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Distribution and Trend Analysis of the Significant Wave Heights Using KMA

KMAS} ECMWF A8% 0] 83 odeh felvlae] B3 g Ay

and ECMWF Data Sets in the Coastal Seas, Korea

_—]7_%_%;,]* . /\-]7'::}/:]****
Dong Hui Ko*, Shin Taek Jeong**, Hong Yeon Cho*** and Kyoung Sik Seo****

;ﬁﬂ“/_‘,’** . }_:g_q:_]*** .

Q XAt 9P kX W], dEY] Az, AldTRES AAl Sl ARAJA FFE v|A|
= i F23 Qxjoln), HT 7 $HEtE Q13 wEeg o] Wl dPdE I ol e, 7S ARE o)%
3 g&ggg o] Aol QFELh B AP S Qo ol AFEAE, A%, AT, v, 28, &
TE) B Rolis ARE o|gsto] A7) WS Al WA, = 71 dir el #5 A
£ oldHE AABH] $18 Rosner RS AME3ICH, o]F ECMWF A4 A5.9} glojd AIhtas 43
shTh 1 A3, a7 o)t ECMWE #Fa7Ee] 24 /d-2 0.849~0.938% LFERG T ki, wl-id 7 HS o]
Sato] Ao AT kS AESGIeH O Ay, YR, AR, AT AL HEo] e AR
B ARk, v, 23, &5 % AL Tk AES 2

S#AME0] : F4u, dlF7]7d-0], Rosner W, ECMWF, ¥ o} Az, - A |

Abstract : The coastal wave environment is a very important factor that directly affects the change of coastal
topography, the habitat of marine life, and the design of offshore structures. In recent years, changes in the wave
environment due to climate change are expected, and a trend analysis of the wave environment using available data
sets is required. In this paper, significant wave heights which are measured at six ocean buoys (Deokjeokdo,
Oeyeondo, Chibaldo, Marado, Pohang, Ullengdo) have been used to analyze long-term trend of normal waves. In
advance, the outlier of measured data by Korea Meteorological Administration have been removed using Rosner
test. And Pearson correlation analysis between the measured data and ECMWF reanalysis data has been conducted.
As a results, correlation coefficient between two data were 0.849~0.938. Meanwhile, Mann-Kendall test has been
used to analyze the long-term trend of normal waves. As a results, it was found that there were no trend at
Deokjeokdo, Oeyeondo and Chibaldo. However, Marado, Pohang and Ullengdo showed an increasing tendency.
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Fig. 1. Time series plot of the significant wave heights including a level shift before and after the time at vertical solid red line.
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Fig. 2. Location map of KMA floating buoy.
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Table 1. Information of floating buoy operated by KMA
Stations Measuring Analyzed Location Observation Monitoring
start date data period (Lat/Long) parameters interval
Deokjeokdo 1996.07 1997.01.01.~ 37 014 /33 /,N/
D)) 2015.12.31 126° 01’ 20" E
Oeyeondo 2009.11 2010.01.01.~ 36° 15" 00" N/
(0Y) ’ 2015.12.31 125° 45" 00" E Wave height (significant,
Chlibaldo 1996.07 1997.01.01.~ 34° 47 36" N/ maximum, average),
(CB) ' 2015.12.31 125° 46' 37" E _ Wave period, wave
PR — direction, wind direction, 1 hour
Pohang 2008.11 2009.01.01.~ 36 o21 ,00 "N/ wind speed, atmosphere,
(PH) 2015.12.31 129° 47' 00" E humidity, air temperature,
Marado 2008.11 2009.01.01.~ 33° 05" 00" N/ water temperature
(MR) : 2015.12.31 126> 02' 00" E
Ullengdo 2011.12 2012.01.01.~ 37° 27" 20" N/
(UL) : 2015.12.31 131° 06’ 52" E
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Fig. 4. Information of ECMWF observation system (ECMWE, 2016).
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Table 2. Introduction of measured data specification at six stations
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Station Compared data period The No. of measured data The No. of outlier data Outlier rate (%)
Deokjeokdo 1997.01~2015.12 23,460 322 1.37
Oeyeondo 2010.01~2015.12 7,875 32 0.41
Chlibaldo 1997.01~2015.12 24,745 140 0.57
Marado 2009.01~2015.12 8,623 34 0.39
Pohang 2009.01~2015.12 9,595 26 0.27
Ullengdo 2012.01~2015.12 5,628 21 0.37
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Fig. 5. Before and after elimination of outlier data on significant wave height at six stations.
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Table 3. The results of correlation analysis

Correlation of

95% confidence interval

Station .

coefficient Lower Upper
Deokjeokdo 0.849 0.845 0.853
Oeyeondo 0.938 0.935 0.940
Chlibaldo 0.891 0.888 0.893
Marado 0.936 0.933 0.938
Pohang 0.865 0.860 0.870
Ullengdo 0.927 0.923 0.930
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Table 4. The results of estimated parameters and RMSE

Distribution Parameters Deokjeokdo Oeyeondo Chlibaldo Marado Pohang Ullengdo
B (shape) 1.603 1.521 1.637 1.811 1.771 1.648
Weibull a (scale) 0.412 0.913 1.010 1.437 0.850 1.445
RMSE 0.255 0.169 0.132 0.079 0.111 0.102
a, (scale) -1.216 —-0.429 -0.301 0.082 -0.459 0.052
Log-normal B, (shape) 0.659 0.664 0.612 0.554 0.603 0.633
RMSE 0.095 0.093 0.050 0.027 0.044 0.069
X, (location) 0.234 0.504 0.595 0.883 0.527 0.847
GEV o (scale) 0.142 0.300 0.319 0.445 0.297 0.493
B (shape) 0.314 0.371 0.321 0.252 0.161 0.267
RMSE 0.109 0.075 0.037 0.023 0.053 0.073
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Fig. 7. Long-term trend analysis of monthly averaged significant wave height.



Table 5. The results of long-term trend analysis
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Significant wave height

Station Mann-Kendall test Linear regression analysis
z-Value p-Value Gradient Confidence interval (lower/upper)

Deokjeokdo —-0.193 0.85 -0.00001 —0.0001/0.0001

Oeyeondo 0.140 0.89 -0.00002 —0.0002/0.0002

Chlibaldo 1.590 0.11 0.00004 —0.0002/0.0002

Marado 5.690 0.00 0.00035 0.0001/0.0006

Pohang 7.834 0.00 0.00034 0.0002/0.0005

Ullengdo 5.743 0.00 0.00035 0.000004/0.0007
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