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F ST FETRE SR E CAAHER LSRR R FEFR

RTINS R A F g RBRL KT A F Kk E L FHRET TR
FGEEERF AR FRETR G- e

A F RGeS wh ¥4 ¢ < (Joint Typhoon Warning Center, JTWC)ZA @
BE F R R P RA P SRR ERRRAAM TR BRI LS - £

PARR T F S B AERTHERD Y A F bRk EFEH -



2234 %
rAET R p ALy B~ 5 (Nagoya University) + %+ sk % 8 4 7 #7[ Institute
for Space-Earth Environmental Research, ISEE - :2# % #ti&4 & 5 & 3K a5 3
? & (Hydrosphere Atmosphere Research Center, HyARC)] #7#= % & CReSS #- 3%
(Tsuboki and Sakakibara, 2002, 2007) -
Apm g irid % e (ReSS HERN (2.3 )k 254 4 0 = 2T REFZ AR5 kS e HEN
2ok T g fEF * + X AR (Cartesian coordinate) » 28 AR 2 11 B B 5 A2 N

# F A (terrain-following curvilinear coordinate ; {) & T & &

z¢[z—zs(x,y)]
Z(X Y;Z)— Zp— z(xy) (1>

B9 R ERAB R TR
Bost P ori * S qrste da t A S AR S R AR R et 5 RS R S R
FAEN SR FER R o 2 RN E o

E Al A

(1) #4 =450

2 = P9 (2)

_ P W

P=r Q- A+ aq+Xa) (3
Bl gadd B TRER 5 kfictsz A3 80(0.622) Rybeid =
F A B(287.05Jkg ™ K™Y)  qu ik F 0 Qs EARCK S kAR RS 2R et o

(3) EH > 455 ¢

opu _ _ 5(, 0% 4 0 ou\ _ 9p!

ke p(uax+vay+waz) ~+ p(fsv — fow) + Turbu (4)
orv _ _5(y %% 4,2 ovy_o' _ .-

- = p(uax+vay+waz) % fspu + Turbu (5)



ap (9 p

%z—p(u%+ Ztw E)—a—Z—pBuoy.w+fCu+Turbu.w (6)
B f o foh A% S 8e(f, = 20sind - f, = 20cosh ~  HFR QIR A L LA
0 =7.292%x10"%rad s~1) > Turb. ¥ Buoy.w B4 %] % = PromiR Ao iE R grig 4 g o

(4) F B> 425

1d6 1dQ

opr _ (00" 9 9P\, - o p(0u, du  du + ety _

at (uax+vay+waz)+pgw pcs(ax+ay+a) (Hdt th) P
B Coi~ f ¢ hEsg > g=140.61q, + X gy

(5) g = fg5¢ ¢

apor _( 96" 26’ 20"\ - 6 _

%:_ ( —+v —+Waz)—pWE+Turb.0+pSrc.9 (8)
HY Src. 2 H LG £ 0% 2 e m(4e 84 4r)

(6)7k F &% &R ot > 4750 ¢

0pqy _ = aQU aQV aQV —

o = P (u T ) + Turb.q, + pSrc.q, €))

9pdx 5 (2% 4 0 4y 3 _

% =—p (u a‘i q a_qz) + Turb.q, + pSrc.q, + pFall. q, (10)

He QX'J“ % Z J‘(‘h) ':&(Qr) = ;7J((Qi) Fﬁ((]s)&"ﬁ},\ﬁ’(‘]g)éé ‘I—f HpR ‘fPLL > Src. »
Turb. 2 Fall & %] & % 2 - IRiEA22 R B~ JoUmiR & (8% 2 "g-Rorg S e P 5

2 TR G AP B i 4R B AR (4 2 AR ) AR 4 AT e



2.3 AP 4 B4R A SRBESR T
FHantE TR PR ¥ LG S RFTRES AN BT R FRE - L
AR o R P WfEATR S S ek BRI 0 A F OREET S M AR § TR E -

LE- =8

-
W

CRERTE CHCR BT R AR RGR Y R MR R 2 R ipaR g % (W16) o
EE EEREBI TG ISR LA %z?fik;{—’: Heofe 8.4 47 % %% & 55 B K ) enE

S BT Y B R A IR > ST H B LY o b s R .

1

WRF T UG LR AL 2EE R B R RIEIR( bl
Yuan et al., 2008; Trilaksono et al., 2012; Chang et al., 2012)> e & 4% %
B R eI B ANEE NI NAPF LR ER Y 2R RN 2R R R
At oA BEEHIT m“%f? EENRDIPRF U PP DRGSR - PR
FHOXEH S RO ET TR APRIETRT @Ak BIEEIERE () L
A RARAR R S(D) &4 P AR p B F B AR S o

T p 2012 EFM kT LR P AL B AEEE N (RSS B £ FR R
BAERIY o 2IRIFAR G AT RS PRI FT A AR R R
- X AE4F o CReSS #i-5' ek T R BEREE S 2.5 km» 22 FEET 55 500 m @ H3 % 2
Bl 5 1860 x 1360 km’» #NE B B 5 20 km» FE4R £ BRI 5 192 )/ (~ %) o 558 eh
T I (ZrkAp2 4 2i842) & &gt = % > 30 WIS~ W16 ~ W22 ~ W23 & &
(2018) = 24pke o



2.4 % h BB 2
AR AR NRATL B h DR FP R FRE ¢ T B F R TR

RIS Y RIA KT N PTEIFELY 0 AFELER T T ) BT LR

EEERETF R ERY AN BRRIEE Y v BEF BTN DA
Fo AR AR AT RN KM FREE G S MR NEDR IR G o Aok Y
BoF BREG Yoo B IRBT N O o 5 Ay b LR R TR
g G Be R FRRR G TR PN E AT SR ERELTHEARER P w7 B FE

X E\l'ﬂﬁﬂifﬁ.‘%ﬂﬂ :\.»L’I‘J]%,E; &/""L‘ |/ l— };]7'}‘]9 E;}‘{_E "Hmwe"ik‘ﬁxll’&sf,@]g ml"'ﬂ_i»% g{

ARG EAE N - FRRAN Y RIS B {EFS - U kR
FRIGOSPY R - Bz B ERFIEER DGRBS FaRINHL T3
200km - Flga 2 ot chik @ R 00 5570 (v v gh) HikgE S 1 e AR D
0 (% iz 200km ) « FlAG% cnfalicdn i + > A S pfm i o P L
200km e77% 5 ] 9T Ap R thBh el F RS AR B2 AW f 0 AR ks

B THAEFHRTIE o8 (1) 97T

200-D;
Yiz1[Pmax—Pilx L

Corn Adj.=— 200 (D

n

B¢ CornAdj. 5 /B4 SRAE ARG PRY PLFRE D5 BFAEY < Bogei
(Hi5 km)» T 7 2R n 2 ARBHE PP 5 FHRFFP D53 57 RE
Wit PAE BT L (200 — 0)/200 0 F BB AN 2 RibFEET B4 K
EAS NS AR EE S S E S SR S TR SR RS
Frkr e o B E £ 5 900hPa - % 4% 896 i s B F R & T
brk B BHRELEAE AT B S Ap e F AL 0 B 3R E .
4 AT R o FI AR BRSNS BRI ok ]

AR s AFTESRL P L - PFRR ¢ ¥ B 200kme 2. B MR
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T 200km p F F E- R G R i < 8m/s FRIAARGER o

2.0 ek BIEFA

Th FHREFEERE G HL 0 ALY WL R A0 AR o TR

4~

REA A TR FRLBET oA T ER RS v anE LR LR R R R

\\\?{r
ol

%ﬁ%ﬁ’ipzm;ﬁﬁiﬁﬁiﬂﬁ%’ﬂ&&%#%&%%@%ﬁi&@,

DeMaria et al. (2009)z = 23> 5 B h BT a3 E o

|

3

B 6 TR 3T L e LBl B0 P xg By, & BLPIEE S - FRBENG SRR

.‘.'
N

pd)
i

X

X By A RPIREE P ERFFLSSR A xBYR F RS A R SR
2R BARARL Wt o § R RAE TR S PR A Bk RS £tk
SRR IS AL BV RGBT o T RRe b DB A fr“u{TE (track error) 4 7 & BI"A -
#i#FLs s ATE (along-track error) ; ™% #»FZx s CIE (cross-track
error) » i@ HApI L3 He2b g 2 e

Yo—y1)(x—x1)—(xg—x1)(y—y1)
CTE =
Vo—y1)2+(xg—x1)? (12)

4o% EHRRh ACTE G2 & 2 7 EF b BB SH2 R FCTE 2 g & &7

3F e BLRIBL IS che o il o g @ iR A o CTE o 38 ATE % 8 (BB

|ATE| = VTE?2—CTE? (13)
B %’%’é (Vo —y)(x—x1) = (xg —x)(y—y)]FIér5 k2 1 f > § H G %<7
A FRAR R b A R BP0 A%k ) | % % FELR 5 - B 6 ¢ 'Jé TR AR B IS

VO ERLRIES SR E M >+ CTE 3 § @ ATE 5 &
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2.6 -k o
L T W IR AREREN AR HERE o dop Ak (0000-2400
UTC & 00002400 LST) - #hm iz 4 5 3 M F e pr P ghop 4 87F A e 4> T &
B g N AR S P R R TEORE 2 o TR AP LA KAp AR E R RRR
PEROPFR TR R P o8 285 AR & 300kn v p pF R (Lu et al., 2013) -
o2 WAEIRER Yoo A RRITEFS AT 300kn B (2 f8 % 24 C300_1) 0 B
Tlip gt A L D) 300km EEHE(Z 16 2 F A C300_2) o P P ALAR 5 B b R 5
B(2te2 FHC00) o iofT K L3F e b FP{rIEIR Y > Bh BT G 7
% oo
AHERREAREREAGFFI N AT SR - BRELAE LRI HE LR
WEE AR R T VSRR AR S RPIE M E RS AR T At R E KA
(Roberts and Lean, 2008)~ /T*%L M4 0 F (%~ (Similarity skill score, @ &

SSS, W23) > B v G

1
Zl 1(fl 1)2
SSS=1-— T P, o (14)

He > ViR%EE (AT Ex) I8 00,5 % 1 BR%RIZBEPRIE S iR 5 HE

Ag*gk

B o SSS ek ) A3 1 B 02 B > S ent ] F T FEAR G SRR A i > § 9
WEEORPIREAPRFSSS B2 1 57 kR a2 kR SSSEL 00 T &
TEAR AL 4 od ASSS¥ - Bl £ FHMIERE R A2 BB EEY REREFRE Y o

¥oeby g0 * Fpv B A (threat score, 2 f8 A TS) H - fAR LR * 203 5
oK IpARen T dg st ) B & (Schaefer, 1990; Wilks, 2011) » & % * 3t > & %
e B BLP R e ie (7% o (Lee et al., 2013; Wang, 2014; Wang et al., 2021; Hong et
al., 2015; 4,2018; Wi1b; W16; W22; W23) - #** Wang (2014) e#= % » ¥ e T
g4 @4 (Equitable Threat Score , fj#ETS) € 7 FER "t iplab+ § 2 F30 £ B4
§eobd o ETS % k3= b € $RE L G “TH L -

AT RSB o T ISR IR AR 0t K EUF E P R R P 0 -H B
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AANT R AT ek
1. 2 reigdf Chit, H) @ BLiplesgap et R 3mE 3]0 PR o

2. AR (miss, M) @ pplavs k50 PR - RIFRSE ARG o

P}

3. 3k (false alarm, FA) @ BLBl"8-RiZ 5 EFIPHEE > R FE4F 0% K iE 7
4. mrzF T(correct negative, CN) @ BLRI{rigaF ™8 K3l 5 & B AEE o
T AV RSV k2 - BAIEA S I HEPCIF R D RE T A RS
oo M = F st ieF o 25 (1) T E TS 2
S =1 (15)

T M+H+FA

A TS A& T pla s (H+ M) ©#gpFEas (H+FA) s 2 garlgut o0 @
TSHFEBRA L A2 1302 & > TSAREIT 1 PF > 457 105° i & PR B i 4R 5

A F 2
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5% AP LMRRFERS

TR FEIRRF > E - R e BB 44 x 044 x40 8 & Bk BE =

é*:}\

SRR RPEE AT E TR R A F 2 h Q02D ER LB DR B
EFrggssgs 108 -7 PIREAGREAT FES SR G AT R
TR BB R FIUPET AL LI GEE o AP g T ARE
ME A aINEG (T LER)RENT BHIR(TEE - T RET ) FEEEH L
SRR B R PR RGBT PR B IR o - bk IR
oo
AT BHERT 2012-2016 E e 10 B (TEERE FAAY H Yo E N d TR
FigAw i F 2016 & hk ia3F (Nepartak) ~ 2 & g% (Meranti) #®h > 2015 # & 44
(Chan-Hom) ~ gk # (Soudelor) ~ %2 #+F§ (Dujuan) > 2014 # %4+ (Matmo) > 2013
##4 (Soulik) ~ = & (Usagi) ~ % =3 (Fitow)£? 2012 # «hgkd> (Saola) - » 7 4+

SHOTE  PRER BT - A REE KRR R 0 Y 0 RLPE L B A R
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B Ta o1 £ g h (2016)> 7/1 1200 UTC & 7/6 0000 UTC RF e & 4= 4P B e
Bz 3EaR 0 7/7 2150 UTC & L Fpe > #35 7/8 0630 £ % % 2173 o 15 BLipls kb
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A GERR ¢ oo AR H 300kn p PR > XA F (BT EFR (lead time)
{7 (R )TEIR Bl Ta® BT %2 b S 2w a a7 & 7/72150 UTC
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ROgh FAXE 0 EREPBYF a3 857 AL Lmend L~ T
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FERE B p RFPE (LR85 F) ki o F o ¥ 00 g I ek SRR T
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Frevka R enigdpdd 72 3p 1800 UTC&f7en > HPPE 5 79 % 124 -} p& > SSS &
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(7 eAE AR o R L R B4R AT 83 ) B
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B 8a B it 7 prib ¥ h (2015) 7 BRI IZ I E & B 7 e 4= 40 PF A e PIRR T o
el e ERST AR LAY 3R F A K 8/7 2040 UTC P peiciE » #3% 8/8 03:00
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3.3 BFERR
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F1G. 13. Averaged TS of CReSS 24-h OPFs from forecasts at 0000 and 1200 UTC for (a) day 1
(0-24h), (b) day 2 (2448 h), and (c) day 3 (48-72h) for groups A-D and the top-5 cases (see
legends) as a function of rainfall threshold (mm). Day-1 QPFs are from forecasts starting at the
beginning of the 24-h periods of verification, and day-2 and day-3 QPFs are from those starting 24
and 48 h earlier, respectively (ie., targeting the same periods). The top-5 cases (from group A)
are the most-rainy 24-h period from the five most-rainy TCs (one segment from each, Table 2).
The group sizes (of available segments) are labeled for selected points. The unweighted (arith-
metic) averages (labeled as “Avg’™) and the TS values obtained by combining all the forecasts
into just one contingency table (labeled as *“All”") are also plotted, and the purple dots depict the
forecasts for TY Morakot in 2009 (for 0000-2400 UTC 8 Aug, days 1-2 only, see Table 4).
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FIG. 2. The predicted typhoon location distribution (black dots) in 3-h intervals from the
EPS. Each predicted typhoon location is associated with a 3-h accumulated model QPF; an
example is shown in the top-right corner. The red line and black circle are the given typhoon
track with 3-h intervals and a radius of 30 km centered at each typhoon position, respectively.
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TABLE 1. (top) The five major items desired from the forecasts for hazard preparation for typhoons in Taiwan: rainfall, track, intensity,
striking probability, and lead time, and their general quality provided by (second column) regional low-resolution ensemble forecasts vs
(third column) high-resolution (and cloud resolving) deterministic forecasts utilizing similar resources. Four descriptive levels are used for
general quality (very good, good, avg, and poor). The fourth column gives the quality for the five items from 2.5-km cloud-resolving
forecasts by CReSS using a time-lagged ensemble. (bottom) The basic model specifications (resolution, domain size, forecast range, and
forecast frequency) between a typical 24-member ensemble and time-lagged ensemble, both using about 1500 cores, are compared.

Low-resolution High-resolution High-resolution forecasts using

ensemble forecasts deterministic forecasts time-lagged ensemble
Rainfall Avg Very good Very good
Track Avg Good Very good
Intensity Avg Good Good
Striking probability Avg — Good/very good
Lead time Avg Poor Very good
Grid spacing 5km — 2.5km
Fine-domain size 750 km X 900 km — 1860 km X 1360 km
Forecast range 3 days (72 h) — 8 days (192 h)
Forecast frequency Every 6h — Every 6 h

W3 HFCRRED UVEEX FIEHFY TN BIEP CER T R B ERR R
B-BEBFIoEERERT > MR ERE T e AR % (ZLF 4 T30 L ) o
(W16)
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