P

()

n dv o A v
dbMOTCWAH06-0 01
d1067T 3b 14w 3 1067 12 31w

=W
dn AWy

M E 106 T 12H 31w







I Avn (mA) B ~ N®
M 1 ATA N° o3 u4 oA N N Y 24y
MOTC\B- 106- G 01
0 i3 MYyd ¢
P n AWy
T - 106 p \1061 3t 14w 3 1067 12% 31
A 2,430C a
( B dCa)
P o Y.y Y. ¥ w Y.y
100 100 0
) r(Ca) (Ca) Kin Y.y
K I
2430 2430 100
o=UW A" o=U wnt
T £ Q
wn
4 | m A
Qs
weM vi o p M n
M M N Y 2e
n doensemble prediction blue highway
wnisA By A N nuWwW oB y =we o
N B yu M AYyN B |
AT - A N AYyN £ WY P Q
M qw o090 Yu 3 N T4 24N D
A Q P MELN AVF Fnowe-
RMS W o0/4yYu pr ot wou SU | AT -
u 0 SMCAu Pwm ME]L N Vv bbb P
B W ., & ="QA|
2 e ) N B COf N & WY
04 CHAuy 4 € A NMNw néYuWw o
N x AXML uA n)LAT<eu At A n
QAW oB uB U A T n Yu pNn’
€ - N 7 1° A w i V E F
unsd A pRYu &P f ;W o
KyAt  WW o NAy-T NOFY "N v
wbbP B W & " QAY~N v Hs
bbb B W 5 & QA
N ) Ay N B COf N £ WV
IN fF XK® m A A uB U A
y MYem At WW o NJAuT N&OIUB




V
B w |,
WnooQ A N nuWw o : AN
P f $: YN b3 Ayt Y U3
7 24OV Qt MYuod 3wl pYu
B = § Y 4 N W i
ALBud>3 N u 244N D>dNwm néY Q
¥ 1 & KW wuud t A" 0 (
o FN D2JVKW F SPR u>B h &
N Ay N W R W tbw |
2. 2e ) N B = "N A& y
D04Y 2re N yud BYNAL t
2 yud NW o 9 N
Bz XML ~ Myuyo-Wsd = 4 uH
XML pyud>B h =se N W f
w P b YudNn e <N n41 y 10e
tA AW oA pVYwa’ ’
Y Ud 96Hy yA W o

~

M

nw oA Py A R L
n =2e A N Y Q y ™
NJ) fdxwu Y yFe A
Y o, L3> "

’ 0

4. 4> TLwW 3 ¥Wn Mi NA XML w
Ay a 9 N4 nYuiBXML W n &
d A NAY ) Mi ry P ]




WU/iu A RYPX 2e 4 V 2 e
N A W Af o)
2. " 1007 11t 10w § 14831 08
"H A 22e N Y o4 N g
CleY 76 ¢~ + 1 Y vuaj
3. ., MYd s O0AAy A To 4 4 Mi 3
e l>aAd YO pd NV 2e v
A 1 X p XMLA W I daviaYul ey
v UX o 4 4 Miad e | 2l
4. 1027 55 MY s ¢ ey WHyy e @
W 9 YBU 12b 1w Y& s g W
20 BEZY ge ) Y w E A
) U A |
5. AZY4 Xxy n 3 AYY
Yu , B 2e MY WE a4 |
6. MYd ¢ 6 N Ok Y ‘O5 2 e
N n € ue | W t Yuid NAv
nl
B (C X)
LA, (" X)
0
BH LTI,
)
(Wt ngn w)




................................................................................................................. L.
v X YT 11
< T PP v
G Y ettt ennee s 1
1-1 L NN 1
1-1-1. L ottt ettt ettt ettt et te et et eant et et et et et ene et ete et e rennes 1
1-1-2. < 1 N 3
1 e « TSP 4
1-2 BTX A K7 (T 1 TP 5
1-2-1 BW o N e e —————— e ————— 5
1-22 A W o N e 11
1-2-3 1 W 0 N e 18
1-2-4 B W 0 N e 20
1-3 I T - N SRR 21
1-3-1 CT oBUDTIUW 31U B A oo 22
1-32 3T (AT S)TUW 3 o 27
I T e B o I N TR 40
1-3-4 X T oTTLW B3 et ememe e 41
T-ALIW 5 et reet sttt n ettt rnnesrend 41
L I TR A4
1-6 S T [ 46
3 YA N NUW 0B s 47
2-1 A N AT N FE W 47
223 N U 24N DV TTH M E e 49
2 U N e R TR 49
2-2-23 A N et 53
2-3 SMCL . 7 0 B oo 56
2-4 QM W 00 e e 59
t y e 5 N B oot 62
31 2e 5 N W, 62
320 U 28 7 CIA et 66
33W o WMHBz =« A XML e 69
344 € A DT M E e eeee e 70
35B R N o T 76
36'A [« T TR LR 77



37TN° ¢ - nA T e e 84

38N K8 A ) Q1Y O R 86
39At A NQAW 0 B oot 89
310V E F =2e d ettt rnene et 90
311 f ;W oo SRR Q2
312At  WW o Ny NN oo, 94
313 3 ¥nMi N ACIN B oiieeeeeeeeeeeeenaeennn) 97
314B N v I O 99
315 8 =TSR 99
X v M AT N B oo, 101
4-1 v 2 T =S R 101
42 F 1 A et 101
4-3B U AN Y e 103
4-4 n =S RRTRT 106
45At  WW o NAuT NI T TR 107
46B N v i S R 109
4-7 8 =TSR 109
X y T TP 110
< PP, 113
JUCY @ A O e, 120
JURY M A 07 e, 123
nty AA N o3 u4 oA N N ¥ 2/4¢ 1067 =
................................................................................................................. 127
Jux y © Ay N 2e N s 134
JUXy & N AY N w w b e, 156
uiry =se o N w w LS 172
JUF y ) AV N w w b e, 189
ndy ryw T ettt ettt en et 206
nyydaTs D Qi LB oottt emt e 226



IO O I LN LI f S O OLHE O/ S R OL S O B L O

1y MYd & N 7 0 YR 6
27 AT C 7. U] e 46
3y SMCy_ ~ 1. 0T TP TSR 56
4y 9 e U, AV L O U 62
5 =€ ) oV ® X C Do 64
6y 2e N N G ettt 67
7y e T N 91
8y e Nw3BA (Jz€E WAZY ) I 91
9y MYysd = A 0 YOO 94
10y & A XK et 94
11y 3 WAMi & XML N IDC @ coveeeeceeeeeeeenns 97
12y e N o I O SRR 99
13y Ay " N o I S o TP 109



1y MYyd = A T N e e, 3
2y MYd ¢ =2e N e 3
3y Mys & N N o | e, 7
4W o ~ IJN M N /2T 8
5y N AYyN NMy 20 N AV (0.255) i 8
6y N AY N AV (A 1€ &) e, 9
7y N AV N  SPAGHETTI AV (A 2€ € )reeeeeeeriiiiiiieieeeeeeeeas 9
8y N AY N AV e 10
9y N AN N UG AY e 10
10y N AT N KA AV e, 11
11y z Kk 48Hm I OO 11
127 A AN KA UN VO 12
137 A IMA SPAGHETTIM M oovooiieiieiieeeee ettt reen e 13
149 A OMA SPAGHETTIM Moottt reeee e 13
15y A €0 IMA K e, 14
16y A €0 IMA K e, 14
17y N @' 2 15
18y WAVE EPS5RAM N Cf R 0 A 0K ,18

JULY 2011,12UTC) ceeeieiiiiniiiaaa e e e e e e e e e s aeeesas s e e e e e e e e e e e e eeeeeessstnnneeeeeeeeeeeennnssnnnnnn 16
19y JWA'A N 05 LB coeeeecee e ees e ieme st 17
200 ¥ BTTW  LIW B Al oot eeee e 21
21y 3> a I o, 22
220 V 1 N B ettt eeenna e 22
23y e 0 n Y2 SRRSO 23
24y RELIABILITY DIAGRAM QA Y M e 24
25y 0 M Q(46699A) 0 @3 N Yt dt N .. 25
26y k@, A 5 M ettt 26
279 B LN 18 W ottt sttt enne et 26
28y M M B ettt eeem e 26
29y WEPS14 (t Y € —-unt 45y 156 5et YF ' 45 )..28
30y QWEPS20 (QXY Y £ —-unt 15et & 3et YE

57 TR 28
3ly SMCIN a V2R 29
3y 2e A T e, 31
3y x QA (v o1 e Ue o s 1ol CJ

.................................................................................................................. 32
34y & © o 1 MITA e 32
35y 2r2e g A MK (L0KM) e e, 33

I\



36y NOAA A NA UKL A AV e 34

37y NWW3'A T PRSP 34
38y 0.25- A < T PO UPRRP 35
3% 0.1=(e)y 0025=(H) 1A [ PRSP 35
40y MYS & N b S MBAO § M et 36
41y w L o T o S PUR PP 37
42 AN BoY X B F e, 39
43y M MQE IV @' ) E TS 39
44y . T I 1 T o PR 42
A57 A T ITLIW 2 e 43
46y 3 7 20D VM A Y N (VIEWERNEWD.HTM) covvvviiiiiiiieeieeeeeeeeeeeeans a7
47 t 7 20DV AY N (VIEWNEWZ2HTM)..ooooeeeeveeeeeeeeeeevvveeee . 48
48y 3 7 2440 VM A Y N (VIEWNEW3HTM).ooooooeeeeeeeeeeeeeeeiviveeee . 48

499 2 N 200du 2 N 24> M RMSEy SPRDW (0 e dby
OTh° VyoMbDOEAYyoHD PYted ytMdbyoyt

50y 2 N 200vuy 2 N 24> v N RMSEL SPRDw (ced
syoMbdd yoHbdbHh Yited yitMdb NIyt HD

) TR 50
5y 2 N 200vuy 2 N 24> v N RMSEL SPRDw ced
My oHo YtedrT yt Hb ) T 51
520 V @T o M RMSEL SPRDI  cooocveeeeeeeeeeeee e 51
53y v @The M RMSE( NM L K G )i 52
549 v WTho M> 15Hn T RMSE ..ot 52
55y MA uyM 72 TR 53
56y MA uyM B Y>n><¢ N ) IRTT 53
593 N 1 2 N RMSEL SPRDw (edy OT - ¥ o Md®
EAVyoHdbD PYted ytMbyowyt HDF )., 54
58y 3 N 1 2 N RMSEL SPRDw (ced ¢yoQMbd VY
oHbH Yted vyt M NAyt HD ) JRTRTTRT T 55
50y 3 N uy 2 N RMSEuy SPRDmn bed nypH®d

YT @DF T ¥T HD )i e, 55
60y v Y USMC M K e, 57
61y A (0 :SMC T & 7 e, 58
6y A 1 A O OT o T IOE A )i, 59
63y ™ > LA (0 :15«km M T :20et M )i 60
64y ™ > LA (e :3km M H:25et M )i, 61
65y 2e A T e, 66
6oy =2e A N QAY (€)oo 68
67y =2e A N (01 I V2NN € Y0 TN 68
68y =3 @ A I N I 69



v

6% b LTINS 70
707 Kbk e M 7 (19512017) e
7y 3 (eo)y4 (Ho) 7 A MXUuA 110 )i 12
73 ) 7 (2015/10/000)1"A 1 (eb4 YHD3 ).....73
747 Y 7 (2015/10/0800)r1 A (eb4 YHD3 ).....73
757 ) 7 (2015/10/0800)1 ¢ A A (e b4 YHb3 ).73
76y ) 7 (2015/10/000)1'A 1 B -4 Ve 14
7y 0T e MA y A O A YT 1 Vi) 75
78y GOE A MA y A A YT i )i 75
7% 1 10et A RME U 3SHx i, 76
80y ¥ AL 10et A pAnéE U 3SHx 77
B8IY W A IMA et 77
8% vy ®T o M72Hk A nX (0030H» Y& 6Hn ). 78
83y vy ®T, o M72k A nX (36-66Hn Y& 6Hn ). 79
84y y w0 Ty ° M 72H A MK e 80
85y y M-% T oM 72H» A unXX (0030H» Y& 6H» )....81
86y y M-% T oM 72H» A nX ((3666H Y& 6Hxn ).....82
87 v M-X T el T2H A U XK e, 83
88y TTA 1 K ettt 84
8 10€t  FTTA MK oo 85
90y 10et A4 EZ4 25et MA UX e, 85
91y 10et 41 25t MA MUK e, 86
9y MYd ¢ N+H S MBAO § M e 87
93y ~ A M BB UK e 87
94y ~ A M BB UK e 88
95y w LU T ST Q0
96y BY & S e, 92
97y t BV S e, 92
98y & A M et 93
9%y e o cNnBuoY N4 N®Y A D o, 95
100y =« e o MARINE N4 N®7 A D . 96
10ly =«e o PRO N4 N®7 A D . 97
109 AN Bo Y X - R 102
103y "~ A M BB UK e, 103
104y Mn Ay M (v a 139 ) et 104
1057 f M Ko MU M e 104
106y 0 Ay M ( v a 13+ ) e 105
101 M X R O 106
108y n B 106
109y Ny N MARNE N4 N A D . 108



110y

1y

Vil



3 A

1-1-1 08

08
5
1021 «M |4 Mmx
w kA 2N~ Ew
A 1023 1057 <X
3 68s (E 100131031) *
T3 Y WE & nhNeBAX BYF
k 2Y kK A N . Yy o0
A NYulodkan N

B h o K

~

€,

0 3

T 3

L
e "HY Th
YZM M

AMY S
1} 1 3

/
col Y’
e

oy
1Y oy

<
N,

GOt X .
C 173
y N
nA

€ =bl AA,

~ACIAMICY
"HY n A GHh|
A®30TYaNo NAa

W B

nNYBD?

A OYS3b
N ERSIM
nt~ "

<~

A Y. VHA yuA 3y Yoo

1

1 |-U|6
10071 B d

1TCA AYat Yoy

N MYyo s
" 3AnNA N

(altimetery SAR (Syntletic Aperture radarg) HF raday

o YKARYZBA
E T 2Yv
993

kAT

r

N hYW
T
N A

1 MM

10e t

OR A
1 D ERY »
n A i
A QY~
1017 3 1047 W

N

~

ovin’
€
A EN
ho A

H
|

~
A

o

3 V O1TACD
PA N’
YoviA
-
OACRAO~ Wt wWALOYvV A

n N W
Komen(1985) 1
noyYy Aun

(0]
n

(0]



A n B 3 NWW3(NOAA WAVE WA T CH y BSWAN(Simulating WAve Nearshore)
WAM(W Ave prediction Modely 3 >~ A nA / d a N oA wt
nA /A BY, "u e A nKWwviul
5 & AN 17 nw— p B 1Y 5 B A, Yu
ny éunté Y A P BY I¥ByA L ALIw At
Mi 0 4A AyN Vv’ y ) nA \'% B~ A
NYe pA& A B L N>7<= B0 Ay N ( )Ybz A
y N A0 m N nmj] 8 YuB” 991 & Md 19 ws
vin3aoYu yo y Yy Wy ny .y m 81 A M
O MYys ¢ 1A oWE YOy ANATkT3wnMi Tk kf 7
KW ny
2e f =S10012b1w TW® WWB w 6TYT y Eu
own A T4y Y ® A -« C1®Y N wu R T
h m y € WU/l A RYPXY =2e 4 V 2e N A
W Af @) ° 10071 11b 10w § 1483 Y 086 &H A 2
N Y’ o4 N g CleyY 7868 &~ 1+ Y u2l
6 &y W'Hy Yy e @ . W oo YT 102T112b1w YOS ¢ g
B w20 BEZY =2e 5 Yu® W'H w E A &
T YOUNK™ 2e A Ef YB N A= B FF A
H™ [l Mi u ALIW Avu 2Y104T =2e ) B FRB23
YuA 1 B48 u FA A Y 1057 q 1 B24 Y N
AB B Y 2e 5 N Btn € Hva V Y ¢ oy
» GOl Fi



BT ARG

2015/11/24 15:37

ez oo

OADII ®MMC OADIWRF | st Pooror i | st [P | OmuApisg | [ Swmemmous® |
OCOMCOT O COMCOTTWRF

TR
(e T i)
IR ZCEOC
HEERIHFZENCDR

TR AR
SRR
FREREH(CR, BIAS, RMS)

FRATAZEH(CR; BIAS, RMS)
ERAE/RATEEA(CR, BIAS, RMS)
PRI E5(CR: BIAS,RMS)

ok BT AR

1y MYs = Ay N

€< > C [Dwww.cwb.gov.tw/\/?/forecast/bluehighway/contemz.htm?type:A A 0@ =
TARANER ESHE | $% | Engish | 5254 | 45 | BRMES |ERE | eSRE OO0 [ [[ws|ww

O EER& . EH 4wl ® oE . EB " = e my K i MmEsE & mE

0 SRR (ER-RiE v SR (11252200 ¥ N
= ) w/m e aE o> Se
DEgEE SR Ehe EETE
BERS B 108% 208% 218 108% 208% 218
BEEES RE 3.38 3.39 3.68 3.35 225 2.81
EEAR F
BR <
T 2 e e TR
ORI : : : : : :
BEEEs B# 6 6 6 6 5 5
DEERER A ) ) ) (k) (k) (k)
ﬁﬁiﬂiﬁ g 0.43 035 0.19 - - -
A @ @ |a@
e = = =
MBERTERR BWHA: 11/25 18:00
B 11/25 22:00~11/27 21:00
£ A AR | 2 |2 |
‘ e
[ RSERR A b Skt IR RN i 33 o i FiEEhae R |
[ BB R S SR R AR HiEE HESIEENE AT | )
W EREER SRS ¢ RS ETISER SRS  ERIEA - &) ww wx| e 05 ms |BlEa |E et w8 }

2y MYys ¢ se N

112, 3 A

L fenRA M <Y . va A (W YyHF y =

Y 2] oNww3 nmA N o N YvZKe¥x vn O1Y np
M L



N A t¢¢C c ~ACHAY s g anQ oy 1CD
AYatYanaN A Ey N K®&:n AN &Rl oOvia~ ~

A

pPY CA 1 B A R EY A A ri D€ = m AE Y
p A

N

0

¢ E CF= ) A AL k& #BoU3W oAN
Yo n201 WRFAN M NWW3 ~ 3 nYudldv: AyN YAvunN
t 7 wYF QY n ¢ 2y -~ N Au w =(spready v Z K
W AN G¢HRY" 1T K AN R YA YW ; pNEAE
Ay ge uTk EAN 74B T AAYN |
NIt v M k%8 X' =2e AA A EY ¥
Mi Ah Ay ~ N hyh 2e N hd PN A uyN ¥
B ALIWY" 1 Ab X  2e k€ A Y taw N H
A nYXgé et WA® |
111-3 T T
1A nLy H A Fy > 6 A £1Y
¥ £ e A uYbp 2 TUS o 'H .Y M
Af L Z35ANuyy . AENs Y ufi WY U pHQYA v Y

Wy xA Q - AARQ]

A T T, r YXB. AE r., -y Q YW h201E

| hoebaw O € Ho Uy, £v2 2v WY
B €y A A 2 Uy~ ~vO0s ¢ w on A
L~ 2e A ANy A y P A ap uyuaw yYMde

A NY yp OA A, W Eu "HYW " E 9918 8wY

M o "HH ep >A M Y a ) Y'H&300 s1d% O
M Y UJuLW E 1001 3b 8w ueXoé6v  YHAE Y bt
X T 4y YZMy ARCOY rpb P 51 bCWw'Op
p Y~E BF i° A y Tl COlA R{) E 1001
6b1lw&d BB t Re & h vhr 2 A Y oM V -€Y X
e v hwm hY 178 ©v41OX p L2m Y 3

€ Y s Y D> 22 M4& |7 & N yVYU 1
0 € M10 y 125 eY 2e y 10 X 2.30 A YX A yY
p o I XK X30WQEAE | Qo 46<YMm C1  uhXx~

oY~ g 3 LW & o 4 Y 94 b



Q TA @b By Y1021 4b 21w] & n 1y b 8

MY 1§ B Y >1v7 A ] Z© R W 1007 & 6000M
Gy101T 4 o Gy 1031 76wy @M & T ¥ 1041 66 7w o Gy 104
T5b16w A D2 &y 1041y e BERVANA € pPy2015 2 Y
v WB A Bt ™ "}
Y A EY BWEWNME ny Y ¢ NnA 2
NAN B WAA Y, N ouN COlAYA® o 7 AXK
=Y WU ” X E B! 5 QAYu NW oy o N W
1 W T y 2e yT ku P g0 aYy " Fil
5 ¢ AN" A 17 nw— p B 1Y 5 B A, YZ
ny énéy Y A P BY IRIMByA L M
A Ay T N Vo v . nA Y . B"A NYo
RAE A B |38 ¢ J]>T< B Ay T N YBz Ay
SN A N nff o YuB” 991 O MG @ wB vV
n33Yu yo y Yy Wy ny .y m 81 A M
O MYs ¢ TA oWwE YOu ATkT3wnMi Tk kf 7K
W, AL N AxT M P L B ALWY” M
AviaQiY PN AB f A Y Ay X A Ay 7 N |

1-221 BW o N

5> BUaxmnd A N oNnW o N Y ~ B A N  oAvwnY
By Y 2005v i OlAy SWAN n’ o Ny A Y™ Y2008y Y2014
/ v inOlIAy SWAN N’ o naA |

"N A nYs3>8& ©BU0U103T6bYUD B GCMW O0AA N
N Y 1+ 0104Ty>24yN Ad Y N N\ WS008 ¢ A N N
Y Wt 3A1MYd s AN W o N u .|
Yly &6 ¢ N N
MY& ¢ 010019 U3C4 N N vN | 6 3y Y'UN
v 1 WRFY Weather Research and Forecastirty m N 03 [4Ye; Y
q v &Q A Yy 6 N mxi oy AN D M



Y ensemble membegrw ;Y QOLUHy ¥ v in MWRFQA+ WRF v3.1.1Q
WPSY WRF preprocessing systgmQA + WPSv3.2 WRFt m N oN /vn
WRFDAY WRF Data Assimilatiop v3.2Q N v n * Q AFYMX €& - i

45/15/5knY E° € - ¢+ 45 Y N £ 30hP§ I N & 12Hx N 201 N
MY P 72Hx Yé3 pCluyL~N 24 NCAOvinInd
g v € n YZMoO n NCEPY National Centers For Environmental
Predictioy GFSY Global ForecasSysteny N Y WRFt nAF 9 Y
20 0O |~ / 7TONCEP] N N ¥ Global Ensemble Forecast
Systeny M VT TON° N nQ AN G W)
L " 10ITBO>Vv33IQY 1+ MN Btée6H pPCHY"UIT, p MV
Doman®Bt 1 plL o0 B ”n CWBWRHE NYc¢® 1024 1041
m" BB NAQ A )

~

N ° 105T 4b 20w 00q "QY B E Yuoy . A O Y

kayo. Ar Y O1 n>¢C Mu ¢ P Y tvindo
1 Auné 1Y~ O JU EAKF N oLFdY L 1 A
1 L84 | QAN v p 20121 6b A I KY Q vy

1 ® Cx YT - ] G ¢ MéP MynoM T

1 & - sMmEYXy T QYAWX M aXnA \'%
B. AN 0 S K--né¥Y yzZ Q P y
K-= ]

g N 010618959 «BQY3> At Q AIBBLY Y~k ¢

=t 158km, ~" 1+ M = 312b A
®1ly Mys = N 7 ®
Y
MN Mean N Xd
SD Spread =
SP Spaghetti diagram eMN SOVINEY 8 T1TA 1
MD Median Value €M7 oY'™HXN D>VAMSB
MDXN | Median Max and Min | M8  A"AO0
PM Prolkability-Matched . . PDFs (Probability Distribution
Mean Functions)™H pwAN Xxd
PR Probability NEMUUHB P11 1A
CPR g?onbdailtti)(i)l{tl)?l "AlCLAJI'bAA ntyY MNULB




MAX Maximum
MIN Minimum

Design of EPS

—
Pra—

Verification
Evaluation

Ensemble
(" based products| B
J— tools
Special
1 Calibration < >'
\.| Statistical station ) J
correction

3y MYs & N N
Y26 A N N
MYS ¢ 010310 U3¢ 41" 7Y multi-gridg A N N vN |

0 3y Y1 N v n NOAAY National Oceanic and Atmospheric Administragon
WAVEWATCH IIIY NWW3y nv.3.14Q0 Yu°#n. 33 Vs 1 A
FOWRAYN vi) Q AYMK € - Gt 0.25-Y D 25kmy 1} 0.1=Y D
10kmy Y35> N QX20M>vYZM W06 ¢ MN M YLD €
N ui w— n ANl GRYSC3IN D>V 7 WAMANM enVYg
C3 N mTolmare N "N B =103166b O PW o Yéuw P4

S T }
eni eng L. eng(()) »
| | |
v
wins >
z | -
v




4 W o, AN M N y

LCO>—~ v PN QA° Y 1 010419 yodN QA Y N
L N Ay N KW N vK 02BW oN A Q
W N 7 & & B A PY, "~ 13 N
Q B°' AU o)~ m® 0 AHTMLyY Javascript 1 nY
VK viaTon v 7 N A QL N AyN KW via~
20 N ( 5y ( 6y Spaghetti ( 7y ( 8y N mw( 9y
N xd ( 10y u ( 11)

LB RAR B

Central Weather Bureau

ﬁ; E=T1 (2015-11-301 v|  [20m v Eo v
Zs 203 %5

= 20154125 02H 23:00
SpaghettiE BREEERRT: 20156211 H30H 02:00( &BERE3R])
ELHEE T HIRER gt
f‘;i?g [z<](Stop](>>] el bed 2]zl

13 14 15

o8 1 15 2

3 4 5 8 7 8 9 10 11 12
WRF-2015112918.069.grd1.jpg

5y N AYyN NMuy 20 N Ay (0.25<)



/ [ BR&ERBRTHE
€ - C | [161.56.11.156/ens/viewerhtm an =

e FEMBRARE &
Central Weather Bureau

PEAFE (0.258) v |

[2015-06-2702:00 v| [1.0m [BLSERFE v
mm_ maE
SpaghettiE 20154806 F 27 H 02:00 (&2 EEE5R])
EEREE 72 Hours %7 7
RESEE
ZETEE HERE EEIRIEN pidigot -4
e (] el i

06/29_1800UTC

6y N Ay N Ay (A lee)

T S

|:{:-ﬁj;$#(o v [2015-11-301 v|  [2.0m v [(RiEERm v]

Spaghettifg]
201542125 01H 02:00
@ RS: 20154811 §30H 02:00( 52 ERAEEFRT)

Tl HIRER e

Ensemble Members at Hs = 2 m 295/1 1/30 1800UTC

R

100E 105E 110E 115E  120E 125E 130E 135E 140E 145E 150E
Significant Wave Height(m)

I [ I

0 2

WRFspa1-2015112918.024.grd1.jpg

7y N Ay N Spaghetti 1y (A 2eé)



RoRT]

€« - C
SABERARE =
Cent

_ FEES  (emARE0SE) v| [201506270200 v [20m [BLEERSE v|
20RAEE
BEE BAEE
Spaghetti® 20154506 § 27 H 02:00 (&2 EEER])
ExErE 72 Hours #7861
RESEE = o s
ZETHE Lo
=23 = (il e [ =l ENETY

10 % exceedence pro. of Enscmbl Hs 2015/06/29 1800UTC
s == == o ..-7) - 3

= =

DAL RARE
Central Weather Bureau

[ PEATFEFE (0.258) v |

[2015-06-27 0200 v| [20m [BLEEREE v |

205R%RE

BEE REHEE
SpaghettiE 20154£06 F 27 H 02:00 (& 2iEBEER])
EREwE 72 Hours % 7 788
RESEE o s e
LETEE | EaR

e (== (swp] =] EEEED =8

15/06/29 1800UTC
[
F 4

10



/ [) ERRERERTSA

€ - C |[61.56.11.156/ens/viewer.htm

40N i

2 6,/29 1800UTC

[2015-06-2702:00 v| [20m v [(BLEEHTE v
SpaghettiE] 20154206 5§ 27%%?3?@3;1@@)
EREEE 72 Hours % a3
2ESEE
LETHEE HiRiE EHIRFIN HEEEE
— i mal EEEIE

20N
10N
100E 120E : 140E %
b »
10y N AYyN Xxd Ay
. SEErE]
/[ ERssEERTRE  x \_
€« C [} 61.56.11.156/ens/viewernew.htm aQdy @ =

ZEBFRADD
Cent

AR
EE
REHIE HTE
HEE
SpaghettiE] HENBEIBERT: 20155E11 530 H 02:00( &2 EE465RT)
EREEE
FESIRE
205R%EE

v

2015/11/29 1800UTC

WRF48-2015112918tat CAAH? ina

1y z Kk 48Hm M

122 §wA W o N

Y 1y NCEP (National Centers for Environmental Prediction)

11




NCER3 35> £t A& X LI A N oMNMW o N Y~ N N
mYNCEPAW oN A N GEOWaF¥ The Global Ensemble Ocean Wave
Forecast SysteynY ...v # NWW3 n222Qwd 5 AW o nYZ 7 £ =t
1.25x1.00 YN Hz1lMN G4 A o0 Y1TA @O .vigGCMWw of
& f ¥ deterministty NWW3 nA 1Y~ 11MN /vian AllMM W Y
W M1M N DML 1MM ZMbHsIMW o QM YZ 1M /

M ovi 1 N> 'AY breeding methogi 4 H NYN M 1
w4l Y 00,06, 12 182y y & 11 1264 A Y N B:=200613bEnp |

o}

h]

v

t

5>  bYX240 A ‘R LoN A 7 BY U4 AN

% d Y Ensemble meany N 1 @Y Ensemble spregdy Spadettin YK ney np
BaM yVyAA yo Ll 1= 16t o” n pl

L NWWwW3 n314Q x ~ 7. F LY N 02008166 B Tba
Ay YV /E ubg 7 ¢ ot 1.0xL.O y201 N SVyviN

3 ¥ ensemble transfoymiv MMy F 14 O GFS n - 71 a Y control
runy Vv v i biascorrected Yy v 1> G runA 6Hx W A O1 |

1 1, NCEP . FNMOC(Fleet Numerical Meteorology and Oceanography Center)
2011/11/1 O P B WYd 40N ( 20A°A N Y &awqfdr
{ €E200N D2V ~24Mi "HY A ny *d<¢ Y M W X"HI |

2016,/01 /22 00z, 240 feat hr
Ensemble Mean (contour, m) & Spread of Hs valid 2018,/02,701 09z

-
LR ] e

=, i
=S

.
ol

DS
[4

ans ;

30E EIE ae 1ZIE 150E 183 150 1200 o W S0 [

Spread (m)
——— [ I I I I I I [
] ] 0.6 G4 1.2 1.5 1.6 z.1 2.4

12y A AN XduN uno

12



2016,/01/22_00z, 240 feat_hr (NCEP+FNMOL)

Contosurs at Hs = 1.0 m

4 ,_@-r" 1-

B e

@
i

ans

| ——n &'meﬁ_‘:

30E 3 alE 120E 150E 180 150 130w 20 B L L
Comntours: individual mermbars (Blus}, rmean {rad)

tMean Wave Haight (shaded, m}
—_ ] ==
a 1

13y A 1mA Spaghettin X

Z016,/01,/22 00z, 240 fest _hr (NCEP+FMMOC)
Contours at Hs = 9.0 m valid 20180201 00z

ey %&ff‘”“%ﬁg;

B e

A
fb i
) § ;

=

TN
-
i
Ay
ke

IR

a5
s

ISR
mEi

o Q o

] I%":"'-r?‘ o

i /JF%\ . .
o
01 | N
JDE__‘ T o '
—'”_H"%“_Aé_ ﬁ - }j o
' D = G V) =

05 C!' ‘Fﬂ\i—ﬂl e .

L I = —

el h\_\:_j:'d _,_,_\_\_,,-Hu-.._.F‘-—‘éS
J0E &IE alE 1ZIE 150E 180 1500 1200 Lo &1 30 o

Contaurs: individual mermbars (Blua), maan {rad)
Mearn Wave Height (zhaded, m}
—_— T T

0 2}

149 A 9mA Spaghettin X

13



2016,/01,/22_ 00z, 240 foat hr

Ensemble Probability of Hs == 1.0 ¢{m} valid 2016, 02,01 Coz

Frebability Levels

~—=—_ T [ | [ | | I I ——
o o1 o0z 0.3 0.4 05 06 07 OB 0.8 i

15y A €0 1ImA n X

2016/01,/22 00z, 240 fcst hr

Ensemble Frobability of Hs == .0 {m} valid 201802701 OO0z
T e = - . -
WF@H -Fg—\ v - ) _ X ,

bt 1 1 [

¥
A
’/zﬁ’i_

= L RS ID.
A ~ -
T |
L—r‘“\‘?‘_

ans

- @
05 . *
sl it NN el
E 3

€ 120E 150E 1841 150 1200 o BaW 30N [

Frobability Levels

~——_ T [ [ [ | | | I ——
o o4 0z 0.3 0.4 05 0.6 0.7 OB 0.8 1

v

16y A €U0 9mA n X
(2).ECMWEF (European Centre for MediuRange Weather Forecasts)

ECMWF 19921 OV v @ OJAuWAM nd 4 N oNW oN YZ o
A NY ERSIly B ERS2y 20038 + ENVISATY 20061 q F 9 JASON % Y q u
n rescalingl© A’A AYvY H yMA Y 1+ V&AM | ~yRA A
A b 0 Y oyrescaling\ M A 0 - | N A N P \'s
"1° 20067 LV ENVISATASARA'A N P’ o0}

14



19981 66 ECMWFB 4> €86 néA nNA | Y ECMWFA N
N Wave EPSgram Wave Ensemble Prediction System meteogramy n WAM n 0
7 A YN Bzl a 450 N YZM50 N >dZM 10
oeds /U N &, xd % @O1T v a neg Wi o
JW 1 EPS] A nA € = 3 241 CD € 30M | 20101 Wave EPSgram

7 é -Bb ¢+t 0.5x05 Y&6Hx cny 1+ A 310wy p B
10m4  y10mM, y Yy AA ¥yxdA, Y s A®y Gt ( 17}
18 y 100 € 1 N M Y M § M 1 YM, On
nXyn o X d AA YbPnot ., €A AA nXYzZM =

t ¢ A Ynet a ¥l

+ NCIVYZ U B 1 ENVISATy ERS2 JASON-1y JASON2 =
QCH+ NYAA  NYuv it ZMENVISATL JASON2A N P N o) " m
ZX ENVISATY ERS2 sAA A N PYVAA U A LW ¢Z
X F AM =M N pM GCOA L

Highest value of all members

90t centile

75t centile

Median

25t centile
10t centile

Lowest value of all members

17 AG G

15



Wave Epsgram
55.22°N 2.81°E (EPS sea point)
Deterministic Forecast and EPS Distribution Monday 18 July 2011 12 UTC

25 e

Distribution of 10m Wind Direction — cee—

S AT

10m Wind Speed (m/s)
18

15 ~ ] N\
12
9
6

3

Significant wave height (m)

Mean wave direction ( oceanographic convention ) e ———— L.
il I 4V SN 4¥ 27 €5 4L €D ¢
Mean wave period (s)

9

w .- o - ~

Mon18 Tuel9 Wed20 Thu2it Fn 22 Sat23 Sun24 Mon25 Tue26 Wed27 ThuZs

Nw dr User guide to ECMWF forecast productsy , Oct 2011.

18y Wave EPSgram N cfef n A (K ,18 July 2011, 12
UTC)

(3).MFWAM (Metro France

°

A & s° 2011 Apv@m t° MFWAM nMNW o oN YZ o
NW=0 RAY Jasor2MA  NYu ENVISAT =MASARlevelZA  NY~ M
W s 0 ECMWHTIFSY |

ZXvinOlAW o NY Z nf (validation) wnMppY viby
A 4UA Nt YA N ¢ RMSEK® Y@ 10% o KW Mo 2500 ~  2uy
MA ZRMSEKW192%Z + O6&W XB, A = wj A NY

16



By A (W SARAL/Altika)y A N(W A CFOSATY~" OIA uY nA
1 ACo Ngg . f4Y Py AEY XZ" Ba A oGCHA
PWYW— 0o _ N1° A NL
(4).JWA (Japan Weather Association)

wAS A (IWA) 195010 Y4YYwA CME A8 eQ@YbPp G

THER wé & A BY2009T ot AWY V3 E A Y Z
Wy » YkANTa A Y wd N » Y LEDS532
W(20131)Y Z Q WwhwASd (Japan Meteorological AgencyMA)B Awd

Y'«B "7 n' y &P A M

Z WA p AV ~ & (Weather routing services, WRBp 31V

p (Energysaving navigationEcoNavigationy, 75A p Yf & V p ~
T OONMY A Y ny YZM & mYZvnskm ¢ <MWRF
nYviaJIJMAMSMAM Yvaft MmA" oGPSIHR UéHr VAOIA o€
d n € (atmospheric analysig)’A MYZvin € <+ 3.7kmlTWAM nYu o
HY A NY»A nYZvinl36- ¢ «NMPOM nY =y xuMb =A
I dbg Bl A N“o uYZo ~o0oi QKW =3910H |

Before After
Assimilation Assimilation
Predicted wave height _ Assimilated wave height
T TT TS rTT T T TS
=" large variability =~ small variability —]
. ] Y 1000 d
0 ¥ F LI -
é - ‘l'.// | 5 . s /:
ol N T = Iz
E RN E .
B 5
L 0] P L(ij 10
10 b-
__ Observation __ ) Observation
After assimilamcourate
at KOCHI 1 day | 2 days | 3 dais at KOCHI 1 day | 2 days | 3 dais
comelation coef. | 0.815] 0.754 | 0.683 comelationcoef. | 0.906 | 0.841 ) 0.779
regmesioncoef. [ 0994 | 1.052| 1.134 regmesion coef. | 1.004 | 0.997 | 1.025
average errorratio | 155] 173 286 average error ratio 57 79 149
RMSE 38.1] 454 56.3 RMSE 220] 323] 383

NW deo WEATHER Forecasting and Routingem , Dec 2013.

19 JWA'A N° o> L

17



123 1 W oN

T’ W oN ciiva IA° N N 240~ €5 0

M - & ¥ National Ocean Service, NS Nd & A M1 Y National
Weather Service s Envirammental Modeling Centgry AN o & 1 Y A s
Y National Ocean Serviees Coast Survey Development baly Q € Y Princeton
Universityyy u, 2 Y U.S.NavyQ’ A QY N Y Coastal Ocean Forecast
System, COF$| COFSS19931 85 CGéw™ A Mi NCEPA Cray )
P1 ® QY A R Y Aikmanet al., 1994; Aikman et al. 1996; Aikman and Rao,
1999 | COFS/ i T 1 N T QOYX 30=347-Yn 50 BAK y
sy U x, 1T NnW Q € € NYPOMWtoVYZ JU F° 1R
N VAR AT Yo, ou Y nupo A Mi NCEPA Eta
32Me =€9 NY mesoscale atmospheric forecast mgdddlack, 1994; Rogers at., 1998;
Rogersetal., 1999 w| c¢Xt n * JUMGSL N A & < Y v
206t Y° QY t10et [ F' CQ t18 M N YZM3w4 1 100
e € P B Y NOAA Coastal Ocean Forecast System, 3000

NOAAW o A Nn o0~ £ NCEP A WaveWatch Y NWW3y N Y Tolman, 1999 |

NWW3A nB 4XAWAM Y The WAMDIGroup, 1988 Y b~
A Ny YoyBB n At Massively Parallel ProcessmdVIPPy X P. Gy
vZBYXYi 0 0 Y . ¢ nj§| L Nwws3by 200013 OW o ]
COFSy NWW3' 0 19997 4wy 2000T @4+ W, Zv b Ax N o W
Y National Oceanographic Partnership Prograitd ¢ A QY y . Y Coastal Marine
Demonstration Project, CMBPY NOAA, 2000¢ | CMDP;t €M Z T, YO . ¥n e’
Y Office of Naval Researgho Y U 20001 76 b Y P Y 3 W —
P L Y% TWET wnl 17 n) u n ON N Y ECrA
g P N Yu W QYvaw vin®™ O ml a Vv
NL COFS CMDP M wQY S VAR C A TR Y NWW3 A n woa
Y n-A Y + CBWAVESA GLERL-DonelariA N W ChespeakeBay TI1'A
Loy P Y QrdJ] A 1 DT W o t P Yéw W
50001 0 Vo N Q Y w xvNWS e AU Mi Yy xo,
Nam O 1 a N

Q > V1 N ¥ Physical Oceanographic ReEime Syster¥ PORTS + 2 N o
® ¢"H AY w eQuy £ v YWg p gl 8YW 9

18



L Uusu NY 3> N 1 O CORMSY Continuous Oprational Reallime
Monitoring Systerg  © N T LTN ByjdMinA N aN y N

Y disseminatiog N 1 1 N L ZM N N "HX Vi My =
TVA 5 NY > . EnNNn 3ny O 1y N Vv 3
vin BY~ 1 By e@Y O 1 "H Nv: KB NY Mn
By € uYat Y AWnp /£ Nf )
PORTS WV My M8y <y <uMA Yo~ W "~ MAEL

t 0Y3 20121° Narragansett By os Angeles/Long BeagiNew Haven, O San Francisco
Bayy New York/New Jersey Harb@rLower Columbia River Delaware Bay and RivgrTacoma,
WAy Chesapeake BitlyAnchoragg Tampa Bay Soo Locks, My Houston/Galveston Mobile
Bayy Cherry Poinj Sabine NechgsPascagoula Gulfport 184~ ~ d XUIN | ~Z
M® New York/New Jersey HarborChesapeake Bay? = NYOFY New York and New Jersey
Operational Forecast Systgm, CBOFSY Chesapeake Bay Operational Forecast Systdim Y

OzxW o 1 nn FY w ANy w N L Q
o v N 0 X W T AP YO 0 T A NYT X 1
Ny HXY «Q 1A YXB n |
Wt X AUCD o~ v o NOAA - & ¥ National Ocean

Service Center for Operational Oceanographic Products and Sgrices Y http:// www.ce
ops.nos.noaa.ggy CO-OPA 0 ~ 1u T 1 W o - N DX A L CO-

OPS A o v yuTs3 W y Kuy NY, cyx VR
BuZ”  NOAA m K LAY ;4O | COOPS w73
W oMYA Y 1 H LU Tl d Y wijC3 A
w |
N ° oCd 2 /1u A 1 NeOceanoe @"H /1 A =
N L SEAWATCHY B 5 = vy N N ¥y o N Mi y 7
N u N4 Y Oceanor, 2000 Z 1 Colv i Delftk2 A5Y Delft
Hydraulics Laly ¥ At n P L SEAWATCHN ° oeou®] UBd
AY Zvia . T 0 Auk Y AN pui'vadWw o LW
B ' SEAWATCHN Kpf4 KY 14N oull ., B o
wn Y A o L
©Z" N "NS& wn"HY KNMIy N N ymor Avn
N ¢ 5 =1 N b ApW ol 8 1 M Nl

19



1-2-4 B W oN

0
X
N

GOt

Y.

N

2 €

A

eow N J

e
Tk

MA RV 1 Nhyh =

BY | MY A T Mi P AR AV N, Y TSNOWyH,
sE 871 A vinYOD' ABoU AZY & Wy S
A wyMBy § o O0AT 1 n)

E 90T391T¢ T3 s h kK A £EN 04Hh Yt RW
N £ N EY . OMYd = Mi 0 EN YV M
M Ys Vi ¥y & aw ::f JLY a Va

N |

ho kA EN 949pY "N yva N |y

Y B k A AR dvnvYZounn 0 £EN Y

N1:sE 9216b39475b VY T3 Al h 'H o

hp  YvT 3 WA Yuvnf T | LAH ) 1| N f

MyT - PY CToydx9 5YpY1ly uH v N

N yoypd avw Y3 'H Vv 3 nNi oy Y 4y
0 AnEéL 3T oydX4’ 5YHqY Ly oV 3
Y2y N o3 AdUY3yH )| N MoUydy =e N

N MNodvysyH ) N © ua |

Tk u P N AYAhRtT YA ¥ T3
oMYyd = nw 2y K =u P
u A N t Y wWiQ vy TKky
s Yu . QY ns3 L ZMA ] N B
K L7 A YK®AY XK 141yt ™M ARB YRRy
YA yM yM. oux Py Gy 3yMa g L
LA o > ¥nd2QYMYS = Mi =sE 971 3 E 1001 Pph
eo® N M | AYNhYW X GIS ® N 0 >20Qt Y
Y N f = B Y wjC® T ® Ybq
T y N . u ne| Qy A 2
no | Qv kNYy Tks3 NAime4d W 35| P L Z"
T3 Y nY 02X nmo Tk A3 Yu 1 AT YXN
€0 ® N YW WwT B p Kk nv | sAMYS =
e hyuyh M h M' 1o YnADQ]

20



Wn"H 3 WwAMiP° 20031 OUXTB A3 CAy Ah
A N fj TaiCOMSF Taiwan Coastal ferational Modeling SysteynY 55 1
nno vy ¥y Al u N4 | YX nN "
MOy A YRBY oy & / OMYSE & Wy L N
BOUE 9210 Y M Ny f NYOE 93104me nVYE
941 -a Ut 5 W 2 NYE 9519UQY ed7Q 17 nYE 961
J Vo4 ns | 3 ¥wnMi’ L T eyb?d
Y http://isohe.ihmt.gov.tw/ Y W y y 0 y y M y X yV X

(9 ~

y yx -y Y A y y y
y 1| AN & ¢ E u AN 7]
B W AgGCY B R Y B DFE Q WMMi W Y
B N Y wvYi: AQ Hn NYBsA yM yM, y86 y8& yWR y

T N.
1-3 v 3 BA

A CT A P MY® 1057 5/23255 ¢ h Cuy N Kbl X o ]

S M N VY, hY MNWW3W™ Hendrik L. Tolman & Yu a M

i WAoo Y OA N 0A AXGC & VYo" Tel6w Mi 1L

W Y Mi omn ti¥ N ol AA Y 5 A . A a

( TWY dp 0A A A r)y € AH™ fiyvia SMC
(Spherical Multiple Cell) 3 W v L 4 A X N"o wu ] Y

L OALW 3. 20

st eaos  ao  |pao

3.14 Globalifll 7

3.14 R&E New wind fields New wind fields New wind fields
ArsiEE EZEEiEE ERDMT

4.18 smc Rl SMC & multi- Source terms tide

grid
200y BNy LIWB A

A MINUWBAL> CT<BydoNeAd . T

21



1-31 ¢T sbuyd>nNIW 3uBA

(1).A N" o CJAN ume

Y 2 N o CJAy A N oT n A KY Q y+ wAM
AOIAbt t Yn 71 & <@g X RW 0A EY~rviQYA
N+ Y A ca A 1t QWA A1CD |
Hindcast(6hrs) Forecast
+ m >
DA DA DA DA A
21y 3> a. I
(2). w N auyod
®E N N BA N o fYu T 8B NA T
0 1A ( 22
\ 4 \ 4
\ 4
&
22y Vv N a
B). v =2e I mi
Bud X N YBqgM4Ys = A MF M M - v
¢ 1 N N XYy yA NOAA Storm PredictionCenter A Severe
Thunderstorm Outlook 7 y 4 ECMWF?> n A N W ¢€n- A V
0 Lud =we 5 ri M neE ¥ YXKivn °

22



QA

e
23, ¢ WKW
QYT
IR
AiREE .

HEFE
e :

AEEARKR
>= 90%HIMARA
>= T5%RMRA

>= 50%ARMAER
>= 5% R ERA

>= 10%R AR

REAREME

4. ¥ 9

BudN

o

=N

y o Y &G
11 YTRGy CKw’
®1 BACOWW V., A WU
AAY Ul "HYvi™! an A

: 12/06 06:00 ko
iz~ 54 ;[i 7.2731;;' A
: 12/06 08:00 20 ;2/ \2236 31:
Lo ﬁ 1rs BN i 3E
- R 21]; \'s53
N
I }_24.
2[0 a—e\ 31;
2 N\
2.2 2
|
2y re e
N R 1Y /S
Ay N ANy

i

o8
& o

]

MARIE TS

15
i

13

53YBq My M, y A y Talagrand Rank

Histogram, Reliability Diagrafn 24)u Relative Operating Characteristics Diagy Birer

Score Skilll A
X ty
BHh € <
N A A
Nt V(

d A Z o

Yy Ycud 244 N
Lu ., ¢#BN M

AuN QY y 2e A
QYuyd> t N N A9
25, " Wnu ¢ 1056/25y XK M

Ay w . A

w SMC™ Wn 1

23

DMAYyY®E Vo1 44N
4/20B'QA EBBW

0 SPRDA

N Lwnw né =se

D KWB OX 2
YOE V° QYy

d 3 N
(Qw) Y uy wn

NawAw CD | uuyd NWw3



e LSBT RRR
Central Weother Buresa

75

20m

Reliability Diagram

[uio>10ms v
ZisterRs: 20145 61 BBI2016 45308

U10 KF 10 mis (BRIMFRRIDIFR)
1 . 1 1

1
o U10>10m/s
ESSibed 1 e
Talagrand Ranking
Histogram 1 400
Reliability Diagram 0.8
Relative Operating 200
Characteristics Diagram
Spread and RMS ‘
_Diagram oy 0
ETETD 0.6 - 0 04 08
8 Skill
L= ] No :
o
[}
£
%04
o
o
No resolution
0.2
0 — i T E— : , :
0 0.2 04 0.6 0.8
Forecast probability
U10Rel2stationscorjpg
U10 K7 10 m/s (i 75 Bl%)
1 " 1 s 1 1 1
e U10>10m/s
6000
0.8 4 4000
2000
3 0
0.6 - 0 04 08
g
= Skill
it 1 No
[}
c
%04 4
o
o
No resolution
(2 R
0 T T T T y T ; T u
0 0.2 04 0.6 0.8

Forecast probability
U10Reltotcorjpg

24y Reliability Diagram QA y

24

\.l




n

5 Significant Weve Height(m) 2018/12/02 1800UTC
4. - T - - -

2015/12/01 00 2016/12/02 00 2016/12/3 00 2016/12/4 00 2016/12/5 00

Slamlwant ¥ave Height(m) 2018/12/02 1800UTC

2015/12/01 00 2016/12/02 00 2016/12/3 00 2016/12/4 00 2016/12/5 00

25y 0 0 (46699A) 0 b N VY1t bt N
(5)B re N

N A& yud X%Bow, A ( 26y ud 2re
Open Data N 21 Rf Yy o el R nNyuB vin bbb
° Wy Ay T N T er y y ooky dyroe
M—y1r £ Wyuyud 1 X M 1t w C B( 27y uy»d
M 1t W Ay Byu> ©w M YW f ®FAANY ( 28y
u> > M Ay ° N vaTtY Byyd FN 1 tw AyyuB v

bbb

25



P x

@ i Wb g

£ IS

&) s

B
B

W I

Wi AR

AN

WU - RSN BT

! < I

WERE -

.

TARE MR -

BEWEY 7 | BB

]

BB BE > ¥

T

R ]

1235

12/

1206 1400 v

1388

06 12:00

==

FE: 12/06 14:00~12/08 13:00

#

H

IR © R

i

)

e

w @
Em A
118y 1255 138
a5 a.49 5.46
v v
2 |a |z |B
13

ERELE T

RS —*c#?ﬁfi

LJ:.JJJ.I.:E LJ.I.I.Li.l.J.J.I.I.:LLl.J
08M2 0BA3 06M3 DBA3  0BA3
2000 0200 000 1400 20:00 0200
EFF

0g:00

' ' ' '
.|.:.LL1JJ.:.LLJ.JJJI.LLLJ.J.:.'.LL

0814 0614 0614

064 06HMS
14:00  20:00 0200

J.J:J.I.LLI.JI
OEMS
0500

LT

L
osERIY

e o
s 18

senern 18

DAFHTRER
s

26

sen wmes R0 0 &
wem ‘w= L

am

w01 o6

aoeL

os

w2 83 0503 Gees

03 e

70 DO KM W TE DO B0 W W DO 60
™

—tmra

—

Rom




1-32 3T (AT <)ILUW 3

1A N nuyWw oB

A A N AYyN £ W

= vabo AN W p F = Yu B' = @ Y

N LU i1 AL 6vén~ MYys = Mi PN 0

T W o4 X 1 Yu 1 uu, Wo ¢ QG- A Y
N X fr 0fF K0 | BA ElLw uo
Kw Oy b W ftp A Cn " Yq NAZE R{Y
W 110 ]
A 3 N 1 24N D>JMNwm uné

A CT-nn1d 2t N AA N y . JMAy NCEPM I
3 244N A N Y>"o0"" 1 ¢ <YuvaB NN
Y®E Q VY 1 € - 0QY ~PpYKD L S n A

YTO0 t N M Goud. >3 via Q Yy * y

LYo v ) LY, ROTCACN T = A 1

L" 0~ Fd4x 1 0O IJMA 4 NCEPM y3MM en DNN Y®ENéK
W =L A( })T - 1 A QY RMSEuunt = pPu
EYWEB 3y N N NV |
A QM qw o090

20167 4H 20w 0086 ¢ WEPS 14Qewe AM ( 29Y Vv oy
3DVARATf & A Yufd4 WN M A O /YB k>n> Q M
Q wW & JUunN N Y, 1N . Udr XAL MH Y 1 A
N X T L~ QWEPS20Q 173 N Q 7( 30YZ € -unt
15et € 3et Y 1 E~ 045 FB52 Y ° 20171 8 OW oY
1A N M NB P YOE 4% MA N n 15et

€ N Yt N A t /vn3etnN v |

27



Domain of CWB WRF

§E TIE 8CE E 1E 110E 120E

1306 14&E 1G0E 1RE 1TOE

10M 100

20E ME 100E 110E 120E 130E 140E ISDE 160E

20y WEPS14 (t Y ¢ —un t 45y 156 5et YF ' 45 )

40°N

30°N

20°N

10°N

OD

90°E 105°E 120°E 135°E 150°E

300 "QWEPS20 (QX3) VY & -unt 15et & 3et YE' 52 )

A mowo-= RMS W 00 uy/y

1057 <A N Ay N b f Talagrand Rank HistograynReliability
Diagrany Relative Operating Characteristics Diagfa®pread and RMSE Diagramy, Brier
Skill Score Diagram TN K QAy ] TZM Spread and RMSE Diagram

28



7+ A NN pX A K Yo nm Ayt Ané QAY |
AT - CKWW o04A4yAumwe- RMS YO ny N

g yu YAYN NY mw- RMS KW & 6Hx AN Qn
n L BrerA3 YWwN anyl

A SMCu, . 70 A
Spherical MultipleCell (SMCE NWW3 4.18QW L AC AN Y Of
A aYo~™" F € A N3 W ( 3DY~ M
n° A Y 1 KOT’ 0. 1Y €EA 2qZta oA
£A <" L SMCv i ww3 shel A Y ww3 gridinp & qV SMC

A aelly A vy * U |

Avin ° vy 099 smMcn uXYu X e J (multi-grid)
M Qwm |

Aj=4

12
>
Il
s3]

j:

Aj=4

Aj=2

w Ai=2
=8 looali |

=12

Cell array = (4, j, A, Aj, h)

X
3ly SMCMN a y
A 1+t w p U 3 U
1B AA N AYyN tONY F F AT Y . ASP 1

FTPA D Pitw A §f | 5A AIP O B w| 00 J]
> A N AYyN XY <A 1 OY, 1 F AT H Vva™ A Y
W Yy H L1° A N 1t w A colY " BW o 1Tt W WA
yN vaY" meXA » “¢p Y V BA E V¥oma

v Y W SU  meXi vl
A B N vi H b

29



A N Ay N w kb0 1057 B udYTOuL Af 4

PCRN A B Y. uxy~- w wbABAY PB |°
B "QAM 1057 AdVAyY F = uUN v © g
Awb MbB X A®1 YN A du p N > Hor NJGH"H" e

Y°B QAM @ AChF Yot N A .LJANB u V M

4d ¢h C w w tf AN viOw P YYW | s BA ]
(2. 2e o N B
A 2e 5 N £ W
= vinbo AN W P F Y u B’ = Q Y
N woon i1 fLoveéen~ MYysds = Mi PN 0
T W o4 X 1 Yu 1 uu, Wo ¢ QG- A Y
N X fr 0fF K0 | BA ELw uo
Kw Oy b W ftp A Cn " Yq NAZE R{Y
W 110 ]
A 04 2 ~ GCHA
1057 <6 04z s2e ° Wy W WA
s NAM alf> |A, Bq. A NAAOG pYY E L
AA Ty A 1Y patw A T A Y
Mi WM K& OA A A AL TO0x uf 5 oVYH
ASP nw & NY Lgmw 3 ExcelB P T A\ u Y
BOULS0 20 1~2 4 ewx Il A YH w A 8 1A
- Y4750 A w tf s oW Yoy~ ASP nCO a
NY, 1AT < 0 webbaseds o~ ny’ a NABA N P~
A , , Yq M ACH B KW O 0AD B
m A QYusagn ~“Wwm ACH 3 ExcelM P L, L~ N
v n Google Chart Il z (https://developers.google.com/chartl) N
1 2wl

30



Google Chart > 4—‘

A W o NBHz A XML

105 T Mi ~ E! F9 % 0 XML MY'ULW 3 @ua
wo A JA MYqFo Q T Cava AN ¢ pY, 1TY
0 nYua OW o W = XML | A LWy £~ 37
x NAW o Y W o pz A XML Yu 3 Mi YT

Lz M EA TUAyYb & - Mi Z M W nAiYBy
DLW 1

~

A 4 € A NMNwm né

NWW3 ntE cOnNyY 1 | M o ‘Yz Y 1L
ua ™ ¢Y, = pkai Y M Vg yT =

1 9. Y, ZT ™ 5 A 0¢C 1+ A1 m~dY X E
M q 1 YV K Ma K A ] kK& A DNA® oo
w 155 Ynbeike y € uA M T una MOY O MA HY
T 0Z 1 Y MXbiken, A AA onrovY, 1 n

M/ 0. Qn YAYABE kK10 Bz XbikeN 1 €
05 M 3 33)YubBbW o WYQ®E y 0 WSO XKbike M AA
Xt AT e N Pk MEYWWLAW 2e ¢ N 8V |

31



WW3 50km MULTI

30N
0
90E 120E 150E 180 150W 120W 90w
05 1 1.5 2 3 4 s 7 7 8 9 10 " 12 13 14 1§

¥y x QA (v 01 e BO B 1ol G
A B M1A A B

5>086 = o MTA ( 34y W 2e 10et,
Qa' N( 35Yu . n» 'y

NWW¥3 WRF CWB

LOOOUTE 02,/02/1%
“WAVE HEIGHT {mu)——
ANALYSIS

NWW3 WRF CWB
QROOUTC 02/02/1%
| WAVE HEIGHT ooy

03H FCST FOR
0300UTC 02/02/1%

32



10km MULTI 2016/12/06 0000UTC

30N

10N

110E 115E 120E 125E
Significant Wave Height(m)

..

051152 3 4 56 7 8 9101112131415

3y e 1 MA wnXX (10km)

w3 A AnXY, 1 2na A YZM n
LA Y Qi ¢ Yycd vt Y 360 =t |col 36t
NOAA § Y OMA AyY 37t NWW3N pA Ay| Awn P A
pu2nm NCL Ay

33



45N

40N

35N

30N

NWW3 at ILMO1
peak wave period (shaded, s}, and direction (vector, not scaled)

AR .
A B o B B

IR P
T |
25N i —prpmmre +-
| -
| P
B s m— I I I I I I I
2 4 & B8 9 10 11 12 13 14 15 16 117 18 1% 20 21
12 hr fost valid 1200 UTC 08 July 2001 NOAA | NVUS | NCEP | MMAB
36y NOAA'A  nA uXuA Ay

ad

n

R

0.0

3% NWW3'A  p Ay

A 7

nd n NCL YN' &€ <A p° QY wun |
NH 7 bl A £QY o~ WMEBA 1 ( 38u  39Y
PN" & < nNA Y ¢ =N Q1° £ <M
34 my 7 bl NEBA 1|

34



WW3 25km MULTI 2016106 0000UTC

40N ]

30N

20N

10N

140E

06 1 16 2 3 4 6 8 7 B 9 10 11 12 13 14 16

38 025« A p

WW3 10km MULTI  2016/12/06 0000UTC

30N

2016/12/06 0000UTC

25N

10N

110E 115E 120E 125E
Significant Wave Height(m)

Sllg%gﬁ:ant Wave Height(m)

[ |

051152 3 4 56 7 8 9101112131415 05 1 15 2 3 4 5 6 7 8 9 10 11 12 13 14 15

5E NER

3% 0.1=(¢)y 0025=(H) 1A p

35



A N8 A XML p

s A XML ~ A pqW® e BA ot pA BYA

LIW 3547 MYys U AhNsd AMARO & AM X
A 35 h W fho” EfR fyh = fy uh h A BY
W 2e XML A pChYo nW o pXML ~|LH FA B
K o Mi wYOU /> A n p  MB p BYT Al
A B ® A YA nAo nb~ p BYc¢m hWNHE
AMARO & H M"H ~ aAXMLIN 2e XML ~ 3nxY-€A
nyY’/ “c¢mo AXML p nYXK A e AXML p nQ

[#)
358 vll® Bl M s <z
7 D [+

af ¥E T AMERASTA v = A v WEH AL v =3 EE v | WIET BEAHRES 32 =
PR S e %
L e 'S < N
T EARNE v 3 N v TR RYE 3
i 4 #R < AR

40y MYS = NS MBAO § v

A At A NQAW 0B

NWW3 N 20097 e XK 3.14"QY 201471 e X 4.18'QY 20167 e XX 5.16"QY Z M
=418Q OY pu 9 N o €Y3>86 & HXW o ndo ~ 314
A Ats &4 pPQAAB |
AV E F 2e 9

AT V Mi A E F3w1l 2e A YALW 3
fBA n Py XML WA VBNET nY '1Nmuu B NAy N 9
A VBNET n)° N4 9Y9AVBNET n GYo~ ., A nBB
nYy B u F AEH, Z" . 2e N XML A VB.NET n AN By

~ BBo NTX:RA ' ~ P NL1 LWW x| 417HY |,
MA o~ O Mi W]

36



a
& N n N
A 4
1 B NWW3 v
p B @ 1B XML ~ A VBNE
uT n n
A 4
1B 9 NJA
VB.net n
I
v
FIP M "1 A&
K
A
W o
v i
ze XML 7
w (o )]
41y w W0 o
A n 7W (0] K
1057 «b y> X N ri Non K,y
ri M AQE ¥ ( 23Y~AT - g W o A 7 A
W nYu pPW o K
1057 - M YY A ; LAA COb -~ B
uMYys = Mi CE YT . TX0 M4 AGCROL6 v#@
T o N'HbT YU A MAYy Y ull" A Ay a 3 7
AAYyCHNY, 1 WA TALUWAT |4 LY WEW
o NAd uyody P AW o L

~

A At WW o NAuT N®A

Ouv =2e & N = > XTUuA GCTA: VY6, tA
w O F P27 Cyu® oYt o M BW o
Y, 1 NiH @ A N®7 t My i Y/ ud Enp LY
N®7 2Z&1W 0A N®IY~"AJA®Y/ Nqvn) Ttw NIM
X 1A N&dIb|T Y vk b MX Y SHY M A N®
. YT+ N GC3-Y NABA N®Y] X W a AH™ |
A LIWv i At B pW o NAUT NOJA W \%
" T A N®

37



5> g2e A n X 13 41-Y OTf EYKWAt S & Y
g 1 N Q 79B> £ <t 025<)Yu Na e A nnNe YO
0o M o Ww Y n NAB €Y, 1" 0 5 BA A o
(HKs T N
A B N v b
2e o N w kb0 1057 B udYTOuL Af U
PCOY/T A B Y., uxy~~ w mbABAY PB |
B QA M 1057 AGVMA LYY F = u N Yy °
XAwbMBYX A®] YN A duy p N ~ Hy NA®YIH 8 4
Y°B QAM @ ACOhF Yot N A L AUB u V
MYd ehQ w w t R AN viOw P YYW | ¢ BA
o]
(3). ™ ) Ay N B
A N AYyN £ W
= vnba AN W P F Y u B = N Y
N W o n I nLoven” MYyd = Mi PN 0
T W o4 X 1 Yu 1 na, Wir¢ ®dCO- A Y
N X fr 0ofF Ko | BA ELw uno
KOO b W ftp A GO0 T Yq NAE Y
W 110
A F 1 A
4+AN B0 Ync ar ( 42YXK n’ n N’
BrGAY G YT pTYG 84 Y ™ 8+ X a vy
L~ 1 TXB . 84 M o] L AT YBurF vino K
W w 84 Y 169 BMYSs ¢ Mi u MYk A Mi (CEOQ)
¢cuH BB KMZ W n®w . 'H antew A+ w ° Google Earthp
AYyY L v KMZ M 3 NKkAT T3 Mi (NCDRY O0 MY
5 & M L MXTA 9 AY, 1XKW | WA P
M NAB YW NE®A Y30 By, BA a ~ 7 B

Ny
LW P B

38



A B U

0. OO0
A Y

v v

MLy

NANWEAFAYACH NqviaYT

LRt

20070202 09:53
R -
ADIL *MMC ADIWEF | BGRED 2017002 [y | e 097 N R
COMODT - COMOOTTWRE

42 1 AN BoU X ar
Ay M
OAJJA 84B>O OO 8B 16

A M N P
T W

M A

o

0 ¢ Y LL vVt é

B Lo )

GG bl Ok a]

FURRERIUPE: . FUURREL FRRTTPUREIRVORARTRYEL FRYORIARTEY FRNNYS,
0817 0847 09M7 0SM7 0848 0918 09A8 0916 099 0849 0819
0500 11:00 1700 2300 0500 11:00 17.00 2300 0500 1100 1700

L]
— Bk = HRRAAL Rl — R
BEHIE
] T -
i [ i QO i
AR Hiz 1EhE

FE %‘@ ié-fi
, + i § *‘ﬁ E If ‘%

= pron &
7 B B
r 5 e

NE®
BY®E
43"HY |,



>
b
é.
=
(@)

N4y N &

o0 M ) Ay N b > XTUA GCTAr Y6, tA
w 0 F P27 Qy® oYt o M BW o
Y, 1 NiH @ A N®7 t Mv 1 Y/ ud £Znp LY
N®Y 2&1W 0A N®OIY~AJA®Y/ Nqvir)l . Ttw NAIM
1A N&dIb|T Y v b MY Y sHY M A N®
YT+ N4 GCO-Y N4ABA N®Y X W a AH™ |
A LWwv i At B pW o NAUT NOJA W \%
" T A N®O
B N v b b

- K

>

M Ay N w b0 1057 B udYTOuL Af U
PCOM /T A B Y, uxHy"~~ w wmbABAY PB |
B QA M 1057 AGVMAYY F = N Yy °
XAwbMBYX A®] YN A duy p N ~ Hy NA®YIH 8 4

Y°B QAM @ ACGHF Yot N A .JAuUB u V
MYys ehQ w w t R AN vIOW P YYW | eBA
]

133 + T =MUW 3

adw o N o N u . uér Y u N mo-wB N
N |

(1).NWW3W o A N o na
V >»¢T @®*N N oCHAY . Ae p EuXnn Y pW
o N o N Nno 1

2. N ui =na

V > ¢T1 N mw-nNcAY PN N NB u L
). 2e y N B o
A QA un avYo A uN Y d KW
AE 1)
(4)N N 0

40



0 2e N N Y P f ;N

134 x 71 -MNUW 3

0 UA N o M. wnés Yu W oA N nm , p
LIW Y wWw N ¢yl £ s)
(). N~oN N . néu pB
N oN D QA - "W CEANEVYD 0 CHAA £
AYuWt 3 WB U N s}
()W o N N MY A né
ud>MnNN B PW oN NYAZ Yu pH™ N neéy
¥ L NB L
(3). 2e y N B
~ N o Q NAJ Y p 1\ £ anl l° A
n un p QAB W o PAm Yumfd9NnN L e
M nvnYuw n N DQAvV A al
4. N o/AyN uN Ay N B
XT e 0 N oAy N Yy T Q" o> oLAJ
N AYyN COl uyd 2e AW o o Y 1 X 2e
n > Qf
1-411W 3
A NUWs  44HYyY J3T70LUW / 45HY Y P M
¢ "~ MYyd = LW pPBAJ

41



(] ] )
(] [] )
(] [] )
(] [] [)
(] [] [)
(] [] (]
. [] .
[ ] [] [ ]
) H %o ! L) ! L)
Z o H Z o m Z o m Z o
' ‘ '
[ ] [] [ ]
' . '
< >Z M ' < >Z M ! < >=Z M ! < >Z M
" " "
[ ] [] [ ]
. [] .
] [] ]
' ] ]
[ ] [] [ ]
: L o "
. 0
= " 2 = o T o
A = P o= e
(o] zZ ] [ " - >. " ]
o N - " N o " = > " E » >
— ' ] ] Pl <
(<) . o . H —
] ] ] o
3 H zZ ' z ' C
g = ' '
; < ; =] 3
' ° H ! =z
' ] ]
[ ] [] [ ]
[ ] [] [ ]
[ ] ] [ ]
. [] .
W - : RSP V| Em
(=] ] ] ]
o = ' ' O = ' o
=N R = " bz
P © L S N v .
" " OWOO " O o
d ' =z ' . ' v
C = ' o - Vs
< ; = Lz "
. [] .
[ ] [] [ ]
[ ] [] [ ]
[ ] [] [ ]
[ ] [] [ ]
. [] .
. [] .
[ ] [] [ ]
[ ] [] [ ]
[ ] [] [ ]
[ ] ] [ ]
. [] .
' ] ]
[ ] [] [ ]
N
8 S 8
m i i i

MW x

a4y

42



Ay N

At

mé

At

N K

Ay N

N &
> <

45y JTNOUW &

43



1-511 Wi

12
t G 3b 4+ 5% 6b 7 8b 9% 10b | 11b |( A)
w3 b
1A N  nyWw
0B
Y 1y ‘A N

AYyN £ W

Y23 N u 24N
DMMNKm uné

*1

Y3 Q4 9w ——————
00 *11
Y44 nw- RMS
W00 Ay _12
Y Sy SMCuy
} 10 W *13
Y6y A N 1 —
w p U 3U *14
2. 2€ o
N B
Y 1y 2 e )
N E W ?
Y2yod se - E——
CA "2
Y3 W o Wbz
5 A XML —
Y4 4 € A *
NNk né *4
Y5 B MA 1
no I
YA  pu n

|

‘ *6

YN € - nA

7

|

*7

Y8y Mo A
XML p

*15

Yoy At A nQA

W oB *16
YioyV E F 2
e ? *17
Y 11y i 7
w 0 K *18
Y12y At WW o

N T N @ I "

Y13 At A
no

*20

Y14 B N vn
bbb

*21

44




3. M ) A
YN B
Y 1y M Ay
N E W ?
Yoy F o1 A ——
*8
Y3 B U Ay —
v "9
Y4y At WW o —
NALT N @7 | *22
Y5 B N v
b b —
6. M e E—
7. A w |
IV W 10 (20| 30| 40|50 | 60| 70| 80 | 90 | 100
20:()yu> 3 N 1 24N O>JdMNw nMéy@uoald e
CIhAy @BW o WNpz A XML V¢ (44 € A
nnw néy@GB MA 1 0 7y(@6A py 0
y@ono € - nA4 7 y@® f un A y (9B
u Ay My (0> M v
40 (11> QM qw 09 Y (12udunoe RMS
o A W 09 uAYyYy (3)yo SMCu, 70 W Yy
(14u > A N 1w p U 3U y@5ud2MNss
A XML py (16ud>At A  NQAW oB Yy (17)
F 2e +Vy (18)y > N 7 W o Ky a9y >
At WW o NAuT NGy (042 At A no
y@Lu>B N v by (22ud At WW o
NAuT NOIYy (B)yd A w
Ydy 1y LIW 3 . R 4 “spep @) ¢ =W Qy Z w o]
Y¥h UW <muwmh ...b sW "H Y MU A WA Wt
CK  G¢dllIWw 2. Nwu 3LW Nw 4 23 Nz L
Yyéanh ¢aA  RY ° n o Y[ Yu h ©&a h z Y
AW




w2y AfC < '
FC 3 o w |
1A N nyw o B 10677 1. A N AYyN £ W
2.3 N 1y 24N D>VMNwn n¢é
106/12/8 [3- Ae QM qw 09
4. - RMS W 0494 uyAay
S. A N AYyN £ W
6. SMCu, . 70 ’
AN +tw  py  3U
8. As "QAB AYyN v b
2. 2€ 5 N [|106/7/7 1. re 5 ] N /& w
' 2209 =2e CA
8 3.W o WMBz =  AXML
4. 4 € A NMNKu uné
5B MA 1 0 ; (10et)
6. A puy & 6Hxn )
7.1 € - N ;
106/12/8 (8- ze 5 N &£ W
9. Nv8 A XML p
10.At A NQAW 0B 3 516QWe
11.V E F 2e o310 1
12. n - W 0 K
13.At  WW o NJAuT N®J
14.At 1 A ol
15. As QAB N v b b
3. M i Ay N [106/7/7 1. M AYyN £ W
2. 1w A 3w F 14 _ F 8+
5 3.B U Ay M
106/12/8 |4 . 4 AYyN £ W
5. At WW o NAuyT N 67
6. ., Ac QAB N vn b b
4. 0 A o |106/12/8 A i ®wl1lGYV T3 90y
I wel1G)
5. AeNG¢ MNa 106/2/8 |As NG A PLUW -4 Y
e 29 b ) A s el w oY H
n yl,

46




3 YA N nuW oB

21 A N AYyN £ W

A N N °~ 10316bLY OW o WY 7049 n Ay N Y1047 y>d
0 A N Ay N | 105T «’/A N Ay N f Talagrand Rank
Histograny Reliability Diagrany Relative Operating Characteristics Diaggai@pread and RMS
Diagrany u, Brier Skill Score Diagram N N K QAy|ATe= vinbo A
N w p F $:YN B 7 (viewernewd.htny) t 7 (viewernew2.htm)
TR J 244 2 V¥ (viewernew3.htmY u B N W n

i1 AL O6vén~ MYys s Mi PN 0 T W o4t X

1 Yu 1 M Wy ¢ &dCo— A Y ' N X fr 0
FooKW B A Lo wno KwOLlw & W
ftpA COn T Yq NAE YW Y9 L AT euuyd
V MYyd s hC w w ' h N vIOA & N Ay N
W W t b, Jur "Hy |

=
<

v

[T

[ BRAEEEETEE X

~ C | ® 61.56.11.156/ens/viewernewd.htm Q& @ :

@ FRBLRARS
entral Westher Bureau

—_—
RATHR /\/\:%ﬁ
PEAEE (0.25F) v [2017-07-02 14:00 v | 20m v TSR =
FEES EEE
HET BEEREERE: 20179075028 14:00( & 8EEwRE)
ZETZEE
. Spagneti® | R
i = | , o Siuitiosat ¥ave Eeight(m) 2017/07/02 0800UTC
2E5EE |
2052EF esf

TR 20

Talagrand Ranking
Histogram | 18F

Reliability Diagram
|
Relative Operating
Characteristics Diagram | 0.5 [

Hritiestisstatsid

e v
o Padte® e et

Spread and RMS [
b B AP I . )
———as e S 2017/07/01 00 2017/07/02 00 2017/7/3 00 2017/7/4 00 2017/7/5 00
Brier Skill Score WRF48-2017070206t0t C6AH2 jog
Diagram P // = ’ o SR // ~ 7% o \\
\ ://’/ Ny \\ S N\ ‘_/ Y. ™
/ / T \ \ 4 \

(AU (G [ (=) [ |
LA —> ) \ \ \W \\ \ s N )\ \& /A
\if::::;,,// S \\ e N A D

WRF48H-2017070206t0t. C6AH2.jpg

Significant Wave Height(m) 2017/07/02 0800UTC
4.0 .

46y 3 7 20>V Ay N (viewernewd.htm)

47



[) EE&sBE87258 x
& C | ® 61.56.11.156/ens/viewernew2.htm

@ SRS RARNK
Central Weether Bureau

|
gl |

[ BEE |

Spagnem?_»]

PEAT 5|
AXTFF (0.1%)
& gﬂﬁ (0. 025!“) N

op

\

\

1

| 204 %ﬁﬁ

10 % exceedence pro. of Ensemble Hs

Br& ,%Zﬁ

2017-07-02 14:00 v 20m THEER v
eEeE
20174507 H03 H 14:00
BERERENERS: 201759074028 14:00( 5iSEREMRS)
HIRISH

s sl il

pidig ol 3
| =18 | =t |

2017/07/03 0600UTC

ST
Talagrand Ranking ‘

Histogram
Reliability Diagram ‘
| Relative Operating |
Characteristics Diagram

Spread and RMS
‘7 Diagram

Brier Skill Score |
‘ Diagram ‘

479 1

7 20OV Ay N (viewnew2.htm)

[ BR&SERBTEE X

& C | ® 61.56.11.156/ens/viewernew3.htm

25558
\ UBLEE | .

BB

Talagrand Ranking
\ Histogram

Reliability Diagram | _

Relative Operating
 Characteristics Diagram

Spread and RMS
Diagram

Brier Skill Score
‘ Diagram

T WRF-2017070206.051 grd1 jpg

1 24OV Ay N (viewnew3.htm)

48




223 N U4 24N D>V MNwn wune

5 N A N ° 201416bBUYU2W 00 YuL MpAYyY~ N =
2016/4/2000:000via AN M L AN vn2 -~ 33Y Hb Jt01s ¢ =Y

" yY N z 2y "UJL Nuda WA 2Y ° « (Spread) u
b NRYvY Ajp n aefvd a) Ccin f VYv 1o RMSE -]
> v 3 YW V" DA &€ sYLT FHMN DV A CT <A
mnod I3 N AA N YuvnB ANN M Y | JMAy NCEP{
M2 244N A N | Wt 2016/123 2017406 M Qun Puné|
2-2-124N D W

1 mno”~ " F 444 OIMAL NCEP y34M en D2NN Y 49 51
tnué QY yFY4N d2vdKWD YT RMSE un Y| - Ny |
~ RMSEA DYDYy T t Was> i oUa aB® 1+ YACHY W A
66 ACOV® Y/~ &a>nBpt 13A ( 52Ygué é 1 A N9 Y
yXX u TAY Y~ %CEA P t'Y Y RMSEA T ( 53Y
dpA4, Y 545> 15H A oYXDd2/Np . n |

"I 1, RMSE 1 A Yt LK ocYX M vis> 6Hn X Y

55t MA uyM Y M yM 6 |° A YA RGXEé
oY vii> G T 6-12H» A M Nw WAl A> BHr M YRC t
( 56)

OO0 AN M B "~ VvY> 24> ¢C AN N W T via3 AN W
Y3 N Y4Avnan 3 M Yv SPRO1e¢ "H )WdBn2 M Y
3> ¢ AM N W Y 3 N ASPRLR COla YT RMSEXX M@ A
L] v BB Ar drwu YoyB LAM wmntl15etulet £ <YXI/

X1 AV YK - L~ b u W Ay oy )3 N

xdp A nYXK &€ n & Y 0L nj

49



Ensemble Spread and RMS (m) Ensemble Spread and RMS (m)

m)

Ensemble Spread and RMS (

Ensemble Spread and RMS (m)

1 ‘ 1 \ 1 |
] cese2 [ = cevar | £ | C6AH2
0.8 - - S o8- - 208 - :

em— RMSE (2layers, 20mems) ['d x
7 e e SPRD(2layers, 20mems) [ © il | o il
0.6 1 o RMSE(2layers, 24mems) L % 0.6 4 [ % 06 4 L
SPRD(2layers, 24mems) ko] o :
1 F® 1 [ © 4 2
S W o M
04 AN AN 504 1 VoSSR 804 I
- ™ r o Lt e= < [ @ 7 s =7
0.2 - - €02 - E02 b ew==="" =
[0 (0]
i L n 4 ) i
& G
0 I T 0 I \ 0 I \
0 24 48 72 0 24 48 72 0 24 48 72
Forecast hour Forecast hour Forecast hour
1 | | . 1 | | - 1 | | |
£ S
] Cewos | ;)’ ] WRAO007 | g ] cew10 |
0.8 1 F= 0.8 4 F = 0.8 -
x o
i o i o i L
0.6 - & 0.6 1 F ® 0.6 -
w 8 3 W
B ® 1 F ®© 1 +
o o
0.4 + 780.4 B = (%0.4 - -
] ¢ 2 M 2 i -7
e - ey ssass= e} s a==-
0.2 1 e FED2 pess==% F €02 e =7 -
- & [0} (0]
4 L » 4 L (7] 4 L
] 0
0 \ I 0 T T 0 I I
0 24 48 72 0 24 48 72 0 24 48 72
Forecast hour Forecast hour Forecast hour
499 2 N 200vuy 2 N 24> v N RMSEu SPRDW (cedy w1 y 0
MbOE Ay o Hb PYted V1t Mdbywyt HbF)
1 | | | . 1 | . 1 |
€ S
e RMSE (2layers, 20mem34'6694A 5 ) 46699A | — ) 46714D
@ @ SPRD(2layers, 20mems) S 0.8 - g 0.8 r
e RMSE(2 layers, 24mems) [h'd e
SPRD(2layers, 24mems) he] il | o il
0.6 - 506 -
(%0.44 *‘%0.4— 4 e
Qo 1 saa=1T 0 -~ F
e} s s s s - - - =
£02 === - E02] _ossssss="
@ o * =
[2] 4 F (72} 4
0 i,
0 \ \ 0 T \
0 24 48 72 0 24 48 72 0 24 48 72
Forecast hour Forecast hour Forecast hour
1 ‘ | 1 I . | 1 | . |
£ S
] 46706A [ U") ] 46708A | ;)’ ] 46735A |
0.8 = 0.8 4 F = 0.8 -
14 o
i o i L _8 i L
0.6 - m0.6M’ 0.6 - L
o T el
© 4 F© 1 r
o o
(%0.4 B - & 0.4 + -
<@ ) s & = - =T Qo K .’
Eo2 === = - €02- ey
o) o P
4 L »n 4 L 7] g L
] 0
0 i i 0 T T 0 T T
0 24 48 72 0 24 48 72 0 24 48 72
Forecast hour Forecast hour Forecast hour
50y 2 N 200vuy 2 N 24>+ N RMSEL SPRDw (e syoMbd
0 YyoHbH Yted ytMdb NAyt HD )

50



51y 2 N

- 1 | - 1 |
S S
;; 7 e RMSE (2layers, 20mems)46757B [ (7’) +
s 0.8 | = = SPRD(2layers, 20mems) S 0.8 [
x e RMSE (2layers, 24mems) [h'd
o ] e e SPRD(2layers, 24mems) e
G 0.6 | - & 0.6 -
el ©
(] ©
o 2
‘%0'47W%O'47 L4
) 1 ) .=
e P o) - e eSS s =
£02 - o .zzz====%02 7 :
3 ye==%° 3
C c
Yoo T ; T Yoo T T
0 24 48 72 0 24 48 72
Forecast hour Forecast hour
- 1 | L | - 1 | |
£ 46778A | £ 46787A |
%)
o8- 208 - L
o 14
E E
© 0.6 1 - @ 0.6 -
© ©
[0] ©
e o
2 0.4 o044 =
»n n
= M 3 1’\‘
Qo - = =T QO N R - =
0.2 sa=s==" Fe 0.2 R RN I
g res=c 3 7;¢I==”‘-
c C
Yoo - Yoo | ‘
0 24 48 72 0 24 48 72
Forecast hour Forecast hour
2001, 2 N 24> M RMSEL SPRDn (e
YtedrpTytHbd )
— RMSE
e SPRD
RMSE
0.1
0

20 40

Forecast hrs

60 80

59 y 0T ° N RMSEy SPRDw

51

myeHo



800

700

600

500

400

300

200

= Data No.
= sum of square
WMV
0 20 40 60 80
53y y @Tyo M RMSE NY 1% GE)
0.7
0.6
0.5
o N\WVI
0.3 ——RMSE
0.2
0.1
0
0 5 10 15

Forecast hrs

547 y @1, M> 15H» M RMSE

4.0

00lII:IIII‘IllllI:IIIIIIlllll:llllllllllllll

Significant Wave Height(m)

2017/12/02 1800UTC

1
T WY T Y B O WY R (oot T e SN P (Y N W )

2017/12/01 00

2017/12/02 00 2017/12/3 00 2017/12/4 00 2017/12/5 00

52



Wind S'peed(m/s)

2017/12/02 1800UTC

18 L
! -
. " &
15 - e - S AR R R e o e 2 - - - - 1 ”
._. Wy s, - Rt | L |
12 '_v" o ™Y e RARES
- @ : ~ /
=) vo s W AR ey | | 443 a LHE g 350 . . B 1) W ———
s ! . Soo, : g :
g ! : ¢ & . : !
R L LEE T beeeseneccnronacneen Qrrremne e neanaaad fessenetneneaaeaa, ETEEE LT CRPEE T
- : : o - :
< - S el - —  R—— | S—
i : : : i :
o ' L ' 'LJ;J IS PN A el ] O] B T 1 ' 1 T 1] BT LV S il D L : [ O B KTT By | 'l i ' 1 i LJ ) ' 1 1 ' L 1 { B el ] 'l : ' L [ Rl G Dl Tl e o
2017/12/01 00 2017/12/02 00 2017/12/3 00 2017/12/4 00 2017/12/5 00
55y NA uy™ 2 )
2017/12/02 1800UTC

Significant Wave Height(m)

' '
I O | ¥ T T TN TN N TN FNY TN N JONY M W D SN NN SN N AN Y N 1 T |

B I TN TR TN S N ) S T N Y [N U N N I I— I RN C B S N T I
2017/12/01 00 2017/12/02 00 2017/12/3 00 2017/12/4 00 2017/12/5 00
Wwind Sp?ed(mls) ] i . . 2017/12/02 1800UTC
[ RS SRR S ——— S — U ——— hesezveeseransse
1§ [mwsm i i T B At s e b i fosas b souisn s i
o *tee ; :
o e ' i
PIE F R A ECURER SRS REET] 1 1 LI
. e ° [ ' | ARAR/
L ° . 00 \
gt So0ge 00 ° ! !
9 s simersemannn it B e o e - b VORI 1 i 4 2 L3 ] L e e e
. : . % "0 e | : :
— : : N iy : :
L e prisicisasieuaseiede g Sesveree st iuisaodes s eueas ssdsae L v bosseissmieisaes
- : : o ? : :
i ! : - . !
) R S — fowme e s e g o e S e L SRR——— S
0 _I 1 1 : 1 1 1 1 1 L 1 1 i I 1 : 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 L L 1 1 : 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 L L L L
2017/12/01 00 2017/12/02 00 2017/12/3 00 2017/12/4 00 2017/12/5 00
56y NA oy B3 Yon>C T )

2223 A N

o) <

y
)Y

L €
" A

Q( 573

59) nQy

vl ¥

Y ~p(

KW v R
/
¥

<

o

<

yOTe 4 oE A
3

", 19

mn N

sy 0 ¥

MSEY T °

N RMSHE} SPRD

I-OY'H'X .



m)

Ensemble Spread and RMS (

Ensemble Spread and RMS (m)

B A .YUO/ L. QX Yy é NMSPROj1a YOO + N M
< _ " _ 3 _ o _
toua, >3 n Q. y y LY v )
Y, AN N = HbA 1]
1 ‘ 1 \ 1 |
£ £
] C6S62 r ;)’ 1 CceVv27 | = 1 C6AH2
0.8 - - 208 - - 208
e— RMSE (2layers) ['e [\
1 « @ SPRD(2ayers) | O ] | © ]
0.6 — RMSE(3layers) |- & 0.6 - §06 4
SPRD(3layers) ko] ko)
B r @ b r @ B y
o o
0.4 - %04W %0.4W
AN wsapagmserer~r=l 3 | _ === ===7 2 -e =
0.2 - €027 < - €02k em ===
(0] [0}
i L n 4 E (%] i
] 0
0 I I 0 \ T 0 T T
0 24 48 72 0 24 48 72 0 24 48
Forecast hour Forecast hour Forecast hour
1 | | . 1 | | - 1 | | | |
£ £
7 C6WO08 | ‘w’ 1 WRAO007 [ 5 C6W10
0.8 1 F= 0.8+ s
14 14
i L 'E i LS
0.6 N - © 0.6 - &
© ©
, I © 1 F®©
o o
0.4 + + (%-0.4 B - (%
1 re 1 Q<
Ko} Qo
0.2 cmme=m==C02 L st sosmmnttLa= [S
-—-- == o} 0]
0 \ \ Yoo I I - Yoo \ T \
0 24 48 72 0 24 48 72 0 24 48

Forecast hour

59 3 N 1 2 N
H b

RMSEL SPRDw
PYted

Forecast hour

54

Forecast hour

@edy OT- yQMbOEAY @
yt My wy t Hdf 1)



Ensemble Spread and RMS (m)

o

o

Ensemble Spread and RMS (m)

o

o

o

©

o

1 | . 1 | . 1 |
€
e RMSE (2layers) 46694A | ; 1 46699A r E 46714D r
8 | = = SPRD(2layers) s 0.8 = g 0.8 - -
e RMSE(3layers) [h'd o
1 SPRD(3layers) o ’ | © |
6 - - 06 - - §0.6 -
] g g ] L % |
47M7%O47M7%0'47 [
] e I S L 3 RN
-- - Q PR i
2 “fo2 === - 02 s
7 - 2 4 L 2 N == - - o o o o - r
0 I I Yoo \ \ Yoo I \
0 24 48 72 0 24 48 72 0 24 48 72
Forecast hour Forecast hour Forecast hour
1 | | g 1 | | - 1 | L |
£ £
] 46706A | ] 46708A | ‘w’ ] 46735A |
8 - F= 0.8 F =08+ -
o x
i o i L 5 i L
6 F & 0.6 - @ 0.6 1 =
el el
i L & i L & J L
4 7%0.47 - (%0.47 -
M’ 2 i e 2 1 I
g W L €02 == =< L €02 fmee==
[0] o) N - - -
i L 0 4 L 1) L
(5 0
0 \ I 0 T T 0 T T
0 24 48 72 0 24 48 72 0 24 48 72

Forecast hour

Forecast hour

589 3 N 1 2 N RMSEL SPRDw (e
Yted ytMb NIyt HD

Forecast hour

sy @Mdd yoHbhb

)

Py 1 | | . 1 |
S S
a)’ e RMSE (2layers) 46757B | ;)’ 9A
s 0.8 e e SPRD(2layers) S 0.8 [
Y e RMSE (3layers) [h'd
ko] SPRD(3layers) [ © [
0.6 G 0.6 -
el ©
3 g i
& 0.4 & 0.4 -
o Qo 1 L
£02 fo2y=<======--°-°"71
[0 [0
(2] (2] 4 L
c c
w 0 T T w 0 1 T

0 24 48 72 0 24 48 72

Forecast hour Forecast hour
1 | | 1 | | I |
il 46778A | 46787A |
0.8 1 = 0.8

o
o
\

o
~
1

Ensemble Spread and RMS (m)

INARRRRAARETR

o
o

o
~

Ensemble Spread and RMS (m)

0.2 e = ==" 0.2 -
0 i T 0 1 T T
0 24 48 72 0 24 48 72
Forecast hour Forecast hour
50y 3 N 14 2 N RMSEy SPRDwh (oedb nmypoHod Y1 e dF

TytHbD )

55



>, 3T MnéyY 7 & <KW wunud t A" n( Yo F

N 2J KW FSPRDYV /> € N 6-12Hn W G [10-6Hx Y™
EX YT O0OgxMa>YA RMSEA 1 b CE NnY~35>3 N

" bp nyY X CE 4.1, o u N M Yo =2 94

20 MY/ 3 N °  n P n fnN>gpB YoM AviCGlhK W
B q L

2-3 SMCU. = 90

Spherical MultipleCel (SMC)y n ww3 shel A YdzM T via € ¢ <Y
A .7 ¢ YN 3 éevanT AM | 3 3y YBbq 7 EHY
yWw YzZuny ¢éd 3 AetueHAT 33Ys SMC 7 . H
£t 3A .Y, "Aun 3 A Ys t01eYT +02-Yu 1 0 )

M MY 60t ) MSMC A uX, 6KLYAA wn Y 62 MnA
A Y V37 Al ullY Ym 1 € Y SMC P (@ 3)Y
SMCA3 ABy f = A VAL o By v Y., 1 &

YO €M N 9 JuUYKs viw H € <0M toYqglwm M 3T
€ <]

@3y SMCu, =~ 7 nw &

SMC multi
Grid points 61780 68241
Initialization tim&sec) 2.49 10.12
Elapsed timésec) 125.96 174.73

56



10000 1000 100 10 1

Depth (m)

SMC10-20Tw Grid
NC= 61780

60y v 3 SMC Ju X

WW3 SMC 2km-1km 2017/11/19 1800UTC
40N — o N

10N

100E 120E 140E
Significant Wave Height(m)

0.5 1 15 2 3 5 6

4

57



WW3 2km-1km multi 2017/11/19 1800UTC

40N

30N

20N

10N

100E 120E 140E
Significant Wave Height(m)

61y A W (@:SMCt:~ 73)

58



6,0 |
BENE
B - sMmcC |
- — — — MULTI
40 — -
E N N
[2)
I
2,0 —] L
0,0
0 160
hours
| | |
HLE
40 — -
E | B
[))
T
20 — L
0,0
0 40 80 120 160
hours
62y A 1 A @y wTe T :0EA)
2-4 QM qW 039
"QAM , 30HYy Y535> Byo>W oM\ Y 634 6Mm0tlmnm
> LAOM uXYun Ol t Jnu310et Y3t Jnus2styY s o]

KW A A Ul

59



8
7
6
5
4
3
2
1
0

100 105 110 115 120 125 130 135 140 145 150 155

63y M > LK (o :15kmM t :10et M )

60





















































































































































































































































































































































































































































































































