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MPAS (Model for Prediction
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WSMG6 rain rate (mm/day)
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Abstract

This study focuses on the influence of entrainment and detrainment rates on the
interaction between the cumulus scheme and the cloud microphysics scheme. Offline
analysis and the Model for Prediction Across Scales (MPAS) model simulations were
conducted to examine the role of Tiedtke cumulus scheme on the simulation of
convection associated with intraseasonal oscillation.

The offline analysis shows that shallow convection transports moisture from the
boundary layer to lower troposphere and provides a favorable environment for deep
convection. After adjusting atmosphere temperature and moisture profiles by the
cumulus scheme, the cloud microphysics scheme generates more precipitation in
shallow convective region and generates less precipitation in the deep-convective
region. Total precipitation in deep convection region is consistent with TRMM
observation. Cumulus parameterization could simulate reasonable shallow-to-deep
cloud transition in different phases of intraseaonal oscillation.

We also conducted three sets of MPAS experiments: default Tiedtke scheme (control
experiment), Tiedtke scheme with 1.8 times entrainment rate, and Tiedtke scheme with
modified detrainment rate. The higher-entrainment-rate experiment simulates more
organized convection than that in the control experiment because convections are
inhibited in the dry region and tend to aggregate in the moist region. Traditional
cumulus parameterization in the framework of mass-flux is usually difficult to simulate
convection development and to produce high cloud top. In the detrainment experiment,
the model with a modified cumulus scheme detrains the precipitation and switches to
cloud microphysics scheme to produce rainfall when the difference between subgrid-
cloud and subgrid-environment is smaller than a certain threshold. In both entrainment
and detrainment experiments, column water vapor and large-scale vertical velocity

could be increased with a cloud microphysics scheme that produces enhanced rainfall
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comparable with observation. A cloud microphysics scheme interacting with cumulus

parameterization seems to be important to convective organization and development.

Keyword: cumulus parameterization, Tiedtke scheme, entrainment rate,
detrainment rate, cloud microphysics, convective organization,

doi: 10.3966/025400022019064702002
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