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We are using a hierarchy of numerical models of cirrus and stratus clouds and radiative 
transfer to improve the reliability of general circulation models. Our detailed cloud 
microphysical model includes all of the physical processes believed to control the lifecycle 
of liquid and ice clouds in the troposphere. 

In our one-dimensional cirrus studies, we find that the ice crystal numberand size in cirrus 
clouds are not very sensitive to the number of condensation nuclei which are present (E. 
Jensen et al., J. Geophys. Res., 1994a, 1994b). 

We have compared our three-dimensional mesoscale simulations of cirrus clouds with radar, 
lidar, satellite and other observations of water vapor and cloud fields and find that the 
model accurately predicts the characteristics of a cirrus cloud system (Westphal, 1994a). 
The model results reproduce several features detected by remote sensing (lidar and radar) 
measurements, including the appearance of the high cirrus cloud at about 15 UTC and the 
thickening of the cloud at 20 UTC. 

We have developed a new parameterization for production of ice crystals based on the 
detailed one-dimensional cloud model, and are presently testing the parameterization in 
three-dimensional simulations of the FIRE-I1 November 26 case study (Jensen, et d., 
1994~). 

We have analyzed NWS radiosonde humidity data from FIRE and ARM and found errors, 
biases, and uncertainties in the conversion of the sensed resistance to humidity (Westphal, 
1994b). The errors and biases in the upper troposphere can produce significant errors in 
radiative transfer calculations and climate predictions. 

Our one-dimensional stratus model reproduces measurements of stratiform clouds in the 
marine boundary layer, though the model predicts a nearly saturated region above cloud 
base that may be an artifact of horizontal averaging (Ackerman et al., 1994a). We have 
found that aerosol concentrations in the cloud-topped marine boundary layer depend 
strongly on their formation rate, but the relationship is not bistable as suggested by other 
researchers (Ackerman et al., 1994~). We have also found that clouds can deplete aerosol 
concentrations in the marine boundary layer until the clouds themselves dissipate and the 
boundary layer collapses (Ackerman et al., 1993, Science). By simulating the injection of 
aerosols (representing ship exhaust) into a collapsed boundary layer, we have found that 
long-lived, optically thick cloud lines can develop (Ackerman et al., 1994b). 'The 
persistence of such "ship tracks" can be explained by our model result that aerosol 
lifetimes increase with aerosol concentration. 
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We have developed new K-distributions from the HITRAN 92 database for rapid 
computing of infrared gaseous absorption and have successfully made radiative transfer 
calculations up to 35 km altitude. We have compared our results against line by line 
calculations made at AER (Bergstrom, et al., 1994a and b) and are working on the 
comparison to the SPECTRE data. We are currently optimizing the choice of K-terms and 
the spectral bands. 

In order to better understand the single scattering properties of ice-crystals, new 
geometrical optics calculations for ice particles with shapes more complex than simple 
hexagons are being conducted (Kinne, 1994). We are updating our non-spherical 
corrections for ice crystals. 
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