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Abstract

Over the past 30 years, track forecasts of tropical cyclones (TC) have been in steady
progress, but initializing a realistic vortex in the correct location and with the correct storm
motion and structure remains a challenging task. Some techniques, including vortex
bogusing, bogus data assimilation, and relocation, have been designed to improve the TC
initialization. With the progress of ensemble Kalman filter (EnKF), assimilating vortex
position based on the EnKF given an “observation operator” that computes the vortex
position has also demonstrated capability in keeping a vortex along the observed track.

In this study, some new and effective observation operators related to the TC track and
structure are proposed, including center position, velocity of storm motion, and sea surface
axisymmetric wind structure. The observational quantities of first two parameters can be
available from operational centers mainly based on the satellite analysis, and the radial wind
profile can be evaluated through curve,fitting using empirical formula, along with the
aircraft surveillance data such as from DOTSTAR*and T-PARC.

By assimilating these parametersebased onithe-EnKFE, we carry out two types of
experiments in high-resolution- WRF“model: one for EC_initialization, and the other for
update cycle analysis. In initialization experiments, only spécial parameters for TCs are
assimilated in a 24-hour period, without %gyL_extant bogus ,scheme. The TC track and
axisymmetric wind profile well follow;the'spe‘ciﬁed observation data at final time of the
initialization period. The overall vertical “"structure can" be suitably constructed by
assimilating only one-level wind proﬁle. Moreoverj one important benefit of this method is
that almost no subsequent adjustment follows, indicating that the initial condition for
forecast simulation after initialization period”is dynamically balanced, as well as model-
compatible. In update cycle experiments, both special parameters for TCs and conventional
radiosonde and dropwindsonde data available from GTS are continuously assimilated, in
order to perform an update cycle analysis of several days. The sea surface axisymmetric
wind structure is determined from 4 continuous reconnaissance flights by C-130 aircraft
during T-PARC in 2008. The result shows that the track and structure evolution of TCs,
including the eyewall replacement cycle, can be captured in this simulation, indicating the

usefulness of observations from reconnaissance missions in this method.

Our results suggest that this new technique provides an effective means of improving
TC initialization and has good potential to help conducting some high-resolution numerical
experiments to better understand the dynamics of TC structure, and to improve the

operational TC model forecast.

Key words: tropical cyclone initialization, data assimilation, ensemble Kalman filter,
T-PARC
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Chen % 4 fe= WX b kBt 2 # chv (T o P8 I A= 4o R B e e
PHEARGERALY IR LR KB )P EnKF 7 @ % T e 45 3 L BITER -}
dap 3o m EFI - BARE A DA AT ek B B AR R E AT e AR o (L E
AR R R AR FE AL IR RAPFAIAL AP d R
WAL g€ haF 274~ F (Gaussian distribution ) > # # & EnKF ek > Flpt A~
ﬁ*%glﬁ@ﬁowww»ﬁ*’fz»ﬂﬁﬁfﬁﬁﬁﬁ%ﬁﬁﬁﬂ%a,@ﬁ
T2 (cycling) it > 5557 Ef%§§4%%ﬁ%£’ﬁé£%%~ﬁﬁ

q‘ﬁ R R T R GEh BRI TR Y AT R e e Bt o 12 EnKF e it R i
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Freld R T B GO R o @ Y R ) LR IR R R S A SRR B
o Rl EEEE DR PR LR RGE R B AR E T 0 TR At 2 R T R
BT AR e FRSROPFRE L EFERT R PR EmA AR
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B0 - feni o B E et BRGS0 B E AT

E
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f©E 2 e d 3t EnKF & 915 fie i\ §0 4 4p F chd i 18 3] e 45 e T
ﬁﬁg%,?ﬁ&%@é%ﬁ&%#%%%ﬁﬁ%kﬂgﬁﬁ—ﬂﬁ%@ﬁﬁﬁ%’
PR DT ST B R 7tk o
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wjﬁ’CMniAaa:zﬁiﬁi%ﬁmmF%w@ﬁﬁyﬁszMi,ag
# i e4p B 1 17 (Chen and Snyder 2006)—-—": 5 F % 2 F YT 2IEF RS (Weather

Research and Forecasting model § Wf{r n?g:i;; ') F;% A 7 R 5 (Data
Assimilation Research Testbed ; DAR{T) ¥F2003 ¥ ' x 2005 B S BRLEAR L
S B ECE T G § R ] i ) ’lﬁ%’ AE fE “’*:'l— ‘ifﬁ—ik B R IRIRTE o i i
€0 ot R ] 36 & g 0 b DA 5T A8 2L f:

B R 7 R A o

VoSG BASEE FL K BHEERR FCAEARRME 50 P e
B iAa Lo f Rz ¥R BEER T wh A hRE LR R EH R

BoLGEE o L ipd AP R AT RS T W N BIER L MG R R R
Nt "@%ﬁ%iﬁkﬂﬁﬁﬁ@&ﬁﬁ%%a%ﬁé%%&ﬁ%mﬁmg
f*#0E = & EnKF Rt ke it ) st ﬁ?eﬁkﬂf““w B TR EHY R R R
VAL FFEE

Flpb 0 AR Hi * fe B § EnKF FALE 1% 5060 WRF H05S 32 7 % f249 & ei0
#oEATHREZ LB RTR ~ ¢ 7 2 2iEAR (full-physics) hwRBHEGY RIS EL
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PR RS A Y - HER SRR RSN R R FF L INR
B3 UOFT RS AR E - Bk 2 POl TR F AR S R e
Fp3F A > T 45 33 T-PARC ( the Observation System Research and Predictability
Experiment - Pacific-Asian Regional Campaign ; THORPEX-PARC ; Elsberry and Harr
2008) FEHEYP A RPEPIFTHRE A 2R EdmF - 57
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SIS -3 ™ ! L
¥-F Fpiigiz

*FE Y AT h e 4 f05% § Advanced Research WRF ( ARW ) $io5¢ 2.2.1 &
( Skamarock et al. 2005) » #fe + EnKF FALF it & 58 o pb FAL R i chdod» 4 d
Zhang % * ( Zhang et al. 2006 ; Meng et al. 2007 ) #7% & - # * Whitaker and
Hamill (2002 ) == ;2 » 3 k& T = 35 4 B ( ensemble square root filter ;
EnSRF) ch—fd o 3 T8F AT P> AP2ec 30ipfes v 1 8L B 8§
o xR R T ihfy R R R RN RBLRI D 0 0 E oo 3R R e
(nesting grid ) 7 i 4 » 7 @& 0 B =B EERE FY o BF o R

R S

2.1 #4HAHA

Advanced Research WRF (ARW) b Bd X RR RS F 77 ¢ v (National
Center for Atmospheric Research ; NCAR) ff'f“ R OBRSF % % ( Mesoscale and
Microscale Meteorology division ; MMM );ﬁﬁ%ﬁ ge o MRS - M Aigan

AR %,Lﬁ?* e B E} 7 l{“l n7< 7 1’ e LT T SR
: ﬂ#‘é?ﬂfg‘{%fhﬁ:ﬁ ST S TR A
TR - T § R 238 S EER Ceotpledmodel ) & ¥ - T AL

AEFFLFEY
L
ARW enig # —"‘Ff O http://www.mmm.ucar.edu/wrf/users/ °

22 ABFEEEALE

4B+ F R gt B (ensemble Kalman filter ; EnKF ; Evensen 1994 ~ 2003 ; Zhang
etal. 2007 ; ¥ & - 2006) #4~d Evensen # 1994 & #74% &1 » % WL @ s+ f & g
AR RPN U] UE B RA A AT E PG EEGEE o4 0
EnKFenpr oL HE S/ 2 2 3 R 4o a2 FTHF P 254 5% (tangent
linear operator ) ~ ¥ % * 42 (adjoint equation) £ F w ff » ¥ g fead® > 318 AR
¥E AP ?“k'}iﬁf‘ué_ﬂ' FaBE> G EFRLDEY - EnKF 7= 249 b il #
WAFTEAEAR o FI AT ST R A g 4 0 @ 2 AR F T ends 4 L F o EnKF



5 ¥ LA seen i f9EF (ensemble forecast) £ F AR 43 f b g o # K §
FARNS L E R Ao B2 BB R A BHA TR AT TR Y D

EnKF Fl b 1t 4 Seenm@ b A r 9 157 58 0 @ 8 9 endl (7 i AR R 3E7] 20 54 A o

221 t R A BABEIE L R B

+ i & Jgt B (Kalman filter ; Kalman 1960) £ - #& 5 7| F#L Ik it (sequential
data assimilation ) e173 j% > AR F e W fF L BT 0 TR G ATAREPIFT A 4
» q* =& % a4 i}‘?‘fm BB R TR BR ) 2 £ % 3+ (minimum variance
estimate) * FIFTeA T H o 2 S A BT R 5 AR “,’f TR RIS
PERF P oendi g oh o 2 3 & i R A endiih R > iR L 3 £ (error covariance ) K
om0 TR EHELE S A iiif?év\’}‘?‘ft"?ﬁiﬁ o

F e BB ) SNk A giest i%“ eRiF4F % Bic (prognostic variables ) =
e BALL K £ (stateVector) > 07 x/ fex® Fomn Ay PR e a AR A
TS AT AR e Y E T REAOE L B LT L L

—a

(error covariance matrix) 4 p/ Tj Pﬂ:r IR EBE TG - R od 3 PR
u
g’&é ﬁxé FERA S L
I 1

amkﬁ%ﬁfgiiﬁwmﬂ
L |

(background-error covariance matrlx) )

ﬁmﬁﬁwwumﬁﬁﬁme@1%ﬁotfhai%ﬁwﬂ AT
A TN I - IS AERFEIEIR S (T L AR E 0 b s BRI T R E
P Frehs 1 H 0 M A T H-S i}bg\g AR A de e L @ TRAR S BN S R s AT S
PRAALIT T - BERCERPITAOFR > R - IFTHEE AT o - B
B ATEH A 5 6P 12 (AT 5 30448)

AL ik AN

K=P'H' (HP'H' +R)"' (1)
x‘=x’+K(y’-Hx') (2)
P‘=(I-KH)P’/ (3)



ipam HOALZ BURIE 9 » RS Rk e B S RRIE 5 R ZRRGEL 5
B e F L4t & e (diagonal matrix) TR b BB R X mAP ML S o
() R@eh K fE+ P& #F 2% (Kalman gain matrix) » % % eh @ 558 4R o

RTHRLBOBER G ¥ 1 Q8 ()& AulLankie BRFin L
ooy ARRIZHEF e g 0 1 £ H =4 (identity matrix )

M AR AR A A e R H e A S e AR o Bk e £ IR AR 40T
V- a
Xn+1_Mxn (4)
WA L aIEIRp S
P/, =MP,M"+Q (5)
BT SR (52 B E 7 a0 s 2 2 g i) 0 M
LOOT O PR HEIN 0 Qs Hen At ,}Q-ﬂ?"i AId AN HGNA L R 2 e
SRR o
T ] |
‘ 'i",.’ :“: b s 2’ V2 a— L2
EEAL D At Lk BlYe ;:ﬁ» R ‘E"H\* H eor i€ % anfinst M3t s
e F 5 5 AR e L_s»ﬁfl*sk #*,%-,@m%p%imrs B H M AR AT
EFEL A B BEE R %’L%W&f‘&ﬂﬁﬁimﬁ— F LRI E o0 AP v AR

ik R E e Y kAR ﬁ‘ SHmEHFEE R4 B (extended Kalman
filter ; EKF) + # A {5c7f 48~ fhml s ©

K=P'H' (HP'H' +R)"' (6)
x‘=x"+K[y —h(x)] (7
P‘=(I-KH)P’/ (8)
X, =m(x;) )
P/, =MP'M'+Q (10)
B R AR BAL R A o om 5 TR Y LN 5 b 5 RMPERE B

(Jacobian) - fe$f>tzbsit e BdR 4+ A 2 > JHEF B E R Bang * 43 7



- XA AREAPENY AR LRSI EL o

Fobo fAgfeant FHES P RRGEHES EE R E 0 50 5 HRLRIR R
oo LA ST P o PO BRI S TRT U ASE AR o ¥ L F
FEP@RT 100 T LS L R T 10 R LR
o AT HAEF TR - EI EnKF e > <~ 2 &40 g

FEE AR EOTRR LR 6 BT ARt AL

F_&

222 ARaBAR L

EnKF & JFs 4> % & (ensemble) #5414 > 4 ﬁ%{;ﬁalﬁ =g v =J N I 2
AR PHEAH o iz 5 kB2 B (ensemble members) © i & & R chT ii:bfﬁ;;é -
32 (ensemble mean) > H & HARE *n i@ L Fif" AR H - BNH- S m LB R
F F R T N AR e R (probablhty density ) & # > 7% WG LN
WA FER N AL

,}; P*‘td‘mzf g‘  EnKF ® HER *&-u:ﬁ’ti‘#ﬁ X( ﬁ”’fb‘:'}’ éjij\g" Pf y PRI L

K h l T ;
P/ =cov[x’, x —'—i ‘ 11
[ ® 1; TL i Iy (1)
1§ ; |
=Ly (12)
K=

Ao T (k) 3 kB mBah® K3 kS AaiBi TRET LETH L

WA LB P AR A x],) M AT o

EFBER TR NEE Tk e BB RER P RE > APTR (1)
P H & HPH Rz BERp Y LT 2 L8 &304 ¢

—— > [} =% h(x)) - n(x") (13)

P H = cov[x’/, h(x’/
_1 k=1

HP H'= cov[h(x'), h(x)] = ﬁZ [ (x{o)=h(x") B (x()=h(x))]" (14)

k=1
MAFEREIBRADP T AR OGERER IR R ERIE R R
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223 ATEIEEFES &

i# 5L EnKF s ’}‘rﬁ%—'ﬁi’— B R Ak BRE > WA ) BiE s 47 2k
B ATE - B AESE

K=P'H' (HP'H' +R)' (15)
X()= X{/é)"FK[YFk)_h(X(f/;))] (16)

e 5 Burgersetal. (1998) &M » g4 * 7% fp 4 = R LBy Fd RA TR

BB R L5 RITEFELF gL A F 0
K
y(ok)=yo+€(k) , cov]y’, y’] Z =R (17)

AR AT AR AL R RS AR R T - D (16) S HE -
BA RS R EE S e R AR EE ok - R Rk B AT

7 EnKF chif4F % 30 A% % ﬁf;(’f m\’g—i) mlk’»}("‘ R
mﬁ%ﬁﬁ,4ﬁaﬁﬁ%§@ﬁ%“ﬁaﬁﬁﬁu%p« AN B L
iiﬁﬁiﬁﬁﬁoﬁ%%*@ﬁz~%%““1W“E Sl 2T OLEFRA
4i%ﬁ”ﬁﬁﬁﬁ%ﬁ%&%%ﬁﬁﬁﬁL@$¢§i¢#mﬂﬁo

N
“J

rﬂb

A REAEG iﬁ’amr*%b“ ,]‘iﬁ;é‘ﬁﬁ”ﬁxi%?"‘l%") (T Z &8RN
2) o FRART R EMREREY OFL I FINEFIT R L BREL
(sampling error) = & jg > B~iRaf L PR 70 H R L f | el (kg
REATFEAHEDH ) o - AL TdE R N SRR o el LR
( covariance inflation ) # >3 % A& # v (covariance localization) % » iH# &I 3 N

SRR S (<

224 S BT URRE

F R 7 EnKF 7 BEE > 4 9 S A AP F A I RAT L B4R A

Eom A AR e H Th e £ (ensemble perturbation) ik 2
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S of oS _ -
H=Xp— X', xX'H= X=X (18)

IR % R T A A 2 MR AU B > B as 472 4R o d A ig- s
WP RRHEFA S ZEL ST S8 TP AL F BT gk B (ensemble

square root filter ; EnSRF) -

*E g orie * 2. EnKF i Svens 472 %407 (Whitaker and Hamill 2002) :

X =x"+K|[y'—h(x')] (19)
X' =x ) =Kh'(x)y), h'(xf)= h(x]))= h(x]) (20)
K=P'H'Z2] ' (2,+2,)" (21)

29 Z,4v Z, » % _HP H'+R & /REAT 42 ¢
HP' H'+R=Z,7" \ - (22)
R=Z7' ; V™ ) (23)

v LXL e (L 4 RE - iw%g:ﬁmiélli‘_ifﬁﬁx) B L B S
i% i Cholesky 4 f% ( Chelesky tla%toriz']@_t_ion ‘*);‘“ 2 & B g & & ( singular value
decomposition ) & = ;& F (8 ebbnng ﬁ = 3 Qb ﬁjg,,?']?‘ﬁ—' Yo r WEHSIRE > AL ATEE
TyapEerig * K & (15) 2 T £, (20) 324 WEA B B R iR LR G

*d Q) FPEEA@FnK o

FHAEIRIZE > Y- iR - BERIE N HPH E Ry E2HE

e

Kadrsi7i&-Hitfa:

w3

———\!
= R
K=yK, y= 1+\/.— 24
Y Y ( HP'H +R 24)
225 3 L PFk
d G A g e BRI R & EnKF ehA 4 Y 5 8 2 G e i 0 - B AT
B FEReh i B T30 RARTHFERAS, 40 (195 B Z{AF B 1B
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AR R EFR WA AR (REANS L) > mTENL AT R GRL
AE L) AR e (20) 5 e e b A R E B R B A B R A
K TS ko Rk F AR RE S de R 0 R LA hlg
%’ﬁgﬁﬁmmFmAﬁgga@¢mnﬁiﬁ,@ﬁ@3%$ﬁﬁ%ﬁww,&
% ¥ 5. & 4 EnKF 07 * & (Burgers etal. 1998 ) - 53 38 3 4 EnKF & 47 #7 {8 3| chzf

Apa A7 e PR A 5 L% (covariance inflation )
*EY s APk 2 L (Zhang et al. 2004 )
X (1) new= (1= @)X "+ a X '(i) (25)

B @ A% 0~1 2Bk 288 2010 2 815> L2955 > E8 ficimax+ p
g Arn ik i AARRIT R ARGk iRL (F~ ) o TR A S L4
AR TL S ST E AR SR B SR PR RN R AR
VU7 e LR B AL AR rémﬁ”i%ﬁﬂa(é%%kﬁaﬁn

22.6 L EM T =3

J 40 EnKE A 45 43%%%*&3 %PWPW#@%ﬁ’Q%m$%TK
1B i %ﬁrﬁhmiih”i éxﬂﬂﬂwﬁw FILGR Y R R A Bk
Rz B M RZ A e ’L'J{ e li‘qi—r P AR B F DR 0 B
i@ PEMIELR] B E R ek Ry F AN AT @A AL AP T AL -
BRI T AL e %‘ﬁi@@’ Gt R R G rUR A B B anE L LR
WRRFA D ARG FE (P LATS R ERE) S £ R it (covariance

localization )

AT Y @ * Gasparietal. (1999) eh7 FF dndiciats > £ b it > L2 L ikdy
AR AR B BEPE pEdE r k - Rl C
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d AT i r=r PFIEARG ARRE D AR B 90208 % 0@ A r=1.8r, 11 f’H]ﬁ,

BT Ea 0

TR ETRT A G

F_*

AP R RN 0 R LR L b
FEIE S N B A EnKF Gnt 3 2 Tacd 0 v itk E L RIEH 2

e e A B 35 &7 A RUTRR R R
227 B WY R RBHEN

2271 F Rk

ARW ehif R S ¥ce 2 R A (S RHE PP A RE X %R BEA
e bfet bl bR r- ) PRt p@Es T v ~EEEA W R
'# (perturbation potential temperatured’” 0’ ~ %ﬁv &4 > ( perturbation geopotential )

R AT F 1F £ (pertarbation dry alr mass méolumn) u', > L E K % ApRE
o anR fot 5 H PR gl S ﬁé%fﬂ'j’% ﬁ 2 T T ey 242 (cloud
microphysics) F B ( Skamarockiet al. 2005.8 o ﬂwk'ﬁ & P2 e iR AZ 5 WSM 6-
class graupel scheme > 3§ 4§ £-k "MB{ = T3 ’\*‘ i TT‘ 648 K (water vapor ; ¢, ) -~
2 -k (cloud water ; ¢, ) > .,/}\ (cloudlce, é ) > & (rain; g, ) ~ 2 (snow ;
%)‘%(gMM:qg)ouigﬁmﬂ%&ﬁ{%WEEmFg%ﬂg&ﬂm
AR R A L e

2272 A4 B A2 3N

ﬂﬁﬁmﬁF?#F“’ﬁi—iﬁﬂi%rﬁﬁﬁorﬁﬁﬁvu&ﬁﬁa*
PR AT RS A T I  $E R e [ R EIT AT L Ui D
FER AL P AT o F I b IR s R 0 A SR TR &

PAPRH BEFTRAL T M S FTRAL R T M F
W R rid F 7 AR BT A BN G- R A (S § BT

o B R B S § BB o e b ) - iR SRR R e R
® {¢ » EnKF ¥ & % % 3 (Evensen 2003 )
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A7 7 i WRF ehz ‘e % Tk i & 5% (3D variational data assimilation tools
for the WRF model ; WRF-Var) k& & 2 44> s & (M 2 ZF Rzm g
AR ) o B ek B G o WRF-Var P fafe en# § 322 5> £ (Zhang
etal. 2006) o #H 4 » & WRF-Var e %/ S ¢ (transformed streamfunction
field ; Barkeretal. 2003) » £ & ;@ w-RTh ~ B R E§ B> Flpi 4t E A+ T R
PETfrne i cnifdR iy ¢ 408 S| KA 8% » ¥ A4 udfde o

2273 Hbs Rl R E

d 3 WRF & % H » @irpr g &8 L% 2 p# R (lateral boundary
condition) » FAPE LS F- B AEF R R 2tk nRERER - § ERBTY
B et h FE AL B WO A A P AR B R S 0 EnKE TR 1 g
Bk K EEE - IR ASE o EHE L B SRR S g
b5 > § vhat g5 EnKF S0fE e ‘

" At

2274 EpRR | | === |
| i"k

) |

WRF #-3% o7 2 % %;{* %fé ( nested grlds) "ﬂ v w4 ((two-way
feedback ) k¥ @& P ’*% F‘ﬁ‘«'s—r S T’L el R O R S e
kéiﬁMWFwow&%ﬁ%W?%EmFma%ﬁ%kﬁﬁwaﬁ—ﬁﬁﬁj,
e ghdg — - HRen{ A7 {7 E 2 B R EREGY TR .

BT AR MIATRER hR R R R IR F RBET LIRS B ik e
. (vortex-following nested grids ) > #-3 "Lt 5 F il s 3 dcenf | * o pLIf H7RK
??ﬁ—éﬁﬁﬁ%&ﬂwﬁﬁié’§%$%P%$ﬁﬁﬁiﬁﬁﬁ&ﬂw%&
BoOBFERBT AR PR R o AP R 4 241 2% EnKF ke o R

#B—‘e_}«««‘f P?' jL m/” ﬁi"

23 f AR PR AR E

AR RED Sl FaY s R BB R R R G LR %
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oA UER EEA Y DS RRAPIRERIPEIRIAFRY B AL
Aph s FM S R ARA D B TTHE L o AP LR AR FIARR
BB BRI 4 20 (52 BT mE P A BRI S P a2 2 N fopp T R
R & AR

2N ER G e AR AR FEE LR F A Rk R
&0 WU el SRR A AR A ARk o K LY P K
P B e B RS F KPS f‘!”q}i}\%& RS iR A A EATH R
FEERE DR EARD 50 Alh B 0 0 E2 FF I R E AR S
B wF R BRI EROTRIEL 2 L R F R N 7R
TPEF A FPAAFTP APEERTEL (Y104 F R ) LR # *1‘#
kit 2EEFH g 0E ’*«%Hm%& BHFR - BT
Pogwmp (% 34 R 8 *ﬁm@; * ) d 27 EnKF o0 #4787 4

23 e
N4 2 *g L £$im— ‘E.P‘} (Eé,%ﬁ;fp_& i# 3 )T}y it A2 I EE
5k

iz R R - I N
| <= | |
2.3.1 4 NN t‘_’_ﬁ | an | ‘i .
| &
%&“'w“ﬁ_mﬁ—L{uW@i:ﬁ . 'ifﬂjf;,‘@&i;f?@ﬁ, SR B RNE T

DT g b AT 0 RS mw FORL e LB R R BT - R B R o
FEEUSBEPIEREAT > PA o e Bl e e REBELEE > FE S N EAST
700~900 hPa % & & + €% T35& 4 = § B (geopotential height ) 1&-|- f& e {4 2k >
PELREREAIT- L REBEPN LS

r’gngﬁli;jllﬂt ’ _F‘_J'/, r;‘;iaq -é‘ 3 l'\”rs}:gll«(‘#/\ i ‘?F
BIIHEaE B | HaiTefaghiaEd T

3o (P2 E S T B RE) o 71

FEFEE BT L R RORR P s

(@) —(D,) , (D, <(D)

w, 0 , s <—> (27)
i W}’[ ln i WV[ J}’l

ire =5 . Jre= S (28)
2w, w,
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C
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3
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i
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I
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‘-z:L
N
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il

Bl ¥oo ¥ LR E Y
T ST TS VLR R

EaM ,Fug‘:a "ﬁfe 27 ;}a 13 J;lf: "‘I;

BRLRIEL G 6 o
3¢ {7 % = EnKF I i i8]

e
Pt
-\\2

\“

L (Lo w@ate) |

SR OBLPIREL BARE Y

'm&ﬁ%&%’Jﬁiﬁﬁikﬂﬁﬁﬂﬂﬁﬁﬂﬁ°

PRl LR EL G R - R PR

7L & cubic spline p #& 3| EnKF fe it e f Rk b oo

e

L EITE £ ehe 3% 4 (Edsonetal 2003) » # g

HERY o AR SO Bh Yo R RIRIEL A - o

i

Rige = Ryqe k&5 10~20 202 > Fpt & = env

VR; TC+R1 TC \E R f | (29)

Nhl4~2822 2 @ o
232 BEFER s

TEORE TSR Y

T BB - REFERFa R

B ¥ ¢h
BY s e it AE o A B0 ik
EL
T

AR B A A HGE R L) PR
S R RRET ALiEL SEERRN nI B > BB
R LR RS R B L E e A

iTC - iTC, prev . jTC - jTC, prev
o= e g o= de o 30
I rc At > J 1C At (30)
FEEERIE AL 73 5 E F5Eplp o] S RS T i 45 A A
SR Ak o € B LAY JITIE LN AT HEETF A AR L Ty

*ﬁ’Mi&”ﬁp&%mPﬁﬁﬁ’QEW%W@W?%Eﬁ2~6¢%iW’$
=zl

Ry EB3 P TR E R 3 BT ogg o LW ERAGE > RFE L R Ly

R A WIS B (AR REE R SR A ) uip A R B
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)

i

BRBFd R PR - BT d &L E g S TR E A
FES AR (B0) 5 R AR WA R S BRI PER B o A b it
SRR 0 R RRlEE o AE - 2 e AR @ Ry =Ry o S AT Y
& 1.0~15m/s (3.6~54km/h) 2 7

233 %% 5 SR @ B

At PR dp ch AU &G R ¢ o 5 Fle haksk T 3997 % (tangential ) R
# o0 E-B-mme o B RLCHED - BREE - WRRTIEOR T L EE
SRR A B fr b ML M o T R 1 AL R R RSN P R R e LT
ok XA R RAZEEOT AL L > 3 ¢ BERE R PR

FERCEER IR R s '.fﬁ”r_‘ ETURUCRBPE I S =S O S A
B eh- RRM o i ik B R g;_li::m\:* o L REL o oG bR
PR B [0 K B R o ARNE T < ‘]#B’J;"" WRE #-3¢ ¢ #2525 ( terrain-

following ) &€ i n = 0.9988 nT B B h.':?‘]“ T PR L e R AE (F
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€7 - KTFEAY (Mallenetal 2005) 2 Flpt 20 2 SE P 12 & Rankine i e
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e 14 12 & Rankine /ﬁyz{%ﬁ_m‘i% (BAT) *» Ach «x B~ix P iE > ""K 3 FEE R B
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| - ‘1
L A2 L ¢k P
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_|_
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1 2

w(E) = 1265°— 420 E 45408 —315E°+705 , B2 —1  R<r<R, (35
-~ 27

;‘ = = | r
s V51
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Wbl e X fmd R OR, AR FHPM A BREY RS LTF L 0 (35) Aeh
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PEEB: 0 (R, e B iEd =) o B 25 Willoughby ¥ Bt 26 258 enr &
B (B~ p Willoughby et al. 2006 » Fig. 1 ~ Fig. 2)
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(b) Ave. tangential wind
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(b) Ave. tangential wind
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(b) Ave. tangential wind
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(b) Ave. tangential wind

Wind speed and SLP

(@)

\

1000

N
RVA

26N12600Z [,

20N

1004

26N126127

18N
24N
22N

il

D
|
|
|

20N
18N

0007

150 200 250 300 350 400

Oba-j':%:
é§§2

—I'F
M

501

1

E

132

3

2

118E 120E 122E 124E 126

— Obs. trac

B

ens. mean)
members)

rofile

ind p
I wind profile
| wind profile

|

odel ti
e,
15

A4

—

5 | g

® 30

.
R
S
e

-
(=

i

iy

al
=

(b)

i

P

122

Wind Profile

A

\

N~ N\

A
\/‘

N

Z 00z 03 06z 097
26JUL

i

2

182

8
4

25JUL
2008

Center Position

0
12Z 15Z

217 00z 03z 06z 09Z
26JUL

182

0
15Z
25JUL

Ensemble spread

Mean error
eeessee Obs. error

Ensemble spread

eeessee Obs. error

B Bk INFLA

Mean error

2008

T -

0.5

Y
=

18

.
[

fe @ 10 -

®l 31

72



(b) Ave. tangential wind
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Spatial Distribution of Observations
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30 min. Precip. (mm)
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(2) Max Radar Reflec. (dBZ) [2008-09—11 05:00:00]
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(a) Center Position
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(a) Average Tangential Wind (m/s) (b) 30 min. Precip. (mm) (C) Minimum SLP (hPa)
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(a) Average Tangential Wind (m/s)

(b) 30 min. Precip. (mm) (C) Minimum SLP (hPa)
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Ens Track Fests: TK—MS, DOT, TP—OUT, ALL [10Sep 03Z]
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Ens Track chts. TK-MS, DOT, TP- OUT ALL [11Sep 03Z]
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Ens Track Fests: TK, DOT [10Sep 032]
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