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NCAR S c ien tis ts  Develop Scheme fo r Param eteriz ing C irrus Clouds

Andrew Heymsfield, of NCAR’s Mesoscale and Microscale Meteorology Division, and NCAR 
affiliate scientist Leo Donner, based at the University of Chicago, have devised a scheme for 
parameterizing for general circulation models (GCMs) the vertical distribution of ice water 
content (IWC) of cirrus clouds. Climate modelers have been anxious to include clouds in the 
GCMs to see whether they will enhance or mitigate the global greenhouse effect.

Thin, white, high-altitude cirrus are the most prevalent of the earth’s clouds, covering 34% of 
its surface on an annual average. Composed almost entirely of ice particles, their ability to 
absorb heat or reflect sunlight depends critically on their IWC, or mass of ice per unit volume 
of air, and cloud thickness. But until now, their IWC, and consequently their radiative 
properties, have been inadequately represented in GCMs. This is partly because only last fall 
was an instrument developed that can accurately measure humidity at very low temperatures. 
Paul Spyers-Duran, of NCAR’s Atmospheric Technology Division, designed the airborne 
frostpoint hygrometer for this purpose.

In developing their technique, Heymsfield and Donner boiled down the question of cirrus ice to 
its simple physical mechanisms, developed equations to explain those mechanisms, and then 
made the necessary calculations for different atmospheric conditions. They verified their 
calculations against aircraft data from several field studies representing continental and 
tropical oceanic areas and including the 1986 Wisconsin FIRE, or First ISCCP (International 
Satellite Cloud Climatology Project) Regional Experiment. They will also use data from an 
upcoming FIRE, to be conducted later this year in Kansas, for further verification. Among those 
working with them on the 1991 FIRE data will be Tom Ackerman, Pennsylvania State 
University; Don Hagen, University of Missouri-Rolla; Graham Stephens, Colorado State 
University; and Ken Sasser and Kuo-Nan Liou, University of Utah.

Heymsfield says, “Our scheme is a first step toward understanding cirrus radiative properties 
on a GCM scale [100 km x 100 km] and larger. It’s not intended to be physically realistic on 
mesoscale or convective scales.” That will come later, as the technique is refined.

Already Donner is using the new parameterization in NCAR’s GCM, V. Ramanathan (whose 
research contributed to the development of the parameterization) will use it at the Scripps 
Institution of Oceanography, and Heymsfield expects it to surface in European models soon. Ilia 
Mazin, head of cloud physics at the Soviet Union’s Academy of Sciences will visit Heymsfield 
later in the year to collaborate on a book about cirrus clouds and to pool data, technology, and 
ideas. Although the Soviet Union does not now have a supercomputer, Heymsfield expects his 
new technique to eventually make its way into future USSR modeling efforts. He estimates that 
it will take about two years for scientists using the cirrus parameterization in their GCMs to 
understand the global role of cirrus clouds in greenhouse warming.
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