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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 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/



SIRTEL TN

v BRBTR
 BRREE—ESANEERBF X
+ TREE—ESTF. EZIHF
TR E DS/ IR

o BT ERLE/iEPRITRE
ﬁ%ﬂ:mlﬁr

ﬁ%/ iE R A FE

» IEMTEHSEC

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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yearly ice loss (meters of water equivalent)
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Global sea level change since TOPEX/Poseidon launched 30 years ago
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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 Obliquity (Tilt) Axial Precession (\Wobble)
41,000-year cycles ) 26,000-year cycles

Changes in Eccentricity (Orbit Shape)
100,000-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

VARIABLE GASES
Gas (and Particles) Symbol
Water vapor H,0
Carbon dioxide CO,
Methane CH,
Nitrous oxide N,O
Ozone O,

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

Percent
(by Volume)

Oto4
0.037
0.00017
0.00003
0.000004
0.000001
0.00000002

Million (ppm)

Parts per

*

374"

1.7

0.3

0.047
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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Cirrus Cloud
Nucleation .——/

Troposphere

Source: NASA Earth Observatory Volcanoes 101 | National Geographic
https://www.youtube.com/watch?v=VNGUdObDolLk
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(a) Effective radiative forcing from 1750 to 2022 ERF (Wm~2) 4 . (t.’) 'I:ime Qvo!utipn .Of ?ff‘?C“.VG.fa‘.“a?‘V? f°."CiF‘9 .1 7.50'.20.22.

o —— Carbon dioxide (CO,) -~ \/olcanic
Carbon dioxide 2.25[1.98102.52] ——— Methane (CHs) Solar
Other well-mixed 956 ‘[045 to OGZ] 3 1 —— Nitrous oxide (N,0) — Total .
greenhouse gases eg g i —— Halogenated gases Total anthropogen!c 90% range
Ozone (Os) = Total anthropogenic
Ozone QR 2t w0id] 27 — Tropospheric aerosols
Stratospheric 0.05 [0.00 to 0.10] Other anthropogenic
water vapour fibtabaorki P | 1]
ight absorbing particles on -0.20[-0.30t0 -0.10] €&
Albedo Land use snow and ice 006[000t00.14] >
Contrails & aviation- 0.05[0.02 to 0.09] 0
induced cirrus
Aerosols Aerosol-cloud Aerosol-radiation 87271 [[_'?;32:3_%%%]] 11
Total anthropogenic _—l 2.91[2.19 to 3.63]
Solar |-1 0.06 [-0.02 to 0.14] —2
T T T T T T T T T T T ’ N N N T N N N N T X v d i T v o . . T o i . " T .
=1 0 1 2 3 1750 1800 1850 1900 1950 2000

Effective radiative forcing (W m~2)

i N L \ BRfESIEEHE TERS (IPCC)
Q: EERBEFEENEEEAEESHA? A2 O RTEIRE (ARG, 2021)

27



SEZAELFEENBERU

Horizontal grid o RUE-HRIERHETATE

Latitude - longitude ;
Vertical

2
exchange ou, ou, 1 ap m o“u.
i ‘ pewvEen “tu, = -———tgld, - 26, Wu +——
Vertical grid —f layers ot 8xj rc’ixi r 5)6].

Height or pressure

- BR{NBHIER

Physical processes in a model TR T<__>T<—
/
Atmosphere Solar Terrestrial ¢ ¢ d
radiation radiation

> <«—f> <

Q& j— é foizastsl S

FRETIEIREETEERE
/_=\’

RS T2

’

o * exchange . .
woniitiiitl 1| between o FTJSRAHFID A
P4 :l'.".l'.“: 8 \ Momentum Heat Wa[er . columns

B e — £ W= U

Mixed layer ocean™.__*

o
e BEARITEAR, ASRFNRRAKKRIHENEARRE

28



SRR AN I TTER R B E R

(°C)
2.0
15
S
F B3 ANHIE
AAINRIBEIIR
LA
XEZ828
5218 (A PEAD
NULEENEY
R
-0.5
1850 1900 1950 2000 2020

BiFaSIEZHEJEZERE (IPCC)
F/VREEHIRS (ARG, 2021)

(a)

=S

2.0 (°C)

1.5

1.0

0.5

0.0

-0.5

-1.0

> [t >
i BB i B
— W o - & m

——

>t) [ 033

LS|
0

Ex=

V]

_—

PG S22

2.0(°C)

1.5

1.0

0.5

0.0

-0.5

-1.0

29




SEZH TR RS

=

mE (s « )

KR BEBM (+)

mBEEAER: ()

KERE: BERFE (+)

ZK: IREBR () | BEYN (+)
F¥: CO,RE (+-) . AMOC (?)

EHIE: eS1ER () B (+) « IR, £HMLE

LY

30



QRIS
) K
IREB A RE
BRRET
B & FEARK
IR L E?

RigZiEEEG]: BRI EL

Melting seaice

Microbial digestion of organic matterreleases
carbon (CH4,C02) & nitrous oxide)

Warming wetland peat

TTemperature increase

Temperature rise

Arctic seaice
meits.

More heat { wetland

? warming peat

wetland peat

bogs & mires
High'
carbon
content

more heat

Amazon rainforest
die-back (collapse) Temperature

1 rise «
& Drought and

wildfires \
increase in the \
Amazon \
Rainfall

decreases \ .
)
1
1 R ! warming
|l
Ll

Wetland peat emits more
carbon as methane (CH4)
& nitrous oxide

CLOGGING THE OCEAN SINK

Temperature rise

Decomposmg trees

waters
- shut down .
More trees \ R e 1 4 7 e N exchangeo

Fewer die and P4 %:Warmenwaﬁerff-a? Co2 !rogn the
rainforest decompose, .. ‘absorbs less CO2 ~ surfacetothe
trees mean or burn, Ocean water deep ocean
less water is releasing €02, dissolve less 08
pumped C02(and may s
into the even release . >
atmosphere some)

A Warming

Thawing permafrost

Temperature rise

Permafrost
bogs thaw

Bogs release
methane,

a greenhouse
£as 25 times
more powerful
than CO2

Permafrost thaw releases methane &
CO02, and nitrous oxide

SUBSEA FLOOR
METHANE HYDRATE
1Temperature rise

Ocean
Some 2
athiee warming
vents Sea floor
to air sedimen’
above warms
Sea
surface

Sea floor sediment
methane hydrate
Climate Emergency Institute melts

31




RizdESEG: KEFLKREMRNTL

Temperature-Salinity Diagram
(lines of equal density in g/cm*3)
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Climate Feedback (W m~2 °C™1)
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Assessment of Climate Feedbacks
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Equilibrium climate sensitivity (°C)
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a) Evolution of equilibrium climate sensitivity assessments from Charney to AR6
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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
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IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations
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Global greenhouse gas emissions and warming scenarios SUSUME

- 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

Current policies
s 0] £ R N~ 2.5-2.9°C

- 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 [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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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO.)
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Cumulative CO; emissions between 1850 and 2019 Cumulative CO; emissions between 2020 and 2050
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https://www.mee.gov.cn/ywgz/ydghbh/syghbh/202210/W0202210275512165
59294.pdf
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2 2035%F, FEEZLXKFEREERNFHNELLE
BT E7%—10%, NFHWSELY. IHUAREIRERE DRERHZEE
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ow emissions

€ Very few SDGs

SDG: sustainable development goals

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

United States, installed electricity capacity
By power source, gigawatts
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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.youtube.com/watch?v=thtKsIF8zE4&t=179s
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SWR: shortwave radiation, ¥5:5%&5}
LWR: longwave radiation, 1<K %25t
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Fire emissions (Pg C)
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