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A Brief Study on the Achievement of Syukuro
Manabe, Awardee of 2021 Nobel Prize in Physics

Kyung-Ja HA

Manabe Syukuro is well known as a father of climate
modeling. He and his colleagues have achieved several im-
portant milestones in the research on global warming. In
this article, two highly advanced subjects are described. In
the early 1960s, he developed a radiative-convective model
of the atmosphere and explored the role of greenhouse gas-
es, such as water vapor, carbon dioxide, and ozone in
maintaining and changing the thermal structure of the
atmosphere. His study was the beginning of long-term re-
search on global warming. In 1969, Manabe and Bryan
published the first results from a coupled ocean-atmos-
phere general circulation model (OAGCM). However, this
model used a highly idealized continent-ocean configuration.
Results from the first coupled OAGCM with more realistic
configurations were published in 1975, which eventually
became a very powerful tool for the simulation of global

warming.
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Table 1. The milestones on the discovery of global warming. (https://history.aip.org/climate/timeline.htmOflA] S22 24%))

Year

Contents

1896  Arrhenius publishes first calculation of global warming from human emissions of CO,. => Simple models

1965 Boulder, Colorado meeting on causes of climate change: Lorenz and others point out the chaotic nature of the climate
system and the possibility of sudden shifts. => Chaos theory

1967 Manabe and Wetherald make a convincing calculation that doubling CO, would raise world temperatures a couple of

degrees. => Radiation math

Warnings about environmental effects of airplanes lead to investigations of trace gases in the stratosphere and discov-

1975 €N of danger to ozone layer. => Other gases

degrees for doubled CO,. => Models (GCMs)

Manabe and collaborators produce complex but plausible computer models which show the temperature rise of a few

1985 Ramanathan and collaborators announce that global warming may come twice as fas as expected, from rise of meth-

ane and other trace greenhouse gases. =)> Other gases

2015 Paris Agreement: nearly all nations pledge to set their own targets for greenhouse gas cuts and to report their

progress. = International

2018 IPCC report explains that to avoid disastrous warming, the world’s greenhouse gas emissions must be in sharp decline

by 2030. => International
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Manabe s cllmate model

as: onvection, a nluk nq account
of the heat contributed by the water cycle
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Fig. 1. A schematic of Manabe’s climate model from Nobel Prize in
202104
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Fig. 2. An one-dimensional radiative-convective model in terms of air
temperature profile from Manabe and Wetherald (1967)’s Fig. 5. Solid
line (dashed line) indicates radiative equilibrium of the atmosphere
with the given distribution of relative humidity (absolute humidity) and
dotted line indicates radiative convective equilibrium of the atmos-
phere with the given relative humidity.
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Table 2. A list of Manabe’s early major papers.

Year Authors Title Journal

On the radiative equilibrium and heat balance of the

Monthly Weather Review
atmosphere

1961 S Manabe, F Moller

Bulletin of the American
Meteorological Society

Numerical model for study of global general

1962 J Smagorinsky, S Manabe X )
circulation

Thermal equilibrium of the atmosphere with a Journal of the Atmospheric

1964 S Manabe, Robert F Strickler . . ;
convective adjustment Sciences

Simulated climatology of a general circulation model
with a hydrologic cycle

S Manabe, J Smagorinsky,

Robert F Strickler Monthly Weather Review

1965

Numerical results from a nine-level general circulation
model of the atmosphere

J Smagorinsky, S Manabe,

J Leith Holloway Jr

J Smagorinsky, RF Strickler,
1967 WE Sangster, S Manabe,

JL Halloway Jr, GD Hembree

1965 Monthly weather review

Proc. Int. Symp. on Dynamics
of Large Scale Atmospheric
Processes, Moscow, USSR

Prediction experiments with a general circulation
model

Syukuro Manabe, Simulated climatology of a general circulation model

1967 Jozash STEeEity with a hydrologic cycle Il. Analysis of the tropical Monthly Weather Review
atmosphere
1967 Syukuro Manabe, Thermal equilibrium of the atmosphere with a given  Journal of the Atmospheric
Richard T. Wetherald distribution of relative humidity Sciences

Climate and the ocean circulation
| . The atmospheric circulation and the hydrology of  Monthly Weather Review
the Earth’s surface

The effects of doubling the CO, concentration on Journal of the Atmospheric
the climate of a general circulation model Sciences

1969  Syukuro Manabe

Syukyro Manabe,
Richard T. Wetherald
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