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Abstract

This study aims to modify Goddard Cumulus Ensemble microphysics (GCE) scheme,
which is the widely used microphysics scheme for simulations and forecasts around the world,
from single-moment to double-moment scheme. The upgraded scheme predicts the mixing
ratios of seven species hydrometeors (water vapor, cloud water, rain water, cloud ice, snow,
graupel and hail), and total number concentrations of hydrometeors in warm-rain processes
(cloud water and rain water). To examine the performance of GCE double-moment, it was
evaluated and compared to different microphysics schemes by: 1) an idealized 2D thunderstorm,
2) an idealized 3D supercell storm tests and 3) a warm-rain processes dominant real case over
Taiwan.

Similarities and differences of precipitation between GCESM and GCEDM examine by
2D idealized thunderstorm test. For the 3D supercell idealized test, the result of accumulated
rainfall is less in GCE double-moment compared to GCE single-moment, but the features of
the dynamic, thermodynamic, and rainfall rate are similar as GCE single-moment scheme. In
addition, when calculating the total number concentration, GCE double-moment scheme shows
the capability to present more diversity of rain droplet sizes in both convective and stratiform
regions toward reality, and this is similar as other double-moment schemes. On the other hand,
the performance of quantitative precipitation forecast showed that, the GCE double-moment
scheme is had better forecast skill compared to the GCE single-moment, especially for the
warm-rain processes dominant situation in heavy rainfall region. By appending rain number
concentration forecast, accretion of cloud and rain as main rainwater source microphysics
process becomes weaker. It leads to reduce overestimate of accumulated rainfall obviously. For
dynamic, low level convergence in GCEDM is weaker than GCESM. Low level water vapor is
hard to arrive high level by updraft. Therefore, lower saturation and more difficult to transform
into hydrometeors. Finally, it makes precipitation decrease dramatically. In summary, GCEDM
not only provides more detail hydrometeor particle information, but also can get better benefit
of forecast.
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2021) ~ ® b = £ % & (e.g., Fovell et al. 2016 ; Park et al. 2020) 2 2 & "3 -k fp4R B %

(e.g., Grubisic et al. 2005 ; Chakraborty et al. 2021)2_ % ¥ ¥ 58 » 3} & L4 eniz & - il

N

P AB AT AR A RECEE R EF S AR EYE o R

&
HZHPF RS K gd W E R A RFERPRFITEZF I NLIE S REFIRS X
BRI st 5 FHEFEL2 % & Morrisonetal. (2020) » # Flp £ £ pFE
B AR Y ST A 4Pm‘*f# g 35 A o EA BB LR BT e R
BREFFTE oA DEBR > o f AFTERERY P 2V IR ApRI A
ERtE 2N R{ER R RE G NP 2 R ke it i 42(Tao and Moncrieff
2009) ° i F ¢ 0 TP R AEGEFE KPR I REA T NAR G A FE D Bl
% (Bulk method) 14 2 w2 (Bin method) - H ¢ @482 w25 ¥ 5 @ B P-anig
FoAaFeRmALs - LLRAP K FELETHRAE AP W LA RS
P o RF R R RSPk g S E o

B R B > &5 19495 Marshall and Palmer (1948) % i gLip| #icdy #7140 & 15 3|
R GFRASA T > TR A1) BASREER AR RS G TR o

Np(D) = Nye ™2 (1-1)



HYNy=008cm™: a jFfieddk A=4IR " Iem ™t o g ¥ s T # E >
Ulbrich(1983)i& — # ¥ &8 (1-1) ¥ 2 ® @ 5] 7 N (1-2) » %At B304 7T 1 (1-1)2 ]
Ew A E LY en7 Ko 3%V 45 Gammadistribution o e pFL £ IR 2 A 2 jich

LA

\\\?{Ir

Bz P oo ATA R FrRPoke GRS A T B -

N, (D) = Ny, DHxe~MP  (1-2)
H ? Ny, » 2 8E % #c(Intercept parameter) » u, » 754 %#(Shape parameter) > A, 5 £
% %-#(Slope parameter) » X 5 -K{ i+ cfisg o D G F BT o RAME T F - Bk
B Sk e N o ) B AR R B AR 2 S AT L B, e

Fric g g R A QB R AT T RL AT RREERAS B - R R

~

FAAT Rk REEE TR Z R ARG R LRI E S 0T
NI RPf TR, B L 2 Z kAP BICE)RR 23 F o 3T . B4sF w kAR
QICE) Rk 22 2R S B2 2 P B » N =L ° R RHEE? R P& 0
(e.g., Milbrandt and Yau 2005a,b ; Milbrandt and Morrison 2013 ; Lang et al. 2014 ; Bae et
al. 2019) © @ 1IHNox *Hy ~ A iB= F B3t B P ARG 0 M2 Meb T Sl T ik -
# &~ % H 2§ A3 (single-moment) £2 g4 & A5 5% (double-moment) - A& 8 528 3558 % 2T
Spicdr T S diE ¢ 0 ¢ - Gamma distribution A2 60N, 3K A EE 0 B BALR ST

K R R TR A e 0 2B 4ost (1-3) ¢

1
A= [a"N""';S;a”"*b")] [(@tietbe) (1-3)

Bela, ikt BRM Gdlic by s KPR FARER > e kP RF FRRF
WooperE s mAEHEFMEAo(Blla)e ¥ - 2 g 0 BAEEA T G I S8 P
N FE 0 B AR R T ERIER > BN, B AT UELTEIR G TR

bost (1-4) 22 % (1-5) -



Ax Ny ['(1+ 1y +by)
AxPal (1+py)

/5 (1-5)

A= [

B¢ N5 ok des R SR » SR 1§ 4o(F 1b) o o 1033 i iU ot Jo 29l

s

EY

520 eV

Ik

CEERETNAHL FFLA DD R TR kR i A

i
-\‘\

#

|~

{L27 8- PREELFERIHF BEE L BB SRR 24 { £
ROFREAT o AR FU AR AT OEME ) R HE AR RSB L e
Feoipwid  jHEEE L MPr R it 22 FREARY e 3 2080 »HP @
7 Ferrier (1994) ~ Meyers et al.(1997) ~ Chen and Liu (2004)# Lim and Hong (2010) % -
43635108 0 e Baed @ 2 BRSNS LAKRT BASAIEEE S S - H
E I S HGE o & ATy S BRI E P o
% Milbrandt and Yau (2005a) > { 7 333 7 b SR8 2 $HpF Ut T % 2 R xhivag
POoHY VL ARERL 2 MEET Y AP Z T2
P BB opd R REIRSEEFE 2 A~ F o & Yangand Yau(2008) F & * = B E 2k
T3 E AR %%“,% TR S FE R P B R - Rt &
TRFRFFIo) BT AEEM G - R 2B REPIZEEPI ¥ -
CilEd BERA G R 2kiped o MARPFFT AL E N A RBELFE £ U5
P2 BAREFESERTE o0 FIP RS AR FERTEF AL TEE 0 P
Frd Stokipded Ak B R R hg R # ERGUE kPR T e R
P WE Y 0 v B R AR o SN kAR 2 et 12 42 2 P42 > Morrison and
Milbrandt (2015) % &% B 7 — ¥ { #/kptF 12 ¥ —— P3(Predicted Particle
Properties) o 4+ = ;% 3% /% f& 7 £ +* &)(liquid mass fraction) £ 3¢ 4% & 448 4 (rimed

volume)s & % ic > $tkipkF 2 BARGFRE > B A kdpR I AT UK IR

ru

TR B W B AR ’%L’: SR S U RIS CE

B BT T S R AT o gt Rl ¢ A5

n\—g

\\\

&8 A5 7% (Milbrandt et al.

2021) + 13§ Rk BN R B R B A L AT



1.2 =3 6548

% o 4 % > Goddard Cumulus Ensemble microphysics scheme (GCE scheme) &_¢ 5
PR LR R S @ h T 3 it S % 0 R F] %t GCE scheme #
MR EE R A T R AR RE # O o IR ST S ko W RIRIRIT R T
Bl 18 2. % % (4o 1 52019 ~ #8 2020) - #% @ » GCE scheme | p % 5 it (2 3t H 588 2550
(single-moment) sh 2 et ST S it = % o B R E A B T TR F e JF R A F 5
¥- AR FBARS DG RSP REFT R ARRT s A FRETSEFE D
oo P RER AP B ki A % 0 2 A 1th e B F R
£ 8 o pt#h 5 Jung et al. (2010), Putnam et al. (2014), Johnson et al (2016) % <~ 3 i
Bt i RS ERRIEC FARATRERR BRI  HEg N e
Fleit S FOTE T Ao REE LY E A B acE o B e ¥ e AN 2
T Sl TR P2 % o HRTF 2 Fd i d BREANEERGN > AR FER
it BRI E SR RS- TB LR

2 d >t R 558 (double-moment) ¢hZ A IR S dcit S % SRR Ak T R
B & IR 0§ R TR 4P RCH 42 A5 5 (single-moment) 2 et 3T St S %

iRz

PR REFRBEN ol PR BT AL EEER . F EFS R

4
E]

= g 4558 (double-moment) 2 pcdr 72 S it 2 R B 4T A AR FRTEAR IR
WAL o & Milbrandt and Yau (2005a) ¥ &4+ 8 £ &2 B = % > 3 F #HI0HOR
BFER CFRFBFPRIEP L BaRE2ZBEFOLBEFHH oA HESE
2 B BEE RN oo iRy EEE S R ;’Ki BiToRF2Z %% -
2 EPEEE S RAAREEE AN > BB S {5 6 BEITE R R o & Morrison
etal. (2009) it FHEE > S L FERE S e %Y > BAEE D XA K2 Hi
Tk gdn Rt pREEEG (PHZLIE S RPEHYHRFEARRZ 48

» BFAEE S %3 F{ %A A 4 o Hongand Lim (2009) 4 %) i¢ * H 4B § 10k & BAE

“r

€2 jcim

‘H’*

4 iE R % 2008 £ 6 % 1 8 % 2 FORIEIFIALT AT TR ET BE



4

Ik
J
P
n?)

B 5 91 - Minetal. (2015)R] i * 3 gl F At H ~ a8

=

-H
F_‘-

"KAEAR A

W

;31
i
\“‘b

2

MERF S BEEFFNRAFELSRAREE T AL L PR FE (RO

SETCLE R TS ST N T TR CE LS SOER

E;

BE O REGIELHAGREINRIVEEE S S {RTEF R HEIIG o@
Putnam et al. (2017a)~ #% | > K EEE > ZrE D2 Rk % > FhHu iy Haed
Sk [ OERE S o Tl 0 AT 7 #-E 32499 Limand Hong (2010) % ¢ - #
WSMB6 i 3 & WDM6 P 5 4c ek e F Sk B3 8 = 5812 2 g §fag & A2k 4 o3
Al ceeds 0 4o Bl P B ok RS AR wm i GCEAICE A% ¢ » R EF
£ 45 3% ¢ GCE4ICE (GCEDM) © P % % % % WRF ¥ e Az 5 2 > ° #

BE s BB 2 GCEAICE =4 > a4y ~ ¥ 3 kit GCE4ICE A ki s & £

PPE o g EE L 5 R F i B o



- ,5_6 2, A2 Vd 2”

S ERFEEEMRAR
PR H N AT g F TN e 0 S it > % o WP B B gl A28
HER T LW e pF o 2 20 P B e ie R L 9 GCE single-moment scheme » # & 2

% 57 GCE double-moment scheme -

2.1 Goddard Cumulus Ensemble 41CE single-moment scheme

(GCESM scheme)

GCESM scheme #_ ¢ * NASA Goddard Space Flight Center (GSFC)#fg 7 B - fF &2
H B3>t Tao and Simpson (1993) #7748 & 2. 2 f#47 #-5' (GCE model) 12 ficd 12 :E 42 >
B3 4o 0 Tiedtke (1984) e 44 ¥im S 8ci » 1t L JRAR B R R ehd-B Tt B
LGS W RN T ES K o AR E P 24 7 Kessler (1969)
two-category liquid water scheme (cloud water Z -k ~ rain water = -k) » »2 % Lin etal.
(1983) ¥ Rutledge and Hobbs (1984) three-category ice-phase scheme (3ICE : cloud ice Z
7k ~snow Z fograupel/hail s Z /kZ) > & % HaEEA58 0 58328 - GCESM #id *
tworrp FiEE Y g7 (GCE3ICE-graupel) & 4k 7 (GCE3ICE-hail):& {7 st » 1 F &
KA F RMOBR AR DRSS F R RF PR R 2R DB RS
(McCumber etal. 1991) » o~ £ £ % & ¢ B BH -k B oy i - » ¢ B 504
W4 g G ARR ofpE & {2 o gt 2 b > GCESM hdwfey B i * Taoetal
(1989) etz = jE » P 3 E Pt F AT E RS E)ITr v e T (5 2) Al
REBET7 €7 i e (Sibp o) Rims 2 o i 4 R > Choudhury and Das (2017) #
Wi GCESICE 2 2 i 4 B2y R4 8t > 222 P D F B2 ES %%
% &7 GCE3ICE 3 ¥ #73 = k7 & | ek b B /22 % R %4 ;5 Reshmi Mohan et al.,
(2019)Fr 45+ b7 o 2 At T0 S dcit G > A4 BARBR 2 A B R ERT F OB 3 i

# 4R GCEBICE It F ¥ & 47k b BT

i

o2 a2 AR R ERPE S
L¥ - & ; Garcia-Ortegaetal. (2017) » R4 4F%civ' d a2 38— 5 /K EZ 4 2 Hin'd -k B

oA Rl A2 AR P % 0 @ @ % GCE3ICE 2 5 v AR 4 b ds i



2o— o 5% 3W P GCESM it 43 it "t ? ] T R X F kA o

Wik
=

-

h

P ERAEDLR

s 8 { #7+ > Taoand Simpson (1993) % & » GCESM ® Ak ®3FiE % ¥ 2 £ 22
k@ ETAE o k4P & o Langetal.(2007) 4 Ak R iBIR e 2 22 B F RE o &
Zengetal (2008) % 7 EF{ EFenTkZ BT L > I A Langetal (2011):c L 7 7
HFZEEIAERZBETAEER I PRETL T kT ERLE
¥ > 4c (1) 4 g Bergeron (v & 4%) process P srfp ¥R R fr L 22 KR 5 (2) ATH A
78 = ¥% (contact nucleation) 2 ;= » 4% i* (immersion freezing) = i i* iE 4% ; (3) riF# 2 &2
ZHBEEYE T RIA RN FETAZIETES > FRAHEN R
FRPASDROEREAF R (R F FRF k) M2 ERFLRMBTARALY
RRBIZIR F R (4oP FREM T ER ) F] Langetal.(2014):i2 - 2 B
GCE3ICE-graupel #7# 7 Hail(7k 3 )4p b crfic 30342 » R F Bk F ¥ U P s B
THEL S40s AICE ch2 eI % o gt 4ICE ch{ 374 R en@ 83 ™ S8k (1) &
L&-HP R NG FHARE > S LFme B R iTr chfpr: () verd =+
PR RiEfoR 5 Q) RAZLHE R I pEE 2 (4) HEA FERE{oEF I
AT TR e B o At BICE SR A » AICE %4 0 few L ROk ¢ % B BRI 5 0% 4
ho Hwd o ARG T30 g o B2 AR KT G ATtk o Taoet
al.(2016) p 4 ¥ GCEAICE & - # 3 Fikip + chilfefrig & » % M Z /kehp i 42
(Autoconversion to snow) F® 4§ ~ 3§ % p & g it ¥ % 53 & - 1 &2 GCE3ICE-graupel
GCE3ICE-hail :& {7 - #i o H & 5% 2 3 GCE4ICE 4pfi>t i d avk & > i1 3 B { 47
kR RS A AT R E RS F LR MAR ) B LR FRT o

2.2 Goddard Cumulus Ensemble 41CE double-moment scheme

(GCEDM scheme)
GCEDM -ik$>* GCESM » A %% /kip+ + single-moment 3+ & = ;87 » &3

Lim and Hong (2010) #-85 & B 42(2 'K ~ & -K)iE S FEE A8t 5 3 34 s T4 2 2



# %1% (Cloud Condensation Nuclei,CCN)4p & chpicd~ 3242 » 1F 5 2k F kR Ok

o RS Y RF BRI A RS A BT A S T ER B o A R
o BARK & Lue "y =1) A X EAERKZ 0 H2 Rk F R 23 kR
g 1 cnfiedr IR A2 4o (] 2) ~ (B 3) o # ¥ e s ini Ak p do it (7%
(Autoconversion) » 11 % Z -k & & K B efc i % (Accretion cloud by rain) o

GCEDM o/ -k p #- 4 i~ ¥ % 3-8 + > j& o £ Rutledge and Hobbs (1983) 5% (2-

1) > #x 31 * Cohard and Pinty(2000a,CP2000) # #% & =758 (2-2) :

GCESM Praut = a(q. — q9) (2-1)

GCEDM Praut = % (2-2)

ARNQPEME kSR L EHRER R B8 A udeT £(2-3) ~ £(24)
L =2.7%x1072p,qc(= X 10°62D, — 0.4) (2-3)

T=3.72 X

— L (0.5 % 1060, — 7.5)"1  (2-4)

HY q=0.001s"1qg,=15x%10" 4"—“”D =1 O R A TGRS E R
C

1
O, = A_c °
¥-2m o AZ-kBEa RFacdiv* o s F% Rutledge and Hobbs (1983)
154 (2-5) » # 5 Cohard and Pinty(2000a,CP2000) § » 1345 & ifF ki = -] #73t & a5V (2-

6.1)2 X (2-6.2) :

GCESM Pracw = %chor(P_z)o.s [a0£;3) n a1/11"$(4) az/I{E(S) a3F(6)] (2-5)

GCEDM % D, >100um :

N¢N. r +4) 1
PraCW—_p_WKl C3T[3 (“‘T ) =
6 pa 2 2T rue+n 22

=] (2-6.1)
% D, <100um :

T Pw NcNp 6 I'(pur+7) 1
Pracw = -=—K. = =
opa 223 gt

r(ur+1) A2

] (2-6.2)

A9 ERQR5)E ? ap=—-0267x102T sa; =515 103§ v a, = —1.0225 X



10*

o @ (2-6.1) ~ 7(2-6.2)% ¢ 5K, K, % Long’s

say = 7.55 X 103 —

cms#s

collection kernel coefficients » 4 %] 2 K; = 3.03 x 1073 + K, = 2.59 X 109

¥ ¢h g4 CCN F it iv* (Ncact)eizt 5 + > GCEDM ¢ 2 {74353 B - 1335
Twomey (1959) #7#& ik2. Twomey B %3¢ » CCN & it iT* ¥ 11 < § i ¢ o & 7 power
law & 7488 > 4078 (2-7) ¢

Ncact = C x S§k  (2-7)
C5¥#>SS 5~ 4uBefrk o @ & Limand Hong (2010)% ¢ - ¢ #-J& & ¢ Twomey
M s+ 82-8) ¥# CRx 535429 :
Ncact = (Nn + Nc) (o) “2-8)
C = (Nn + Nc)Smax™* (2-9)

Nn i CCN#F k& »Nc 5 Z kb3 kR »Smax 5 e e feR it B &
X Smax = 0.48% > @ k=0.6 - X @ j&_Twomey(1959a)+ 2 7 4v » A ¥tin K sLP > iF
EfrRAPRE B X F KL F 5 ACE 1% A o ip g R F(2-9)3 X ik
gsig P CCN Fit i > 25 24 ER PZ KR FRAE > ERTIDZFRIE
o A A ER G ATFEL o Flpt > & GCEDM ¢ RN (2-8)A S A o

1295 Twomey(1959b) @ 4 BLip | ficdy - ¥4 ki p B ok B~ BB {7 BT

@2 R Aot (2-10) ¢

k _ plex107 3wl K
Smax_cov® = [—CkB(ISk/Z)] (2-10)
w i E® AR o B(xy): betafunction > k 5 Twomey R % 5% e power o #-3%(2-8)

P W B C RN (2-10)E FAEL > ¢ FIRTNY #8C'E Twomey B 3% 0 43 (2-
11)¥7 54 (2-12) :

2 1.6x1073wl5

k
[z kB(1.5,k/2) Jsz (2-11)

= [(Nn + Nc)Smax~*

2 1.6x1073wl5

k
Jiez] kB(1.5,k/2) Jiz x $5%(2-12)

Ncact = [(Nn + Nc)Smax™*

d 20 (2-10) ESH R TSk SPE AT > B AR b § LR (T P



BokA TR S TR - LEEICR A BFR Y o A TOuR BRI
AP g M P EE R 5 2 X Smax = 0.96% K THET o HARG BT { T ATH 2 ik

PTG > AN T (R 1) e

2.3 WRF Double-Moment 7-category (WDM7) scheme
WDM7 = % & & o £ {%’gr} Hong et al. (2004)>* Lim and Hong (2005) #+3& 3+

7 WSM5 2£ @ @ % - WSM5 &2 GCESM F 4% 4+ 7 Linetal. (1983) ¥ Rutledge and
Hobbs (1984) » kit {7 2 /kgr 2 & fEkAp R+ 7k 0 3 kAP Mt Ik 3 30 30 5
Ry##2mndadtid  PRPFHEF -4 Hongand Lim (2006) = # #73 7 i 7
T %5 3ICEA538 2. WSM6 et 522 % » JL 8B 5 s 2 7 B R RfATR T OfEE %

B a gk o AfEir A& RS % § 2 T > Baeetal. (2019){ - % # & WSM6
Wb T kB ehic g AT 0 B H 2 s 4ICE sh WSMT e 12 & 5 A g B
Al pE o 2 TS Bk E AR I Rl Pl AT AR AR kR A
% R APFR % WSMB § “7% it - 22 GCEDM #p ke - WDM7 # 4 Lim and Hong (2010)
3 WSMT7 ¥ 34 1 s i ficdr I A2 o 3 kR > AR EE L el ki
kel pF oo 5 e 2 2R P(CON)F kR &8 H AR BE 2 e 238 4% > %R R < ) € "
BB FRF 0 AT ZRRFIERDORAZ G s AL R HH T M iEAR B
BoAjk St 2 GCEDM 4ple > s 423K 5 L(ue ~pr=1) > 4 > iEAEK 5 0
WDM7 ¢ & i GCE = %% B t > *% 7 WDM7 B2k~ ZEKPES SR
“rg it b > 27 GCEDM $ & ¢4 ] &3 CCN /& it ¥ # (Ncact)s3- & » 7 f** GCEDM
HEFFAnig s > WDMT @ )8 8 4@ * Limand Hong (2010)% ¢ #1 %_% ;% (2-8)
ki {735 > Smax & K 3K 5 0.48% ¥ 0.6 - WDM7 % Jang et al.(2021) { #71s ¢
PERFN FS BB REFHEH > WDMT 5T R e & oe S R LR A AR
4¢%ﬁﬂ,ﬁ%dagﬁw%wﬂ&wﬁﬁéﬁﬁaﬁg%iaw%ﬁ,@ k4
H 2R iE R TR BB L A- Ko

+ & ¥ WDM7 #2 GCESM §2 GCEDM £ §E %8Ny, 22 k3 43 % R p o 47 453K

10



TARAT e d RPZ B (e 2) FRAREFZBIIH

_\i‘_

E%{&,L—s ‘Qmﬂt,b-ﬁ
P vt g pE > WDMYT st BB 58N, 2 R F= 42+ % R p #-¢ 22 5 GCE scheme sk 2 {s

AR E A

S ERERRR

3.1 Weather Research and Forecasting(WRF) Model # 4

A R WRF4.21 5% & K& {7 k5| % ¥ 3% - WRF Model £ - 4ig
Y L RIRE R FIR LI BRI AFALICEEIFREY AR HRE G E 2
1990 # % » 1 & d £ R RS F 77 ¢ = (the National Center for Atmospheric
Research, NCAR) ~ # R & #Jk & 75 ¢ «~ (the National Centers for Environmental
Prediction, NCEP)¥: £ ;% & 77 7 7 % ¥ (United States Naval Research Laboratory, NRL)
SHE xR & T o WRFModel shdtd AxtH @ % a3 Bd4 o~ - BFEREREM &
B E LETFERE ATV HELOFEEER RSN PR 2R R
B PP X F B %(Real case) s 5T & it 7 2 (Idealized test) ™ e % HHk o

WRF Model ##£-3% & ¢ 4% ik 3 'R R(TF) S 208 & L8 AR (HVC) % i¢ #
FORGEER 0 RR T R T Arakawa Cgrid - i & #8(U S V> W)k f8E € i
B RBCE AR S BB R4 o ¥ b > WRF Model fk T
fed-® * % b > P E 3% Runge-Kutta2 FF2s 3FFenpd B ff &% » 112 2183 6 [fenT
-

e wFEDY o

32 R &K

AP H LR RIS REFHEIATHH o - WL R WRFHCF ¢ 72D
idealized thunderstorm £ 3D supercell storm 53 2 32 8 it 5 5 (idealized test) o = # i
47 ¥ AR GCEDM f3if 4v g & s A2 fEE B3 8 15 > 22 h X eh GCESM Afst & 1+ eh
# oo $SFRIFLA T GCEDM & GCESM » 12 2 & * Limand Hong (2010)it {7

BokbpFRRFEE -7 Bk SRR HWDMT 2 B > afick? 2 "k g&okdp

11



o A R RGO BE A Z B E R T REUHEFLT
GCESM ¥2 GCEDM R " -k i H_F 2R Ap iz ek » 7w % 3 ;ﬁ“g L i GCE = % #
WDM7 2z fFF e fidmsp e B cnjp e 24P B 2 w0 K3 ~ 333 GCEDM 2 fig %
;I
I fE Y F Bk TAC(F 3)¥ (% 4)#7 2D idealized thunderstorm HcitpF M 5 2 B )

o BREIRS 64 s X-Z#HFFK L5 80X80 2 < ] » kT gz
BElkm» 38 %4i347R 95 022km > #5478 % 21 km » % 5km 2+ # * Rayleigh
damping #r#1]:4 en 4 4 » damping coefficient 3% %_3% 0.003 s~1 - 3D supercell storm
FRA o gk A3k 2 b ¢ 2D idealized thunderstorm #4p 7 » 7 ik T Hoe 4 B3k 25 200 X
200 4ol o LB R RPIER LS 75K 0 BN TE S 25Kkm o B B it iR B R T
b @ FgRig % Weisman and Klemp (1982 ; 1984)gLip|# % ¢ #1 (¥ 3| ch analytic
sounding > 4=(f] 4)#777 o LE R HFRM o B ER TR > BHRKETF AT 2km
fep @ oa P wdh o 2kmI Tkm FF k2w h oo b w S A AR EBOEE LT
Boo ¥ b i A4 ¥ ko PR Y v 3R 1.5km g - L= 10 km ~
B4 3Ef 2R L 3K ehfre o 4o([] 5) -

oMo pEPE- P B% o 27 GCESM £ GCEDM % E § % i ™ chiick 1
B0 RS 44 GCE 2 e 783 & chie 40 R el 88 o gL S0 TR (7 e B
2020 # 10 » 21 p OOUTC 7] 22 p OOUTC » %% 24 | pFenB &k o L B H I pF T
4 %> 3 - 4 FE %k (Typhoon Saudel) it 7 F e A& L & # & (B 6) > H *F B2
AAZR A2 EER HEFF FE A E LA ARRPE FPRIALES D
kAT erkF oo W Rde(R 4) D RHRR L AR DL RER@AT) 2 FEER S
ddbapABE27 202 908 322810l s LE AR B FEERE
B EARETL I0Fof A~ 5 528 - TR REZ AT R a0 &> d #ta

R S 9045 30 5~ 10 f5 8 T 45 ¢ AndkaiF g A iE b iE ¥ NCEP

FNL I'X Ua 453 F A > #I0EARRX T PR % T 538 it > % 1 @it *

12



Dudhia (Dudhia 1989) #%-#c# -~ & 4 {5 %+ * RRTM (Rapid Radiative Transfer Model) %
#ci2 (Mlawer etal. 1997) > @ 7 & 2 F & $-dci + B * Yonsei University (YSU) = %
(Hong et al. 2006) - ¥ ¢t & DO1 22 D02 ¢ & * Grell-Freitas # 2 % #{* = % (Grell and

Dévényi 2002) » 11 H 4e {R MfEIT R T Eokfe A P E 2 R R -

33FEBEEALT LT RBH
L4+ GCESM £ GCEDM &% & cfegk t » 23 @ % P L g % K2 % § &P

% %c(Quantitative Precipitation Estimation and Segregation Using Multiple Sensor,
QPESUMS) T4t » R 38 2 D ene B RIFM G R 7L & A i a5 o

QPESUMS %38 v+ 4447 Ip § Faplip| T4 > 55 M E A (2017)2 2 R & Ny §

‘X

i BRGNS XS M BRI E S PR EF RN B FLRRTHRE

T REENNBRELMEARAS AR LT R E .

BN
&
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10) ~ 54(3-11) > A AXF 3T b & R A TEARA 4 ARG o

H+F POD

Bias = — = — (3-10)
H+M ~ SR

15
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4. 3 2D Thunderstorm 3= & it 9 2 ;8% T4 o

2D Idealized Thunderstorm

WREF version WRF4.2.1
Domain & Time step 80*80 with 1km & 6 s for 4h
Rayleigh Damping 0.003 s-1

Vertical Resolution &

Model Top 0.22km & 21 km

Case form Weisman and Klemp (1982)

Initial sounding No wind shear

Microphysics scheme GCESM - GCEDM

Maximum 8’ = 3K with a horizontal radius of
10 km centered at a height of 1.5 km

Thermal perturbation

% 4 3D Supercell 32 & i F S K &

3D Idealized Supercell

WREF version WRF4.2.1
Domain & Time step 200*200 & 6 for 2h
Horizontal Resolution 1 km

Vertical levels & Model Top | 75 levels & 25 km

Rayleigh Damping 0.003 s-1

Initial sounding Case form Weisman and Klemp (1982)
a quarter-circle shear from the surface to
2 km and unidirectional shear above 2 km to

7km
Thermal perturbation Maximum 6" = 3K with a horizontal radius
of 10 km centered at a height of 1.5 km
Microphysics scheme GCESM - GCEDM ~ WDM7




# 5 2020/10/21 E 3 B % 2 5Nk & o

Model configuration

WREF version WRF4.2.1

Start time 2020-10-21 00 UTC

End time 2020-10-22 00 UTC

Domain D01 D02 D03 D04
Horizontal resolution | 27 km 9 km 3km lkm
Time step 90 s 30s 10s 10/3s
Vertical level 52 levels form surface to 10 hpa

Initial and boundary

condition NCEPFNL (1 x1)

Microphysics scheme GCESM ~ GCEDM

HEL b B RRTM scheme

ra_sw_physics Dudhia scheme

bl_pbl_physics YSU scheme
cu_physics Grell-Devenyi ensemble
scheme Non-use
% 6 B 2P e
Observation

Simulation False alarms (F)

Miss (M) correct negative
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(a) GCESM Hail source distribution
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(c) WDM7 Hail source distribution
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(a) FSS, Acc. Precipitation 06 to 12 UTC (b) FSS, Acc. Precipitation 12 to 18 UTC
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(a) FSS, Reflectivity at 13:00 UTC (b) FSS, Reflectivity at 15:00 UTC
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(a) RCWF_CAPPI_DZ 16 to 18 UTC (b) GCESM 16 to 18 UTC
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(28) GCESM 16 to 18 UTC (b) Gcepm 16 to 18 UTC
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(a) GCESM Vertical Cross Section of (

Water vapor rime :17:00 utc

b) GCEDM Vertical Cross Section of
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