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For the physical modelling of Earth's climate, quantifying
variability and reliably predicting global warming

https://www.nobelprize.org/prizes/physics/2021/summary/

For the discovery of the
interplay of disorder and
fluctuations in physical
systems from atomic to
planetary scales
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for integrating climate change for integrating technological
into long-run macroeconomic innovations into long-run
analysis macroeconomic analysis

https://www.nobelprize.org/prizes/economic-sciences/2018/summary/
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for their efforts to build up and disseminate greater knowledge
about man-made climate change, and to lay the foundations for
the measures that are needed to counteract such change

https://www.nobelprize.org/prizes/peace/2007/summary/
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In my view, the aspect of climate change we
are concerned most is:

So rapid and so severe anthropogenic climate
change that cannot be adapted without
enormous, unacceptable costs
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Solar maximum

Evolution of the Sun in extreme ultraviolet light from 2010 through 2020, as
seen from the telescope aboard Europe's PROBA2 spacecraft. Credit: Dan
Seaton/European Space Agency (Collage by NOAA/JPL-Caltech)
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https://www.nasa.gov/mission_pa
ges/sunearth/news/solarcycle-

primer.html
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Changes in Eccentricity (Orbit Shape)

100,000-year cycles
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Axial Precession (\Wobble)
26,000-year cycles
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https://climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/
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Composition of the Atmosphere Near the Earth’s Surface

Table 1.1
PERMANENT GASES
Percent (by Volume)

Gas Symbol Dry Air
Nitrogen N, 78.08
Oxygen 0, 20.95
Argon Ar 0.93
Neon Ne 0.0018
Helium He 0.0005
Hydrogen H, 0.00006
Xenon Xe 0.000009

Gas (and Particles)

Water vapor

Carbon dioxide

Methane

Nitrous oxide

Ozone

Particles (dust, soot, etc.)
Chlorofluorocarbons (CFCs)

VARIABLE GASES

Symbol

H,0
CO,
CH,
N,O
0.

Percent
(by Volume)

Otod
0.037
0.00017
0.00003
0.000004
0.000001
0.00000002

Parts per

Million (ppm)*

374"

1.7

0.3

0.047F
0.01-0.15
0.0002

*For CO,, 374 parts per million means that out of every million air molecules, 374 are CO, molecules.

tStratospheric values at altitudes between 11 km and 50 km are about 5 to 12 ppm.
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Source: NASA Earth Observatory Volcanoes 101 | National Geographic
https://www.youtube.com/watch?v=VNGUdObDolLk
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yearly ice loss (meters of water equivalent)
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Global sea level change since TOPEX/Poseidon launched 30 years ago

™ Sea Level Change (cm)

e T f o : S—IZO -10
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022




-

SEZHXTHRFETE
BE (REESD) () wosPhe
K EBEME (+) S s
BEERE: ) e
KEE: BERE (+)

ZK: BEE () . BEHE (+)
393 CO,ZE (+,-) . AMOC (?)
I RAER () FER (+)

Os
"4

29



™ (&) &
IR B A RE
BRRET
B & FEARR
FRHINA £ ?

RIREIEZEH: BRIEMHTL

Microbial digestion of organic matterreleases
carbon (CH4 CO2) & nitrous oxide)

Warming wetland peat

TTemperature increase

Melting seaice

TTemperature rise ’

Thawing permafrost

Temperature rise

Arctic sea ice

Permafrost
melts

bogs thaw
Warmlng Bogs release

1 wetland methane,
agreenhouse
peat £as 25 times
wetland peat more powerful
- \ than CO
bogs & mires =
carbon
content

More heat

more heat

Permafrost thaw releases methane &

Amazonrainforast Wetland peat emits more 002;and vitrous oadide.
carbon as methane (CH4)
ie- Temperature . .
dle baCk (CO"BDSE) prise & nitrous oxide SUBSEA FLOOR
1 CLOGGING THE OCEAN SINK METHANE HYDRATE

Drought and
wildfires 5 Temperature rise

» increase in the \
Amazon \ A
Rainfall \ .
decreases R ' .
. “ X \Jm—
L ' -
. 4 g " ' 1 4+ P _ - : 3
R oV s [ 1
A B 1

1Temperature rise

Ocean
Some .
Warming methane warming
waters vents Sea floor
Sa o to air sedimen’
More trees P ey e gy N exchange of
Fewer die and P mWarmenwatgt:T-f Co2fromthe  above warms
rainforest decompose, @ ‘absorbs less CO2  surfacetothe Sea
trees mean orburn, Ocean waterSig a deep ocean
less water is releasing CO2, dissolve less ~ surface
pumped CO2(andmay & S
into the even release . _
atmosphere

some)

Sea floor sediment

methane hydrate
Climate Emergency Institute melts

30




oIl

1

RizSEER: KAFZKREMRAZL

Surface flow

Deep flow

Bottom flow

Deep Water Formation

® Wind-driven upwelling
(® Mixing-driven upwelling
Salinity > 36 %o
Salinity < 34 %o

Labrador Sea
Greenland Sea
Weddell Sea
Ross Sea

X))

Temperature-Salinity Diagram
(lines of equal density in g/cm*3)
T — v

2004@52\~

THERMOCLINE

OV T

N
volume transport —)»  mixing-driven upwelling => deep-water formation
wind-driven upwelling  ~~~~9 internal waves ~~p heat fluxes
wind <wwp- diapycnal mixing ~~p freshwater fluxes

profile of Drake passage Q0 seaice

31




RizSiEEEH]: FFX

Reduced solar radiation

Air pollution/increased aerosols '

Topography
controls
severity

Black carbon
deposition

N

Altered soil
colour/albedo

l topography
A 1 |
i 1 | i

10

Heat fracture

[
i et
ll |

'I lllmlllll hll | : |
) i

ll'|u|'l|'|,' ] (o D

I1|1|||1‘|| i l) I

4* : :4 : i it e 1
A E ) j t-fire
) & *‘ ‘ TH ) Op

4 h

debris flow *

Soil erosion

Permafrost ) )
vk P, i thaw/loss =/ Evolutionary adaptation/
n ";/A'»“ L - — N epicormic resprouts P

Evolutionary
adaptation/
basal resprouts
Indigenous 2 \ ;
burning = &y Post-fire
= . flooding

Evolutionary
adaption/resprout

Nitrogen
deposition

' Sediment deposition

Phosphorus deposition

019)




Fire emissions (Pg C)
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Climate Feedback (W m~—2°C1)
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Assessment of Climate Feedbacks
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Year
2023
2021 and
. 2022

2019
2019
2019
2018
) . 2014
F T
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g % 2014
weo  LINEP 2013
2013
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2011

climate chanee 2007

2007

1988 FHEANE &

gty

2003
2001
2001

2000
2000
2000
2000
1999
1997
1996
1996

1995

1994

1994
1994

1992

1992

1990

Name of report
ARG Synthesis Report: Climate Change 2023 (March 2023)
Sixth Assessment Report (AR6): Climate Change 2021: The Physical Science Basis (Working Group |, August 2021), Climate Change 2022: Impacts, Adaptation and
Vulnerability (Working Group |1, February 2022), Mitigation of Climate Change (Working Group |11, April 2022)
Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC)
Special Report on Climate Change and Land (SRCCL)
2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
Special Report on Global Warming of 1.5 °C (SR15)
ARS Synthesis Report: Climate Change 2014
Fifth Assessment Report (ARS) Climate Change 2013: The Physical Science Basis (Working Group |, September 2013), Climate Change 2014: Impacts, Adaptation and
Vulnerability (Working Group 11, March 2014), Climate Change 2014: Mitigation of Climate Change (Working Group 111, April 2014)
2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Wetlands
2013 Revised Supplementary Methods and Good Practice Guidance Arising from the Kyoto Protoco
Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX)
Renewable Energy Sources and Climate Change Mitigation (SRREN)
AR4 Synthesis Report: Climate Change 2007

Fourth Assessment Report (AR4) Climate Change 2007: The Physical Science Basis (Working Group |, February 2007), Climate Change 2007: Impacts, Adaptation, and
Vulnerability (Working Group |1, April 2007), Climate Change 2007: Mitigation of Climate Change (Working Group I, May 2007)

2006 IPCC Guidelines for National Greenhouse Gas Inventories
Safeguarding the Ozone Layer and the Global Climate System
Carbon Dioxide Capture and Storage

Good Practice Guidance for Land Use, Land-Use Change and Forestry

Definitions and Methodological Options to Inventory Emissions from Direct Human-induced Degradation of Forests and Devegatation of Other Vegetation Types

TAR Synthesis Report: Climate Change 2001

Third Assessment Report (TAR) Climate Change 2001: The Scientific Basis (Working Group 1), Climate Change 2001: Impacts, Adaptation, and Vulnerability (Working Group

1), Climate Change 2001: Mitigation (Working Group Il1)

Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
Methodological and Technological Issues in Technology Transfer

Land Use, Land-Use Change, and Forestry

Special Report on Emissions Scenarios (SRES)

Aviation and the Global Atmosphere

The Regional Impacts of Climate Change: An Assessment of Vulnerability

Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories

SAR Synthesis Report: Climate Change 1995

Second Assessment Report (SAR) Climate Change 1995: The Science of Climate Change (Working Group 1), Climate Change 1995: Impacts, Adaptations and Mitigation of

Climate Change: Scientific-Technical Analyses (Working Group I1), Climate Change 1995: Economic and Social Dimensions of Climate Change (Working Group I11)

IPCC Guidelines for National Greenhouse Gas Inventories
Climate Change 1994: Radiative Forcing of Climate Change and An Evaluation of the IPCC 1S92 Emission Scenarios
IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations

FAR Climate Change: The IPCC 1990 and 1992 Assessments (June 1992) (includes an Overview of the whole report)

FAR Climate Change 1992: The Supplementary Report to the IPCC Scientific Assessment (Working Group |, February 2022), Climate Change 1992: The Supplementary
Report to the IPCC Impacts Assessment (Working Group |, February 2022)

First Assessment Report (FAR) Climate Change: The IPCC Scientific Assessment (Working Group 1), Climate Change: The IPCC Impacts Assessment (Working Group
11), Climate Change: The IPCC Response Strategies (Working Group I11)

https://en.wikipedia.org/wiki/Intergovernmental_Panel _on_Climate_Change
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Methodology Report
Special Report

Special Report
Methodology Report

Methodology Report
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Group contributions)
Methodology Report
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Synthesis Report

Assessment Report (Working
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Special Report

Special Report

Assessment Report (Working
Group contributions)
Assessment Report (Working
Group contributions)
Assessment Report (Working
Group contributions)



https://en.wikipedia.org/wiki/IPCC_Sixth_Assessment_Report
https://en.wikipedia.org/wiki/Special_Report_on_the_Ocean_and_Cryosphere_in_a_Changing_Climate
https://en.wikipedia.org/wiki/Special_Report_on_Climate_Change_and_Land
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Global greenhouse gas emissions and warming scenarios QUSSR

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
41-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

50Gt Current policies

2.3~ 25

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100.

Greenhouse gas emissions

up to the present J Pledges & targets (2.1 °C)

- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.

- 2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022. 38
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.
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" Very few SDGs

SDG: sustainable development goals

IPCC Climate Change 2022: Mitigation of Climate Change
39
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i
A great leap forward

United States, installed electricity capacity
By power source, gigawatts
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Sources: BloombergNEF;
Princeton University

*Under a scenario of
high electrification
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IPCC Climate Change 2022:
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Mitigation of Climate Change
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https://www.youtube.com/watch?v=7yHcXQoR1zA&t=474s
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SWR: shortwave radiation, ¥5;% %357
LWR: longwave radiation, 1<K %25t
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https://zhishifenzi.blog.caixin.com/archives/250915

How sure are climate scientists, really?
https://www.youtube.com/watch?v=R7FAAfK78 M&list=LL&index=5&t=227s

The Biggest Myth About Innovation
https://www. voutube. com/watch?v=thtKs1F8zE4&t=179s
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