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Abstract: Based on WRF model and the Hybrid ensemble-3Dvar data assimilation system, this study com-
pares radar radial velocity (V,) assimilation with T-TREC (Typhoon-Tracking radar echoes by correla-
tion) retrieved wind data assimilation and their impacts on the analyses and forecasts of tropical cyclone
(TC) “Chanthu (2010)”. In addition to the cycling strategy of V, assimilation and T-TREC wind data as-
similation, a combined radar data assimilation strategy is proposed., which assimilates T-TREC winds at
the first cycle and assimilates V, data during the rest cycles. Concerning the respective advantages of two
types of radar wind, the new cycling strategy aims at exploring the suitable radar data assimilation strategy
for the forecasting of landfalling TCs. Comparing three different cycling strategies, the cycled assimilation

of V, data requires more analysis cycles, which leads to delayed starting time for the deterministic forecast.
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By contrast, the assimilation of T-TREC data produces better analyses and intensity forecasts than the as-

similation of V, data during the earlier assimilation, due to the larger data coverage and more complete

wind fields for TC circulation. However, as the T-TREC winds contain retrieved errors, the increase of

analysis cycles leads to degraded TC forecast. When the two types of radar wind data are jointly used, the

combined radar data assimilation strategy provides favorable forecast results no matter how long the

analysis cycles are.

Key words: typhoon, Hybrid ensemble-3Dvar, radial velocity data assimilation, T-TREC wind data assimi-

lation, combined radar data assimilation

E1=

X Bl 5 XUREAT ME B 9 B8 A2 L 5 R R R K T4
KA R 7= 2 4 . BT 4 B AR = A TR K
A B B 7t B B KT R R g 0 O B A
B T3 AORTT WLI BORE R A R [ % .2015) . I
RESREEATEINE AT PURI NS A K AN A LR
BB, 2014 5 9k fh 25, 2014) f £A JE R i F 5 XU 91
(EmIES,2003; JE MR EE 2004 ALK S5.2010) .
Xiao 4 (2000) 48 Hy T A i Jie [7] 16 75 i (BDAD . 3@
1 B b A e A A B B TR BE Ty . T AR SR
(2010) . X1l % 45 (2012) , Zou 4§ (2013) Ml x| # %
ROIDWFFE T LA GERH R A X 5 UK A2 5 B il 4
AR

A5 i A UL T B o o 2235 0 7 3 2 ME — BE A5 WL
)& K= 2 250y B EL A & B 28 45 3 2500 00
BTz N TN R KA (B 45, 201115
IR 2012) . [ N AMIF ST 3R W T 36 AR 1) B EE
(V) B RIMLRE 48 B2 o8 & X4 A A T4 g
(Xiao et al,2005; Zhang et al, 2009 ; Jiii Z &, 2006 ;
TR 4R 55 . 2009 3 2581 I 45 , 20135 il 8255 ,2015) . 4R
M. TV, BB AR 3 75 3542 ) 7 1) i K3
A R A AR XA B b 0 B T T R R R R X3 43
# (Zhao et al,2012;Li et al.2013) . 7EfE5E M0 4 3%
[ 4 2 oh  —BeffF 58 5C T T 7R A S KR e T & X
TR A 5 (5 55 MK 55, 2005 BRIG 55, 20125 Li et
al,2013;Wang et al,2014), Li % (2013) 4t X} & fifi
H RBL 223 (2010) . ) I WRF (Weather Research
and Forecasting) & 7 fl 3Dvar (three dimensional
variational) # 47 T %5 i85 T-TREC(Typhoon-Track-
ing radar echoes by correlation) Jz jii X\ ( F BH 45 &,
201001 V, BEORE Y B [E) AR X e B 5. | T T
TREC X373k T B 5k 58 B o Hdie RO 51 [ 3k 2]
460 km, 4 & KBS I ALK B, T-TREC Jiz 8 K [A]

TR BEAT B 5 R SE B IR e BT 47 - M AR B V, B
P2 R AL RE 5 o 5 35 b o35 5 KUK A28 L iR B2 0 A K T
iz, XL R BWE LGNV, Wl Z 4,
B IA B KT RO 55 TR A 5L AT S
X
AT A R R & m S R G
& T-TREC Jz i Wik & V., WL, #6 a] DL i 9
W E ) 7 N BOE A R . Rk, B A E
BFZ KT ik % BHIE 26 [F 4k i #F 58 . Zhao %
(2012) FE X} & KL 22 % (2010) (9 3Dvar ( = 445 43)
[ PR A5 & 30 3 5 VA 34 W) Ak 1 43 B 3 4, 1
T B O BCER A ) T 6 048 25 SR 0 Bl 3% 5 Zhang %
(2009) 7E X L XL Humberto(2007) i) EnKF(4£4 F
IREPEPO R A I P48 .9 h DLWV, 1G5 1R
P F IR 53 W S 00 5 1 TR A B T b B
I FLI 2 [R) A0 20 1) 36 22, % 442 R0 58 32 %) A s 2 T
AR 22 WD . X BE B 5T AR 2 W 4 A W) A 2
B W ge Ty R F AR T, SR 7R SRR Al 55
AR o DA A T IR R i I ) £
AR A SR R AR 2 B R B AT RE D L AR i Sl (]
RuoJfg, Wik, A S%ZEFAM V, M T-TREC 2 i
JRGX R A s R DR I 9 S G O 0 I R AR SR s . 5
FEE R T-TREC [W] {L 68 % PR 3 a2 37 F e 3% 1
RS (6 IUER R 457 (Li et al,2013), MiBEE &
JRUHE T 5 i, WV 230 T R AV, L SR g R AL T
HERG I XI5 8+ A S22 380K 0 R s XU 3 % )tk
TG TRAL - RIFE & o i Rl L 7R 38 T-TREC &
R MEZ 5 B BT IR SR R AL T 3k V., %5k,
FE AR & KR AL F 58 Wang (2011) , (X 4
A (2015) ML IESE 25 (2015) #6548 Y, B T Hybrid
B8 4y [ AR 7 5 B UK T S 1 22 B O 25 IR
g1 AE 4y [5) 4k HE 4% ( Hamill et al, 2000; Lorence,
2003) , [Al 4k 40 H7 38 2 RE S IR BL 5 & XM 56 1 4K 6t
FRAE A5 50 87 3 50 5 B . A B T 6 KU 428 0158 B8 00
5 BEAh 3 T8 oy [ AR AE SR L 3 g 20 R0 i AR



% 6 39 ZE WA TR R AR 1 KU B XU & TR A6 78 5 XU AR (2010) K {8 B4+ i WF 52 651

S22 P 7 22 Al LLAE Hybrid [7) 46 77 3 H ] i 5K
BLA BTN G R th AT A S A Li 2F
(2015) 4 HEAP 2 X145 J7 i LA 3585 29 A TE U A 2
WRF Hybrid [f] 1t £ 48 b LA 47 & KR AL BF 5% . 2l
T ARG 5 KA S A8 3 1 AR T B S 4
g T B KGR Bk . T Hybrid FAEI5AE &
EAE BT T T8 13X SR 3, AR SORE L 2010 4R 2 i
)R A B & X #R S i, F A Hybrid [7 46 75
EOFIE V. 6B R AL g L T-TREC 778 2 [5] 4k 5
AR 18 IRk [l A 55 s 1) BT 2R B

L YOk SRR R

1.1 Hybrid £E&5-TH R FE

Wang 4 (2008a;2008b) 3t T 28 4y [l AL HE 22 . &
Ji& 7 Hybrid 44843 W A6 77 %8, 38 1 3K A AR f ok
BAEATF B I BT . A BRSO SR -

J=J.+6J,+5J.

- %(d—Hx’)TUI(d—Hx’) +

By )TB )  H@TA @ (D

Ao g AR AR T, e d=y, — H
G 78 S HH yo SO ) 5, x, S S L H 2
JELPELI T H B LS T, x 8 20 Br 1
A, ARG R SR 25 U Jr 28 R X R T S
W I T, AR S 5 A R 22 Uy 22 M R 1
SRR, AR AR 25 U 22 0 bR ) o AR A
a BEGI ABIAR S HESR . i IR T SRR 22 P O 25 R4
AERIRE T 2ZME R TIRHSE R R Bk
NS R T R R 2E B 255,
1 1

M1/8 =10, iR 2ty 22 &0k A # ok
MIT A4 1/p =1 W, iR E M T Z KA E
ST, FTF Li % (2012) %R X, Tke(2008)
MBS, B TR 7Y S iR 2 W Oy 2 Rk Rt 5 & K
O B v R 45 4 5 06 3 45 44 - Hybrid AR 41 o8 %o
B8 0 1E iy 22 AN RE X & R4 A R 39 41 7k 31 1 18T Y
BCEE . B AR 1/p =01/ =1 1R
Hybrid [F] 4k 18 s 505 &

1.2 &FiX T-TREC & i&EX &9

£4: 1) TREC(Tracking Radar Echo by Corre-

lation) J7 5 J& — JE ML 4k 75 3K [l F% Sl ok Al 3 = 4E K
V- B A3 S D 5 i Sl Rinehart 45 (1978)
P IF W T R i K AR I . Tuttle 4%
(1999 7 ¥ TREC JiiEm| A& XA, 38 i 1155
AHRB I Z1 Z 558 AH OC 22 BOR 38 B K- % 3l L2
Mo ST A KER . R BB b, E T 5 (2010)
4 T T-TREC ( Typhoon-Tracking Radar Echo
by Correlation) X3 I 8 J5 i » ¥ 42 [ 38 J 5 B AE
A A BT S5 S ok % UL b 8 T A G R A
B B A 48 2R XK, AT AR U T 5 LRI B [ i A
Xf 457 B 51 S 1 B e X AR Al (8] 8, T-TREC X
iy I i S s IR i R TR IR RO IR (2 R AR )
L (VO BERE, L& KU o i 8 7 7K F O ) 2
24 300 km [ FE AL bR A& L FEIZ AL bR R T AT T-
TREC W37 i, 5 219 T-TREC [ 8 X i & K
O A AR A (B B R IR AR AR 2R L A5 BIK P4 BE R 10
km. FEHPE 1 km f§ CAPPI(constant Plan Po-
sition Indicator) p= i, M H 43 M 1 km 5 F 3| 8

km 5, Bfkf T-TREC N iEFEiES % T
BH %545 (2010) ,

1.3 &RAER(2010) LUK & A 5 R

B KAI#E (20100 F 2010 4 7 J 19 HEFKR E ™M
TV A WO AR s 7 A 19 H 1200 UTC fin i
S KB IF P A m A& 8 7 A 21 B 1800
UTC mig k& R, HAE 7 A 22 H 0600 UTC F 4
BRI BBl ) AR A SNl 8 i B e B e R XL
J112 2% (36 m = s '), LIRS E 970 hPa, B[
Je ISR BN 25 T 2R V)7 U 45 Ml R SR K

[ Bk V., BORSR B H (CLR fE R HKRD)
FFHYLCLA T & F8 YIRD) 25 #hH k. i 1 pr
NS TE B Rl #ER B e A2 o, HKRD(19. 9°NL 110, 2°
E) i FHFGM, YTRD(21. 8°N, 111. 9°E) fi F H AL fil ,
PHER B IR PR UE Tl #5714 20 378 RE 0% 9 AR 47 Hh 4l 2 .
WAV, BERHE M o 0T 5 AL PR S Bl A 1 2 K P
SrHER Ny 4 km B R RAEARRIA% . TR ik T-TREC
K%K R 3 T HKRD 15 35 550RH® S 3, 1B 2 45
T 7 H 21 H 1800 UTC ) T-TREC i X, N T K
5 S A8OR L  T-TREC i K 4% 5% 3] HKRD 42
] 7 1) (] 22) 500 V, (& 2b) EX . 78 HKRD
1V, SRV sEJu B A, T-TREC XA V, 50
WV, EIARRIRZ5H R T-TREC J i 5t & 547
AHEELI V, , T-TREC K74 L 58 A 58 4 1) &5 KA i

4
zn‘w



652 A

% 842 %

2800
#2600
2400
2200
2000
1800
1600
1400
1200
1000
800
600
1t 1400
200

165 11‘(‘) 11‘5°E
K1 WREF I 5L R & Kl #S (2010)
1) JTWC s A 42 0L
(L2 R E PR [ AL I ] 147 B3] 8l A 2% HKRD F1
YIRD F) 2238 08 5 B . B B2 3878 B & B
Fig.1 WRF domain and the best track for
typhoon Chanthu (2010)
(Red line represents the assimilation window and
the shaded area is the height of torrain)

110 111 112 113°E

1.4 FAHAREBEMLEZE

K WRFE B 3. 4. 1, WK 197K 23 BR8N
4 km ([ 1), /KF-J7 ] 463 X463 A4 il 3 7 1] 35
J2 K T % S 50 hPa, & %4k )7 % (Skamarock et
al,2008) % f Lin fif ¥ ¥ J5 % . Monin-Obukhov iF
H1 )2 J7 % . Noah i1 J7 % . YSU (Yonsei Universi-
ty) 1T 2 3 B2 %, RRTM (Rapid Radiative
Transfer ModeD) K i 48 51 77 2 Al Duahia % 3 58 &t
ED

AR Hybrid 7520 R 46 WA (K 2) 5 Li
S5 (2012) — B, 724y M 20 R 40 3 0 I s
(Houtekamer et al, 1998) R EH AN ESG KA . [H
P R A B 3 A ER AR AL 4 A AP BR : (D FE B
A K (K=40) 45 Wl AE 8T —A4 20
e 2% R B RS 535 (2) AR A T T 4R
S48l Hybrid Jy i S 1 5 & W J5 225 (3 1E M

110 111 112 113°E

K2 201047 H 21 H 1800 UTC W} %] 3 km 5 & (a) T-TREC 52 i X A% 5 19
2 16 8 43 2, (b) HKRD 0L 42 (7] 528
A FRE WA DALE)
Fig. 2 (a) T-TREC retrieved V, and (b) the observed V, from
HKRD at 3 km height at 1800 UTC 21 July 2010

(4’ stands for the observed center of typhoon)
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Fig. 7 The 3 km height wind speed (shaded area, unit; m + s~ ') and vector for ExpVr
(as b, ¢) 1800 UTC 21, (d, e, ) 2000 UTC 21, (g, h, ) 2200 UTC 21 and (j, k, 1) 0000 UTC 22;
from top to bottom are the field before assimilation (a, d, g, j),
the field after assimilation (b, e, h, k) and the increment (c, f, i, D
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Fig. 8 Same as Fig. 7, but for ExpTrec experiment
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Fig. 9 Same as Fig. 7, but for ExpTrecVr experiment
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B 10 SHrig & RN FR Y] ) R (R B . moe s™ ') KPR SR (R R 5. KO
(ay, b, ¢) 21 H 2000 UTC, (d, e, ) 21 H 2200 UTC, (g, h, ) 22 H 0000 UTC;
(a, dy @) ExpVrid, (b, e, h) ExpTrec i3, (c, f, 1) ExpTrecVr ik 3

Fig. 10  Azimuthal mean tangential wind speed (shaded area, unit: m ¢ s ') and temperature

deviation from horizontal mean (solid contours, unit: K)
(a, b, ¢) 2000 UTC 21, (d, e, f) 2200 UTC 21 and (g, h, i) 0000 UTC 22. From top to
bottom are the experiments of ExpVr (a, d, g), ExpTrec (b, e, h) and ExpTrecVr (c, f, 1)

®1 mEETHRRBEIIER

Table 1 The deterministic forecast experiments

ExpVr2h ExpVr 3874k 2 h )5 )5 3)
ExpTrec2h ExpTrec ¥ [A4k 2 h J5 5 8h
ExpTrecVr2h ExpTrecVr ¥ [E4k 2 h J5 i3 3
ExpVrih ExpVr ¥ [R4L 4 h 555 8
ExpTrecdh ExpTrec fE¥ 4k 4 h J5 i3 3
ExpTrecVrih ExpTrecVr 53k 4 h J5JH 3l
ExpVr6h ExpVr J§FR [ L 6 h 58 3)
ExpTrec6h ExpTrec ¥ [ 4k 6 h J5 i 8h
ExpTrecVr6h ExpTrecVr ¥ [E4k 6 h J5 5 3h
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i o8 B A6 B Bl AT W] S 55 T best-track ML, 4R 17
TER Bl J5 19 MSLP 55 & % 5 il best-track W) &
1 B b s HOP i 2% 4 2.5 hPa, M MSW 3% JiF #i 4
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Fig. 11 The predicted (a) tracks, (b) track errors, (¢) MSLP, and (d) MSW,
for Typhoon Chanthu (2010)
[The numbers in (b), (¢) and (d) represent the mean track errors, MSLP errors and MSW errors,
respectively. The dotted line, dashed line and solid line represent the forcasting experiments 2 h, 4 h
and 6 h cycled assimilation respectively; the green, blue and red are for ExpVr,

ExpTrec and ExpTrecVr, respectively]
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Fig. 12 The RMSD between deterministic forecast
and the observed V, from HKRD/YJRD
for all experiments
(The dotted line, dashed line and solid line represent
the forecasting experiments via 2 h, 4 h and 6 h cycled
assimilation respectively; the green, blue and red are

for ExpVr, ExpTrec and ExpTrecVr, respectively)
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Fig. 13 The ETS scores for 18 h accumulated precipitation valid from 0000 UTC to 1800 UTC 22 July:

(a) 2 h assimilation window, (b) 4 h assimilation window and (c¢) 6 h assimilation window; the predicted

precipitation bias: (d) 2 h assimilation window, (e) 4 h assimilation window and ({) 6 h assimilation window
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