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1. Bulk water cloud models

Model

1-D mix-phased dual-
parameterized convective cloud
model

3-D nested convective cloud
model

Convective cloud
seeding model
Convective cloud
seeding model

3-D cloud series
model

year
1987

1993

2001

2002

2003

variables

qv,qgc,qr,gi,qg,gh,ni,nr
.ng,nh,Fc

qv,qc,qr,qi,qg,gh,ni,nr
,ng,nh,Fc
qv,qc,qr,gi,qg,gh,nr,ni
,ng,nh,Fc,Naer Naim

qv,qgc,gr,qi,gs,qg,.qh,nr
.ni,ns,ng,nh,Fc,Naer

Naim
qv,qc,qr,qi,gs,qg,Nr,N
1,Ns,Ng,Fc



Bin cloud models

e 1988 1-D, Qv,101bin, 0.03pum-1um, salt
particle bins, 1um-3250um,cloud and rain
particles

e 1998 1-D,Qv, Qc,Qr, Qi, Ni, N r( bin), 100
um - 6 mm,37 bin

e 2001 3-D,Qv, Qc,Qi, Ni,Qr, Qs, Qh( bin),
100 um-7 cm,21bin



Seeding models

* Hygroscopic seeding model:
Aerosol and water drop bin model:

0.01um -1cm, 256 bins
Nacl seeding model:Qn, Nn

° 1 .

stratiform model
hail cloud model



WRF based Agl seeding model

* A WRF based Agl seeding model has been
developed :Sbc + Sic + Sbr + Sir + Sdv

3-D Agl convective cloud model

e 4 nucleation modes: Fdep , Fcdf, Fctf ,Fimf, function
of Tand S (Sw,Si) (DeMott, 1995)

ARPS and GRAPES based Agl seeding model

* Hail, frozen rain drop, Agl, gia, nia



WRF-based Agl seeding simulation

The relative humidity (%, solid line) and temperature (dash-dotted line) at 700 hPa: (a) The model result; (b) the observation M
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Hygroscopic seeding with bin model (Rain

enhancement)
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Vertical grid

Hail suppression
Agl seeding with 3-D convective model
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-10--5 °C lack of natural ice crystals ,
seeding Agl increase ice number in this
region, change hail embryos formation.
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Heavy rain reduction

Agl seeding with 3-D convective model
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Microphysical processes rates (t/s)
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fog dissipiation
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Operational runing

v'"MM5, GRAPES model operational
running since 2007

v WRF model operational running since
2016




Explicit cloud schemes: CAMS

MM5(V3) (2002)

TEWIES Tith =
Warm rain av,qc,ar
Simple ice av,ac (ai),ar(as )
Mix phase gv,qc,ar,ai,as,
| WRF(V3.2)
gsfc qv,qc,qar,ql,as,qagd
=]
reisner2 av,qc,ar,qi,as,qg,ni EANE il
, kessler v,qgc,ar
schultz av,qc,qr, a1,9s,ag, ; AL .
- : Sbu_ylin qv.qc.ar,ql.as
CAMS Qv,qc,ar,ai,qs,qg; nr,ni,ns,ng,fc - :
lin av,qc,qr,qgl,gs,qg
gsfcace av,qc,ar,qi,as,ag
GRAPES (2007) etampold gv.qc,ar,qs
BAAE TR Etamp_hwrf av,qc,ar ,qi,as
kessler av.qac.ar etampnew av,qc,ar, ai,as
ncepcloud3 qv.qac (qi),ar(as ) wsma3 av,qc,ar (qgi,as)
lin qv,qc,ar,ai,as,ag wsmb5 av,qc,ar ,qi,as
ncepcloud5 qv,qc,ar,ai,as wsm6 qv,qc.ar ,qi,qs ,ag
etamp av,qc,ar (qi,gs) thompson av,qc,ar,ai,as,ag, ni,nr
e.tar.npnew av,qc (ar, gI,QS) wdm5 qv,qc,ar ,qi,as :nn,nc,nr
simice qv,qc,ar (q.I) wdmé qv,qc.ar ,qi,as ,ag:nn,nc,nr
wsm3 av.qc,ar (ai,as) : e ni
: Morr_two_moment av,qc,ar ,qi,as ,qg;nr,ni,ns,ng
wsm5 av.9e.ar.qLas ilbrandt2mom v,qc,ar ,qi,as hinc,nr,ni,ns,ng,nh
. ml ) ] ] ) y y ’ » ’ » ) y
wsmb av,qc,ar,ql,as ,ag av.ac.a q.q ng . =
thompson av,ac,ar,qi,as,qg,ni CAMS av.0c.ar.al.as.ag: nr.nl.ns.ng.fe
CAMS av.qc.ar.ql.a5.0; nr.nins.ng.fc CAMS_seed qv,qc,qr,qi,as,qg: nr,ni,ns,ng,fc,Naer,Naim

Lou Xiaofeng, et al. Cloud-resolving model for weather modification in China. Chin Sci
Bull, 2012. (SCI)



MM5 CAMS,15 levels

WRF_CAMS, 35 levels

Rain/h (cm)
.. . Rain/3h(cm) Rain/3h(cm)
Precipitation Rain/6h (cm) Rain/6h (cm)
Rain/day (cm) Rain/day (cm)
Lwc (mm) Lwc (g/m?)
Super cooled lwc (mm) |Supercooled lwc (g/m?)
CTT (K)
CTH (m)
500,700,850hPa, Q+w+T {500,700,850hPa ,Q+w+T
Macro and Qc (g/kg) Qc (kg/kg)
: : Qr (g/kg) Qr (kg/kg)
micro physicalior ke) Qi (kg/kg)
fields Qs (g/ke) Qs (kg/ke)
Qg (8/kg) Qg (kg/kg)
Ni (#/ m?3) Ni (#/ m?3)
Nr (#/ m?3) Nr (#/ m?3)
Ns (#/ m?3) Ns (#/ m3)
Ng (#/ m?) Ng (#/ m?3)
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Three explicit schemes: CAMS, Morrison, WSM6
Precipitation forecast comparison( 2015,6-11)
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>10, moderate rain, heavy rain ,CAMS good.
<10mm, light rain, CAMS need to be improved



2. Field observation experiments



Field observation of Clouds and precipitation in Tibet Plateau

O Vertical structures of clouds and precipitation : radar

(Ka, Ku, C) , Microwave radiometer, disdrometer;

O Three—dimensional structure observation of plateau convective
system: precipitation strength, phase, rain drop, dual-doppler
to 3—-d wind.

® Microphysical Characteristics of clouds and precipitation:
King Air and airborne equipments, 200kmX 200k
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King Air 350ER and probes
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Tibet plateau

Mean Particle Size Distribution of Different Probes

T T T

o FCDP
2DS50um
i HVPS
i 10°
| 10°
M| . L] . | . N 1(]5
10’ 10° 10°
Size(um)

Time: 022359 to 022749 Seconds: 863¢

Flight date:20140721

Beijing

Mean Particle Size Distribution of Different Probes
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Flight date: 20140223 Seconds: 10101 to 10880

Tibet plateau: less small particles, wide spectra distribution

Beijing: more small particles.



Taithang ShandonglLu cloud and Precipitation
_ A|rcraft Observation expe
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Target area: 01.02,03,04




Observation equipment network
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Seeding sites network
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