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The sensitivity study of precipitative simulation of WRF model double-moment

microphysics scheme for the SOWMEX |IOP-4 case

ABSTRACT
The heavy rainfall case on 1-3 June 2008, also categorized as the IOP-4

event, during the SOWMEX/TIMREX field experiment is investigated in this study.
The WRF(the Weather Research and Forecasting Model) model results are
compared with the SOWMEX data, which has highly spatial and temporal
resolution, in order to evaluate the WRF model ability to simulate the Mei-Yu
frontal rainfall near Taiwan area. Two single-moment microphysics schemes and
four double-moment microphysics schemes are chosen to perform sensitivity
tests.

This rainfall event was associated with a stationary Mei-Yu front, and was
accompanied by the surge of southwesterly flow from the South China Sea.
Strong interactions of the Mei-yu front with steep terrains over southern Taiwan
produced torrential precipitation over southern and southwestern Taiwan on 2-3
June 2008. The WRF-simulated synoptic pressure field, wind pattern and
sounding structure were consistent with the observation data, but the simulated
wind speed is 30% weaker than the observed speed from the DongSha
sounding data.

Radar echoes at Chigu station show that two precipitation systems
encountered southern Taiwan during the I0P-4 period, and the simulated radar
echoes also show similar evolution. For the first precipitation system, the
simulated surface precipitation is in better agreement with observation data than
the second system. Thus, the microphysics features of the first system are
further compared with the NCAR/S-pol radar data. It is found that Morrison
scheme simulates the vertical structure reasonably well, compared to other five
schemes.

The area-mean mixing ratio of each hydrometeor from the six microphysics
scheme is compared for the first precipitation system. Morrison scheme is not
biased toward a specific type of hydrometer; Thompson scheme tends to
produce a large amount of snow. Compared to WSM5 and WDM5 scheme,
WSM6 and WDM6 scheme produced less amount of snow, because of the
considering of graupel. In addition, WDM5 and WDM®6 schemes both calculate
the number concentration and mixing ratio of liquid hydrometeors, thus they
show similar distribution of liquid hydrometeors.
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32° 0 F BN & HURAR RS A AT B B] 5.30 0 ceeeeeeee e
B15.35 % w fk %8 5-F 5.26 ¢ AB &g 3a & =+ £ 835 2
3 HRERAp RS TR & ot 1 2 E R R TS o ¥

d AZAREVEER R ERTIES 0.005g/kg; £ A2 REVERE
Mo REREEES 01g/Kg: %7 LHEALNE M £ ERVIES
0.1g/kg:; i=d Za-KREVFER FEMRFEES 0.1g/kg- (a) (b) (c) (d)
(€) ()Pt Ip [B] 5.33 0 wrrrererrnnrmrmnneiiiiiii et

B15.36 & & - AR ksavkipRF R EV 2z B iple TIHOEEE R F
- I s iag»@] 5.26 % 4 3 f=p e Fl - (2) £ MORI # 2% 2008 #
6% 2p 0100 UTC 4 % »(b) Z2_MORI ¥ 5% 2008 £ 6 * 2 p 0200 UTC
ik % 5 (C)Z_THMN § 2% 2008 # 6 * 2 p 0100 UTC th% % > (d)&
THMN % % 2008 & 6 * 2 p 0200 UTC ¢ % ;(e) ¥_WSM5 5 % 2008
#£6 71 2p 0000UTC eh% % > (HE_WSM5 ¢ 5% 2008 & 6 * 2 p 0200
UTC eh% % 5 (g)F_WDM5 9 2% 2008 £ 6 * 2 p 0100 UTC . % > (h)
¥_WDMS5 % 5% 2008 &£ 6 " 2 p 0300 UTC th% % ; () ¥_WSM6 9 %
2008 # 6 * 2 p 0000UTC s % » (j)E_WSM6 ¢ 5% 2008 # 6 * 2 p
0100 UTC = % ;5 (K)2_WDM6 9 % 2008 # 6 * 2 p 0000 UTC
» () 2_WDM6 § 2% 2008 £ 6 * 2 p 0200 UTC s % o % 4 5 2 7k
MEV S ERLIZTREY S BRIHEEFRE ﬁéﬁﬁr": R E 0 &
R A A T Ta
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B 537 2% - A kK isekipp I RE V2T TOEER B S
Bl o PP L 35FFE 2008 £ 6 7 1 p 1200UTC = 2008 #6 * 2 p

1200UTC fF ek pE Al 2 T 30, 5 fF T 30P~[] 5.26 % 4 * f2p chgeff o
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R 0 A R ERER L B4R RIERG AR S ER

CFREEE S EF RHOTRELC ST PSR o Ra o i
BB ET R ORI e L o Apga AP AR Fp k-
EARL G BEH Y Bap iR m%&i—oﬁﬁéf%%ﬁ%
KEHERA T ARG w2 g PFEL L -~ % f i@ d G 2ARiEAE
T8RRI EAN YRR B RE SRS BRI G AR R
R 2 ¢ REER Y RERI Y AR BEHRE £
Bt 2 e e @ S8t 2 K2 » B 45 - A5t 2 28 R4
FREERR 0 A - TR T o B R RI G G 2~ o BB RGO T

TF,"J,M 4 -,'E'-%E_ #@ﬁ F’; mlq ﬁ' /EJ—F‘\,} ‘J‘,,/\*g_

.m_
i)
=
A=
P
S
<

A o T 1 i R NS B NEALAL ) (A 52
AT RE e L PR > B Lok kA—eh s FRBe o AT

A A B4 T BB A2 BATA A AN T (F Y 0 U 4e K iR e
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PROLE X FIRG o SR R s AN Ed Y WA R 3y
BRReggd f Biciia > £2F B8 Ram By B> aEs 2 JFFF %
LINEH gk o FARIR GBI RO R G X F Bl - F
THE o LN EKF BR 0 2 850hPa b AR AR T Y 4G
EZREAVEB-PEZY JpAe B Ae AT auN g LT E
FEF LA ZAPET G EFAED? R AR
(Mesoscal Convective System, MCS) » 25k %@ = B X § % > F
BB F BRI E RE T ARG R 4Gk BN Rk kA 4
FHEEE S

PR FEp P UG R R BT e fRERSRA A X
2 AP E A NI B TR R GRS REFEEER
B # % % ¥ 2 ® NCAR(The National Center for Atmospheric
Research)%* # i H = f1 & 7i#*+ 2008 # 57 15p 367 30 p * =
PRAEAIRIC S AL 2 fRiTAE o A RET T e f BB 1R
FRIF R WA T8 FF B, E 2 5B 5 SOWMEX (Southwest
Monsoon Experiment) - * # TIMREX (Terrain-influenced Monsoon
Rainfall Experiment) o }* 3 2P~ 3% 5 3 2 & ~ pFR 247 & LB T
o FABRERAFEIIRCREEXZT o § ndfdd gL

B R 4 1 S-pol (S-band Dual Polarization Radar) 2 TEAM-R(Taiwan
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Experimental Atmospheric Mobile-Radar) & i5 & it & £ cglip] » ¥ &

BLBTa i R EAR RS AN MOZHET R R EHE B

=&

=

FBLRITOR > 0 3 BRI AEN R R T R A 2 R ok s

REFDPHBE 7T L REH SRS S PRB TR &L

|k

L BB Sl TR Rl R A P KL G RN 2 &
FORIE IR A 4 o

* 2 7 i B~ SOWMEX 7 %% ¥ F IOP-4 i % (2008/6/1~2008/6/3)
BETFEY %ﬁ“r} : B ELP TR 2 WRF(the Weather Research and
Forecasting Model)#i-3¢ @ & * 7 F F ficde 72 S dic it 2 an's K iR 8
BT F Y B 2 WRF #-;¢ Single-moment scheme %
Double-moment scheme %43+ 5 % B A &5 B X% R & PE K

AR o

1-2 é;f%‘r;éﬁ
5 SO B TS Y T AR A R H i SR
- §_F B3 E %ok 2 k8 A F aibin-resolving method > — & _bulk

method - 7X@ > 2 bulk method4p 't - bin-resolving method*t % 3+

EPEEH e 0 0 RIS E G ORE drad 0§ iR S R
F %P v A& @ * {345bulk method:H2 ficde 32 Sl it = % o



)I*bulk methodm 3 > & # & * **MM5 (The Fifth-Generation
NCAR / Penn State Mesoscale Model)&* WRF% ¢ = & #icig 5% 3
Heim L2+ % A single-moment:h3E i (Kessler 1969; Wisner et al.
1972; Lin et al. 1983 > 15 f#§ B % LFO83; Rutledge and Hobbs 1984 -
{s 8 B % RH84,; Cotton et al. 1986; Dudhia 1989 » & f& & % D89; Tao
and Simpson 1993; Walko et al. 1995; Kong and Yau 1997) » #4-%f
KA R R R Ao i FARAR 0 R ARRT St R R B B R
EHEFELEA T o v A0 BRI Z ey AT 0 KPR P
RATH EEF P RAIE A % blde ! AN pR R FiERT
ok g 3 S ) R F 0 KRR B S b & F (Tokay
and Short 1996) ; 2% @ single-momentsZ jcd» 22 S ficis 2 ¥ & Tt
P ed BREKFHEREL - 2 7 L single-moment 2 i 32
SRl hd ik Fn 1T E R3F P ALE R E B - & 372 3% (Cooper
1986; Verlinde et al. 1990; Walko et al. 1995) ¢ i& {7 Z ficd» 72 gL F
& (Houze et al. 1979; Field et al. 2005; Ramanathan et al. 2001,
Wang 2005; Khain et al. 2008) > ¥+ 2 jc» 72 S fc it & 7 — d 2
WA K F o+ ERIFIR > ot R DT EREVIER - FE
double-moment=nZ jigd~ 32 S it > % (Ziegler 1985; Murakami 1990;

Ikawa and Saito 1991; Wang and Chang 1993; Ferrier 1994; Meyers

4



et al. 1997; Reisner et al. 1998; Cohard and Pinty 2000; Seifert and
Beheng 2001; Thompson et al. 2004; Morrison et al. 2005;
Thompson et al. 2008; Hong et al. 2010) » 12 3 ¢ % -R =+ 4 S FFRE
PERF b2 pd BRoecd 2 pcd iAol 518 i a2t 5 (Meyers et al.
1997) - 3# % double-moment:=12 jicd= 12 S it 2 > T 2R3 405 FE R
HE KR SR (7 kR SOFE4R 0 blde © Reisner scheme 44 2
7k (Reisner et al. 1998) ~ Thompson scheme (Thompson et al. 2004)
WA 2 ko ke + kR i 7 FE3F » WDMS ~ WDMG6 (Hong et al.
2010) W4ty & BAR DT S F - ZokfrA kS R R B TIESR -
WRFH£5¢ # enMorrison scheme (Morrison et al. 2005) 7| K,éf 7F ke
PR SV ETEZ s HARERR T G RERFRRE RS o
",ft“i"*’%f?%i%‘??"\ff” 5T M T g E R AR R RIRE
AR R F B R OERS BRI TR R T e ofes o U G-
aTR BRI % D Reisner et al. (1998) ~ Morrison and Pinto (2006)
4r Solomon et al. (2009) “#= 3 ¢ FHRF NP T oI ER L E R e
B IE B FEE (Nos)ih 7 € B2 P -kg 7 2% 1t 5 Thompson et al.

2008)45 4! double-moment Z i~ 12 - #c it ;2 ¥2 single-moment 4p &
p-

5



MEELR TR Hen- A B 7 2 & 1 Gettelman et al. (2008) 95 3
? > 3 Morrison scheme & * & CAM3 5% ¥ > fikg d1 fopLip] B 48 i
DT FRILER T ER 0 T R D ol e RS S oBLiBl -

3z ; Morrison et al. (2009) %= 7 & 7 > & * double-moment scheme

B BILR s MRS ko B R ARl kARG R 1 R
@ Lo

PEd ;g; I }\‘g—",b':a%l;lu_uk K E

\\\?’;r

" -k F-4F 4 ; Solomon et al. (2009) & * double-moment Z jc$ 12
#oit iz W M-PACE § %8P 2004 # 10 * 9 p~12 p BFenfa® R &

ip = (mixed-phase) Z x » H i # 2 T o T A F S % 2 ELPI AR I o

BB & 7 0 %ﬁd TFER-BEAFE > FE 2R AR RIS
R AR KB AR X C RHEHICEAL G S e § 2§ WRF
BAEPMHRTHRDAART 5T FPAFE RARBEF R 4EH

S50 P12 AP IR S B kAt i WRF 5055 0505 & 80 9 Rl TR 2

et
T‘ﬁ
)
N
el
ETTRS

B R KB



¥-F FHEIRaEFREE
2-1 FH Kk
2-1-1 gplF 2 kik

AR TR LRI ¢ & F % A & &7 500hPa ~ 850hPa
FrEm PERAFR 2 RIBRCFEZIR e AR E K
ZEMRSRFERRT FERPITH 12 SOWMEX R &8 F chig
B 7 T4 - NCAR S-pol F i pip| T4 o
2-1-2 4 TRE B R TR L kiR

WRF #ic & g #7ig * - dn gl fed R ix 2 angfd > KRG 2 W
Tk 8 fg 38 ¢« (National Centers for Environmental Prediction; NCEP)
F¥ % g >3k 3 4R % $i(Global Forecast System; GFS) # % (Final;
FNL) A 47 3 #L o
2-2F 7

AmT AR P R#E R F IR HWREF #5303 SOWMEX
IOP-4 % » v - BEsffasda 2@ 2 BXF ki Hmmr:
2008 # 6" 1p36" 4p -f* =2 |- £ 5NCEP/FNL Tt
Poe BN AR R IR 5 E Y 2 A R e T ST 2 Y
SRR R BHRSRR S F ) F%%]ﬂ% LR E I A \ﬁsa]

D ERCER TR B LR TR R T > LB 1205 $>Y SOWMEX IOP-4
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=% BERXFAH
SAEEEA DI F R LR IHRS BFR L RSRA R T
BE AU AT I AREAIEABRI IR FREFE T F
BRAEBAA YT A s T ARG FREST N APHE SR
R Thd AR EBHEELT 2 b o = rﬂig RIS ) ]
A foeh

E\}ij‘fll/%@’ﬁ?ﬁﬁ'ﬁ\i ’ -ﬁ 4‘!_1' T;"K:Siﬁ e )i'ﬁ‘:’]’/n ,;2 l,»!.» ’

{m-

FeoAEEF RS

Ik

L

ABEFA T ER P EE 43200867 1p 120086 39 >
% SOWMEX/TIMREX % 2 ¥ & IOP-4 # % - %% # B 500hPa
% B H(B 3la~d)l S HER - A7 B HEY g
o ¥ P M4 2008 £ 67 4p 0000 UTC pif o o 8
cha i 5 850hPa ii§ & #-(B] 3.2a~d)& 7 18 C 84— 2 afF i o
BT ST e A b FARAEFET R > ¥ AV E o
B 4 R i & 900hPa = + i 3] 20m s™ 2 +(2008/6/2 1200 UTC) » %

TABEPE BT S E F EREEE AL G R F

bos
had
=N
=N

B (B 3.3a~d) k. *» s 2| g7 R OBFEFT RS F o
FF R G el BRI T TR o T R R D ik
o ¢ & & fhiniott RiFE Z BI(F 3.4a~d)E T L ERE F Bl- R

P R e ZAPEENERREDRLELFT AR 7
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F£2 6920367 SPHFFRINRFATELE LR BpH -
A F % K BI(R 3.5a,b) 7 67" 2pfr6? 3P XN
24 | EAFEA RS GRS ST aTE AL 54 [ B EAE

FH0FEA N2 ERILE) T2 67 20 THERE FOFLL

HIBERLBT B RhBALCES 28 L3 ABHET
RATHERFAOLNEHFEZE N2 G EHFEZHRTREFEZHE KT LG
0B 3.62)° > IOP-4 8 B> A7) & i etk 3 o ¥ 30 )R (8] 3.7a,b)>
s 8BS Bk eniE A5 (B 3.7¢,d) 0 ¢ & (500hPa 12 T )enh e faiF
FhFIE ek oo B A PRI A 10mstm b s 835 25mst

(2008/6/3 0000 UTC) = #xm - % & 1+ cdf 7 (K] 3.8~3.11) » Al R i# $&

\oN
wn

o BEREA T o A S E T EPR P A LR LRER DS EIFES
B FCE (R 3.12) > fe & 5 R E K e o B A T AL(R 3.6(b))

B IOP-A4 B I 580 300 F e Ko 0 & f m@p A5 3 (7%

)

S5 g KA o
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Srd WA RERT R

*# 7 & * WRF (Weather Research and Forecasting) ;"
v3.1.1 5= A& (July 2009 Release) * WRF Z_#7— #e® = R § % #icie fic
P RRDVREAESN A o g TR R
(three-dimensional variational data assimilation, 3SDVAR)frz & 3
e i+ %k si(four-dimensional variational data assimilation , 4ADVAR) >
PRl T ECEL ARG IR S o HN RS T RJE
S A AP LR R S AIR Rz < A o v £.d % K NCAR (National
Center for Atmospheric Research) - NCEP (the National Centers for
Environmental Prediction) ~ FSL (Forecast System Laboratory) -
AFWA (Air Force Weather Agency) %2 FAA (Federal Aviation
Administration) & & = cft & 7ie vk e B o WRF 53895 8 7 05
SRS R ,‘L*gu?iﬂc—i;}gﬁvﬁﬁwffﬁﬁﬂ@?%i?%ﬂ?
BERefdE > 7P F B ERE AN IR IR &

;}7%\0

4-1 558 A
WRFH-;AEMMSHEY 3 35 5 en2 b 0 B P 4o F i cd@ i 2

A AT A P Ait 4o o WRFHEGS e AJR & a7 B8~ 3 4 &
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(WPS)* £ H17; /i % (WRF SI)i& (73 1% » idZ g Lo Rl P e )
dE Al for APTEEME S LRIV ERREROF ST HEE0F
B F R E)NBIIWRFESS o @ o MMSHES g = 54 3
& 5 :FTERRAIN - REGRID/RAWINS ~ INTERP % chw i
(pre-processing) = ;% s #& 4% =k Stk ¢ o (MM5 model) ¥ 3 B2 5% -
EWRF #5842 F 4% WRF SI & gt wi JZ i A2 0 B 3 I =0 )
vicki P oo (WRF model)#r 3 & sne a8 (Bl4.1) > & i 5 d RIP ~

GRADS -~ Vis5D ~ NCL % i 2 (post-processing) 4t 8 & 3. &1 st i
denk g o A e (ideal case)® > WRF #5872 i WRFSI
FREIF BRI RIEHFRE Bt H o R IR ey
B o gt b WRFHERS e dp T @iz ® > 7% 00 % R
o ib k SRRBLBIT AL VDB P  e d Ae b R S

WRFH25Y e $2.3% 2 _Arakawa-C i 2 » MM5Hic; p] 2% #
Arakawa-B i 1% - Arakawa-C 4 #2 * Arakawa-Bi 2 & 4 347 ¢ {

Ay A WRFehE §F B & #e > @& * NECP/FNL~ & & &~
17 3 s WRFHCFS eg= 40 0% 2 2 8 15 2 > 12 SOWMEX/TIMREX R %
B HIOP-41F %2 FHE s » T ¥ & B * v fDouble-moment

Z e 3L S ¥ 2 0 2 B fEsingle-moment 2 pcde 8 S 2 o AR
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KRB (T ATR BRI o

4-2 9 Sk 3+

WA 4o TR e g R i 2k p NCEP/FNL eh& = o pF -

A

s

PR TR o B9 kTR MRS 1°X1° 0 &7 S %< 10hPa 1 T
4 26 % » A %] 5 1000970~ 950~ 925~ 900 + 850 ~ 800 ~ 750 ~ 700
650 ~ 600 ~ 550 ~ 500 ~ 450 ~ 400 ~ 350 ~ 300 ~ 250 ~ 200 ~ 150 ~ 100 -
70 ~ 50 ~ 30 - 10hPa -

ol PE P /£_2008/6/1 1200 UTC 3| 2008/6/4 0000 UTC » £ 60 -]
P AR A PERF IR 5 180 £) o HogR# Bl en® o 8 e 22.0°N, 120°E »
LF e A 32K 0 KT A S w R RIE KT R R A P A

w]-_45km ~ 15km ~ 5km {= 1.67km(®] 4.2) - 43 - (DO1):& & B K

hdr T St 2R G o E Y a2 482 (Cumulus
parameterization)#_i¢ * Grell-Devenyi ensemble scheme(2002)*+ e
k32 (DO1)fr® 4 %4(D02) » -k T 342 & g2 S5km 12 T el e 3 (D03 %

DO4)e S4p % A2 iv E Zf3 47 DI e 2 - 2T 2 B * f 2 S

\’
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£ i 15 5+ 2 %% (long-wave radiation scheme) # * RRTM
scheme(Mlawer et al., 1997) » z&4 1§ & ¥ (short-wave radiation
scheme)#t * Dudhia scheme (Dudhia, 1989);:# % & %#ici*
(Boundary layer parameterization)i¢ * YSU scheme (Hong and Pan,

A4

1996)° Z ficd~ 72 S Bl Pl A W 2 AT et s T

(I

R4t

i

R et g% oH ¢ 5w fd Double-moment * % Morrison * % -
Thompson = % ~WDMS5 * % ~WDM6 = % > 12 2 & #& single-moment
% : WSM5 = % -WSM6 = % o
4-3 Z e B p a2 [ A

R N N SN Ry SLELR S LRER - Sl el I ke
PTG R R 2
Morrison = % (fs f§ 5 MORI) :

He 2REF ~ZRK~ZKHF 2~ RE> R+ o L

£ St > % 42 Reisner = % (Reisner et al. 1998)3g i (Morrison

et al. 2005) -

Morrison * % eh#& — fa-KApf T 2 ks A~ B 335 gamma & o T

T AR (R EF )RS R R YR FIRAR e L 2 e
PF chgk i 5% 3 ackage SRR P FantE o
PR RFARTEMNEREBEROE LSRRI e o B £180

14



Z #.% % (Cloud Condensation Nuclei; CCN)# k4% (Ice Nuclei; IN) i
BRTZELPE o A2 BENEL - mAHH R

Thompson * %(# §§ 5 THMN)

;E!_é' gykli\:‘/’f ~ §7K ~ é?}(\ﬁ}(‘? \'«1.':; \a,7}(§:7l‘%é7k#5$i; o 1]

% #p 17 Reisner * % (Reisner et al. 1998) % 2 WS RAEAR

AR 0 B B4 K ek AR RS PR AR R M0 0C kB

FHZ Aapi- kS TIAF:'E h-f it o Double-moment 74 § » 442

7k(cloud ice)fra -k (rain)i& 7 .+ & & HIE R o

W

Thompson * & et d f R F 2 effdF 2 1 B p > (7 - & &

A\

ST 0 K BRI R LA G R F OB e 2 R R AR R A

BRBRORFHE NP FRLFLFRERBRDEL o AP

3

Reisner = %@ % > &3 %31 & chezigy T S8 (Thompson et al.

2004, Thompson et al. 2008)

a. k¥ kB (Ni)ej= 41 » 22d Cooper (1986)# B~k i A
Reisner = % i¢ * 1 Fletcher(1962)¢ s> el MBHRE T 4 2 if
Pk R o F Rk kR AU R i o

b, 2 jz A e §EE (Nos)?e 5 B B ihdilic > R » & Reisner = % ¢
PRIFER ZZDFERE 2 Sfice TRITAFIRIL d A A

= Marshall-Palmer =4 % 2 5 &=t T_iE 4 # (power-law



distribution) » ¢t 3% i3 * ¥ {335 Field et al.(2005) % S/ & & 2 2

BURIT A - B A G § R PR R S R R e - A T

M3 _M, M, Hs M,
N (D) =M_§!Koe P (D) e M3A1D] &)
3 3
[% Thompson et al. 2008 Eq(1)]
M, = anN(D)dD ()

[% Thompson et al. 2008 Eq (2)]

C. IF Rl B FEE (Nog)ic 2 K7 FER & v chanlfic A &

g\JK

Reisner » % ¢ »* #5E 838 & ¥ #ic « 47 F AL A (F 507 iR A
thip 4 i (exponential distribution):z & gamma & s i o

5 L‘I’_‘/{‘“Av\ ,rl" mé‘&E’lE’ (Nor)FI =3 % 7 }\?ﬁ"ﬂ re g Ll E’f—h:ilﬁi: 9 }57\ j\ ’1‘4.

Reisner * ¢ Lt fBEER Z Vlice AL R P B F RS
ARG RIS L A (drizzle) s o 3 P RFES L A& G o] ek

f

S

=

—~

# o F]a % {84 chsingle-moment 77 Jx 3R iR 2 (cloud

RS

drop) R & vt it 5|4 2P i 2 15

-

> % % 5 A& jF (rain drop) >

—\\

e & % Thompson = kX hiER £ ZF AL LAz {5435

ROF O ERA Al R AT RIFSERE R R B R ki
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WSM5 = % (15 fi 8 & WSM5)

H

BHe gkFF~Zk~Zk2a-kET f-kapk (Hong etal
2004)- = ;2 1 & 12 LFO83 v RH84 5 A # 3¢ fﬁ’ e Z ¢ Purdue Lin
> % (LFO83) > 1 i Z [k B 2 B fAsp ek pes > I 2 £ 4rkan 2k
PREEAREFT - LAR > LB T AT
a.#-& ~ Purdue Lin scheme(LFO83)¥ » & & &Jd? cryk + 3 Jk & (Ni)
frik & (ice crystal)i+ kB » B3 o
b. k%4 & B (Ni)e4= 4 1 i3 22 = Fletcher (1962)4 % ¢ % #ick T
PURE M E SRR R AT R
C./kda(Z/K)e+ kR B 2 8 A vhdificr &2 WSM5 = % ¢ iz % kg

ZR)FER L ihandi o ApM HE R S RN 4T

Ni,Fletcher = 10_56Xp[0.6(T0 - T)] (3)
[Fletcher 1962]
N;o = 103exp[0.1(T, — T)] 4)

[% Hong et al. 2004 Eq (8)]

Ni = 5.38 X 107(pqi)0'75 (5)
[% Hong et al. 2004 Eq (5¢)]

d.# * Heymsfield and laquinta (2000) %4>+ 7k &5 (£ 7k) % =4 7% i& a2t
y > 7 22 & Heymsfield and Donner (1990)5#= 3 ¢ #3t7k & (2

#R)T 32T gzt B oo i Purdue Lin scheme #-7k & (2 7k) 3 28 7% 3% %
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L - %@ (100cm s™) -
Vi = XD?’

(6)
He x=149x10% y=131

[Hong et al. 2004 Eq (5a)]

V; = 3.29(pq;) "' (7)
[Heymsfield and Donner 1990]

eRFRE DT EE 323 AT E A ek S T RAPM DB 5
MoER O BRSEE T RR OB RN Y T - REEDM Gk A

T oo 4T ;t HroE

pql(kg m_3) =492 X 10—11Ni1.33
= 8.38 X 1030Mi4
= 2.08 X 1022D§3 ®)

#¢ Dj(m)=11.9M*° , M; = aDP
[Hong et al. 2004 Eq (5d)]

d 3 Ni e & > g3t RH84 @ 7 > WSMS = &7 108 ik fadie
B R URBL R AT 0 ATNT A 4 P SRR R
Fmp L5 KT REN S ]S o
f.28 K] ok & b ek R 5 (Pisd) » #-T 20k & A RS B ) (o
16.3um x= 119um)> pend 5 T &ATONI M B BKF &
FGRTRE T PR Sk R Bk b ¢ (B9 RHB3 D89 A 3 ) -

g.%c » sk d i 'E er & (LFO83 i 7 % g ) I #-rk & 5 F (aggregation)
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WD RO s SR R end e R A LFOB3 G e R 5 2 o

PAFEE SR RAAZE O RLERFTZ TFARE  F 2o PlrS4x
" o

h. %1 Ni B 7% 3% ez 5 2 BE ok & $& 3% = 2 0P i (autocoversion) »
B AR RRKGIER T > € fdrd] p 4 (autoconversion) sk
2,

L33 B ks i e BB 5 8c(Nos) » WSMS5 scheme 1245 Houze et

al.(1979) s ip] T AL 8- Nos 33 B 5
Nos = 2 X 10°exp[0.12(Ty — T)] m™ (9)
fo & LFO83 fr RH84 % %_Nos & 28 (Nog =2 X% 107 m™) » 45 %

9)FNE R 5-19.5C P enficiE o pb (9):V 4 i AR MR g 2T £ 72
Nos FFAX L > W42+ kR > Ed HRE @R~ gE{r B 22

o TP b iad ] TR T ahE i B 4 (Snow aggregates)z it

4

K§ °
J R RS GRSt AR R ZF R I N BN RE
s it if 5 (Pres) o % B R R PEF > Nog B % ~ > 8 (7 Pres %) o
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Harizontal wind vectors x, 35,146, ‘-’l latlon= 22 2074 stn=—
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(d) 2008/6/3 1800UTC

Dataset: d3 RIP: snd Init:

1200 UTC Sun 01 Jun 0B
Fest: 54.00 h

Valid: 1800 UTC lus 03 Jun 08 (0)00 LST Wed 04 Jun 08)
Jlan 120.7

Temperature 20.36,146.91 4 stn=-—
Dewpoint lemperature y 3 148, 2, 120,74 s =
Harizontal wind vectors 120.74 stn=-
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(a)2008/6/1 1200UTC

Dataset: d3 RIP: snd Init:
Fest 0.00 b Valid

1200 UTC Sun 01 Jun 0B
1200 UTC Sun 01 Jun 08 (aueo LST Sun 01 Jun 08)

Temperature x; 18.20,168.64 lat,lon= 22.99, 120.64 74
Dewpoinl lemperatlure  x,y=218,20,188.64 lat lon= 22.99, 12064 -——.98744
Horizontal wind vectors x.y=218.20,168.64 lat.lon= 22.88, 120,64 99744
bo £ Tl bae
A ; / .
5
[
Sy
o
-
N
2 e
|
o N
SR
/\\\,
o a1
& Parcel Inf .
reel Info »
T = 26
600[L1 = 03 2
K = a7 o
= 43
700 sw1 = 0.2 ¥
= 4
800| CAPE = 71
CIN = -62
goo|Te = 281
SREH = 0 +
1000| CELL = 259/13 . A=A

(c) 2008/6/3 000OUTC

Dataset: d3 RIP; snd
Fest:  36.00 h

Init: 1200 UTC Sun 0l Jun OB
\elld 0000 UTC Tue 03 Jun 08 (0800 LST Tue 03 Jun 08)

Temperature x; ,168.64 lat lon= 22.99, 120.64 sin=———-—
Dewpoint lemperature X ﬂ 20,168.84 lat lon= 22 Uﬂ 12084 sin -—— 99744
Horizental wind vectors x.y 0,168.64  lat lon= 2289, 12064 stn=— 1
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SREH = 1§
1000| CELL = 243/16
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(b) 2008/6/2 0600UTC

Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun 0B

Fest: 18.00 h Val\d 0600 UTC Mon Ué Jun 08 (1400 Lb'l‘ don 02 Jun 08)
Temperature lat,lon= 22. 120.64 st o 4
Dewpoint lemperalure ’ al.lon= ”" 99, 120.64 -—— 99744
Horizontal wind vectors x, lat.lon= 22.89, 120,64 29744
el O S ar
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SR P2 : = 7
1000/ CELL = 251/11 Z\ "f i | Vil i
Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun 0B
Fest: 54.00 h Valid: 1800 UTC Tue 03 Jun 08 (0)00 LST Wed 04 Jun 08)
Temperature 18.20,168.64 latlon= 22.99, 120.64 stn—-
Dewpoint lemperature 218.20,168.64 lallon= 22.99, 120.64 sin=——
Haorizental wind vectors 18.20,168.64 lat.lon= 22.89, 120,64 stn=——
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(a)2008/6/1 1200UTC

Dataset: d3 RIP: snd Init: 1200 UTC Sun 0l Jun OB
Fest 0.00 h Valid: 1200 UTC Sun 01 Jun OB (duGO LST Sun 01 Jun 08)
Temperature xy= 209 Bb 16’3 ?.i lat,lon=
Dewpoint lemperature X,y 973 lal lon
Horizontal wind vectors x.y J09 ﬁ(; lhq 73 latlon=
ol
/ ; . y: S

o Aeo d00 10 azo A0 is
7

Parcel Info

)
T = 25.8Td= >
600 Ll = 0.1 LCL =
= 36 LFC = o
Wi 2E =
700 1= 09 oo - ¥
5.58 V6P =
800 Thor - 2B S
CIN = -120 HWBZ= 4603
9o0| Te = 31.8 SHEAR=
SREH = 11 LAPSE=
1000 CELL = 256/13

(c) 2008/6/3 000OUTC

Dalaset: d3 RIP: snd

i"csi 36.00 h
Temperature

Dewpoinl lemperature
Horizontal wind vectors x, \”Of)ﬁlz 168.73

Init: 1200 UTC Sun 01 Jun O
\elld 0000 UTC Tue 03 Jun GE (0800 LST Tue 03 Jun UB)
; 24 s

(Xt of

€4k

Parcel Info

)
T = 24 =
600 Ll = 1610 = 4
= 37 LFC = o
Wi 43 EL =
700 sw1 = 0.1 c0L = ¥
Py = 6.04 VGP =
B00| CAPE = 240 SWEAT=
CIN = -30 HWBZ= 5035
9o0| Te = 28.8 SHEAR=
SREH = 25 LAPSE=
1000 CELL = 284/15

B 5.8 5@ 4584 2 B - (a)(b)(c)(d)F
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(b) 2008/6/2 0600UTC

Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun OB

Fest: 18.00 h Valid: D600 UTC Mon 02 Jun 08 (1400 LST \lun 02 Jun 08)
Temperature x,y=200 8616973 lal,lon= 2304, 120.24 sl
Dewpoint lemperalure X,¥y=209, BE 1 4 lallon= 23.04, 120.24

Horizontal wind vectors L’J 04, 1202

g

o

(d) 2008/6/3 1800UTC

Dataset: d3 RIF snd Init; 1200 UTC Sun 01 Jun DB
Fest: 54.00 h Valid: 1800 UTC Tue 03 Jun 08 (0200 LST Wed 04 Jun 08)
Temperature 00.86,169.73  latlon= 23.04, 120.24 stn=————46741
Dewpoint lemperature ¥=209.86,169.73 lallon= 23.04, 120.24 stn 46741
Horizontal wind vectors xy=208 Hiigﬁﬂ 73 |.0n_\.m- uom_ 120.24 stn= == @:11
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2 _n/ﬁlsu 480 410 420 /430 449/
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(a)2008/6/1 1200UTC (b) 2008/6/2 0600UTC

Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun 08 Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun O
Fest 0.00 h Vahd 1200 UTC Sun 01 .h.m 08 (2000 LST Sun 01 Jun 08) Fest:  18.00 h Vulid 0600 UTC Mon 02 Jun o8 (1400 LST Men 02 Jun UE)
Temperature X, 7,161.10 lat.loni= 22.65, 121.49 stn= — 467 Temperature % lﬁl 10 lat.lon= stn=———— 46
Dewpoinl lemperature  x 5718110 latlon= 5265, 13149 s - Dewpoint lemperature 7.161.10 latlon sin thﬂG
Horizontal wind vectors x.y=235,57.161.10 lat.lon= 22.65, 121.49 sl Horizontal wind vectors x, a7 m 10 latlon= stn=——- 46780
¥ & o PR ; A J PO £
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= 1000| CELL = 226/19 f

(c) 2008/6/3 000OUTC (d) 2008/6/3 1800UTC

Dataset: d3 RIP: snd . Init: 1200 UTC Sun 01 Jun 0B Dataset: d3 RIP: snd Init: 1200 UTC Sun 01 Jun 0B
Fest: 36.00 h Valid: 0000 UTC Tue 03 Jun 08 (0800 LST Tue 03 Jun 08) Fest:  54.00 h Va 1,\1 1800 UTC Tue 03 _hm ga (0200 LST hed 04 Ju,, 08)
Temperature X, latlon= 22.65, 12149 stn=————46780 Temperature x 7.161.10  lat.lon= stn=——
Dewpoint lemperature X lat lon= 2265, 121.48 stn=---— 46760 Dewpoint lemperature 756170 “Iallon- 3285, 121 49
Horizontal wind vectors x.y 6“ lon= 2‘»’06:':. 121,49 stn=--—— 46780 Horizental wind vectors 57.161.10  latlen= 22.65, 121.48
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(a) 2008/6/2 0000UTC (b) 2008/6/2 0538UTC

PPI (dBZ)
05:38/ 02-Jun-2008
Chigu_rbS

+80.0 dBZ
1 75.0 dBZ
»70.0 dBZ.
+65.0 dBZ
1 60,0 dBZ

550 d6Z
+50.0 dBZ.
i +45.0 dBZ.
+40.0 dBZ
+35.0d8Z
+30.0 dBZ
125.0dBZ
1200 d8Z
»15.0dBZ.
+10.0 dBZ.

» 5.0dBZ

1| PdfFile: PPISOM_460_005.ppi
~ - Cluter Filer: Doppler Num 15

Time sampling32

PRF: 319Hz
- Resolution: 1314 kmjpixel
Elevaton: 05 deg
Data: RadarData.
Rainbowa Gematronik

PPI (dBZ)
07:15 / 02- Jun-2008
Chigu_rb5

+80.0 dBZ
1 75.0 dBZ
»70.0 dBZ.
+65.0 dBZ
60,0 dBZ
g?55.0d5Z
»50.0 dBZ
+45.0 082
»+40.0 dBZ
»35.0 dBZ
1300 d8Z
+25.0 dBZ.
1200 d8z
»15.0 dBZ
+100 d8Z
» 5.0dBZ

PPISOM_460_005.ppi
Doppler Num 15

Time sampling32

PRF: 319Hz

Range: 460 km
_| Resolution: 1314 kmjpixel
Elevaton: 05 deg
Data: RadarData.
Rainbowa Gematronik
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(e) 2008/6/2 0500UTC

I . B 3 —
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1245UTC -
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PPl (dBZ)

12:45 / 02-)Jun-2008

Chigu_rbS

PPISOM_460_014.ppi
Num 15

460 km
1314 kmjpixel
deg




PPI (dBZ)

22:30 / 02-Jun-2008
Chigu_rbs

80.0d87
»75.0 dBZ
»70.0 dBZ.
»65.0dBZ
+60.0d8Z
+55.0d5Z
»50.0 dBZ
450087
+40.0 dBZ
»35.0d5z
»30.0d87
»25.0 dBZ
20,0 d5z
»15.0dBZ
+10.0d87
» 5.0dBZ

PPISOM_460_005 ppi

Clutter Fiter:  Doppler Num 15

Time sampling32

319 Hz
460 km

* Resolution: 1314 kmjpixel

(d) 2008/6/3 0015UTC

0.5 deg

PPI (dBZ)

00:15 / 03-Jun-2008

Chigu_rbs

80.0d87
»75.0 dBZ
»70.0 dBZ.
»65.0dBZ
+60.0d8Z
+55.0d5Z
»50.0 dBZ
450087
+40.0 dBZ
»35.0d5z
»30.0d87
»25.0 dBZ
20,0 d5z
»15.0dBZ
+10.0d87
» 5.0dBZ

PPISOM_460_005 ppi

Clutter Fiter:  Doppler Num 15

Time sampling32

319 Hz
460 km

* Resolution: 1314 kmjpixel

0.5 deg



(e) 2008/6/3 0900UTC )

TF =7 o

L. j By o who BN W FF van PPI (d52)
N “ | B ! ! 03:23 / 03-Jun-2008

i i - i = i Chigu_rbs

/\/wi/\/‘“/:‘“‘m{‘"'/if:_

800 dBz
»75.0 dBZ
»70.0 dBZ.
\ 65.0 daz
»60.0d8Z

+55.0dBZ
1500 dBz
s 45.0d82
40,0 Bz
135.0d8z
+30.0d82

25087
1200 dsz
»15.0 dBZ
+10.0d87
» 5.0dBZ

./ Pdifile  PRISOM_460_005 ppi
Clutier Filter:  Doppler Num 15

@ sampling32

PRF: 319Hz

Range: 460 km

Resolution: 1314 kmjpixel

Elevaton: 05 deg

Data: Radar Daa

Rainbow® Gematronik
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(h) 2008/

~isos  used

6/3 113

PPl (dBZ)
11:38/ 03-Jun-2008
Chigu_rbS

800 dBz
»75.0 dBZ
»70.0 dBZ.
\ 65.0 daz
»60.0d8Z

+55.0dBZ
1500 dBz
s 45.0d82
40,0 Bz
135.0d8z
+30.0d82

25087
1200 dsz
»15.0 dBZ
+10.0d87
» 5.0dBZ

5 of B PRISOM_450_005 ppi
tter Filter:  Doppler Num 15

e sampling32
F: 319Kz
Range: 450 km

Resolution: 1314 kmjpixel
Elevation: 05 deg

Data: Radar Data
Rainbow® Gematronik
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Observation:
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7.5h 2.5h 13.5h
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5h 6h 11h
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1200UTC 0000UTC 1200UTC 0000UTC 1200UTC 0000UTC
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(@) (b)

© (d)
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YVigorous Convection

(a) All' Motion

max lwl ~ 1-10 m/s

9,006

Pockets of strong upward
air motion, net upward Mass rANSPort

(b) Precipitation Trajectories
, Precip growth deminated

Horizontal Distance —

0ld Convection
(d) Air Motion
@

5l @117} 11ﬁ1§ 1ﬁ[? 1

Iw| mostly < about 1-2 m!s

11‘@11Hl’111?11?11

0°C l——__._‘,_.d*‘b

T (e) Precipitation Trajectories
5 ok kK %k diffusion Kk OR k ko
3 b bt bt S U I
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(a) 2008/6/2 0430UTC (b) 2008/6/2 0731UTC
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B15.19 % NCAR/S-pol 0.5° #r & 2. § i w jk pLipl 5 % » (2)2008 # 6 * 2 p
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(a) 2008/6/2 0000UTC (b) 2008/6/2 0100UTC

Dataset d4 RIF rr Init: 1200 UTC Sun 01 Jun 0 Dataset: d4 RIP ™
Fest:  12.0 Valid: D000 UTC Men 02 Jun 08 (0800 LST Mon 02 Jun DB) Fest:  13.0

Reflectivity ( ) al height = 1.00 km Reflectivity ( )
Horizontal wind veclors at height = 1.00 km Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun 0
Valid: 0100 UTC Mon 02 .]\m 08 (0900 LST Mon 02 Jun DB)
al height = 1.00 ki
at helght = 1.00 km

HARE VECTORS: FULL HARS = & m
Model Info: V3.1 No Cu  ¥SU PHL her-Dift 17 km, 31 levels, 7 sec Model Info: V3.1
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

(c) 2008/6/2 0200UTC

Dataset: d4 RIF rr Init: 1200 UTC Sun 01 Jun O
Fest:  14.00 h Valid: 0200 UTC Men 02 Jun 08 (1000 LST Mon 02 Jun ua)
Reflectivity () al height = 1.00 km

Horizontal wind veclors al height 1.00 km

HARE VECTORS: FULL HARS = & m
Model Info: V3.1 No Cu  ¥SU PHL her-Dift 17 km, 31 levels, 7 sec
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

B15.20 5 MORI % ¥ v k %8 WRF 8 #55 &
&6 2 p 0000UTC - (b)2008 & 6 * 2 p 0100UTC - (C)2008 & 6 7 2 p

0200UTC -

86

HARN VECTORS: FULL HARS = &
No Cu  ¥SU PBL Ther-| Urll?km 31 levels,
LW. RRTM SW. Dudhia DIFF: simple KM: 2D Smagor

vk 27 b 3-8 - ()2008



(a) 2008/6/2 0000UTC

Dataset. d4 RIF m
Fest:  12.00

Reflectivity ( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun O
Valid: 0000 UTC Mon 02 Jun 08 (0800 LST Mon 02 Jun ﬂﬁ)
al height = 1.00 km
at height

Dataset: d4 RIP r
Fest 13.0
Reflectivity (

)
1.00 km Horizontal wind vectors

Kind venoRts LI iD= 8
No Cu  YSU PHL Thom, I7km a1 Jevels, 7 sec
LW:

Model Info: V3.1 pson  Ther-Dilt
RRTM SW. Dudiin. DIFF. Simple K- 2D Smagor

Model Info: V3.1

(c) 2008/6/2 0200UTC

Dataset; d4 RIF T Init: 1200 UTC Sun 01 Jun O
Fest:  14.00 h Valid: 0200 UTC Mon 02 Jun 08 (1000 LST Mon 02 Jun DB)
Reflectivity ( al height = 1.00 k

) m
Horizontal wind vectors at height = 1.00 km

BARSE VECTORS: FULL HARS = &
No Cu  YSU PHL Thompson er-Dif
LW: RRTM SW. Dudhin DIFF =mp1r K- 2D Smagor

Model Info: V3.1 rir km, 31 levels, 7 see

B 521 5 THMN %% e K 38 5

87

vt 21 b H-F - (2)2008 =
0000UTC - (b)2008 & 6 * 2 p 0100UTC - (c)2008 &

(b) 2008/6/2 0100UTC

Init: 1200 UTC Sun 01 Jun O
Valid: 0100 UTC Mon 02 .]\m 08 (0900 LST Mon 02 Jun DB)
al height = 1.00 ki

at helght = 1.00 km

HARN VECTORS: FULL HARS = &
Mo Cu  YSU PBL Thompsan Ther-Dilf I7km a1 Jevels, 7 sec
LW, RRTM SW. Dudhia DIFF. simple KH: 2D S

67" 2¢p

6% 2 p 0200UTC -



(a) 2008/6/1 2300UTC

Dataset: d4 RIF m
Fest:  11.00 h
Reflectivity ( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun O
Valid: 2300 UTC Sun 01 Jun 08 (0700 LST Mon 02 Jun ﬂﬁ)
al height = 1.00 km
at height

1.00 km

HARE VECTORS:  FULL HARS
NoCu ¥4l PAL WM Selner Ther Bitf 17 km, 31 levels, 7 sec
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

Model Info: V3.1

(c) 2008/6/2 0100UTC

Dataset. d4 RIF m
Fest:  13.00

Reflectivity ( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun O
Valid: 0100 UTC Mon 02 Jun 08 (0900 LST Mon 02 Jun ﬂ[i)
al height = 1.00 km

at height = 1.00 km

HARE VECTORS: FULL HARS
No Cu  YSU PHL WSM Sclass
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

o
Model Info: V3.1 Frer bitf 17 km, 31 levels, 7 sec

B15.22 % WSM5 9 ke v ki 3

(b) 2008/6/2 0000UTC

Dataset: d4 RIP r
Fest 12.0

Reflectivity ( )
Horizontal wind veetors

nit: 1200 UTC Sun 01 Jun O
Valid: 0000 UTC Mon 02 .]\m DE (oson LST Mon 02 Jun DB)
al height = 1.00 ki

at height

OU km

AR VECTORS: FULL 8
No Cu  YSU PBL WSM Sclas

Al = 6 et
Sclass ‘Ther—Diff 1.7 km a1 levels, 7 sec
LW. RRTM SW. Dudhin DIFF: simple KM: 2D Sm:

(d) 2008/6/2 0200UTC

Dataset: d4 RIP r
Fest:  14.00 h
Reflectivity ( ¥
Horizontal wind veetors

Model Info: V3.1

Init: 1200 UTC Sun 01 Jun O
Valid: 0200 UTC Mon 02 Jun DE (1000 L8T Mon 02 Jun ﬂ[i)
al height = 1,1‘.'0 m

at height = 1.00 km

HARN VECTORS: FULL SARS = & m 2t
No Cu  ¥SU PBL WSM Sclass Ther: mlrnkm a1 levels, 7 sec

LW. RRTM SW. Dudhin DIFF: simple KM: 2D Sm:

Model Info: V3.1

vk b HF - (2)2008 £ 6 7 1 p

2300UTC:(b)2008 # 6 * 2 p OOOOUTC’(C)2008 #£67 2p 0100UTC:-(d)2008

£ 6% 2p 0200UTC -
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(a) 2008/6/2 0000UTC

Dataset d4 RIF m
Fest:  12.00
Renectwuy( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun 08

Valid: D000 UTC Mon 02 Jun 08 (0800 LST Mon 02 Jun 08)
al height = 1.00 km

at height

1.00 km

Sinsvevoat: mULiER <8 5
No Cu  ¥SU PHL oDt 17 km, 31 levels, 7 sec
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

(c) 2008/6/2 0200UTC

Dataset: d4 RIF m
Fest:  14.00 h
Reflectivity ( )
Horizontal wind vectors

Model Info: V3.1

Init: 1200 UTC Sun 01 Jun 08
Valid: 0200 UTC Mon 02 Jun 08 (1000 LST Mon 02 Jun 08)
at height = 100 km

at height = 1.00 km

Sinsvevoat: mULiER <8 5
No Cu  ¥SU PHL er-Diff 1
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

Model Info: V3.1 . km, 31 levels, 7 sec

Bl 5.23 = WDMS5

F oy kit g

(b) 2008/6/2 0100UTC

Dataset: d4 RIP r Init: 1200 UTC Sun 01 Jun 08
Fest 13.00 h Valid: 0100 UTC Mon 02 .]un 08 {0900 LST Mon 02 Jun 08)
Reflectivity { ) al height = 1.00 k

Horizontal wind vectors al height (JU km

dB7Z
45
42
39
36
a3
a0
27
24
21
18
15
12
El
6
3
a
HARH VECTORS: FULL 8iAR8 = &
Model Info: ¥3.1 h Cu  YSU PBL or- Url l'l' km, 31 levels, 7 sec
RRTM SW. Dudhia DIFF: simple KM: 2D Smagor

(d) 2008/6/2 0300UTC

Dataset: d4 RIP r Init: 1200 UTC Sun 01 Jun 08

Fest: 15.0 Valid: 0300 UTC Mon 02 .]\m 08 (1100 LST Mon 02 Jun 08)

Reflectivity ( > al height = 1.00 k

Horizontal wind vectors al height (JU km

e &g—"ﬁ;

BARH VECTORS: FULL HARH = 6
h(.u ¥SU PBL it 'Hm 31 levels, 7 sec

Model Info: V3.1 er-Diff 1
RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

vk & b H-R o (Q)2008 £ 6 7 2 p

0000UTC(b)2008 # 6 * 2 p 0100UTC>(c)2008 # 6 * 2 p 0200UTC>(d)2008

#6* 2p 0300UTC -
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(a) 2008/6/1 2300UTC

Dataset: d4 RIF m
Fest:  11.00 h
Reflectivity ( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun 08

Valid: 2300 UTC Sun 01 Jun 08 (0700 LST Mon 02 Jun 08)
al height = 1.00 km

at height

Dataset: d4 RIP r
Fest 12.0
Reflectivity (

1.00 km

Horizontal wind vectors

(b) 2008/6/2 0000UTC

nit: 1200 UTC Sun 01 Jun 08
Valid: 0000 UTC Mon 02 .]un DH (0800 LST Mon 02 Jun 08)
0

al height = 1.0

at helght = 1.00 km

HARE VECTORS: FULL HARS
NoCu V4l PAL WM Gelner Ther Bitf 17 km, 31 levels, 7 sec
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

Model Info: V3.1 Model Info: V3.1

(c) 2008/6/2 0100UTC

Dataset d4 RIF m
Fest:  13.00

Reflectivity ( )
Horizontal wind vectors

Init: 1200 UTC Sun 01 Jun 08
Valid: 0100 UTC Mon 02 Jun 08 (0900 LST Mon 02 Jun 08)
at height = 100 km

at height = 1.00 km

HARE VECTORS: FULL HARS
No Cu  YSU PHL WSM 6class Ther
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

Model Info: V3.1 St 1 km, 31 levels, 7 sec

B15.24 % WSM6 # ke vk i 3

2300UTC » (0)2008 £ 6 % 2 p OOOOUTC » (€)2008 &

90

HARM VECTORS:  FULL HARS
No Cu  YSU PRL WSM elnee Ther Bif 1.7 km, 91 levels, 7 sec
LW. RRTM SW. Dudhia DIFF: simple KM: 2D Smagor

Wk 2 b 3 - (2)2008 £ 6 7 1 P
6% 2 p 0100UTC -



(a) 2008/6/1 2300UTC (b) 2008/6/2 0000UTC

Dataset: d4 RIP: rr Init: 1200 UTC Sun 01 Jun 08 Dalaset: d4 RIF: rr Init: 1200 UTC Sun 01 Jun 08
Fest: 11.00 h Valid: 2300 UTC Sun 01 Jun 08 (0700 LST Mon 02 Jun 08) Fest:  12.00 h Valid: 0000 UTC Mon 02 Jun 08 (0800 LST Mon 02 Jun 08)
Reflectivity () al height = 1.00 km Reflectivity () at height = 1.00 km

Horizontal wind veclors at height = 1.00 km Horizontal wind vectors at height = 1.00 km

HARE VECTORS: FULL HARS = 6 m 5 AR VECTORS: FULL HARS = & m st
Model Info: V3.1 No Cu  ¥SU PHL Ther-Dift 1.7 km, 31 levels, 7 sec Model Info: V3.1 No Cu  YSU PBL Ther-Diff 1.7 km, 31 levels, 7 sec
LW: RRTM SW. Dudhin DIFF: simple KM: 2D Smagor LW. RRTM SW. Dudhia DIFF: simple KM: 2D Smagor

(c) 2008/6/2 0100UTC

Dataset: d4 RIP: rr Init: 1200 UTC Sun 01 Jun 08
Fest:  13.00 h Valid: 0100 UTC Mon 02 Jun 08 (0900 LST Mon 02 Jun 08)
Reflectivity () at height = 1.00 km

Horizontal wind veclors at height = 1.00 km

HARE VECTORS: FULL HARS = 6 m 5
Model Info: V3.1 No Cu  ¥SU PHL Ther-Dift 1.7 km, 31 levels, 7 sec
LW K

RRTM SW. Dudhin DIFF: simple KM: 2D Smagor

B15.25 5 WDM6 ¥ s cn¥m & %5 3 & w L b 5 - (2)2008 £ 6 7 1 p
2300UTC - (b)2008 + 6 * 2 p 0000UTC - (c)2008 # 6 * 2 p 0100UTC -
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3000
24N
2500

2000

—1 1500

— 1000

— 500

120°N 121°N 122°N

B 5.26 iod & FFA 70 2F R« % ¢ 2o B AL T 120.0°~120.9° « # i
21.9°~23.0° > % B 5.27 « §5.36 {o ] 5.37 3* & T :8-hiEF o B¢ A LT
NCAR/S-pol & it & SOWMEX 4 =8 FF 3 & ¢ % (120.4345°E ,22.52693°
N)>AB if 42 5 B 5.33 {c ] 5.35 chsl-7 26 4 2 5AC i 4 5 B 5.29 - § 5.31
B o AR o
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(@)

Height (km)

(b)

Height (km)

Vertical Velocity (cm/s) - MORI

TIME (UTC)

Vertical Velocity (cm/s) - THMN

TIME (UTC)

93



(€)

Height (km)

(d)

Height (km)

Vertical Velocity (cm/s) -WSM5

TIME (UTC)

Vertical Velocity (cm/s) -WDM5

TIME (UTC)
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(e)

Vertical Velocity (cm/s) .wsMé

Height (km)

TIME (UTC)

(f)

Vertical Velocity (cm/s) -WDM6

Height (km)

TIME (UTC)

B15.27 K526 %¢ P{EFFPLLERRENTIDEHERZ TR 24
FRETLEGERIIE 2 EREAFLIFERL L B ZEAFIES
0.05cm/s - (a)%_MORI % % = % > (b)E_THMN % 5% 1 % > (c)&_WSM5 3
S ehit % > (d)E_WDM5 2 % it & > ()& WSM6 ¥ % it & » ()£ WDM6 ¥
Sl % o
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0 10 20 30 40 50 60 70 80 90 100 1107120 130,
S " Distance (km)’

B2 3% 4 dB

B 5.28 #_NCAR/S-pol 3 iEw 4> 2008 # 6 * 2 p 0729 UTC s RHI
(range-height indicator)# s BLip| % % » * =% % 60° -
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(a) MORI 2008/6/2 0100 UTC

TS EEE]

A T | LW

!

= hstance o S

(d) WDMS 2008/6/2 0100 UTC
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() WDM6 2008/6/2 0000 UTC

T T e

?]529 b ke B’~¥]526“ ACéﬁmiE ¥ 2+ % 835 2 ”]‘3?:}'%‘:&
g Er A e EFRPe THE - FiTE v JFERIES 3dBz 2
FRATELIERIIE LI mRNETLIHERLE B EERTIEY S
30cm/s; AR5 22 2+ EMRE 0OCEEM - (a)E_MORI 7 % 2008 + 6
5 2 p 0100UTC sk 2% » (b)Z_THMN ¢ 2% 2008 # 6 * 2 p 0100UTC >
(C)L_WSMS5 % % 2008 £ 6 ' 2 p 0000UTC - (d)£_WDMS5 ¢ 5% 2008 & 6 *
2 B 0100UTC » (€) 2. WSM6 ¥ 5% 2008 & 6 * 2 p 0000UTC + (f)£_WDM6 ¥
% 2008 # 6 * 2 p 000QUTC -
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cld drz I mmhrn hail hm gsh grn dsn wsn icr icr sld bgs 2tr gelt

B T e BT
B 5.30 NCAR/S-pol & & i ymiarkipft » 55 H - FH - 5 2008 £ 6 7 2
P 0729 UTC 1 RHI (range-height indicator) » * i= & % 60° o ¢ .7 4p s e
A KA £ B L2 (Cld) £ A (drz) ~ p & ()~ ¢ & (mm) % & (hrn)
7k # (hail) ~ & ferk 2 98 & (thm) ~ #t E {7k 2 (gsh) ~ 4 Z {=% (grn) ~ 52 Z (dsn) »
22 (wsn) ~ 7k o (icr) ~ 3 Bk icr) ~ 84 -k (sld) ~ & & (bgs) ~ = % w ik (21r) -

¥ A5 % g (gelt) -
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(a) MORI 2008/6/2 0100 UTC

).

(b) THMN 2008/6/2 0100 UTC

e (ke

=)
(c) WSMS 2008/6/2 0000 UTC
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(f) WDM6 2008/6/2 0000 UTC

Helght (k)

§]531 5o R e B&E]SZGt‘ AC@@ﬂmz{»a e % 8.35 22 > HHEE
drkApie s FER &V ot kb 2] )imnﬁljra'iiamo¢ § L EKRLE
(B4 -‘#IE’*X{F’&&E,—» 0.005g/kg; ¢ 2R EVEEM X EMFIEL 0.19/kg
S LHWBEREVEER FERTFES 0.059/kg; ¢ 5 A -RR &V EEMR
FEMFEES 0.059/kg - (a) (b) (c) (d) (e) (N I+ B 5.29 -

\_‘L
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20-Height (km)

5_0 6_0 20 SQ 99 190 1}0 1.20 130 -
Distance (km)

s 5 IV 35 45 dBz
B [ ~ I _

B 5.32 NCAR/S-pol § w4 2008 # 6 * 2 p 0750 UTC = RHI
(range-height indicator)# 45 BLip| % % » = =4 5 327 o
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(b) THMN 2008/6/2 0200 UTC

(c) WSMS5 2008/6/2 0200 UTC

Tl s o & e i

i L J

cuag -

cuag =

cuager

Sa Yo

(d) WDMS5 2008/6/2 0300 UTC

= g Crere e e o ch et o — e R e
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() WDM6 2008/6/2 0200 UTC

S m— T W =
F15.33 5w & kBB F 5267 AB@ ks 25 8224 & 8.35 2 1 5t
SAFEFERALLIE LI EMAALI RS LB EERMEY
20cm/s-(a)%_MORI ¥ % 2008 & 6 * 2 p 0200UTC 5.4 % » (b) £ THMN
@ 5% 2008 £ 6 7 2 p 0200UTC(c)¥_ WSM5 % % 2008 £ 6 7 2 p 0200UTC>
(d)5_WDM5 ¥ 5% 2008 6 * 2 p 0300UTC it s % » ()5 WSM6 ¥ %
2008 £ 6 * 2 p 0100UTC - (f)¥_WDM6 % 5% 2008 & 6 * 2 § 0200UTC -
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0 10 20 30 40 50 60 70 80 90 100 110 120130
Distance (km)

cld drz Irn mmhen hailrthm gsh g dsn wsn icr dicr sld bgs 2tr gelt
L NN EETTEE

Bl 5.34 #_NCAR/S-pol 7 i Ftysaienkipk+ A 5E Rl -4 FF 7 5 2008 £ 6
" 2 p 0750UTC 7 RHI (range-height indicator) » » = & 5 32° o ¢ o7 £
R AR R+ A FE P e B 5.30 o
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(a) MORI 2008/6/2 0200 UTC

B
=
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(f) WDM6 2008/6/2 0200 UTC

B 535 %k pFPH 5267 ABigsicnd-7 3| &2 2+ £ 835 22 » i
SrkApgF FER A v fopkit kb 2 08 R anip)e T30 o ¥
B X BERFIES 0.0050/kg; Fé ZEREVEESM FEMFEL 0.19/kg
B LHFREVEER FEMAFEES 01g/kg; 2d FR-KREVCFER
% EAFEEs 0.1g/kg - (@) (b) (c) (d) (e) ()ehzm k B 5.33 -

[N
He
¥
Y
2l
>
-
pl
N
Y
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(@) (b)

Mixing Ratio - MORI 2008/6/2 0100UTC Mixing Ratio - MORI 2008/6/2 0100UTC
| Qi — Qi —
(S (S m—
qg =— g =—
(C e qc
O e r —
€ €
= =
= =
2 2
(O] (O]
I I
0 01 02 03 04 05 06 07 08 09 1 1.1 12 13 0 o. 02 03 04 05 06 07 08 09 1 1.1 12 1.3
q (g/kg) a (g/kg)
(€) (d)
Mixing Ratio - THMN 2008/6/2 0100UTC Mixing Ratio - THMN 2008/6/2 0200UTC
20 g — 29 Qi —
(S m— qs
18 ] — 184} Q] —
(G s qc
Q e— [ [

Height (km)
Height (km)

ol
0 01 02 03 04 05 06 07 08 09 1 1.1 12 1.3 0 01 02 03 04 05 06 07 08 09 1 1.1 1.2 13

q (g/kg) q (g/kg)
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(e)

Mixing Ratio - WSM5 2008/6/2 0000UTC

Qi —
(S m—
qg =——
C e
qr —
—~
£
x
~—"
e
<
2
(O]
I
0 01 02 03 04 05 06 07 08 09 1 1.1 12 13
q (g’kg)

()

Mixing Ratio - WDM5 2008/6/2 0100UTC

Qi —
(S m—
qg =—
40 ——
qF —
—~
£
x
~—"
e
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2
(O]
I
0 01 02 03 04 05 06 07 08 09 1 1.1 12 13
q (g’kg)

(f)

Mixing Ratio - WSM5 2008/6/2 0200UTC

Qi —
(S m—
qg =——
qc
qr —

—~

£

x
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(O]

I
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q (g’kg)

(h)

Mixing Ratio - WDM5 2008/6/2 0300UTC
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(i) @)

Mixing Ratio - WSM6 2008/6/2 0000UTC Mixing Ratio - WSM6 2008/6/2 0100UTC
“I qi — 9 (‘;J Qi —
QS m— qs
qg =— qQ m—
qc qc
[« [ QS o] guue—
€ €
=< =<
= =
2 2
[0 [0
I I
0 01 02 03 04 05 06 07 08 09 1 11 12 1.3 0 01 02 03 04 05 06 07 08 09 1 11 12 1.3
q (9/kg) q (9/kg)
(k) ()
Mixing Ratio - WDM®6 2008/6/2 0000UTC Mixing Ratio - WDM®6 2008/6/2 0200UTC
20 - 20(3 -
qs ] qs
qg =— I qY =—
qc qc
o [gue— [+ | pe——
€ €
< <
= =
2 2
[0 [0
I I
0 01 02 03 04 05 06 07 08 09 1 1.1 12 1.3 0 01 02 03 04 05 06 07 08 09 1 1.1 12 1.3
q (9/kg) q (g/kg)

B15.36 5 - A kA adokipe IR AN 2 2 B iple THEREER B &0

Bl o % BT 355- ] 5.26 % 4 = f=ph it ] o (@) L MORI § % 2008 & 6 2
p 0100UTC % % » (b) & MORI § %% 2008 £ 6 » 2 p 0200UTC % % ; (c)
£ THMN 9 5% 2008 # 6 * 2 p 0100UTC % % » (d)£ THMN 9 =% 2008 &
67 2 p 0200UTC %% ; (e)2_WSM5 $ % 2008 £ 6 * 2 p 0000UTC
% » (NE_WSM5 9 % 2008 £ 6 » 2 p 0200UTC i % ; (g)% WDMS #
5% 2008 £ 6 * 2 p 0100UTC % % » (h)E_WDMS5 % 5% 2008 £ 6 ' 2 p
0300UTC % % ; ()2_WSM6 ¥ % 2008 £ 6 » 2 g 0000UTC % % - (j)
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4_WSM6 7 % 2008 # 6 * 2 p 0100UTC 2% % ; (k)2_WDM6 § % 2008
£ 67" 2p 0000UTC e % > (I)E_WDM6 7 % 2008 # 6 * 2 p 0200UTC
R HAG R AN FRGZREN  BMEHEFRE N RS D

KRR EW 5 ARG R RE S o
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Mean Mixing Ratio - MORI Mean Mixing Ratio - THMN
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Mean Mixing Ratio - WSM6 Mean Mixing Ratio - WDM6
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B 537 2 %- Ak iharkiph 3 REVZETTIOEEERPH - BFREF
—-T—'&’—:vg%@{ZOOB #6 72 1p 1200UTC = 2008 # 6 * 2 p 1200UTC & eik o
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