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The rOIE Of the IPCC INTERGOVERNMENTAL PANEL on ClimaTe change

Assess the knowledge basis relevant to:
* understanding the risk of human-induced climate change
e potential impacts

* options for adaptation and mitigation

Not doing own research

Policy relevant, but not policy prescriptive
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Human influence has warmed the climate at a rate that is
unprecedented in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900

QC OC
2.0 2.0

Warming is unprecedented

in more than 2000 years —
1.5 \ 1.5

1.0 1.0
observed ‘

0.5 1.09 °C

[\:\ warmer
0.0 il B an W L nA . A ‘

VAV LJW"’WV

reconstructed
-0.5 0.5

| J ]
-1 T | I 1 [ T T T T T T T T T | T |

1 500 1000 1500 1850 2020 1850 1900 1950 2000 2020




SIXTH ASSESSMENT REPORT iDCC

Working Group | — The Physical Science Basis

INTERGOVERNMENTAL PANEL oN ClimaTe chanee

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

Changes in global surface temperature relative to 1850-1900

GC OC
2.0 2.0 _
Warming is unprecedented The SyntheS|s Report:
in more than 2000 years AN
1.5 \\,\ 1.5
\ For 2013-2022 the
updated calculations
1.0 1.0

observed are 1.15°C for global
' ' surface temperature

0.5 0.5
0.0 0.0 A e [\'\
YV LJMWV
reconstructed
-0.5 -0.5
-1 — I '

I |
1 500 1000 1500 1850 2020 1850 1900 1950 2000 2020



SIXTH ASSESSMENT REPORT |DCC & @

Working Group | - The Physical Science Basis INTERGOVERNMENTAL PANEL on Climate chanee who UNEP

Scenarios used in IPCC AR6 WorkingGroup |

Carbon dioxide (GtCO,/yr)

140

190 Very high

100
co,

emissions 80 “High

60

40

20
Intermediate

0 \7\ s Net zero CO, emissions
- Low

-20 Very low
2015 2050 2100




SIXTH ASSESSMENT REPORT

Working Group | — The Physical Science Basis

- Global surface temperature change relative to 1850-1200

CO, emissions
OC l
Very high
High

Intermediate

Low

Very low

1950 2000 2015 2050 2100



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

o i
9011-2020 was at or above 2.5°C was over 3 million years ago
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Risks are increasing with every increment of warming

Land-based systems
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Remaining carbon budgets to limit warming to 1.5°C could

soon be exhausted, and those for 2°C largely depleted

Remaining carbon budgets are similar to emissions from use of existing
and planned fossil fuel infrastructure, without additional abatement

a) Carbon budgets and emissions
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Remaining carbon budgets to limit warming to 1.5°C could

soon be exhausted, and those for 2°C largely depleted

Remaining carbon budgets are similar to emissions from use of existing
and planned fossil fuel infrastructure, without additional abatement
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Mainly contribute to Mainly contribute to
changes in changes in
non-CO, greenhouse gases anthropogenic aerosols

7.3.4.2  Contrails and Aviation-induced Cirrus

ERF from contrails and aviation-induced cirrus is taken from the
assessment of Lee et al. (2020), at 0.057 [0.019 to 0.098] W m™
in 2018 (see Section 6.6.2 for an assessment of the total effects of
aviation). This is rounded up to address its low confidence and the
extra year of air traffic to give an assessed ERF over 1750-2019 of
0.06 [0.02 to 0.10] W m2.This assessment is given low confidence due
to the potential that processes missing from the assessment would
affect the magnitude of contrails and aviation-induced cirrus ERF.

6.6.2.3  Transportation

6.6.2.3.1 Aviation

Aviation is associated with a range of SLCFs, in particular emissions
of NO, and aerosol particles, alongside emissions of water vapour
and CO, The largest SLCF effects are those from the formation
of persistent condensation ftrails (contrails) and NO, emissions.
Persistent contrails are ice-crystal clouds, formed around aircraft
soot particles (and water vapour from the engine), injected in
ambient cold and ice-supersaturated atmosphere, which can spread
and form contrail cirrus clouds. The ‘net NO,’ effect arises from the
formation of tropospheric ozone, counterbalanced by the destruction
of ambient methane and associated cooling effects of reductions
in stratospheric water vapour and background ozone. The AR5
assessed the radiative forcing from persistent linear contrails to be
+0.01 [+0.005 to +0.03] W m= for the year 2011, with medium
confidence (Boucher et al., 2013). The combined linear contrail and
their subsequent evolution to contrail cirrus radiative forcing from
aviation was assessed to be +0.05 [+0.02 to +0.15] W m2, with Jow
confidence. An additional forcing of +0.003 W m~ due to emissions
of water vapour in the stratosphere by aviation was also reported
(Boucher et al.,, 2013). The aviation sector was also estimated to lead

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone

Stratospheric
water vapour

Albedo

Contrails & aviation- )

induced cirrl
Aerosols

Total anthropogenic

Solar

Change in effective radiative forcing from 1750 to 2019

ERF (W m~2)
2.16 [1.90 to 2.41]
0.54 [0.43 to 0.65]
0.21 [0.18 to 0.24]
0.47 [0.24 to 0.71]

0.05 [0.00 to 0.10]

Light absorbing particles on
snow and ice

-0.20 [-0.30 t0 -0.10]
0.08 [0.00 tc 0.18]
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Land use

-0.22 [-0.47 10 0.04]
-0.84 [-1.45 t0 -0.25)

2.72[1.96 to 3.48]
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b. Historical cumulative net anthropogenic CO, emissions
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Mitigation of Climate Change

Summary for Policymakers

North America 23%
Europe 16%

Eastern Asia

Latin America and Caribbean 1%

Eastern Europe and West-Central Asia 10%

South-East Asia and Pacific 8%

Africa 7%

Australia, Japan and New Zealand 4%
The Report covers Southern Asia - [ | EE[:}i_IFf;:;eI and industry
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 land-
or pu Ication Yy International shipping and aviation ) 2% :hs‘:n;;foi;w
11 October 2021. (€0, LULUCF)
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CO; emissions (GtCO;)

Sustainable biofuels, low-emissions hydrogen, and derivatives
(including synthetic fuels) can support mitigation of CO,
emissions from shipping, aviation, and heavy-duty land
transport but require production process improvements and
cost reductions (medium confidence).

Current sectoral levels of ambition vary, with emission
reduction aspirations in international aviation and
shipping lower than in many other sectors (medium
confidence). {14.5, 14.6}

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer

term compared to 2030.
Mitigation options

[ Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining
Reduce CH4 emission from oil and gas

Energy

[ Carbon sequestration in agriculture
Reduce CHy and N;0 emission in agriculture

Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management
Reduce food loss and food waste

L Shift to balanced, sustainable healthy diets

AFOLU

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

Buildings

[ Fuel efficient light duty vehicles
Electric light duty vehicles
Shift to public transportation
Shift to bikes and e-bikes
Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl, buses

hippire aRd-aptimization
Aviation — energy efficiency

_ Biofuels

Transport

[ Energy efficiency
Material efficiency
Enhanced recycling
Fuel switching (electr, nat. gas, bio-energy, H)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

L Reduction of non-CO; emissions

Industry

[ Reduce emission of fluorinated gas
Reduce CH. emissions from solid waste
Reduce CH, emissions from wastewater

Other

Reduced conversion of forests and other ecosystems

Potential contribution to net emission reduction (2030) GtCOz-eq yr'
] 2 4 6

Net lifetime cost of options:

I Costs are lower than the reference
0-20 (USD tCO-eq”)

I 20-50 (USD tCOs-eq”)

I 50-100 (USD tC0O;-eq")

I 100-200 (USD tCOs-eq")
Cost not allocated due to high
variability or lack of data

——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

GtCOz-eqyr'
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https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_Literature.pdf
https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_ReviewProcess.pdf
https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_ApproveReports.pdf
https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_ErrorProtocol.pdf
https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_ExpertReviewer.pdf
https://www.ipcc.ch/site/assets/uploads/2024/04/IPCCFactSheet_Timeline.pdf
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