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Development of a bulk parameterization

scheme of warm rain using results of a bin
microphysical model for RICO case

PSR = Kozo Nakamura (JAMSTEC)

. Relationship between models

=>o0bjectives . To improve bulk parameterization scheme
using bin model results.

2. Model setting and results of numerical experiments
Model : CReSS, Case . RICO(trade wind cumulus)

3. Development of a bulk scheme
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Large-Scale Model (GCM, Climate Model)
resolve larger than meso-scale
simulate heavy rainfall etc. O(Ax)>10km
using parameterization of Cu. Conv.

Cloud 7Tdecrease
amount |increase

surface warming

Dev. of Cu conv parameterization

Cu-convection Resolving Model

bulk microphysical scheme ox)=100m To improve Cu Conv para. scheme
Verified against observations.

T Dev. of bulk parameterization Cu-conv. resolving models are

Cu-convection Resolving Model ‘ used to produce supplementary
bin microphysical scheme data.

OBJECTIVES: To improve bulk parameterization scheme

How many categories (species) we should use for liquid water? two categories
(cloud and rain), three categories (cloud, drizzle and rain), or more?

How many variables we should use for each categories? two(mixing ratio,

number concentration). or more ?
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RICO : Setting of Numerical Experiment

Grid GCSS participants
Ax =Ay =100m, Az =40m 1 moment bulk
Domain Size 12.8kmx12.8kmx 4.0km g"/flao'””
Number of Grids 128 x 128 x 100 JAMSTEC
Geostrophic Wind ( cyclic lateral B.C. ) Utah
u : constant vertical shear 2x103 s EULAG
Vv : uniform 2DSAM
pot. temp., water vapor : see Fig.1 2 moment bulk
Bottom surface B.C. DALES
SST: 299.8K AT=0.6°C UCLA
Large scale forcings WVU
Subsidence : w = -0.005[m/s] z> 2260m COAMPS
z<2260m : Constant Divergence gxmg
Horizontal advection (depending on z) bin
Duration : 24hours (last 4 hrs are analyzed) RAMS@NOAA
SAMEX

Model: CReSS (Tsuboki et al.) with a bin scheme DHARMA
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Liquid water Pot. Temp. Liquid water Mixing Ratio ~ GCSS Models
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Rainfall Intensity and LWP (15+1 models

GCSS models Rainfall Intensity and LWP
1-moment bulk O - -
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Our bin model uses 70 bins from r(radius) =1pm to 2.9 mm. Two variables, mixing
ratio and number concentration, are used for each bin.

As a first trial, developing a two-categories two-moments bulk scheme, we divide
liquid particles into two groups, i.e., cloud droplets and rain drops, by the boundary
of r=47.9um. We use two variables for each group.

g. and q, : mixing ratios of cloud water and rain water, respectively.
n, and n. : number concentrations of cloud water and rain water, respectively.

In a bulk scheme, conversion from cloud to rain is important. There are three
processes.

1. condensational growth of cloud droplets to rain. Autoconversion 1.
2. collision-coalescence between cloud droplets to make rain. Autoconversion 2.
3. collision-coalescence between cloud and rain. Collision-coalescence.

Data for each process at each grid point at each time are stored during the 4 hours.
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Falling of
rain ffrom
upper grid

S yf(cloud amount)
_____ A

“Aufoconv..cond. or eva.

<

clqud +cloud—rain

Falling of
rain to
lowey grid

collision:rain+cloud—rain

Prognostic variables
mixing ratio of vapor |double moments
MR of cloud water (number concentration)
MR of rain water (number concentration)
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Development of a bulk scheme

Parameterization

Process Independent variables
cond. & eva. of cloud cloud, environment
cond. & eva. of rain  rain, environment

For each process y, using a formula

logy =a, +4a,logx, +a, log x,

the kind of variables and coefficients
(ay,8,,a,) are determined from the

auto1 ( ¢ - r by cond.) cloud, environment condition which gives the minimum
auto1 (r - c by eva.) rain, environment value of 2
auto2 (c+c - r) cloud, environment 5= 2. (log ¥, -2 - alog x, ~2;log X;)
collision (r+c - r) cloud, rain, environment example |

falling cloud, rain, environment Auto,,, =e**q. " (g, —,,)*"

Variables (assuming a two moment bulk scheme)
cloud : q,, n., m(average mass), r.(average radius), g,y etc.
rain : q,, n, m(average mass), r(average radius), g, etc.
environment : temp. , pot. temp., vapor mixing ratio, r.h., super.s., w, etc.
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Dependence of autoconversion 2 on q. and n

For autoconversion2, the
combination of (g, and
n.) gives the minimum
value of S, in all the
combinations of the
variables in the previous
slide.

Right figure shows
autoconversion2 in color
1 If\:v‘\ﬂ ‘l'kt\ ' A\VFaYa) f\'F /ﬂ ™ \
UDIIIU LIS AdACTO Ul \qC’ IIC} .

From small to large; black,
blue, light blue, green,
orange, red.

We determined the
coefficients in the formula
by log-linear regression.

n.: number concentration of cloud (cm)
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Dependence of autoconversion 2 on q. and n

We compared the log-linearfitting &~ 8017w oo TEm A
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Correlation between bin results and fitting results
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® Correlation coefficients

Correlation

09438

0.849

We compared the log-
linear-fitting

logy =a,—-a logq, —a, logn,

and the exponential fitting

27

The results show that the
errors in the log-linear
fitting in large values
are large.
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Dependence of autoconversion 2 on q. and n

We compared the Iog-linear-fittingq’g ] P PA T I PO M
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Dependence of autoconversion 2 on q. and n
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Dependence of autoconversmn 2 on loq(r

Although autoconversion2 is
approximated roughly in
terms of q, and n_, the
variation is not so small in a
small region of (q.,n,).

The result plotted in terms of
“average of log(r)” and
“standard deviation of log(r)
=0,y Indicates that the
autoconversion2 rate is
closely related to g,

Although 3 variables scheme
including g,,,, makes S
smaller, 2variables schemes
including 0y, do not make
S smaller than (q.,n,)
scheme.
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Size distribution of cloud droplets

Although autoconversion2 is
approximated roughly in

13

terms of g, and n_, the oo ud | rai
variation is not so smallina & /
small region of (q.,n,). o E ///\ \
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droplets are dlffel'ent and ' ] B4 0.0e L0028 001 0012 0014086
the autoconversion2 rate Radius of drops [cm]

. N o
differs from case to case. T s ] d .
_8) o ciou rai
As 0, becomes large (green = s
case) autoconversion?2 2 N
tends to become large. o \\
U 0.05 J

. .
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O\gr IS @ good candidate for

independent variable for . "
autoconversion2 Radius of drops [Cm]

parameterization. Cloud r=0.00479cm
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Correlation between bin results and fitting results
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® & EAEMIMMBETILAEEVRICOTCERASNICREDRIEEREGE =
7o,

® A numerical experiment of cumulus convection observed during
RICO was performed using a bin microphysical model.

® ZDfERZRAL. FTLWNILDEZERELDDH D,

® Using the results, we are developing a new bulk scheme.

(it5e <)

® (continued)
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RBEEECOEBUIXTEFRIS ORI D ERVNERZS A D,
Exponential fitting gives better results than the log-linear fitting.

autoconversion2(d. g, & N, CRIDDKUND. BEJEKELN,

Although autoconversion2 is approximated roughly in terms of g,
and n_, the variation is not so small in a small region of (q.,n,).

o RiRHFEDIZERZEOC,Cautoconversion2 & DEICERN DD,
Ojoqr DVAE UV Eautoconversion2 HAKE L), — SEHAF—A

® The results plotted in terms of "average of log(r)” and “standard
deviation of log(r) =0,.,” indicate that the rate of autoconversion2
is closely related to 0,,. When g, is large, autoconversion2 is
larger than the value estimated by (q.,n.). — try to develop 3-
variables scheme?




