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Introduction

This Synthesis Report (SYR) of the IPCC Sixth Assessment Report (AR6) summarises the state of knowledge of climate change,
its widespread impacts and risks, and climate change mitigation and adaptation. It integrates the main findings of the Sixth
Assessment Report (AR6) based on contributions from the three Working Groups', and the three Special Reports?. The summary
for Policymakers (SPM) is structured in three parts: SPM.A Current Status and Trends, SPM.B Future Climate Change, Risks, and
Long-Term Responses, and SPM.C Responses in the Near Term?.

This report 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 well-being
and sustainable development, and reflects the increasing diversity of actors involved in climate action.

Based on scientific understanding, key findings can be formulated as statements of fact or associated with an assessed level of
confidence using the IPCC calibrated language*.

' The three Working Group contributions to ARG are: AR6 Climate Change 2021: The Physical Science Basis; AR6 Climate Change 2022: Impacts, Adaptation
and Vulnerability; and AR6 Climate Change 2022: Mitigation of Climate Change. Their assessments cover scientific literature accepted for publication
respectively by 31 January 2021, 1 September 2021 and 11 October 2021.

2 The three Special Reports are: Global Warming of 1.5°C (2018): an IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial
levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty (SR1.5); Climate Change and Land (2019): an IPCC Special Report on climate change, desertification, land
degradation, sustainable 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 respectively by 15 May 2018, 7 April 2019 and
15 May 2019.

> In this report, the near term is defined as the period until 2040. The long term is defined as the period beyond 2040.

4 Each finding is grounded in an evaluation of underlying evidence and agreement. The IPCC calibrated language uses five qualifiers to express a level of
confidence: very low, low, medium, high and very high, and typeset in italics, for example, medium confidence. The following terms are used to indicate the
assessed likelihood of an outcome or a result: virtually certain 99-100% probability, very likely 90—-100%, likely 66—100%, more likely than not >50-100%,
about as likely as not 33—-66%, unlikely 0-33%, very unlikely 0-10%, exceptionally unlikely 0—1%. Additional terms (extremely likely 95-100%; and
extremely unlikely 0-5%) are also used when appropriate. Assessed likelihood is typeset in italics, e.g., very likely. This is consistent with AR5 and the other
ARG Reports.
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A. Current Status and Trends

Observed Warming and its Causes

A.1  Human activities, principally through emissions of greenhouse gases, have unequivocally
caused global warming, with global surface temperature reaching 1.1°C above 1850-1900
in 2011-2020. Global greenhouse gas emissions have continued to increase, with unequal
historical and ongoing contributions arising from unsustainable energy use, land use and
land-use change, lifestyles and patterns of consumption and production across regions,
between and within countries, and among individuals (high confidence). {2.1, Figure 2.1,
Figure 2.2}

A.1.1  Global surface temperature was 1.09 [0.95 to 1.20]°C° higher in 2011-2020 than 1850-1900¢, with larger increases
over land (1.59 [1.34 to 1.83]°C) than over the ocean (0.88 [0.68 to 1.01]°C). Global surface temperature in the first two
decades of the 21t century (2001-2020) was 0.99 [0.84 to 1.10]°C higher than 1850-1900. Global surface temperature
has increased faster since 1970 than in any other 50-year period over at least the last 2000 years (high confidence).
{2.1.1, Figure 2.1}

A.1.2  The likely range of total human-caused global surface temperature increase from 1850-1900 to 2010-2019 is 0.8°C to
1.3°C, with a best estimate of 1.07°C. Over this period, it is /ikely that well-mixed greenhouse gases (GHGs) contributed
a warming of 1.0°C to 2.0°C?, and other human drivers (principally aerosols) contributed a cooling of 0.0°C to 0.8°C,
natural (solar and volcanic) drivers changed global surface temperature by —0.1°C to +0.1°C, and internal variability
changed it by —0.2°C to +0.2°C. {2.1.1, Figure 2.1}
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A.1.3 Observed increases in well-mixed GHG concentrations since around 1750 are unequivocally caused by GHG emissions
from human activities over this period. Historical cumulative net CO, emissions from 1850 to 2019 were 2400 + 240 GtCO,
of which more than half (58%) occurred between 1850 and 1989, and about 42% occurred between 1990 and 2019 (high
confidence). In 2019, atmospheric CO, concentrations (410 parts per million) were higher than at any time in at least 2
million years (high confidence), and concentrations of methane (1866 parts per billion) and nitrous oxide (332 parts per
billion) were higher than at any time in at least 800,000 years (very high confidence). {2.1.1, Figure 2.1}

A.1.4  Global net anthropogenic GHG emissions have been estimated to be 59 + 6.6 GtCO,-eq’ in 2019, about 12% (6.5 GtCO,-eq)
higher than in 2010 and 54% (21 GtCO2-eq) higher than in 1990, with the largest share and growth in gross GHG emissions
occurring in CO, from fossil fuels combustion and industrial processes (CO:-FFl) followed by methane, whereas the highest
relative growth occurred in fluorinated gases (F-gases), starting from low levels in 1990. Average annual GHG emissions
during 2010-2019 were higher than in any previous decade on record, while the rate of growth between 2010 and
2019 (1.3% yr') was lower than that between 2000 and 2009 (2.1% yr"). In 2019, approximately 79% of global GHG

> Ranges given throughout the SPM represent very likely ranges (5-95% range) unless otherwise stated.

®  The estimated increase in global surface temperature since AR5 is principally due to further warming since 2003—-2012 (0.19 [0.16 to 0.22] °C). Additionally,
methodological advances and new datasets have provided a more complete spatial representation of changes in surface temperature, including in the
Arctic. These and other improvements have also increased the estimate of global surface temperature change by approximately 0.1°C, but this increase
does not represent additional physical warming since AR5.

7 The period distinction with A.1.1 arises because the attribution studies consider this slightly earlier period. The observed warming to 2010-2019
is 1.06 [0.88 to 1.21]°C.

¢ Contributions from emissions to the 2010-2019 warming relative to 1850—1900 assessed from radiative forcing studies are: CO, 0.8 [0.5 to 1.2]°C;
methane 0.5 [0.3 to 0.8]°C; nitrous oxide 0.1 [0.0 to 0.2]°C and fluorinated gases 0.1 0.0 to 0.2]°C. {2.1.1}

°  GHG emission metrics are used to express emissions of different greenhouse gases in a common unit. Aggregated GHG emissions in this report are stated in CO,-
equivalents (CO,-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 WG| reports contain updated emission metric values, evaluations of different metrics with regard to mitigation objectives, and
assess new approaches to aggregating gases. The choice of metric depends on the purpose of the analysis and all GHG emission metrics have limitations
and uncertainties, given that they simplify the complexity of the physical climate system and its response to past and future GHG emissions. {2. 7.7}
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emissions came from the sectors of energy, industry, transport, and buildings together and 22%" from agriculture,
forestry and other land use (AFOLU). Emissions reductions in CO,-FFI due to improvements in energy intensity of GDP
and carbon intensity of energy, have been less than emissions increases from rising global activity levels in industry,
energy supply, transport, agriculture and buildings. (high confidence) {2.1.1}

A.1.5 Historical contributions of CO, emissions vary substantially across regions in terms of total magnitude, but also in
terms of contributions to CO,-FFI and net CO, emissions from land use, land-use change and forestry (CO,-LULUCF).
In 2019, around 35% of the global population live in countries emitting more than 9 tCO,-eq per capita' (excluding
CO,-LULUCF) while 41% live in countries emitting less than 3 tCO,-eq per capita; of the latter a substantial share lacks
access to modern energy services. Least Developed Countries (LDCs) and Small Island Developing States (SIDS) have
much lower per capita emissions (1.7 tCO,-eq and 4.6 tCO,-eq, respectively) than the global average (6.9 tCO,-eq),
excluding CO,-LULUCF. The 10% of households with the highest per capita emissions contribute 34-45% of global
consumption-based household GHG emissions, while the bottom 50% contribute 13-15%. (high confidence) {2.1.1,
Figure 2.2}

Observed Changes and Impacts

A.2 Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere have
occurred. Human-caused climate change is already affecting many weather and climate
extremes in every region across the globe. This has led to widespread adverse impacts and
related losses and damages to nature and people (high confidence). Vulnerable communities
who have historically contributed the least to current climate change are disproportionately
affected (high confidence). {2.1, Table 2.1, Figure 2.2, Figure 2.3} (Figure SPM.1)

A.2.1 Itis unequivocal that human influence has warmed the atmosphere, ocean and land. Global mean sea level increased by
0.20 [0.15 to 0.25] m between 1901 and 2018. The average rate of sea level rise was 1.3 [0.6 to 2.1] mm yr" between 1901
and 1971, increasing to 1.9 [0.8 to 2.9] mm yr' between 1971 and 2006, and further increasing to 3.7 [3.2 to 4.2] mm yr'
between 2006 and 2018 (high confidence). Human influence was very likely the main driver of these increases since at
least 1971. Evidence of observed changes in extremes such as heatwaves, heavy precipitation, droughts, and tropical
cyclones, and, in particular, their attribution to human influence, has further strengthened since AR5. Human influence
has likely increased the chance of compound extreme events since the 1950s, including increases in the frequency of
concurrent heatwaves and droughts (high confidence). {2.1.2, Table 2.1, Figure 2.3, Figure 3.4} (Figure SPM.1)

A.2.2 Approximately 3.3 to 3.6 billion people live in contexts that are highly vulnerable to climate change. Human and
ecosystem vulnerability are interdependent. Regions and people with considerable development constraints have high
vulnerability to climatic hazards. Increasing weather and climate extreme events have exposed millions of people
to acute food insecurity'? and reduced water security, with the largest adverse impacts observed in many locations
and/or communities in Africa, Asia, Central and South America, LDCs, Small Islands and the Arctic, and globally for
Indigenous Peoples, small-scale food producers and low-income households. Between 2010 and 2020, human mortality
from floods, droughts and storms was 15 times higher in highly vulnerable regions, compared to regions with very low
vulnerability. (high confidence) {2.1.2, 4.4} (Figure SPM.1)

A.2.3 C(limate change has caused substantial damages, and increasingly irreversible losses, in terrestrial, freshwater,
cryospheric, and coastal and open ocean ecosystems (high confidence). Hundreds of local losses of species have been
driven by increases in the magnitude of heat extremes (high confidence) with mass mortality events recorded on
land and in the ocean (very high confidence). Impacts on some ecosystems are approaching irreversibility such as
the impacts of hydrological changes resulting from the retreat of glaciers, or the changes in some mountain (medium
confidence) and Arctic ecosystems driven by permafrost thaw (high confidence). {2.1.2, Figure 2.3} (Figure SPM.1)

GHG emission levels are rounded to two significant digits; as a consequence, small differences in sums due to rounding may occur. {2. 7.7}
Territorial emissions.

Acute food insecurity can occur at any time with 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 need for humanitarian action. {2. 7}
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A24

A25

A2.6

A2.7

Climate change has reduced food security and affected water security, hindering efforts to meet Sustainable
Development Goals (high confidence). Although overall agricultural productivity has increased, climate change has
slowed this growth over the past 50 years globally (medium confidence), with related negative impacts mainly in mid-
and low latitude regions but positive impacts in some high latitude regions (high confidence). Ocean warming and
ocean acidification have adversely affected food production from fisheries and shellfish aquaculture in some oceanic
regions (high confidence). Roughly half of the world’s population currently experience severe water scarcity for at least
part of the year due to a combination of climatic and non-climatic drivers (medium confidence). {2.1.2, Figure 2.3}
(Figure SPM.1)

In all regions increases in extreme heat events have resulted in human mortality and morbidity (very high confidence).
The occurrence of climate-related food-borne and water-borne diseases (very high confidence) and the incidence
of vector-borne diseases (high confidence) have increased. In assessed regions, some mental health challenges are
associated with increasing temperatures (high confidence), trauma from extreme events (very high confidence), and
loss of livelihoods and culture (high confidence). Climate and weather extremes are increasingly driving displacement
in Africa, Asia, North America (high confidence), and Central and South America (medium confidence), with small island
states in the Caribbean and South Pacific being disproportionately affected relative to their small population size (high
confidence). {2.1.2, Figure 2.3} (Figure SPM.1)

Climate change has caused widespread adverse impacts and related losses and damages® to nature and people that are
unequally distributed across systems, regions and sectors. Economic damages from climate change have been detected
in climate-exposed sectors, such as agriculture, forestry, fishery, energy, and tourism. Individual livelihoods have been
affected through, for example, destruction of homes and infrastructure, and loss of property and income, human health
and food security, with adverse effects on gender and social equity. (high confidence) {2.1.2} (Figure SPM.1)

In urban areas, observed climate change has caused adverse impacts on human health, livelihoods and key infrastructure.
Hot extremes have intensified in cities. Urban infrastructure, including transportation, water, sanitation and energy
systems have been compromised by extreme and slow-onset events', with resulting economic losses, disruptions of
services and negative impacts to well-being. Observed adverse impacts are concentrated amongst economically and
socially marginalised urban residents. (high confidence) {2.1.2}

In this report, the term ‘losses and damages' refers to adverse observed impacts and/or projected risks and can be economic and/or non-economic (see

Annex [: Glossary).

Slow-onset events are described among the climatic-impact drivers of the AR6 WGI and refer to the risks and impacts associated with e.g., increasing

temperature means, desertification, decreasing precipitation, loss of biodiversity, land and forest degradation, glacial retreat and related impacts, ocean

acidification, sea level rise and salinization. {2. 7.2}
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Adverse impacts from human-caused
climate change will continue to intensify

a) Observed widespread and substantial impacts and
related losses and damages attributed to climate change
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Figure SPM.1: (a) Climate change has already caused widespread impacts and related losses and damages on human systems and altered terrestrial,
freshwater and ocean ecosystems worldwide. Physical water availability includes balance of water available from various sources including ground water, water
quality and demand for water. Global mental health and displacement assessments reflect only assessed regions. Confidence levels reflect the assessment of
attribution of the observed impact to climate change. (b) Observed impacts are connected to physical climate changes including many that have been attributed
to human influence such as the selected climatic impact-drivers shown. Confidence and likelihood levels reflect the assessment of attribution of the observed
climatic impact-driver to human influence. (c) Observed (1900-2020) and projected (2021-2100) changes in global surface temperature (relative to 1850-1900),
which are linked to changes in climate conditions and impacts, illustrate how the climate has already changed and will change along the lifespan of three




