change; moderate risk indicates
associated impacts are both detectable and attributable to climate change withretdeastconfidengelso accounting for the other

specific criteria for key risks; high ksndicates severe and widespread impacts that are judged to be high on one or more criteria for
assessing key risks; and very high risk level indicates very high risk of severe impacts and the presence of sigudisaritifyrer

the persistence dlimaterelated hazards, combined with limited ability to adapt due to the nature of the hazard or impacts/risks.
{WGII Figure SPM.3}

64 The Reasons for Concern (RFC) framework communicates scientific understanding about accrual of risk for five broad categories
{WGII Figure SPM.3}. RFC1: Unique and threatened systems: ecological and human systems that have restricted geographic ranges
corstrained by climateelated conditions and have high endemism or other distinctive properties. Examples include coral reefs, the
Arctic and its Indigenous Peoples, mountain glaciers and biodiversity hotspots. RFC2: Extreme weather events: risksfinmpacts t

health, livelihoods, assets and ecosystems from extreme weather events such as heatwaves, heavy rain, drought and associatec
wildfires, and coastal flooding. RFC3: Distribution of impacts: risks/impacts that disproportionately affect particulardy®up

uneven distribution of physical climate change hazards, exposure or vulnerability. RFC4: Global aggregate impacts: sogacts to
ecological systems that can be aggregated globally into a single metric, such as monetary damages, livespaffesgtddst or
ecosystem degradation at a global scale. RFC5: tsrgje singular events: relatively large, abrupt and sometimes irreversible changes

in systems caused by global warming, such as ice sheet instability or thermohaline circulation Alsseisgment methods include a
structured expert elicitation based on the literature described in WGII SM16.6 and are identical to AR5 but are enhsimaetiibgcha

approach to improve robustness and facilitate comparison between AR5 and AR6. Foefiptdations of global risk levels and
Reasons for Concern, see WGII TS.All. {WGII Figure SPM.3}
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At global warming of 3°C, additional risks in many sectors and regions reach high or very high levels, implying
widespread systemic impacts, irreversible change and many additional adaptation limits i@e& 2g€tigh
confidencg For example, very high extinction risk for endemic species in biodiversity hotspots is projected
to increase at least tenfold if warming rises from 1.5°C to &i€d{um confidengeProjected increases in
direct flood damages arhigher by 1.42 times at 2°C and 2.3.9 times at 3°C, compared to 1.5°C global
warming without adaptatiom{edium confiden¢e{WGII SPM B.4.1, WGII SPM B.4.2, WGII Figure SPM.3,
WGII TS Appendix All, WGII Atlas Fig.Al.46} (Figure 3.2, Figure 3.3)

Global warming of 4°C and above is projected to lead tadaching impacts on natural and human systems
(high confidence Beyond 4°C of warming, projected impacts on natural systems include local extinction of
~50% of tropical marine specign¢dium confidece) and biome shifts across 35% of global land amezd{um
confidencg At this level of warming, approximately 10% of the global land area is projected to face both
increasing high and decreasing low extreme streamflow, affecting, without additioptatamnta over 2.1
billion people (medium confidendeand about 4 billion people are projected to experience water scarcity
(medium confidengeAt 4°C of warming, the global burned area is projected to increasel BP%0and the

fire frequency by ~30%ompared to todayr{edium confideng¢e{WGII SPM B.4.1, WGII SPM B.4.2, WGl
TS.C.1.2, WGII TS.C.2.3, WGII TS.C.4.1, WGII TS.C.4.4} (Figure 3.2, Figure 3.3)

Projected adverse impacts and related losses and damages from climate change escalate with every
increment of global warming (very high confidencg but they will also strongly depend on socio
economic development trajectories and adaptation actions to reduce vulnerability and exposutggh
confidencg. For example, development pathways with higleenand for food, animal feed, and water, more
resourceintensive consumption and production, and limited technological improvements result in higher risks
from water scarcity in drylands, land degradation and food insectniifir confidence Changes in,dr
example, demography or investments in health systems have effect on a variety efelagalthoutcomes
including heatrelated morbidity and mortality (Figure 3.3 Panel d). {WGIl SPM B.3, WGII SPM B.4, WGII
Figure SPM.3; SRCCL SPM A.6}

With every increment of warming, climate change impacts and risks will become increasingly complex
and more difficult to manage.Many regions are projected to experience an increase in the probability of
compound events with higher global warming, such as concurrentawest and droughts, compound flooding
and fire weather. In addition, multiple climatic and vadimatic risk drivers such as biodiversity loss or violent
conflict will interact, resulting in compounding overall risk and risks cascading across sectoegjiand.r
Furthermore, risks can arise from some responses that are intended to reduce the risks of climategchange,
adverse side effects of some emission reduction and carbon dioxide removal (CDR) measures (seigl3.4.1). (
confidencg{WGI SPM C.2.7 WGI Figure SPM.6, WGI TS.4.3; WGII SPM B.1.7, WGII B.2.2, WGII SPM
B.5, WGII SPM B.5.4, WGII SPM C.4.2, WGII SPM B.5, WGII CCB2}

Solar Radiation Modification (SRM) approaches, if they were to be implemented, introduce a
widespread range of new risks to pople and ecosystems, which are not well understodsRM has the
potential to offset warming within one or two decades and ameliorate some climate hazards but would not
restore climate to a previous state, and substantial residual or overcompensatirgotiange would occur

at regional and seasonal scalegli confidence Effects of SRM would depend on the specific approach
used®, and a sudden and sustained termination of SRM in a higle@@sions scenario would cause rapid
climate changehigh conidencg. SRM would not stop atmospheric €&ncentrations from increasing nor
reduce resulting ocean acidification under continued anthropogenic emiskighsconfidence Large
uncertainties and knowledge gaps are associated with the potential of [gRdAches to reduce climate
change risks. Lack of robust and formal SRM governance poses risks as deployment by a limited number of
states could create international tensions. {WGI 4.6; WGII SPM B.5.5; WGIII 14.4.5.1-0/@4%0Xx SRM,;

SR1.5 SPM C.1.4}

[START FIGURE 3.2 HERE]

65 Several SRM approaches have been proposed, including stratospheric aerosol injection, marine cloud brightenibgsedound
albedo modifications, and ocealbedo change. See Annex I: Glossary.
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Figure 3.2: Projected risks and impacts of climate change on natural and human systems at different global
warming levels (GWLs) relative to 18501900 levelsProjected risks and impacts shown on the maps are based on
outputs from different subsets of Earth system models that were used to project each impact indicator without additional
adaptation. WGII provides further assessment of the impacts on humantarad sigstems using these projections and
additional lines of evidencéa) Risks of species losses as indicated by the percentage of assessed species exposed to
potentially dangerous temperature conditions, as defined by conditions beyond the estistataxhlhjl8562005)
maximum mean annual temperature experienced by each species, at GWLs of 1.5°C, 2°C, 3°C and 4°C. Underpinning
projections of temperature are from 21 Earth system models and do not consider extreme events impacting ecosystems
such as th Arctic. (b) Risk to human health as indicated by the days per year of population exposure to hypothermic
conditions that pose a risk of mortality from surface air temperature and humidity conditions for historical period (1991
2005) and at GWLs of 1.79Q2.3°C (mean = 1.9°C; 13 climate models), 243@°C (2.7°C; 16 climate models) and
4.2°Q'5.4°C (4.7°C; 15 climate models). Interquartile ranges of WGLs by-208Q under RCP2.6, RCP4.5 and
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