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@§§§§§}§§jﬁifuIIy Unified Mixing Parameterization

Current
~ .- cloud macrophysics parameterizations
deep convection
are modular
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We will show results from a fully unified turbulence and convection
parameterization: From PBL to deep convection



| Merging Higher-Order Closure with Multi-
o e plume Mass-Flux: CLUBB + MF

« CLUBB represents double-gaussian mixing while MF plumes
represent additional discrete skewness of the sub-grid PDF

o Multi-plume MF: 1) Sampling from surface layer thermodynamic
PDFs; 2) Stochastic lateral entrainment based on TKE

« MF plumes are coupled to CLUBB via 5-diagonal prognostic solver
for mean fields and turbulent fluxes (solved simultaneously):
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@/zsgzzmﬂf::izzm EDMF and moist convection: multiple
wzEn= plumes and stochastic entrainment
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1) Parameterization of PDF of surface layer thermodynamics
2) Sampling of PDF to produce multiple plumes

» Different types of convection coexist in the same model grid-box
o Total updraft area is just the sum of individual updraft areas
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MF plumes provide additional vertical mixing to CLUBB
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CLUBB+MF produces realistic Sc to Cu transition in 3D simulation
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Annual mean low-
cloud cover ( % ) for
1998-2017: AMIP
runs (no ZM) and
observations
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CLUBB+MF: Low Cloud Cover
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@/f}g{fﬁj}jﬁl CLUBB+MF Climate: Precipitation

a) GPM observation
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Annual mean high-
cloud cover ( % ) for
1998-2017: AMIP
runs (no ZM) and
observations
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CLUBB+MF: High Cloud Cover
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Annual mean OLR (W
m-2) for 1998-2017:
AMIP runs (no ZM)
and observations

Realistic
CLUBB+MF OLR:
low OLR in deep
convection regions,
high OLR in shallow
convection regions
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New fully unified (PBL+sha
parameterization was deve

Based on combination of C
(MF) approach from EDMF

Summary

low+deep convection) mixing
oped and implemented in CAM

_UBB with the multiple mass-flux

CLUBB+MF was tested in SCM and full 3D CAM (AMIP)
without explicit deep convection parameterization (no ZM)

CLUBB+MF produces realistic stratocumulus, shallow and

deep convection

Positive impact on global climatology of precipitation, low and

high cloud cover, and OLR

Fully unified (PBL+shallow+deep) CLUBB+MF
parameterization implemented successfully in CAM



