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Abstract: 

The treatment of cloud and precipitation microphysics is a critical component of models, impacting the distributions of latent heating and cooling as well as the radiative transfer and cloud chemistry. With the advent of high-resolution numerical weather prediction and climate models, the microphysics is arguably even more important than it is in larger-scale models because of its direct coupling with the resolved convective-scale motions. An overview of various approaches in parameterizing cloud microphysics will be given, with a focus on recent techniques to improve its treatment. In particular, the development of a two-moment bulk microphysics scheme predicting both the mixing ratios and number concentrations of the hydrometeors will be described, along with its application in simulating tropical and mid-latitude deep convection. This scheme also employs a novel treatment of the ice microphysics that moves away from  the traditional approach separating different ice types a priori into various species (small ice, unrimed snow, graupel, hail). The new scheme separately predicts the ice mixing ratios obtained from vapor deposition and riming, and is therefore able to locally predict the rime mass fraction. The ice particle characteristics are subsequently derived from the particle size and predicted rime mass fraction. This approach allows for smooth transition between different ice types such as conversion of small ice to snow during vapor deposition growth and snow to graupel during riming, and avoids arbitrary thresholds and conversion rates used in traditional approaches.
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