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Abstract

This study applies the Wind Synthesis System using Doppler Measurements (WISSDOM)
and the Terrain-Permitting Thermodynamic Retrieval Scheme (TPTRS) to reconstruct three-
dimensional wind, pressure, temperature, and moisture fields over complex terrain, and
assimilates these fields into the WRF model. Using the 2022 TAHOPE Mei-yu frontal case
(IOP1) as an example, we examine how assimilating radar-derived fields influences quantitative

precipitation forecasts (QPF) and the simulation of thermodynamic and dynamic structures.

The results show that assimilating radar-retrieved fields improves the spatial distribution
of rainfall forecasts, bringing them closer to observations, although the rainfall intensity
remains generally underestimated. The improvements are most evident within the first four
hours of the forecast. With initial thermodynamic fields and radar echo structures closer to
observations, the model better captures the near-surface frontal propagation speed; furthermore,
incorporating surface wind observations extends the duration of the positive assimilation impact.
However, improvements in surface pressure remain limited and slight improvements are
observed in near-surface air temperature and relative humidity, suggesting deficiencies in the
model’s representation of thermodynamic structure and surface flux processes.Overall, radar
data assimilation enhances the simulation of rainfall distribution and low-level wind fields, and
improves the model’s ability to represent frontal position and movement. Nevertheless, the
effect diminishes after a short lead time, and the underestimation of rainfall magnitude persists.
Future work may benefit from refinements in boundary layer parameterization, moisture
adjustment strategies, or assimilation techniques to further improve forecast stability and

operational applicability.
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AT AN A R R EE TR F MR RIESTER Y < (National
Centers for Environmental Prediction, NCEP ) #7# i&2_ Final Operational Global Analysis
(FNL) F#% e NCEPFNL % 23k A 4554 » BEF & 6 BB ~ £ 3 ~ ik &2 {4 BB
FSRTOR DB ET AR kAL R RRET - K2 % f RIS i - FNL

T KT (B4R 5 025°%0.25° 5 PR EHT R 5 6 ) BF o
22. ;W BT E fh HFE

AT 4 % Liou et al. (2009, 2012, 2014)# 1 5 4% 4 B T i & &

=
(s
Ak

J
W

(WISSDOM )> 41| * ”53};"3 CERERPIZ SR FEERY KE LIRS FEF S F 2
MR BE S od R PG ERERIZ D b AU RER A dhds g B2EED
BlEE N Rk i 0 FIR L R EER B L AR E FRAESZ AR H UV W)
WISSDOM 1| * %4 RIZig | - &S B2 = Bh FBF b prg L &S 8p
HRERS RS 7 (VR R T 2 AR (baseline) } ok Fak v G orkdk A By 2
)7 i * TR DT EEPITH B FRET B EPIT R R b H Ly
PR (O SE ST BHETR Ao S BRI BE RN L A E
NEAETERE PR R TR B B (IR F B LA A
Sz R Mo p B kP BRATR AT TR B4 E R e71:% % (Protat and Zawadzki,
2000) ; (e) & * i & :# & /& (Immersed Boundary Method, IBM) - 12 3 Tseng and

Ferziger(2003) ¢ j# id@ig b 0 8 JI* R FRPARAFEF R L B H L w2

BRARS RO FER



2.2.1 i i S #(cost function)

WISSDOM?;T%: ERSTE ;g 2 6 BEHRIFEE oW (a),{ b BT R R AN
(b)F B k3 (o) 2L > 4258 5 (d) 2 F A > 423:% 5 (e) Laplacian = = a4 T

38 5 ()22 fitting 78 > 1}. EROTE A

]=2§h (2.1)
i=1

He B ORiFEEL f sl J2 00 Bk L6 B Bl Bfo; T

2 R T

J1= i z i aq (T1,i,t)2 (2.2)

t=1xyz i=1
x — P} (y ) z— P}
T = (V)i — M u (we + Wr)  (2.3)
T T T
S O S e 2
QDN EHEIES - FRFAFLZARF PP P IEIAR B RPETE

ZEehH o B THERIERYFEDBEN) AR PEFFARTLGTERE S B
PR o dERELBEGE FAREATETHRARE PMla =0T Evh &=
AR H2ZRER S LQ)A ViR FEEwh o (BLPLP) SR i RT E B
T8 (Up VW) s FFFZRF iy, 2)EHET %1 AT EDE MERE > L(Q2.4)
o Wps R o vd gEw k2 g% o i 0 & Marshall-Palmer 3 f5 445 < -]
EETEZE DR KRG (q)EZRR V()T Ed TR T E S 7 (Tong and
Xue, 2005) » 5.5 = ;840

dBZ = 43.4 + 17.5log pq, * if T = 0°C (2.5)

dBZ = 37.3+ 17.5log o pqs * if T < 0°C (2.6)

Bopatdi pARMEE kg m?) THEREE 0 QHNEQRONA 53
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kiR E g kgTHEE KRR EVqE =g kg ) ow k2 BenRE it H P
LRARARCNTFRRZERRRLZFFREN DEZTER P AF ARETRZF T ERD
Al i¢ * WRF(Weather Research and Forecasting) #i-3t 4+ & 2. T 328 & 2 & & o

1245 Lin et al.(1983)4% &1 & € 1§ & 2 T 12% =3 /% i# (mass-weighted mean terminal

velocity)™ * ki iz ¥ T Wy > 38 F 40T

_al'(4+b) (po
U, - (2)" 27
r= e o 27)
TOo.-N 0.25
/1 ( pT 01‘) (28)
Palr
cT'(4+d) (po\°°
v, = == (%) (2.9)
6Ag Pa
TOoN 0.25
A, =( Ps "S) (2.10)
Pads
Uk Ugsh b5 kfeRen 8@ (= im-s 1) a=21150cm*?-s71- b =0.8>
c=15293cm!'4-s71:d =08 p,=1.0g-cm™3%2p, =01g-cm 345w 5 & k2 =

KB R o poirpes Bl 5 F BREITRERAEME = kg-m™3)ng, =80x10"2cm™*
frngs = 3.0 X 1072 cm™ 4 &) 5 & - K2 KRB RS e B F T RPN mﬁzﬂ,‘_h), BB
v B FTFBRINFS T RIS BN A RN R RPB TG RS E Aw 30 &
RS TS ol
2
s - 2
J2 =zzaz(Vt _VB,t) (2.11)
t=1 xyz
QI 5§ S = 5 0 2F b (V)2 % B (Vg )L B Qaigi o p
NZEBET AR FRFERAEAFTETHEREILRE i B B8 FPREFFTERER
FRla, =0 FIETERRBIET ™ &> blde ! AQEELPIEEAE ~ 3 2103 % > a2 B
EAREFTI FFRFREFFEA > a FFRFF I BSVEHR FrRPISE AT

B AR EAFRFRCLF RS
9



2 2
Iy = 2 s [a(paut) d(pave) a(PaWt) (2.12)

0x dy 0z

QI Z B E By =35 TBEPRF > BN s BE Rl p a2 F R

Bopg=ps(2)"EB R A BE3NEQHNEQO)NHE o

O [ S R . I LI ) | RS

_(0v  du 214
= (53 .19
f =2Qsin¢ (2.15)

Q1) 3 H BB e X TLE FRASASLORFE LA L FRAS
%17 (tendency term) ~ T jix 78 (advection term) ~ 3 F= 7 (stretching term) % #§ 4L 7% (tilting term) »
JTHEZEREEAS BT ERRFTL T D a5 T Rl f5 #1580 TAL(Q2.15)
FoHP0=7292Xx10rad-sTl o N A BT p AR P L REZ FAE ST (2.13)

FOHREEAR] S 0 3 IR R T A 2 %> T ¥ # f]4R5F (residual term)# 5 A 4 o

THR R A GERE S F R BER o

2
Js =ZZ“5[V2(ut+Vt+Wt)]2 (2.16)

t=1xyz

92 92 92
+ (2.17)

2
v 6x2+6y2 0z?

Wooas s L i

2
J6 = ZZ a6(7t - VF,t)Z (2.18)

t=1 xyz

Ver = (Upe Vre) (2.19)

10



Upt = Utop,t Wiop,t + Ubot,t Whot ¢ (2.20)
Vit = Viop,tWiop,t T Vbot,t Whot,t (2.21)

RIS 2 B E I BT =~ > LB R EF R RBALTE 2ot B FETHEAE S
Rl FAA 2 B AT g RPFERa FHE X9 nTHR 5 1120 KA
AR ARTR TR =2)E % - LRTERNTHECE=1) » Ve, A" § it
Blrbfed-d > o9 P OpEREL TR R TR B ¢ Fup Bup R BAE O HIEAL
i (2193 Q2DNEN o HP vy (Vopy) N FEE 2w P B M E DT ER B @
Upot,t (Vpot,t) P E BB K PRIE R 5 Wiy o 8 Whor e » Wl 5 & i &2 Rl E R BDRE
BE  agh i 8 alp Elic? chfgd e o

1% WISSDOM & &_& B K 5 2 » £ 83K T8 A 2 1 1000 = 17 3 L4 Jeagis o
TEEFN - B RBRTEF A F AR E ) AT B BEK T T L =10%
a, =101 a; =4%x10% @, =4 X 1013 > g Ak T R -k T (2 )= » 5 1015(1011)

GEE R KT ()% B 5 10M4(1012) 5 a = 10° -
2.2.2 #izEi# R 2 Immersed Boundary Method, IBM)

% & WISSDOM F &2 b 3% g A, cng: 58 > Liou et al.(2012) * Tseng and
Ferziger(2003)# M crimiz i iz > 2 2 1% B H R A B RF R hif 2 o § L7 L
Fofzo Z gk e bl T & Dot B g(flow region) ~ B 4 Bh(ghost cell) & fde A5 2R
FREE > g et EL G SRS BEEEAR ST 2 B G 388 Ao ] 2.1 AT e

SELBS REATE P2 2B I m R RIEF R P P8 H R s B

SRR R e REGGERF Tl AL e R Y S g R 2 B
SPREAEAR B F I R OBEHE L BRI B R BN B3 B AL g2 B

Yo Aol

W, = (R__rm) (2.22)



1 n
=3 Z (Whr) (2.23)

( —n> (2.24)

Q227 P REBRT P IBLBEH > 1 5 5 m B AR B2 4 B2 EdE > WP 53

M:

i=1

Y m BRRELEE Q2N 5 LB EE Birs K2 Q2N THEE N o %
BLGBIER RN L BB EG, M BB GELET T £ 1I5E m B2 RS

Rigitiie A ez e » €A RS TTFRY AP A 2 2 b H o
23 #P 4 FR

KRG RS B BRI e b 5B R L R F - BF WL Z Bb
B R MR BRI B M AREARE F R PTEAF LR 2R

B b d FOReri 2 2B R S R At S AR 7 5 4e(2.25)5 2 (2.27)5 ¢

ou — 4V -Vu—fo+ turb(u)] E)_n’ =—F (2.25)
9,,0 at d0x
N on’
e—vo[a—+V-\7v+fu+turb(v)] =——yE—G (2.26)
1 row n’ 6,
—[— +V - Uw + turbw) + g(q, + qs)] + g——=-H (2.27)
B0 L0 0,06,
PG
p
n=C, (P_0> (2.28)

Vizah 3@ow) ms £ F 2§ B 2 k40228 %) £9 PLF R =
hPa) » Py = 1000 hPa % %% # /& » # A% #R = 287 ] kg™ - K~'» % B+ £ #C, =
1005 kg™ t-K71; (225 2 (227)58 ® 2 T 0 i & & & fi(basic state) » I ¥ Bk A
A - RTEBy o® > IEFARML 0 AT L AF A BRI 2 F 7 R

ARG A PO AR AP ANE2ZEFE > blde o TR ARE RS Ap g

12



0,5 B (E i 1K) &R BP 0L mBHEE K)o quikfRaw
(i~ kg -kg ) (224);* ¥ ehq, 5 g7 3 2572 2.6): 4G m & > @ QL0 5 m 2 =
BIEH(H 1K) TEAQ3NN > B g i EkREV(H I kg kgTh) 05 R D
AR O R EER

6, = 6(1 + 0.61q,) (2.29)
8, =86"+(0.61q, —q.)0, (2.30)
turb( )5 g (E = im s EIQR3DE o Rkt 2 N R

FARPT SERL D w2 F o KPS R RARF Gl e

2.31)

turb()zK(a() 0 62<>>

d0x?  dy? = 0z?
Q32 s HF 4 N B SE R T I (233)0 8 A 08 30,2 4B
WA & L fakApd s 2R £ ARE R o
006, 006, 006, df,

- - - — = 2.32
uax+vay+waz+wdz+5 0 (2.32)

20, dq
=— ) —— 2.33
S 5t + turb(6)) Tt (2.33)

Gal Chen(1978)4 1 ehgide 4 & i > 2 (4 GCT8) tutk ] it chif4z? @& ¥ KT
EoARFLGRGERE FF FR &Y ¢ I3 AR 2 V8o EREvE- 280 58
dep gl R KT TOREW G R FRHE P A TR G LR
BRBLRIZ. & RT K end b - BELPIE K KBo 3 3t GCT78> A 7 1245 Liouetal.(2019)
BRI i ANAF e A2 e 4 FFi: (TPTRS) » B8 T 7 B # 308 251 chii 4
HRER S £FEQR2)N T Q2NN E Q3N E b4 FAF -G H 2 24 S rie

FRAs Y BB LIEEE ]t BT - gz B En 26, -

Ji (2.34)

\
Il
F'M»
sy

13



R3MFZRBEF B LI IBYEST e 7 29 LEE 40(2.35)

3 (238)5
o’ |
J1= Z a5 —F (2.35)
xyz - -
o’ 1
]2 = z a, E -G (236)
xyz - -
an 0, 2
Js = Z —g5——H (2.37)
Xyz 0Yv0
_Z 00; , 00 06 d90+52
Ja = Fa U 0x v dy v 0z v dz (2.38)

Xyz
A~ EHFHRFEE2 AL Gl ViR PREETAFRLL 522 E R
BLE R ELITIE (TAR) I 0 B P SRS BRAR T A5 0 B R € 4 5 A2 40 Bh(starting-point)
¢ R 2h(interior point in the flow region) ~ % & 2h(end-point) 2 # 25 $% 2h(points inside the
terrain)> M B A AN L L o3 NBEEREH ESBGHFFE AR )R

OLe R (6% SABUTHE | (0 AFTE R A2 KBS 12000 = o

24 kFZERFBDE

*F2 3 %% Liouetal.(2014)#73% 1 erf /B3 B = Zo X 2 fh g2 -k £.F © ddefo

W

g AER e FEAIE ()T E WA B A 10dBZ; (b)) B2 B AR AR A RS

{sh

%
(LCL)2. F o # PefeBp R P A EiE 2 pF > WAL kg o Eafrayf it » T8~ H3
WA SNAERFHEERSE D e ML ENA S R F M o) e

dﬁ%ﬁr% 2.1
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R
o (1000 hPa)Cv r_R% (2.39)
Po Cp Do

BRI (230)3 3 A e R R R E S B 0 B P D WA e TR

rh‘34

BUZ KR E LG 2 AR B 05 B F M 4 R R0 8 239)8 P B A

PET o b ViR RANET,TT B2 R RET -

_ B
d‘l ( Ae ) (2.40)
n —————————
(Qvop)sfc
T—T,
Hio ~ (—52) (2.41)
sfc

Mg 4 F R RA A QAN B B RE AT, 0 2P A=2533 %108 (k-

Pa) ; B=15.417 x 103 (K) ; € = 0.622 © PR E G BRERRERT BPFAR

2% & (Rogers and Yau, 1989) > 4-(2.41)5" -
B
s = Aexp (— —) (2.42)
T
eS
Qusat = € (2.43)
p
Qv = Qusar ’ f Z = Hyc, and dBZ > 10 (2.44)
4’ = qv — o (2.45)

B b ket B B RTA ~ (242)58 > REE ok § Regts > £ &~ (2.43)7% £ F 404k

TR E W Qoo (B 21 kg kg™ ) £ 559 Q445 2| R 823 5 b oo £ 15 1(245)F
DIEER B eang, o B it £ATR w (230)N E NAT R R ER S FHEE

FEFEREIRFREVPFELFRPF LI - LLENT o MEARF S
BRRB A o AT RAIEERTL B RFAFBIRFREVEREL T - X
BRERF R EVER R L B L B N E 05X 105 kg kgl 1A B LB

Bisz B REY P - RSN R EARL T E 107K T L Jracd Bk 2k oo
15



25 zRR%D 2

P AT ERPIR ST R EKIFRE F R FBAPET R G BRI B R d

AL RY G RBAELNS AP IR B I HRE S A AT o

251 #FER%

2 Ag
2 A7
if 4 % (Bias) T % 4r(2.46)3 > AR 4 T RSP EHE > THER M ARNEHE TR

(2.46)

Bias =

T#43 @ Bias L% AFEHFFHRLT | hapbanifd » #¥0 147 8B L

SO A N '?‘{l;f}arglpmiﬁ,‘ﬁ %‘lﬂjz\ﬁﬁ_;\ﬁ}gfﬁpl‘&lpo

RMSE = Z(AR]; Ar)” (2.39)

S 194938 (RMSE) % 40(2.47)% » N 43+ & 2 ; RMSE &% %t i 147 &

BEFEL W TL R i el gL AR TR GRTER -
2.5.2 ipBE - HEk

ScC - 2(Ar — Ag) (Ar — A7) (2.48)

VY(Ap — AR)2 Y.(Ar — A7)?

G AR (i H(SCO) T & 4r(248)5 » H - 2 AHRER T FT5E ;5 SCC * %
RN R E S E P B s F - KB SCC 43T 1 R AN REE S

B2 B RBAH fApit  SCC$ 50 0 M4 % 2 AP 1 -

253 BF%E

ETS = H— H 2.49
~ H+M+F—H, (2.49)
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(H+F)(H+ M)

(2.50)
H+M+F+C

2 1A v 8 A (ETS) %k 40(2.49)5% » H 5 #3831 31

T=

ok B RRIS G
P M

IRARAEOR O T B BRI R R PRAR BB FRI G FEAR G Rk
FRPIEE KRR A Bl A H A A Y e R A LQ50)N 2P CE B AR
TR E KR Bl TP (2.50)58 P e A T L ki A F h(H + F)

T B AHFMETET ¥R T 2nd B H

-

Vo o

F\*F‘Eﬂ;"ﬁ "5

’4\} j\'/'\:"-7E"r i

EEAE S Dl
’ ”}5 50 60 F R E ’ETS)‘LB Fé*:rﬁ«‘]lf'lﬁ—H FEELRL ST

¢

2
FSS=1-— Z(fz" ~ /o) . (2.51)
X +2Xh

Wb 5| P37 18 4 (Fractions Skill Score, FSS) @ & 4r(2.51)3% » fo & " -K LR 237 4F 4~ [
e A Bl £ R 5 R AR IR PE 200 B FSS 20 15 B R 4
FARH AR

- & @ FSS &3t 0 EJPM{»—*?}%’{V;E

ﬂ»\;“éﬁﬁ‘ifﬁ‘g&’f"’ A FSS 4&
T | RS FRIIE K SR E A G PSS BT R

R RE 2 T U g

AR RN P RE B A B2 i KPR B R SR
G B A ap AR R > 3 P W RS 8 St BE¥ R 2R (point-to-point) sk
TRIRFA 3T ATR TR AR o

17



PR BB BRRIFFELH

rEH g Eo o2 A s+ 4 FOARLE E Bk 4541 2022 & 7 TAHOPE 7 2% IOP#1
PR A B G K B R R TR A TS RO e AR B B A 4 2

“~

TEERIERZE BB H L ) o
3.1 2022 # TAHOPEIOP#1 B 41 %

IOP#] 4 dtc B % > BLplPFic s 2022 # 5% 26 p 00 UTC 3 5 * 28 p 00
UTC: h 486 SudeiT 4 8 > T8 6 &6 Sl - MR iR R pdka o fore
20 ek ”Lrﬁg?Jzz SR FRIRELR T A 0358 260 p 06 UTC A2 > 3% o & 3UiF
AR IE R AFHFERTE o A FLE R 0850 ot LR HLE
B2 e bt Bok BT AFARTBRFZEEZFHHIABFEZEE - AFTR
B 4o TP R e FHa B2 047 q afF B2 BRI ki A H ER A
TR o ML - H R EPCRIR F UG TR A L s R 4 -

AR ARBRERBFTENCER =8 0 T Hr P AF %R (Japan
Meteorological Agency, IMA ) £2 ¥ & & % % ( Central Weather Administration, CWA ) 2_
B E g AR RERET IMASTA T2 B0 8 2 E‘.,/?J?'} 2N R E - R
HAFTSEAT? ERLIMA B G X F BITA40 8 2 TR RIFD A F %
BLS5 " 26 P2k e AT & 00 UTC B4 — i §4ko 2t E @A dk e > v
WEY REsE® L E06UTCRFE 3 ficils B HITHAKRNBE (LE
3.1)- %%’EJ NCEP £ ~ 473 F # (f247 B 0.25° x 0.257) A 47 % A B a0 850 | tak 3
Zd ek o TP 200 UTC P& #4050 a Rk #H% > @4y TR & 00 UTC 2 06
UTC E“#F]révii% v I F % 06 UTC Prap § ©2iF 7~ 3 3 4484 (LB 3.2); 700 F +k 3

-

RAm2d s hhi#s 200UTC 5 H5 Rt > @ 5 4E& 06UTC

ETR
e
41
&=
F_k
o
i
~
=
T4

A B ARSI 0 ¥ 2ok F & 00UTC 2 06 UTC fed it % 5 (L% 3.3): 500 F +a
2 f 5 & 00UTC pF =20 ¥ RigeE - 4 > 7 06 UTC @ ifste 6 46 3 BAe s % if - %
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70500 FotaR AT R R R b A AL IREG P FAR S K (LR 3.4); 200
Btz vE LA G TR AR B A A U 2 00 UTC BF izt ¢ W E & 3+ %06 UTC
Fed ity (LR35)-.

B 3.6(a)22 (b)A W] B 7 &7+ ]2kt 00UTC 2 06 UTC s4F % pipl 6% o d B ¥ o>
06 UTC p* 500 7t T 2. & 5 b 4p a3t 00 UTC 3 PP &g sp 484 » T 8 < § ¢ i
¥ * i+ 5 (Convective Available Potential Energy, CAPE)7= 3% 5 + 2 » &5 5 00UTC 3 06

big S BB

-

B iR
LA F AR AR E AT T G R TR ERBITARM AR
SR EB A > R LRk 0 850 |tz Ap§ iR phA A e 4
AARREN A A B AR AR LR RLEE P s G 0 L 2

o
=
A-
il
|
24

EO6UTC 8T 3 A3 P EZARG A FRERET - F7 #HIAL » ¥

FAPTEIR kA FEE S R RFE G E & o
32 WRNHERER T

321 WA®

AFTT " WREV3S.! & 7 i d % (3iims 2ded 3.1) £ @ * £ W 7R85
3% ¢ < (National Centers for Environmental Prediction > NCEP) 0.25° x 0.25° > 3% £ # 47 &
LA {7 HOFS A 4 1 FE 4R (Ctrl run) » fe B 5 S O RT S 2022 # 5 7 26 P 02 UTC I 08
UTC » & £.2022 & 5% 25 p 18 UTC & {7 spin-up » 14 {f WRE 7 143 4 33 5| 5 4
B4 T AE o 57 25 p 18 UTC B 453817 spin-up T Hkk2 S % 26 p 08 UTC
SOPFEC Y R BER e 3K 3 (Two-way nesting) » & C R E F R € T BT
LAVANEN fl%ﬁ:’ﬁﬁ'}%ﬁ”’%ﬁf%i& = (D01 £ D04): LB 3.7 H ¥ D04 ¢ #Z#IOP1 w &8 iF 1 &
HRWEABEAIEG O BTRAALE27T 22922 3082 | 28> E£d A G52
R oo B % & Pl 5 YSU scheme » 1 2 ## £ $-#ci* & D01 ~ D02 & * Kain-Fritsch scheme >

e D03 ~ D04 F]f#47 & K59 & & * ff 2 S > #2228 5 WRF double moment,
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6-class scheme(WDMBG6) » 4p f s H 45 ficd~ 12 = % > WDM6 “f FRIEE L F2ZFER
gt R EIERE S ERR > REG I REREZTARELS T R HF A &S
B2 Hes e WAL 0 8 L2 J T £ 3242 - Hong et al.(2010)4; 21 » WDM6 447

BB TR R SRS R R BRSO B R LRI

APy 2% AT EY WDM6 (¥ 5 Mo S Bl R R B RS I S

B TR KT L AR -

322 @ RBITH

FEwAET > 2UTC w ik ¢ at%pmsE2 » I 2 03UTC 2 04UTC 2 BF# »

e
S8 13
o
5
=
UJ
OO
@
@
fg
NS
bt
o~
Gy
(i
()
[\)
C
—
a
:1
(

ZHRFE RS R TR

FoRHEZFE CFEZE e BB THE B EEFAF BB 39 A7 o FiEA 025

SRR G A EE D (T L F A ARk BEY ¥R AT TR
B

;E§F ‘Lg‘m%EFB_;/] mﬁ,/P —}L ‘l I'E-ﬂ, /ﬁfé » '_‘1’ e

=1
e

T4 fashid * o
323 # 3%

dONTEAR PR L B4k o s TR B AR 0 BV IR A 02 UTC 1 04 UTC ¥ 7
FHMEIRF IR Hhe b &0 3 b & AFTEFUF BRREDR w BRI E G
R TLONRAE BT e R Ok B TR v B G el R A S 4RAT
2PEY o E L F TR B Y %ﬁ3nww’%0%\ﬂ$&*§%6%w

A PV LGSRt 2B b2 AL RT HE T ek HY 122

F
W

FANAIER 2 TARK RRIBRE 3 OLF AT SRR EE

4
F_L

3 To
Z u
1

I
2

L 2R

~
T4
i)

~

14

P

#

Jehon

AR G PR e 0 T R BphT AR A S e B Al 0 5 o 2

Rt BN BRIAHTR > REHERSALR AN REG oo

F_L
\4
R

<
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33 FiR&kBER A1

330 FiFh F2%%E

AR H22E T2 PR A 2 B R B SEG Pes
FTRFTEE TR B MR F- REITLE - BHRFEE > &n REF T2 = Bk F
SHREF RV R RATEE L TR FPPI LT ERRCE > T E R
Areh Ew s R B b b ARF FRFRPIEFERPIE BT
Fle sk VR E FE Sk 2 AR B R 1222 30T F RS Lk H

o 24
N

R4

Bl 32 2R 314497 BT AN BRERE D Z NG 3R

IS
St
)

bl
A

>
Al
¥

<

2R HAPECYF F R (T AR AT A B H LA EY po T TR T

REE ST g B R TS2 B B R (R RRRIE R o PR FH T 5 R
Pa b AR APHES -

A R EFFT AR BT AT T b 29 T b BLE| & 0 RMSE

% SCCH3mf 7 ¥t h L8 SHfaeciefe i © B 3.15 47 » & §i2 RMSE 2 SCC

FRER FRskEE GG e o AR FITEREFMARRKRL 27 & TEAM-

R%Z RCNT &2 T F2gdwd BEF KM SCCHE K o
332 FRZIBRDE

BH 2282 R B RHEESEY B - FORER LIRS AT
Bl Rl F FTERFRFEF R s w2 - R B S R L AREIE
LR e T RE  fh PR 2 AL o B 3.16 BT & B BT 25 R 0 B R A
T EERAL BN EHEENGT D AERA T PR AT TRG - Rk

3R R KR 0 44T Bl AR ) o

-

333 FiRFAHT

d O 3.07(2)F o T LA B AT 0 B W D A N
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Use retrieved pressure and sounding

}
Estimate LCL Height
l

Determine whether the grid point is saturated

NO

Qv = Qusat
QU, = qy — Qvo
|

whether the solution converges

if z>H;, and dBZ > 10

YES
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% 3.1 WRF #3427

DO1 D02 D03 D04
Data NCEP FNL (0.25° x 0.25°)
Horizontal resolution 27 km 9 km 3 km 1 km
Vertical resolution 52 levels
Micro Physics schemes WDM6
PBL YSU
Cumulus schemes Kain—Fritsch No use

Simulation Time

2022/05/25 18 UTC to 2022/05/26 08 UTC
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(a) 850hPa, 00 UTC
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(a) 700hPa, 00 UTC
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