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A comparative experiment of warm
rain bin schemes using a kinetic driver
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| . Objectives: To improve bulk parameterization scheme

Target : bulk scheme for warm rain (boundary layer clouds)
Boundary layer clouds are important for climate study.
Bulk parameterization schemes are used in large-scale models.
However, there are many ambiguous parameters in the schemes.
= To improve the bulk schemes, we will use the results of bin scheme models.

Model : CReSS with Kuba-Fujiyoshi bin model

Case : RICO(Bermuda area, trade wind cumulus) model intercomparison case
1 GCSS(GEWEX cloud system study)

Results : layered structure (average potential temperature etc.), is well simulated,
however, ...

Problems and what to do :
There are many differences between the results of bin models.
Also in bin models, there are many ambiguities.
Improve the bin model by intercomparison experiments using KiD (Kinematic Driver
for microphysics intercomparison) and comparison of the results with observations.
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What occurs in clouds and what we are modeling

Processes included

Clouds including a 1. Activation of aerosols
HNILIEF I variety of drops T maximum value of
Bulk model Bin model super saturation
dLYL determines the number
Classified into '.' '_ a0 Classified into of activated aerosols
Cloyd and Ram Skt many bins by siz§ 2. Deposition growth

the difference of the
basic equations Is
whether the integration
of time is used or not.
3. Collision-coalescence
whether the kernel of
the collision includes
the effect of turbulence.
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We used 71 bins whose ratio of mass between adjacent bins is 2 2. The details of the

However, for comparison, the results with 34 bins will be presented. differences of the bin
models will be omitted.
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Il . Inter comparison experiments ( LES )

RICO : Bermuda area, trade wind cumulus

Case of GEWEX Cloud System Study
http://www.knmi.nl/samenw/rico/

Grid
Ax=Ay =100m, Az =40m
Domain Size 12.8kmx12.8kmx 4.0km
Number of Grids 128 x 128 x 100
Geostrophic Wind ( cyclic lateral B.C. ) i Y e S
u : constant vertical shear 2x10-3 s-1 Basic wind is from right to left in the lower layer.

V ° uniform Figure shows liquid water.
pot. temp., water vapor
Bottom surface B.C. ~ Cloud physics models
LafjeTé fjg-fo’fcingg‘o-e’ C 1 moment bulk 2 moment bulk bin
Subsidence gIEIaO-NH Béll:is RAIIEIAC?AA
7> 2260m : w = -0.005[m/s] @
2<2260m : Constant Divergence JAMSTEC ~ WVU SAMEX
Horizontal advection (dependingonz ~ Utah COAMPS DHARMA
Duration : 24hours (last 4 hrs are EULAG UKMO

analyzed) 2DSAM RAMS
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II-2. Averaged vertical profiles (20-24 hr)

Liquid water Pot. Temp.  Total water Mixing Ratio =~ GCSS Models
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II-3. Averaged vertical profiles (20-24 hr)
Cloud water Mixing ratio  Rain water Mixing Ratio GCSS Models
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lI-4. Cause of the difference and KiD

Cause of the difference W Kinematic Driver for
Dynamical model microphysics intercomparison
basic equation ( Shipway, Met. Office )
advection scheme Common setting for dynamic
diffusion scheme process(velocity fields, initial T, q,
subgrid-scale scheme are given) advection scheme : ULTIMATE
Cloud physical model Cloud Physical model

classification ( cloud, rain etc. ) We can put our own model.
number of variables (moments) Following examples can be used.
equation for each process, Thompson07, 09, Morrison(2B),

activation, (initial cloud distribution  Tel-Aviv University(TAU, bin)

deposition, conversion, vretc CASES

1D(GCSS-Warm, Mix, Deep),
= To examine what produces the 2D(Cu, St, squall line)
difference, we use KiD. WMO-workshop cases.
+ 2DResults of CReSS for RICO
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. KiD(Kinetic Driver)

IMT—1. 1dimension (1D. warm1)

Initial profiles Time change of w, which does not
pot. Temp. mixing ratio of water vapour depends on position.
theta[K] KiD_1D . ' qv[g/kg] KiD_1D w(t) [m/s] KiD_1D

2.5 4
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Because of rising, the air is saturated.
In this case, the temperature is kept fixed in spite of the condensation, for simplicity.



III—1 " KiD-1D Result. Time change of water path
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LWP CWP RWP(0:50min) [kg/m2] TAU dt=0.1

R . =" TN
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1 TAU(n=34) liquid
f cloud
rain
5 % 10 15 20 @8 30 35 40 45 5C
LWP CWP RWP(0:50min) [kg/m2] CReSS34 dt=0.1
1 Kuba-Fujiyoshi(n=34)

o

5 42 15 20 (25 30 35 40 45 5(

Difference between TAU and KF
KF: originally n=70.
n=34 is used for comparison.

(The ratio of the masses of the adjacent bins is 2.)

KF: conversion from cloud to rain
is slow, especially with n=70
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lll— 2 2D experiment (flow pattern resulted in CReSS)

Several 2D experiments are performed using simple flow pattern.
The results are reasonable.
Then, we used the flow pattern resulted in 2D CReSS simulation.

Grid:Ax =100m, Az =40m
Time interval: At =1sec., At bin=0.1sec. | EEE————
Domain Size 12.8kmx 4.0km "
Number of Grids 128 x 100
Geostrophic Wind ( cyclic lateral B.C. )
u : uniform v : uniform
pot. temp., water vapor : RICO case
Bottom surface B.C.
Fix surface flux.
Large scale forcings: same as GCSS ahg/kg)qe~0.011g/kg W] eh-100(P] 1-0:00:00
Duration : 24hours

[N O T N ]

We stored flow fields every 1 sec.
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lll— 2 2D experiment (flow pattern resulted in CReSS)

Several 2D exper- CReSS
The results are re

Then, we used th

Grid:A x =10
Time interval:
Domain Size -
Number of | Ly | b ra g i
Geostrophic V - Er—
u : uniform CReSS
pot. temp.," Al qi(g/kg).qc=0.01[g/kg.W] rh=100[B] 1=22:15:00
Bottom surfac:+] 1.6
Fix surface ° .
Large scale fc g
Duration : 24k %

We stored flov* |2

w(m/s) rh(85,100%) t=22:15:00
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lll— 2 2D experiment (flow pattern resulted in CReSS)

CReSS ql{g/kg) rh=100% t=22:15:00

CReSS;| 1.8
Flow fields in CReSSKF ql 2.5 ]i
advection . ot
+ cloud physics 3 A - g 5%‘
KF and TAUscheme ™ -y - Mo
© % " KF ql(g/kg) rh=100% ¥=22:15:00
Liquid water mixing <1 KE 1.5
ratio= qlz'z: 1.2
upper : CReSS+KF - §§
center : KiD+KF . 0.2
lower : KiD+TAU ol S S S S 2o
% T 1AU gl(g/Kg) th=100%"1=22:15:00"
Left : average in 1.8
cloud i
Right : pattern %%
0.2




The fifth Research Meeting of Ultrahigh Precision Meso-scale Weather Prediction 2015/03/09(13/16)

lll— 2 2D experiment (flow pattern resulted in CReSS)

liquid water mixing ratio(left) and cloud amount(right)
KF(Red) and TAU(Green)

Average from 20:00~24:00 aveql(20-24hr)[mg/kg] cl(0.001).amount(20-24hr)

Difference with schemes 1
KF and TAU.

Cloud grid is the grid with
liquid water mixing ratio >, _|
0.001[g/kg]

;]
More liquid water is stored in
clouds with KF scheme, 5|
than with TAU scheme.

,

The precipitation is a little
larger in TAU than in KF. os;

Conv. is slow in KF than in
TAU

94 0 0.02 0.04 008 008 0.1
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lll— 3 2D. cloud physical process divided into 3 parts.

Vertical profiles of
averaged liquid water
mixing ratio (t=20-24hr)

Basic scheme is KF.

The cloud physical process

IS divided into 3 parts;

activation, deposition, and

collision.

Activation
Red :K
Green:T

For each process, K(Kuba-
Fujiyoshi) or T(Tel-Aviv
Univ.) can be selected.

We performed 8 runs.

ac : activation

dp : depositional growth
cl : collision-coalescence.
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® A numerical experiment of cumulus convection observed during RICO was
performed using a bin microphysical model developed by Kuba and
Fujiyoshi.

o A5—BSH A ULCE Y EEMMIEET ILZEL). RICOTERRA =N
SE=EDHEEREEZ1T O,

® Ve are improving the model by comparing the results with TAU model and
observational results.

® 7 /L PETDRZOEVETIVOERAGREOLERZ® LU T, EFTILOAR
=17 CU\B,

® Especially we compared the results of two bin models by dividing the
models into three processes, i.e.,

1. activation process of aerosols, 2. depositional growth process, and 3.
Collision-coalescence process.

¢ CYVETILOZHMEBAREZ, 1. B, 2. K, 3. Ej%'“d#
GREDIDDEDICHITT. 2DDOEVETIVOLERZR /X1,
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® The results show that

« for the effect of activation process, gl in cloud is larger in TAU than in
KF.

« for the effect of deposition and collision processes, gl in cloud is larger
iIn KF than in TAU.

* The surface precipitation is large when gl in cloud is small.

® ER(J. FHILTIE., KFETIUIETAUL D BEERNRLGSKDISL . RS
R EFZEHERKRTIE. KFEFTILORHOTAUKD EERN B KEZ L LIS,
CNODIER. EARELUTIE. KFEFTILOBAHTAUK D EERNHIEKE
Z Uiz, thFxRAEKIE, ERNZGEKOIDINEONZLEDTZ,

® \We would like to compare the results with some observation, and ...

o S AR NEDM. BRIGKECIKEDERETE) CBLERUT
KD KNBEDICLUTNETZL,
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Time change of size distribution of q. in growing

Size distribution of g at the gbin 0.975km 239sec TA qbin 0.975km 239sec KF
maximum g level i

during t=101-600sec

Left(TA) , Right(KF) 107 -
black : dt=0.1sec, dz=25m
red: dt=0.01sec, dz=25m 107

green:dt=0.1sec, dz=2.5m
blue: dt=0.01sec, dz=2.5m

KF 1010 :
Initial distribution of n_ is

10-3_

calculated by the use of - A ,
determined by a parcel R : ' L
10-14 — ~ 1 T 7 T
model. 0.010 0.100 1.000  0.010 0.100 1.000
radius(mm)

KF: dependency is small.
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Collision efficiency used in KF and TAU

radiusf[mm

0.003 -

TAU

0.003 0.010 0.030 0.100 .0.300
radius[mm]

1.000 3.000

Situation: only two kinds of drops
exist. Number densities are
10%/kg and 10%/kg.

o Coalescence probability during 0.1

sec.

** The origins of the difference?

.oz KF34.based on Hall(1980). linear

Interpolation in each bin. The

0.01 effects of velocity perturbation

s oos IS not included.

TAU. Assumption of K(X,y)=x+y Is

o002 USed. The effects of change in

each bin is estimated by

0 assuming a size distribution.

This does not seem to be related to
the rapid decrease in n, with 4
height.

— We should use more
complicated situation.

0.2
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