A feasibility study of improving the retrieved vertical
velocity in multiple-Doppler radar wind synthesized

technology using the direct solution of radial wind equations
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Abstract

Taiwan has a high-density radar network. Many regions can be monitored simultaneously
by more than three radars. This study utilizes vertical wind field information derived from
solving the simultaneous equations of the geometric relationship between three radial winds
and radar position. This information is then used as a new constraint in WISSDOM (Wind
Synthesis System using Doppler Measurements) to improve WISSDOM's ability to retrieve
vertical velocity. This study aims to address a problem that has persisted for over a decade. The
vertical velocity retrieved from radar data has been consistently underestimated due to the small
z/r component in the radial wind equation.

In this study, an Observing System Simulation Experiment (OSSE) is first used to evaluate
the feasibility of the new constraint to improve vertical velocity retrieval in WISSDOM.
Subsequently, to test its performance in real atmospheric conditions, the new constraint is
applied in the real case using data from the TAHOPE IOP #3 (Heavy Rain Observation
Experiment in 2022). The results show that the new method enhances the magnitude of the
vertical velocity retrieved, both in OSSE simulations and real case. However, the study also
reveals that the vertical wind information derived from this new method is highly sensitive to
the quality of the radial wind data. In addition, the vertical velocity observations currently
available for verification are limited. Therefore, the retrieval results of this new method still
require further validation to confirm their reliability. In the future, the condition number results
of the geometric matrix in the matrix operations for solving the wind field using the three radial
wind equations can be utilized as a consideration for instrument setup during observational
campaigns. This ensures that the retrieved results of the vertical velocity are validated with

direct observational data.
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1.1 =

o

CATMELEABE ST B o BR F TG 3.6 F T 02 24 2
VAR FLHEEF e aRb > P AR FERHERTDLR R o P RBBIELR
AR F AR PPN #‘4 Zlpensgtia R EF A AR TV A
RERENS AL &I FEFTELLER RS lE R FAER A REE AP
PR EAIF AARREE EEOIER R v RA R o MNEUEPFRE A DT R
Wit f it Fa {Hmr EHAFEA D FRELIER LT K 84305
BlE X F AR EG R R L B de A T8 e R SRR R o

LF R AR F AR RFIMER PES RS EB LI ERDREANE T
Lo pil4e® 1% 2 b R T & (wind profiler radar):g (7 8 ghd T L b F ST B 7 Nk (T
Bpl w2 @R TR AT OB RLALT o &F S EEIr T2
(Radio Detection and Ranging, & # Radar)¥ #& i~ 3 ¥ 3 f#47 R BRI T g4 » £ 2 &
BEYhRL B RANFFNZATR LI GRS O PE T RS KER F I
Fenlrrk o ka R PR

FREASA S REPE R PR ORE M F RFFRA R
WA F AT R o A R R ERIFIEkr R T (dBZ) chBAF %7
o ki T HRIIIE R BT S R4 e b TA(VR)EE B g e
FER (A5G FhtE BT - HREE RS AR (LR F 5T,

ZDR) 2 TR -"EFF 2 ENFEEFEETH S SRS PTEERIETRS T

el

Bl SEE HRVHRZANIPTERE CFEAIR Ll LB RRARENRERT IR
FEREPIIAARE RS e b TN BEEE S RS B R e b FTRF

iﬁﬂ!%ﬁﬁ}i’ﬁf#Ei% IR T B 2 A



1.2 » prw A7
REBTETVREFFZEBTADOTHE ) AR FERY RIFAT A ML o
e Tgfé CEFEATELBID S b TR s F LB EE S e b R HETh RiT
RLRRT I B PRET RN B BT & S F X BB A R
FI# 30t B9 E TR e b TG R AT Y o HL1960 £ B 4 > Armijo (1969) 7
RGP T MG AR 2 B B F R cliedh o 5 B S S R R BreivE— 22
R ehd =435 £ 0o @ Rayetal (1975)4 &* 7 Armijo (1969):07 i » % = 4] *
B BT ETRERNAL B FER ez R 2 EAS N BT EL SR
Bv oL AR L R AR IEE L K ¥ K v LB
K 4£(Doviak et al. 1976; O'Brien 1970; Ray et al. 1978) - {4 % % Brandes (1977); Chong and
Testud (1983); Ray et al. (1980); Ziegler et al. (1983)cr#7 3 ¢ » &L M| * 2 (X3 % 2
FAERRER SO > A2 AT o §EEE A S EAETERE # R
FARFTEDTEUEEHFARTIRTL HRLFEL > F L5 2 2 hFEp g
L F 8 i 4 42 (anelastic mass continuity equation) i% 5 X & iF i o B2 2R § PEHT
L2 RIS R ARG AS P BT, T AL T FY AT
Flen1 B >R L FMANR AR EF TR F T X 5 EF IR bde f Gaoetal
(1999); Gao et al. (2004); Protat and Zawadzki (1999); Scialom and Lemaitre (1990); Shapiro
and Mewes (1999) g - 77 7 i ¥ € #-777 ‘F"K BT E LIRS B R R iEE
Aol b BLBIZ FEIESARECHOBER G B L EER]) S SR T
BEAES hd it b 342 o @ Mewes and Shapiro (2002)~ 45 &1 4 g 1 2L L E R &
RIEZQRER T (b ERPRFEE 5T HZ Bp S LEDF
HIHNERE RA BT G (AT FE AT > AN E b ehh HA 4
R BALE A R LSRR Rl A RE AT A (T ¢ 0 $A
pe A5 b gt g U473 & o A > Liou and Chang (2009); Liou et al. (2012); Liou et

al. (2014)“T B 3 ch- 3 RS R4 225 48 B3 £ 4 b HF £ (Wind Synthesis



System using Doppler Measurements, #§ = WISSDOM) > Gl P RETR T EF S
B AR L EAC ARSI YAES Y { k¥ 7 Tseng and Ferziger
(2003) 73 41 ez 8 B 72 (Immersed Boundary Method, IBM) » f#;4-7 fjgses a5+ &
s et o Leeetal. (2014) * WISSDOM & #4354 Bl ALB T 80K $Hn & e (7 A
170 &% L e BT WISSDOM ¥ 12 fjgfess A5+ F = ah Heaag 4 o
H_1960 & &~ 3 4 ’Ta"? CEFETH AR AR TEEX FIRFELTY o Ra o
LI RRDF FRRLE PRI - F MY ELE R R PFE - Mg R
* TR YRR 2 s R 2 N EEAR o R R R GRS e oL Y 0
PEH AT RPN RBLEEAREFL R LI E R RS FTE AT Bl
Lenschow (1976) 11 * & AR T ird & FPF > B H 7§k 2 f i R E B4
Giangrande et al. (2016)» ##E3|h &#EIp G 5 7 2014 # 57 Ase § St ppd % ¢
B2t @ RA GO KEE NGNS A LI ERAE FRERER RH 4
Hphd > AT AHLF FRBRG P OTRE D fx angdh > BERPISAZ B
" hBCAR ¥ B IS o
FI o Bk ’W'E*i%b wend-® ik BBt £ S £ & 5 bl4r : Reasoretal.
(2009)41* Gamache(1997) #ri& * m"f;@ EERBFF kS F3t 1997 £ Guillermo
THELRBR mé’—f#ﬁ’ R T RASERIE T £ E i R RS o Collis et al. (2013)R]
FA1* K p#Fegs W% ZF % (Tropical Warm Pool International Cloud Experiment,
TWP-ICE)shiicdy - 538 5 38 " 223 2 F I ¢ SLEIFHT f L d RiEFR G IR
5% - Northetal. (2017) 7 7 @& * = %% A ¥ ;2 (B3DVAR) % 5 38 * $+ 7 it fo2|h k¥4
B e ERF FIrE R&ESHEFT 7 SDVARBEMIFAF Fh 3> 5 cnif o
Dahl et al. (2019)4] * BLip| & sLHc4% F % (Observation System Simulation Experiments,

OSSE)HCHRIEH A & » RIF T A8 " BT dadr il o r 2 FASRUEHFLIER

o

Fofsck e B R A A G R Pl R RBIRT i G ok KF WA
B oo AFTE &% WISSDOM Jk e @ §& (2016);H (2019)% Bk % & B2 %%

REFRRF T BFRERERT TR RERIFTH RS LR RF TR
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GET WA RY ST ER LS R R R R SRR TR

- FEh- KM RHBEER O REIRT R FF FARE 2 fd NS FERFLE S

‘1

ALY R b fe(u, v, Wk Hean SR R M AL R L RIEE G TR

P SN S ST (1)

r r

(1.8 > Vra § o rBlaEe b o (X, Yo, Z0) o & T E (X, y,2) 5= B
BBzl or AT ETF BRELEOERED REER 0 (u,V,W) 5 ATRGE FR B Vi
ROFHMITE o L NP TP RTE R R BRREOIER(TY —x Y — Yoo
Z—2o)PE R RT AR 0 KT R RV AE FERAAEE R R AFE S o F
FEEADA BT EARDESREPLQ v, WhEHFF FFes5F € L5 kTR
FAE LERFTFFRERFEFLA@Z -z /r A B R AARLEH ) FRELE G R

/?ﬂ?k# e I o

3%+ B it
AL R R4S E S W 2 R B ARl 2 s T SR
BRAEATEREREY ARFEVARZ RV FEBRPIDORE > BT ERPDL e R TR

B RFZHE S REREQ V, W TEL TR OWREFFTREIAEE

S #c2c P) WISSDOM ¢ » # % it $8 < WISSDOM -3 i B F w7+ ch¥E 45 o
AFLHRLLGABRE S - X AR F R ABAFLAERRY hI R B
TERFELE L2 ——WISSDOM 14 5 5 % = R RIE AT hpia 2 o &
< WISSDOM -3 i# B £ H eIl 2 i 36 OSSE (74 2 2 i R F % % A&
¥ 5 %I P44 2022 & 06 7 08 P hE F B % (TAHOPEIOP#3)ihs 4782 3d3h » & 5

BEG A~ FRBRZ PR BT T B SRR KB



Fo% S BFEREE S

AR TR F kB8 2 22 5 Liou et al (2009; 2012; 2014) B 0 % il N

ju)
i

& =2 F i h 33w (WISSDOM) o i sid-3 ff 4 F /@ b Hc1™ 2 4p vt > WISSDOM i

W

ERAERES SRR BT ESR S BT SRR ()@ Y R F R
e iE A A (baseline) /1T b 7 A% 4R 5 (2)% & Tsengand Ferziger (2003)#% ! eyt /% 8

7 iz (Immersed Boundary Method, IBM) » ¥ 12 1R 4R e df fed= A WS inh By Q)&

ERACAENTLORGERL - T kR B 2 A b R AR LA
e LA A AR > X POt B F AR (DT LB E R e d BT
(Glde s G Pleb ~ FZ FTARLBGNEHE ) NERFFETHEERE? 3l ; (5)F
FELdEEEDR FF T -

-
i

1 g M- A8 WISSDOM & F i b HpF 3§ & 6% Ehi R ix iz - 23

doim S &t B 2 RIRARAF fe AT ek A o

2.1 § sk

FEHIBBRPINDOREFI Lo > TEFTREALS v DR o FP AP R A
Eh o e LT A BT i & WISSDOM 7 &% %4 = % U b b ® £ (u,
V, W)= Rk o A2 ¢ » WISSDOM #-% .7 B35 g disit » #45:(1) £ b
Pz b B2 MenS e IE 5 Q) A A (3) LEFA AT S (4) A HHT
(5) Laplacian = 78 > 2R {3 s - B T "8 2 R B VIR KUET B L IE R R E S o

EIHIEESZ AR F(u, v, w) o B E S BT Aow
](u, U,W) = ZI%/I=1]M (21 )
BQDAY > EXNZHT AR EadEk o ENLE RS 4% & WISSDOM ¢ &

FHORFENERLDS BYHER BERFLE B ESBDL K -
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WISSDOM ¥ &% — 35 # & S fic & 2w b 22 (u, v, )b Henf i B %0 40 & 58(2.2)
SEREE R S VU EF FYE Y SYIREN SRS L § X FOET

PRHEARAPE QIR Ty AR AT S BM G A t=1~2 A7 A PR gL 41
Fiisl~N R 27 L TR &P NTEFTN P27 0B HRELTEE Bl ¥

ZEE R ERRE a5 05 (Up VW) R F iRt 3 THRtEATA BRERL SV,

:

PHOKES RAEE (X y,2) s A1 HE BREEE S (PLRLP AR I AT TS
At AV AREEE R AT A E BREELEX Y 2 1 AT ERE

(P, P, P} )ehb e d( L 3% (2.4)) «

1= Z?=1 nyz Zliv=1 a (Tl,i,t)z (2.2)
Tiie = V) — (x;?%) U — (y;j;/) Uy — @ (we + Vr) (2.3)
=J@—af+@—@f+@—@y (24)

Hoe » B Vo7 8 d 2w R AEdBZ)S & KR &1 (q)E 2KR £ (qs)

BERW O FA T vl R RS (Shapiro etal. 1995) » 7 %4 T I A5t
V, = —3.088 x dBZ0%0%57 (2.5)

EECT R R O Wk SRR P AL G R Ap T B Ak AR RS A ] o B
B ik ApdeF BoR AR AR S 2 Sk s SRSk sed 7 4345 Tong and Xue (2005) #7350
{* & Marshall-Palmer 3] & - jf # < 4 i# (Drop Size Distribution, # £ DSD)s /=™ >

BORAZRAVR L (g frg) T d PRABRAS RAREY > 2 AN 40T
dBZ = 43.4 + 17.5log,0(pq,) - if Temperature > 0°C (2.6)
dBZ = 37.3 + 17.5log,o(pqs) > if Temperature <0°C (2.7)

(2.6):% & @ kfow jtag B enbE 5% 0 @ % eniE R A HESGEAR & 0°C b 5 (27)50 R

FZBEwRBROM G R DEESEBIVERAECCUT H Y pi T g RAECH 2



skgmB;dBZiwik Ak HridBZiq 2qinE i gkg oA EFRAE

lE RERE BATAMSES T THERT > FEFTTH BT HTAEE

Ka oo hari AokfeRokemR £ {4 > 1945 Linetal. (1983)%1# & e £ g 2. T

354 =4 % 1% (Mass-weighted mean terminal velocity) k 4& 7 % =8 5% i > 3 4258407
Ver = S (%)0'5 (2.8)
a = (%)0.25 (29)
Ves = Ta” (%)0_5 (2.10)
As = (%)0'25 (2.11)

RIS LfaAa ki gFadz gH ot oV, A dakz BERE i ms™h;
#9 ¥ ika=21150em* s b =08 p A BT FRAMEF EETHFLTTHEK
MAEOTFANL) p a2 F BARMEE 2 kg m3) 14057 FiBQI)NE N2 ¥ ko
Hep i kBREG T 5 1.0g cm™3)ing, 5 & K HRFE 485G ¥ 5 8.0 X 10 2cm™);
G R Fm e BET AT RER O RRE L - QIR R E BT E 2 %o
RoApRE VR A T2 Bt (E =i mosT) ;¥ #ke = 152.93cm? 45715 d=0.8 ;
A= P EZBEQRINDAREF - HPp 222 BAEGF 5 0.1g cm™3)ingg 5 T P B 28
GEF¥ 33.0x1072em™) 5 g 5 % 5 BET A FTAEH NI LR L o X H2.8)2

QIR > ot B FHAHRT > F TG N { MR PR B T

2.1.2 L3E MG S 2R
WISSDOM ¥ &% = 38 i & S fic 2 2558103 = 480 40 2 (12)58 #757 » N & F R
MR FA T (U, v, we) § B 6 F REY PR B a, i el g

Bl pa s R A MR - BT BB TSSO W -

9(paus) | 9(pavt) | 9(pPa )2
Jo = By Ty, | FE0 4 Zoe2e) 1 ClPete (2.12)
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WISSDOM ¢ &7% = 5§ i@ S fic s 22 &R 2 420 40(2.13)38 #757 » 2 p et ik
E i s b Br(Up v, We)id BB TR 2 g d > 2 35 20 Adr ey ¢ Lk
AR FIEA (21370 vazr E A RAOEL Rflc <RBIEPMZRAE L ()
iff e AB %1 5% (tendency term) » € #-73 L PR HE R HPEFET kM A Y (T A
(advection term) ; (3)44 478 (stretching term) ; % (4)¥f AL 5 (tilting term) > {6 = 58 ¢ 125 1
Tk ga LPEFOBERMTIHBEAREFE 29 (S hpsiFR 2
o148 f AR Yl Fd 21570 > A0 =7292 X 1075rad s71» % £ 3
PRPEFER PR R AZRERBEZ R B LR FERERIBRAAESEZE0H
B Z I (TR 2 AT B BT R YT A A TR 3 5§ A 4R TR (residual

term)A 2 0 5 F B G A F R meaE s e

o= St (o e wil) oD G ) + G- ]} 219)

=(G-%) (214)
f = 2Qsing (2.15)

214 ¥ B 355

N

REl
2

NN
2]

F_*

WISSDOM ¥ ¢4 w 38 % & Sl o & F H98 0 4o(2.16)38 #77r » L & P 5

t

EFAR B FF G QION Y s AT RFRORE Ao F AT FERED
fhal- R P O;Vtéﬁiﬁ'ﬁﬂ&iie,'rfg.‘_t%\,ﬁﬁfﬁ:ﬂ Fﬁﬂf‘%ﬂ&fg&;mméﬁbg&g_,ﬁ
FENN*HEZFTHR - LAWBTHRAFNFRFLER LR 27 #45" ¥ 2 RikE

% F FF 48 #°7% (Weather Research and Forecasting model, #§ # WRF)#c 0k 3-1F 2 % §

B o
Ja = Z%:leyzaél(Vt_m)z (2.16)
V, = i + vej + wek (2.17)



2.1.5 Laplacian =+ 7 3%
WISSDOM ¥ &% 7 3§ # & v ¥c 5 Laplacian T 38 > 40(2.18)58 #77% » P ente st it
F RS R (U, v, W) A 2 T eniE Y o g R B TR R T S e A 4 7
BFH A ag s TR EE e 2 T FARE LRI R 2 LE R T e E
S 2 AR R A o

]5 = 21%:1 nyz s [Vz(ut + Ut + Wt)]z ( 2.18 )

V2=—+—+— (2.19)
FEL R T A Bl T FEFHEA ] L g T ED - ki
K} i}r;%f# v A F i WISSDOM fah 3-8 = ¢ enE g &€ ek TR 2407 Ly =
10250, =4%x10%8; a3 =4x 1023 50, =107 s ag ik T3 P s R T 51015

bR 510M: AyrEE 2w kTR 2103 b 510254 2 R BT 0 F 2000

TF AN R A bl L S RRFRAPEF AL R F R R

Bh STH RIS BOSHRAAY EEABFEN o T R F AR A0 R R G ehi

it 5 HN A R { BArendp 4R - Liou et al. (2012)#- Tseng and Ferziger (2003)# 1) e

i etz 38 B 2 (Immersed Boundary Method, IBM) it » WISSDOM i $¢ » ¥k

AR AT

(1) B> gRA4THEA IR - b Ef2(ghostcell) 2 p 3R8L > H ¢ g fi B2
PIREEY A AR 0 R AR AN RRITER Y - B B R B2 1

Q) ¥ - BaeRBIFEARLI L VERTZeE 0 TRHFELTEN ISR
TR RSB E ST RT R BEF IEREL XA AT P ARG
fr& pfRaid Bhilic > d F4(2.20)3 5 I F BELHROEE  NQ21DE I A Bhin

BE A EBiBQ22)5 P DS Gk FF N o



W, = (0m)" (220)

RTm
a=3r, (&) (221)
Po = ¢ Zm1 (W) (2.22)

(220)1 (222)5% ¥ PR 2 B X T PN AEAREYL 0 1y (1) S F TP HE RIS BEr s g2 7
SRR m () A F B E P RSB N SR RN B W, A F m
BinB B E hlico q R A N BRIBRARE S @, 8 & N IE S A B
B0 B 1% F &AL I i I8 BhePE
() & fo > #EGBOT AL v BRI S LR R DT -
FEEREAFNIQ)H I FE LA VIR FEE > T UE DR BB A

ez b BT e

10



FZF RALEIERF FL A

AR FEL LIS EEHG ¥ - 34 ¢ 11 * Beltrami flow % 3= WISSDOM #F

3 WISSDOM s %ev¥ » W 3 H4L v 3 B F FenE i 4 o

3.1 Beltrami flow » /% .2 %

k& %% 7 Shapiro et al. (2009)5 1 S EE F A G ARG fINLE R F TS
S0 * i ELIR Bcdr ——Beltrami flow » k=% WISSDOM & jf 2% # & it 4 o M
i * o Beltramiflow § e BB b F L e s §¢ 27 @fﬁﬁﬁ’!Navier—Stokes
GAR e HiHd R GRERER R OF e P A feTon g s g
PR T R R AW FIERT IR AT EXT I AR o

T i ##Eﬁ 41 Beltrami flow k 32 30

u=U- {Alcos[k(x — Ut)]sin[l(y — Vt)] sin(mz) + mksin[k(x — Ut)] cos[l(y —
Vt)] cos(mz)}exp (—vA?t) (3.1)

v=V ‘o {Aksm[k(x — Ut)] cos[l(y — Vt)]sin(imz) — mlcos[k(x — Ut)]sin[l(y —

Vt)] cos(mz)}exp (—vA%t) (3.2)

w = Acos[k(x — Ut)] cos[l(y — Vt)] sin(mz) exp (—vA?t) (3.3)
# v

A=VkZ+ 12+ m? (3.4)

nzﬁ; (3.5)

BG.DEI@BHRY > UV ELBEL H > (KL mA 8 2L F(xy,2)> » ik A
LAAT aEIER  RAR A BT EY R PREA 0 T £ TG40 HEor Y ©

2R EFEFERS > 7 243558 0 B9 vid 4 4% % Bic(kinematic viscosity

11



coefficient) > t 5 A erpr i o

3.0.1 R &K

2T
10km

5 4 % % Beltrami flow b #6712 3 (ko™ U=V = 10ms™ k==

21T

6.28 X 107*m™1 > m = —
12km

=524%x10"*m™> A=103x10"3m™'» T, =600s»
TEBRPERE tA WL 0 e 10 §50 (F5 12 WISSDOM F i #7F e i3 pF i 2o
A X nh HT AAH 31 frll 3020 5T kenF mH B b B 202 WISSDOM
SR EE R R KR S 4
(1) 7 & B NG E ok FHEFOEE o F FRFeRER T341X41x13 >
KT R LRI R G 05 22 0 ANGERHNE FFERHTE T 140
A HALE 3.3
(2) # Beltrami flow A FH P L FECE Peleh TR THRAALEFRIELE
"truth | -
(3) K7 Ip A P B 0 1 iE WISSDOM 277 B PP 8L/ o b b 3K i o
(4) Bets > LBF Feng S foR LhE Eh B (700 5 o
Wit EF I F T B iR R

(a) VR all

F_&

ZERRBKRF FoF A RRERERIN ST ek T 2 gERTREL
Lig T o B enk FAE R B E E(truth) fe 0 F BB B 22 WISSDOM i s
R Ok o
(b) VRx0-1km

57t WISSDOM & k& 7klak & fFim ™ ehF jfa 4 > e f sk il 22 1
Tk R e bR A > TR BF R o

M b A EATR R BRPIER 0 A W 3R WISSDOM ik Se¥>t -8 if B K jF b
it BV RFETHRREIFAHEFS FREOBEE

B

12



32 2 2R EES L7

AP DLTEE I RETEREE Y WISSDOM i st g B F jFa 4 i
oA RAH IR T ERE R TR FE S S truth B2 A RE -8 3.4 4
7 # B % VR all ¥ VRXO-1km ¢h€-3 i B-RT A G F Fe% » 2 ° B 3.4 & (b):
truth &% % o7 MR VR all chF jJ %+ fotruth @8 = 2> - R(L B 3.4(c) & (d))°
o VRXO-1km chF 7% BT EA G § PSR HEIR(LEH 3. 46 & (D) -
B 3.5 50 Y=10km £ 2 3|6 B > & &0 { 5 iaregdy > B AR 4L 6%
RE FE%BRE Wi B 3.50b)iw VR all 5 j# % % »4p# Shapiro etal. (2009)

% RE > S b TR REAFIRT > WISSDOM it 53 e 542 & & 0o v 2

(s

=

renE R ARa o Bl 3.5k AL b F A4 £ (VRXO0-1km)#7 F JF eh % >

]

-
N

ir

|

¥ AU

RAE 2w bt AeTw g B e A G RIPARE O F S L

'

5

el

Esnd

12

(P4
Riea

|

g

ZFH> WISSDOM ik sienk & 7 £ & B8 A Filau 4

# XS

3

FERERLE R DR FEMR MG o A4 ¥ Beltrami flow i&

S
L

¥

Bk F R

=

-

=

WISSDOM i 3uend 78 5 f % 2 Rk Tdcd 3.1 971 o

3.2 3 & Sk
145 3.1 & $ WISSDOM s 56F i B i & cripl 2 55 % B » 23 3 2 F 57 19 3
oI NZF ot SHLG FRAETEREOREER S TN AET B EEF D
Eeni@d k3= WISSDOM F i3 & B ehir 4+ o av 4= B F i BURl e P BRI ch
T BTk TR D BEH S R TR (,y, Wk B 58T w b B
v 5 WISSDOM i $u¥ ch— BATH B o Bie T h B F F - BT Eodicfis T2 5%
SARfRIE o T M m A B ATH B S el (70 50

REFS Y ESEDGRZ T AL FEFZESe b AT o2 (3.6)1

Q&%ﬁogééa§éﬂﬂ%§é§$ﬁ%i@m PR a0 T =1~3 ARk 4 =
i i i
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VRl—u—+v—+(W+VT) (3.6)
VRz—u—+v—+(W+VT) (3.7)

VR; = u—+v—+(w+VT) (3.8)

=T RO B NGBOITGBR)FE A fpet AN L > PEFEELEY 2 K
FEERREZ PR GOFELR ) Ee b B2 2 FREEEOEE T RN
b3 g B AR v, W) 4r 258 (3.9)4 57 o

X1 N Z—l_lVR _Ay
1TV

n nn n

X2 Y2 Z2 _Z
vli =5 & 5 VR, rz Vr (3.9)
= 2 2 VR
3 3 3 3
Bof o B3t B A w R FFRIEL WISSDOM ik 5ie chd =~ 58 i & s ffe——= jo

B A28 0 4es8(3.10)4 7 o

Je = Z%=1nyza6(wt_w3r,t)2 (3.10)
HPwea FFehLe @ B o wa Rl 5 A5 0GP #EFHehEI 2 RT A T
t e NEA B PR CZGI)*‘Z\FA RIEEGEL G —Eﬁ,ﬁmPs—’fX,&

RED

BE o Plagk a5 00 Fpt o & ﬁﬁﬂ&%@ﬁ@@&&%ﬁgiigﬂ
JEFEREIREOLIEREF Fock o AL D W AL BBk £ 100 A kT
#

B B sk - ) adEit o
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Srd BB AAERTS

AR R EER] SRF R(OSSE)SRE 32 & e E ik H LB R RS
eV A Pend A EBRREEL TR L B BEET o - B § SkE
AR 2 WL TR TR Lo BHE TR EORE R
AF VAL RBEPA B REON I T LR A
(1) @ * WRF s 5ifigg— 2% F ks #Hp B0 5 T2 @& (Truth) -
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(b) IOP3_woNC (IOP3 retrieved result without new constraint)

4?

VR SMITLHRE F R 5 QC {5 RCWF ~ RCTP o SPOL § i ki

b HF 0 B e S ATH O B o B T B R R hE TG L (T oo

54 2% 83%

541 F {8 F "R

FA O RBRINKT R BB EEHFNIEAGEFEE(R 5 12) 0w
WISSDOM 4 5e® 4e » #7515 - 2 §Hufevh Far Fsd 23 JIEE - B
5. 12 (a)fe(c) #/3] IOP3 woNC 5k g %% > B 5. 12(b)f=(d) B ¥ & IOP3_wNC
Fflgh oprtzT o ad Frappi R oapnyg 2 A4 &0 %G R alg & 5T
FFA (RS 127 o pRzAhahFid) & ¥ UEHRBI G RBEDOw L F 4 (R S
12(e)? 2.4 % F #Tdp /e o o b » #-F] 5. 12 () fr(b)fr @l 5. 12 (D& & Rk b B8 (7 4
oo W IR E H A IOP3_wNC B Z_IOP3_woNC » 7w 3 f ad5F P AL el =7 3
BA(B 512 7 cd RREALRDTRRE) P ESE-HFEF > P HELT e FTHLE
2 > WISSDOM ¢ e 24+ E 4R T h Feng B fi (% 542 &8 H {1+ 3£ 7 {03
BRFAHKRTRFOF gEEEFAHRE)

2T ko AT LD b HF Fen % (B 5.13) 0 7 g I IOP3_wNC e % o fpt s
B R DGR REE R A R AR (B 5. 13 ¢ S HE ik A P s
T T n s B DN i (B 5. 13 ¢ K HEerdnky) o B 5. 14 fo®l 5. 15 4
Wl AURWR S 25015 R B 12126°40EF 35 Bl o P T P RS N Ap R
IOP3_woNC =g % » IOP3 WNC ehs-B i@ R R 2 R BFEFL 2 BF o igg 4o 2 A7
HNRFELEERFF F - LERRATRAT 7 REFHRICH S DLR - 3 & 55 DT

§RF - HAE -

26



5.4.2 /KT R FS%kFE

AE R HE T 2 2R R AELR T AL H WISSDOM #7F jF vk T b Hrif (7 5% o
LA % 4cW) 5. 16 478 o B 5. 16(a)(b)A BB m T MR 3 TR RS % 0 AR S
16(c)(d)R] 5 TAHOPE # [ #7+ 4c 2%cdf 5 chsh % % > 3 F396 g4 7 GPS Linie 7
Hesk o BERAT o F AR FERPIESRE R E R E S F L BE DR B
Bk ow b SRR hilh KR BB S 6 b chid $EAR 0 157 BRI - B 5. 16(e)(D)
ol 5. 16(g)(h)4 W] 5 3 ¥ 30 P & % BEeiT BRI b R&EF LS o foipl T Al
(6o T s F IR b oSk LA IR 0 b b i g 8T PR AT | %

2 WISSDOM 7 ™ 245 cheE I8k 5 ¥ chz Su, v b 3 o

543 L2 h FE 5L

AERATFHEEY LA PP H N T E(TEAMR) B kB L2 A 0 T
IOP3 WNC § % F % % % el et o X m > d 30 & JOP3 wNC 9 S 7 77379
RIE 2 F Fehge e Bfr TEAM-R #7 =% e85 2 € dp(4cB) 5. 17 #77 ) » XK &

A1 G LR TR - %% IOP3_WNC S hF % o B 5. 18 T3 f*

TEAM-R FH g% » ¥ UF R F 5 TEAM-R #f fihiz ¥ B3 & 0% &7 & {7 379
R F R #102 fpt ER B TOP3_wNC fr IOP3_woNC ik 35 F 8 %583 B %1
TFRERSAELREEZFNIOP3 wNCHRALE b FF iFerck oLt RIHLEER
BRIRE DL AT F BB R ARG ELEERPHEREF FrrEFHE
A4 (B 5. 19~ B15.20) KaeAd SRR Y Fd BRT AR hTHB57 IR0 08 5. 19
(b)? TmERH BT B KT REELAEF LA RS 190b) L5R 121.25°
3121502 FF 1+ AE S B AR 2 T ORI R AT R lg A hdk o i
WP WISSDOM e #-% ¢ B F F %t E#f - Tenlmp

Bl 5. 21 v 427 TIOP3 wWNC 4r IOP3 woNC & ‘2§ 2B hB b B F 78 % o #

e Blens m T R My E e 2 hA g (Bl R AR )

27



IOP3 WNC # # &t &% fi =3 b H345F Hwchi o B S. 22 IR IR 7% LA7H &5

BORBPIRIF TR - TEPFFLILEY A3 R332 7 2227 o BF S5 22
OB ARS5S 2L VA LSl LR {vB 5. 13 (©f=(D > ¥ % IOP3_woNC
fIOP3 WNC &3 & 5 22T Fiieadd @R G %Apt o 7 UERY T XTI E

SEHLOTE (TH S5.22(c)? ¢ HATERDFF ) IOP3 WwNC chk3 A £ F g %

NI S R ﬁéﬁ*‘}"\;‘—ﬂ'l% o ikaELE (B S 137 %4 %FF”T#ﬂml %)

LG AAETF R AR L R ER T Aol B L AASE AS

WS b ARE AR R B AR R AR o

544 FETOREE LR B RS

%2 IOP3 WNC §5% " » B EVRBFAMGREEF e BT 2 5 58 Fli i@t

M

¥ 532 SR IIDS ) Hg AR K B0 ¢ K T5% Nz B AT REFR
ﬁnf@,&%;‘/@%ﬁ o FRA v EIBA MR F A > APFIRY 441 & ¢ BERBEPIF %Y 0 82
RATH Z RN eo(u, v, W)k & RApy Brr o izd & § F]5 OSSE§ 5% ¢ * WRF #-
NARDE SR TR EF LI FLARONE Gt EFZATER AR

GPERY A ve £ R AT N E R F i TALA_PPL 4458 CAPPL 3 B & 4L 5N i fe

\«n»

Mg AR S e b FOREEAL o FIM o S b FA ARG S FEANERT o SiEELE D
@ﬁilv’jélﬁmﬁ*ng); IRERES -2 f‘:’-g"ﬁé.i-ﬂ#fg°
AP PRI - e b TR AR R % 0 2 OSSE ¢ W= e F dan

B b T M S A ABPER L (4o 5.23 977 ) o W 5.23 (AT T % 441 Hhg %

PZ G HERT e b TR % L B 110 A 45745 WRF FAL; @ §] 5.23 (b)
Pla PR AR ERFRHRY ZAFEER T PEREEDSw R TR LB S5
¥ g EE R 105 A 4eh WRE 4L % - & ¥4 HE 110 A 440 WRF 7

Mo $Z R 2 EREHEE 115 A WRF T4 o B S.24 570 43l » BR LS > L8
BRMECeRI: S e @0 B WRF g E § L2 @ R 2 BWaphi e o

FURRT  FEFLIFRTH W R SCEF wh FE(Truth)fp £ 2 > B9 &t

28



PHEAFREAE20 D 60ms! 2 B o A4 r pFR LSRN nE g R B 40T Bkt ms!
PIb e R AP s e h FROPFFLEEREL IS NI REL LB S AR
ot EFS W R FEEFERABPE o Ra o d N EB Y E PR T LT 3x3
Aot anif CHlcE 4t AL T BRY UL TETHESE CAPPL p e T
FLILE e RAETER > SR AL E AL T BRRY oo TR Tt B E
FHEEYRY ATLPCIZORHRT O PN BES 532 SRS BHIEH
PAERGHEE MWL ELDE Y

B- AR ERTORIER Pk HF R0 7 B EAR

ik B AR BEAF S 2 AT R RERE AL

29



AR BmBEAKEY

6.1 23
AT B A S b S AR S e BT L b Bk AR
AN KSR BT EEXF Fh SR LEERSEF FARLG ORI EL Y 0 R
(2016); Bt (2019)e7987 3 = ¥ WISSDOM %53 b 35 i chic 4 3817 1 3265 2 ekig ehy
e g PER (2019)E 1% 3 b RELRIFAL L £ E & B ehF W B R R L
HAFELAT R OBBAN D R PRI AT ERESFER B VREFRS FF
HHEERRDFF
AFF3 Y 0 F 4 ¢34 Beltrami flow b 33T WISSDOM F i# &8 b ¥t 4 &7
A ET Ok §HE Y HEER R % (OSSE){r £ § # & (TAHOPE IOP#3) % 3= f;
WISSDOM #73 f 37 4 (7 4 f B Sl 2 LE FRF Fa 4 07 (7l 1T 45
Fa 2 ERa g
(1) 124 WISSDOM #f Beltrami ini#cnk ;7 & % 57 0 AFHRE F LA T
WISSDOM #74 Jg cde 3256 § 6% % 50 S 45 2 o b i€ (7 5 0
(2) % OSSE*® it 1 FFMAFH S8 2279 14 223 EREPHFR At B8
odr h AT RN R ER R FR BF R fok e AT L E S e kAt > T L
AR LT R F w G RE A

3) KQ)> EEFEAEF FHRLNFEFI T ETULG F 2 HRDRE S FH DT RE

el

UG RSk kTS P RAEF W3 NL 2L LE S e T UL
AT EEH4I ST .

@) F#HF 531 &9 s > B BERY AT ENERFENIRDOLE R HI T G

OSSE #3288 » 29 B k¢ ¢ A 25 ¥ enB F (&> T § B8 T dfoip

RE 2 Ml hif 2 ficfod-B fF A A0 N FEE  STHIhiE A % K
%q'_&/z‘mﬂ‘?‘\*ﬁf’f&}}g‘ﬁzﬁ ﬁlﬁi%%ﬁ—rh:)\%‘% —1'1’{?53 iﬂ%iﬁ_—‘i

30



BB FER X P EORB LR BRI THET S FRE T A S IOF
L RFHEAHFERF FEFDL T

(5) K@) #4LZiw OSSE P 2 g2 B ¥ e w b FiE- HiFsd A4 FRELL
OSSE ¥ ¥ Jjg 1 7 %Wéﬁ4m@v&F%vﬁ&ﬁgﬁmw&%é%fg%

dUET AT AT S e b FALREL B Rt R U A TR 2

SemE A A 0 £ ¥ LR S 532 H R L HE Bk w b HHE 7

_—_E: }i;,ﬁl‘{‘lpﬂ”z\ﬁ."

hpas)
‘L\
-
4
>—L
s
.
She
3
J
W
a1
i
“J
Fs«-
=
wn
wn
)
@]
<
%\_

(1) i BRIl Sia 59 0 7 gt GRAIE R B G R TR Y BT LR

%ﬁﬁ”ﬁi?‘]ﬁaﬁ'giﬁ AR BT oz A B35 5300.05 1 b otk b oo u‘f

(2) ¥ OSSE ¥ hf &k L & L F BRITH Bl b FREIRS § 2 8Ff
PPI 2 35% » &5 4 ™ WISSDOM ek H-F 8% o

(B) FEXAVME FREET - ATEEAREF FF T LR fod BB
3X3 B WAERLAELHEEVRBET At - R T UETRET R RB DL SRR

P EMS AT ERIEE -

31



£ 2

%, 2019: ?‘FK "B AT EF R ERRED I RRFE FETRZ AR F

~

Fow a4 oRlE, S FAEE Gk B2 P & < 5109 pp.

K&, 2016: 1 ELPIFALE B R R FECAE: SRR S gk A A ok 4
2 WP L <8 T4pp.

Armijo, L., 1969: A Theory for the Determination of Wind and Precipitation Velocities with
Doppler Radars. Journal of Atmospheric Sciences, 26, 570-573.

Brandes, E. A., 1977: Flow in Severe Thunderstorms Observed bu Dual-Doppler Radar.
Monthly Weather Review, 105, 113-120.

Chong, M., and J. Testud, 1983: Three-Dimensional Wind Field Analysis from Dual-Doppler
Radar Data. Part III: The Boundary Condition: An Optimum Determination Based on a
Variational Concept. Journal of Applied Meteorology and Climatology, 22, 1227-1241.

Collis, S., A. Protat, P. T. May, and C. Williams, 2013: Statistics of Storm Updraft Velocities
from TWP-ICE Including Verification with Profiling Measurements. Journal of Applied
Meteorology and Climatology, 52, 1909-1922.

Dahl, N. A., A. Shapiro, C. K. Potvin, A. Theisen, J. G. Gebauer, A. D. Schenkman, and M.
Xue, 2019: High-Resolution, Rapid-Scan Dual-Doppler Retrievals of Vertical Velocity in
a Simulated Supercell. Journal of Atmospheric and Oceanic Technology, 36, 1477-1500.

Doviak, R. J., P. S. Ray, R. G. Strauch, and L. J. Miller, 1976: Error Estimation in Wind Fields
Derived from Dual-Doppler Radar Measurement. Journal of Applied Meteorology and
Climatology, 15, 868-878.

Gao, J., M. Xue, A. Shapiro, and K. K. Droegemeier, 1999: A Variational Method for the
Analysis of Three-Dimensional Wind Fields from Two Doppler Radars. Monthly
Weather Review, 127, 2128-2142.

Gao, J., M. Xue, K. Brewster, and K. K. Droegemeier, 2004: A Three-Dimensional Variational

32



Data Analysis Method with Recursive Filter for Doppler Radars. Journal of Atmospheric
and Oceanic Technology, 21, 457-469.

Giangrande, S. E., and Coauthors, 2016: Convective cloud vertical velocity and mass-flux
characteristics from radar wind profiler observations during GoAmazon2014/5. Journal
of Geophysical Research: Atmospheres, 121, 12,891-812,913.

Lee, J.-T., D.-I. Lee, C.-H. You, H. Uyeda, Y.-C. Liou, and I.-S. Han, 2014: Dual-Doppler
radar analysis of a near-shore line-shaped convective system on 27 July 2011, Korea: a
case study. Tellus A: Dynamic Meteorology and Oceanography, 66, 23453.

Lenschow, D. H., 1976: Estimating Updraft Velocity from an Airplane Response. Monthly
Weather Review, 104, 618-627.

Lin, Y.-L., R. D. Farley, and H. D. Orville, 1983: Bulk Parameterization of the Snow Field in
a Cloud Model. Journal of Applied Meteorology and Climatology, 22, 1065-1092.

Liou, Y.-C., and Y.-J. Chang, 2009: A Variational Multiple-Doppler Radar Three-Dimensional
Wind Synthesis Method and Its Impacts on Thermodynamic Retrieval. Monthly Weather
Review, 137, 3992-4010.

Liou, Y.-C., S.-F. Chang, and J. Sun, 2012: An Application of the Immersed Boundary
Method for Recovering the Three-Dimensional Wind Fields over Complex Terrain Using
Multiple-Doppler Radar Data. Monthly Weather Review, 140, 1603-1619.

Liou, Y.-C., J.-L. Chiou, W.-H. Chen, and H.-Y. Yu, 2014: Improving the Model Convective
Storm Quantitative Precipitation Nowcasting by Assimilating State Variables Retrieved
from Multiple-Doppler Radar Observations. Monthly Weather Review, 142, 4017-4035.

Mewes, J. J., and A. Shapiro, 2002: Use of the Vorticity Equation in Dual-Doppler Analysis of
the Vertical Velocity Field. Journal of Atmospheric and Oceanic Technology, 19, 543-
567.

North, K. W., M. Oue, P. Kollias, S. E. Giangrande, S. M. Collis, and C. K. Potvin, 2017:

Vertical air motion retrievals in deep convective clouds using the ARM scanning radar

33



network in Oklahoma during MC3E. Atmos. Meas. Tech., 10, 2785-2806.

O'Brien, J. J., 1970: Alternative Solutions to the Classical Vertical Velocity Problem. Journal
of Applied Meteorology and Climatology, 9, 197-203.

Protat, A., and 1. Zawadzki, 1999: A Variational Method for Real-Time Retrieval of Three-
Dimensional Wind Field from Multiple-Doppler Bistatic Radar Network Data. Journal
of Atmospheric and Oceanic Technology, 16, 432-449.

Ray, P. S., C. L. Ziegler, W. Bumgarner, and R. J. Serafin, 1980: Single- and Multiple-Doppler
Radar Observations of Tornadic Storms. Monthly Weather Review, 108, 1607-1625.
Ray, P. S., R. J. Doviak, G. B. Walker, D. Sirmans, J. Carter, and B. Bumgarner, 1975: Dual-
Doppler Observation of a Tornadic Storm. Journal of Applied Meteorology and

Climatology, 14, 1521-1530.

Ray, P. S., K. K. Wagner, K. W. Johnson, J. J. Stephens, W. C. Bumgarner, and E. A. Mueller,
1978: Triple-Doppler Observations of a Convective Storm. Journal of Applied
Meteorology and Climatology, 17, 1201-1212.

Reasor, P. D., M. D. Eastin, and J. F. Gamache, 2009: Rapidly Intensifying Hurricane
Guillermo (1997). Part I: Low-Wavenumber Structure and Evolution. Monthly Weather
Review, 137, 603-631.

Scialom, G., and Y. Lemaitre, 1990: A New Analysis for the Retrieval of Three-Dimensional
Mesoscale Wind Fields from Multiple Doppler Radar. Journal of Atmospheric and
Oceanic Technology, 7, 640-665.

Shapiro, A., S. Ellis, and J. Shaw, 1995: Single-Doppler Velocity Retrievals with Phoenix II
Data: Clear Air and Microburst Wind Retrievals in the Planetary Boundary Layer.
Journal of Atmospheric Sciences, 52, 1265-1287.

Shapiro, A., and J. J. Mewes, 1999: New Formulations of Dual-Doppler Wind Analysis.
Journal of Atmospheric and Oceanic Technology, 16, 782-792.

Shapiro, A., C. K. Potvin, and J. Gao, 2009: Use of a Vertical Vorticity Equation in Variational

34



Dual-Doppler Wind Analysis. Journal of Atmospheric and Oceanic Technology, 26,
2089-2106.

Tong, M., and M. Xue, 2005: Ensemble Kalman Filter Assimilation of Doppler Radar Data
with a Compressible Nonhydrostatic Model: OSS Experiments. Monthly Weather
Review, 133, 1789-1807.

Tseng, Y.-H., and J. H. Ferziger, 2003: A ghost-cell immersed boundary method for flow in
complex geometry. Journal of Computational Physics, 192, 593-623.

Ziegler, C. L., P. S. Ray, and N. C. Knight, 1983: Hail Growth in an Oklahoma Multicell

Storm. Journal of Atmospheric Sciences, 40, 1768-1791.

35



it

% 3.1 F ;% Beltrami flow & 3¢ WISSDOM ¥ # & % ek T

1
WISSDOM % 78 ¥ & 15 4 g £ fh ik

e b 2R A PR TRIE (aq) 100
LA 2 AR9E () 4 %108
3 fF &R A2 (as) 4 %1013
FRIFIE (ay) 1x1071
alfahh 0
alfahv 1x 1010
Laplacian F # 7
alfavh 1 x 1012
alfavv 1x 1011

36




‘f‘f m

,;Taiwan radar coverage at Z = 1.00 km  , Taiwan radar coverage at Z = 2.00 km  , Taiwan radar coverage at Z = 3.00 km

(a) ) » (b) ger () g

25 25 25
A e g
24 24 24
23 23 23
22 22 22
21 21 21

25 119 120 121 122 123 124 s 119 120 121 122 123 120 s 119 120 121 122 123 124

,,Taiwan radar coverage at Z = 4.00 km  , Taiwan radar coverage at Z = 5.00 km , Taiwan radar coverage at Z = 6.00 km

@ - © . O o
26 ~ v 26 ~ 5 26 - E
25 25 25 8
< P )
24 24 24
7
23 23] 23
22 22 22 6
[
[T
21 21 21 g
3
c
28 119 120 121 122 123 12a P 118 120 121 122 123 124 P 18 120 121 122 123 124 -
[
>
,yTaiwan radar coverage at Z = 7.00 km  , Taiwan radar coverage at Z = 8.00 km ,,Taiwan radar coverage at Z = 9.00 km 4 ]
149
: -
(g) o (h) 255 (l) o | | ©
26 - 26 - . 26 - E °
J
25 25
< P
24 24 2
23 23
1
22 22
21 21 O
25 me 120 121 122 123 124 g 119

,Taiwan radar coverage at Z = 10.00 km , Taiwan radar coverage at Z = 11.00 km

G L ®

25 25

ey -

24 24

23 23

22 22

21 21 21

8 1s 120 121 122 123 12a s 119 120 121 122 123 124 Ps 119 120 121 122 123 124

Bl L1 S 2 npitn Br FRRART ERAT AR - @IMAYAL7 kA
T2 122 FRSRTERESET B FZ 45§ % F S-band F &

=% ~REF = 2753

FIRS
7~
=
ol
AR
;31
jui]
e
¥
s
“e
Qe
It
F\N
AC|
NENS
]
i
Py
=
jui]

el SR

37



W21 *AREREFJATFRREORER 2 RAR LSRR 250
SR ABEF S 24 A 5 p B ¢ B S & %4 B(ghostcel) G+ E4 ]

BIR) S o e RBEDEGHRGC > 27 B3R GIr G eha g LE 303 A R o

38



0

eltrami flow of horizontal wind at height
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Beltrami flow of W at height =1.50 km Beltrami flow of W at height =3.00 km
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Beltrami flow W wind at Y =10.00 km
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Wrfout initial Temperature at Z =3.00 km
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lemrfout composite reflectivity at time =110.00 min 16}g'lrfoui: composite reflectivity at time =115.00 min
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wrfout W wind at Z =5.00 km _ equ W wind at Z =5.00 km
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wrfout W wind at Y =50.00 km
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(a) RMSE of retrieved W (b) SCC of retrieved W

1al — RwoNC 14
-=- RwWNC

12 12

10 10

t 8 T8
X X
N N

6 6

4 4

2 2

0 0

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 0.4 0.5 0.6 0.7 0.8 0.9
RMSE(m/s) SCC

Bl 4. 11 RwoNC v RWNC F ji e w b ¥ 4 & & 9 RMSE 4r SCC %8 4 #ic R - (a)
wh #RMSE 23 5 (b)5 wh #:1SCC A8 24 M5 RwoNC %% ; &«

d mMEE RWNC 7% %% > it & RMSE/SCC ~ #c; &ihit & 3 & o

50



wrfout W wind at Z =5.00 km
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equation W cover after filter criteria
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IOP3_wNC W vs IOP3_woNC W
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