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Fcst Time
9 32 2001d A5 Bias Score
3 3.1 2001 ¥+t Threat Score
rain or not| over lmm | over bmm |over 15mm|over 25mm |over 50mm
12 0.4084 0.4093 0.2479 0.202 0.0119 0
24 0.4611 0.3442 0.3286 0.2972 0.0648 0.0833
36 0.3949 0.3175 0.2796 0.0917 0.0676 0
48 0.433 0.3609 0.2103 0.1014 0.0578 0.1
60 0.3921 0.2596 0.15 0.0603 0.0625 0
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132 0.2581 0.1323 0.0963 0.009 0.0119 0
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228 0.1956 0.1027 0.0633 0.0078 0.0083 0
240 0.2434 0.1102 0.0501 0.0032 0 0
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¥ 3.2 20019 #H Bias Score

rain or not| over lmm | over bmm |over 15mm|over 25mm|over 50mm
12 1.8281 1.7069 1.0464 0.8603 0.0203 0.05
24 1.9007 2.1901 1.176 0.7361 0.375 0.2222
36 1.8339 1.9089 1.309 0.9317 0.5138 0
48 1.7535 2.0019 1.0074 0.4482 0.5298 0.3333
60 1.7564 1.6714 1.0009 0.473 0.4048 0.1
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216 1.7916 2.2504 2.0232 2.7947 1.2917 0.4444
228 1.9484 2.1438 2.3696 3.027 0.8196 0.6
240 1.7734 2.1333 1.9504 1.7018 1.5893 2.3333
322. €4 AS AF
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13 3% A%

2001 44HE 1299 A9 ox mEd uFse nwe g o4 dis
AWSSE vl st A ds 99y W2 19999 ¥ 2000 ¥ 5 A5k
Table 1.1 - 15% #A599#% 25 AT ALdhs A55& Hebd slojn.

Table 1.1 Regions of verification

AR 7 e A
e Fu 10km | 5658 | M= %71%= | 80
A
S0km | 149 | oeHE L 63 L T
_ A& = 34 o
ShbE W& 52| | 10km | 1157
Sm | 3706 o {0 f a | 133
n FAHEE 2%
Okm | 25 | zy9gw | 36 | 4% | 105
del AH 10km 25 AT 65
Skm | 25 A% 6 | AT | 184

Table 1.2 Indexes of verifications (Contingency frequencies)

T B CI

Total Number (N) The number of total data.

The number of 'hits’, which indicate occurrences of
Hit Number (H)
rain that were correctly predicted.

The number of 'false alarm’, which denote predictions

Fail Number (F)
of rain for which no rain was observed.

The number of 'misses’, which indicate occurrences of

Miss Number (M)
rain that were incorrectly predicted.

The number of 'zero’, which denote correct forecasts of

Zero Number (Z)

'no rain’.
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Table 1.3 Indexes

of verification (Categorical statistics)

X
H

g

2 A

a2 =
& 57

2,
J

ACC.

(forecast accuracy)

The ratio of correct
forecasts to the total

number of forecasts.

(correct forecasts) /
(total forecasts)

=z +H /N

A.CC. is strongly influenced by the predominant number

of correct 'mo rain’ forests, Z, especially in dry regions.

From 0.0 to 1.0

perfect score 1.0

BIAS

(bias score)

The relative frequency of
predicted and observed
rainfall, without regard

to forecast accuracy.

(rain forecasts) /
(rain observations)

=(F+H /M + H

is the same as was observed, but it may or may nol

located in the same time..

If BIAS equals unity, then the predicted rainfall frequency

From 0.0 to o
t be | (infinitely great)

perfect score 1.0

P.O.D.

(The probability of

The success of the

forecast in correctly

(correct rain

forecasts) / (rain It is possible to score well on the P.O.D. by

From 0.0 to 1.0

predicting the occurrence observations) overforecasting the occurrence of rain. perfect score 1.0
detection)
rain. =(F) / (F + H)
F.AR. The fraction of rain (false alarms) / (rain

(The false alarm

ratio)

predictions which were

actually non-raining.

forecasts)

by overforecasting the occurrence of rain.
=(F) / (F + H)

It is used to check for the error that P.O.D. scores well

From 0.0 to 1.0

perfect score 0.0

CSL

(The critical success
index, known as the

"threat score’)

C.S.L takes into account
both false alarms and

missed events.

(correct rain

C.S.I. has the advantage of not being dominated by

forecasts) / (rain
forecasts +
observations)

=H) + (F+ M+ H)

no-rain events(Z). C.S.I. is biased toward data sets with
higher rain frequencies, making it a misleading statstic to

use when comparing forecast skill score different regimes.

the
From 0.0 to 1.0

perfect score 1.0

Table 1.4

Indexes of verification (Skill scores)

i 4y 24 g9
(correct rain forecasts - random hits) / (rain forecasts + observations
E.T.S. is a modification to the
random hits)
E.T.S. C.S.IL that takes into account

(The equitable

threat score)

the number of correct forecasts

of events(H) that would be

expected purely due to chance.

= (H-R)/(F+M+H-R)
=(ZxH-F>xM)/(F+M)*x(ZxH-FxM))
random hits(R)
=((M+H)x(F+H))/(N)

From -1./3. to 1.0

perfect score 1.0

H.S.S
(Heidke skill

H.S.S. accounts for all correct
forecasts (events(H) and

non-events(Z)) that would be

(correct forecasts - (correct forecasts)_random) / (N - (correct
forecasts)_random)
=(H+Z-C)/(N-C)
~((ZxH)=(FxM)/(Z+M)x(M+H)+(Z+F)x(F+H)/2)

From - (Negative

infinitely great) to 1.0

score) perfect score 1.0
made due to chance. (correct forecasts)_random(C)
=((Z+F)x(Z+M)+(M+H) x(F+H))/(N)
(correct forecasts - (correct forecasts)_random) / (N - (correct
HK.

(Hanssen and
Kuipers score,
known as the

"true skill score’

This is very similar to the
H.S.S. except that it uses an
unbiased random forecast in

the denominator.

forecasts)_random,unbiased)
=(H+Z-C)/(N-U)
=((ZxH)~(FxM))/((Z+F)*(M+H))
(correct forecasts)_random,unbiased(U)

=((Z+F)x(Z+F)+(M+H)x(M+H))/(N)

From -1.0 to 1.0

perfect score 1.0
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Table 1.5 Indexes of verification (Continuous statistics)

T A
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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(1) 30km Amde] 35 4% Az

BARE T

Fig. 1.29% 3AIRF 74 Zads 1243 F4 02 RopM, b5 #5, Imm ©]

O,>“

} 283 S5mm o]/o] thele] 4FE3%F €W Threat score]th. 18]l o= 971 ¥
oF Hytdk gk Table 1.6 #t}h o A3E BHWA 20000% RHu} 5
A AR 9GA YEYY Imm o], Smm o] el A= = A yERa i

Table 1.6 RDAPS(30km)2] +3A|7F < o x| st €3+
threat score (2001 49 ~ 20014 124)

off

Forecast| +lhr to | +12hr to | +24hr to | +36hr to
Rainfall time| +12hr +24hr +36hr +48hr
category rainfall rainfall rainfall rainfall
Rain or not 0.2 0.19 0.16 0.17
1lmm above 0.17 0.15 0.12 0.1
5mm above 0.12 0.13 0.05 0.06

12N 4 o

Fig. 1.302 12713t 2 kel disto] Fig. 1299 43 WRior HF3
9% Threat scoreo]lal, 97| Ht3k Fto] Table 1.7¢]t}. Table 1.69] 3413 +4
FaEgrt dAA o2 Threat score’t A YR AT 20000 % HTh AR

T A WA WdEtY Y Imm o4, Smm ol el M= A dERdaL Sl

Table 1.7 RDAPS(30km)%] +12A17F 744 oKl 3l L3+
threat score (20014 4€ ~ 20014 129)

Forecast | +lhr to | +12hr to | +24hr to | +36hr to
Rainfall time +12hr +24hr +36hr +48hr
category rainfall rainfall rainfall rainfall
Rain or not 0.26 0.26 0.26 0.24
Imm above 0.24 0.23 0.22 0.18
omm above 0.23 0.19 0.16 0.14
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2 35 A% A
TR e Bk
Fig. 1325 347 +4 2532 1200 2F4e2 mold, 2% %, Imm of
% 183 5mm o]’del didte] AkE$ 9 Threat scoree]th. 1¥]3 o] & 2001
W 445y 129704 9/ gk gho] Table 1.8¢]th. o] AxE HW 30km K
o =g vl e, 20008 ERThE 2wl b,
Table 1.8 RDAPS(10km)®] +3A17F 7 o iel ohgh dg
threat score (20011 49 ~ 2001 12€)
Forecast +1hr to +12hr to
Rainfall time +12hr +24hr
category rainfall rainfall
Rain or not 0.15 0.17
Imm above 0.08 0.08
5mm above 0.06 0.06
12A0%F 5 7 5e
Fig. 1338 1243t 4 Z5%ol tiste] Fig. 1329 598 dHoz 745
4 Threat scoreo|th. 18l o]& 9/ H & gto] Table 1.9°]t}. Table 1.8
o] 3Nzt A FEErt AAH R Threat score’t =4 Ve Q)
Table 1.9 RDAPS(10km)<e] +12A]3F 74 o Hof tjsh H
threat score (2001 4€9 ~ 20014 12¢)
Forecast +1hr to +12hr to
Rainfall time +12hr +24hr
category rainfall rainfall
Rain or not 0.34 0.36
Imm above 0.19 0.17
Smm above 0.13 0.1
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Table 1.10 RDAPS(5km)2] +3A|7F 7<= odlHeo] st €3+
threat score (2001 49 ~ 20014 12¢)

Forecast +1hr to +12hr to
Rainfall time +12hr +24hr
category rainfall rainfall
Rain or not 0.21 0.2
Imm above 0.21 0.16
S5mm above 0.12 0.11

Fig. 1.36> 12413t 74 75 st Fig. 1.359F 543 oz HS3
¥ Threat scoree|t}. 18] o|E 670 Hirsgk Fko] Table 1.11¢]t}.  Table
ES

1.109] 3A17F =4 ASEFHE Y A4 o2 Threat score’tF = A YEFY I 9t}

Table 1.11 RDAPS(5km)9] +12A17F 7354 o Rl sl Y3+
threat score (2001 49 ~ 20014d 12€¢€)

Forecast +1hr to +12hr to
Rainfall time +12hr +24hr
category rainfall rainfall
Rain or not 0.28 0.27
Imm above 0.25 0.24
omm above 0.24 0.2
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Group Serial No. | Buoy ID e A= 4 A
1 41001 72.6W 347N US East Coast
2A1§ 2 41002 75.2W 323N US South-East Coast
3 42001 89.7TW 259N Gulf of Mexico
4 46001 1482W 56.3N Gulf of Alaska
5 46003 155.9W 51.8N Aleutian Peninsula
= A 6 46005 131.0W  46.1N US North-West Coast
o) o 7 46036 133.9W 484N US North_West Coast
8 46059 130.0W 38.0N US West Coast
9 46184 1389W  53.9N Canada West Coast
10 62029 124W 487N UK Celtic Sea shelf break
11 62081 13.3W 51.0N UK East Atlantic
oo 12 62106 9.9W 58.0N UK North-East Atlantic
13 62108 19.5W 535N UK East Atlantic
A 14 62163 85W 475N | UK Celtic Sea shelf break
15 63111 1.5E 59.5N North Sea shelf break
16 64045 11.7W  59.2N UK North-East Atlantic

a
w2 oA 1295 A7 17l AAA HSS stk 2} Ho] AFwit} 24h
R Ao gk bias % rmse errorg 9 Hitste] At x 20 YERY AT
Bolag et ASe HAAFED(GDAPS)S viaatseE A BEE "HolA ()9
bias errors Holi Qo™ Wit bias errore -0.46, i rmse errori= 3915 4
EfUi Ak ol Al e oA 59 bias errorg Holv A HAFIHE

9o felsu AFlAE TR tehtn ok Felutue) 3EE 78w

19
ol
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%(+)9] bias errorE Holi S B AL RE YoM &9 bias errorE Holil
1 FGrE 047019, HiF rmse errorv 1112 YEyt AEo AuE AR
U ofFde 9 A des A3FS B2k 2001d 39 FE WA T EE(GDAPS)
°] T106 L2114 T213 L3022 7Rl weh vk HS Ent ofyz} #2ovta
ASAYNE 395EE ¢ £ ZA¥yE Holx . ol HA|FE o] JfAH
el Ao rde] el veEd A87F 8§ A AAEHAT] Eow ¥
lEaa=

[_£

£ 2 v AR 2 felvtn Amsh ol Amske A% (24h dw)
<4 19 | 29 | 3¢9 | 49 | 5¢¥ |69 | 7€ | 8¢ | 9¢ |10€¥ | 11¥ | 12¢¥ | H+
wind
bi -1.37|-1.43]-0.13| 0.09 | -0.42|-0.37|-0.43|-0.32| -0.04|-0.09 | -056| - |-0.46
ias
wind
551 | 419 | 470 | 3.10 | 7.57 | 2770 | 2.65 | 258 | 2.89 | 3.52 | 3.58 - 3.91
rmse
wave
bi -1.86|-1.41|-045(-0.39|-0.02|-0.03| 0.02 |-0.20| -0.10|-0.34|-0.34| - |-0.47
1as
wave
243 | 1741136 | 1.13 | 061 | 1.01 | 054 | 1.81 | 0.70 | 0.98 | 0.92 - 1.11
rmse

3. 14 #=A=R AT
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229] Centre National d'Etudes Spatiales(CNES) T 7]3olA AX|F+ s F=3 oA

TE FHow Uik BFAA(altimetry) S EASI] FHHIL U= ATES
Aol s AFs] AdS5Fo=A seHare FHAE, 24, TR

=
Akt ¢ ootk #5 A EE ARk g E ol Al £2cm H Al lew) E
HateE £#l4emelt), EZo] 1 REEEH = F7]& 10dolt) v= AEFX AT
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A7 AZY oAk FAISHAL 12UTCE 71282 11 ojde Eoj8+ Axv 1
< 12UTC A8 2, 12UTC o] %o E98+ A8+ 1 tgd 00UTC A8 =2 714
sto] ARgstdT AR W& A5 AAEH/E, SWiLE(mm), oI
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7 3. AAFIFE R dy TOPEX/POSEIDONS] $-o3ti1 259 12h oK.

|

< SAA

N GoWAM T/P S Slope Bias Rmse Scatter
N A Index

1€ 3826 1.349 2.544 0.640 0.411 -1.195 1.536 60.378
249 | 13153 1.474 2.856 0.628 0.402 -1.382 1.751 61.312
34 | 20785 2.551 2917 0.696 0.494 -0.367 1.051 36.022
49 | 19507 2.527 2.980 0.707 0.485 -0.453 1.114 37.378
5€¢ | 20008 2.443 2.924 0.760 0.521 -0.481 1.148 39.253
64 | 18405 2.463 2.769 0.770 0.571 -0.306 1.038 37.487
74 | 16907 2414 2.744 0.722 0.466 -0.329 1.201 43.774
8¢ | 18117 2.492 2.876 0.689 0.541 -0.384 1.262 43.878
94 | 15537 2.564 2.910 0.758 0.559 -0.346 1.120 38.489
10¢| 18216 2.511 2738 0.745 0.590 -0.227 0.993 36.263
119| 17227 2.460 2.705 0.727 0.539 -0.246 0.947 35.004
129 | 18776 2.375 2.637 0.704 0.502 -0.262 0.964 36.557
Hat| 17122 2.302 2.800 0.712 0.507 -0.498 1.177 42.150

- 103 -




BIAS & RMSE (m)

BIAS & RMSE (m)

BIAS & RMSE (m)
:

08 1
06
04 1
02 r

0.0

-0.2
04
-0.6

= o

E
w
2]
=
o
L]
0-
{{{{{{{{{{{{{{{{{{{ :
| 3
OBIAS  ORMSE
12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)
(a) 1€
E
w
]
S
o
L]
]
<
d m
ML
[OBIAS ORMSE
12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)
(c) 3¢
E
L
[0
s
o
]
(9]
<
]
MLMWMLMW
OBIAS ORMSE

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(e) 5¢¥

2.0

0.5

0.0

-0.5

111

OBIAS ORMSE

12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(b) 24
LI L A

12 24 36 48 60 72 84 96 108120132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(d) 44

OBIAS  ORMSE

TR E U

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(f) 6¢

% 3. 240h o B A gk AXFutgEd fojula zpg e}
TOPEX/POSEIDON 9] 3ta1 zt5.o] 9 bias ¥ rmse

- 104 -




BIAS & RMSE (m)

BIAS & RMSE (m)

BIAS & RMSE (m)

0.5

0.0

-0.5

E
w
[0}
>
o
]
<
IprpuIT ey eyee) |
OBIAS  ORMSE
12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)
(g) 7€
E
w
[0
=
o
"]
e
UL .
[OBIAS ORMSE
12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)
(i) 9¢¥
E
w
%)
=
o
o
2
UHUH““LULUUUUWM T
OBIAS ORMSE
12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)
(k) 11¢
a9 3. A

- 105 -

2.0

0.5

0.0

2.0

0.5

0.0

-0.5

o

OBIAS  ORMSE

il

12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(h) 8¢

OBIAS ORMSE

PrrT

12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

(G) 10

L

OBIAS ORMSE

I

12 24 36 48 60 72 84 96 108120 132 144 156 168 180 192 204 216 228 240
FORECAST TIME (h)

1 12¢




Bias

Rmse

0.0

0.4 HHHHHHH U

O1g-128
038-12¢

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
Forecast Time (hr)

(a) BIAS

O1g-12¢ _ -
D3g-128 - — MM mMhmMhMe= 1

o8 HIHIHIHIHIHIHIHIHIHIHIHIHIHIH

os HIHIHIHIHIHIHIHIHIHIHIHIHIHIH

or HIHIHIHIHIHIHIHIHIHIHIHIHIHIH

o2 HIHIHIHIHIHIHIHIHIHIHIHIHIHIH

0.0

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
Forecast Time (hr)

(b) RMSE

N

a9 4 AATFoERE] 19 HF A

- 106 -



¥ 4. A9 ggrdy TOPEX/POSEIDONS] folutar #72] 12h B AS SAA

= ReWAM | T/P A ) Scatter
N e A = Slope Bias Rmse Index

14| 1850 2.532 2.724 0.750 0.812 -0.192 0.923 33.879
29 | 2567 1.951 2.259 0.753 0.801 -0.307 0.793 35.107
39| 2686 1.863 2.131 0.781 0.850 -0.269 0.829 38.900
49 | 2669 1.447 1.654 0.686 0.707 -0.206 0.625 37.795
59 | 2756 1.285 1.426 0.465 0.484 -0.141 0.675 47.341
649 | 2240 1.332 1.295 0.666 0.800 0.037 0.517 39.919
74| 2704 1.314 1.416 0.671 0.767 -0.102 0.783 55.285
84 | 2850 1.910 1.875 0.885 1.330 0.035 1.036 55.250
94 | 2473 2.012 1.931 0.781 1.133 0.081 0.950 49.192
104 | 2893 1.883 2.125 0.697 0.818 -0.242 0.938 44.139
11€| 2944 1.451 1.991 0.724 0.652 -0.540 0.795 39.932
124 | 2930 1.838 2.508 0.843 0.731 -0.670 0.935 37.286
Bt 2630 1.735 1.945 0.725 0.824 -0.210 0.817 42.835
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BIAS & RMSE (m)
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(¢) Correlation

ot

a8 6. Agugrde] 1d AF EAX

of| A 7k BIAS RMSE CORR.
12 hr -0.210 0.817 0.725
24 hr -0.184 0.852 0.711
36 hr -0.148 0.884 0.685
48 hr -0.091 0.950 0.655
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