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By use of a radiative, convective equilibrium 
model of the atmosphere, this study explores the 
sensitivity of the atmospheric thermal structure 
to changes in clouds and in greenhouse gases 
such as CO2 and O3. It is the first to incorporate 
the vertical, convective mixing of heat into a 
model developed for the study of climate sensi-
tivity. The study quantitatively elucidates the role 
of the feedback process involving water vapor in 
enhancing the sensitivity of climate. [The SCI® 

indicates that this paper has been cited in more 
than 455 publications.] 
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In the early fall of 1958, when I com-
pleted my PhD thesis at the University of 
Tokyo, Joseph Smagorinsky of the US 
Weather Bureau kindly invited me to join 
his group to develop a general circula-
tion model of the atmosphere. At that 
time, Joe already had a grand vision of 
modeling the atmospheric general cir-
culation and climate as a major compo-
nent of the Earth system, and had begun 
to construct such a model. Immediately, 
I was involved in simple parameter-
izations of land surface processes and 
cumulus convection, and the construc-
tion of a radiative transfer algorithm. 
This was the beginning of a long-term 
research project which continues today. 
It was very timely that Dick Wetherald 

joined our group from the Westinghouse 
Electric Corporation as a young, promis-
ing meteorologist with an expertise in 
computer programming. During this early 
stage of my career, I was very fortunate 
to be able to collaborate and consult 
with Fritz Moller and Giichi Yamamoto. 
Richard Goody was also extremely help-
ful in sending me the voluminous pre-
print of his classic textbook on atmo-
spheric radiation.1 Thanks to the prudent 
advice of these pioneers, we success-
fully constructed a one-dimensional 
model of the atmosphere in radiative, 
convective equilibrium as an important 
stepping stone toward developing a 
three-dimensional model of climate.2 By 
using the model, we began to explore the 
crucial role that greenhouse gases play 
in maintaining climate and causing it to 
change. 

This study was the first to incorporate 
in a model the effect of very efficient 
convective heat flux from the Earth's 
surface into the atmosphere. By consid-
ering the radiative heat budget of the 
coupled atmosphere-surface system, it 
avoided the basic flaw in earlier esti-
mates of the greenhouse warming which 
were based upon the perturbation analy-
sis of the radiative heat budget of the 
Earth's surface alone (see, for example, 
G.S. Callendar3 and F. Moller4). As noted 
in the bibliography on greenhouse warm-
ing compiled by M.D. Handel and J.S. 
Risbey,5 this wasthefirst modeling study 
of this topic that held up to modern 
scrutiny. It has instigated a large number 
of studies on climate and greenhouse 
warming. The report of the Intergovern-
mental Panel on Climate Change6 dis-
cusses the recent developments. 
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