


Cloud radiation effect are sensitive
to multiple particle types:

=»small particle: cloud ice, liquid

>‘/ =»large particle: rain, snow, graupel

D

Assessment of the WSM5 MPS
on the cloud radiation process

From Jui-Lin Li
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Explicit prognostic cloud scheme (Zhao and Carr, 1997, ZC97)

Major features

1. Cloud water and cloud ice are prognostically
calculated with one predictive variable(qgc/qi)

2. Precipitation diagnosed from cloud mixing ratio(qc/qi)

and falling to next level immediately.
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Wsm5 0438 75 ZE (Hong et al 2004)
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WSM5 microphysical process diagram  (refto Lin et al 1983)
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Model : CWB-GFS T511L60
é Horizontal : ~ 25 km, vertical : 60 layers

é Physics:
Radiation RRTMG scheme
Cumulus New Simplified Arakawa-Schubert (Pan and Wu , 1994)

Large Scale Precipitation

Predict could water scheme (Zhao and Carr 1997)

Shallow Convection

Li and Young (1993)

PBL

First-order nonlocal scheme (Troen and Mahrt 1986)

Surface Flux

Similarity theory (Businger 1971)

Land Model

Noah Land model(4-layer)

Gravity Wave Drag

Palmer et al. (1986)
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Cloud fraction Wsmb5 impact on cloud
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Wsm5_qbviOl impact
On cloud fraction
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Rh=0.9 impact on Isp
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Rh=0.9 impact on cup
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Goddard bulk microphysical scheme (from WRF)
 Bulk-method, Single moment scheme
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Goddard scheme impact

cup Isp

gp wsmd ghbl
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Wsm5 (ref to Lin et al. 1983 ,Rutledge and Hobbs 1983)
Modification (Hong et al 2004)
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KIBZERE N;,= 107 %exp(0.6(Ty — T)) (Fletcher 1962)
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ice nuclei N;,= 103exp(0.1(T, — T))
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Cloud-radiation effect

optical depth(qgl path, effective radius)

particle path= :Stop ql(p)dp

ef fective radius(rq)

T=f(

Cloud water gc_rad=f(qc+qi+qs+qr, T) rqc=f(T) gc, rqc =f(gqc) from wsmb5
Cloud ice gi_rad=f(qc+qi+qs+qr, T) rqi=f(T) qi, rgi =f(qi) from wsm5
Rain drop X qr, rqr =1000um

snow X gs,rgs =f(gs) from wsmb5



postq ajust impact on precipitation
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EKEEBBMNKIE HEKRREALBLEMESEZ & qV-qVvs=Ssat i

WEE—L  REREABENKSE  BFEEEEM -
HBEEEANBGEE - BARBEE - 5t&prevp(qv>>qr) -
1E| 545 2 PRI A 8B sat/2

If sat-prevp>0

S MERRNKREEREFMT - BINFEEmA
HBEEEAEIKEE - BAEKEE - 5H&pidep(qv>>qi) -

B34 B IREI K B iBsat/2 Min(Pidep,sat/2

MEE L MEBENMKSEEHRHEMT G FEERM If sat-prevp-pidep>0
BWEEERAD AL  EESHEE - 5H&psdep(qv>>qs) -

BE 4 2 RHIA B Esat/2 Min(Psdep,sat

HEENL - mEBRAKKEEMERT - SINFEBBMN -
STBEEIKEEE - pigen(qv>>qi) -
1B R 45 SR A B iEsat

If sat-prevp-pidep-psdep>0
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* Nearly all cloud microphysical processes are size dependent

MR A0 (R )

Maritime cloud Continental cloud
. )
. © .
=t
C)EO o ° ° L=
o . o fir )
— CD it E L G
© . 2 © 5 Trade-wind - Continental
o Oio o |9 e e Lo e Pl e
B =050 g/m’ 8 =035 g/
@) o O o o *ﬂ: é ol . w g/m g w g/m
o . O @) ? § e
o O Querafenaunnnan gg g,o_// 8 _
O] o
O * | © \/// | l-I |
g OO ° (0] o 20 40 60 0 20 40

o)
Droplet diameter, u Droplet diometer, u
from &5 -
L (from 22+) BRI
(unit volume)
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Number density, m? m3

--- different modeling approach
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Fall speed in WSM5

- refer to Lin et al. (1983)
Parameter

Rain, Snow, cloud ice #&IREE S X
bv
| r(4+by) ., (po 0-5 | a, 841.9
Ve(rain) = a, X ————A," (F) ain b, 0.8
r(4+b,) 5 (po 0.5 a, 11.72
Vi(snow) = a,, X : As™? (F) o b, 0.41

Vi(ice)=3.29(pq;)"*°

Heymsfield and Donner(1990)

Cloud ice



Bulk method Parameterization

Step 1 Size distribution representation

raindrop N, (D) = ny,.exp(—4,D )

> Total number concentration o

total N, = jNT(D)dD =JD0NT(D)dD

> Mass Mixing ratio - 3rd

total g, =jq(D)dD =%% D3N..(D)dD

n Orﬁﬁiﬂtﬁ%;ﬁ =8 X 106

A BRERSH

a(D) =5 Ny (D) (%)

#E [ E

Ng a)

&n N(DVSD

N (b)
FRREE

A= =1 = CONSTANT
Rm

Ln PRIFSR

for D to D+dD



Bulk method Parameterization step

Step 2 Get slpoe parameter 4

from Mass Mixing ratio - 3rd
=I(4)
_ TP [ s Loy (J, (A+D)*ng, exp(=A,.D) d(A,D))
qr = j q(D)dD = 6 D°N,(D)dD = 6 7 )\r4
— Tt Pr Nor
= Sorera)

1

2, = (Be) q, B TEERY  AIRORASE A

P4y

-single moment
Y80 g, (mass mixing ratio)BYFa%R - ¢, FFEME 7D BB —E EE(31)



