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In my view, the aspect of climate change we

are concerned most is:

So rapid and so severe anthropogenic clim:
change that cannot be adapted without
enormous, unacceptable costs
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Global sea level change since TOPEX/Poseidon launched 30 years ago
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Solar minimum
s ey

2020

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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Changes in Eccentricity (Orbit Shape)
100,000-year cycles

climate.nasa.gov

Changes in Obliquity (Tilt)

41,000-year cycles

climate.nasa.gov
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Axial Precession (\Wobble)
26,000-year cycles

climate.nasa.gov

https:// climate.nasa.gawmews/2948/milankovitchorbital-cyclesand-their-role-in-earthsclimate/
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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

Composition of the Atmosphere Near the Earth’s Surface

VARIABLE GASES

Gas (and Particles) Symbol
Water vapor H,0
Carbon dioxide CO,
Methane CH,
Nitrous oxide N,O
Ozone 0,
Particles (dust, soot, etc.)
Chlorofluorocarbons (CFCs)

Percent
(by Volume)

Oto4
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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Cirrus Cloud
Nucleation o—/

Troposphere

Source: NASA Earth Observatory Volcanoes 101 | National Geographic
https:// www.youtube.comwatch?v=VNGUdObDoLk
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(a) Effective radiative forcing from 1750 to 2022
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=== Deep flow (® Mixing-driven upwelling
=== Bottom flow Salinity > 36 %o

< Deep Water Formation Salinity < 34 %o
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Reduced solar radiation
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Localized rainfall severity
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