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C. €%3¢

Cl A494E 4597 (Fig. 2.8)
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(3) 250 hPa Wind Speed

A 9497 (Fig. 2.11)
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Fig. 2.11 250 hPa Wind Speed 9% (anal)
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B. A998 & (Fig. 2.12)

<

Hit o ab= €9 Wisgle] wel B3 HIE Yelya 9o, HAHow
=9 71&71E 7FAa Wsgtele EFolth g9 WMl +24hre] -02~0.1m/s, +72
hre] -04~0.1m/s, +120 hro] -0.6~0.3m/s = o|t},

RMSE®] 93 WslgdE= 2~3m/s A== ¢Fst Aot} +24hro] 10m/sE 5
Aoz g RMSEE Z+al, +72hr@ +120 hro] Z+2b 15 m/s¢ 18 m/sE& TAHOE i

Exo] 9t

250hPa Wind Speed Mean error 250hPa Wind Speed RMSE
03 20
02 A Cl ereran acdod daya
] 16 —
14 .. s -l\il--.‘_l_‘.
§ 12
) L
c 2 4 P e SN
3 o ¢
S 8
6
4 ——2
| ) -T2
: ---A---120 ---A---120
-07 0 T T Y
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
month month
Fig. 2.12 250 hPa Wind Speed9 A< # (anal)
C. 99+

Cl AH4E d3+7 (Fig. 2.13)
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250hPa Winds RMSE (24 hr)
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O Hy

AAA o m Fo HHeAE Wola jlow, ofFHo] & Aded o z2 g

< YEhdo Haox Fx WeE +24hro] -04~0m/s, +72hr< -06~0m/s,
+120 hr& -0.7~05m/s °]t}.

RMSE= A&o] olFutt ot & gte zteth A g9+t e] Wsks v +24
hr& 8~10m/s, +72hre] ¢F 15m/s <, +120hro] 17~22m/s -+
At

(%]

FHoAE BT &9 g zZa dov, enigte wel Aoz B A<
WslE melth +24hrel 49 -04~-02m/s, +72hrS -1.1~-0.6m/s, +120 hre
~1.7~-08m/s AtolollA Watsta )

RMSE= 7} o ®HAZhuee] dj|lo] o FHe] & AdET & RMSEE 2t
o] $- AL FElE B gtel Wl +24hrFE ZHE 7-9m/s, 10~12m/s, 1
1~13m/s ©|t}.

&l FitoaAEs Yebdla ok dRARe] ARFE Jteart g wgew
AA L k. +24hro] -0.1~0.7m/s, +72hre] 04~1.4m/s, +120hro] 0.3~1.6m/s
H
@R o] RMSER Al BE dRAZ] diafA] v=g Hes BoFa gl
Aot npAriA R ol g Hol AgHET ot F7hstE RMSEE YEebWa dth
RMSE #& dAlZo® 10~25m/s Sl A Watalar Qloh
C2 dEAzZE Y437 (Fig. 2.14)

+24 hr¥t +72hr, +120 hre] B AIZF B5F Hubgtel A o] Pt @ xp= o
2 gol g Uehia, dare BEedt = e ghe tehin g,



MSLP$} 500 hPa GPH$]

79k mpa7kA 2 RMSEE

A

TAZ AR F #e BolFa dn AEe Fibae o5 H o

dolm Hui 1w seolr. e pas nafAw %

=4 RMSEE 7€o2 A<l #A = dststa .
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B2 RSk WS BUE, AR, gl @ A9e f Frbske] ofre} A

Ao Y3t AE= A v HEFLAEE 850hPa 2% 500hPa A ¢ ik, 250
A5 FF717F 20009 19 ~129 704 12704 3Fe] o},
(1) 850 hPa Temperature

BAZEe] F7bel whEk Eubghel ofAJote] Wit e A= ¥l erIE 7HA AL
1}

Wetels FAE Holil,

X al
WETL 47 2~55T, 25~6 TR M4d @S RoFn Qo ¢uist 3~5
£ Yeha 9l

Lo
A
e

B. A4 (Fig. 2.16)
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Ao HFE 44 (obAlo}, HuT, Aw, Gkl vie) BEE BT eAE
o|th. +24hr, +72hr, +120hr 2+ ®]=g JHE Hola vk +24hre] 2 -0.
4~0.1C, +72hr#} +120 hr< 722} -01~04 C, -0.1~0.6 T Alol9 #S Zre=th

RMSEE 1, 2499 2% oFzF 2 gt 223 A Ael dgati #4593 3
o} Zhzbel gk +24hro] 22~26 C, +72hro] 3~38 C, +120 hre] 35~45C A}o]
of ¥xatm gk

>

A
e

C. €49+
C.1 A9d €8+ (Fig. 2.17)

@ ofAlo}

Wyt ak= 6, 7, 84l o AA= AFS BoEr -24hre] W F2 -0
8~0.3 C Akele]ar, +72hr& -0.6~1.2 C, +120 hr& -05~2 C o]t} +72hr¥} +120
hre] 6d&e] 53 & HFexs Hola 3l

RMSE= dA#oz 4 ®gte] wel Zasitirh 9o Has ®Hola oo
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g Lot}

Sybre) Hit oAt obAlole] Wi e Bxe Wl FArsth 2elu dA 4
Hit Q2 M3} #2 ofrJolrt; Zr} +24hro] -04~0.1 C, +72hreo] -04~04 C,
+120 hr2 -05~0.7 C Aol 1 FgEo] FEH O Ut

ko] RMSEE BT @At vpasbA 2 oprlobsl w2d 32 welxn 9
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i opAoh} HuTs oE AHe 2

T Ateldl, +72hr -1.1~-03 C Atelel, +120hr& -1.2~-0.3 C

RMSE® i eA7F & w th2 2ur} 2 RMSES Boli gtk 1 g9 &
+24 hr, +72hr, +120hre] Zk7F 16~1.9 C, 19~22C, 2~24 T o]t}

e
td
o)
o
f

o]iL gl 1 el HErc)

Z=

N
L RES R otk Zzte] Wsl Ee 24hre] 01-08 T,
RMSEE 7k el mAzte] w5 vl e nolm glom, e Ad5ur} v

WA F RMSEE HoFi dth +24hro] 3~35 7T Akol9] s 7FA L dar, +72
hr& 4~57T, +120 hr& 4.3~52 T Afol9] k& 7FA AL Qo

C2 dEAZE ¥ (Fig. 2.18)

W #0329 RMSE RF 2ulfo} olrjolzb §AeF mokm z+S 7hx 1 w33}
I AeE BoFErh Fubget Ao kel RMSER H|5:g sjElow W)
il o, EeasE 0C A 7Eow dvye 4ol 99, Axe &9 9
Aol Wsteta dal, RMSE=E 44T e Aolgs Fa Hnby7t Hrertg 2
RMSEE uebfiar 2tk RMSES] 49, &4 35l Aok w7z Bubtel ol

T7F A=H e RMSEE A= dA A #AE BoF1 gt
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(2) 500 hPa GPH(Geopotential height)

L
Aoz} -12~7m, HFHk1+7
RMSEE A%, ofAlol, Hybat Jukto]l AR A3 AXE BFo|al o HAZE
o] FT7t&FE A RMSE gtol #AX i Ak 53], Huk7t o BAZbel] whe}
RMSE7} & #o 2 ZF7hetal gty A%E7F 20~30m, oFAleb7F 25~80 m, &HREF7F
25~110m, F5F17F 60~110m Abolol RMSE gtEeo] #xxo] 9t

B. A998 & (Fig. 2.20)

A oas AR &9 FE /A a9 Wb 23 sy, AR R

UAE dds Holu oy +24hre -10~1m, +72hro] -15~4m, +120 hr& -2

=
=
wm
to
fr
=
o
me
o
rot
=
ftlo

ZEA AL AR, 293 49 o 2 Fs HAh

+24hr& 30~40m, +72hr& 50~60m, +120 hr< 60~75m A =% RMSE #& %

=t}

C. €3¢

C1l AYd dx5+F (Fig. 2.21)

D o Alo}
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RMSE&® t& A93 2o o589 RMSEZF & Nd #jelola, vy 2 U=

< Holil Qdr} +24hro] 50~70 m, +72hro] 70~100 m, +120 hre] 75~110m A}o]
o gES 23 Yo

C2 dEAZE d3 ¢ (Fig. 2.22)
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(3) 250 hPa Wind Speed
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RMSE+= o5 ozt S7lehs Baus HoEu +24hr, +72hr, +120 hr 747}
°] 156~18m/s, 19~24m/s, 20~26m/s®] W] kel it

C2 AdrAzrd 437 (Fig. 2.26)
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Table 2.1 EA 24=9| 199943} 2000 HF2X}2} RMSE H|xl (Ohr ~120hr)

Mean Error RMSE

1999 | 2000 1999 | 2000
MSLP
e -0.3 ~0.08 (0.38) -0.2~0.2 (0.4) 1.5~ 8 (6.5 |1 ~7(6 ) ‘
Wk -0.02~0.35 (0.37) 0 ~0.6 (0.6) 2 ~10.5 (8.5) | 1.5~10 (8.5) ‘
A = -0.12~0.02 (0.14) -0.3~0 (0.3) 1.5~ 25( )|1 ~2( )
500 hPa Geopetential Height
SEuk -2.5~ 1 ( 3.5) 0~3 ( 3) 10~ 80 (70) 10~ 80 (70)
whak -15.0~-1 (14 ) -10~0 (10) 10~100 (90) 10~100 (90)
H = -10 ~-1 (9 ) -7~0 ( 7) 10~ 20 (10) 10~ 20 (10)
250 hPa Wind speed
SHk -0.4~-0.1 (0.3) -0.4~-0.1(0.3) 3~21 (18) 2~20 (18)
Wk 0 ~ 1.1 (1.1) -0.4~1 (1.4) 4~22 (18) 5~22 (17)
H = -1.1~ 0 (1.1) -1.3~-0.3(1 ) 4~12 ( 8) 3~12 ( 9)
(2) &= (Table 2.2)
obAlobst B, W, I€m 4= A UAZNE 240N AA ] ARS

o] &t FT <t A= 24N ZHEE 240A41%F Abel ] @t T H@td HAghe

A. 850 hPa Temperature
ofrJotel HRbT = Wt QAke RMSES] W2 mF 99duu F7hgvh wF
H ok el A= P Ak RMSE 25 WSt e ARt oft Foj&Qlth

B. 500 hPa Geopotential Height

ofAlo} 2ol Ht ezt WAL A 7Y @kt A E+= 10hPa A

W

|

Eol Hyt et Fol Folaglal, HubE 2w Aobplth RMSEw: Hibrreh ofA
ol7} ZFA Zrtglow dultel Mo RMSEE 74 dth.
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C. 250 hPa Wind Speed

4 Yo WHE} T JE F7)

o

A

2] RMSE+= 79| ¥3b7) glnt.

o
o,

Table 2.2 Z& ZAZ2| 1999H 7} 2000 EF A2} RMSE H|Zl (24hr ~240hr)
Mean Error RMSE
1999 | 2000 1999 | 2000
850hPa Temperature
o}x]o} -0.4~ 0.2 (0.6) | -0.3~ 0.3 (0.6) | 2.3~5.0 (2.7) | 2.4~5.6 (3.2)
Erkr -0.4~-0.2 (0.2) | -0.2~ 0.1 (0.3) | 2 ~5.7 (3.7) | 2.3~6 (3.8)
ke -0.6~ 0.5 (1.1) | 0.3~ 0.9 (0.6) | 3.5~6.2 (2.7) | 3.3~5.2 (1.9)
4 & -1.6~-0.5 (1.1) | -1.2~-0.5 (0.7) | 1.8~3 (1.2) | 1.8~2.5 (0.7)
500hPa Geopetential Height
o}x]o} -10~-2 ( 8) -12~ 7 (19) 25~ 70 (45) 25~ 75 (50)
SRk -9~-2 ( 7) -4~ 1 (5) 25~110 (85) 25~115 (90)
it -15~ 3 (18) 2~ 10 ( 8) 65~130 (65) 60~110 (50)
4 T -28~-5 (23) -18~ -5 (13) 20~ 40 (20) 20~ 35 (15)
250hPa Wind Speed
o}x]o} -2.3~-1.0 (1.3) | -2.2~-0.8 (1.4) 9~22 (13) 10~23 (13)
Bk -1 ~-0.6 (0.4) | -0.9~-0.5 (0.4) 9~26 (17) 10~27 (17)
ki -3 ~2 (1 )|-3 ~-2.2(0.8) 17~26 ( 9) 16~26 (10)
4 T -0.7~-0.1 (0.6) | -1.8~-0.5 (1.3) 8~13 ( 5) 9~14 ( 5)
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4. OBS.VS.FORECAST ( 48 )

OBSERVATION
NO RAIN - R{1  1{=R{5  5¢{=R{15 15¢=R{25 25¢=R{50 50<=R -

NO RAIN 39 4 0 0 0 0 0

- R 62 25 8 0 0 0 0
1<{=R¢5 15 14 8 1 1 0 0
5¢=R(15 0 2 4 3 0 0 0
15¢=R{25 0 0 0 0 0 0 0
25¢=R<50 0 0 0 0 0 0 0
50¢=R - 0 0 0 0 0 0 0

*x RAIN OR NOT

THREAT SCORE = 0. 4490
BIAS SCORE = 2.0429
=% RAIN OVER 1 mm
THREAT SCORE = 0. 3036
BIAS SCORE = 1. 9200
% RAIN OVER 5 mm
THREAT SCORE = 0.2727
BIAS SCORE = 1. 8000
% RAIN OVER 15 mm
THREAT SCORE = 0. 0000
BIAS SCORE = 0. 0000
=% RAIN OVER 25 mm
THREAT SCORE = -999. 0000
BIAS SCORE = -999. 0000
=% RAIN OVER 50 mm
THREAT SCORE = -999. 0000
BIAS SCORE = -999. 0000
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Bias Score= R @ A3k 119 EAXAHS YERAG S o BE o] #=
H o drRg g gAY Ao Ao #AIglo]l Bias7l A%t dEH H

A B A e AF f@s B N AadAlel wieiA Blask

5o 2 uj¥e] Threat Score?} Bias ScoreE ZFtdhAlol] whel 2 7)o o B AT
of talA Hluekiet.

o, o714 ZF A BAI Rt AS GES 1242 o] AFE ] FAAG e o)

gt AF FAEoIH dlE 5ol dEAIZEe] 24hrl A9, 12hr~24 hr7bA o] =27

(1) 948+ (Fig. 3.1)

Threat Scorex™ dEA|Zto] ZAoje] wel M ZopA|= HS BRItk Z=
o] fHE 7 o 3 FALo 1mme 5mmE VFoE 3 Fgo sfEo] FAFSH
e veERa 9Tl Rain or Not®l 492 Threat Score= 0,22~0.43 AFol2] 7k

< 23, 1mm o]/l A5+ 0.09~0.35 5mm ©]d<¢l 45+ 0.05~0.32 Aol

Bias Score?] 9 #HES 1Et A veiyda o AA #=9 AdeRg
o A ZA4E dHE 9SS yERATE Rain or Notel A9+ 2~25 HAE9
BiasZ 7FAla2 93, 1mm ] 45+ 1.8~33 AEolw, S5 mm o4 FA9=

0.8~34% Biase| W3}7F A7 veptal gl
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Table 3.1 Y@ A Threat Score

rain or not | over 1Tmm over 5mm | over 15mm | over 25mm | over 50mm
12 0.4254 0.3505 0.3076 0.1351 0.0648 0.0000
24 0.4309 0.3444 0.3186 0.1114 0.0583 0.0208
36 0.4236 0.3020 0.2431 0.1605 0.1044 0.0000
48 0.4080 0.2981 0.2066 0.1737 0.0697 0.0000
60 0.3768 0.2686 0.2276 0.0928 0.0222 0.0000
72 0.3637 0.2295 0.1682 0.1750 0.0958 0.0000
84 0.3178 0.1890 0.1369 0.1574 0.0204 0.0000
96 0.3233 0.1813 0.1195 0.0523 0.0868 0.0000
108 0.2959 0.1452 0.0617 0.0238 0.0132 0.0000
120 0.3270 0.1529 0.0518 0.0124 0.0219 0.0167
132 0.2847 0.1300 0.0630 0.0303 0.0000 0.0000
144 0.3080 0.1304 0.0469 0.0083 0.0000 0.0000
156 0.2779 0.1387 0.0514 0.0194 0.0000 0.0000
168 0.2865 0.15083 0.0668 0.0258 0.0111 0.0000
180 0.2242 0.1099 0.0385 0.0036 0.0000 0.0000
192 0.2737 0.1272 0.0542 0.0047 0.0000 0.0000
204 0.2225 0.0858 0.0437 0.0093 0.0000 0.0000
216 0.2730 0.1251 0.0386 0.0085 0.0128 0.0000
228 0.2357 0.1035 0.0490 0.0242 0.0000 0.0000
240 0.2851 0.1521 0.0520 0.0153 0.0055 0.0000
Table 3.2 YA Bias Score
rain or not | over 1mm over 5mm | over 15mm | over 25mm | over 50mm
12 2.0461 2.3071 1.4949 0.5259 0.2696 0.0000
24 2.1842 2.5213 1.3940 0.5515 0.2223 0.1111
36 2.1496 2.2509 1.0608 0.6596 0.4197 0.0833
48 2.0280 1.8654 0.9724 0.3908 0.3389 0.3611
60 2.0799 2.0168 0.8575 0.5172 0.3088 0.0000
72 2.0412 2.0840 1.5145 0.7981 0.3889 0.0556
84 2.2522 2.5138 1.7249 1.5727 0.5490 0.0833
96 2.2462 2.6696 2.0767 0.8655 0.8700 0.1111
108 2.4368 3.2541 2.0057 1.1803 0.8303 0.1667
120 2.2213 2.9704 2.8532 0.9680 0.6472 0.1945
132 2.4604 3.1508 2.6435 1.5549 0.3931 0.3333
144 2.2576 2.8263 2.0583 1.1401 0.2597 0.0000
156 2.4639 3.0859 1.6325 1.6853 0.4940 0.0000
168 2.2478 2.6552 2.1884 1.6382 1.2162 0.2778
180 2.4885 2.9978 2.1287 1.5992 0.2739 0.3333
192 2.3088 2.8421 2.5855 2.1472 0.8934 0.1250
204 2.4820 2.8555 1.9541 1.4096 0.0423 0.0000
216 2.3494 3.0850 3.3317 0.7778 0.2347 0.1250
228 2.4988 3.1882 2.0873 1.0407 0.2773 0.0000
240 2.3150 2.8111 1.8394 0.6456 0.4236 0.1250
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(2) 9 ZsdFs A v
A. Threat Score (Fig. 3.2)

Rain Or Not : dHA|ZFe] F7kel weh =54 22 3 20 2SS & & 3

o} # W3lE iy ofE "o Bl 2 Threat ScoreE ztar, 293 109 <k7+

1mm ©|4 : Rain Or Not9 74 $Rt} Threat Score®] W3} Zo] AT} &3
o] Threat Score’} =LA Wely i, 293 10€9] ZropxIt}y. A A4 <2 Threat
Score= 0.02~0.6 Ato]l9] S zt=th

5mm ©°]4 : 5mm °|A%E 12hrd] A= Asta 297 102 22 Threat
ScoreE zri=t}. AA| A o2 Threat Score’t AAt}7} 9, 10€9S 7|H o & ZpolA] =
WS Kol

B. Bias Score (Fig. 3.3)

Rain or Not : A H o2 1~39 S =t AL, 248, =759 & Biass
1.

Zr31, Threat Score’} A YElY 52 ES AR 15~2 AE2] Biass e

o}
1mm o4 : 120hre] 2, 399 & biasE® YEhH2 d32, 1299 Bias7} &
gHT FUbstE BEES HAY 1 o]9fo= ¢F 1~3 Alo]l9] BiasE ZEET)

5mm ©°]A : 9A] 1299 Bias7} th2 2rRU 2 S Hola 9low, Threat
ScoreZt A YERGIL Q&= o Foll A 7FSoll A oF 19 Biass WER I
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4. HZFT dE A"

o

71787 FAdEIgE Adsel viRvA R vhg vl JHe] Al E RS 3E

(Barotropic Adaptive—-grid Typhoon Simulation model, BATS)
2. A=Y FAs gead

(Geophysical Fluid Dynamics Korea model, GFDK)
3. AAT K Al=H]

(Global Data Assimilation and Prediction System, GDAPS)
4. A R A~

(Regional Data Assimilation and Prediction System, RDAPS)

19999 F8 B Fefiol] AR A o B AAEE 20000d 7ol R St
AZF HiAFA R AZ AL BF oA A= 48X FFl| A 72A17F 0 & A% it

HEol B9 0% 2% qon 57 140% A% dael AXsn 1 Sl
TS o4 A% 99 HEAR wdSe] HE FAduE FHdh GDAPSS)

RDAPS+ 00, 12 UTCel, GFDK 22 06, 18 UTCell z+zt 72A17F 1S A4Akg)
om BATS 249& 00, 06, 12, 18UTCel 60417+ & BE A3},

2000 ell= & 2370 €] BiFo] AR oM (Table 4.1), o= 1951 %-E 19984
Abole] et @A Rl 27.33 o st Ejgo] HA AT i A
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Table 4.1 20004 EiA EfZ=

:l—‘j# o2 =3 717t A 71 ANFS
HZ (TS &5 °l*%) (hPa)  (kt)
0001  DAMREY TY 59¢ 07¢ 00UTC - 5€ 129 06UTC 930 90
0002 LONGWANG TS 59€ 199 00UTC - 59 209 00UTC 990 45
0003  KIROGI TY 7€ 03¥ 06UTC - 7€ 08Y 18UTC 940 85
0004% KAI-TAK  TY 7€ 059 I8UTC - 7€ 10¥ 18UTC 960 75
0005% TEMBIN TS 7€ 199 00UTC - 7€ 219 12UTC 992 40
0006%¢ BOLAVEN  STS 7€ 259 18UTC - 79 30 21UTC 980 50
0007 CHANCHU TS 7€ 28% 18UTC - 79 299 12UTC 996 35
0008% JELAWAT  TY 8% 01¥ 12UTC - 89 10% 18UTC 940 85
0009% EWINIAR  TY 8% 099 I8UTC - 89 199 12UTC 905 70
0010% BILIS TY 8¢ 19¥ 06UTC - 8¢ 239 12UTC 915 110
0011  KAEMI TS 8¢ 21% 12UTC - 8¢ 229 06UTC 985 45
0012% PRAPIROON TY 8€ 269 18UTC - 99 01% 12UTC 965 70
0013  MARIA TS 8¢ 28% 12UTC - 9€ 019 06UTC 985 40
0014% SAOMAI TY 99¢ 02% 120TC - 9€ 169 00UTC 925 95
0015% BOPHA TS 99 06% 18UTC - 9€ 119 06UTC 990 45
0016  WUKONG TY 9¢ 062 00UTC - 9€ 109 06UTC 955 75
0017  SONAMU STS  9¢ 15%¢ 03UTC - 9€ 18¥ 00UTC 980 55
0018  SHANSHAN TY 9€ 18¥ 12UTC - 99 249 12UTC 925 95
0019% YAGI TY 10€ 229 00UTC - 10€ 269 18UTC 965 70
0020% XANGSANE TY 10€ 269 06UTC - 11€ 012 06UTC 960 75
0021% BEBINCA  STS 11€ 01¥ 00UTC - 11¥ 069 18UTC 980 60
0022  RUMBIA STS 11€ 282 00UTC - 12€ 019 06UTC 985 50
0023  SOULIK TS 12¢ 302 00UTC - 1€ 059 00UTC 945 80

Z) ) EUTo| sTablest A B AZo| A8

aul
=
ol
fr
e
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30

—— PAST AVERAGE —=— 2000 //’

) e

\
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o

N

5 .’///:/
1 2 3 4 5
MONTH

Fig. 4.1 ¥ 73 g3 UP e,
A BFZES 1950 - 1998 A efZ2] EAZL.

Fig. 4201 20009 44 ®jE 2ASFE od Gt ef vaste] Yehf Aok
59 7] 3 ®F< 0001 DAMREY7} #Astlie] o= ot wlamste] oF 19

Hl 7he =28 Aolt) 23 HEo] 59 20¥ AdH ¥ 335 BE KIROGLZF 7€ 39

7)
v A MRS YEiHlth 109 ol Fols HdRy dad HE des B

R 53] 10€el= 2785 el g skA] &gkt
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@ PAST AVERAGE B 2000

FREQUENCY

Fig. 42 '8 e 43 %,
A B3R 1950 - 19989 A elF2] FAZL

Fig. 432 7} ®H¥9] Best Tracke H.olFth 200010 &= 4719 EjFo] Pt
ol = HHH 43 KAI-TAKS S&lE  SdstdA  ofstHSla, 6%
BOLAVENZ #4b %5 Fdsto]  sadr 42EHAth. 125 PRAPIROON}
Z3 FEZo 7tzt AHEIATh #A 9AE Bd F 23
9l 20% o9 fmelA A TE H
dol B F SR 59 10-20% Akeolet 57 110-150% Alololm 2 i ¥}

Hlalsto]l HitAow 9ol HFo] TGS & 5 AUtk

of

145 SAOMAI+= 3gHeke

=
lo
ul
of
of
2
R
©
=
lo
= 4
oftl
3
Nej
X
2o
4
f
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BEST TRACK
2000

Fig. 4.3 2000 A gfF2] E

U A A oA wbgst 0007 CHANCHUSF 0018 SHANSHAN, 1
2|2 0022 RUMBIA, 0023 SOULIK?] E=le T8 9lx] oke.
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42 BE A2dH HAF

A A dr Al zlo] HF o il AFEE 7] AAEE o] 5 WAy
ol 1270 Bl F(Table 41914 ElFHZol] ¥ (+)Tabled EF)S thFo= 47
o BlF drrdsS HZAUTH Fig. 445 B 299 on A7hdE Hyt JZQ
e Btk BA dEZAAE = AsAA HFRL(BATS)Ol 7H -3t
Fa ymA REdEL H=3 A5S BAT 6047 72417 B o] e AT
S 2 GFDK¢®} GDAPS® d®7F 58 o=z yelyton o B A7kl 20004 o
48X ZFol A 724172 A E RDAPSE 48A1%F o] ¢ a7t whEA F7kste A

o PN
= 4 3

800

@ BATS 2000
700 |——| M GFDK 2000
CJRDAPS 2000 r

600 O GDAPS 2000 |

(
a
3
l

N
o
o
l

MEAN ERROR (km

w
(e}
o
l

gt un IS IS IS IS 0

12 24 36 48 60 72
FORECAST TIME (hours)

Fig. 44 ©elFR29e] or X zbd AR x}o] F

20000 AT BS Fol A kel AR AL FFES v 47 BTl o

3 BlERde ARAFTS A AIU} Fig. 450 YERY Ao BlEF el 59 33
EAFE g 2A)E SHet= Al 72413 ARE 2443 A7bA ] 73k
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=]
=

rlo

12A17F Sl Bell A 78 548 Aoz et on 24, 36, 48A17F o K
= RDAPS7}, 60, 72417t d® = GDAPS7F 7F8 $-3 Aoz yeylt 3s
GFDKE o HA|Zte] #Agle]l dRrAgeert 7Hd vkt Fig. 45(3s H
% A9 Fig. 44EE HF B9)E vustH A=A FAER gFo] o]
st SHtE 2 HEets 4% RDAPSSF GDAPSQ ol AT Folxi=d v

BATS®} GFDK+ olRE Aol Aty = AS & 4 Atk

I

1

ru

ot &

1000
(=72,-24) hours
900 @ BATS 2000
800 |—| WGFDK 2000
DOJRDAPS 2000
700 |0 GDAPS 2000

600

500 —

400 -

MEAN ERROR (km,

300 —

200 ]

* [l 1T j

12 24 36 48 60 72
FORECAST TIME (hours)

Fig. 4.5 ©E[ZF242] oji x|7hd A2 Qe FH

tEe] A dFE nA V) BEE tgeR 59 3B S AFEe] 7243
AHE 24A12F A7EA Y] 717 5 BEHo] oH3t o AIZHE el F 2o e}

BATS =% GFDK 2%, 18]3 GDAPS? A= drAZke] wa FiF W=
QA& Fig. 46 - 490 YERUATE BATS 222 A 397 vl

ol o] dri= 1 FEET} ol o} 48 60AIZF HoA = or FEET) dlol
Ae & F Ath(Fig. 4.6). RDAPS®} GDAPSE AW 3Wdzhe]l Hat x| 9} Halsh
w 24417k ol o] wr] dReAE AR A7} EUA T 364 7F o)) o R A=
QA7 F7bekvh(Fig. 4.7, 4.8). GFDKE 12417F o B2 Al9lshd 20003 2] o B
o A7) 7bE 2 Ao g e tHFig. 4.9).

™
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51 Ho] #ASAE HF

It

GTS % Ssto] ZHlsE= AAA i3 e Ass A Adute] ogh #=F A
A (moored buoy), E7F E.o| HiE(drifting buoy) o2 o]t}

of Zbed AFel AEE ARE Aol AXIF AF HolzA PHom ARE

I
£
=
Iz
o

N

Aoz &8t (Fig. 5.1-(a), Z+
A9 s sdE 2 fFelutae] 9 HHA(BIAS: [Model Forecast] - [Buoy
Observation]) 3 HWA w2 ARMSE) A=25 4F&38H3Ith Table 512 35l

e vol5el 4 WE B A% ARES Aeld Aolth Ho] P9} £4 ®

A&, Bol] fxlollA el 2 md 2A5E ALt AT S 712 145 H 124

[oini

Holztg o} vwet Ao R A(GDAPS)S vt#EAlEE BE 2ol ()9 Har

Fte e Fi 381m/s otk (Table 52, Fig. 54, Fig.

55). Tt AgHol oFHe] wEte =A deua ok o#d A Folu

aztEe] UE AT E veEbdth 12019 BT Fo] HATE YEhu, o & 2o

of vty A o HAzke] Hoje] uwpal FojhA IS
Zol Btk 47 N Fel 3t Fv FPAFTLLAE 1.50m o]tk

THol o] MAE HolRA o] M Eo] Fy qrRe] g R Ee]

AFoE A8 & Yt Hole AR AFHAA 9t

= L

)
By
i
T
o,
=
o,
ol
2

F
rd

1 AETE A=A vt

21004, 22001 o]tk (21002: 134 °E, 38°N, a4, 21004: 135°E, 29°N, di P& 3
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A, 220010 126°E, 28°N, %% =314 Fig. 51-(b). #% 717-& 20009 1€4%E 6

A7hA) 67/ Dolth Hol 21002 64, Ho] 21004 74, Ho] 22001 1090 2}z

TBe THAE 69 o] Ho] HFE o] Fo|AA FSkth. Bo|RHEH <
H

PN

T

B EY E%, AW, e, #e, folvy, 35 ok o] F EZ
= e

froluta Agrt Aol AFRET Bol g v 6A17 9 R JFEY, =4
?1+= 05m o]tk 00UTC ¢} 12UTC AlZte] 2 s7F s Ed Ayele] A5 AR=
ALEETH FXEY A8 E 12, 24, 36, 48 A7) o B A= 7F ALLE T

Bolxg ol Huwg xod B2 A(RDAPS)? HtgAEE H5 dEAIZHI2H >
48H)°] Eofdol met FojAAtel A SRR WElets A Holn A
TeAE 25m/s oA 35m/s el vk (Fig. 5.7). A
A Wl A vpEAn et fAEA &9 Akl
gol glom AgHo: RddZghe] AR B, dFHd = =A YEde
A% BTt (Fig. 56). fovtar Hat FAlF e AE 1247kl A 48417 o 1.
7HA 05molA 0.8m HEZ dehdth 997b2] A8V J5E Tl 9@
Ho] 22001 Azl thate] 12A13F o] ahal o uol] gk #5259 RAARE A
ALz wAste] £F 9 HFo] Bste Al7lel d@grde] Ass e & 9
=% 3t vh(Fig. 58). Aozt zol= EAsY, B o Fgke] #=3ke F

et 99 & 5 Atk 89 L 99 Fwol Bwmel 4% WAE ¥ A

xR
H,
%
td
i)
1o,
Ho
o
o
k!
o

mdo] 2HsA AsD Aee ¢ F Ak
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52 $14 #5A=R AT

1992 8€d FHHAZ Aoz AFHAXEd 2#HA TOPEX/POSEIDON(T/P)<
n) g5 (NASA)Y Z#~9] Centre National d’Etudes Spatiales(CNES)
o AAF S Ued ATE FHoR U BZAA (altimetry) S A 5}

N
i

71 109 olth. M= AEFZATA(PL) Y= A5 AE(PODAAC)E F3t4

d 13 AFog AEE FHE] 00, 12UTC 2709 A PR FE3te] A5 ES A

gate] ek AR WEe #H3H 94EHE, WL (mm), F233(0.1m),
1% o= (mm), A 195mel e F4(m/s), 57 H(g/em?) Solth. o]

=
SahE BEAL Afole] AL o 10km AR 2UAT e 94 B33

=
< 27(scan) g2 °] ofyil #Ax(path)E wWet 2JE FHz2 A5z 2l 7
Al M BSE= A5 AF(RLEd o 12042 WA Mg 7k @

Z2RE AY)e Y AS71HS 25 4ete] dAqaaodmnrd(70°S - 70°N,
20 X 2° Bals)e A 2F 60007004 900070 Alelolw, x| ulgte B (115 °E
- 150°E, 20°N - 50°N, 0.25° X 0.25° &35)e] A% <F 15007014 300078 A=

T/PS FelstmABst F744 $Ae] GFel gAY b md4Es B

1 (scatter plot & statistics)®] 1L,

AN
Y
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m
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o
Q
=
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e
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rlr
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Fig 599} Fig. 5112 ¢} A oupgprde] 12417k2 3A13bd S o] dhal A=
ok T/P frolstal Atme] 195E 129704 2o 293 FAAsCth AR
2E ABAS, AFGIAA 7127, BEdH T/PY froluta Fi Aoty Ay
do] ARA g Sk ALHd E=a, 5
2 0619 FXE e Adugrde] JAx s A wpE wegege of
atn, Fa oz 0712 Yelhy Ayugrde] FA9Ht =2 JaaAAs BAth

HPAAA 1 e7 2 e st vastel nde A AEE FET 5 A

2
o] Holu, o]F FIF2 Ho|] #FATge| Mo BEA(GDAPS)® Rt HS
ML uEhto], orubgrEe] 5o A Aol Folviare dFelk uehd
Ao Bl Aqugrde] Ar 5o dap 4ol glovy 1 Jre ofshy

(H 0.71), 232 ¥ AAE B 29d)= AUk

Fig 5107 Fig.512%= Agte} Ao mde] 12473 3A 7S fouar #|
59 T/P Folutal A5 & AF&sto] folA Aust Wyos ALk 145y 12¢
o Pt @xtel WA Aol ok,

Fig. 510014 Yetve= A3 2ol 12A1%F (HA o= 271 R4 o2 AA L %
o} A 00UTCS 120TCol #=%= T/Pe) Aw A57t 949 A= 3t
(F-5 A W e} JukrE A df)o] debA = A mE #53 AT Ao
of o3 Aoz Azt
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Table 5.1

Buoy identification number and their location used in GoWAM verification

GROUP Serial # BUOY ID (Longitude , Latitude) Locations
Northeast 1 21004 (134.9E 28.9N) Japan South-East Coast
Pacific 2 22001 (126.3E 28.1N) East China Sea shelf break
Northeast 3 41001 ( 72.6W 34.7N) US East Coast
Atlantic 4 41002 ( 75.2W 32.3N) US South-East Coast

5 42001 ( 89.7W 25.9N) Gulf of Mexico
Northwest 6 46001 (148.2W 56.3N) Gulf of Alaska
Pacific 7 46003 (155.9% 51.8N) Aleutian Peninsula

8 46005 (131.0W 46.1N) US North-West Coast

9 46036 (133.9W 48.4N) US North-West Coast

10 46059 (130.0W 38.0N) US West Coast

11 46184 (138.9% 53.9N) Canada West Coast
Northwest 12 62029 ( 12.4W 48.7N) UK Celtic Sea shelf break
Atlantic 13 62081 ( 13.3%W 51.0N) UK East Atlantic

14 62106 ( 9.9% 57.0N) UK North-East Atlantic

15 62108 ( 19.5W 53.5N) UK East Atlantic

16 62163 ( 8.5W 47.5N) UK Celtic Sea shelf break

17 63111 ( 1.5E 59.5N) North Sea shelf break

18 64045 ( 11.7W 59.2N) UK North-East Atlantic
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Table 5.2 GoWAM monthly +24 hour wind(m) and significant wave height(m/s) bias and

rmgse against buoy data.

Month
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |Mean
(2000)
Wind
Bi -0.66 -0.61 -0.70 -0.23 -0.44 -0.55 -0.62 -0.39 -0.62 -0.59 -0.91 -0.63 |-0.58
ias
Wind
R 3.76 4.06 4.26 3.37 2.77 3.68 3.73 2.76 3.11 4.25 5.65 4.37 | 3.81
mse
Wave
Bi -1.32 -1.60 -1.29 -0.92 -0.73 -0.73 -0.51 -0.61 -0.76 -1.19 -1.55 -1.56 |-1.06
ias
Wave
R 1.74 2,10 1.70 1.50 1.01 1.06 0.70 1.45 1.10 1.63 1.84 2.15| 1.50
mse
Table 5.3 GoWAM monthly +12 hour sKewness, correlation, and the selected points

mean of significant wave height(m) for TOPEX and GoWAM.

Month(2000)

Jan Feb Mar

Apr May Jun

Jul Aug Sep

Oct Nov Dec

Mean

Skewness

0.33 0.34 0.32

0.23 0.29 0.28

0.26 0.30 0.38

0.39 0.41 0.40

0.33

Correlation

0.62 0.67 0.59

0.47 0.60 0.61

0.56 0.59 0.62

0.64 0.66 0.64

0.61

TOPEX Mean

2.49 2.98 2.76

2.58 2.61 2.40

2.15 2.32 2. 44

2.66 2.58 2.61

2.55

GoWAM Mean

1.27 1.38 1.32

1.251.28 1.18

1.13 1.18 1.30

1.38 1.35 1.38

1.28

Table 5.4 ReWAM monthly +3 hour sKkewness, correlation, and the selected points mean

of significant wave height(m) for TOPEX and ReWAM.

Month(2000)

Jan Feb Mar

Apr May Jun

Jul Aug Sep

Oct Nov Dec

Mean

Skewness

0.71 0.70 0.62

0.21 0.75 0.79

0.93 0.86 1.03

0.66 0.56 0.72

0.71

Correlation

0.71 0.74 0.72

0.42 0.71 0.66

0.87 0.74 0.76

0.66 0.63 0.79

0.70

TOPEX Mean

2.48 2.49 2.32

1.88 1.51 1.22

1.71 1.76 1.81

1.66 2.28 2.58

1.98

ReWAM Mean

1.86 2.05 1.91

1.32 1.35 1.22

0.87 0.74 0.76

0.66 0.63 0.79

0.70
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(a)

Buoy Locations

1. 21004 Tapan South-East Coast 10. 46059 US West Coast

2. 22001 East China Sea shelf break 11. 46144 Canada West Coast

3. 41001 US East Coast 12. 62029 UK Celtic Sea shelf break
4. 41002 US South-East Coast 13, 62081 UK East Atlantic

5 42001  Gulf of Mexico 14, 62106 UK North-East Atlantic

6. 46001  Gulf of Alaska 15. 62108 UK East Atlantic

7. 46003  Aleutian Peninsula 16. 62163 UK Celtic Sea shelf break
8 46005 US North-West Coast 17. 63111 North Sea shelf break

9 46036 US North-West Coast 18. 64045 UK North-East Atlantic

120E 128E  13IE 138 1ME  141E

Fig. 5.1 Buoy location for (a)GoWAM, and (b)ReWAM model

verification.
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against buoy 22001 data from January to June 2000,

ReWAM significant wave height 12 hour forecast time series
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Fig. 5.9 (a)-(f)

Topex/Poseidon altimeter data from January to June 2000.

Scatter plot of GoWAM significant wave height against
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Fig. 5.9 (g)-(1)

Topex/Poseidon altimeter data from July to December 2000.
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Scatter plot of GoWAM significant wave height against




GoWAM BIAS/RMSE against TOPEX Altimeter
Significant Wave Height (Jan. 2000)
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GoWAM BIAS/RMSE against TOPEX Altimeter
Significant Wave Height (Jun. 2000)

M,

BIAS
RMSE

BIAS & RMSE (m)
o

L L
8 60 72 84 D06 108 120 132 144 156 168 180 192 204 216 228 240 252

sl
0 12 24 36 4

Fig. 5.10 (a)-(f)

Bias and rmse of GoWAM significant wave height against

Topex/Poseidon altimeter data from January to June 2000,
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GoWAM BIAS/RMSE against TOPEX Altimeter
Significant Wave Height (Jul. 2000)
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GoWAM BIAS/RMSE against TOPEX Altimeter
Significant Wave Height (Dec. 2000)
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Fig. 5.10 (g)-(1)

Bias and rmse of GoWAM significant wave height against

Topex/Poseidon altimeter data from July to December 2000.

_90_




( a )|STATISTICS ( b )|sTaTisTICS
Entries Entries
REWAM/TOPEX COMPARISON - 3010 REWAM/TOPEX COMPARISON - 1737
" St o g (. 200) Mean of TOPEX 0 S ene o Mean of TOPEX
9 = 2.482957 hl = 249148
s Mean of ReWAM s Mean of ReWAM
-, - 1.86408 -, - 2.046251
., o of TOPEX £ P o of TOPEX
o = 1.003622 § = 1.214556
ES o of ReWAM ES o of ReWAM
g = 09975311 2 = 1152603
€ Correlation g Correlation
? = 0.7140862 = 0.7424778
! SLOPE SLOPE
0y SRR I " = 07097526 : ; R = 07046049
TOPEXPOSFIDON ALTIIETER(LA) INTERCEPT O PEXPOSEIDON ALTINETER Y INTERCEPT
= 0.10179 = 0.290742
( c )|STATISTICS ( d )|sTaTISTICS
Entries Entries
REWAM/TOPEX COMPARISON -9934 REWAM/TOPEX COMPARISON ~1867
Significant Wave Heighl (MAR 2000y -, Significant Wave Height (APR. 2000) -
10 Mean of TOPEX 10 Mean of TOPEX
9 =2.318439 El =1.87579
s Mean of ReWAM s Mean of ReWAM
=, a =1.911423 s =1.317705
5 - o of TOPEX ., o of TOPEX
E =1.284709 E ol =1.334236
£ o0 of ReWAM S o of ReWAM
§ =1.100024 § =0.6834081
< Correlation < Correlation
=0.7232344 =0.4191873
SLOPE SLOPE
&5 R I r— =0.6192649 J =0.2147117
TOPEX/POSEIDON ALTIMETER{M} INTERCEPT TOPEX/POSEIDON AL TIME TER(M) INTERCEPT
=0.4756954 =0.91495
( e )|STATISTICS ( f )|sTaTisTICS
Entries Entries
REWAM/TOPEX COMPARISON —9911 REWAM/TOPEX COMPARISON - 2764
w St Waro o Wy 2050 Mean of TOPEX 0 Sy et n 2 Mean of TOPEX
9 = 1.50721 hl = 1.220984
s Mean of ReWAM of Mean of ReWAM
. =1.354203 Bl = 1.215634
g : o of TOPEX g N o of TOPEX
E g =0.8357083 E . = 0.5715865
ES o of ReWAM ES o of ReWAM
H = 0.8828707 H = 0.6822988
£ Correlation g Correlation
=0.7124184 = 0.6635346
I SLOPE SLOPE
S s i =0.752623 P —— = 07920566
TOPEXPOSEIDON AL TETER(H) INTERCEPT OPEXIPOSEIDON ALTINETERI) INTERCEPT
=0.2198388 = (.248545

Fig. 5.11 (a)-(f)

Topex/Poseidon altimeter data from January to June 2000.
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Scatter plot of ReWAM significant wave height against
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Fig. 5.11 (g)-(1)

Topex/Poseidon altimeter data from July to December 2000.
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Scatter plot of ReWAM significant wave height against
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Fig. 5.12 (a)-(f) Bias and rmse of ReWAM significant wave height against

Topex/Poseidon altimeter data from January to June 2000,
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Fig. 5.12 (g)-(1) Bias and rmse of ReWAM significant wave height against

Topex/Poseidon altimeter data from July to December 2000.
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+3hr and +12hr rain forecast.
Monthly threat score of +3hr rainfall forecast for 3 category
such as rain or not, Imm above and bmm above in MM5/30km.
Monthly threat score of +12hr  rainfall forecast for 3 category
such as rain or not, Imm above and 5mm above in MM5/30km.
Threat score vs precipitation threshold calculated for the MMb5/30km
+12h,+24h,+36h, +48h forecast period from Jal. 2000 to Dec. 2000.
Monthly threat score of +3 hr  rainfall forecast for 3 category

such as rain or not, Imm above and 5mm above in MM5/10km.

Fig. 3.6 Same as Fig. 3.5 except for +12hr precipitation

Fig. 3.7 Threat score vs precipitation threshold calculated for the MM5/10km

+12h,+24h,+36h, +48h forecast period from Jul. 2000 to Dec. 2000.
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3.8 Monthly threat score of +3hr rainfall

forecast for 3 category

such as rain or not, Imm above and 5mm above in MM5/5km.

3.9 Same as Fig. 3.8 except for +12hr precipitation

3.10 Threat score vs precipitation threshold calculated for the MMb5/5km

+12h,+24h,+36h, +48h forecast period from Jul. 2000 to Dec. 2000.

41 The comparison of Kalman filter method with PPM method for

maximum temperature RMSE and BIAS (a) and minimum temperature

RMSE and BIAS (b)
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Table 3.1 Regions of verifications

Table 3.2 Indexs of verifications (Contingency frequencies)

Table 3.3 Indexs of verification (Categorical statistics)

Table 3.4 Indexs of verification (SKkill scores)

Table 3.5 Indexs of verification (Continuous statistics)

Table 3.6 Monthly mean of Threat score for the +3hr rainfall forecast of MM5/
30 km in Jan. 2000 ~ Dec. 2000.

Table 3.7 Same as Table 3.6 except for +12hr precipitation

Table 3.8 Monthly mean of Threat score for the +3hr rainfall forecast of MM5/
10km in Jul. 2000 ~ Dec. 2000

Table 3.9 Same as Table 3.8 except for +12hr precipitation

Table 3.10 Monthly mean of Threat score for the +3hr rainfall forecast of MM5/
Skm in Jul. 2000 ~ Dec. 2000

Table 3.11 Same as Table 3.10 except for +12hr precipitation

Table 4.1 Verification results for maximum and minimum temperature by
Kalman filter method in 2000 for 31 stations of Korea. They are
RMSE, BIAS, Absolute Mean (AM) and priestly score (P).

Table 4.2 Verification results for maximum temperature in 2000 for 31 stations
of Korea. They are RMSE, BIAS, Absolute Mean(AM), Priestly
score(P) and correlation coefficient(R)

Table 4.3 Verification results for minimum temperature in 2000 for 31 stations of
Korea. They are RMSE, BIAS, Absolute Mean(AM), Priestly score(P)
and correlation coefficient(R).

Table 4.4 Total and seasonal mean of RMSE and BIAS for maximum and
minimum temperature forecast by PPM temperature forecast equations

over 31 stations of Korea during the period of 2000.
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Fig. 2.2 Monthly mean BIAS of (a) Geo-potential Height and (b) Temperature
for Dec. 2000
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Table 3.1 Regions of verifications

A 715 #=4 7 AAGD Qo
A =
LA | 10km 5658 ME& 47 80
5km 19600 AR 65 Ak 159
AR
e g 30km 149 s 63 o =
T o 1157 7‘?;}:; gi
N O oA 133
5km 3706 S =
S0km 2 FHET % 7tz 105
1
Ao Mg 0k 25 e 6
m A 184
5km 25 AT = 16

Table 3.2 Indexs of verifications (Contingency frequencies)

! 4 vg

Total Number (N) The number of total data.

The number of "hits”, which indicate occurrences of rain that were
correctly predicted.

The number of "false alarm”, which denote predictions of rain for
which no rain was observed.

The number of "misses”, which indicate occurrences of rain that were
incorrectly predicted.

Hits Number (H)

Fail Number (F)

Miss Number (M)

Zero Number (Z) The number of "zero”, which denote correct forecasts of "no rain”.
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Table 3.3 Indexs of verification (Categorical statistics)

forecast accuracy.

(F+H) / (M+H)
the same time.

it may or may not be located in

o 4 # 5 4 3 9
. ACC. is strongly influenced
A.CC. The ratio of correct| (correct forecasts) by the predominant number of| From 0.0 to 1.0,
(forecas t|forecasts to the total number|/ (total forecasts) correct "mo rain” forests, Z| perfect score 1.
accuracy) of forecasts. = (Z+H) / (N) . . .
especially in dry regions.
The relative frequency of If BIAS equals unity, then the
BIAS predicted  and  observed (rain forecasts) /|predicted rainfall frequency is| From 0.0 to oo
(bias score) |rainfall, without regard to (rain observations) |the same as was observed, but| (Infinitely great),

perfect score 1.0.

(H) / (F+M+H)

misleading statistic to use when

P.O.D. The  success of the| (correct rain| - g possible to score well on

( T h elforecast in correctly [forecasts) / (rain the POD. by overforecasting From 0.0 to 1.0,
probability ~ of|predicting  the  occurrence|observations) th £ rai perfect score 1.0.
etection) e, = (1) / (M+H) e occurrence of rain.

FAR. The  fraction ~of rain| (false alarms) / erg(t)r lihaltlslejdog) sci]oercei xf;éu ttkalye From 0.0 to 1.0

(The false|predictions ~ which  were|(rain forecasts) overforecasti.ng. .the occurrence| perfect .score 00
alarm ratio) actually non-raining. = (F) / (F+H) of rain b -

C.S.I has the advantage of not

. . |being dominated by the no-rain

CSL ) (correct Ta events(Z). C.SI is biased toward

(The critical| CSI takes into acc_ount forecasts) / (rain data sets with higher rain| From 0.0 to 1.0
success  index, both false alarms and missed|forecasts frequencies making it al perfect .score 10
known as thelevents. observations) ’ P h

"threat score”) comparing forecast skill score
different regimes.
Table 3.4 Indexs of verification (Skill scores)
T = | s} = 2] | =
ET.S. is a modification to| (correct rain forecasts - random hits) /
ETS the CSI  that takes into|(rain forecasts + observations - random hits)
s ) account the number of|= (H-R) / (F*M+H-R) From -1./3. to 1.0,
(The  equitable|correct forecasts of events(H)|= (Z+H-F+M) / ((F+M)#N+(Z+H-F+M)) perfect score 1.0.
threat score) that would be expected|* random hits (R)
purely due to chance. = (M+H)*(F+H)) / (N)
(correct forecasts - (correct
HSS.  accounts  for  all forecasts)_random) /(N -  (correct
H.S.S. correct forecasts (events(H) forecasts)_random) From -oo (Negative
(Heidke  skill|and  non-events(z))  that|~ (L0 / (N°C) infinitely great) to 1.0
would be made due to| (Z+H)-(E=ND) / ,
e ((ZND=(MHD+(Z+F)+(F+1)/2.) perfect score 10,
chance. *, (correct forecasts)_random (C)
= ((Z+F)*(Z+ND+(M+H)*(F+H)) / (N)
(correct forecasts - (correct
LK. o o forecasts)_random) /(N - (correct
(Hanssen  and This is very similar to the forecasts)_random,unbiased)
Kuipers score FLS.5. except that it uses an)_ (H7-C) / (N*[YJ) From -10 to 1.0,
chown  as  the unbiased ?andom forecast in (D (FMD) / (Z4F)+(MAED) perfect score 1.0.
) the denominator. .
"true skill score”) *. (correct forecasts)_random,unbiased (U)
= ((Z+F)*(Z+F)+(M+H)*(M+H)) / (N)
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Table 3.5 Indexs of verification (Continuous statistics)

+ R g 3
Mean of diff. The mean error of difference ( forecasts - observations )
ABSE of diff. The mean absolute error of difference ( forecasts — observations )
RMSE of diff. The RMS error of difference ( forecasts - observations )
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32 A% 23

(1) 30 km MM5/KMA

Table 3.6 Monthly mean of Threat score for the +3hr rainfall forecast of
MM5/30 km in Jan. 2000 ~ Dec. 2000.

Forecag;n +1hr to +12hr to +24hr to +36hr to
Rainfall ¢ +12hr +24hr +36hr +48hr
category rainfall rainfall rainfall rainfall
Rain or not 0.23 0.22 0.19 0.16
1lmm above 0.15 0.13 0.11 0.08
5mm above 0.08 0.07 0.05 0.04

L

Threat score©]t}.
.
T

o] +3A1%F A A

2) 1277k A G5

Fig. 3.3+ 12A1%F +4]

Tl thste] Fig. 323 wd3 WHoz

Table 3.7 Same as Table 3.6 except for +12 hr precipitation.

olN

& Ay

a8l ol 1270 Hat gk ko] Table 3.7¢|t}. Table 3.6
FHth dA 4 o2 Threat score’} =4 YEFUYI T}

Forecatsitm +1hr to +12hr to +24hr to +36hr to
Rainfall € +12hr +24hr +36hr +48hr
category rainfall rainfall rainfall rainfall
Rain or not 0.31 0.31 0.30 0.27
1mm above 0.23 0.23 0.20 0.16
5mm above 0.16 0.16 0.15 0.09
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Table 3.7 Same as Table 3.6 except for +12 hr precipitation.

Threat Score of Rain or Not

1.00
0907 | —e— +12hr
0.80 —— +24 hr
—& - +36 hr
0709 | o +aghr
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w 4
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0.00 T T T T T T T T T T T T
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month
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w 4
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0.10 4
0.00
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Month
Threat Score of 5 mm Above
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Fig. 3.2 Monthly threat score of +3hr rainfall forecast for 3 category such

as rain or not, 1 mm above and 5mm above in MM5/30 km.
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Fig. 3.3 Monthly threat score of +12hr rainfall forecast for 3 category such

as rain or not, 1 mm above and 5mm above in MM5/30 km.
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Fig. 3.4 Threat score vs precipitation threshold calculated for the MM5/30km
+12h,+24h,+36h, +48h forecast period from Jal. 2000 to Dec. 2000.
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Fig. 3.4 continued
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Fig. 3.4 continued
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Fig. 3.4 continued
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(2) 10 km MM5/KMA

Fig. 352 3AIZF 4 Aads 1243 1tA 02 RopA, A5 F4%, 1 mmold
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LEE 129714 671€ HF3k ko] Table 3.6°]tk. o A¥E ¥ 30kmET =

= S YEtd™ 53] S5mm o]de] A olre] A v A vEar gl

Forecast
time +1hr to +12hr +12hr to +24hr
Rainfall rainfall rainfall
category
Rain or not 0.18 0.17
1lmm above 0.10 0.10
5mm above 0.06 0.07

Table 3.8 Monthly mean of Threat score for the +3hr rainfall forecast of
MM5/10 km in Jul. 2000 ~ Dec. 2000

2) 1243 A 53

Fig. 3.6= 12X1%F ¥4 o] tiste] Fig. 353 Y3 o=z 7

o[}J

5 o
¥ Threat score®]th. 18]3l o]E 6709 it 3k Zko] Table 3.9¢]t}. Table 3.89]
+3A1 7 A ZFrwERT A4 o2 Threat score’t =4 YERUIL Q)

Table 3.9 Same as Table 3.8 except for +12 hr precipitation

Forecast
time +1hr to +12hr +12hr to +24hr
Rainfall rainfall rainfall
category
Rain or not 0.30 0.29
1lmm above 0.20 0.19
5mm above 0.07 0.08
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Fig. 3.5 Monthly threat score of +3 hr

rainfall forecast for 3 category

such as rain or not, Imm above and 5mm above in MM5/10 km.
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Fig. 3.7 Threat score vs precipitation threshold calculated for the MMb5/10km
+12h,+24h,+36h, +48h forecast period from Jul. 2000 to Dec. 2000.
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Fig. 3.7 continued.
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(2) 5 km MM5/KMA

Fig. 38w 3AIZF 74 s 12A7F (t4 o= BolA, A< {5, 1 mmeo]’d
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Table 3.10 Monthly mean of Threat score for the +3hr rainfall forecast of
MM5/5km in Jul. 2000 ~ Dec. 2000

Forecast
time +1hr to +12hr +12hr to +24hr
Rainfall rainfall rainfall
category
Rain or not 0.17 0.16
1lmm above 0.10 0.09
5mm above 0.06 0.05

2) 12N%F A A

Fig. 3.9 12A1%F 72 Aol tiste] Fig. 3.8% Y3 WHo=w A5e 4
" Threat scoree]th. 1831 olF 6701d H & gko] Table 3.11¢]th.  Table
3102 +3A17F 4 AwrRet AAH o2 Threat score’t A Ve Qi)

Table 3.11 Same as Table 3.10 except for +12 hr precipitation

Forecast
time +1hr to +12hr +12hr to +24hr
Rainfall rainfall rainfall
category
Rain or not 0.27 0.26
1lmm above 0.18 0.18
Smm above 0.11 0.13
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Fig. 3.8 Monthly threat score of +3hr

rainfall forecast for 3 category such

as rain or not, 1 mm above and 5mm above in MM5/5 km.
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Fig. 3.10 Threat score vs precipitation threshold calculated for the MM5/5km
+12h,+24h, +36h, +48h forecast period from Jun.1999 to Dec. 1999.
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4. A3/FA 712 91 HS(VERIFICATION)

A 1AM E H/HA 712 RS e 19939HE PPM WS o
43 57 2ds gsta 9, 19999 = 2w ZEH WyS ol &3 Hay
HA 7l eRnE FrrstAch. B HuAdAE S8 uEk 3 A diske
AME R 1223 +242070] o B A8 9 ofd tfgHE #ShS AHESH
ofefj o] 57FA] AAAFE Abgste] Ha/HA 72 dste] dx Y9 HtE

AA Bt
4.1. AAA

(1) Root Mean Square Error (RMSE)

_ Z( Yobs_ chst)z
R]MS‘E—\/ N
(2) Bias
__ 2( Yobs_ chst)

BIAS= N

(3) Absolute Mean (AM)
_ 2| Yobs_ chsl
AM= N

(4) Priestly skill score (P)

_ 1 _ MSE
P=1 552

17|14 P=1 oW Hg ojrelal, P<(O oW FZE ojmelry  ®gh
MSE(Mean Standard Error)¢t SD(Standard Deviation):= thg-3F 7o) A o] %t}

MSE= 1 3UX o= X )"

_[_1 —— 2] 2
SD= mz(Xobs_ X0b5)2]
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(5) A& A5 (Correlation coefficient;R)

SD? + SD’+ BIAS® — MSE
2-SD-SD,

4.2. A543

Hu, HA 72 diste] 747 2349 207 °]a PPM Wyl Agele 77

2849 249 & YERAT (Fig. 1.D. F ¥ 2% Ha 7jerts H4 7]

o B Aol o FA Uy, FEAH o PPM WHETHE 2w dE Wy
S o)

ol o ¥ oE ZA¥}E st dgs HoFdv. ols AZd i By

A A bl Awsr.

(a) (b)
RMSE and BIAS for Maximum Temperature RMSE and BIAS for Minimum Temperature
(2000) (2000)
| | mmm RMSE | | mmm RMSE
3.0 E BIAS 3.0

2.0 4

1.0

0.0

= BIAS
2.0 4
1.0 I
[ 00 =

Kalman Filter PPM Kalman Filter PPM

Fig. 4.1. The comparison of Kalman filter method with PPM method for

maximum temperature RMSE and BIAS (a) and minimum temperature

RMSE and BIAS (b).
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4.2.1. 2% I¥ Hu/FAA 72dE AF

Y B WS o §% AI/HA /L ol 00 UTCoE +199] A/
299 HA 7] oH 12 UTCAl = +1¥9] Ha, +2¢9 HA/FHa 7]

al al
B E At low o] Zhztol| gk dr HF A= ® 113 2k

Table 4.1 Verification results for maximum and minimum temperature by
Kalman filter method in 2000 for 31 stations of Korea. They are RMSE,
BIAS, Absolute Mean (AM) and priestly score (P).

RMSE BIAS AM P
Forecast element [Forecast time 5 . 5
(C) (C) (C)
. 1day 12UTC 2.34 -0.01 1.80 0.68
Maximum
1day OOUTC 2.75 -0.09 2.14 0.54
Temperature
2day 12UTC 2.94 0.00 2.33 0.49
o 1day OOUTC 2.07 0.02 1.64 0.75
Minimum
2day 12UTC 2.21 0.03 1.81 0.70
Temperature
2day OOUTC 3.00 -0.02 2.03 0.38

4.2.2. PPM H1/HA 7|24 B HF
(1) Ha 712 dxn
PPM H3 7]& ¢BiE 00UTCOl & 24A1%F ol BE, 12UTClE 12413F o

HE 47 ALY dRE Har]Zo] s 57 e s A A

A3E Table 1.22 YetldY. AT 23, AHe oy 237 7HE 2
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Table 4.2 Verification results for maximum temperature in 2000 for 31
stations of Korea. They are RMSE, BIAS, Absolute Mean(AM), Priestly

score(P) and correlation coefficient(R).

RMSE BIAS AM P R
Forecast time | Season 5 . .
(TC) (C) (C)
Spring 3.33 1.48 2.92 0.72 1.19
00 UTC
Summer 3.87 0.23 2.85 -0. 37 1.59
Forecast
Autumn 2.66 -0.40 1.96 0.50 1.31
+24 hr .
Winter 2.30 -0.23 1.80 0.72 1.18
Spring 2.95 0.67 2.52 0.78 1.12
12 UTC
Summer 3.03 0.30 2.28 0.18 1.41
Forecast
Autumn 2.47 -0.39 1.77 0.57 1.26
+12 hr .
Winter 2.09 -0.23 1.60 0.77 1.14

(2) HA 7] o r

Table 129 H1u 7] w9l nzxzlx wWHow HA=S 2z Azt
(Table 1.3), 12A]%F A BE(00UTC AAF of| ©)7F 2441 7F 2 (12UTC A4 o B)H

O 04 FRsitas @ ¢ A giAld e ® Hd e ARE Bl

Table 4.3 Verification results for minimum temperature in 2000 for 31
stations of Korea. They are RMSE, BIAS, Absolute Mean(AM), Priestly

score(P) and correlation coefficient(R).

RMSE BIAS AM P R
Forecast time | Season 5 5 5
(TC) (C) (C)
Spring 2.59 0.44 2.27 0.83 1.11
00 UTC
Summer 2.51 0.49 1.86 0.04 1.51
Forecast
Autumn 2.25 -0.34 1.66 0.67 1.18
+12 hr .
Winter 2.13 -0.18 1.67 0.80 1.12
Spring 2.83 1.02 2.52 0.81 1.13
12 UTC
Summer 3.00 0.58 2.19 -0.36 1.67
Forecast
Autumn 2.31 -0.20 1.79 0.67 1.19
+24 hr .
Winter 2.28 -0.07 1.81 0.77 1.14

_46_



(3) Ftak

RMSE<H BIAS = WeEhaL lvh o] ghs< PPM WHE o &3 dxn 23

2 2188 w= v=A] pg ok 3 o1 EAo|t)

Table 44 Total and seasonal mean of RMSE and BIAS for maximum
and minimum temperature forecast by PPM temperature forecast

equations over 31 stations of Korea during the period of 2000.

Season
Forecast Spring Summer Autumn Winter Total
elements
Maximum | RMSE (C) 3.14 3.45 2.56 2.19 2.84
temperature | BrAs () 1.08 0.26 -0.39 -0.23 0.18
Minimum | RMSE (C) 2.71 2.75 2.28 2.20 2.49
temperature | BrAS () 0.73 0.53 -0.27 -0.13 0.22
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