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Abstract This paper reviews various bulk-type cloud microphysics parameterizations
(BCMPs). BCMP, predicting the moments of size distribution of hydrometeors, parameterizes
the grid-resolved cloud and precipitation processes in atmospheric models. The generalized
gamma distribution is mainly applied to represent the hydrometeors size distribution in BCMPs.
BCMP can be divided in three different methods such as single-moment, double-moment, and
triple-moment approaches depending on the number of prognostic variables. Single-moment
approach only predicts the hydrometeors mixing ratio. Double-moment approach predicts not
only the hydrometeors mixing ratio but also the hydrometeors number concentration. Triple-
moment approach predicts the dispersion parameter of hydrometeors size distribution through
the prognostic reflectivity, together with the number concentrations and mixing ratios of hydro-
meteors. Triple-moment approach is the most time expensive method because it has the most
number of prognostic variables. However, this approach can allow more flexibility in represent-
ing hydrometeors size distribution relative to single-moment and double-moment approaches. At
the early stage of the development of BMCPs, warm rain processes were only included. Ice-
phase categories such as cloud ice, snow, graupel, and hail were included in BCMPs with pre-
scribed properties for densities and sedimentation velocities of ice-phase hydrometeors since
1980s. Recently, to avoid fixed properties for ice-phase hydrometeors and ad-hoc category con-
version, the new approach was proposed in which rimed ice and deposition ice mixing ratios are
predicted with total ice number concentration and volume.
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Fig. 1. Basic physical parameterizations considered in atmospheric models and direct interaction among them.
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Fig. 2. Representation of the size distribution of hydrometeors with respect to the diameter of hydrometeors in the (a) bin-type
and (b) bulk-type cloud microphysics parameterizations. Thin grey lines represent the idealized distribution of observations and
thick black lines represent the idealized distribution applied in models.
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Fig. 3. The example of source/sink terms for the prediction of (a) mass and (b) number concentration of hydrometeors in
WDMB6 scheme, adopted from Fig. 1 in Lim and Hong (2010). The red (blue)-color terms are activated when the temperature is
above (below) 0°C. The black-color terms are activated regardless of the temperature regime. The terms in the green circle in
Fig. 3a (hydrometeors in the green box in Fig. 3b) are added terms (additionally predicted variables) in WDM®6, compared to

WSM6 scheme.
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Table 1. Various bulk-type cloud microphysics parameterizations and their prognostic variables. The prognostic variables in

@9

each parameterization are marked as “0”. vy,

Nry, and gy represent the shape parameter, number concentration, and mixing ratio

of hydrometeors. The subscripts C, R, I, S, G and H indicate cloud water, rain, cloud ice, snow, graupel, and hail.

Reference Ve N gc¢ 2 N g Vi No g1 Vs Nis g5 Vo N 96 Vo N qu
Kessler, 1969 X X 0 X x O x x x x X x x x x x x
Wisner et al., 1972 X X 0 X X 0O x x x x X X x x x X 0
Lin et al., 1983 X X 0 X X O X X O x X 0 X x x X X o
Rutledge and Hobbs, 1983 x x o x x O x x O x X O X x O x x X
Ziegler, 1985 x o O x o0 O X x 0 X x O x x x x 0 O
Cotton et al., 1986 X x 0 X x O x 0 0 %X x 0o X X O x x x

Murakami, 1990 X x 0 X X O x O 0o x o o x X O x x
Tao and Simpson, 1993 X X 0O x x 0 X X 0 x x 0o x x 0o x x
Ferrier, 1994 X X O X X e} X O O X o 0 X O o X [} ¢}
Kong and Yau, 1997 X x 0O X x 0O x x 0 x x x x x x x X x
Meyers et al., 1997 X x 0o x O O x 0 0 X 0o O x 0o 0o x 0 o0
Reisner et al., 1998 X X O xXx x o x 0o o X 0o o x 0o 0o x x X
Cohard and Pinty, 2000 x 0o 0 X O O x x X X x x X X X X X X
Morrison et al., 2005 X x 0 X O O x 0O 0O X o O X 0 0 x x x
Milbrandt and Yau, 2005b X [} O ] o o o o o O O O O O o O O O
Hong and Lim, 2006 X X 0O X X 0O X x 0o X x 0o x x 0o x x X
Seifert and Beheng, 2006 X ¢ o X o o x o o X 0o © X o O X X X
Thompson et al., 2008 X x o x o o x 0 o X X o x x 0o x x X
Lim and Hong, 2010 x o O x o o x x 0o x x o x x 0o x x X
Lang et al., 2014 X x 0o x x 0 X O x x 0o x x O x x 0
Bae et al., 2018 X o X X o X o x X 0 X X o X X o
1

_ntb)a, (@)2 @y 9 % N ZEZ gelM ol WX xE TE W

1) 0P (©, WELR), DD, w515, HHe(G), 2212

’ SuHHYS LERE 5= 9tk Lin et al. (1983)2 Rutledge
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32 ) TH(Tapiador et al., 2019)
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RAE Bto 2 o sl W HEgh EX) ghof(Seifert
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