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Cumulus is a deep convective cloud that causes heavy precipitation, which accompanies a strong
updraft produced by condensation heating. In classic theory, the formation of cumulus convection
forms as a result of positive feedback between condensation of water vapor and vertical motion.
To occur condensation, aerosols, small particles in the atmosphere, are needed as cloud
condensation nuclei (CCN). Recent studies have found that intensity and structure of cumulus
convection are sensitive to number of aerosol (e.g., Miyamoto et al. 2020). However, the effects of
aerosol on cumulus are not formulated due to the complexity. Here we develop a theoretical model
incorporating the effects of aerosol on cumulus convection.
First, we consider an air parcel that vertically moves adiabatically as in the classic theory. We
added the effects of aerosol in an air parcel. In this theory, the basic mechanism is similar to that of
classic theory, but the microphysical quantities such as number of droplets and degree of
supersaturation depend on the number of aerosol.
Second, we conduct a set of numerical simulation. When the number of aerosol is less, the amount
of diabatic heating is small. Furthermore, when the aerosol number is not many enough, moist
convection does not form. Then, the equations developed in this study are linearized and the linear
stability of the system is examined. It is found that when the number of aerosol is not many
enough, the diabatic heating is not large enough to produce the positive feedback.
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Theory on formation of moist convection with effects of aerosol
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Cumulus is a deep convective cloud that causes heavy precipitation, which accompanies a strong updraft produced by condensation
heating. In classic theory, the formation of cumulus convection forms as a result of positive feedback between condensation of water
vapor and vertical motion.

To occur condensation, aerosols, small particles in the atmosphere, are needed as cloud condensation nuclei (CCN). Recent studies
have found that intensity and structure of cumulus convection are sensitive to number of aerosol (e.g., Miyamoto et al. 2020).
However, the effects of aerosol on cumulus are not formulated due to the complexity. Here we develop a theoretical model
incorporating the effects of aerosol on cumulus convection.

First, we consider an air parcel that vertically moves adiabatically as in the classic theory. We added the effects of aerosol in an air
parcel. In this theory, the basic mechanism is similar to that of classic theory, but the microphysical quantities such as number of
droplets and degree of supersaturation depend on the number of aerosol.

Second, we conduct a set of numerical simulation. When the number of aerosol is less, the amount of diabatic heating is small.
Furthermore, when the aerosol number is not many enough, moist convection does not form. Then, the equations developed in this
study are linearized and the linear stability of the system is examined. It is found that when the number of aerosol is not many
enough, the diabatic heating is not large enough to produce the positive feedback.
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