e}t - A S o] = A
A25AA1Z, pp. 11~19, 2013 2¥
http://dx.doi.org/10.9765/KSCOE.2013.25.1.11

e Qo e BRIP4
Estimation of Probability Distribution Functions for Water Temperature Data
in Korean Coasts
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Abstract : As the temperature data show a distribution pattern with a number of peaks, assumption of normal
distribution will result in a serious bias in the analysis. In this study, the Gaussian Mixture Distribution (GMD), a
type of bimodal distribution, is presumed as a frequency distribution for the water temperature, in order to estimate
the optimal parameter and to carry out the relation analysis between the optimal parameter and the basic statistical
information such as mean and variance on the data. By the way, an estimation formulae to compute the frequency
distribution of the data is developed by computing the parameters of GMD (i.e. o, 1, 0, &, 1b, 03) by means of
the major characteristic values, such as mean, standard deviation and skewness of the data. The formulae shows an
excellent coincidence with the result from the observation data, in the RMS limit accuracy of 5%.

Keywords : temperature data, normal distribution, Gaussian Mixture Distribution (GMD), frequency distribution,
estimation formulae

H o
o] Mges HES vl lom, 22 A, e, el & S, AAE MRl AR e ANE JEREEEY

a2 sl A28kt KORDI(1987)04 &= Alafete] SR AASHA Ak o] A9 FEU RS T Y

LA =2 T, Gk, AL T2 d5sto] 248 0] (1992)=
well, Fll, Melle] o 2 gl 20 A, 7], ] W

T ARk IR WkE- gl Ao MARel A4 3kE ekl
ARl G2 AL oler, Bgh 7] gte] ok 7] F5 alieh gl Anbraae] Aol AlFAd AAZIRI0l 4
3z Qleto] Qljke] & WSP7h ol g an Qe el f SEwA s 24 Y aidell wdt Av T Tast Akl
b ke TAE] Sais Al gk bRl o) o® Fhwa Qlvk @b g AlEA AAPdelA o
gk o] e s ofof gt A= T2 2HE A, 290, 72, Y TE =
FE ARk = Aol thet A= 0](1983)7F S 5 SATHEHTTART, 2000; =S| G-9} Felgtely e
EAF AMAXE, B, A, o, 24 B 2R T AT 9, 201D A AANS EEA AR B
[e] a E
=

*gdisly ERSGyety A3ty $4 FA7IEMNLEAT A 79 Y(Corresponding author: Shin Taek Jeong,
Department of Civil and Environmental Engineering, Wonkwang University, Jeonbuk 570-749, Korea. Tel: 063-850-6714, Fax: 063-
857-7204, stjeong@wku.ac.kr)

#+ 3kt sl ok vl sl 7] 49l 8l k2 B 9l T (Marine Environments and Conservation Research Division, Korea Institute of Ocean
Science and Technology, Seoul 425-600, Korea)
s okl sty d % - FWE 7/ 3 8- ¥ (Department of Ocean Civil Engineering, Mokpo National Maritime University, Jeonnam
530-729, Korea)
*axx 3705 4 % 817 3 7} IH(Environmental Impact Assessment Division, Han River Environmental Office, Ministry of Environment,
Gyeonggi-do 465-731, Korea)

11



12 B i T B . N B
TEE At A UH% A = 55 olsto] A X 7YY dAE SHE AR 2
% 52004y FREYARIN Algehs 2R TETTE FEY FEE AL Ak FEee] B
AR oz Aol et Aok AR FBUVETE T ARATYOE A7 Fsgon, Feaas )R
2 7}~ E8HE ¥ (Gaussian Mixture Distribution, GMD) Q1 AR fFdsh= Bt FAe] IAIE Aske] o]
E Akl 4 5 (2008)~ of Wl AAEN A 5 W, A RS o8] £ FERE AL
S sled YR WIS AT T GMD o= A Al
& Alkaralrt, ;Hi, % 5(2005y> =9 ARl A A
T QAGEE), B, o5, AL, e 2. 22 ASKE
AR A3l £919) WSS £ Easisla,
$2006) HBISF Q1A B, k) Axd S gk fedn sorEe A4 T 9
«l IARE 3HA 29 E o] 8ste] 3¢ =EARE M= HHT 71221 Abol7] wiiel thekst 71 4 st
S4& B8 @, = S(2010)2 7He EEEE F oM ¥ AARE Baekal Qv ey FRAR EEE T
T FHE WEE X9 tiste] 78w W Sk EA gab7] fleliMe IRt AnRve A7k AlRs Ee
T Agsle] TEE A AN B FUES S 2 3] uiel @ Ao WIS ARt e
ov], W B2 EIYFE o188 2T wBA F THAPERAM, TYLAAAA U5 ARE FRHOE 7
3L gt Edlo] S RERSE F45 1 ol g3t
& Aells S FERAR A Al T4 FHgahshe = ShbE A 3470 0] 2, VI &
Table 1. Information of the water temperature data around the Korean coasts
Gauging stations - - Data download periods Missing periods
Latitude Longitude
Incheon N 37° 27 07' E 126° 35' 32 1964~2010 1968
Ansan N 37°11' 31 E 126° 38' 50 2002~2010
Pyeongtaek N 36° 58' 01 E 126° 49' 22 1995~2008 1996~1998
Anheung N 36° 40' 25 E 126° 04' 55 1986~2010 1997
Boryeong N 3°24' 24 E 126° 29' 09 1985~2010
Janghang N 36° 00' 25 E 126° 41' 15 1964~2010 1968, 2003
Gunsan N 35° 58' 32 E 126° 33' 47 1980~2010
Wido N 35° 37" 05 E 126° 18' 06 1985~2010
Mokpo N 34° 46' 47 E 126° 22' 32 1964~2010 1968
Daeheuksando N 34° 41' 03 E 125° 26' 08 1965~2010 1968
Jindo N 34° 22' 40 E 126° 18' 31 2006~2010
Chujado N 33° 57" 43 E 126° 18' 01 1983~2010
Wando N 34° 18' 57 E 126° 45' 34 1983~2010
Geomundo N 34° 01' 43 E 127° 18' 27 1982~2010
Goheung N 34° 28' 51 E 127° 20' 33 2005~2010
Yeosu N 34° 44' 50 E 127° 45' 57 1965~2010 1968
Tongyeong N 34° 49' 40 E 128° 26' 05 1976~2010
Masan N 35° 12' 36 E 128° 35' 20 2003~2009
Geojaedo N 34° 48' 06 E 128° 41' 57 2006~2010
Gadeokdo N 35° 01' 27 E 128° 48' 39 1977~2010
Busan N 35° 05' 46 E 129° 02' 07 1964~2010 1968
Ulsan N 35°30' 06 E 129° 23' 13 1974~2010
Pohang N 36° 02' 50 E 129° 23' 02 1971~2010
Hupo N 36° 40' 39 E 129° 27' 11 2003~2010
Mukho N 37° 33' 01 E 129° 06' 59 1965~2010 1968
Sokcho N 38° 12' 25 E 129° 23' 57 1974~2010
Ulleungdo N 37°29' 29 E 130° 54' 49 1965~2010 1968, 1973
Jeju N 33°31' 39 E 126° 32' 35 1965~2010 1968
Moseulpo N 33°12' 52 E 126° 15' 04 2003~2010
Seogwipo N 33° 14' 24 E 126° 33' 42 1980~2010 1983, 1984
Sungsanpo N 33°28' 29 E 126° 55' 39 2003~2010
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Fig. 1. Histograms of Incheon water temperature data with different bin widths.
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Table 2. Characteristic value of water temperature data in Korean

coasts
Gauging stations mean, u (°C) s.d, o (°C) skewness, y
Incheon 13.52 8.28 —-0.08
Ansan 13.77 8.76 —0.14
Pyeongtaek 13.82 8.11 —-0.08
Anheung 12.96 6.50 0.14
Boryeong 15.31 7.54 0.03
Janghang 14.69 8.68 —-0.06
Gunsan 14.47 8.40 —0.06
Wido 13.93 7.34 0.04
Mokpo 15.08 7.45 —-0.06
Daeheuksando 13.47 5.65 0.31
Jindo 14.42 6.93 —0.16
Chujado 15.99 4.49 0.45
Wando 15.49 5.75 0.08
Geomundo 16.77 4.49 0.54
Goheung 15.61 7.61 -0.01
Yeosu 15.38 6.71 —0.11
Tongyeong 16.03 6.03 -0.07
Masan 15.60 6.89 —0.15
Geojaedo 17.06 4.36 0.52
Gadeokdo 16.10 5.52 0.12
Busan 16.17 474 0.32
Ulsan 16.16 5.05 —0.01
Pohang 14.99 5.62 0.15
Hupo 15.53 5.16 —0.01
Mukho 14.33 5.54 0.15
Sokcho 13.72 6.36 0.02
Ulleungdo 16.08 4.93 0.07
Jeju 17.35 4.60 0.33
Moseulpo 18.12 3.94 0.30
Seogwipo 18.39 3.84 0.29
Sungsanpo 17.68 4.69 0.29
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Fig. 3. Histograms of water temperature data in Korean coasts.
Table 3. Parameters of probability density function for water temperature data
No Gauging stations o 1 (°C) o, (°0) o 1 (°C) o, (°C)
1 Incheon 0.391 4.10 343 0.609 19.97 5.38
2 Ansan 0.539 5.98 6.06 0.461 2227 3.62
3 Pyeongtack 0.538 6.70 5.14 0.462 21.83 3.61
4 Anheung 0.331 5.78 2.04 0.669 16.89 5.59
5 Boryeong 0.379 6.99 3.00 0.621 20.69 5.50
6 Janghang 0.388 4.80 3.36 0.612 21.34 5.58
7 Gunsan 0.427 5.53 3.83 0.573 21.44 5.05
8 Wido 0.274 5.12 1.81 0.726 17.95 6.53
9 Mokpo 0.328 6.21 2.29 0.672 20.05 5.55
10 Daeheuksando 0.357 7.79 2.05 0.643 16.67 5.10
11 Jindo 0.396 9.33 2.87 0.604 19.50 5.18
12 Chujado 0.498 12.34 1.99 0.502 19.59 3.61
13 Wando 0.319 8.91 2.02 0.681 18.86 4.82
14 Geomundo 0.455 13.08 1.48 0.545 20.09 4.24
15 Goheung 0.475 8.18 3.82 0.525 2231 4.22
16 Yeosu 0.430 8.36 3.36 0.570 20.83 3.86
17 Tongyeong 0.374 9.16 2.62 0.626 20.26 4.05
18 Masan 0.303 6.81 2.30 0.697 19.97 5.00
19 Geojaedo 0.414 13.26 1.66 0.586 19.63 4.29
20 Gadeokdo 0.401 10.58 2.25 0.599 20.10 4.18
21 Busan 0.326 11.54 1.63 0.674 18.50 4.52
22 Ulsan 0.319 11.68 1.77 0.681 19.12 4.02
23 Pohang 0.499 10.09 2.81 0.501 19.96 3.61
24 Hupo 0.594 12.08 2.57 0.406 20.96 2.76
25 Mukho 0.535 9.97 291 0.465 19.51 3.38
26 Sokcho 0.532 8.54 3.70 0.468 19.69 3.56
27 Ulleungdo 0.364 10.86 2.19 0.636 19.21 3.82
28 Jeju 0.286 13.31 1.76 0.714 19.07 4.64
29 Moseulpo 0.460 14.67 1.54 0.540 21.27 2.94
30 Seogwipo 0.274 14.67 1.00 0.726 19.95 3.74
31 Sungsanpo 0.563 14.18 2.57 0.437 22.19 3.14
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Fig. 4. Comparisons of measured and predicted distribution for water temperature data.
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Fig. 5. Comparison plots of the probability density value and relative error.
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