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7 > FL Lander (1994) Firfg 2R EERR &
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LT - RS R E BRI e
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08 07 00L-24L ACCUMULATIVE RAIN.

10

I
!

- s
0.5
q Max.=297.5 mm

08 08 00L—24L ACCUMULATIVE RAIN. 08 09 00L-24L ACCUMULATIVE RAIN. 08 10 00L-24L ACCUMULATIVE RAIN.

(d) g% (e)

Max.=1412 mm
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700 200
800 100
suu ’ sa
mu QA 30
.
300 . 20
200 10
100 5
o o
Max.=998.5 mm Max.=393 mm

5 (@~(HF 2009 5 8 H 5 HE 10 HEEE 24 /N SRS mREH 24 /NEFRg & R 0E -

BRI K T R ERLLIE: » [P A (E Ry 963 mm - 8
A 8 B S e ReE L 78 v E ELETR
LERE > o e S T IR R B e R P e SR
FYERIE > i b M SR B AR SRR 1 e L
TiREE RIS T o (EIT R AN IS PR A
HoLLE > HiszE 1412 mm - 8 [ 9 H 7 g
FLTE BBV ILER - 2 F e RS NEER A A HY
WREHPE  TREHRRRNARE &
H A E Ry 998.5 mm - 8 H 10 HAZF(HeEZ
A ALTG R KR R S NEFR R N HTEE S8
2 MR E EE= A IR T B R Ep L

& » A 393 mm

R S hT G 1 G ] 2 48 B AR PR DA
P EP LU Ry > B3 2500 mm > SPIE 5SS
— RV EE - R UK KR 2
JRARAT  JEEREIREAEILE - (R SRS
EERR PRI EIRUE SR 255 (e AR A B
tfe - (EFSHE SRR TS - S RIEPIFHE © TRHD
AR - EETRRKCRIESEI ST - Rk
PR ©

EhrReEERGE > TRRERRA AR
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& Pl EEAE A EYESEETTE
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INEERRARTHIHE -

SHve R R FHEHRRERIIRIA - R T _EAi %I
2N BRI Z - #E 28 g LRI 58RE
HTRHD A AR - (B P = A TR A
AEAEHERE  EE S50 B BRe R
B 4B Mg & ] DS R B 2 4T 5 BR A B (2000
mm) - {52 AR H PR AT AT E R [ (lead time)
FH& - BIAFEREESRERT 24 /NRFHOISEE S
I 0% WEU) E AR e BT B RTAY R - 2
FYER SR - M Re R 2R 8 5 T A B TH ER R
B HEIBRERT 12 /NEFHIREEA 120 S %
TGRS - FENEAAEI - ST
EARTE e AV INZR AR > 55— Tt e A
FEH_EEREE SRR T A
RARZEFEME AR RN Z — « ASw S CHEH Y
Ik bl P LR (0 R 8L 0 (3 HET T PR+ () EE K
HERRE S 2l > (COBPRT =R -

(—) EERKFAIRAEN 27

Shr e E R B B BINAEE A 11 {Es
ok S HETTHE(F R TR EIER SRS 3 8 WRF (The

2 F=+ A% 3k

Weather Research and Forecasting model){EZ£15
A BR ERE) ~ R (FRHER) ~ Bk (7
J575 )~ SR O RIEe St ey (3 fERKE ) 2
WREF 155 3 DL sz Bili K 22 g A7 JeL #2155 50 ( Cloud-
Resolving Storm Simulator, CReSS )#=, ( FE£E)
F 1 R AR RS 8 (EE & - T
BRI SE e VR G HA R U B K TR EE 5T
fiti o EEERET 2 (EH [ - 55 Ea b EER R
JEE B KHTHERAE /T - DA TS R s = 7H
K > 18 DU BIOR A = 2 e iy ] RE T 25 7
[a] o 55 RIETHIERE VAL - SRR T
FRE L E B 3 K TR & s B PR SR I E F R T
rHERER - fEH TSR R B A n TR TR RS S |
B -

F— RS BRAFEA R S WY EEAE AR > %
A B = KPR A 4-Skm 2] > HEE2
FTEEC ] DL E PR EIR B R 22 R - A
s ORFE SHE R B 2 s KA R e &
P K PR TRF AL -

FEA R B B A UG R E 2 2 /K TR R AE IR
JiH > (ERER SRR S AR (2009 ££8 H 7
H 0000 UTC £ 8 H 9 H 1200 UTC) HyZEHtl&
E B AR KE R F R EaliE e S Y
0~72 /NS SE B FF/K AL ) - R T AT
HMRERE T > NELIE ST 6 /NP HY BRI &
HEFTICER > FH LAZERA SR P Rty E B /K TR
HAEST - EfRS 12V R R KR
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Fo— AR R TS
BE B = | R | BRENL - ——
PN PR PR 077 R
SHUE SHOE SHOE (km) ZetE
Goddard 6-hr full
CWB WRF1 YSU Grell Deveni 45/15/5 3DVAR 43#T| NCEP GFS
3-ice update cycle
Goddard limited 6-hr
CWB WRF2 YSU Grell Deveni 45/15/5 3DVAR 43#T | NCEP GFS
3-ice update cycle
Goddard 6-hr full
CWB WRF3 YSU Grell Deveni 45/15/5 3DVAR 73#71| CWB GFS
3-ice update cycle
WSM 6-hr full
NTNU-WRF YSU Old KF 45/15/5 3DVAR 43#7 | NCEP GFS
5-class update cycle
1.5-order Bulk cold e
2 BkEZL | NCEP GFS
NTNU-CReSS| closure None cloud 4 NoDA
_ B (AVN)
(with TKE)1 (6 class)2
. Goddard SERFEZL
JRG AL 1 YSU Grell Deveni 45/15/5 cold start NCEP GFS
3-ice ISEES
. Goddard
JRE AL 2 YSU Grell Deveni y 45/15/5 | cold start |3DVAR 43#7| NCEP GFS
-ice
. Goddard 3DVAR 437
JRE ALy 3 YSU Grell Deveni 45/15/5 cold start NCEP GFS
3-ice (with bogus)

6 JE S EEA B E R R R = 5

6~12 /INIF I B2/ K FHEAE 2l SR E (threshold)
HY fm B 45 % (BIAS ) B0 FIAIEFHIKE 7
(Equitable Threat Score, ETS; Schaefer 1990)( [y
RIS 7T HYEF a5 . Chien et al. (2002) ~ Yang
and Tung (2003) * &z Yang et al. (2004) ] - BIAS 15
JTRURAE 150 mm/6-h REELL T HYTHERAH & A
$H > {EAE 150 mm/6-h DA_E A5 7K FIA 28 R TrER
HIERSR - —fM S - St R w7 TR A
158K [BI40 Chien et al. (2002) Fig. 7 K
Fig. 9 JRERIERE] > f— 2SRRI
g~ HE ERE P B TR TN 2B BLEER - 55

Hh - TIFER - BIAS 50 &R ER B RELE
3 St L 2 /K TR i e P BB K TR AV L E
IR e L E &2 P2 /K TR P2 TRR 78 =R 2 A
[E#Y - 7 ETS 1557 J7 18 > P ER{EAE 50 mm/6-h
LU EoEy)N  iE2 W Ry ETS orakatS it %=
PEFRBESRIF IS 7T TAE/N Pl (B X 2 A0
P - BB IS s - AL ETS 150 fi 5285
KA THERBE ST © BEDA 6~12 /NEFFHERIT
= BHUE BREUKTHERAE 50 mm/6-h FHEA H 4
HITHEREE S - ETS 5534F 0.3 /ot - iE{EEs
FEPg IR AKRER (~0.25) BEE[5 Chien et al.
(2002)7 Fig. 6 }% Yang et al. (2004)~ Fig. 7] - il
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TR - (ESEEAVZE I ETS &g 04y
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(B T Y R ER S 7Y B SRURUK SR A B e e
ESTRHY SR RE SR 88 - NIE ] DUS BB R
ETS 1557  WRSHHE ISR TR A (
WIEF(2001) R, 1 - 245 > I S AU g el

(A-REGE(2008) M, ) » BT EE AR Ry 2 2 g
Ji - Y ETS K TREHS o E &R 0.3 -
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HITHHEAE JTHS A -
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mm/6-h [{E{E DL b 28 THER A B G i R &5
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TR SRR ES » 0~36 /NI HL 48~66 /NI
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ETS FHERAE AR - Hrh{ES 2192
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BT THECE AT HEZ Y > AR E BT
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H iR Be R B E N P AR S RE T D2
HARABEIE K AT R RAER & - BB E S
FH R [E 9 15 2 £ 814 (Cumulus  Parameterization
Scheme) ~ K [F #J 3E ¥ B 2 #17% (Microphysics
Parameterization Scheme) - “R[EYiE 5 g 2804
(PBL Parameterization Scheme)lL 5z #({H 7574 H1HY
AEFFAUT % (advection: scheme) T © (A [F]HY
MESRE - EVHSEE - BRESEEN
5248 i B (A = P e 2 [ /K 7 AT B B A PR
& Yang and Tung (2003) 5z Yang and Ching (2005)
HYam SR EA SRR © (H R BN KRR
RBE 57 T Z R [E SR U7 2 a0 el s 2 e JE B
AT e < [ 7K o3 A S B PR B HYET 3wl A
% > (L ETEmEE J7 A T R ESE R 5 2 40e]
R R B EE A R KIERME T -

AL 3.1 iz (2009 £ 4 HIEFAME) ©Y
WRF A Rl » /K PYEREERE Ry 2 km > EBEZ 3
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09080600 - 09081012 UTC valid HC
09080600 - 09081012 UTC OBS RAINFALL TOTAL RAINFA’I'._L(mm) 12 HOURS FORECAST
¥ &, 7!
2100
1800
-«
-«
1500
1200
900
600
a '
; b , 450
Max rainfall 2882.0 mm 2
Max rainfall 2147 mm WRF-M00
09080600 - 09081012 UTC valid HC 09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 12 HOURS FORECAST TOTAL RAINFA’I'._L(mm) 12 HOURS FORECAST 22%
A R AR
150
120
-« - ”
60
30
15
3
C ) d :
" .’
Max rainfall 2198 mm WRF-MO01 Max rainfall 2265 mm WRF-M02

10 $H¥RSF 3 EREAKE (brc~d) > ¥4A%HE 8 H 6 H 0000 UTC £ 8 H 10 H 1200 UTC » 5t 18 {EHTH
g2 0~12 /N TR RIAEREK - a Byfm]— g Z UK -
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09080600 - 09081012 UTC valid HC
24 HOURS FORECAST

09080600 - 09081012 UTC OBS RAINFALL

a !

Max rainfall 2882.0 mm

09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 24 HOURS FORECAST
]
C 1
‘t
Max rainfall 1978 mm WRF-M01

[& 11

ALL(mm)
$]

b

Max rainfall 2554 mm WRF-M00
09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 24 HOURS FORECAST
2 (]
d ’
‘t
Max rainfall 3037 mm WRF-M02

[FfE 10 - {55y 12~24 /NEFFRERHY R -
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09080600 - 09081012 UTC OBS RAINFALL

£

a

Max rainfall 2882.0 mm

09080600 - 08081012 UTC valid

TOTAL RAINFALL(mm)

HC
36 HOURS FORECAST

et

C

Max rainfall 2880 mm

WRF-M01

Jpd

3

09080600 - 08081012 UTC valid

TOTAL RAINFALL(mm)

HC
36 HOURS FORECAST

b

Max rainfall 2851 mm WRF-M00
09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 36 HOURS FORECAST
&
d :
‘l
Max rainfall 2307 mm WRF-M02

12 [FI[E 10 > {EF 24~36 /NEFFHRAY RIAREK -
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a

09080600 - 09081012 UTC OBS RAINFALL

Max rainfall 2882.0 mm

09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 48 HOURS FORECAST
=
Max rainfall 2797 mm WRF-M01

#E =
09080600 - 09081012 UTC valid HC
TOTAL RAINFALL(mm) 48 HOURS FORECAST

]

b

Max rainfall 2195 mm

WRF-M00

09080600 - 09081012 UTC valid

TOTAL RAINFALL(mm)

HC
48 HOURS FORECAST

d

Max rainfall 1803 mm

WRF-M02

13 [FIfE 10 > {EF 36~48 /NEFFHRAY RFREK
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WRF-HC Area mean error (F-O) GRID

—r

12-hr accumulated area-mean rainfall for OBS and WRF-HC

Monthly MEAN (F-0)

WRF_MO0( -6.58)
WRF_MO01(-15.99)
WRF_MO02( -3.96)

090805 090810 090815 090820 090825 090830
(a)

WRF-HC Area mean error (F-O) GRID

J
M2

12-hr accumulated area-mean rainfall for OBS and WRF-HC

Monthly MEAN (F-O)

WRF_MO00( -8.22)
WRF_M01(-20.10)
WRF_M02(-12.42)

090805 020810 090815 090820 090825 090830

(©)

250 WRF-HC Area mean error (F-O)

250 WRF-HC Area mean error (F-O)

GRID

Aa
4

12-hr accumulated area-mean rainfall for OBS and WRF-HC

Monthly MEAN (F-O)

WRF_MO00(-12.56)
WRF_MO01(-26.84)
WRF_MO02( -4.09)

[ I A
090805 090810 090815 090820 090825 090830

(b)

GRID

A
Ny

12-hr accumulated area-mean rainfall for OBS and WRF-HC

Monthly MEAN (F-O)

WRF_MO00(-10.81)
WRF_M01(-27.77)
WRF_MO02(-25.79)

090805 090810 090815 090820 090825 090830

(d)

123

14 SRS 3 (AR E (1L, 3 FRARIBIERISRTOR ) ¥14555H 8 H 6 H 0000 UTC £ 8 H 10 H 1200
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ABSTRACT

In the past 30 years, with the progress in computational power, the numerical weather forecast has
developed rapidly. The advancement in data assimilation and bogusing has tremendously improved the model
initialization of tropical cyclone (TC) structures and together with the extensive application of remote sensing

(satellite, airplane observation, and radar), the accuracy of the forecast of TC tracks has steadily improved.

Nevertheless, except for TC motion, the complex multiple-scale physical processes essentially limit the
predictability of TC intensity, structure and precipitation. In 2009, Typhoon Morakot devastated Taiwan with
torrential rain of nearly 3,000 mm which led to the flooding and mudslides in southern Taiwan (Kaohsiung
and Pingtung County) and caused over 700 dead and the significant loss of properties. The underestimation of
precipitation of Typhoon Morakot could be attributed in several factors. First, the incorrect forecast of
translation speed before making landfall and an underestimation of rainfall related to topographic effect.
Second, poor moisture content prediction in the forecast model may have taken another role. Third, sparse
observation data over the ocean degraded the simulated environmental flow and contributed to a biased
simulation.

It is recommended that the numerical forecast of TCs should focus on tracks, intensity and structure and
the distribution of precipitation and gale force wind. Although the TC models chosen depends on the purpose
of the research, the development of vortex initialization and data assimilation is an important step in every
model. In addition, the advance in ensemble prediction, the selection of resolution and parameterization of
physical processes are issues worth of further investigation. Systematic comparison of different models, better
understanding of the effect of topography and the air-sea interaction could improve the present models and are

subjects of primary research interest.

Key Words: Numerical simulation, Typhoon Morakot(2009), Vortex initialization, Data assimilation,
Ensemble forecast
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