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T RRE R BTN CGE R P AR i
e PSS PR AR T L
1 2 3 RJeJE\ L PR 2= P EE T AR N Ry
102 22 ~ 185 A R 302 A H 287 FHDA 3%
ZBEA > BEHREAAHEN - &
PR A THERGER AN - oy T 2 ER BRI a2 A hE
TENE > PSR SEE 2003 S  Brig e P K
B EL (FERE 1) - WEMRBIIEE
FTEEREREER  $EAE T 7006 R 2 BRI EATH
o WEREMNS  REESTHHELCEISE
(EHE AR EEASEHEE - AT AR
2D P 7 S R\ PR AR B 1S DR 5 FH (1 2006)

Ry T #E— D BEREHE N EEEER
DIFEE TR e B - RSt 2007 FEE1ERE

JE\TH 8 B e (e — T e R {8 TR R B 2

Jie E PR /=2 EEH4%=2R ( Probabilities of Strike, POS ;
JE 2006 ~ ££ 2007 ) - L7 SR BR A 4R RR AR
FR 8 (bivariate normal distribution) » 43 B HT A
ORGSR TR R AV BR (R TH R A BORHETT
RS - AARIRIERE RS DTSR - Fia R
KETTEAML 72 /N R THEER S - #EfT POS
HERAEET - DIERIVIE N E BRI 72 /NFRBLRE
6 /NIFHUIFEL P > 25t T gE 2 F e E L 120
NE (RERRATREREAL ) HHEE B
R EmEE R RE 2 o AT ELS
A ()B4 2 ATRERER © ()RR Ee i AT

RESERZ BT o IHERIP U B R AT R I b
i ZFEHE > fRHtEeE RS RE S - REUE
ST ReAE RN IR -

EEIE 1983 FEEEHIFHAAME TR RS (R
i 5t 2 TAF - Sl 3% A e o B 16 4= B A 4R 7

Sy

2 F=+AEE =3k

(Sheets 1984; Sheets 1985) » ZAT > (%% & e EE%
TR A MEE N - B (il e 0 B2 3y

ATREAHAEERE - FIAEMEIA ST & S WURE LA = 58
JEVHAS 7 25 st 8 HY AT RESZ R - AL - E 2006
e £ 5% il & rf 0y (National Hurricane
Center) ~ Ft & g JE| 22 7 o0 .0 (Joint  Typhoon
Warning Center)f Eijj(qz;‘ﬂ'i)_@ JE\ FEE 0 M(Central
— AT I FUE R
% 3R FE &L (Tropical Cyclone Wind Speed
Probabilities ; TCWSP) » DIEUR R A I ZEEM&R
EEnn - HRIREAES B S THERA 2 AR EE
RTHEAE L 0 TCWSP FRE T RS ~ 58[% - 4518
FE=IRE TRV IR TGRS - BRAISE R EE
72 (Monte Carlo Method; Metropolis and Ulam
19491545/ [NISF 34~ 50 F1 64 5 % = Fd A [

A AT 253 JE R AR R A 5 (Gross et al. 2004;
Knaff et al. 2007; DeMaria et al. 2009) °

Pacific Hurricane Center) » #£

R TIRA PR RS G R THESRED - W E
IR PSR A E B R B R R 2% - K
BRI i P R R R ST B R T e R 22
M 1 E st DeMaria et al. (2009)Hy TCWSP
fli5t777% - FEFAI 2 H AT POS & miHEGETR - I
HIARAKEE TCWSP 2 AT TERET < At
ST 1R FH Y AH B8 e L TH S ORI 7S 85 B A TR
BH BB RISt R aR A - BLEEA S DU
POS {hi517772% © SeVUERRIE DURe B PR TH AR 1 28
i Bt gE BRaT ] - 5BH POS AUMLET4ER 5 i
— BRI IT 2 4w B

= BRBREREEN
2.1 BREIREER
ABIFEER PR GIE H 2006 45 2010 £
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ZEITHSTHEE R - BT E R AR 7
(ETEEEFEE > Rk 1224364872~ 96
Kz 120 /% o 227 DeMaria et al. (2009)2 J572% »

F R 5] 65 RS ] 2 G o o . T S {1 B LU
B IERERAE o M DATHERBE IR 2 T [ R AR -
PEEESR M P&y K | KR 347 (along-track
error; AT) | k¢ ' f#[a] 5275 (cross-track error ; CT) |
JFE AR 5 52 07 =08 A B (8 R 1% 52 (Lambert
conformal projection) » F.H7 » AT 8{H & 1FFR/~TH
S mE » S Z AR THE S F R TR AV B
% CT 8H BIEFRFHEER R /e S RO
THHER A RARTIRS: - B2 AT & CT 73
Al a5 GLIE 3 I 4 - FHEE 3 ®JA] > AT B 12 /)
HRF THEREC 1 TR S 22 (bias) BRI+ 12 /NIFTHER
ZRAEL R 11 ANE > 72 /NEETEELY 80 A&
B AERHEHRESCA RIS - T CT B 72 /)
B PSR AR R AR PR - 495 32 &
B RFFEFEREE 72 NEFGEE RANR S

(FrilliEE e 4) -

22 RIETRRBE R Z AR

DeMaria et al. (2009)45 H £ AH 4D Y T8 %
fH - BT STHEER 2 TR B A S AR - &
1 552006 % 2010 i E 5252 AT I CT {£&
EFEATTE RS B AR - EHRATAT » AHADTHEL
BFES 2 e MR M R = rT R 091 By IMETNVE
0.72 » KFRHP R ARG ERTHERZTAA S
FERARAME: - ZEHAE—TEERIFEE . AT f CT (40
24 /NEFTEE 2 AT 1 CT) > &S HT{% 3 7
{EBFEL 2 AT f1 CT BfEARESR EAMHRRRE > M
RGAEBEELTTER 0.0 2 0.12 HyHEE > [ -

0]

A

Sy

g F=+AIE =R

= HRGE
3.0 SHERE

S REEAE TN SR EL BT R E
Ry — 7% - HEARIEE N REUERIRY
a2 T sABRYRECER S - SRIGHIAE TR Bk
BT B E 7R R TR AR R TR
THEBHESE - DL R AT (analytic solution)fi&/ZK
B 2 THIRREK A - fLoh - INVERT %31 %
SURKRFIEE T A ME R S CER A A 5T DLUR J\ b O 4
{fi (Kahneman and Tversky 1982; Veihe and
Quinton 2000; Schuhmacher et al. 2001; Rahman et
al. 2002; Gross et al. 2004; Knaff et al. 2007,
DeMaria et al. 2009)

DeMaria et al.(2009)#E (5 22 #th £ 28 5 1Y 55
B DAREfRHkEERE s e FH R e R =Y 7 20 0 ST
TCWSP HyH#Efd - St -REE7EMEE] TCWSP B
MIEERTRERS » A KRR A RN S ErY
TIATUREHET TGS - 1 Sheets(1984) KZEH(2006)HY
bged - MEEES IR BRI (G5 TR B TR
7 Ry R& ST ffi(normal distribution)AY{EE > (AR
FH 4 BRI AT B o A A &5 THERIF B Y. AT
T CT BERPETRE S - FHLBGEFIETH
S - AT TCWSP 0% + BRI
FERETR ~ 98T ~ AEFETHHREE IR AR » i thii
ZRTFAIER IR - NA S LU REL
R PRI RE Y 7 2RI T THE & » AL Gross et
al. (2004) ~ DeMaria et al. (2009)$2H FJ £ FHZE5HY
REDAMEER - PIRERER - SRS RE
VAR A A e B G PH R 3 7 < A

HovR G E B ATE S T & an 4 Ay Be R 3 A1
RAE 120 /NEFHYBS AR THER - W02 A BT A He Y55
J& R 453 E T TR - = TCWSP Fird
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1 2006 ZF 2010 £ rp oL 5R 5 5 e RS A TR B AR AR TR R B R = AHRA 1 -

Time (h) 1HEE {48 (Along Track) THEE 1% 8(Cross Track)
12-24 0.72 0.74
24-36 0.82 0.85
36-48 0.88 0.90
48-72 0.81 0.84
72-96 0.83 0.88
96-120 0.86 0.91

ZAHBATHE R R - IR B A e L LA
SR ERVANE A Re L b R EE R A 5T - S
gt —iiE T H & HEM TCWSP TR E
FYEERS -

32 BELBEESR

EE BLEH E A R IE A R AR S
B - BEtRELE /A A 17 (independence) f135 4]
(uniformity )iy RITESEETFFIE » PRI RE R EL Bz R
22 (random number generator){JHkiEE » EErEs EsE

H-REEANETRAS R R -

H RIS A E IEH B L B A E R
HE PRSI T Bl KA - BIANE DG FhifE
T&HIRSENER (S ~ A AL 744 (entangled particles)
HYER S A E &L #(Pironio et al. 2010)%E - —f%FF
B VLB E R R T Rt BE A
(pseudo random number generator; PRNG) | > HJF
HEMAEAEIRANERAR - DUEE—ZRIER
0 ) 1 ZfErVERIH - R R4 - PRNG EE
LT RO ERE RN T EAE R - $tH L
MR - FF TR RS REEERVE R BIE
] {5 F AE S 14 8 (quasi-random sequence) > I[U]

Halton Sequence - Faure Sequence J¢ Sobol

Sequence (SS)ZEK 7 EM:#5(low discrepancy
sequence) » PLEE N i F 2 BE A B B S E R
& - EEEH R AT RS R AE B s R
FERGHIMIRE - Horr - PL SS BB R E
(Sobol 1967; Morokoff and Caflisch 1994; Caflisch
1998; Jackel 2002) ©

5 FybEtEL R L E - B 5(a)ER A Fortran
TR KEAE PRNG - [ S(b)RIZ A SS A AEHY
PEMEELEL - FHIEI AT - £/ SS AE/ERIPEIELE
HEE PSR A 2 Y - A2 E iR
WFFESCRRESES - BRAH SS MRy L BB BLEY A
B - MCHECE MR POS WY 2 -

3.3 FERRERE ZHHRAIERRIE

AL 2.2 EIHERZZ I ITEE R > AT Rl CT
e (EAE AL TR R B B B s FE AR - JREEE
A AT(E CT)FREGER RN - A%
Gy T —ERF Y AT CTHFEmRZ T & R
Ko By T E—THBARF ST A TCWSP AUfSEEE(S
&t > DeMaria et al. (2009)F% FH&R MEET 2 53 -
FETL I R A TR bR ] BR = HE (L A2 R
AFRAT
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(a) 2D random numbers generated by PRNG
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MR RL 2 ZE R AT EERE] - o o B (Dim-DBHER(DIm-2) 7 BRI 0 F 1 ZHEERELE - &
HHECE Ry 1000 2 - (a)Fortran F2 bR B 4= 2 FETEELEL  (b)2A Sobol Sequence jZE7E 7 B ELE -
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AT, = a AT, +b, (1)
CT, =¢CT_, +d, 2)

Hf o (O FREEHE  THE G L1 R
HEH TSR » 2~ b~ o~ d B IIBR AT (5
# -

PAAZ(N)FI(2) 2 &5 4 20 B i - 025 e R I
EEDRITERSY B (AT — AT)) R (CT.~CT)) > f§ 2
FoEaRER 7= (residual error) - DeMaria et al.(2009)
L R AE TR R R 22 1R R BB T s e = B R
B R RETIE ELEB E ] - 29
N BB G HY T - TRERERAERY AT
Rt EwRinRE RPN EEZ MM Az
(1) 1(2) Bl B DA F5 1 240 T 2l Bg P B 4 12 1 B8
Mo BT IR R ARG R T RS 2 S A -
“E AP TR ) 2 SRS M RA 1 - ABHTTE ST
TR A= R HUR AP BRI - A1 BRI
PR (Cumulative Distribution Function ; ZfEf#%
ERVHEER 0 £ 1) L& EER G 2 EEE
fHj(confidence interval ; CI) - {hiZtTHHR A O] HETR
AHVEEFIE - FERERCER 95% Cl #EN 2
THHRERAZER} - DAERT SRR MR M - WRE I
EFRE > BERF(E (outlier) -

EHEEMZHREAAT - REAMER x
My » Horp x Ryislps 588 y RyipmiEsesy (A
flEHE ) - x My BySR MR idE =0

v, =b+ax, 3)

Hdr o a Ml b RIEERRRAGRE -
B AT R 5T

AR 2 (598

B E 277

{(wa,)it“(a/z).sg. %Jr(xi] @

SX
Hrp n HEREE . EHE -2 21t
SIAREL{E(t distribution) » or By #HZE /K #E(significant

level) » x FoVH9{E - S M1 S, Aoy il Ryl (ERD x
IR R

5, = J#Z(y 3y 5)
5, =3 (- ©)

34 REHRITELN

FaH 3.3 B S EEAE AU - iia
LSRG e RS (R BT E A
TR R R SRR S B T TREE L
i PR AR A - DA S TR By (40 72
2 120 /N ) 2 POS (4lIIE 2) « ARFFEAEREE M
AH g VARG 14 1% - 25 §H(2006) 21 DeMaria et al.
(2009) - DIgEiaBifELg 0.5°  FEPHILAFAERYHE
[E(100-180E » 0-50N )% =5 fH{El 4% B3 [H] 120
2> YRR AL B (m) » 1T e RS RS 12 2 B

EE( % 100% ) » BRI —AEH& R 2 e fE (=58

PERAEETHE -

MM B RS BRI R (L ET SR

775 8 R S I 2 DA R A B SRR B A1 45 2R
(Gross et al. 2004; Knaff et al. 2007; DeMaria et al.
2009) » AHFEEE R RS2 R AR AR E AT &
STHe R R ER R - AETRE DL R B R /N
2008 £ 9 H 25 H 0800 LST 2571 7 Z 2 Re [ p& 1%
FE FortmEi (] > 5R8H POS MYfEET » AEtam POS
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SRR R B RF M - 0% » IR 2009
T R RS POS (53 - BELURIER
B4 {1 POS FIRERF A -

41 BeEREEHEKE

] 6 5520 B SR T B FSA T R B -
FH B T - SR TR ([8l Ga) PTG
SR B 1+ @ 7E JFU 1A T 4004 1 PR A A
B - RSV 175 5 A RAHOBT 2R
BT TR SRS A 6 LR ST
BRSBTS (18] 6b) - 6] 7 B
JIA 2008 29 H 25 H 0800 LST &84T 7 E5 2 e JE|
120 /NESTEBSIE - DURSRAISE M- B A
1000 KB (K AL ATEE 2 POS - HE 7(b)ATHI -
RO TR 72 /N R
8 POS [81. /e HIIBI G » T R T T 75
(61 457910 POS SRR  BTRIBBATIS Y F7
SR TR Y IR (A R 2.1
i)+

S 5 8 TR 4 B P T A . T B B
POS 3 FLIE 8 « HR B THANBINL - Fii
S S5 B F 5 E A EHB  F
B (I 6a) » BRELEE POS 1E31 S RIEB EHTART
B G EB S (S HOM T 3 T AT 22 30%C
8b) -

4.2 POS UgmiAIz

£:°% DeMaria et al. (2009){E2% 500,000 25
BERW U - LR BB THY POS 7% 52
R AR(EBLPE(E - [8 9 Fy 500,000 JUEE{ETHEHR
it e e POS [ > F e T AR SR ES (S R H ik
% » K15 POS BB IR - (HRBREERAN
Kol 9 R EES AR EE N HY POS B2 500,000

0]

A

Sy

g F=+AIE =R

RIS 7EFE - FHIE 10(a) T H] > EEIRIEEEREL
i o Al POS R Ey]N - FEEEEZE 1000 X
FTe 21y POS YR ERREE 1% > i
REAZZIMER 3%/ « R ETE 500,000 KHTES
AR EER EAC B R BIF R RESE AL - READTSE
TR A B PR PR T £R A f54E 1000 ZRHYSESR -

S - AEAHFEIRVERERECZ T > (2 SS
FECERLEEY POS Bz FIEMBAR AEGLL
PRAJERAE PRNG 2215/ » D - EERAE AR
fRpfETRRT ( BUA0Re FRBIR RS RR ) » TR AR L7
TR RE (2.2 71 3.3 Hi ORI EHE]N -
PRIIEE PRNG BE A EE 4235 ) RLELET 7 POS U 2
S ERF & SEINHAEE - DL 12 /NIRRT THER R (5]

([& 10b) > DA SS EA ARl #L POS SREIR]
BRI E AR RS ISR EE 1000 TATSEIHY
POS IR OAFERE 0.01%A N » B Kaiz
IRAEN 1% -

4.3 FEMEEVEAER

22 Ry gmSE R aRARETRHUER 1000 ZXHY
BRt% » SEFHATTHER ERHIAERRME - (IR 1 Bl
2 HYEEERATA]  BEEURR R B R T4 R AA &
TR R AR A 0 H&SH signed-rank test
(Maidment 1993)f% & II#F 2 72 5% - TRNEDR
BT fRIHREE 52 - TAGRER 1 Bk 2 /A& 2
BB NEER EERER - (DAREERA
95%(E Rl [E i R PEtA B IR FHE - AEE
PR EATRER - AR ATRE AR TT © )
HUSRBOR I FAGRIAGHES (40 120 /NRF TR JR
WERHELHE 400 25) - 5 1000 JAEEER ]
RE & (SR 15- R (B R/ 0N - A R M H & BRI B b
T RZ - HHERERVNAFAEEES - HURE R
HYLE {72 B AT HE & (SEASAERR M IMiE TR (il 24
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(a)10 track realizations: ZC

without considering the correlations -~ .~
M @ -
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Mo Horp > BEEGRPIARER 2008 49 H 25 H 0800 LST #4722 THRPES » IR 4R R S R AR E
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7 PAEREAMGE T R 120 /NEER{ETHREZ POS ¢ () LRSI 2008 £ 9 H 25 H 0800 LST #4fi
Z TR AL R A 4R B 1000 FREEHES EOREELR)  (b)POS fhiEtE -
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50
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POS(%)

— 40

10

I
130 140 150

9 500000 ZREALTHEb it~ 4 2 e E, POS [&]

N PR FRAG BRI 1900 ) ©

11 Ry BEHEHUEE . 12 /)N AT F1CT Efoy
A o FhilE 9 Bl 3 - [ 4 AYELEAT AL - BURRTR
HY 12 /NEF AT fI CT BREE BB -
HEEREAE - P9EZZROER | &
H o AEIRRRERGE R AR ARFTRASM R
SR BB VR HURE R SR 22 Bk T POS filizt > mT2A
AR HEFE 28 PR R R R TR =
FHEEME

4.4 HETEIRAR{EZ POS: 2009 FEIE REXE
1

AN R 2009 £ K 2 R LAY
POS {ifiE & - #5 DR BHEF R ER IS T HY POS RUREST

- [ 12(2)% 12(b)5 BB EEERSE, (HRAI T
S5£J5 2009 42 10 [ 4 F 0800 LST i TS
80 SR AT 2009 4 10 A 22 1 0800 LST
> FEHESK) 2 POS {3 HE] - gHBIEIH > EHEHs
R SRR 8 B B BRI T+ ELR T
RS  RIADE . ([ 7b) Heh
R AR SR POS AT R
/N> B POS BBk Bk tha B - BEAh -
BRGER(RA > R BT R RS
HRHEEN: - I LSRR A A e
WM LE (B AT P EATERE 55 21 6
it POS B f B2 TR R A T S BV
BB IRATHIIR S » ARSI RIS F7
TS - (8 EE — R R(E -
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Probability Error(%)
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10 POS LR ~ iy K7 SREARK SIS BB R RIRIE - () 120 /NEFESISTHER 5 (b) 12 /NIFRR K THHR - EHEI T
SEHTT S {3 Sobol Sequence & 4E BLELNT POS ZRZZH/)N ©
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Sy

2 F=+AEE =3k

2 KEREREHIES 1000 TR HIRE MR (B (Er2Emem 2008 42 9 H 25 H 0800 LST FH# ) -

Time (h) THEE %% (Along Track) FHBE{&8(Cross Track)
12-24 0.69 0.72
24-36 0.84 0.86
36-48 0.89 0.91
48-72 0.83 0.85
72-96 0.87 0.90
96-120 0.88 0.93

DL POS B JF A TH Ei& (A W AR — X 57 5]
WilE 12(a)2 GEVER JTEE - DURIE 12(b) 2 &

BT o L EEZE AR AUTTE
SR B Y IE 7 W] 48 S T TR R 22 B Ry
P e

%nﬂ’ﬂﬂiﬁ%%

AHF%% 2% DeMaria et al. (2009){# FIZZH-&
GEEEAETRO RS SRS T - BRHRA
RRGS5 2006 2 2010 42 B 7 BeETHERPEK
FHE PR A 4 R R BOE T R & 5T R
(Sheets 1984 ; i 2006) » SZhh-RE A E A R TR
BN BRI AR TR - HERA BERS
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ABSTRACT

Central Weather Bureau (CWB) has issued the probabilities of strike (POS) since 2007. This product
estimates the probability that the center of a tropical storm (or stronger) would pass within 120 km of the
specified locations to represent the track forecast uncertainty. In this study, the official track forecasts during
2006-2010 issued by CWB are used, and the Monte Carlo method (DeMaria et al. 2009) is applied to estimate
the POS. Compared with the bivariate normal distribution fitting which was used in the previous research, it is
not necessary to assume the type of data distributions in advance, and multiple factors could also be

considered by using the Monte Carlo method.

The track error analysis shows that the serial correlations are significant between two consecutive
forecast time steps. The correlation values are within the range of 0.72 to 0.91. Thus the serial correlation of
the error is accounted in the Monte Carlo track realization to generate reasonable track realizations. The Sobol
sequence is used to generate random numbers. Comparing with the standard random number generator, the
estimated POS errors are smaller and the error convergent rates are higher by using the Sobol sequence,

especially when the track forecast duration is shorter.

It is shown that the POS could be objectively estimated by utilizing the Monte Carlo method. The error
statistics and serial correlations of the CWB official track forecasts can also be preserved. In the future, this
scheme can be extended to estimate the wind speed probabilities when the intensity and structure forecasts are

issued by CWB.

Key Words: Typhoon, Monte Carlo method, Tropical Cyclone Strike Probabilities



