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fifi ~ BOEBEGHEE 34T -

A (- TR o) B ST B REAE Y S WEPSHY '8 Bk - WA
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RETT > (EAYIRIR TR R - AT (S AN A I3 RE & T ria P IR D (K -

A [F S HIR RS SR ¢ e P TR e [ it 6 sy ] (5 T8 BRI Y RE
SR o BB B E SN S RN SRR AR o RSN o PR
EEER L - B EPEE D ER I - BRSNS - (SR TSRS ER
SRl o 55 DRl R HIL TR R SO A e S P A 20 R AR B Y R TR = Pt
DR T WEPSAE LI B PR G AT R B AE I A B8 © Mann-Whitney i@ & B LLI1E
HITHERRE BT P B A St ERVEEEE -

iR - AERFRENIRCRTAS ~ AI(ENE - WHHES] ~ TRERE
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— N HI
g JE\FfT FERE Y 52 CR) PR B B2 A
MG o SRR W
ANBRHAEsrZe e MM ZE - KB
TE 5[5 PRI T 2R 52 BURT 975 S8 BRI Al
[RAPTER - ITFK > lEE RETH
HRAESE - JE B PR TH S DA A
R T E B IEMERTHE - ERR
FHEEBEERENTHER AN - B
—AFHITHIR A A EE 1 -

AN [ET A 48 B — PR R Y E e
IR R BT MR AR £
T B R ARAY K SRR BB 2 AR AT 0L
HtR A - E— DR ETH
¥ 1Y 0] {Z & & 51 (Toth and Kalnay
1993) © BEN S EETHIR 4R AV AR
5T B EE AV R AR S Y B T R
72 FHBAAY S TR T E M ARR - S
KEEHER - EA 465 - &
[E b AR R AR E R =AY R R E M -
SHEAIT A R BBV IRE) - B
W7 iR S AR E Ay 705 - FE A

singular vector (Hartmann et al. 1995 ;

Molteni et al. 1996 ; Buizza et al. 2005) ~

time-lagged averaging (Dalcher et al.
1988) ~ breeding method (Toth and
Kalnay 1993 1997) ~
transform technique (Wei et al. 2008) 24
FoEBEREEMFELRMEL VR

ensemble

FOU AR

PE8) (Buizza et al. 2008) © (& T #4615
ATEENESN » DA EEREED
TERIESF AR A HEETE » 5840
RAARFENZEALTTE - N EEVE)
TR A B EZOE TR B F 5
(Fujita et al. 2007 5 Lang et al. 2012 5
Hsiao et al. 2013) °

P R TR 5L - FAF ]
DLIZ 8 25 1 6 BB 7 A R IR i 2
% FH # % %t (ensemble prediction
system » EPS)TEA [E 5 H HITHHR fn'E
sHAIIEMENE ~ FIEFE - @HEEE
TE R 157 il % % (Murphy  1993) > & A
My % B8 7 7% B FE ¢ spread-skill
relationship (Kalnay and Dalcher 1987

Whitaker and Loughe 1998 5 Zhu 2005 ;

Buizza et al. 2005 5 Chang et al. 2012) ~
rank histogram (RH ; Hamill 2001) -
reliability diagram (Hsu and Murphy
1986 5 Hamull 1997) ~ relative operating
characteristic  (ROC
Graham 1999 : Jolliffe and Stephenson
2003 5 Hamill and Juras 2006) ~ Brier
skill score (BSS)PA Kz rank probability
skill score (RPSS; Wilks 201 )&% -
P FT A B TR R A FAE &
HrElRE  EEAAIIEIEH ST
AlmEZHIMARE > ‘RIETEZEH
EEIENER > JUELERE - IE
FEFFTEEAE I (Mass 2003) R TE

Mason and
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e B A I vk B A 2 L e E T
(Model Output Statistics * MOS ; Glahn
and Lowry 1972) ~ JH 1 4% 4 % 0=
(Artificial Neural Network techniques °
ANN ; Mullen and Buizza 2004 5 Yuan
et al. 2007) DA &R PEIEERE (Linear

Regression method > LR 5 Lu et al. 2007 ;
Yuan et al. 2008 ; Chang et al. 2012) & »

Chu et al. 2007 ~ Kim et al. 2010 &
Norton et al. 2011 &0 & £ FHLR DA &
ANNHETT e J&| PSR FBLIE » Kbt
FEFE IR IR 45 SR 2R <2 3l SR AN B
B (Atger 2003) DLR A YA
¢t (Eckel and Walter 1998) Afrsz 2 »
FEERMEAIANNEE 4R MEAYLR R %
BN SR A% AR A RE L AR B HY RS IR
% o tE4N - FI B AR ER R
Z EHIBORHE R 31 SR AR (P {3
TSGR ER EETT 0 @A IE) BT AA
RECERLIEAS SR (Yuan et al. 2008)
Chang et al. QO15)FIHEH I3
Bl TH # % %4t (Local Analysis and
Prediction System * LAPS)#EaT 2= &k
68 0712 6 17 Iie L2 PR TR SR BE J7 2 5%
2 F5 i S LR e R e PR 2 2=
[ A7 B4y A E EEAY A - IR
BT - e B2t B Y 2= [ 7 A1 E B E

B e e oo A o R LR Y AR S

I B Fr 35 By #1255 8 2 FE (terrain-
locking effect 5 Suetal. 2012)  FIAHE

AL

e 71
T SHTE SBUE > TG L5 [ 25 2 K[ bl 4%
B A A A R HY R _E G S
> 500 m) 5 AL > fEAIJERHEZ F o g
JoRL 2 PR FY ] TR S8 P58 A o S S
HLLAPS [ PR 155 T8 sz 1Y TH e 15 fla A1
WA T AR A - 52— (A1
EABRIERE - N B E FERY
st - BE P R A A
AR ERTHER R - Bt 28
bl G R PR - 45 ERIG U AHEL

F IR TH R (B Y B — TR
JRINAER S & T TR AR AL th Ay A HE
EVE GEOEIGSE ~ FRRMEEN TR
ENHEAGREE)  WBERAYTT
AR A EMEEEGHEHE - BT
AR EY N ORED » FTrA R ERTTH
FRESREEBTIEY) B - PR T ERIER
SR RS A Y AT RE T B/ HLTH R
AR ALK Z AN > [E]R 22 5 — {8 R
B IR RE YA E M B
K IREIER SRR 5 AE b A
THER - 281 > AHERIRHEE T2 L B

A AVETEER > PRTEER (R

EE) B S EEHEELE
A TE I Y ASR - BURRE
EGRE-TERES TR, BT A
A B — e > BT (o i & e DL
HAIENE?

BEL > HE T EHSHE-TER
IR - GRS TH
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HFEE) RIS » B —FHgiedt
AYEERE © B HAYREIRZES °C - #EA
WA ENRBZEAIFEFTSA
BEREBUE TR SE £ 1EHE > I
AR P TH R & SRR SR - 2R > 1%
RIFHRAVERE © BT HSRIRER0°C
AR TE80% ¢ A I AR T A
TE WA T Y R R I 80% [E 2 K1 FT
o FIE80% iR T EHEL , B
"OREE A ) URY IERALL - KERSY
A {6 ) 38 S R PR TR i o o i HH Y
FORE ¢ R BHER AV EIN
RETS iR (it — ol B A AR P M

R 0 FH 3 (E TR R R R L P ey
U R P T R SR E R a3 A
M AR S PR €178 > EETER

S ~ R PRUIEY) ~ 15 2 RR A
gfE ik BV ERREE - e 0 #
ME R RN EE © 2R Z A A
PR TR A B R SRR ?

B AR RAE AR FE 2SS
{(E &R B2 B TER AN S LAER
H a8 & B AT 8 - DARER; &
FRABER Y K FIRL - TR
HHYSZHE FHORRN > B TSR
FIEAR o FIR A BV &AL
[FERR Y SCEMERRE » A A FE

FOU AR

2K b > A - 5 AT B HEE
(5 B YA E A A E R F I
JE o BEFFARER - AR —HIEH
TEE A FEEYIRI AL R - & REK
#2550 mm (6 h)'BF > WEERAVIEY)
Hh & Z M A H S S BR AL SE T8 -
TBUE WA f2 R B EUYG SEAT BT A
— iy - HEREVIAIRGE 5912 E 20 E
EAME - (EEERH R 1 TE)
‘AR HVIRKE/ R RR L - 1
EREEN T - WEREZ G A AE
IR SEAEAE (TRBIT > A e SR R AP S
TTEIY R ERRPIE A ERY) » 2
R LI E LLB [ R BRI KA T8 -

I 1> 200 ] 1) PR 5 2 o sl 8 L o
AR > Murphy (1977)z8 88 4042
& PRI IEA& AT 5 2 W] {5 OREIZ
AT R =) B R T > HLEEAE Y
TR ZE (5 B B A B R EE 1 =L,
CRERT AT A » Lo PR K
1TENE AR HHRIOIRL T - H
SRR AB A [F AR - weA]
SRR AR EE - [BFFEEE
SUT o S B AL S A B A A
Bl#1Chang et al. (2015)FAIFEFEH :
AL 52 e S AV 2 2 EH 2R
B E 218 - NIEEROHA
PR IE S A AT e KBS 2 i) - 2
PRUTALZE LUR RS - MHERY T IE
Rl o TREBRIE B
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E RN AL R ERS LB RAY - R
A KL P PR HY (E A% A
FRHIR: > TR PR 2 B R HY ST B 1S
T IBREFRENR - FEHLT
2 B AN i Y e Y PR RTE 7 SR
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EHIG K EROR AR EE

Tt B Y5 (Chang et al. 2015) ©

Chang et al. (2015)[E/FF & —
SRR B o SRS THE A 5
HYEHRE T (EHrEE T 2 T E Y
HEEREZ )R EE 2 —E
FIAHREAY R - EEESEHARE - (D)
TH R Z G0 Y VB AT 4875 (5 {H (potential
economic value > PEV ; 7 %% B THH
AR RERR BEAE P A (58 P B By R &
B LA EEORE N AR E B
RETT - ERRIVEE R ERRERE @
A SR FTREFE BEAYPEV H AL 7 4 I
R HI R HRE T A EARE T © (2)
TR Ry & Wi as T B0Z A RE R
HYPEV 5 1> 7 iz ffm 72 A BURK - #2
B A DUE SR IE K 2= T
ARG RS § (BANZ &Y
RE ST DA K PR $2 (L HYPEV © R4
s (5 FH 2 mT DABR 30 i Y AR
P (LR PR T DAAE il A R HERY

AL
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KORBEE AR - BIERAA
TR TR - R LAG S K HY
KOB(EME - OB E—THE © &
ERRTHRE AR SIVEIRES
H AT AR R A4S TR (B H 459 2 1Y
(EF%E - EARRVIEELREE R /K5aE
HIS AN AT INAEZE - SRBH T a1
FRTH A 5% e 3 Iy e o 528 [ g 25
HITHH S & Y -

K5t FEZ St H 2B &Y
fg fE, - F o UL R R R 9 R HYWRE
% % TH # % & (WRF ensemble
prediction system > WEPS) » #{TE R
[ PR T2 T 7 (probabilistic quantitative
precipitation forecast, PQPF) » ilf7 #—
A A EEPCR TR TR ( ~ FIE
S EE T - & HIERE
BTG SRR B — ke B R A g B
[H RE 445 HH 275 A MR TR A H
EAFHRR - ESRREOREE
LUAFR T Be TF SR R » BT A i 758 1k
Rt =Fam b - BfEARE
Fe Pl R PR i 2 B A ~ S TR LS
BED - F—Ram LR SORIHT
FeEE B A S WEPS Y S AR
A1 A WEPS 7 A8 Jig i 2 PR A< v e
AR ER PRI RN - FH Z etk
7=

AH @5 7> Chang et al. (2012) #
Chang et al. (2015) » AREHZEA =(EHr
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HIRFHEEEEPRET - 5 © (DEHE =
B I L Y e P2 P R TR R > L&
EE~V- st B A5 e v Y B TH 3 DA R
ENTHEEE ] - EEEARET LAY
Y (OFHE A Chang et al. (2012)
FT PR HEYLRICIE 702 » AR ZEH b
HIFEERIEANNTT 7 - A B
57 QA7 K HAL 2 7 K EK S )
SIS R BB DURE MR /K THERAE Ry
AR 2T - R &
FlERESRERREFY - PM
(probability-matched mean) B¢ QPFP
(QPF percentile) /7 AHE B TE PEHY 2
EERTHER - AEBUEBRES > KR
TR T ULt 2 TR R A HY & sHE
{BEAE? bl 2s — (R 2 e A
s SR

1FChang et al. 2015)9 » FfMHE
ZZFILAPS 2 e[ PR TH AT LI &
(B 2 e AR B2 - 0 G EE 2R
RIEHE $H e e AT I R © (A
MEEHRREEBEAERENE - 5H
&N R LAPSAH ¥ i SR Y & E B AT
FrRIHI S BUERE TG > [FIRF
R EER SRS EHE
Aéiat LHVEEM o Rim S REEA
WEPSHIA =] (e (& 2 F- I Bl L
V& THERRE SIB I Pth 2 455w o - &
B Y2 % 8 g 5t M 5 (Mann-
Whitney test) s e 2 IEL 2 bR P e 14

FOU AR

(E&EF P E G B A SET EHIE
E o FEIL TR EIE S R I LR
7 B PR PR Y LT B E SUE - 98
LU A 3 Y FHER AE TR 26 5
FE R I L TH R B TH
SHRAVEL °
e > AR S E A HAY
TEI SE B A WEPS Y TH R i
BIEWEPSE T Ryt RPNV AR TH
A - LUK PQPFLEA [ & kY 7
Hm'E R - S E R THH
SHE BB E N e XA - A
75 1 VA P R0 PR i 7= 2 Bt e 1 72
1% o AN AR E —E et
A E R =R M W IEOETT T &R
1E - [FJHRE 7 B s ffe 30 1% 28 W e AL 22
st PIT 19 Bl By &5 2 IR H BAFRE
BEEN -
s L5 05y EB AT HWEPS
TR B AU E R LR ek FHEY
e E(E 2 - B =2 Ie Tk
BLFE ZREETHIRGPAS T7 04 ~ THEA
Mann-Whitney & @& ° 5 U 43 Rl &
SRR - B RERIE - THE
w72 ~ EPEE ) ~ THEREOT Z 5P
G5 SR DR LI AP Y PR TR R R

LT - Mtk —HR o2 aham M

= - B
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(—) WRFAEFRHARSK
(WEPS)

AH5E AR A #Y WEPS(Li and
Hong 2011 » 2014)/2f#H WRF/ARW
33.1 bR > A =g &iRAEHE - K
FEATE S ARy 45 ~ 15 Fe 5 ANE > 8
FHIELE 1 (B 2017) B -

FEERELF 45 J& o THER 30hPa o

WEPS #H 10 4HEFRFES) ~ 20
LHYAGISEEIRD 20 4H AR E 2 W)

HSRUERCE » A 20 HRENKE -

F— B ERGEE 2 EAYES 2k E
CWB WRF MO0 #22 Fif 7/ N PR
55 AN ABEHWIEIEE) - HEREH
BENEFENY WRF =458 53 017 248
FiT {8 B B SRR 22 R MR PR 1L

70E 80E 90E

100E  110E

REE 75
F B E =8 HR AR 2 1 )
9055 HH S — g B IR AR 9 - =
AT fE BB SRR 2 B E R B R BRI
7H # 0 (National Centers for
Environmental Prediction » NCEP) &£k
% £ 7H ) % 4t (Global Ensemble
Forecast Systems > GEFS)~ FH#5 -
THHIEEEHBIT 4 X ohlRE
HY 00 ~ 06 ~ 12 A1 18 UTC « AMH5%
RAHBEMERSHE = a8 E
TEFHETT % B8 G V2 PR A 2 TR~
5 A Chang et al. (2015)F7 2 & 1Y
LAPS ZBETHI AR » IEAREFREN
RIRGIEF) R A B ER A E A
MEETE -

120E 130E 140E 150E 160E 170E

80E 9E 110E

120E 130E 140E 150E 160E

1 ~ CWB WEPS 5 =& & (B A1 2017) -
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(DB RER

AHIFE R DU T TH R A SR A B
B > LR P EB 732 (5 F 3R
S~ SRR /KON B 5% B 271

2 & B ZE (National Severe Storm

Laboratory > NSSL)Fr & 1E % & 2
UK R OB & 4 (Quantitative
Precipitation Estimation and Segregation
Using Multiple Sensors » QPESUMS)HY
= = {5 3 B M (Quantitative
Precipitation Estimation @ QPE)ff Fs R
IEH Gourley et al. 2001) » fi#TE
& 00125 x 0.0125" » HEEZERP
2 e ERFRIEBHAYE ¢ (Dt
AV EE 2 QPE A 4CBEREETHIR
1E - {H AR AT AR IE > N
Ve 3 6 de W v Y TR 5 (2)BE
B IEBUBEN R - BN R
HEHIE S - e QPE {RALAY AT AR
HHES » QUERETZEE
OV HIE(E] 2) H e A AR IE
HyEE2E QPE FEEEHIRMEIES -
SERIHERILLE ~ B2 QPE (ALY A]
REMEAR S -

# QPE FFEAIF & ER(K
(A el R - A [E] O 4T R
(reflectivity  Z) B[ Fg 2= (R) 0 B (%

VUSRS —5%

(Z-R BAGIOEITIEM ST -
IV ES 2 QPE fBufil o] A R ARy G
SR A [E] R 1 (>20 dBZ) EFEALFY S
km SELIT - (HRRREEIEES
ZE I EARAN A (0.57) ) R ALIIERE T
ZuE 220 km AN EEREA S
HWRECEH S km - S 2 > FEEES
W 220~460 km HY[ELRREAREIEIA
P S AR A 2 [B1R R/ SR
fe AR A ] BE (RS S e s e 8
PREUHIEIRYLERT © BLAD » MR IE I
ek R BE A S i i i » R
[B] Rz 4538 KSR Z B 1% T S Y RE =
TR 2 QPE RAHAYHERZ — -
ARGt EE QPE HEAREE
T el - H AT A0 A B (R A
{EEESBHVER > KRS EE
QPE HYIERENE

BIfE LLE 2 QPE it /s HE
(ground truthyF E#iRSEEZ R > {H
PRI 45 1Y [ B8 PRI 2 5 22 3 77 1 [ 3
b TiEE R E 5 WEPS i E
Z/NER gy HAR A R AT R
JE WEPS B[ THER R - RIEASHT
FURERM BRI AR EZE T
& B Y QPESUMS 25 2[4 PR {5 1
R B AVBUHIE L -
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27N
3500
26N
3000
25N 2500
24N 2000
23N 1500
—_— 1000
_ —— 500
21N — .
J.
& 0
2N | | | | |

118 E 119E 120E 121 E 122 E 123 E

2 ~ QPESUMS HY#E[&E - & Fr B EE Bl bl fy B 22 (B Bkt 2 7 e - [
R R O 4 (8 B 2R VR (PR @ ElR) ~ F AR 8 2l /Kl 2 528 (R &
UREEEED DU & (S E AR AR) © 4 @823 HE 157 ILIRCWE)
ZRT(RCKT) ~ fti# (RCHL)LAR ERE (RCCG)EE 22U -

CEFRER 00 - 72 /NEF R THER © Ryl WEPS
AW P A (B & RS T 5] G S Y TH R R B R - 3
WEPS #£ 2013 ~ 2015 4-3% 12 (g {9 WEPS & & & & 57 Fy 2 & (total
EZE@FE DET 00-24 ~ 24-48 ~ area) ~ YRR IE (sea area) i i 16 15§
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(land area) 5 i % — g o 1P 16k 35 4
F > EHh(plain ; #HZEE < 500 m) KL
[& (mountain 5 I = E> 500 m) - 2
FrRIE B © S TER B o i 2 B
AR SRR ERIEE
N B RN R B AR AE 5 2 A

FOU AR
AHY 9% » Al 4 A Bl AT -
EEEISHVGER - KRR
SRR AR G S Wi i o G S R B A R
{# e WEPS 1F £ @AV TH I A
SR -

1~ 2013 & 2015 FEREEEZEYF= -

Typhoon Start - end
2013 Soulik (TY 01) 0000 UTC 11 Jul - 0000 UTC 14 Jul
Trami (TY 02) 0000 UTC 20 Aug - 0000 UTC 22 Aug
Kong-Rey (TY 03) 0000 UTC 27 Aug - 0000 UTC 30 Aug
Usage (TY 04) 1800 UTC 19 Sep - 1200 UTC 22 Sep
Fitow (TY 05) 1800 UTC 04 Oct - 0600 UTC 07 Oct
2014 | Matmo (TY 06) 0000 UTC 21 Jul - 1800 UTC 23 Jul
Fung-Wong (TY 07) 1800 UTC 18 Sep - 1200 UTC 22 Sep
2015 Linfa (TY 08) 1800 UTC 05 Jul - 0600 UTC 08 Jul
Chan-Hom (TY 09) 1200 UTC 08 Jul - 0600 UTC 11 Jul
Soudelor (TY 10) 1800 UTC 05 Aug - 0600 UTC 09 Aug
Goni (TY 11) 0600 UTC 20 Aug - 1800 UTC 23 Aug
Dujuan (TY 12) 1800UTC 26 Sep - 1800 UTC 29 Sep
=~ WRTE S5 B AP - T B 7 B {4 (spread-skill

(—) REFEHMEHE
EPS BB F AT T 2%
RYAHIY BAR o B MR AH A

relationship) 2K 5F{di EPS AYi/E {715 »
DUT fi# WEPS 1Y 2 RS RE S & 1Y
RIETESRNAEEM: - S22 I8
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HIEEfE WEPS 1£ 22550 E (ensemble
spread) B/NAYIFIL T - B4 EAE
/IN B T i 5 2 B AT Y TH i AE
(forecast skill) - WA ELEHIRAAIF
£ > AREATT AT LU — 25 I FH S S A
FEHYR/NATEM EPS Y P #HBE
(forecasting forecast skill 5 Kalnay and
Dalcher 1987) °

HA - $HE EPS AYTHHRIART
fiti » PRI BR AR B T A L
rank histogram (RH 5 Hamill 2001) -
reliability diagram( M f#§ & Talagrand
diagram ; Hsu and Murphy 1986 ;
Hamill 1997) ~ ROC & f& (area under

relative characteristic curve > ROC area

Mason and Graham 1999 ; Jolliffe and

Stephenson 2003 ; Hamill and Juras

2006 ;5 Wilks 2011) ~ Brier score(BrS) ~

Brier skill score(BrSS ; Wilks 2011) ~
HH 35 7 FR 5% 72 (relative root mean
square error * RRMSE) LK, 22 R AH R
%% (spatial correlation coefficients) e
Hrr > RH A]FEA T % EPS HYZEERL
&R R la & AR E IR AR
B o Reliability diagram HIJ&2 FH DAEEAS
- ESEECERSRE b INS N
KBEM Z THH AR AR B SR AR 1Y
— 214 - ROC J&HI FH—4H IE 55 1%
R TAEMTECORRD - & TE R
RIR B L PIERT  AARTHEHRA

BE 79

FEEA) - FrEy B an 3 (hit
rate * HR) ~ x Hi/ZsEanTH#AA (false
alarm rate > FAR)AJE : ROC Hh&R T
FHHEIFEROC @) "] H LA ZRTH
i % 40 & 1 5 14 (events) B JF Z5
(non-events)YEE ST  BrS B FHLLE M
TR TR 372 R/ NORRITERENE)
BrSS AlE M DS R FHE A 7
SR TH e TR Tl (forecast skill) ©
(=) P#tA8E Mann-Whitney &€
Chang et al. (2015)¥5H FHFAHTE
HHE R FE (terrain-locking effect) » £E3
JERHRE b - e oL e PR Hy T TH e
i H AR TR AT TH
A o A B RE 7 AR S o R
BT RS 1 ¥ It AR S e — A BRET -
st WEPS J2 & [FI A L& ELAE -3
BA B ST A THE S DL B R TH
HEE ST 5 B ALy EEE RPN E
(bootstrap method > Chu 2002 ; Chang et
al. 20122t B R E T B HIE L&
RIS E|
nonparametric Mann-Whitney test A<t
EWHRESBERG LVEEN -
1. (EUNHAELEEE 7S
(EUW A b= N INENES 3 D) - 2N
B8 (population) 1Y {E HIER ST 2
(BIAn-FE8 ~ i B e e 72 ) i
T REMEET - DARR g L HIE4REE T &2
HEARHENEERE - WHEL

fi] (confidence interval)
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TUEE A ES RERG e 5 T & A 5T HY A il
TEVE o AT EEILAE L& MEE T E SR
e E —(E/(= L F2E (confidence level)
B 95% - HAE LR EARERE LE
[H 0 &5 BEIG 2 B eR - il S
(EUWEACEIS R E XN 2 IVYSE > FiN
HHARPSER St AN EE M
A AT TR R IR R 22 (E
{EAYEER -

FEARBFE T - P25 AT
72 (bootstrap method > Wilks 2011) » 7%
% B2 5¥ HUAR (resampling) 2C#E 375 /0
EfE o PLEARRESE R EFEAE A
I o R E AR A hh E Y
TEREMER - ARpFFEHA 135 E(E
FE(BRAEL N=135) » {EEBAR TPl EL
135 RLAEHSE] 135 A (E 1
A DL AR A » B A] 2 A4 — 1
DA AR FEAR T T2 e E T AL
A EIHY 135 (EfA T - 58] —{EAE
BARE P AL R 5 A S A Y BT AL
FRBAR - T a] LS ER E RV

BA AW FE VIR A EDZ  10,000) -

DA RS St 2 B R FE 2 iz
) By sl Bk A 7 M (sampling
distribution) ° % & M H 77 fiL /&
(percentile method)T& H{Z /O EERE @ 1]
WIATHFT A BUHR AR D AREYES S
195 Eorfir - LU AHBEARE AL
B 90%(E Lol -

SN HASE—5%

2. Mann-Whitney #&5E

Mann-Whitney test (Mann 1945 ;
Larson 1982) J& WY fi #
(nonparametric) 4t 51 i & > B H I Bk
G o MR ~ ARV DL RERG A
TR - A GBS RRHY
AR Mann-Whitney test X% B two-
sample rank test > BEZA Mann-Whitney
test W ARZKFTRERVERWVEZEE
ReoAf - AHM i e — (Il BE S ME Y
{8 S = % NUARE= W = B VAN O
(independent) » 7R B AR G FT A A
RETEIEE /N - HIEARERT - ZH ST
ARG T & (R TR
median correlation i Fs HER4RE T &) TE
A [E B i (lag) BV B HH B ek B
(autocorrelation function) » DAFEEREA
T - 218 - HEEEE
7K #E(level of significance > @) » FlFH
Mann-Whitney test 2T NFIAERER
HE
R R Ho -
median correlation: = median correlation.
HIRES Ha
median correlation: #median correlation:

B NE A2 R ER
W EHEEAS - FEARTFT oy Bl &
FISEH Wi 4EEE A - Mann-Whitney test
rE a8 NAIEY Zw SR ERHEHARY
HREIT DA E p {H (p-value)
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(D
M_n(mnﬂ)_og,
z, = 2 '
i(tis_ti)
mn{(m+n+1)'1
12 (m+n)(m+n-1)

B o F0 m oy AR (L) AR
A 2CEHDEIERL - K EE R A (ted
value)Y4HEL » 1256 7 sHEEEAVE
8o EmAPUTN 4EZER > AILORE W
B (DR ERE—E - Q)

HFEFTA Y correlation (B HH/INEIRKHER >

()R correlation {EAREIAEA > 32
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Abstract

This study aims to develop the probabilistic quantitative precipitation forecasts
(PQPFs) associated with typhoons by utilizing the WRF ensemble prediction system
(WEPS) developed by Central Weather Bureau (CWB). The ultimate goal is to provide
more valuable precipitation forecast products associated with typhoons based on the
WEPS and help users optimize their decision making and obtain the maximum
economic value by using the PQPFs. The research results will be displayed in three

articles, including evaluation, calibration, and economic value analysis.

In this paper (part | — Evaluation of PQPFs), we focused on the evaluation of the
quality of WEPS, generated PQPFs from WEPS, and verified the performance of PQPFs
in details. The ensemble spread can well represent the forecast uncertainties. The
PQPFs have good discriminating ability but also obvious biases. The reliability and

discrimination decrease with increasing precipitation thresholds.

Verification results from different areas show that the reliability and
discrimination over land areas surpass those over adjacent sea areas. This is related to
the characteristic of radar quantitative precipitation estimation (QPE) used as ground
truth. In addition, the reliability over plain areas is better than that over mountain
areas, but the discrimination over mountain areas excels that over plain areas. Taken
as a whole, the forecast skill over mountain areas surpasses that over plain areas. This

is because the terrain-locking effect leads to higher predictability of typhoon rainfall
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over windward slopes than over plain areas. Therefore, the discrimination and
forecast skill of WEPS over mountain areas are better. The non-parametric Mann—
Whitney test indicated that the greater forecast ability over mountain areas than over

plain areas is statistically significant.

Key word : probabilistic quantitative precipitation forecasts (PQPFs), reliability,

discrimination, forecast skill
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