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Tab.1 Wave direction conversion table for forecasts and

evaluation
iR O ) R/ (0) WM R (rfr) Mgk m/ce)
N 0 S 180
NNE 225 SSW 202.5
N~NE 225 S~SW 202.5
NE 45 SW 225
ENE 67.5 WSW 247.5
E~NE 67.5 W~SW 247.5
E 90 W 270
ESE 112.5 WNW 292.5
E~SE 112.5 W~NW 292.5
SE 135 NW 315
SSE 1575 NNW 337.5
S~SE 1575 N~NW 337.5
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Tab.2 Forecasting period and the corresponding time

range
THAR AT Bt [#nNin)
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1] 20:00—08:00
R 05:00—08:00
iy 08:00— 11:00
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oE 2( T 20:00—23:00
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Tab.3 Evaluation and assessment results of conventional
wave forecast in sea areas 5 and 9 of the East China Sea in

2009
6 X W TR RIEm P TR 2%
5iFIX 1.26 1.36
91X 1.58 1.52

FI1 W X A1 1808 5 A KU FYFT " 1%
Fig.1 Forecast area and the path of 1808 Typhoon "Maria"

BEE f/ N IR S YE N 1.0~1.8 m 5 0.8~1.6 m,
iz B8 2.2 35 (0 LI A6 56 0F Ak % 5 4000l A 1.4 mo Al
1.2 m, R FE S /N T 1.0 misk iR 258k, i,
202246 J1 4 H | A< 15 74 e 50 1 3 A7 1) A2 B 55 150 1
S, 22T DXV TR A 105 o S 000 S /s T R /N I
& 2) , ¥ IR AR 1 5 1.0~1.8 m 5, 0.8~ 1.6 m 463

K2 20224F6 A 4 H 08:00—6 F 5 H 09:00 3 =5 92
Fig.2 Wave height observation during 2022-06-04 08:00 and
2022-06-05 09:00
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Tab.4 Quality evaluation table of sea wave forecasts during 2022-06-04 09:00~2022-06-05 08:00

s DU AR R VAR e P02 PPA 5 B B2
m (D gagm A% D gt MR GImo gawbm A%
4 H 091} 0.4 1.4 1.0 2.50 1.2 0.8 2.00 0.9 0.5 1.25
4 H 101} 0.4 1.4 1.0 2.50 1.2 0.8 2.00 0.9 0.5 1.25
4 H 11w 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 120 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 131mf 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 141mf 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 1500 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 16} 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
4 H 170 0.5 1.4 0.9 1.80 1.2 0.7 1.40 0.9 0.4 0.80
4 H 181} 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
4 H 195 0.7 1.4 0.7 1.00 1.2 0.5 0.71 0.9 0.2 0.29
4 H 208 0.8 1.4 0.6 0.75 1.2 0.4 0.50 0.9 0.1 0.13
4 H 210 0.9 1.4 0.5 0.56 1.2 0.3 0.33 0.9 0.0 0.00
4 H 221f 0.8 1.4 0.6 0.75 1.2 0.4 0.50 0.9 0.1 0.13
4 H 23w 0.8 1.4 0.6 0.75 1.2 0.4 0.50 0.9 0.1 0.13
5 H 00} 0.8 1.4 0.6 0.75 1.2 0.4 0.50 0.9 0.1 0.13
5 H 010 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
5 H 02mf 0.6 L4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
5 H 031} 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
5 H 04 0.7 1.4 0.7 1.00 1.2 0.5 0.71 0.9 0.2 0.29
5 H 05 0.7 1.4 0.7 1.00 1.2 0.5 0.71 0.9 0.2 0.29
5 H 06 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
5 H 071} 0.6 1.4 0.8 1.33 1.2 0.6 1.00 0.9 0.3 0.50
5 H 08 i 0.7 1.4 0.7 1.00 1.2 0.5 0.71 0.9 0.2 0.29
P 0.779 2 1.362 0 0.5792 1.024 6 0.2792 0.5185
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Tab.5 Statistical analysis table of annual frequency of waves below 0.7 m and 1.0 m recorded by Zhoushan buoy from 1999

to 2018
4y B (0.7 m) (0.7 m) B (1.0 m) B (1.0 m) SULI %
1999 254 0.196 503 0.389 1293
2000 240 0.122 475 0.242 1965
2001 167 0.169 278 0.281 990
2002 65 0.051 235 0.185 1273
2003 170 0.077 394 0.179 2207
2004 124 0.089 372 0.266 1397
2005 278 0.092 801 0.265 3021
2006 242 0.072 879 0.263 3344
2007 392 0.139 916 0.324 2827
2008 406 0.208 775 0.397 1953
2009 605 0.223 1140 0.421 2707
2010 1175 0.201 2133 0.365 5 844
2011 1205 0.135 2977 0.334 8920
2012 1013 0.115 2520 0.287 8 785
2013 1523 0.169 3088 0.343 8990
2014 2 056 0.226 4 004 0.440 9 094
2015 1515 0.171 3295 0.371 8871
2016 1957 0.230 3424 0.402 8512
2017 1859 0.205 3597 0.396 9082
2018 1401 0.156 2933 0.327 8956
Einay 16 647 0.166 34739 0.347 100 031

1+ 1999—2010 4 VR HREE J 45 H 84tk (02 A .05 it .08 it 11 i 14 A . 17 A .20 B 23 i)

®6 REXARNMESEHRBERE

Tab.6 Evalution table after setting the minimum sea wave height

B B/ NI 0.7 m

T e /m PTAR I B /m AL KR 2 Im SFAARRT R 22 /%
Y XR 2% Im SHIHINHR 2£/%
1.0~1.8 1.4 0.779 2 13620 0.675 0.939 8
0.8~1.6 1.2 0.579 2 1.024 6 0.475 0.662 7
0.6~1.2 0.9 0.279 2 0.518 5 0.175 0.2470

42 MWERBIE

TR UF R | B 0 IR UL o 2 — A, TR
LI 04 A A S LI A5 T A 1) /DN 9 L B M 1
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MR TRGMIE o £V F 555 K 5 G5 i it 1l
I (] — 10 DX PN A I e AN 2 e A 35 25 e, IREIRE L
I A3 B8 e RERB AR PIT R I8 X A 5200, K B P A 45
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it IX 1) 5 KU AR 15 8 (UL IR 3) DL R AR 1X 6 4~ 17
s 14 S 250 DAL TR Al ok T A 56 A 45 SR A A AL
Pk

B3 MG XU A 5 i s R 2
Fig.3 Schematic diagram of typhoon path and wave
measuring points
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Tab.7 Validation table of test availability

T oo 5 TR X 25 km 170 5 VORI DX B 5 Tkm
T o, SE AR X
SR TREEA R (0,100] (100,200] (200,300] (300,400] (0,100] (100,200]
HEURBC g 5T RN M A J—
Tpokm {28 pifm ho FuRIRLLE/M
21065 KYLII4M5 175 FEr 72192038 24 K 64187 61769 48159 42747 44153 36749
“JEAE” 5.4 2.3 0.8 1.1 05 0.9 1.3
Friliske 63 FHr 93199.54 17 K 567195 46756 407149 38751 407153 38751
45 3.9 1.0 0.9 1.3 1.3 1.3
FERRIEIE/T 190 A 61163148 12 2 75/58 56776 47164 41759 47160 377159
1.5 1.7 2.0 1.7 1.8 1.3 2.2
21145 KILI14M5 10 Z 64781032 38 K 48160 387151 347142 26734 30740 26734
“lF” 4.9 1.2 1.3 0.8 0.8 1.0 0.8
FHL4M6 50 IEfr 507187071 7 K 44154 36743 247139 22725 23139 217125
3.7 1.0 0.7 1.5 0.3 1.6 0.4
20045 FEERIEEST 10 % 46156138 16 fii 32744 21133 09723 07109 17125 07720
IR LLT 18 1.2 1.2 15 0.2 0.8 13
19175  D08/21 15 i 770140157 20 fi 89165 72184 48169 38748 42149 39745
mnr 3.7 2.4 1.2 2.1 1.0 0.8 0.6
KITH4M5 285 L] — — # 58766 54763 477157 44747 38145 357141
0.8 0.9 1.0 0.3 0.7 0.6
18085  iMIAIT 147 fmr 767110064 10 . 72159 35766 20731 20723 177123 19722
AT 49 2.2 31 11 0.3 0.6 0.3
BT 65 Fmr 887146146 10 i 73190 46763 26747 24730 22726 23730
10.0 1.7 1.7 2.1 0.6 0.4 0.7
QA n%ﬁ)&

4 201949 A 21—22 H D08 77 bx K (BALE) R [a] 5 3%
fe (2120 L 1#
Fig.4 Wind speed (black line), wind direction and wave height

(red line) of D08 buoy on September 21—22, 2019
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SN 1] F e KA R = 12.2 mo 3 TRARER T
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kg 3 ) 3 VI8 v A LI DA A 1) e e 1 5 o

7 H 10 H 07 B, 2R TR 98 9 o & X 12 17k
{1 v TR 45 5 . E' 3.5~5.5m N4+ 1 6.0~9.0m,
HRAE A B DA RN, 7E 3 AV BRI 5 Hh e U A
{8, R B2 SR WAL T B TRk g 45 R (W3R 8) .
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Tab.8 Sea wave forecast checklist during 2018-07-10 09:00 and 2018-07-11 08:00:00

S R /m BHE bR AR TETEAR AiE
1] BHE mRM Tl ;;;m daxt AR et MIXE ek MIXE dxE e
bR AR E2 WEm WEM BEEm o REE% BB EM EEm o RE%

10 H 091 2.8 2.3 1.9 45 1.7 0.61 2.2 0.96 2.6 137 1.7 0.61
10 H 101} 2.6 2.0 1.8 45 1.9 0.73 25 1.25 2.7 1.50 1.9 0.73
10 H 1110 3.0 2.2 2.0 45 1.5 0.50 23 1.05 25 1.25 1.5 0.50
10 H 121} 4.1 2.2 2.0 45 0.4 0.10 23 1.05 25 1.25 0.4 0.10
10 H 1310 4.4 2.6 2.2 45 0.1 0.02 1.9 0.73 2.3 1.05 0.1 0.02
10 H 141 4.5 3.1 3.0 75 1.9 0.34 23 0.44 3.7 0.97 1.9 0.34
10 H 150} 4.6 3.8 3.0 7.5 1.9 0.34 2.3 0.44 3.7 0.97 1.9 0.34
10 H 16} 5.4 4.3 3.4 7.5 1.9 0.34 23 0.44 3.7 0.97 1.9 0.34
10 H 171} 5.6 5.2 3.8 75 1.9 0.34 23 0.44 3.7 0.97 1.9 0.34
10 H 181 6.3 6.6 4.6 75 12 0.19 0.9 0.14 2.9 0.63 0.9 0.14
10 H 190 7.3 5.2 4.2 75 0.2 0.03 2.3 0.44 33 0.79 0.2 0.03
10 H 201 7.4 72 4.7 7.5 0.1 0.01 0.3 0.04 2.8 0.60 0.1 0.01
10 H 211 8.2 6.1 5.1 7.5 0.7 0.09 1.4 0.23 2.4 0.47 0.7 0.09
10 H 221 8.4 6.6 5.1 7.5 0.9 0.11 0.9 0.14 2.4 0.47 0.9 0.11
10 H 231 8.8 7.6 5.5 75 1.3 0.15 0.1 0.01 2.0 0.36 0.1 0.01
11 H 00 10.0 7.7 6.5 7.5 2.5 0.25 0.2 0.03 1.0 0.15 0.2 0.03
11 H o1 14.6 7.7 7.2 7.5 7.1 0.49 0.2 0.03 0.3 0.04 0.2 0.03
11 H 021 12.7 9.2 7.7 75 5.2 0.41 1.7 0.18 0.2 0.03 0.2 0.03
11 H 031 11.5 8.7 103 75 4.0 0.35 1.2 0.14 2.8 0.27 1.2 0.14
11 H 041f 9.1 10.3 119 75 1.6 0.18 2.8 0.27 4.4 0.37 1.6 0.18
11 H 051 7.7 9.1 122 75 0.2 0.03 1.6 0.18 4.7 0.39 0.2 0.03
11 H 061 7.2 8.3 9.9 75 0.3 0.04 0.8 0.10 2.4 0.24 0.3 0.04
11 H o071 6.1 7.1 8.9 75 1.4 0.23 0.4 0.06 1.4 0.16 0.4 0.06
11 H 08t} 5.3 7.3 9.0 75 2.2 0.42 0.2 0.03 15 0.17 0.2 0.03
PR 2 1.8 0.26 1.48 0.37 2.58 0.64 0.86 0.18
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Fig.5 Buoy-recorded effective wave height in the 7th Sea
Area in July 10—12, 2018
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Tab.9 Evalution and assessment results of conventional
wave forecast in sea areas 5 and 9 of the East China Sea in
2009 (after improving the rules)

6 46185 [X. W TR m B I A RHR 2 /%
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91X 0.91 0.25
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Tab.10 Evalution and assessment results of conventional
wave forecast of the East China Sea forecast and disaster
reduction center from 2015 to 2018
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Study on guantitative test and evaluation method of conventional sea wave
forecasts

LIANG Yingyu, XU Lili, XU Tingting, YAO Shengkang’, YU Yun, GAO Hai, MA Weijun
(East China Sea Forecasting and Disaster Reduction Center, Ministry of Natural Resources, Shanghai 200136, China)

Abstract: The content of conventional sea wave forecasts is a paragraph of text, and it is impossible to validate
the forecasts using observational values. On the basis of broadly investigation of sea wave forecasting products
released by national ocean prediction centers, this paper introduces a processing rule for the conventional sea
wave forecasts and its verification and evaluation methods after applying test and validation repeatedly to the
forecasting results against the observational values provided by the East China Sea Forecasting and Disaster
Reduction Center, Ministry of Natural Resources. Through the discussion and demonstration of the existing
problems, the key technical difficulties in the quantitative verification and evaluation have been settled, such as
setting of the minimum sea wave height value, relationship between the observational location and the forecasting
area, and selection of multi-point observational values in an area. The rationality and applicability of the
verification and evaluation rules have been improved.

Key words: marine environmental forecasts; wave forecasts quality; verification and evaluation; quantitative



