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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

40

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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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 of changes in temperature/k

| Santa Maria

= (Observations

== Calculations that show
the effect of only natural
sources, such as volcanic
eruptions.

=== Calculations of the effect

of both natural and
human sources.
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2021 Nobel Prize in Physics: a new era of complex systems science

FANJ ingfang®, JIN Yuliang®®

(DBeijing Normal University, Beijing 100875, China; @Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing
100190, China; ®University of Chinese Academy of Sciences, Beijing 100049, China

Abstract The Nobel Prize in Physics 2021 was awarded to three scientists for groundbreaking contributions to our understanding

of complex physical systems. Syukuro Manabe and Klaus Hasselmann shared half of the prize for the physical modelling of Earth’s

climate, quantifying variability and reliably predicting global warming. Giorgio Parisi received the other half of the prize for the

discovery of the interplay of disorder and fluctuations in physical systems from atomic to planetary scales. In this article, we reviewed

their scientific contributions.

Key words Nobel Physics Prize, climate change, Earth system science, disordered system, spin glass
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