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A Study on the Predictability of Eastern Winter Storm Waves
Using Operational Wind Forecasts of KMA
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Abstract : The predictability of winter storm waves using KMA’s operational wind forecasts has been studied to
predict wind waves and swells in the East coast of Korea using SWAN. The nested model were employed along the
East coast of Korea to simulate the wave transformation in the coastal area and wave dissipation term of
whitecapping is optimized to improve swell prediction accuracy. In this study, KMA’s operational meteorological
models (RDAPS and LDAPS) are used as input wind fields. In order to evaluate model accuracy, we also simulate
wind waves and swells using ECMWF reanalysis and KIOST WRF wind and they are compared with the KMA’s
operational wave model and the wave measurement data on the offshore and onshore stations. As a result, it has the
lowest RMSE and the highest correlation coefficient in the onshore when the input wind fields are KMA’s
operational meteorological forecasts. In the offshore, all of the simulate results shows good agreements with similar
error statistics. It means that it is very feasible to use SWAN model with the modified whitecapping factor and
KMA’s operational meteorological forecasts for predicting the wind waves and swells in the East coast of Korea.

Keywords : wind waves and swells, SWAN, whitecapping, KMA operational meteorological forecasts, model skill
assessment, East Sea
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Table 1. Numerical and physics parameters except for default setting
Parameters Contents

Frequency space
Directional space
Integration time step
Bottom friction
Accuracy

48 bins of 7.5 deg

41 bins from 0.03 to 1.5 Hz (0.67 s - 33.33 s)

A fixed time step of 20 min is applied
JONSWAP formulation with 0.038 m’s™: as recommended by Zijlema et al. (2012)
Less than 1% in H, and T, at 99% with a maximum of 99 iterations per time step
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Fig. 1. (2) Model domains of the numerical model for two-stage nesting procedure: (white) overall model and (red) Coastal model domains

(b) bottom topography of coastal model.
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Fig. 2. Outline of the domains of the LDAPS and RDAPS models.
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Fig. 3. Location of wave and wind measurement sites.
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Table 2. Coordinates and water depth of the wave and wind measurement site

Sites Longitude Latitude Water depth Agency Used items
EO1 131.540 38.001 Deep water (=900 m) KHOA Wave, Wind
DH 130.000 37.533 Deep water (= 1,500 m) KMA Wave
UL 131.100 37.450 Deep water (= 2,100 m) KMA Wind
SC 129.219 37.410 =18.7m KIOST Wave
W] 129.416 37.079 =259m KIOST Wave
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Fig. 4. Comparisons between the observed and the modeled of (a) wind speed (u,,) and (b) wind direction (u,,) of the ECWMF, WRE,

RDAPS and LDAPS model prediction at DH, UL and EO1.

Table 3. Root-Mean-Square-Error (RMSE) of wind speed and wind direction for the ECMWE, WRF, RDAPS and LDAPS wind predictions

at UL and EO1 observation stations

. uyy (m/s) Ugjy (o)
Location
RDAPS LDAPS WRF ECMWF RDAPS LDAPS WRF ECMWF
UL 53 52 5.6 91 93 98 90
EO01 53 54 5.1 92 88 83 85
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Fig. 5. Comparisons between the observed and the modeled of (a) significant wave height (Hs) and (b) peak wave periods (Tp) of the SWAN-
ECWME, SWAN-WRF and SWAN-RDAPS model prediction at SC, WJ, DH and EO1.
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Fig. 6. Comparisons between the observed and the modeled of (a) significant wave height (Hs) and (b) peak wave periods (Tp) of the SWAN-
RDAPS, SWAN-LDAPS and KMA-WW3 model prediction at SC, WJ, DH and EO1.
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Table 4. Error statistics of the SWAN-RDAPS, SWAN-LDAPS, SWAN-WRF, SWAN-ECMWF and KMA-WW3 wave predictions for SC,
WIJ, DH and EO01’s observation stations that the measured significant wave height is greater than or equal to 1 meter

Wave H, (m) T, (s) MWD (°)

modeling Location - - -

case n x bias RMSE SI R P x bias RMSE SI R p x bias RMSE SI p
SC 366 195 -0.04 029 14 098 094 88 03 1.0 10 1.03 087 44 -8 11 5 0.88

RDAPS wiJ 378 2.05 -024 042 17 088 092 9.1 -02 05 5 098 096 43 -1 8 6 0.65
DH 560 232 -027 057 22 088 091 73 10 15 15 1.13 082 4 21 61 7 043
EO1 593 249 001 034 14 1.01 097 72 10 13 12 1.15 092 15 -2 27 6 0.80
SC 366 195 006 032 16 1.04 094 88 05 1.1 11 1.05 0.86 44 -10 14 5 0.86

LDAPS wiJ 378 2.05 -0.14 040 18 093 091 9.1 00 06 7 1.00 095 43 -3 8 6 0.62
DH 560 232 -0.19 053 21 093 092 73 11 16 16 1.14 082 4 17 61 7 041
EO1 593 249 012 041 16 1.06 096 72 11 14 11 1116 093 15 -5 25 6 0.80
SC 366 195 015 041 20 1.06 089 88 06 14 14 1.07 078 44 -8 13 6 0.80

WRF WwiJ 378 2.05 -0.04 050 24 09 08 91 01 1.0 10 1.02 088 43 -1 10 7 051
DH 560 232 009 073 31 1.03 083 73 13 1.8 18 1.17 075 4 18 61 7 039
EO1 593 249 027 063 23 1.12 092 72 12 15 13 1.17 088 15 -7 38 7 0.71
SC 366 195 -028 047 20 0.86 089 88 03 1.1 11 097 083 44 -7 12 6 0.79

ECMWF WwiJ 378 2.05 -044 0.67 25 0.78 083 9.1 -08 12 10 092 0.88 43 1 11 6 0.50
DH 560 232 -047 083 30 0.81 083 73 03 13 17 1.04 077 4 18 62 8 039
EO1 593 249 -034 0.65 22 0.89 09 72 03 09 11 105 089 15 -5 30 6 0.72
SC 366 195 009 042 21 1.05 089 88 -12 14 9 087 091 44 4 9 5 0.90

KMA-WW3 WwiJ 378 2.05 001 047 23 1.01 087 9.1 -13 15 7 085 094 43 3 8 6 0.67
DH 560 232 -0.15 0.60 25 092 088 73 08 12 14 0.89 083 4 20 61 6 044
EO1 593 249 0.11 052 20 1.03 092 72 -06 09 10 091 095 15 -5 27 7 0.79

A3 Table 40 YERHSITE. o714, $A] 2412 A5A15 Bias: y - X ®)

ZIEOE o9kl 1 m o] AFHE B9-5 o= Root-Mean-Square Error:

sig0m, ol SFNUAT g Bl WS FA R 6 —

1 = _ AN E[i—Y) - (i = X)]

9ol oabe BARAeA Aeleto], Uea wokeA] er RMSE= = (©)

wolAnkE wrh QA vl - A7) dgolt B o 1 :

FoAA AbEeE el BARE Aihoias, BT ATE 94 Scater Indow: 57— L2019 = (4= 0] )

X
(RMSE, Root-Mean-Square-Error), AFF *|<=(SI, Scatter
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Bar graph of the root-mean-square-error (RMSE) of the wave model results (Hs and Tp) that the measured significant wave height

is greater than or equal to 1 meter during simulated period (2015.11.16~2015.12.15).
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