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Intergovernmental Panel on Climate Change (IPCC) 1/2

* Established in 1988, 195 member governments.

* Obijective: to provide scientific information for policy-
making on climate change: drivers of climate change, its
impacts and future risks, and adaptation and mitigation.

The Intergovernmental Panel on Climate Change
(IPCC) isthe United Nationsbodyforassessing
the science related to climatechange.

* Thousands of people from all over the world

contribute to the work of the IPCC. For the I c c -
assessment reports, experts volunteer their time as - 4=

INTERGOVERNMENTAL PANEL ON

IPCC authors to assess the thousands of scientific climate chance
papers published each year to provide a
comprehensive summary of what is known about the Nebel
drivers of climate change, its impacts and future risks, who  UNEP _ worpescepmze
and how adaptation and mitigation can reduce those |

risks.
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Intergovernmental Panel on Climate Change (IPCC) 2/2

* Through its assessments, the IPCC identifies the
strength of scientific agreement in different areas and
indicates where further research is needed. The IPCC The Intergovernmental Panel on Climate Change
does not conduct its own research. (IPCC)is the United Nationsbodyforassessing
the science related to climatechange.
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* An open and transparent review by experts and
governments around the world is an essential part of the
IPCC process, to ensure an objective and complete
assessment and to reflect a diverse range of views
and expertise.
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The Ocean and Cryosphere
in a Changing Climate
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Principaliny of Manaco, 24 Segremter 2019

Summary for Policymakers
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Findings of the Synthesis Report
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A. Current Status and Trends
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O b S e rve d Wa r m i n g a n d Global surface temperature has increased by

1.1°C by 2011-2020 compared to 1850-1900

its Causes e

1.5
1.0
Global surface temperaturewas 1.1°Cabove
. 05 Observed
1850—-1900in 2011-2020. .
This warming is unequivocally caused by GHG emissions ‘;‘,C,‘fj’!'g}’f;:nmy
o ong . m
due to human activities. Bhan 100,000
years

Historical and ongoing emissions differ across regions, 2000 2020
between and within countries, and among individuals. NI

In 2019 about 80% of emissions came fromenergy, industry, T R
transportand buildings. The rest came from agriculture, ' '

foreStry and Other land Use. Source: IPCCAR6 Figure 2.1 (c), 2023
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Observed Changes and
Impacts

Climate change is already affecting every region, including
observed changes in extremes, like heatwaves, that reduce food
security and increase human morbidity and mortality.

The rate of sea level rise has increased over time reaching
3.7 mm/yr between 2006 and 2018.

Approximately 3.3 — 3.6 billion people live in contexts
highly vulnerable to climate change.

Vulnerablecommunities who have historically contributed the

least to current climate change are disproportionately affected.
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Observed widespread and substantial impacts and
related losses and damages attributed to climate change

Water availability and food production

000

Physical ~ Agriculture/ Animal and  Fisheries
water crop livestock  yields and
availability production health and aquaculture
productivity  production

Cities, settlements and infrastructure

L ]
Inland Flood/storm Damages  Damages
flooding and  induced to infra- to key
associated damagesin  structure  €conomic
damages coastal areas sectors

Health and well-being

© 00O

Infectious Heat, Mental Displacement
diseases  malnutrition  health

and harm

from wildfire

Biodiversity and ecosystems

© 6 &

Terrestrial ~ Freshwater Ocean
ecosystems  ecosystems ecosystems

Includes changes in ecosystem structure,
species ranges and seasonal timing

Source: IPCCARG6 Figure SPM.1 (a), 2023
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Adaptation Progress, Gaps and Challenges

Most adaptation responses are fragmented, incremental, sector-
specific and unequally distributed across regions.

9 . Observed impacts and related losses E EE :é
Ecosystem-based adaptation approaches have contributed to and damages of climate change £ =g 3
reducing flood risks and urban heat. 2] Wt vty Pyt varr iy & | R RN NARRRAEY o170 g e
= Agriculture/crop production §
2 el ¥ Koy
Soft limits to adaptation are being experienced by small-scale iy i | CCIEIKACIEIEIEE
fa rmers and househOIdS |n IOW—Iy|ng Coastal reglons' Heat, malnutrition and harm from wildfire Y | [N EX I E [ Ackverse and positive impacts
Mental heahh e T T ' see | soe EOSYSTEMS
Displacement 2= | R D oo | s |oss | o Climate-driven changes observed,
. . Cities, settlements alg'slg? g g‘; og;':ﬁaagé:s - no assessment of impact direction
Some tropical, coastal, polar and mountain ecosystems have and infrastructure Flodistorm induce .. | B B oy Pt By oy o o
. . . damages ln.cnastal areas Confidence in attribution
reached hard adaptation limits. Panages onfasmucur 25| K ICHICHCRA R RRERRE o cinave change

Damages to key economic sectors Jy; | ICON | ICCCH BCCH CRON BCCH ICCH IECD) D) =e High or very high

Changes in Terrestrial %) | [ | I o B e o e se Medium
ecosystem structure . .+ low
Freshwater _Il | RCCOH | RCEES

—  Evidence limited, insufficient
Ocean = ses o | soe | soe | see I Not assessed

Species range shifts Terrestrial p&_} eos || soe | o | eoe| oo | eas | cou| eee

Despite progress, adaptation gaps remain and will grow at current
rates of implementation.

ECOSYSTEMS

Freshwater _I |00

Ocean ¥=| L0

Changes in seasonal Temrestrial (&) | 2
timing (phenology) ermrestria %

Current global financial flows for adaptation are insufficient Freshwater I | R

Ocean ¥=| {20

especially in developing countries.
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Global GHG emissions

Mitigation Progress, Gaps
and Challenges

Trend from implemented policies

Limit warming to 2°C (>67%)
or 1.5 (>50%) after high

More countries have implemented mitigation policies avoiding overshoot with NDCs until 2030

emissions of at least 1.8GtCOze/yr but global emissions continue

to rise. Limit warming

to 2°C (>67%)

At least 18 countries have sustained a decade of declining
absolute emissions.

® GHG emissions (GtCO,-eq/yr)

Limit warming to
1.5°C (>50%) with
no or limited overshoot

October 2021 NDCs not sufficient to achieve Paris Agreement
temperature goal.

s e e e L A
2010 2015 2020 2025 2030 2035 2040 2045 2050

2020 policies not sufficient to achieve the NDCs.

Finance flows fall short of the levels needed and the Source: IPCC ARG Figure 2.5 (a), 2023
USD 100 billion/yr goal.
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B. Future Climate Change, Risks, and
Long-Term Responses
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Future Climate
Change

Nearly all scenarios and modelled pathways project continued
growth in annual GHG emissions in the near term — 2021-2040—
leading to increasing global warming.

Warming is more likely than not to reach 1.5°C in the near term
even under the very low GHG emissions scenario (SSP1-1.9).

Every increment of global warming will affect all major climate
system components and intensify multiple and concurrent
hazards.

Deep, rapid, and sustained reductions in GHG emissions would

lead to a discernible difference in global warming trends within
two decades.
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Temperature for SSP-based scenarios over the
21 century and C1-C8 at 2100

goc 7

6

color shading shows
5 range for SSP3-7.0

an SSP1—2.6‘N SSP5-8.5
SSP3-7.0

SSP2-4.5

]
SSP1-2.6 [ 4=
SSP1-1.9 =

C1-C8in 2100

Source: IPCCAR6 Cross-Section Box.2 Figure 1 (a), 2023




Climate Change Impacts and

Related Risks

Food production . : 15 - : 425 430
impacts P PN

: & \ %7 7 < |
%‘ 4 Y S 4 Y N ) .
c1) Maize yield* 1.6 -2.4°C 3.3-4.8°C 3.9-6.0°C
A
Changes (%) in yield *Projected regional impacts reflect biophysical responses to changing temperature, precipitation, solar radiation, humidity, wind, and CO:
enhancement of growth and water retention in currently cultivated areas. Models assume that irrigated areas are not water-limited.

Models do not represent pests, diseases, future agro-technological changes and some extreme climate responses.

)’ . e 2 VW i # ) A Areas with little or no

c2) Fisheries yield® production, or not assessed

Changes (%) in ' o 9 ¥
maximum catch ¥ 2 % 2
potential Al 2 o % ‘ Sy

3.4-5.2°C
SProjected regional impacts reflect fisheries and marine ecosystem responses to ocean physical and biogeochemical conditions such as
temperature, oxygen level and net primary production. Models do not represent changes in fishing activities and some extreme climatic
conditions. Projected changes in thea Arctic regions have low confidence due to uncertainties associated with modelling multiple interacting
drivers and ecosystem responses.

#77  Areas with model disagreement

Source: IPCCAR6 Figure SPM. 3 (c), 2023
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Risks, projected adverse impacts and related losses and
damages due to climate change escalate with further
warming.

Land and ocean carbon sinks are projected to be less
effective at slowing the accumulation of COz in the
atmosphere.

For a given warming level, many climate-related risks are
higher than assessed in AR5 and long-term impacts are
higher than currently observed.

Climatic and non-climatic risks will increasingly interact,
creating compound and cascading risks that are more
complex and difficult to manage.
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Likelihood and Risks of Unavoidable, Irreversible
or Abrupt Changes

Some future changes are unavoidable
and/or irreversible but can be limited by deep,

rapid and sustained global emissions reduction. High risks are now assessed to occur at lower global warming levels vik Is the potentialfor
Global surface temperature change Global Reasons for Concern (RFCs) gadverse consequences
relative to 1850-1900 __ inAR5 (2014) vs. ARG (2022) Risk/impact
The likelihood of abrupt and/or irreversible B e = Very high
. : ancertainty ranges for i High
changes such as species loss in forests, coral grrxnejgv;gicgﬁﬁmj high Moderate
reefs and Arctic regions increases with intermediate > | Undetectbl
dd . I . " | Transition range
a |t|0na Wa rmlng- very low D)= 4 E* = = 1 ’:’ - F S Confidegce level
= I i t
2011_?1012? \é/as _/ 1 : 2 ?risr:giq'ieon ?ange
around 1.1°C warmer .
Similarly, the probability of low-likelihood - than 185 MEARG  ARSARG  ARSARG ARG ARG ARG ARe o f RS
outcomes associated with potentially very large 1 dresered  weaber  ofmoscs  sggeste e midoointof it
2000 2015 2050 2100 | midpoint of transition

systems events impacts events

adverse impacts increases with additional

warming. Source: IPCCAR6 Figure SPM. 4 (a), 2023
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Adaptation Options and their Limits in a

Warmer World

Adaptation options, including most water
related options, will become constrained and
less effective with further warming.

With more warming, losses and damages,
concentrated among vulnerable populations,
will increase and additional human and natural
systems will reach adaptation limits.

Maladaptation can be avoided by careful long-
term planning and implementation.
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Risks to coastal geographies increase with sea level rise and depend on responses

OR O® O® O®

cm
100

75

50

25

0

Global mean sea level rise relative to 1900

low-likelihood, high impact
storyline, including ice-sheet ,

instability processes

2000

an

very high [

high

intermediate 75
low

very low

__1986-2005
baseline

2100

atoll islands communities agricultural

Urban Avrctic Large tropical

deltas

Resource-rich
coastal cities

Risks are
assessed with
medium confidence

No-to-moderate
response

®

Maximum potential
response

Source: IPCCAR6 Figure SPM. 4 (c), 2023
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Net Zero Emissions

\[ 12% higher than 2010

Cntributions (NDCs
range in 2030

Limiting human-caused global warming requires
net zero CO2 emissions.

Whether warming can be limited to 1.5°C or 2°C depends
largely on cumulative carbon emissions until the time of

reaching net-zero CO2 and the
level of GHG reductions this decade.
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Post 2019 carbon budgets are 500 GtCO:2 for 1.5°C (50%)
and 1150 Gt COz for 2°C (67%).

Projected CO2 emissions from existing fossil fuel

infrastructure wi'Fh_out additional abatemento Source: 1PCCARG Figure SPM. (2], 2023
exceed the remaining carbon budget for 1.5°C.
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Mitigation Pathways

Modelled pathways consistent with the Paris Agreement
goal to limit global warming fall into two categories:
* Those that limit warming to 1.5°C (>50%) with no or
limited overshoot, and
* Those that limit warming to 2°C (>67%).

All global modelled pathwaysin these categories involve
rapid, deep and usually immediate GHG emissions
reductions in all sectors during this decade.

Global net zero CO2 emissions are reached for these

pathway categories, in the early 2050s and around the early
2070s, respectively.
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, CO, will be reached

before net zero GHG emissions
2°C

1.5°C ICO.

2000 2020 2040 2060
Year of net zero emissions

Source: IPCCAR6 Figure SPM. 5 (d), 2023



While keeping warming to 1.5°Ci

Ove I’ShOOt. (>50%) with no or limited overshoot
Exceeding a Warming Level

and Returning

If warming exceeds a specified level, such as 1.5°C, it could gradually
be reduced again by achieving and sustaining net negative global CO2
emissions.

Policies in place in 2020

Historical

GHGs reach net zero

Net negative CO2 emissions would require more carbon dioxide (ater than CO,

removal (CDR) deployment compared to pathways without
overshoot.
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Greater deployment of CDR raises feasibility and sustainability
concerns.
2000 2020 2040 2060 2080

Overshoot entails risks and adverse impacts, some irreversible, for
human and natural systems, that grow with the magnitude and Source: IPCCAR6 Figure 3.6 (a), 2023

duration of overshoot.
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C. Responses in the Near Term
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Urgency of Near-Term Integrated

Climate Action

Carbon budgets

e cl 1.5°C  2°C
Carbon budgets and emissions C50%)  (83%)
I 1

& Cumulative CO; emissions (GtCO,) historical § since 2020 :
— e |
1000 2000 0

Historical emissions 1850-2019

Remaining
carbon budgets

1.5°C (>50% chance)
2°C (83% chance)

2°C (>67% chance)

2020-2030 CO; emissions
assuming constant at 2019 level

Lifetime emissions from fossil fuel Existing
infrastructure without additional abatement,

if historical operating patterns are maintained Bl

planned

1500

this line indicates
maximum emissions
to stay within 2°C
of warming (with
83% chance)

Source: IPCCAR6 Figure 3.5 (a), 2023
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Climate change is a threat to human well-being and
planetary health.

The window of opportunity to secure a liveable and
sustainable future for all is closing rapidly.

The choices and actions implemented in this decade will
have impacts now and for thousands of years.

Climate resilient development integrates adaptation and
mitigation to advance sustainable development for all.
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Benefits of
Near-Term Action

Ambitious action in this decade would yield numerous
benefits.

Ambitious near-term action would reduce projected
losses and damages for humans and natural ecosystems
and deliver many co-benefits.

Delayed action would reduce feasible adaptation
options, increase losses and damages, and raise risks of

stranded assets.

Near-term actions involve higher investments initially but
yield savings in the longer term.
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There are multiple opportunities for scaling up climate action

Feasibility of climate responses and adaptation, and potential of mitigation options in the near-term

options costing 100 USD tC0z-eq or
/—[ess could rediice global emissions by
at least half of the 2019 level by 2030

ENERGY SUPPLY

LAND, WATER, FOOD

INFRASTRUCTURE

HEALTH @ SETTLEMENTS AND

SOCIETY, LIVELIHOOD
AND ECONOMY

Feasibility level and synergies
with mitigation

Il High [ Medium Low

Climate responses and
adaptation options

Energy reliability (e.g.
diversification, access, stgzility)

Resilient power systems

Improve water use efficiency

Efficient livestock systems

Improved cropland management

Water use efficiency and water
resource management

Biodiversity management and
ecosystem connectivity

Agroforestry

Sustainable aquaculture and fisheries
Forest-based adaptation

Integrated coastal zone management

Coastal defence and hardening

Sustainable urban water management

Sustainable land use and urban planning

Green infrastructure and
ecusystem services

Enhanced health services
(e.g. WASH, nutrition and diets)

Risk spreading and sharing

Social safety nets

Climate services, including
Early Warning Systems

Disaster risk management
Human migration
Planned relocation and resettlement

Livelihood diversification

sse High

| Insufficient evidence

Synergies
with
mitigation

- [
feee ] - |
=

Confidence level in potential feasibility
and in synergies with mitigation

e Medium

Mitigation options

Solar

Wind

Reduce methane from coal, oil and gas
Bioelectricity (includes BECCS)
Geothermal and hydropower

Nuclear

Fossil Carbon Capture and Storage (CCS)

Reduce conversion of natural ecosystems

Carbon sequestration in agriculture

Ecosystem restoration,
afforestation, reforestation

Shift to sustainable healthy diets
Improved sustainable forest management
Reduce methane and N, O in agriculture

Reduce food loss and food waste

Efficient buildings
Fuel efficient vehicles

Electric vehicles
Efficient lighting, appliances
and equipment

Public transport and bicycling
Biofuels for transport

Efficient shipping and aviation
Avoid demand for energy services
Onsite renewables

Fuel switching
Reduce emission of fluorinated gas
Energy efficiency

Material efficiency

Reduce methane from
waste/wastewater

Construction materials substitution
Enhanced recycling

Carbon caﬁture with
utilisation (CCU) and CCS

INDUSTRY AND WASTE

Potential contribution to
net emission reduction, 2030 &G
1 2

w
~

Net lifetime cost of options:
[ Costs are lower than the reference . 50-100 (USD per tCOz-eq)
* Low I 0-20 (USD per tC0:-eq)

I 20-50 (USD per tCOz-eq)

[ 100-200 (USD per tCOx-eq)

I Cost not allocated due to high
variability or lack of data

Source: IPCCAR6 Figure SPM. 7 (a), 2023




Mitigation and Adaptation Options
across Systems

Sectoral emissions in pathways that limit warming to 1.5°C
Rapid, ambitious and extensive transitions are needed in

all sectorsand systemsto achieve net zero emissions.

pathways for
2°C reach net zero
somewhat later

Feasible, effective, and low-cost options for mitigation and
adaptation are already available, with differences across
systems and regions.

halfway Non-CO; emissions
to net zero 9 .

Transport, industry
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Options costing<USD100/tCOze could reduce 2019 and buildings
global emissions by at least half by 2030. .

. o Energy supply
The pace of the transitions will differ across sectors and - incuding sietncey

includes

i 2030 2040 Land-use 2050 decarbonised
re |0nS. e ltidos halting =y electricity supply
g :ieﬂ;‘restation 9 Change

Source: IPCCAR®6 Figure 4.1 (a), 2023
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Near-term adaptation and mitigation actions have more synergies
than trade-offs with Sustainable Development Goals (SDGs)

Synergies and trade-offs depend on context and scale

e RO RRRRRRRRRRRRRRRRRRRRRRRRTRTDIDI[I[I[=E
Society,
— Land system Oce.:n livelihoods, and
ecosystems economies
s Mitigation Adaptation Mitigation Adaptation Adaptation Adaptation Mitigation

Offs with Sustainable — = s
Development

Accelerated and equitable action in mitigating and
adapting to climate change impacts is critical to
sustainable development.

Mitigation and adaptation actions have more synergies
than trade-offs with Sustainable Development Goals.

R
Synergies and trade-offs depend on context and scale of : §
im p I e m ent at i O n . key [ Syrergies [ Tradeoffs [ Both synergies and trade-offs/mixed Limited evidence/

Source: IPCCARG6 Figure 4.5,2023
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Equity and Inclusion

Prioritising equity, climate justice, social justice, inclusion
and just transition processes can enable adaptation and et R et et

oy e oy . . Conditions that enable Ll Outcomes characterisin
ambitious mitigation actions.
Sustainable Development . i

* Inclusive governance Goal (SDG) achievement

* Diverse knowledges and values

Adaptation outcomes are enhanced by increased $ Hiesce ol npveion

* Integration across sectors )
an&tegtjme scales Early action and enabling

o o o . it f
support to regions and people with the highest 3= i
and development actions \

vulnerability to climatic hazards. = eoytuns] e supiied

by policy, infrastructure and
socio-cultural factors

Governments

Integrating climate adaptation into social protection ﬁﬁm‘% —~—" pr—
programs improves resilience. Tl S| oo W e 780

Emissions reductions

(emissions, climate
change, development)

223 : have incréased warming
Conditions that constrain and development gaps persist

Options that reduce emission-intensive consumption can

enhance societal well-being.

Extreme poverty can be eradicated without significant

emissions growth.
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individual and collective actions

 Poverty, inequity and injustice

* Economic, institutional, social
and capacity barriers

* Siloed responses

o Lack of finance, and barriers
to finance and technology

* Tradeoffs with SDGs

Prospects for climate
resilient development will

be further limited if global
warming exceeds 1.5°C and
if progress towards the SDGs
is inadequate

2100

\\'// 0 ’ '
[GOGIGIEN world & beyond , v lllustrative ‘shock’ that

IPCC AR6 “WW™= disrupts development

Source: IPCCARG6 Figure SPM. 6, 2023
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Governance and
Policies

Effective national, sub-national and municipal
government institutions are crucial for effective

Imoli - Implied by Nationally Determined Contributions

mplied by policies

implemented by the end (NDCs) announced prior to COP26 Cllmate action.

of 2020 (GtCOz-eq/yr) Unconditional Including conditional
elements (GtCOz-eq/yr) elements (GtCOz-eq/yr)

Clear goals and inclusive governance processes

Median projected global emissions 57 [52-60] 53 [50-57] 50 [47-55]
facilitate effective climate action.

(min—max)*

implemented policies and NDCs
(median)

Emissions gap between NDCs and Vulnerabilities and climate risks can be reduced
pathways that limit warming to

S5 (e st i =i il through carefully designed laws, policies and
Emissions gap between NDCs and pa r'tICIpatory processes.

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

I ‘ Implementation gap between

Regulatory and economic instruments could
achieve deep emissions reductions if applied
Source: IPCCARG Table2.2, 2023 widely and made more stringent.

.
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*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)




Higher mitigation investment flows required for
all sectors and regions to limit global warming

© Actual yearly flows compared to average annual needs

in billions USD (2015) per year Multiplication
factors*

0 500 1000 1500 2000 2500 3000

Lower

By sector range
Energy efficiency - x2
Transport . X7
Electricity " x2
Agriculture, forestry and other land use > x10

By type of economy
Developing countries
Developed countries

By region
Eastern Asia
North America
Europe
Southern Asia
Latin America and Caribbean
Australia, Japan and New Zealand
Eastern Europe and West-Central Asia
Africa
South-East Asia and Pacific
Middle East
1] 500 1000 2000 3000

Yearly mitigation investment
flows (USD 2015/yr) in: ig:: = IZE(ﬁ ?E;%ﬂ}ean
2019 I ~verage flows

2020 Annual mitigation investment to six below the average levels up to 2030,
needs (averaged until 2030)

Source: IPCCARG6 Figure 4.6,2023
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*Multiplication factors indicate the x-fold increase between yearly
mitigation flows to average yearly mitigation investment needs.
Globally, current mitigation financial flows are a factor of three

Finance, Technology and
International Cooperation

Finance, technology and international cooperation
are critical enablers for accelerated climate action.

To achieve climate goals both adaptation and mitigation
finance need to increase many-fold.

Sufficient global capital exists but barriers inhibit deployment
of capital to climate action.

Innovation and widespread adoption of
climate-friendly technologies needs to be accelerated.

Enhancing international cooperation is possible through
multiple channels.
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