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Estimation of Probability Density Function of Tidal Elevation Data
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Abstract : Double-peak normal distribution function was suggested as the probability density function of the
tidal elevation data in Korean coastal zone. Frequency distribution analysis was carried out using hourly tidal
elevation data of the ten tidal gauging stations, i.e., Incheon, Kunsan, Mokpo, Cheju, Yeosu, Masan, Gadeokdo,
Pusan, Pohang, and Sokcho which were served through the Internet Homepage by the National Ocean Research
Institute. Based on the RMS error and R value comparison analysis, it was found that this suggested function as
the probability density function of the tidal elevation data was found to be more appropriate than the normal
distribution function. The parameters of the double-peak function were estimated optimally using Levenberg-
Marquardt method which was modified from the Newton method. The estimated parameters were highly
correlated with the non-tidal constants of the tidal gauging stations.

Keywords : tidal elevation data, probability density function, double-peak normal distribution, parameter
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Table 1. Frequency distribution of the wave height, tidal elevation and wind velocity

Distribution Fn.

Ttems Initial variate distribution Extreme distribution Joint PDF Items
Wave height Rayleigh, B-Rayleigh Gumbel, Weibull etc. Wave direction, Wave period
Tidal elevation (Water level) - Gumbel, Weibull etc. Tidal currents

Wind velocity Gaussian (Normal) Gumbel, Log-Pearson III etc. Wind direction
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Table 2. Tidal elevation data and periods of the tidal stations
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Gauging stations Periods (Tidal and Non-tidal constants) Data Download periods (Frequency distribution)
Incheon 1975-06-01 ~ 1977-06-01 1999-06-01 ~ 2001-06-01
Kunsan 1996-01-01 ~ 1998-12-31 1996-01-01 ~ 1998-12-31
Mokpo 1999-01-01 ~ 2002-12-31 1999-01-01 ~ 2002-12-31
Cheju 1973-01-01 ~ 1976-01-01 1973-01-01 ~ 1976-01-01
Yeosu 1983-01-01 ~ 1984-12-31 1983-01-01 ~ 1984-12-31
Masan 2003-01-01 ~ 2003-12-31 2003-01-01 ~ 2003-12-31

Gadeokdo 1976-01-01 ~ 1979-01-01 1977-01-01 ~ 1980-01-01
Pusan 1974-01-01 ~ 1975-01-01 1974-01-01 ~ 1975-01-01
Pohang 1973-01-01 ~ 1975-12-31 1973-01-01 ~ 1975-12-31
Sokcho 1974-01-01 ~ 1976-01-01 1974-01-01 ~ 1976-01-01




154

Frequency Distribution of Hourly Tidal Elevations (Incheon)
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Frequency Distribution of Hourly Tidal Elevations (Kunsan)
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Fig. 1. Frequency diagram of the Tidal elevation data.
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Frequency Distribution of Hourly Tidal Elevations (Gadeokdo)
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Frequency Distribution of Hourly Tidal Elevations (Pohang)
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Frequency Distribution of Hourly Tidal Elevations (Pusan)
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Fig. 1. Continued.
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Table 3. Values of the parameters, RMS errors and R?

(a) Gaussian distribution function

vi7i=
o} 297 FELUEYSTe
4831 P48 2342 ARs FYEHeH, &
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BT @AANFDE 2

7] iR S o] 88t v @Ale) vz

Gauging stations U (cm) o (cm) RMS error R’
Incheon 8.77 271.85 0.0738 0.7892
Kunsan -145 224.42 0.0867 0.7339
Mokpo 10.42 129.69 0.0511 0.9293

Cheju 245 66.54 0.0302 0.9901
Yeosu -0.72 90.68 0.0372 09714
Masan 0.00 53.66 0.0308 0.9869
Gadeokdo 023 56.87 0.0450 0.9683
Pusan -0.58 37.71 0.0332 0.9750
Pohang -0.90 11.73 0.0240 0.9907
Sokcho -0.39 13.41 0.0132 0.9972
(b) Double-peak normal distribution function (Suggested)

Gauging stations 4, (cm) i, (cm) o, {cm) g, (cm) RMS error R’
Incheon -187.71 193.26 144.03 134.23 0.0157 0.9857
Kunsan -159.09 159.42 105.93 108.8 0.0130 0.9902
Mokpo -88.91 87.17 88.60 70.78 0.0091 0.9973
Cheju -43.01 42.81 47.25 42.73 0.0075 0.9995
Yeosu -60.04 59.90 57.21 58.43 0.0072 0.9984
Masan -34.67 35.40 35.00 35.40 0.0055 0.9994

Gadeokdo -38.63 37.93 36.09 35.03 0.0214 0.9871
Pusan -24.51 2492 23.98 2525 0.0106 0.9959
Pohang -6.89 6.15 8.79 9.95 0.0172 0.9940
Sokcho -7.21 7.02 10.67 11.33 0.0079 0.9984
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Table 4. Non-tidal constants of the tidal gauging stations

. . HWOST LWOST HWONT LWONT  Spring Range Neap Range Mean Range
Gauging stations
(cm) (cm) (cm) (cm) (cm) (cm) (cm)

Incheon 393.62 -393.62 175.44 -175.44 784.24 350.88 569.06
Kunsan 312.06 -312.06 140.78 -140.78 624.12 281.56 452.84
Mokpo 188.94 -188.94 93.26 -93.26 377.84 186.52 282.18
Cheju 99.27 -99.27 40.19 -40.19 198.54 80.38 139.46
Yeosu 143.76 -143.76 53.24 -53.24 287.52 106.48 197.00
Masan 85.87 -85.87 30.61 -30.61 171.74 61.22 116.48
Gadeokdo 82.97 -82.97 3041 -30.41 165.94 60.82 113.38
Pusan 58.81 -58.81 21.09 -21.09 117.62 42.18 79.9
Pohang 3.79 -3.79 2.37 -2.37 7.58 4.74 6.16
Sokcho 9.61 -9.61 4.61 -4.61 19.22 9.22 1422

*HWONT, LWONT, HWOST, LWOST (Datum: Mean Sea Level)
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Table A. 29 FEACFFY 34 AEFETHZANA AGd A2

xS #; (em) 1, (cm) o, (cm) 0, (cm) REEEFE R’
HEE -53.27 54.27 51.76 52.29 2001.1.1-2003.12.31 0.9964
I -6.725 6.009 9.57 8.72 2003.1.1-2004. 5.31 0.9984
e -185.54 194.85 153.67 14507 2001.1.1-2003.12.31 0.9882
29 -46.48 46.46 4538 45.64 2001.1.1-2003.12.31 0.9988
IR A -66.01 72.88 56.82 56.64 2001.1.1-2003.12.31 0.9823
kel -144.84 14745 107.35 108.90 2001.1.1-2003.12.31 0.9959
B -146.11 163.58 11671 114.33 2001.1.1-2003.12.31 0.9711
E3 -7.84 8.06 10.04 12.07 2001.1.1-2003.12.31 0.9947
Uy -174.57 175.79 134.44 128.53 2002.1.1-2003.12.31 0.9937
AF -136.82 14452 108.54 10275 2001.1.1-2003.12.31 0.9855
Rk -44.59 45.07 50.19 47.65 2001.1.1-2003.12.31 0.9986
3% -13147 133.97 98.94 103.82 2002.1.1-2004.5.31 0.9952
gz -62.93 63.43 61.29 60.26 2001.1.1-2003.12.31 0.9987
22T -12.798 12.648 10.506 12.185 2001.1.1-2003.12.31 0.9936
&3 -10.9 10.27 14.86 12.94 2001.1.1-2003.12.31 0.9984
= -125.84 137.34 97.71 100.53 1999.12.1-2002.11.30 0.9885
5 -191.61 211.48 172.92 150.31 2001.1.1-2003. 8.31 0.8703
LA ERE) -195.46 196.87 147.93 135.73 1997.3.1-1999.12.31 0.9902
FA= -53.43 53.86 54.42 48.74 2001.1.1-2003.12.31 0.9992

Table B. &A1) ol A} A2 ¥ 7240 w|Re) g

Gauging HWOST LWOST HWONT LWONT Spring Range  Neap Range  Mean Range
stations (cm) (cm) (cm) (cm) (cm) (cm) (cm)

AEE -129.84 -129.84 49.58 -49.58 259.68 99.16 179.42
e 522 522 2.98 2.98 10.44 5.96 8.20
g 397.99 -397.99 175.41 17541 795.98 350.82 573.40
549 116.60 -116.60 4254 4254 233.20 85.08 159.14
A 142.22 -14222 70.24 7024 284.44 140.48 21246
2HEEh 301.65 -301.65 138.57 -138.57 603.30 277.14 440.22
By 318.52 -318.52 140.26 -140.26 637.04 280.52 458.78
2% 9.26 926 462 462 18.52 9.24 13.88
ik 365.94 -365.94 157.90 -157.90 731.88 315.80 523.84
orE 292.12 -292.12 130.06 -130.06 584.24 260.12 422.18
AAE 110.76 -110.76 4236 4236 221.52 84.72 153.12
43 281.61 -281.61 126.85 -126.85 563.22 253.70 408.46
45 153.23 -153.23 60.99 -60.99 306.46 121.98 214.22
o 6.70 -6.70 3.40 -3.40 13.40 6.80 10.10
£ 2401 2401 8.49 -8.49 48.02 16.98 32.50
9= 271.38 27138 122.16 -122.16 542.76 24432 393.54
& 401.57 -401.57 175.59 -175.59 803.14 351.18 577.16
QIF (Er=) 393.62 -393.62 175.44 -175.44 787.24 350.88 569.06

FAE 122.65 -122.65 52.59 -52.59 245.30 105.18 175.24




