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VIHIARE S BRSO EGRE - (SREEpR SRR R -

1L 5 P eI A BT R P BT SE A TS » R I K R S O A T A BB 1 2 B T
o T R RIS T BB BB R ATE B 7 I 75 (feh - SN 2 S04 5 A Kain-Fritsch
FHTAE SUCEAL L+ DA R S TR © TURRCE SWOKIEIE Kain-Fritsch R B/RE £ 8EHE
WSMS B EII T BB N TR S » BRI A B b B M K SOk 4 - 530
T B e A BB U FISE S BT ] Grell-Devenyi T S80% K, WSM3 RS 8015 a1 1L
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ZERAELEECA R K VI 2 AT 2 M 5REE ~ SEREL IR
WA SR ES Btk mE Y E S BUAE

KF B AT 5 EL R e e o P42 B oK /)

EHEIES I

FUBTITEUR » EESBUARH

Kessler I » AJREEEFHMER S R ARALH) » AR EH HE/KYESEUAB AT B = BREREERUS e

ReEA S EME AT

Al

j[l[

e T — s RUE EAH E R ARAVEITIR R A
& ZIRI LI e i B S AIe Y
SRR GERN - HINTRER B I VEE - Bl
B ~ SNETTYREENITFE H 23S - B AEE
W B T EE DU ST - (R - A ZEHE
(5 P S /K R AR AR A B 2 2 R HEFTIRE R
BRIE A ER TR -

£ WRF S AT IEAFTZ#EH MMS
AR HET TR R BT 5T > 40 © =7 (1996) (% H]
MM5 5 DL SERFRGE\(1990) (F Ryt Fe e - &R
RO BRI B 1 $EHYE SR - Liu et al. (1997,
1999) 1785 MM5 fE £+ Andrew EEJE(1992)
ENESTE ~ S R &S REHET TIRABENT ST - 2R BLFR(1999)
JR(ER] MMS 158 S BRI 1 e L (1990) #E 1T B
gt BHERICIERER S E IRBUNAE AT - M
(2001) A1J{sE FH MMS #5551 S8 i e L (1998) 2 ¢
s M BIRe RS EhRE E ~ Mefm5REH S ~ oy
i BAVIR RS - 1REEWTE > Wu et al. (2003,
2009) A7 1) S 5 Fi {1 g L FY P T MR s A A <2 St
TE R T RS A2 5 e A PN A e 1R S MR B E
R BB B T2 oA

AR - FFE TR B E AT =X FI
/KRR AR 2 S BUEH RETHR T
g > 5140 : 75(2003)E1 Yang et al. (2005){siF MM5
=X DABEZ (2001) e E Ry b ZE(E 25 » SR [E

HET{E RE RS (R RS -
A WRF - HER RIS L BT - ES

8ok - Y2 B0k

HITEESE0E - MY SBUE B E S 8EE
FE RS ARBOINE, - SRR BULLL Grell 28
ERREE EL2BUERIE Goddard Graupel 4]
HISEUERBRAT - BRESEEAILL MRF £
BUES RN 2 Be B BRI EE § AR TRE
e IR 2805 Warm Rain ARG K58
FERSEE » HLR PR PR Y 4% I 2R e B H S
TRHRAEFAT AT - 2 AR T PR R T T AR N2
HUL SRR o fE(2003) (] MMS UGS ER
Grell FEESH AL Resiner | fH B2
R &7 N E eI R KA 6% (2005)
INE MMS TS R Mg P R R (B A e Lo
HEHH GFS WiiGss; - #5Hc Grell 8L
Mixed-phase B¢ Goddard g 7 4404 - 5%
(2006) LA WRF 51 3J B m il 2 1 T 850 (B R SR TH
He o BTRZENE FRIRSSRER S - BiE
SBUEHER YSU - MY EL 2 BUAE A WSM
5-calss » T =SB4 ] Kain-Fritsch A1)
HSEUEAS - THEE ERKTHEREET - 68
& fE DL Kain-Fritsch 284 » WSM 5-class
S BUEE YSU BHRESEENYHEES
Ry EEE 0 H GBI KIS R P B a5 E Al DA
Grell-Devenyi f&5E S 80% Fy i 25 -

1T 3T U S PR = A Pt 52 > 40
B 77(2006) (i F EOF 737 o] DA BB U ER B 5
bz 751E - AR B B RS (S PR = 2 T
figt ; #55(2007)7R(#EH WRF 3DVAR j§ CHAM
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GFS BT IR Bk R e B E R E R
WRF 55 > $HHEUE 1] (2004) g K A5 (2005)
e EETIEE - HASRBUR A S M 2 B0
A PRSI i IE T € - % (2008) 724 WRF
3DVAR (Y7572 FUEITIA =4 iR & i &
Fe 4o iy QUIKSCAT ERbET THRRE - HASR
BEUT AT DA B S 98 e b Mg ol 28 T BRSNS
BT e R S 1S P S PR SR KR E R A —

TREHE -

FETHE - TR R TR oo IR
PRAT AR R 52 B BB K R A & Y8
R o B (50 S B BNy I A B W aa R A
TR LAY THER A BT R BT - HI7EE
$5  breeding of growing modes (Toth and Kalnay
1993) - ¥ {37 &= (Buizza and Palmer 1995 ;
Molteni et al. 1996) 1 Kz Monte Carlo #T{E.(Mullen
and Baumhefner 1988 ; Houtekamer and Derome
1995 ; Du et al. 1997)------% » (i FH LM T
B R BEHRAFZE - 40 Aberson et al. (1995)LL
NCEP #YZER A IE RGN - /] VICBAR
TR B AT SR EE (T 7% 5 Morison et al.
(1996)[7& i Monte Carlo ZT LIy /7 AR PE R A
Ay RE - B ECEEEAY AT AR | Vitart et al.
(1997)th{# F Monte Carlo #T{LIAH1i}/s GCM
R ANE 2 FE AT AR AL - AT BRI
7240 © Krishnamurti et al. (1999, 2000a,b, 2001,
2003) 1T — £ 51 Z 5 = (multimodel) Z S5 TH R
LA RBER R EE TR T /A E T R ATHE R R
fefE ;1 Kumar et al. (2003)//Mif FH#E4R S EE TH R
B35 - AERECEISRIE B R SRS B 5 Y IR
G P RS B - SHORE RS TS ~ REHTTH
FREA R - AR e M AR KR
KZERETHEA —EHR -
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Fovell et al. (2007)fsE F WRF f5={$1%f 2005
FEHEUE LR R Y Rita JREJEUE TRELEE o FI P
MESREEERYHE S EES R E KR
AR G TSRS I A B T - BASEE
% ¢ i EL 4.0 (National Hurricane Center) Fr&gA
7 a2 S5 SRART - A AR P AR EE
HYHGE - BEAHTEREH - i S EUEE AEY
FHEE B s 2 (R RATR/ N
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T A ED) ¢ Fovell et al. (2009)fH 727145
H > R K A A 2R b 145
W WRECEIMIBEEARE | S
B FT R AR R IR R A T A5 B R Y SRR B T
A5 RIS B FEUR - Mark et al. (2008)71F]
FH 2002 )5z 2003 HEHCRAE R R PEAAE R BV R
JigrY training sets » [1& A 2004 FEREATH
e o AR R R THEAS SR A R
JL RS ETHER - Elsberry et al. (2008)RIJZ(icHE 2557
S % R L P e SR B AR b TR E R E Y
o SR R E (L S RS Eh R B ARl - T
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AIAA R ERE KR R 2 BOAE G
AT HEJEPS 1 2 2B THHR - HIE - AWFEE A
Fovell et al. (2007, 2009)iVFFZEHES: » Esfik
G FRE KV S ROAMH & N AYBEE RS
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RBE[E 2 935 hPa- IS B RIS {4z 18 H %) )7 1A

EHEIES I

SRR LT 8 - (HARE FRER RIS - 11
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(Z) BEREFENE

1b ForpJvR S e s me s (&l - 2008
£ 9 H 24 H 1200 UTC - [ HEmE (Yap
Islands ) JGILPE /74T 360 2 B A AN MR SRUBA T
o fy S G, o HH R e PO IE R A 4 By
Jangmi - 4R 0815 5 - fOGEA HEE - P
k& 2 FIRI BT = BRAYES | - R mrgILEry
b7 A E#ETT - 25 H 1200 UTC #8586 kb e
JE > HT R R EE 33 ms™ o L SRUBRRE & 970
hPa -

26 H 1530 UTC » friv@ R f581m e Hg/E
S > LG ECT T O KRR 45 ms™ > LR
BRI 22 940 hPa » 745 ] 58 o F ts A RHEEAT - 27
H 0030 UTC - friv@ g st bRE - ReE &
o SRR SREGESRE R, - AT LA R 51
m st FEEFFZE 925 hPa; 27 H 0300 UTC #E%
prmeE > 5B HR > AT R EUEREES] T 53 m
st 27 H 1200 UTC » Eafie it A g
RS > (B E SRS - iR UZEIR
B BT o AT A HER [ RIS T A R
gy EHiSEEEALEEf Tz o BaRT— H TEHE
EEErEmIVE AR - 27 H 2100 UTC #E » #
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FERFETRGT > AT PO R R 20 ms™ > LR,
JBR[E17F242 990 hPa 44 =l s AL T hl RS E) - 1%
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MBS T ISR M Ry T RE - &R & e LR AT
7 REAEaTHA -
= BHKRRERE
(—) BHZKIR

AHFEH FH WRF 52 Weather Research and
Forecast model ) 3.0.1 i &% 2008 FF 3244 o i i
B T e AT TEARE - G DA 2008 4F T-PARC EUHI
H ] 5= B ] SR BR A B PR o0y (National Center
for Environmental Prediction, NCEP) 2~ £ EkTEER
%%t (Global Forecast System, GFS) FHEIG M A
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HF BT ATTIEE Ry 6 /INIF o <298 o JG RS i AR 8
B DL 2008 429 H 9 H 0000 UTC #E - & 12 /)
FF—4 > 2 2008 4£ 9 A 20 H 0000 UTC [ » 3
AETT 21 (R RIS wIAaHF R AU RERE » B 1= TR
[ By 120 /INBF 5 11 5 2 R i ) 2 T ZBE LR A
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A EE AR AR - e THERIE Ky 120

NiED
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JEARATE By 45 N H ~ NIEgRIRy 15 N H - f&E
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PR PR A A R Ry 280 x 208 4118 2b AT -
i E AR Ry B S AT (0 ) » 345 28 >
5¥AI % 1.000, 0.990, 0.978, 0.964, 0.946, 0.922,
0.894, 0.860, 0.817, 0.766, 0.707, 0.644, 0.576,
0.507, 0.444, 0.380, 0.324, 0.273, 0.228, 0.188,
0.152, 0.121, 0.093, 0.069, 0.048, 0.029, 0.014,
0.000

2. BRKYER A AERE

WHFE A 4 Y S BUA L 4 fERES
BUEAHE R 16 A E KIS E 2 B & - 1
Y S8 ] Kessler ~ Lin et al. (LFO) ~ WRF
Single moment 3-class (WSM3) 5z WRF Single
moment 6-class (WSMB6) - Kessler i 804 A
BEKFER ~ BRKRKRRERKERE ; LFO
FERE/KZER ~ TK ~ K ~ K~ BREANLE
FE/KERE - WSM3 I & 7KZ8 R, ~ /KUK ~ FRIEL
FF’% 3 @F’%%/%EL& ;1 WSM6 Rl & 7K 7%

~ PR C UK~ BKKE - AP EEA

&jtﬁﬁ{ ‘Tmﬁﬁ Lin et al. (1983) > {H /KM HEFEHE

7rP%FH Hong et al. (2004)9757% - 595h » TiES
#rAE ] @ Kain-Fritsch (KF) ~ Betts-Miller-Janjic
(BMJ) ~ Grell-Devenyi (GD)z New Grell (NG) -
KF BESEUE A ERER OB RIEES
Bk o BMY A — st R S AR 28
% GD Ry B E S E RS R B B 2B 48 R
[lEE4E IR ESR0E ;T NG AIlE GD 28
ERRL - BRI R L BT O
HEANRRERE T - £ AIEBUER 2
FEEKSHOEME LR -

HEREAM YRR B RIGEES
S8 {#F RRTM Scheme > %EL;EZ%E.%#%%%%JEH

Dudhia Scheme » 25 @35 FH YSU Scheme o
e Lt B SBUAZ G  EITRE RS AR ETH

EHEIES I

# o B WRF 15U SRl 2 8 ) 2R R Bl A
T4 r4H r] 2% Skamarock et al. (2008) -

*1 hEESECE (CPs) B 2HE (MPs)
MHEtZ 16 fEREKYEEE 2B S T R
T o S95h - EEEAIERIN b REREREAETE
TEARE S -

MPs | Kessler| LFO |WSM3 | WSM6
CPs @ @ @ (6)
Kain-Fritsch
runll |runl2| runl13 | runl6
(KF=1)
Betts-Miller-Janjic
run2l |run22| run23 | run26
(BMJ=2)
Grell-Devenyi
run31 |run32| run33 | run36
(GD=3)
New-Grell
run51 |run52| run53 | run56
(NG=5)

3. MABERIENIAERE

FY NCEP GFS FHHEUZ AT w{E - 15k
HHIREE SR RS - AT SIS BT Z
SR > EATFEfE A Chou and Wu (2008)Fr
2 RS AT TR BEE A DUINSR #4655 2 Be
SR - MCAEUE TR KRB A [F K
(EPa LSRN S RN 2

TERTEEABIE A WIAAES T EE M RE =
Huly 600 A BEAYERFE AU - PRIt Re R AR
Hh BT A A TR e AR > (R
AHFFE R R R R O R S e
&% 600 22 B DLSMNEFIE R nTwidaisfd -
o A E By 2008 45 9 H 9 H 0000 UTC #8 &F 12
/NIE—EE > %2 2008 4£ 9 H 11 H 1200 UTC |f »
FHETT 6 (ER RIS ARE RS - A TR
8y 120 /NI 5 i i 2 e E, By 2008 45 9 H 24 H
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1200 UTC #£ > 45 12 /NiG—%% > 2 2008 4E 9 f
27 H 0000 UTC I » $EH#ETT 6 (A [FIRA0T4aHT
[EIFSLRE - e R THERIRFEIN Ry 120 /NS

R A Tt o PR e i) U 2 (two-way
grid nesting) 4445 - RIS HEAE ALK L (8 AR A AT
FERLSHYER @ 4ars - AWt Fe s ietE AR RifE
FEDER © i~ {RIGA (Rl R e 58 A E
ASEBR A TURER TR RIS E > ST 12 /1Ny
Uy » DLEEAEAE A spin up 10 e @ 4%
2 IR EsERE © BB BRI 2 e
JEEEREER spin up Z 7 RIS eSS > 2%
HRIRETE AR - B DR EIEE A AR
{5 FHEY Rankine vortex &fife » HCaliEH il 5 S
THIAAES

V(r,z) = F(nw(z) )

r

F(1) = Vinax R (r<Rp) 2

max

AR 309

) = Vi 22, (1> R ) ()

e DUBGEURS o AR R T A 7)1
155 s W) V) m BB e E BRI fg 2 HEE  F(r)
Ko V)10 B B L Lo BE e SR LRA 5 Vinax B
KRR > ER T R R GREFE K o o
BB 20 ~ 30 ~ 40 ~ 50 K 60 m s™ » ik AJEHE
EERe R YIAaES > (1 B> 488 12 /]NIE LR e
BATR IR I S 1% v {5 51K [H) 58 H s et
FEEITRRIEAERE 5 Ruax RRAEE Y 1K - HE
Ry 80 ANH ;5 o KRS IR - B
BirhEtky 0.7 - 5990 - S ete ARYEE BB > BE
#0300 24 B EDRE5E 4 HH spin up Z ERHAL
X M7 300~600 2 B AR5 spin up ERIEL)4A
BRI AR MEAS & - ] 2 v R
JECRTERE AT ~ 1% BEE L T RS - TTE
JTWC RIS FT A 2 L B E LT -

2 JTWC s ERE (AT B SR AL Rt A Z e\ Lo P IRIRBE (AL : hPa) -

Case Date JTWC Before Bogus After Bogus
Sinlaku 2008/09/09 0000 UTC 985.0 1004.3 982.3
Sinlaku 2008/09/09 1200 UTC 974.0 999.5 966.8
Sinlaku 2008/09/10 0000 UTC 956.0 995.9 954.1
Sinlaku 2008/09/10 1200 UTC 941.0 992.0 936.6
Sinlaku 2008/09/11 0000 UTC 929.0 988.5 936.7
Sinlaku 2008/09/11 1200 UTC 933.0 983.8 936.6
Jangmi 2008/09/24 1200 UTC 989.0 1004.9 985.8
Jangmi 2008/09/25 0000 UTC 982.0 1001.0 985.8
Jangmi 2008/09/25 1200 UTC 970.0 998.0 968.7
Jangmi 2008/09/26 0000 UTC 956.0 994.7 957.0
Jangmi 2008/09/26 1200 UTC 952.0 9914 947.2
Jangmi 2008/09/27 0000 UTC 952.0 986.4 940.1
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R o ARBHZE 155 HIIETE ensm16~ensm08 Kz ensm04
FREPIIRRR > A B 2 IRTHEHRE
JMA ~ UK ~ NCEP ~ EC % A}, FuftlU5e 3 3845k
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FETE ensm16 ZHFTA 16 fEA [E [ K B AL fr
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AT ensm16 HYFT 8 RS {3455 ] ensm04
RIEREESEUAEEH KF BFY 4 (HRR{CE4s
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VIRRIRERTE « SRAT4EREUR > ensm04 HYEEEETR
R7=LE ensm08 B ensm16 570 » H: 24 /[NEFAY
PIRERERZE/ DTN 100 A H > PR ER A B
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Gh > FEAKHZE VU8 3 L PR TH R (Y 2 R4S
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W7E R AT THRES S - PG E R ETH R R
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ABTFEREH T-test &atha i A ELI T MIAEF
HMRERERTREART LAVER > WERE
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ABSTRACT

A series of numerical simulations are conducted by the Weather Research and Forecasting model (V3.0.1)
to examine typhoon track ensemble forecast. Four different convective parameterizations (CPs) and four
different microphysical parameterizations (MPs) are chosen as the combination of the precipitation
parameterizations. The track error statistics for all members, ensemble mean and four main operational global
model forecasts (NCEP, JMA, UK, and EC) are also investigated in this study. Besides, due to the intensity of
tropical cyclone analyzed by the global analyses is generally too weak to present the actual strength of
tropical cyclone, the implantation of bogused vortex are applied in this study to obtain the better intensity
simulation and examine its impact on the performance of the ensemble forecasts. Furthermore, the impact of
different precipitations on the intensity and structure of typhoon as well as the environmental flows are also

investigated.

Based on the experiments without the implantation of bogused vortex, the results show that ensemble
forecasts by using different precipitation parameterization schemes could obtain a track spread that regard as
an area that typhoon might approach. Furthermore, the ensemble track from four tracks of fixed Kain-Fritsch
CP the better typhoon forecast track. Moreover, the combination of Kain-Fritsch CP and WSM3 MP
precipitation parameterization could lead to the smaller averaged track errors and this result indicates that this
combination of precipitation parameterization will provide the best track forecast. Meanwhile, for the
experiments with the implantation of the bogused vortex, the Grell-Devenyi CP and WSM3 MP precipitation

parameterizations could be the best combination of precipitation parameterization which leads to the smaller
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averaged track errors. Furthermore, the results show that the implantation of the bogused vortex efficiently
shrink the spread of the ensemble tracks, and significantly improve the track forecast in the later part of the

forecast period.

For the impact of different precipitation parameterization schemes on the simulated intensity and
structure of typhoon as well as the environmental flows. The model tends to simulate more intense and larger
size typhoon as well as obvious northward movement track when the Kain-Fritsch CP are chosen, while
appears to simulate more weaker and smaller size typhoon as well as obvious eastward movement track when
the Kessler MP are used. The reason is raised from that the steering flows are mainly dominated by the
strength of the Pacific high and the structure of typhoon where are significantly influenced by the

precipitation parameterization schemes in the numerical model.

Key Words: WRF, Ensemble forecasts, Convective and Microphysical parameterizations
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