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Figure 1 Time series of global and annual mean surface air temperatures. (a) Temperature reconstructed from paleoclimate archives (solid grey line,
1-2000) and from direct observations (solid black line, 1850-2020), both relative to 1850—1900 and decadally averaged. (b) Changes in global surface
temperature over the past 170 years (black line) relative to 1850-1900 and annually averaged, black line is observation, green line is from simulations
that only include natural forcings (Solar activity and volcanic eruptions), and brown line is from simulations that include both anthropogenic and natural
forcings. Colored shades show the very likely range of simulations. Adapted from Ref. [2]
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Figure 2 (Color online) Schematic plot of Arrhenius’ one-layer energy
balance model. F@ =S, (1 — o) indicates solar radiation on the surface,

F; denotes infrared radiation emitted from Earth’s surface, and F,
denotes infrared radiation emitted by the atmosphere
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Figure 3 Vertical profiles of thermal equilibrium atmospheric tem-
peratures simulated by the radiative-convective model. It is Figure 16 in
Ref. [12], which is modified by the Royal Swedish Academy of
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Figure 4 (Color online) Monthly mean CO, concentration from
Mauna Loa over 1958-2020 (Data from Scripps Institution of
Oceanography, https://keelingcurve.ucsd.edu)
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Figure 5 Example of the optimal fingerprint. Adapted from Ref. [21]
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Figure 6 Projected near-surface temperature changes for the 21st
century. Adapted from Ref. [2]
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From global warming to complex physical systems: Reading of
the 2021 Nobel Prize in Physics

Yongyun Hu

Laboratory of Climate and Ocean-Atmosphere Studies, Department of Atmospheric and Oceanic Sciences, School of Physics, Peking University, Beijing
100871, China
E-mail: yyhu@pku.edu.cn

Two climatologists and a theoretical physicist are awarded the 2021 Nobel Prize in Physics “for groundbreaking
contributions to our understanding of complex physical systems”. The Nobel Committee for Physics greatly integrates the
complex climate system with theoretical physics, indicating that the Committee highly emphasizes the importance of
applying physical principles to solve problems in our realistic world, especially to understand global warming and
habitability of the climate environment experienced by humans, instead of limiting the Prize within the traditional fields of
physics.

In the present paper, I would love to share my views on the 2021 Nobel Prize in Physics, focusing on the contributions of
the two climatologists. First, I will address why the climate system is a complex physical system. Then, I will show the
most recent assessment results of global warming released by the Intergovernmental Panel on Climate Change (IPCC).
Next, [ will briefly introduce the physical basis of the climate system and the scientific history of global warming studies,
including Fourier’s first proposal of the greenhouse effect of Earth’s atmosphere, Tyndall’s laboratory measurements of
greenhouse gases, Arrhenius’s pioneer work on the climate sensitivity of carbon dioxide (CO,), and the establishment of
radiation transfer theory by Schwarzschild and Chandrasekhar.

These pioneer works paved the road for Manabe and his colleagues to establish a modern climate model for reliably
quantifying and predicting global warming. Manabe’s most important contribution to global warming studies is his single-
column numerical climate model, i.e., the radiative-convective model. In developing this model, Manabe’s groundbreaking
contributions are: fixing relative humidity that greatly includes the positive feedback of water vapor, adding convective
adjustment with considering vertical thermal convection, having the model radiatively balanced at the top of the
atmosphere, which was not recognized in previous studies. Manabe’s radiative-convective model is a milestone in the
history of global warming studies. It remains a useful tool for our understanding of climate change even at present. In
addition, Manabe is also one of the pioneers in developing three-dimensional atmospheric general circulation models.

Hasselmann’s contribution is his theoretical method for detecting and attributing anthropogenic contributions to global
warming, i.e., the optimal fingerprinting method. It is a spatio-temporal generalization of multivariate regression adapted to
the detection of climate changes and the attribution of climate changes to anthropogenic signals. Spatio-temporal
fingerprints, which separate climate changes into spatial patterns and time variations, provide a tool of discrimination
between observed climate changes and natural variability. We can convincingly detect and attribute the contributions of
anthropogenic activities to the observed global warming.

Finally, I will show the projected global warming in the 21st century assessed by IPCC-ARG6. I will also briefly introduce
China’s peak carbon dioxide emissions and carbon neutralization strategy in responding to the Paris Agreement. It is
emphasized that as Earth citizens, we all have the responsibility to protect our living environment from increasing disasters,
weather and climate events associated with global warming.

2021 Nobel Prize in Physics, global warming, climate system, radiation and convection, detection and attribution
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