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Abstract

The purpose of this study is to explore the feasibility of assimilating
atmospheric state variables observed as well as derived from Doppler
radar data to improve the prediction of a thunderstorm development. In
the methodology, the complete algorithm is composed of three steps,
namely (1) wind retrieval, (2) thermodynamic retrieval, and (3) moisture
adjustment. The performance of the proposed method is investigated by
six experiments, and all of them are conducted under the framework of
OSSE (Observation System Simulation Experiment). From these
experiments, it is attempted to address the following issues: (1)
verification of proposed method (2) the impact of the assimilation
frequency and assimilation time interval, (3) influence of assimilating
with/without sounding data, and (4) influence of assimilating Doppler
radar data and retrieval pressure field only. In (4), the vertical momentum
equation is utilized to obtain the absolute potential temperature fields.

The results demonstrate that the accuracy of storm rainfall
prediction can be improved after assimilating observed/retrieved
atmosphere state variables from Doppler radar data. However, the impact
on rainfall prediction from the assimilation frequency and time interval is
insignificant. By contrast, the model forecast can be improved
substantially if the data from a sounding released within the analysis
domain is available. Furthermore, after the first assimilation with sounding,
if one conducts a second assimilation even without the information from
sounding observations, additional improvements can be achieved. The
application of this method to real case study would be a natural extension

of this study in the future.
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% BB PR E 0 2 R e e JE R Tt e

z
RGIETE SEURRVECE ) S R W
2.2 %4 F

wEE A B TR b ARy 2 00 GCT8 7 2 G A H# > GCT8 &
L EAfE- BHRAEH G Mehe &2 4250 (Poisson equation) » # * gt
G F PR AT RS B R RS2 L1 A B R

RHEEE A §FL A ERDERIEE > Wk FHEELFL oA

~‘.

AR GCT8 > AR VARG R 2§ A EEREFRE S A
W HPEA 4T

LE R AERET BRI EST AT S

1 [ou — orx'
— | =—=+V -Vu-— fv+turb = F
o, | ot + u + tur (u)] r” (2.11)
1 [ov — orx'
—| —+V -Vv+ fu+turb(v) |=-—=-G
0. | ot ( )} oy (2.12)
1 [ow = or' 0.
—| —+V - Vw+turb(w) + =-—+ < =-—-H
evo[at (W) gqi oz 0.0, (2.13)

SAgN Y s R e A AT A & f (basic state) g d & 0 TR0 R
RA AR o HY g5 m =8 (virtual potential temperature) ik A&
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0, = 0,(1+0.61q, ) (2.14)

ViU~V W= Iﬁa\ﬁm&,fiﬁi«x@;,ggg!\ seig B0 0,
& -k & £8 &+ (rain water mixing ratio) o turb( ) 7 = g enpt i
oo Al Fgcit S NEY oo ARG F R > WY o Exner

o2 s

function > U ER 5

p.\Jjc,
”=Cp(—)%: (2.15)

He P EF R Pp=1000hpa » R L 7 %# > C, 2 %R 4

=Ry

(specific heat caPacity) - 6. (virtual cloud temperature

perturbation) & m 3 EHEHE > H o Hor 0 KT E ZoRHT R T

L

0. =6 +(0.61q, —q.)6, (2.16)
# ¢ 6% % (potential temperature) » 0 3 kg z 2R E > (
E2 kg Rmen - O p 5 B g 2o,

6,=0(1+0.61q,) (2.17)
Fohoa Rz ERENQ T d FEwR B T TEKAF L]
% Marshall-Palmer 73| fx & ™ » f* Z-Q, B 7% 3% 53+

3—25|ogM +43.1=27(dBZ) (2.18)

_3 .
¢ M=pxq, (= kgm™)  p 255 %A -
AT ﬁ?’@’ﬁ%%iﬁm B EFETEL LA EGL B

e wmEA e o BT REFEID Q212 21D EF5 B R

8
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FREKTHE N2 112 (2.12) 0 Bl & F a0y & S B (cost

function) & :

J==jjh%2+l%2thy (2.19)

or or
pl—(E—FJ ) pz—(E—Gj (2.20)

P S R AR 0 RS - ARG R S T
- B AR o 8 R RABTNE 0 A K TR e R
é’% i 27}"1 ﬁvi_’ A e © ’]‘}E_’ ‘ jLopb I% = @yﬁ’{,b » (BT )"J \ :

o’ 827r'_8F oG

st =+
N A (2.21)
OX oy (2.22)

25%(2.21) % Poisson = #2.3] fE #7 4 7% e B AL 0 1 E 4o 8 (2, 22) 4
7 Neumann 3 & iE 2> Hag # 3 X =X » X=Xz 2 Y=Y Y=Y e &+ o
(X > X2 Y o Yoo 5 XY 2 wen 4380 ) o d 3@ * Neumann 8 %

EE s BB i3y 4 FrE- g Frd o8N (2.21)3 (2.22) 7 R R -
AR PF TS BEESCCE S R
- g o BE - Koz —(7)E B ks Bt 23 6E 2 A2S

(2.13) 0 BIT 416, -(0, ) > WA T iR AEHEApETH kT T 500 £

£ o ArT Aon
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TR B E LG e B IR TR e ALY Y AT B

SR Fa’ﬁr E 0 T ERK KA g@&?fr’ w g 4% 3% 1 ’él?‘ff" PR R

H| g B L BE S T AR £ T ,TAU? MREFERETRE IV HIBE o AT Y 2 1Y
FRANFARGE - FIE A Y 2R R GHE N ImsT R G
Ea ok i o P RERITH e

DFI5 & F Ln%m@ﬁﬂ’%ﬂﬁﬁﬁﬁiﬁﬁﬁ?a’Eﬁ%
e engde 4 Ko AR R AT FREFE CEREFEAH

W HK T T s i LR s'rvyz'—<7z'>;zi? ec'—<9c' > i m<72'> . <<9C>
AAmhF e ¥ & F RS PRy RFEHm 2§ ak T 84
LF RS IR RBFE o wE N AE BRI - BB HER

BIE > TV EI A FERBRE = RZ T DA F ) o 27
=4

5

TR A R RfRA - R0 - R R PELTH A Rl S
kB (7)) (0)  F A TR EA () (0) ® A a
Bl ALY RRETF AN E- B - BELITRETHE - 4
SR RE RS G R EBMEE e BIF R EREHE -

%;ﬁg $ufs 4 K FiEAE 0 T (8 7z'—<7z'> . 0;—<0;> cid RS o5

e T
R
j (p—(p)) (2.94)

7{x)~ %(%

Poo

~0,)=0—(0)+0.61(, ~(a,") - (a. — (a.))}e, (2.95)

0—0)- (EJK(T 1))k (p~(p) (2.26)



CRABE - B SR ORARE W (O)2 82k

’@?wgﬂﬁ—-éﬁﬁ;h—<h>vr—ﬁ>ﬁﬁp

7
:B£“%w$—maﬁ@ﬁ%ﬁwéﬁi~%%hﬂ¥2?#’ﬂﬁﬁﬂﬂﬂﬁ@
SR BE R G REERE(P T ) o Rt F RIEZERIIL

S FARAF(R TR @B I - FREDF REZERAERE
(P >THexeh Flet 5 FRE P Qﬂ T—ﬁ>é%’%ur

CFAREP TR R ER P T dhz ahF A bk G

PR AT o PR SRR Y R R A P R

P
b2 f R EE kT Taag ()« (0)) -
DA * 4 FiF2 BTN FHE N A PBEER 0 H 2N
(2.27) - #H ¥ A=2533x10°kPa ~ B=5.417x10°K - £=0.622 -
B
(2.97)

T, =
In L
(qvo p)sfc

A A BRREZLERZ LBV B %A (Lifting Condensation

Layer; LCL)# % & (Rogers and Yau,
T-T
H(hﬂ)z( 5 d) (2.28)

rig o e P FHEW

198PH » = & 4eT

FE o FFAARFRC

BT %3 @ |
N e gL i 5] b fofR o

D R 3 a= ] A I ﬁkﬁ—%&ﬁf
SR B e £ kTR € (2.20) + & & £ KT

Hd

DN * FAESFT: v ¥
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e (2.30)

_B
e,(T)=Ae & (2.29)

ge_s
D (2.30)

Cvs

Dt foaf gt P E AR F S kTR L FHE D (2.3D)
qv - qu _qu (2.31)

Ao O i % FAKKTREL o Tobo AT m BBy » 2R3

ﬁ_‘—l %‘ i"\f\;’»r—"% fﬁ" °

5) #HIANKB KT R L FERHEG 0 B A H I D

(2.25) > B0 3£ 5 F @ 52k &0t (ORI LR * 8 4R e
#Fr- e

o RSER - EATHE RS RT RMPERIFEAHID T
TATIE 7] e R B TF i rfoands (T o 2 {2
%‘%‘s&iﬁﬁ;ﬁ? 34 &d A ¥ E %‘;2,7‘5;'%72 1~4 endp N igA42 > B KA R E W2

BRFEDN PR TR MER > PRI A FER T X2 I A

§%hw%ﬁa’ma§¢ﬁ@ﬁﬁ,ax—ﬁme?@aﬁam=0é
R 0 TR S K & e Bl 1 Q=0 A 7 s gkt
BELAFAARKTE e A % - i {8 el A 0 B
B R RTR AV ERE 0 (=0, 0 (H ¥ O, 5 HAAEHRD
o it FFerv KGR B ) KRG A A RN E 0 RIS PR R R B IE e
2.7 i }3 ;FmZtUr\ J\,—L‘,"%‘F!\Pﬂ.’mn\4c)\ﬂl FER e o H et &
foeh2 BL o PR * b T R PR A 2 R

Sd AR E AT R 0 R F kA~ FEATELB O R
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3.1 &EHNN5:

NG AR EcE oyt 5 WRF v2. 2.2k 0 B0V AL £ R R

# 73 7 < (National Center for Atmospheric Research ) #7# % crs.

Sy

- REE X F FEAR A Ao L5 X F AL & IR (Weather Research
and Forecasting Model; ™ ™ #§ £ WRF) -

3.1.1 WRF #5832

WRF #5832 PR R S et 2 2 Pl 2 enX § k% pip
TP ORI ERTRERL 202 > RERE SRR LA L 0.5 2
2o x40k o R TR BE: 4] x4l x 400 He ez B R
80 x 80 x 20Km® » FAPFRFFFES 104 o

% WRF #-5% cjied» 3272 » 2 A7 7 Pl 838 * Kessler Scheme -
2 5 Kessler (1969)#r#& &t ke— B HE o FfAplyHr2E > vigde 3
TORF S ZoRE AR o TR RGPS S JIEE ZF el A

i B & B BBt e ft ¢ R PR
Pfl e A AEY 0 HARTRRTR G 2202 0 ¢ AR EII R R

I
R
ud

ﬁ@’ﬁﬁﬁéﬁﬁﬁﬁﬁ§$&%°%&§%§l4ﬁ’Mﬁ?%ﬁw

WAy P o EH 3D quarter-circle shear supercell (Weisman and
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Rotunno , 2000) = & % k¥ o

3
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LiERARBERY § YA g
A RFMZE T RASEMRY  EXRBAAL BT B RS 1/4 Bl &
Rk AeB] (3 D) #rm o B R 4y i de™ DA 0N BSR4 BORE B
RE(x, v, z2)=(14 ,40 ,1.5) 22 > B > - B¢ < PEHIER F KT
wEBEES K 2 H SEERAY o nREARIE R3S > DR o

10km ehi= 8 /R RFFE 5 F ~ SHpffiade o 27 ko gt #e 2 WRF
BV - 2 TREIFEZ T A3 e v iE - Tt T EERE

FEM L A A FERBOARE S BRI R o~ BERSE RTR S D

Sk
it
W
I
A
ik
=
W
=
(@p)
=
N

T % i (CAPE)2200 kg en® % 7 f£ %4 § 7%
il o gFREFenfh o > st %2 ¢

LEE-EFRFL VT REAAG-Bood V- B 40— HT %
FoZor AT EBRE e ATTEBAL RER A E

s BT RS
3.1.2 OSSE % %% 4

BLR % FeticRF % (Observation System Simulation Experiments)
i ALOSSE » 8~ fhd m4kF %L FORE % B F BRI T AL BRI kSR %
A TR EATROERER N EE PR ERE > E 2 - RERHEF S
F A (natural run) E BRI FAL o @ OSSER Be b2 & chp B3t 3F R 1
ok p AR ST BLR] ) SLTBLR AN I E X F R A A 2 R
AFE Y o B IR G E A E R AR P Dk g 0 EATIEAR L 0 M

BEARBRER CF ROCEO T R R R R DR -
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3.2 R~ AAL

PR AR R R B R R o Ay £ &
hdk ¢ o @ H A RSP DI RERI TR S FIFEERGY > B IES
PUE MR o R BRI FER AT P 0 @ BIR K SRR ke
l% o
1)}7 ‘j"-"f'J’# WRF #5538 97t 2 enI2 2 B -::,”g v 12—~ Bl I’}i;}ﬁ;};;

ARA KA S Z A

F

=
T T EL BRI RETETY RS > A AL L f s
MR BT S L A R R RS T RRT ) TR 2
Eeh FROAYTEE- JTEdo ey A uea(x,y,2)=(100,0,0)
222 (x,y,z)=(100,80,0) =2

X EFREe R FEL TRTRNOETERFE LN > LFRG S

RS

ER A o DR EL RS FOTT F RERI ISR A

B LA B ERB NS h o WAFHY o TEBR L BERR
BEE 3 A4 e H BT BRI R FEIEEE L% 30 4 4(30:00)pF ¢
ERRFLOFAFRIERIFAF 7 RS % 28~ 30 4(28:30)
2 % 31 &~ 30 #/31:30)eh= g h HB4 > FED S B p#T E T

v T RIS T E RS BREFATEBIE S R o T 0T 50

V= e I ey 2wy (3.1)
r r r

He U~V - WZz@ahHFoV &5k XY ~Zi3zF¢E-#

Bz o X~ Y~ L R FE e o RIS ET Y SRR -

Vs Belgd (B ims™) § w3 Z(8 =t dbz) ] » B, £V, =0
v 0.0957

r_ﬁ l’li‘ﬁé#l'j—q s VtEJ i :_3 O88X(Z) o 5' I‘ ’ d ""'.:F? iﬁ/?
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@,a?ﬂ*%@J%Fﬁﬁﬁ’@ﬂ@“ﬁﬁﬂm%@%%£ ERES
sk ok L8 o7 (7)) 6 -(0 ) -

)i o BEAI* WRF H58 9 cnB BB R E Y - B e T3
FOECERE SRR RN > 2R (x, Yy, 2)=(14,40 ,1.5) 2 2k B 2
- @Y cEFER L 0OK(TREREAS 0.5K) BARAEF R < B

I > D PRk L TRBRE T A F P A X o

N
i

B2t enp chE 8 (95— BA» 4005 2 Ricss chdre > BT kR JF RS 4
w T T HCRE 0 FE AT

C R ARINSAEHEREENT AL T RBEFHD D F KRR LR
f

DN R 2 RS ol RN A E

_j
7—.
i
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-
o

|~
Sy
N
¢

3.3 k> iz

rEE G TRk SRR % (0SSE) 0 kdE R it T EpF R
2HEH2 A F ARG S L A IEARS R L A H 4 Ak 3t OSSE

FHEF TRBREF G R LS AU RO REF R &
FHRAIR AR EARRE om 50 F LB At RES o s I F 5L



351 chz B Ap M i #ic(Spatial Correlation Coefficient » f§ £ SCC) ~ 4n
2> 12354 (Relative Root Mean Square Error - f§ # RRMSE) & v # e
tES o3t gL 5 o PIER® * GS ¥4 (Gilbert Skill Score)% *%
# 40 B Tk #c(Correlation Coefficient > f§ £ CC) k4= % %% 7 K3+ 07
e it i ¥ kaweF o

3.3.1 it B EHEK> 2

(D) 2 T4 M ik
Z [ Ap B 5 8c(SO0) T & A0

sce(n)- 2 —AIA-A) 22
S -AYS(a-A)
HYP ARARFFSEFRF S KAFERS THROrEF g s mt

PIETEREF A F RS % - Voo AR FF FRE PN = Al

U

S AP M Gl A -~ 2B BRI EFF FhF R FRE R

FEFLARM Y AR

(B) #p $135% 10354
10 %1457 4238 £ (RRNSE) %L 4

\/ (A =AY

(3.3)
\IWZA[
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HY AREARASSFEREF S KIAHFERF THRDOrEFFaEEs At
AT REI R A F RS R N R EF RS P AR e 2 2R3 8 RRMSE
B ATFREETFEIRRELEL

3.3.2 x E*E kiR 2

(A) 4p M ta ¥
AP B T8 (CO) T & A0 T

CC(A)= Z(Ar ~-A)JA-A)
A -ATS(A-AF

AP AGFHREAE S AZRRER T R D - HRATER RS

(3.4

rTime AFTF UM G L R - WA SAME AAEA R K H - XA
M il - BAERAIF A 0.5 1 IRE A AR o
(B)GS &

GS 7 4 (Gilbert Skill Score)®_d CSI(Critical Success Index) T
FasdpBog®a ko BA sl TR, 8 TR £ 342570
Moo R R st a B o 2 199 Schaefer(1990) %13 e 48 " 3g3R | 22
TEE FA 7B i 21 FTaMAfEL: T TartE S X7 R

#CSI & GSHE A

CSI=(X_P{+Z) (3.5)

C=PxBqg (3.6)
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(X -C)

GS =
(X -C+Y +2) (3.7)
LAY X R G PR - B BIERES ARG Ek 0 oA R mER
S FEF G R P rdh TEREBEF S5 OBEERE S G ERBIE o B

BLE M AETEIR 0 Bt X EE o FIHFANAREE L A P ERPIEN T
FEk ORISR L R Y RE e FUAHEN ARG EL A FE
RIErmE R R R FERY O Lo BRLRPFR S WRE L &7 977
EoRBEEC P ATy ARG EoRBEE T ST G B CRI S B
B oCSI3 840 (3.5) 3% 7 &7 F#3pgR et i) o 12 CSI ¢ 0 X * (X-0)
Bt e X3 B0 R0 (T FE]GS B oGS @A hE 42 0~1 2 F > GS
Bl % TR G R AR Jﬁ:}y;wa' e L X hkH93& 117 250
Bz TAa  hEd 4y 24 [ PFRAEARES0F Rk oD HY g
— I FEREZIDEA NI ZEARGRTE - FHBRFES G & -
g;;£5A\f_\mﬂzﬁw:»ﬁ%é_l.ZS%‘ﬁf."ziﬁ%’#iéﬁ“iarii%koﬁ—

SRR F S ERIF L 0.4 B G A LR
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AEEE S Fitd b 3R eng BRI SR RB 2 G EEPy S
Tohle CERY O THERER Y B T(xy) s (2L 2D B - B
BRIFZFHR 2t ey B b x @95 42dBZ2 DR AR

21
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4.2 FHz2 TEBRIF<F, ¥ 60~480F L3 FRYVAES S 2R
B ¥% kTR & v 3 SCC 2 RRMSE & -

SCC dp dp dp t v
/{& /4& /é& P | - ! "

3-1 0.96 10.92 (0.72 |0.73 [0.99 |0.99 ]0.99 |0.94

3-2 0.96 10.92 [0.72 |0.36 [0.99 |0.99 ]0.99 |0.94

3-3 0.96 10.92 [0.65 |0.12 [0.99 |0.99 ]0.99 |0.94

RRMSE d%x d%y d%z pt q, u Vv W

3-1 0.32 |0.42 |1.28 |2.17 |0.08 |0.01 |0.05 |0.37

3-2 0.32 |0.42 |1.26 |1.54 |0.08 |0.01 |0.04 |0.37

3-3 0.32 (0.42 |1.47 |2.42 |0.08 |0.01 |0.04 |0.37

243 R TERBREF G RF 60 AAR o L F R RS 2E
BRAEEHZ LA R &35 8CC 2 RRMSE & -

SCC dp dp dp t v
/{& /4& /é; P | - Y v

4-1 0.96 10.92 (0.72 |0.36 [0.99 |0.99 ]0.99 |0.94
4-2 0.96 10.92 [0.73 |0.39 [0.99 |0.99 ]0.99 |0.94
4-3 0.96 (0.92 [0.73 |0.36 [0.99 |0.99 ]0.99 |0.94

RRMSE dBé; qgé; dBé; pt a, u v W

4-1 0.32 (0.42 |1.28 |2.17 0.08 |0.01 |0.05 |0.37
4-2 0.32 (0.42 |1.22 |1.51 |0.08 |0.01 |0.04 |0.37
4-3 0.32 |0.42 |1.33 |[1.57 |0.08 |0.01 |0.04 |0.37
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244 FHRIETRBEIFAF VR CBAF LRI FRPAS 2R
B2 kTR £ 30 SCC % RRMSE & -

5-1(60) daé; QBG; dB{é pt a, u v w

SCC 0.96 10.92 0.82 |0.83 [0.99 [0.99 [0.99 |0.94

RRMSE 0.32 [0.42 (0.8 |0.71 |0.07 {0.01 |0.05 |0.37

5-2(70) dBé; qgé; dBé& pt d, u v W

SCC 0.94 (0.91 (0.8 |0.78 10.99 (0.99 |0.99 |0.95

RRMSE 0.35 |0.44 10.56 |0.85 |0.09 [0.01 |0.04 |0.34

5-3(60) dBﬁ; qgé; dBé; pt a, u v W

SCC 0.96 [0.92 0.8 [0.83 |0.99 [0.99 [0.99 |0.94

RRMSE 0.32 |0.42 10.59 |0.71 |0.08 [0.01 |0.04 |0.37

5-4(70) dBé; égé; dgé; pt a, u v w

SCC 0.9 (0.91 (0.8 (0.7 [0.99 [0.99 10.99 |0.95

RRMSE 0.35 |0.44 (0.56 [0.84 [0.09 (0.0 |0.04 |0.34
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245 FH-2 TEEBMIFF, 2% 60440 L3 FRYVAES S 2R
B ¥% kTR & v 3 SCC 2 RRMSE & -

SCC dp dp dp t y
/é; /4& /{é P | - ! v

6-1 0.96 10.92 (0.72 |0.73 0.99 |0.99 ]0.99 |0.94

6-2 0.96 10.92 (0.72 |0.50 [0.99 |0.99 ]0.99 |0.94

RRMSE dBé; QBG; dBé; pt a, u v W

6-1 0.32 (0.42 |1.28 |0.72 |0.08 |0.01 |0.05 |0.37

6-2 0.32 |0.42 |1.28 |1.07 |0.08 |0.01 |0.05 |0.37
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B 4.1 Tnatural run; >t % 60 » 48P > ;> x=10km & K & SFeLE 2| e B -
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