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GFDLES . TA 4R % 4 # A 1995F & 1996
BEEKFFE AL RFAL

=8 & EEW

HYARABRAERNBR

(FERBEATAEEA+ABBR  PERBA+AE+—AEHER)

B O=

A Fe WA GFDL ( Geophysical Fluid Dynamics Laboratory) BB ERAA N RBAF
FHERBENTEREY  DUREERAGEIEREBNRBRATERBRCHREIRESE R
& -

FI9SERBEMD - RMB ALK #1608 R E £ 1256 KoY A GFDLERMA
W-ERBRE S EGFDLER KA FRG RHEKNCLIPER - PREKFHTFSH
EBM - K RERMAVNENOGAPSE R BMR AN TR BRE KD 35% - H4 GFDLEE R BE
BRARAZTMERRBNERIE S EK - RYGEMR30% - 1996F 2 BAREMD - &M
ENEILAPHIERRM7TIEAXNORFGFDLER S XTFH - MR AW E > CFDL
BEREABRRENIVEALIATHBECRBABRERN A RBERD - #1224 36

48 OB T2/ S AHRFN HPHEHRERE=SFB108 - 1745 220 274 > 352 )
4360 H -

BRARRERAERABRRZZARUBTERGFDLERRERAMANNEILKTH
EERARSARAREZAREOARAMER L BEEXEMBA—ENRARE - NER
BAR S EGFDLRAKER A RILREYNRTESARENEAD (KAUREISE) - A&
EfRAERRCBE  ARAEHERMAEEL  GFDLRAMABEES HHMEKH 2 KA
ERBERAEROES  EETRAEXSRIHLRERAFIFSBRUE LR -



450 REFIE BRI

FREBEERE (1995) ERGEROBGFDLERAARNRHBREC HBERE RS
MBENNEERRRE ZEBREMK - 4 - WAEKE (199) BRI RUET
GFDLE#RRMHNNENEI/ IRERSEMEHEERS) -  ENRAEEANES AR
UHNGFDLERAMREARLMBARAZR IR UERRRERARER B NHE
FHB.Z SUREE - 31552 98 0 38 S0 0 35 LA 0 553 s s AL T 4 B T o D4R PR 1B
WERAZ REFER -

BUdET - ReH| - GFDLES L F 3 R &

il

BEEARAREBRNNKERY  CREOMERERNLRRR > HAWRONELE
BB FEEN KRR — - REBAPTRAFR/IOT (REMFFREEY) BRTISES
Wt BERARRREBNEEM YRR  FHIBFEHRLEWI0ET (ARRALERSE
A)  TMHPET6.6%EAREBRKERER - LEHMERPS » FFHRABFITA
A REEHEREHEK  REERFEEHMEBERXEBRKOHE - B—FHH > @B

(Ryan) AR RESFIA VB EBREFEFBNE  EMAKOHEBERREE ML
B PROERMBRE - F&GERT R ER S -

0 4 7 s BV {E (Herb) R RB8SFTH3IIH ESH 1IH IR WL ML E - HATHRT
Z BHAC S B TN A BV S M B SRR K REBBEK - LHERRIUERMEIIME - K
B2 E (RFIEHBREIUHARTAMFLE) - RBREAMET - HORRAERITCR KR
ARSI RIZESIAB 22 A » B ABA3A > BEZES03M > E880R - MHEFASSID
B~ B 126600 - WKEHE2ISTAE  HEBAHIMET - MEXFELZINT (F
=R 1996)  THMEE - MECERBRAERELGEH - @ERSFERBMENF 0K
EMEIEBESEREFREAK/) BEARLTERESREE+NAENGKEUKRFRH
K& -

REAEMTS  KAEHRENBREXERFTREANBYR G - BEER ML e H
e ~ A e - BOHN - AREBEIKELFASTVERE  —~HEEHEBRAEH
RREBABNYAREN - LERMRIF > HRMVEBRREILAFTFUERERE B > &
FHRZEARR  HHREXFSBAMHARERC@EMEAE - BREEISBE > PR
AR 5 - SR > HEEAAECHNAMRAEMEHERZINEE LB ER -
AEASRER R WESHAGECARNEN R EMRE - UittBER
U EEFECHERCIRER LERRBRHARRE -
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FrERPREESN N EEEAAS R ABEARBRNBARAEZIARE - BARHERH
AR - ARKEHENTRYE - DR ELAZFREANEHEEER  RRNEEEREHE
R MIERERNENERER - KEHFHME - HaltR & LEE RN =M/
ERDOIERSRELHR—EGNATLE - RKMEMBEMRAR - HFRERZGTRNHE
HHRELRD RARKEABRER "HRT" GESHIERAATREFCEL - K
b BAESNWERSMEE RSB ERREXNBF LR HER L — -

PRAKRFRBRE -ARBERBREEEBRHA (TFS) ER19MFERESTR > WtH
19945 2 REBBS/F A B3 - Chen et al. (1994) FER24 ~ 4/ MREERBERMIHRES
£5201 - 3800 B > BWHAT—RARMKETHEE - WTFSKE BRAREDERFMARIGEZ
oo RN R AR RB OB TR BB LR BETFSEREARRK - B2
ERE—-FHROAME - BN BARBEEREARRREEIIRAKERERRERE  RT
HRRAFFCHEEHPRN  FURBEARREVERECERSEKE - BER
SREFAEEHCHBRNRN  RMUAMEARAEER  ZREESEHCECRACHE
FREMEEEBRNEBRARIZERARH » FRMFEREBRT 7 BRRE -

Wu (1994 ) {# A GFDL ( Geophysical Fluid Dynamics Laboratory ) BB T #5 7 #t 2 75 1k
AFHNBEETOSAR  HERBERERANBERECAHIEAPHECEAREHE
ZHEBEES - AW RAUFFRAWu (1994) ZHF 50— BB GFDLEE B\ B ¥ * KL 7E 19955 521996
EHNRAEATHEHERBENERHEY H URBLEABRRKERBENRE AT ERR H
WaES) > EMFMEHERMURFHEERERSH < HEH -

8] (1996) EdBender et al.(1997)2tH 9 EHE#H S GFDLZE 19954E Fifi < TR &S R it
TREESREBBEEB TN - 3R 219955 5 1996 E09 5 R MU BN » LIRS
EFEERFBECHBRE ' UREAAENEBEAERIER - HRRMIE196EE
HMGFDLE R EHRA MM NRAILATEMERR EREREEIML - FILEI1996FERF 2 H
HEBI9SE X H H40% - Th 55 & & % B ¥ FH NOGAPS ( Navy Operational Global
Atmospheric Prediction System ) #{fTGFDLESH EHR AR K2 TR [ Bl FH GFDLES B
Hs N, - [H9) 85188814 BIfE AANCEP ( National Centers for Environmental Prediction)
AVN (AViatioN) FNOGAPS ( Navy Operational Global Atmospheric Prediction System) Z
2RI E] > ERFNEM B 1995846 2 00UTC R 12UTCH £ 06UTC K 18UTC - Bt
Ao AR A FRTFSALE®E (TFSERBEHRRMEIISERIICERFERNFUETR
00UTCR 12UTC » #(7E 19964 t GFDLAITFS M4 RIERBHSOWMRZL®) » UEH
REATTFSEES R 96 B R » MR FHRRBUES M -

ERERME#  XARZEIBEENNAEZER W (1994) - 2 (1996) KBender et
al.(1997)Z T{F—HIzAGFDLEE B B R M M IR 1996 £ A A ¥ I E M B I AS R » LI
RIERAERBEHREAFTERACERR  ENAEGHIRERIELuRAERS S
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ZEfE - WARAFARAERARERAZ LRI SERER » USGEGFDLRTFSE AR I
BRI 26 1 S ¥R SERE A (bogusing)BREE /735 » MY BER R Re R BE A AN A -

ENLZBMRUAFEAKGFDLE R BB AR R ETHEB A NEHE  B=M
RI9SEHFEIL AT HFRERAZERERE  BUMBI996ERILAFTRERAFERSRH
FIREH  BAMBERIFTENR  BRBSHBHERRIMF -

— -GFDLRBBEFEHR R &

A E /A8 GFDLEE B B 0 7 A o ZE A 2048 (G MIZE M8 LB ¥k SR Kurihara et al.,1997) -
A P BE A B89 B i 4= B89 GFDL A % B8 81R v] #8 B #8548 (Multiply Nested Movable Mesh)Mé il
R (UTHMSGFDLES R EE A M) » BHKuriharaf]Bender (1980) FiARNRE » B
R Tuleya et al. (1984) > Bender et al. ( 1987) F{IBender et al. (1993) $HERXAMERIM
LS » Yo A W6 #1541 8 2 & 86 B ¥% g8 f A 77 35 [ Kurihara et al. 1993;1995

(KBTR) ) kB85 28 { (Tuleya 1994) -

HEEAR—FBATEES > EKTRRSEEEE > FHRoc (o =P/Ps) BE - EHEH
EARISE  MOBEREETS X RBETS - MHAEANZELRBER  HRFTEHEE
M BIFR1° 0 1/ 3°F01 / 6° - 4t 8 4% A ¥ 0 AR 5 B rh 10°S E 65°N » T 4% B e B R Bl =%
HRERABEAETARNS HA+T2BLAETREERELSEKL > KR —HEHR
BfFR > BEHNKEHYK  REHZ 8L - LR ANCEPNTI26 RS HTE - LR
AZ=ZE GFDLE R X < #48 L MR BRI hkEM - I LANCEPZ R 12/ R B
HRES R R AR A4 (Kurihara et al. 1989) -

GFDLNEREFMEAMTIERRAEE | - R—EEBITENSEUBRIMERKRN -2 -
LANCEPRY 2R T HREHE R ¥ 2435 - 3 ~ R GFDLE R 2 BB 9] 441k 38 72 A1 e BAE A 75
%o RHE =80 P EM —HRSE - TR ERATEBMAYNEREA - £Bender et al.

(1993) BB - ZiREEE AR 2 Gloria (1985) FIGilbert (1988) MEEMEHE -
FRBRERBNATIS DR B RAEARRE T NRC TR RENE - 78R3 3
EEBMLERRACRE  EHHARNBALCHEREIEE - 19955 KBTRIZ BT )
AT SPEAMEES BT RRERESOAC S KEERNROMUNE @ FAFN
964677 545 SRR > #EFlorence (1988 ) BREAIBIBES - o 4 MR SR 4L 77 B9 SR BE FO MR i, &
SWRAMERTENR > FEEERNVEREHS > ENSCERBRIRETEE -

HGFDLE#H A MAESB L F R FOOIFW BB R R FHRIER - S5 LEBERHEAE
KEERRATEEAEA ST RERRER  THBMBERERBE cBHEBED
(Kurihara et al.1993) - GFDLEGE A RAR 1994 R =6 » ZENCEPHCray C-90T
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B B BIER N6 AE19954F R IE N B RANCEPHS B F 3R A /F A X - GFDL RS B F8 %5 # &S 7R 42 B!
1996 F R19ITER REEBEMMEE L (FNMOC) REBRESRFHIREREKRERR
A - RME/CGFDLERERZRARRBERNRERNZ— -

AEARTHESMW (1994) » 2( 1996 ) Kz Bender et al.(1997)2 B 92 » ] FINCEPZ Cray ‘
C-90E B - ZE1995FE R199EMBEFEMH HAIL AT B R ETHEREE - HR1995
4F FF GFDL & | T8 9% 7 5 2 A PR AL A 7 8 3t W oz I T T 3 ) 78 5 A 2 B B LA W A7) 72 G AR,
BEERKE > FIL1995EEBFHMICERE » 125@XK © MIERKNEBLEREXC T2
B > A EHEER1995FE£30040% : F23EEE - 171X - 14 FREFH—FHE
BEREXRBESE FANOGAPS Rk & LAGFDLTE ) & ¥ 3 1996 FH b K F 3 & & B A,
REEHE > RFIRERRAGFDLAMLUAVNE AR BRNCEPETFT2HE - B
JHE EE 9 A 3 o2 A SR 44 T N BB AR GFDL TR 5 7 Mt B R M4 R - < BUB TR THE T RS R B
Fi# ( ensemble forecast) RYFIE#E ST (Bender et al ,1997) - B SEEHBEMRAEILL
FHEERETHREBARFMLGET I _EERTHE®E EAWRFETRETE R %
EFRI B 06UTCHI18UTC ( 19954 00UTCR 12UTC) : iR M L GFDLE® ZE K2 B
s REH MR (00UTCR12UTC) 2R ETIIIE R LK - LI H0600UTCZ
5 # » GFDLZ T8 ##5 7£ 1200UTC — 1400UTCHF 52 5k ( BNZENCEP AVNSZER &1 — 3/
) -

Z19SFERBARABR A

(—) BERERE

1995 R ZFEH > KMBTAFHENFNHEILRTEIERES12SERYERTE
o (HRERME—) - HEGREBEACLIPER ( CLImatology and PERsistence) -~ @R
J& 2 TFSH1IEBM ( Equivalent Barotropic Model ) & &, » & BEd Guam ( BJJTWC » Joint
Typhoon Warning Center) T RRBFERHN'E HHEMMEES (B © B EBRMHLLRR
EEFE M E3~4/ ) » WENCEPRAVNAI X R IBENOGAPSH 2R EHRAS RIS
f8% (homogeneous) RYLLE - Hh > ANKRRBRERREIGRLUNBE AT ZBE T LB
BRAE - (AFETEARERD OCHAIF RSP LAEBERERAR > MRIASEARR
BE&PLCEAMNERBRERBERE  HRELHARZTIELEREREE - ) HP
EROE  #ARGFDLEERAMTHRTZ/NRNER > HRSREBRH EEFH RIS/
R RULERPRASBHEAMCRF » RS8R - SALFARANVE > AR
AEBHBRAEARFOOHBI T HHER - FHILRMOO L8O BRI - JLH
RIBEBRBFECRATRARKARBEAR AR ERES -
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F— 19954 GFDLERBERRMATILATEFM R ERERE -

STORM  NAME|NUMBER OF CASES{DATES OF FORECASTS
FAYE (WP05) 1 JULY 18- JULY 23

GRAY  (WP07) 3 JULY 29 - JULY 30
HELEN  (WPO8) 6 AUGUST 8 - AUGUST 11
IRVING  (WP09) 3 AUGUST 17 - AUGUST 18
JANIS  (WP10) 9 AUGUST 22 - AUGUST 26
KENT (WP12) 8 AUGUST 27 - AUGUST 30
LOIS (WP13) 4 AUGUST 27 - AUGUST 29
OSCAR  (WP17) 9 SEPT. 12 - SEPT. 16
POLLY  (WPI3) 5 SEPT. 16 - SEPT. 20
RYAN  (WP19) 12 SEPT. 17 - SEPT. 23
SIBLY  (WP20) 7 SEPT. 28 - OCTOBER 2
VAL (WP25) 1 OCTOBER 10

WARD  (WP26) 9 OCT. 18 - OCT. 22
YVETTE (WP27) 5 OCT. 23 - OCT. 25

ZACK  (WP28) 13 OCT. 25 - NOV. 1
ANGELA (WP29) 20 OCT. 26 - NOV. 4

TOTAL 125 JULY 18 - NOVEMBER 4

ERRFERSHE - GFDLERRRNERF A 125EERD > H12 - 24 - 36 - 48RTUMRFH
FEERRECFEBREHEBBRESFIRS - 146 ~ 193 ~ 2504681 B - F 1§ GFDLA
TFS - EBM - CLIPEREERRARHRE\FRNWE HHE (WHCWB) #AHAEX (BF
HEER) WEEBER (BRR) BT BV NRERARE T ERNBREREVRE
SE - {B7E24/NEE DA% » GFDLAYR AR 2 R B/ MR HE AR - L2 R R Rga
Ti®A - ZHGFDL - TFS - EBMt ZHEEEBRAMECWBE FERZIREHHIR

CLIPERZ T3S 24 E A8 2 ok (B Smesed “KARR ;34 ch g3 f R X B CLIPERZ B

BERE - DB SERREKE) » &R (BR7R) BrAECGFDLERRPREKTNEHH
HEF HERBAK (FEHNCLIPER) - T GFDLEAHAHB N CLIPERZ B KK L P RA KT
RE S HERE&/30% -

MRS EFAMEaERNLEE (R - RELF2) > RAGRABLKOER - Ko
[ R TFS ~ EBMAYRERR R 7% 4R CLIPER - i GFDLAYRE I 45 Al B R CLIPER R th R B &R
RE AR ER - GFDLEL2 ~ 24 - 36 RAB/ PR B BEHEBRIMW < TR R ERRZES B



NAE+ZR

SRat HEW

F= 199SHR&H ZF &5 - GFDLAICLIPER - TFSHIEBMZ K& B iR =, )t CWBHY
BHERNAEILAT RERABUT S E RN 12 - 24 - 36/148/ N B ER
BEGREREEZ (FRABT) LK -

Bl :me
12Hr 24Hr 36Hr 48Hr
TFS 105 (62) 207 (122) 314 (183) 423 (231)
EBM 124 (77) 258 (138) 393 (202) 522 (253)
GFDL 90 (57) 144 (84) 183 (117) 241 (160)
CLIPER 187 367
CWB 193 350
Case numbers 102 101 93 82
600
500 | .
E 400 |
)
%)
o 300 |
@)
85200
j6a]
100 |

12

[102]

24
[101]

36
(93]
FCST. HOURS [CASE NO.]

B1 19954 R EF M GFDL - TFS - EBMES BB X & CWBRY'H 5 B B #& 4L
AFEHEEMSEOEENERBRRE LR -

455

£90 - 144 - 18352241/ H » WK TFS > HeaEaERE14% ~ 30% 4296 2439% + SAHE
RCWB ( CLIPER) #0245 48/NEF (9 T3} » GFDLTASRMIRZ B RIS BIFH25 (23) %FI31
(34) % - TGGFDLES M TAM R 2 7 MY 2 /R 8 2 & TG - JLAS R B R GFDLE R
G M EREM - BILEIGFDL - TFS - EBMAI 5 4§ R 5 75 9 RS % F 984 3 0 CLIPER
MR H AL (ME2) &R ET - TFSAIEBMESE S 7 6 18 3 A CLIPERE ¥ 4 B
M - o RAE RS 77 FH HI BEHS CLIPER » 7 GFDLES B8 2 Al #f CLIPERZR 2184
#1309 -
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[o1] (82)
FCST. HOURS [ CASE NO.]

Forecast skill relative to CLIPER

W2 19954E R\ F i » GFDL - TFS - EBMEE B X R CWBHN'E S HBHE
EAFHERERSESEENERRTRE2HEMNACLIPERZ BHEE L
& °

BMI/R$HTFS - EBMRGFDLZ Fi A XN B RRZ R REZHILE - KRBT M
FREfEIR 0 - GFDLERZER MR Z IR & /NATFS R EBMFR il B B A RS R R =41 » GFDL
BN R R R E 2 EHE 2 TRE TFS & EBMF & B A /) - 10 M TFS ~ EBME GFDLE iy
FEXBESIERNBRREMMEERLLE (XD BRIAUFAEERLBZ A RAEMY -
BB RBNGFDLERMBE R R AN TFSKEBM - L5 RAFRY - YR TFS REBMF
BeE R - GFDLERF MR I RSN - FRARES -

88+ M Gary > Helen > Janis » KentfIRyanSEH EMEEE X - HFRAWHROBE,
¥ GFDLER TFSEE R IR NAICLIPEREI9 G B R LL 8 (HAR) » HILEE R BHTFSH
FE M Z HCLIPERAEE » ifi GFDLAYRE R F# I H MR CLIPER R TFSHURS R #H - BN >
# MR GFDL  TFSHWERFMIEH R CLIPERBHE BB LE (HXR) - BRER
038 SR fE Xy Lt - TFSRG R X AH M R CLIPERIE R BUR M B » 1 GFDLESE R X
RIFE24 R A8/ 2 B #R 53 B R CLIPERZE 3296 52 54 % -

EMUEZ  V9SERBERNEHRREERTD » GFDLEHRZMHBHNCLIPER ~ PR
RERTFSERANBRBEHHD3I5% » EGFDLNKERRERREUEEBRRENS
BMYBLHREHE HYGESB30% - HHHGFDLAPRERBTFSHA L LLE (H3aRk
3b) » EAPREHE24MA R TR - GFDLRE R B B R TFS 2 ELF143 B 45 M8l 3R 26996
K81% - A& R B RGFDLN EHE R ERTFSHEI ERRHRE LR ERFNEETER
FraEaR - BERHRTE (t-test) FRBER @ FE95%6RIME.00 T » GFDLZE24 ~ 36 Fr48/NRFBY & M
WEFR > HIRREMSKTFSRAE -
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(a) 24h FORECAST ERRORS IN WEST PACIFIC (KM) 1995

TAIWAN MODEL

600 |
GFDL BETTER THAN TAIWAN MODEL
400 |
® x
W x
x
R X
X x
AT ) X,
.
XX x
200 X W » .
< % x e 3 *  GFOL WORSE THAN TAIWAN MODEL |
. X i
L ;
‘ x
A
L oRx
o0 100 200 300 400 500 600
GFDL

TAIWAN MODEL

14C0
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(b)  48h FORECAST ERRORS IN WEST PACIFIC (KM) 1995
1400 - - - — T =
S
1200 GFDL BETTER THAN TAIWAN MODEL ‘ J
1000 i
800 |- 1
600 * ]
400 + . Y SEIR : -
S el GFDL WORSE THAN TAIWAN MODEL |

“Ew
200 | 77w«
° 200 400 600 800 1000 1260
GFDL

19954F i . ZE #7 » GFDLAITFSES B =\ 3 76 4L K 7 7 Be B (8 3 1 (a)24

INEF(D)AS/NEF T R R RE LK - R LT ARGFDLE®RER

TFS » T /R ZETFSENRGFDL -

# = [l 47 GFDLSE % B ¥ FINOGAPS - AVN 5 GUAMSIE 75 BI85 #t 49 K 00 4 4

RELR - SELERESRERCGFDLYERRZA R HHRIM S/ M HERBEBEARE /T H
% MHERRHAEF®R KB EEE - HGFDL - NOGAPS » AVNK GUAME 7 ¥ < B8 &8
A N CLIPERBBSE AT LE® (20H5) - B AVNESE & MAH 2 72 CLIPERYE 12
HH MW - NOGAPSREE B R EHAE24 ~ 36/ R 2 IS REMN CLIPER : GUAMYZ
'H I EIRAERT48/ N FF 2 TR & S CLIPER » {H7E72/\Ff 2 TH #5246 24 72 CLIPER Rl f % B 3R %2
i ; TOGFDLE&JE TR 7 # R /R CLIPERR 2= 3R A #3096 - 5351 > ¢+ HGFDLEYH & R
NOGAPS ( AVN) WHEHI9 9@ KR 24T » & RBRGFDLEE24 ~ 36 ~ 48FIT2/NEFHI %

Fz=

19954 B H. 8 » GFDLAICLIPER - NOGAPS + AVNE EBR X & ITWC

WE S ERNEILAT KRR IEENI2 - 24 - 36 - 487172
NBERBRRERTHEERE (FRAKT) K -

B4z n L
12Hr 24Hr 36Hr 48Hr 72Hr
CLIPER 116 (78) 209 (128) 312 (193) 400 (279) 619 (431)
JTWC 99 (65) 177 (89) 263 (127) 369 (196) 629 (317)
GFDL 94 (61) 150 (87) 197 (131) 275 (174) 527 (372)
NOGAPS 122 (77) 201 (118) 286 (169) 400 (260) 702 (447)
AVN 134 (81) | 226(130) 331 (225) 468 (360) 829 (527)
Case number 72 71 64 54 38
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ERRORS (KM)

0 12 24 36 48 72
[72] [71] [64] {54} {38}

FCST. HOURS [CASES NO.]
4 19954 @B F#f  GFDL - NOGAPS - AVN - CLIPER%Z BB #B X &

ITWCRE S BB B 791 A ¥ AR A O RO ERBERR 2L
¥ (EXBEEERERMBERRETHAZERR) -

FORECAST SKILL RELATIVE TO
CLIPER

[72] [71] [64] [54) [38]
FCST. HOURS [CASE NO.]

W5 19954 B5R i - GFDL - NOGAPS - AVNZ KRB X RITWCHE HHE
BHAILRKTERAERISOERNE B ERR ZHBKRCLIPERY
BEME I (EEKRBERERMEEFMATHAZERA) -

BEHEBEM - HBERERBHPNOGAPS (AVN) ZLEBIEMIER 26396 (6836) - 6636
(6396) - 683 (65% ) 5163% (6736) - FEISHHIME /LT » MAIHME (t-test) JREER
GFDL#E24 - 36 ~ 48172/ B HE ML - HEERERIIBNOGAPSRAVNR & - #ER
- BRICEWRRARHERA2REARERERLY W T4 (A Krishnamurti, 1989 ; Fiorino et
al, 1993 ; Chan et al,1993) - EREEERESFAEFERL - BLULRS (EPHR
1995 2 EEHT T ) B BRifFRZZREARRAGTHRHEBERB R 2 EH -
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(Z) BEWMEEE

BRHESEEEARARE T HBRCBRBERESRMILLEZ S » BRI $ 2 GFDLEH K
TFSHEWBBBRBRAREZZON  HEHESOFTTRFASBRERZISRVERER R
(Along Track ; AT) BREEBEME (Cross Track » LIATHRAEGHIEIE 5 CT) B 5
& DHFME_ERANEEBERTRIOEKBOEE - @6aflbfE$ ¥ GFDLE TFS —
E R R ER AR EIEEOILE - $HHATRCTRH E 52 B3R R A L AHH N CLIPERK FH#E
B - HERBE RGFDLE R R A ARAECT FBAT A 2 H k& A TFS K B H 3R
F#t - EGFDLEER R A M BRBRERREGE RS - BARGFDL HHRACTRAT A
BN CLIPERH A HHHE W » HEATHRAZREBNRCTH A » B HGFDLR & H R R B
HeHBERRAMBETRAAACRE - £TFSKEEBASK HHE @ BERHEATHMA »
TFSH 3 A # < REMCLIPERFE AR » HEECT/ AR 4R CLIPERFH » M BAEA L
TFSAMHRBERTR A EERIEE -

(2} CROSS TRACK (b) ALONG TRACK
0.4 0.4

0.2 TFS, <~
o«

—-—

0.2

-0.2 .02

GFDL

.04 04 | GFDL

!
\

Forecast Skill Relative 10 CLIPER
!

Forecast Skill Relative to CLIPER -

-0.6 0.6

FCST. HOURS FCST. HOURS

e 19954 s mZEH GFDL J& TFS i i, T8 # 7 #ft B % 7 i 3% 2= £ (a)Cross-
Track#(b)Along-Track — & /7 [a1 18 $1ACLIPERIEH Ltk LE#K -

M7 - 85> B £ GFDLESE T35 7 6t R TFSR BB 38 R L 1E 1995 MBI AT HREFTH
ERERAEHCTRATHR 2l - (R TFSE BRI R R EREIS/NG - S W
BB R 24 R A8/ N R ES M - ) W7ERGFDLRBRZEATHAHRRIEAR » £CT
FiEEEREENRRERGTEYE - TFSERRE ([#8) HBMGFDLR A @ R
ATHA F Y EPERENNS > BZECTHH ERRRE LR - EXBEDHRERE
MIET - R A S B BEE REFER T BT - BT H L S R R T 3 2 GFDLEY
TFSZ BEBEHRERIIREEHANRMARE -

B9 + 1045 51 £ GFDL R B 78 # 7 % 5 TFS Bé T8 38 7 AR 1R 24/ B 48/ B R B SR Y
frERE (SHEMRS N RNERREEBEMEZRSFTAHELEI X IRERL
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RRBE

CROSS—ALONG FORECAST BIAS

{(GFDL-OBSERVED) POSITION

T T

T T

T

T

T

T

SLOW <= (ALONG) —> FAST

El *

"GFDL

X HOUR24 (128 CASES)

: * HOUR48 (103 CASES)
6

Ol HOUR'{Z (70 CASES)y
1 1 1 1

I |

6 5 a2 0

1 2 3 4

LEFTo € (CROSS) — RICHT

3 6 ’

{ 100KM)

B+ AR

7 GFDLES R TH 8 & 6t 2 19954 6 36 K & ¥ &6 L 7 38 3R 7 7F Cross-Track
(BEEER ) R Along-Track (MtEEE) AR Lz oMl -

SLOW <~ (ALONG) — FAST

CROSS—ALONG.

ORECAST BIAS
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Evaluation of the GFDL Hurricane Prediction System
in the Western North Pacific in 1995 and 1996
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ABSTRACT

The Geophysical Fluid Dynamics Laboratory (GFDL) hurricane prediction system was tested at the
National Centers for Environmental Prediction in experimental mode and in near real time for western
North Pacific storms during 1995 and 1996.

Altogether, 125 (171) forecasts were run for 16 (23) storms in 1995 (1996). The forecast tracks in
1995 were compared with the official JTWC (Joint Typhoon Warning Center) and CWB (Central Weather
Bureau) forecast available just afier the initial synoptic time, as well as forecasts from other operational
models, such as CLIPER (CLImatology and PERsistence), TFS (Typhoon Forecasting System) of CWB,
NOGAPS (Navy Operational Global Prediction System) and AVN (AViatioN meodel). Results in 1995
indicate that the GFDL system exhibited considerable skill in the forecast of the storm track for the cases
run. The average improvement of the GFDL track forecasts over other models is roughly 35%. In addition,
the improvement of the GFDL forecasts over the official forecasts from JTWC and CWB is about 30%.
The forecasts from 1996 also show comparable performance, with mean track errors of 108, 174, 220, 274,
352 and 436 km for 12, 24, 36, 48, 60 and 72h, individually.
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Despite the demonstrated skill of the GFDL forecast system, some biases were revealed in the storm
track and intensity. In general, a northward and a rightward (relative to the storm's heading direction) bias
is found (especially in 1995) . As to the intensity forecasts, an over-prediction of the intensity of weak
storms and an under-prediction of the intensity of strong storms by the GFDL system is found, thus

suggesting a need for some improvement both in the prediction model and its initialization.

The case studies of Typhoon Ryan (1995) and Typhoon Herb (1996) are also discussed. The
sensibility of the GFDL system to its initial condition is identified. Certain capability, in forecasting the
distribution of precipitation and wind is also demonstrated. Overall, results from this study clearly
indicate that the GFDL hurricane prediction system can serve as a useful dynamical model guidance for
tropical cyclone forecasters in the western North Pacific region. More tests and analyses are still needed to
improve the current GFDL system and to identify the key factors that affect the typhoon forecasting system.

It is also hoped that results from these studies can help improving typhoon forecasts in Taiwan.

Key words: Typhoon, GFDL hurricane prediction system.



