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The 2021 Nobel Prize in Physics: Discussion on the
contributions of Klaus Hasselmann

Fengfei Songl’2 & Lixin Wu"*’

" Frontiers Science Center for Deep Ocean Multispheres and Earth System/Key Laboratory of Physical Oceanography, Ocean University of China,
Qingdao 266003, China

2 Laboratory for Ocean Dynamics and Climate, Qingdao Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China

* Corresponding author, E-mail: Ixwu@ouc.edu.cn

Klaus Hasselmann, a German meteorologist and founding Director at the Max Planck Institute for Meteorology, received
the Nobel Prize in Physics 2021 together with Syukuro Manabe (USA) and Giorgio Parisi (Italy). He was rewarded mainly
because of his two important climate researches, i.e., establishing a stochastic climate model and developing a detection &
attribution framework for the climate change. In this study, the backgrounds, scientific significance and limitations of these
two researches are discussed. During the 1960s—1980s, the most important question in climate research was whether global
warming had already occurred. To answer this question, the climate model considering both deterministic climate process
and chaotic weather processes was first established by Klaus Hasselmann. In this climate model, the weather and climate
processes were described as a rapidly changing noise and slowly evolving signal, respectively. This way, we can make
climate models reliable in the future despite the noisy weather. Although the stochastic climate model has been widely used
in the climate community, it has some limitations. As the weathering process was parameterized in the stochastic climate
model, it cannot be used to investigate the weather changes under global warming, which is an important question in the
current day. To compare global warming in the model and observation, he developed a statistical detection and attribution
framework, in which both the response to the external forcing and internal variability of the climate system can be
estimated from the model. Further, he connected the climate model to the observation by developing a statistical
framework, which was used to detect and attribute the climate change in the observation successfully. However, there are
also some limitations in this framework. It assumes (1) the response to the external forcing and internal variability can be
linearly separated; (2) the model can faithfully represent the response to the external forcing and internal variability of the
climate system in nature. Both assumptions may not always hold and should be examined carefully in the future. Besides
these two important climate researches, the significance of the other two important works about the ocean waves is briefly
introduced. Last, we discuss what we can learn from Klaus Hasselmann in terms of his scientific contributions. The most
important thing is that we should focus on the most urgent questions in our days, e.g., how the weather will change under
global warming and how to mitigate global warming, by developing new methods and tools.

climate model, climate change, Nobel prize in physics, ocean wave
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