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Light and matter
are coupled
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Hollow box with small aperture
(cross section)
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P = gAT*
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Emission spectrum of the sun as measured above the Earth’s atmosphere
(AMO) compared to the black body spectrum of an object at 5777 K. Image
Credit: Solar AMO spectrum with visible spectrum background (en) by
Danmichaelo [Public domain], from Wikimedia Commons
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Mather and George F. Smoot "for their discovery of the blackbody
form and anisotropy of the cosmic microwave background radiation”
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Blackbody
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“for groundbreaking contributions to our understanding of complex physical systems”
with one half jointly to

Syukuro Manabe
Princeton University, USA

Klaus Hasselmann
Max Planck Institute for Meteorology, Hamburg, Germany

“for the physical modelling of Earth’s climate, quantifying variability and reliably predicting
global warming”

and the other half to

Giorgio Parisi
Sapienza University of Rome, Italy

“for the discovery of the interplay of disorder and fluctuations in physical systems from atomic to
planetary scales”
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FIG. 1. Plot in (X,Y,Z) phase space of numerical simu-
lation of a circuit version of Lorenz system at (o, 3, Ra) =
(10,8/3,33.5), from Weady et al. (2018).
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FIG. 5. Approximately as envisioned by Svante Arrhenius in
1896 [6], a “one-layer atmosphere” over Earth that absorbs
and emits the outgoing infrared radiation from the surface
Fc'. We assume the outgoing atmospheric infrared emis-

sion is the same as the incoming, and that the atmosphere is
isothermal, so that Fa* = F4T = F4. Modified from [5].




Manabe’s climate model

Syukuro Manabe was the first researcher to
explore the interaction between radiation
balance and the vertical transport of air
masses due to convection, also taking account
of the heat contributed by the water cycle.

ATMOSPHERE

Incoming
solar radiation

Infrared heat radiation from the
ground is partially absorbed in the
atmosphere, warming the air and
the ground, while some radiates
out into space.

Hot air +
latent heat

Hot air is lighter than cold air, so it rises
through convection. It also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the
concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat
stored in the water vapour.




Carbon dioxide heats

the atmosphere

Increased levels of carbon
dioxide lead to higher
temperatures in the lower
atmosphere, while the upper
atmosphere gets colder.
Manabe thus confirmed that
the variation in temperature
is due to increased levels of
carbon dioxide; if it was
caused by increased solar
radiation, the entire atmosp-

here should have warmed up.
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Temperature at the surface
fell by 2.28°C when the level
of carbon dioxide halved.

It increased by 2.36°C when
the level of carbon dioxide
doubled.

Source: Manabe and Wetherald (1967) Thermal equilibrium of the atmosphere with a given distribution of relative humidity, Journal of
the atmospheric sciences, Vol. 24, Nr 3, May.




Identifying fingerprints in the climate

Klaus Hasselmann developed methods for distinguishing between
natural and human causes (fingerprints) of atmospheric heating.
Comparison between changes in the mean temperature in relation to
the average for 1901-1950 (°C).

== Observations

=== Calculations that show
the effectof only natural
sources, such asvolcanic
eruptions.

Calculations of the effect

of both naturaland
human sources.

Volcanic eruptions
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Source: Hegerl and Zweirs (2011] Use of models in detection & attribution of climate change, WIREs Climate Change.




