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Estimation on the Distribution Function for Coastal Air Temperature
Data in Korean Coasts
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Abstract : Water temperature due to climate change can be estimated using the air temperature because the air and
water temperatures are closely related and the water temperatures have been widely used as the indicators of the
environmental and ecological changes. It is highly necessary to estimate the frequency distribution of the air and
water temperatures, for the climate change derives the change of the coastal water temperatures. In this study, the
distribution function of the air temperatures is estimated by using the long-term coastal air temperature data sets in
Korea. The candidate distribution function is the bi-modal distribution function used in the previous studies, such as
Cho et al.(2003) on tidal elevation data and Jeong et al.(2013) on the coastal water temperature data. The parameters
of the function are optimally estimated based on the least square method. It shows that the optimal parameters are
highly correlated to the basic statistical informations, such as mean, standard deviation, and skewness coefficient.
The RMS error of the parameter estimation using statistical information ranges is about 5 %. In addition, the bi-
modal distribution fits good to the overall frequency pattern of the air temperature. However, it can be regarded as
the limitations that the distribution shows some mismatch with the rapid decreasing pattern in the high-temperature
region and the some small peaks.

Keywords : Bi-modal distribution, frequency distribution, air temperature, water temperature, climate change,
environmental and ecological change indicators
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Table 1. Basic information of the meteorological stations of the air temperature data

Geographical coordinate

Recording Period

Location N, EY) End No of data Data coverage
Incheon 37°29' 126° 37' 1904.04.08 2014.03.18 40,155 98.78%
Gunsan 36° 00' 126° 45 1968.01.01 2014.07.13 16,996 100.0%
Mokpo 34° 49' 126° 23" 1906.01.01 2014.03.18 39,524 99.99%
Yeosu 34° 44' 127° 44 1942.03.01 2014.07.13 26,068 100.0%
Busan 35° 06' 129° 02 1904.04.08 2014.03.18 40,156 100.0%
Pohang 36° 02' 129° 23" 1949.01.01 2014.03.18 23,818 99.35%
Gangneung 37° 45' 128° 53" 1912.01.01 2014.07.13 36,355 100.0%
Jeju 33°30' 126° 31" 1923.05.01 2014.03.18 33,195 100.0%
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Fig. 1. Time-series plot of the daily air-temperature data at each
station.
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Fig. 2. Flowchart of the air temperature data analysis.
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Table 2. Statistical information of the air temperature data in
Korean coastal areas

Location ~ Mean, 1 (°C) S.D., o(°C) Skewness,
Incheon 12.17 9.90 -0.24
Gunsan 12.86 9.54 -0.13
Mokpo 13.88 8.86 -0.13
Yeosu 14.34 8.42 -0.22
Busan 1471 8.17 -0.24
Pohang 14.27 8.83 -0.16
Gangneung 13.15 9.13 -0.15
Jeju 15.84 7.72 -0.02
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Fig. 3. Histograms of the air temperature data in Korean coastal areas.
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Table 3. Optimal parameters of the GMD(2) distribution functions
for the daily air temperature data

m(C) o(C)

No Location  a 1,(°C) o5(°C)

1 Incheon  0.572 5.063 7.526 0.428 21.747 4.173
2 Gunsan 0487 4373 5.724 0.513 21.343 5.103
3 Mokpo 0429 5.105 4.723 0.571 21.044 5.348
4 Yeosu 0.466 6.831 5389 0.534 21.287 4.620
5 Busan 0470 7.744 5495 0.530 21.146 4.572
6 Pohang  0.419 5.654 4.934 0.581 20.599 5.245
7 Gangneung 0.427 4.207 4.983 0.573 19.842 5.194
8 Jeju 0370 7.837 3.845 0.630 20.888 5.789
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T A=FE
4)E o] 43k et 9 Ak GMD #X3H2] Hjvl
AE Bdsk= HA Alrs FHE Ut o7
E/\é z‘sﬂ?é H (8x3) 6“%(047] 1 8= Xﬂ?ﬁ/] 7H/\
EA gk, B, 3 1A 283 et )e)H, vzl
4 P,E (8x6) WHAI71A, 6= ml7/IHG2] 7l5)0] =

4.4¥=/k Z4t GMD £ 7 g 42| MEH ==

rri ru

Al
A
?91
3=

2~
T

R

D
moJ

==

[e:



Sk A9k 7 eAkR e s 3 283
7] wiEell HA AP 2T AFAL C 2> (3x6) TR Ui A 9loy, a2 4o ag] FEelMe oAt A4 St
AG)# 2 ShiL 1 A A Yeha 9lS & 5 glek 53]
B3 Ul AFARY G B 1 ARe] A

—0.0002 0.8141 —0.11300.0362 0.7235 0.2451 £33 A el 9o

C=| 0.0436 —0.7567 0.6425 0.0119 1.1691 0.2875 (%)

—0.4553 —7.4999 —7.6327 0.3914 -38174 5.8136

upebr] GMD ] w7 242t vha 22 4
(6)-= A 4= QlTh. 2] (6) 0= ARt wZiRS 423

=2
Apmo) BEFSoI ot o F4R A7 uphadel

L

o ATl eyt kte] V2R W SR Al

okt  Gaussian =33 (Gaussian Mixture Distribution,

Aol 7)2Ae BAYR AFPARRE F9517) E GMD) S AR nsle] 7l extne] S
o A4 HMAES o8 ASur BE AAsEol Fe = ulS Fgel Aow sergt, wak A2 F 54z
3l ik, et B wppEsee] BejAel eelRolst b Q) Wk, BRI, LR TE GMDER) IR b
sl ek WS APele] 71 ARY) MEREE 25 2L )
Wkl /P Y241 RMS 237} 5% =R 5
a; =-0.0002+0.04360—-0.4553 y 2 e o] g3t A7el 943 UXE Kol1 gr) B A
= 0.8141-0.7567 5~ 7.4999 & 4717be) )& A8} Qe A, B4 A Tle Aw
01 = ~0.11304+0.64250-7.6327y o) Fat, BEWA 122 HREE o83 V) BEF
o = 0.03624+0.01190+03914y ©) &2 dskm Yeel 295k o B8 5 Aok Ea
fy = 0.73254+1.1691 0—3.8174 B717ke] 718 HEFS Wa} RS stetstol Bt 7]Lut
0, = 02451 4+0.2875 0+ 5.8136 7 < o8t 715} PAlo] oe) NIERES o]g3t 7]
Fls) PN E Folo] wo} sy AEe e
A 2 (6)°1M A== AT (@), ) TR vizid 7Fed Z o % gk
TE o83t FAE = Q= 2] AlA(Ko et al., 2013)%]°] A, 2 Aol A] AIQHeE Gaussian SR $H FEj7)
9lorw, 7 g olgsle] FHT S Tk Ko etal013)  71eAkRe] MERE g5oli] 5 P Aol 59 2
o] AAgE 215 olg38le] Vs AlEE Antehs g, T Al 72 Holal Qlon, o] malef sdshs FtellM= Al
FAYEI} A = 0w oy glet, o] WolX 11 et o] FE-L maj o] FHo] S5
F49 FEd e 7189 712zl $A4 g Rt el thete] v o v HEshs Ayt Ee
£ ol8alol 34 AEUT B vlEae] 0T BA sk U Ao AlRH) 53] AFY A, ThE B34
SJrkFig. 5 B2). 5 AR o 88 ABUE I B of ujglo] n& s} By Wil F1extze] BAH 4N
AT LR A (6 018 FBUE FFE ] 2 olgdlel FRUL P4E TS A9 SER T}
W v AT vhe A AASRe P ol Bes
. Incheon - Gunsan — Busan - Pohang
2 O Ovsened 4y 2 " = O Obsered 00 2 O Obsenved o_
%Z:: . Eﬂ‘mﬂ:ww%;wq’otoh% é 5 @%&)%Qg&@éwwgg %z:z + Esuma:am&&&@@@%gwa *CQi %Z: + Esu::am%@ $Q@+®+++++% H
JPE 8 . ' OC G L 00 g S S, N
Air Temperature (° C) Air Temperature (° C) Air Temperature (° C) Air Temperature (° C)
% .u: o il u“” i * *ﬂ x % i ¥ g *»**« g D; =% i :* % ! § B gyl
2. * 2 ohsgpueteaton Tt s % R Bt : KA NE AL i F 2. *v++******4f** Wina 145*31
ﬁ 15 £ o 0 E: 3 r 5 e o o 015 P é'ﬂ.sm 3 w; [N R S ﬁ %% 0 & 0 % @ > m*zs
Air Temperature (° C) Air Temperature (° C) Air Temperature (° C) Air Temperature (° C)
(a) Incheon (b) Gunsan (e) Busan (f) Pohang
— Mokpo i Yeosu — Gangneung — Jeju
E oo, - EE--TH e % o2 % on P
o oS I I B e 4 0 i 0 O .
=4 3 4 e % g 5
8 o i Smewt o8 3 i e BT e e
Air Temperature (° C) Air Temperature (° C) Air Temperature (° C) Air Temperature (° C)
g, g g w €5
2 E . ** Eus * B g p p‘*wﬂl”ﬁ*
é o *va*ﬁ»* Y ** % g R I i = é " **ﬁ**»*** ‘ﬁﬂ *x ¥t é ; *hr**—*“‘-*‘:'f* * -
E K 5 F R TR E R 0 5 0 15 20 2% W g M50 s 0 5 1w B 2 3 W E 5 [] 5 10 15 2 FE] E3
Air Temperature (° C) Air Temperature (° C) Air Temperature (° C) Air Temperature (° C)
(c) Mokpo (d) Yeosu (g) Gangneung (h) Jeju

Fig. 5. Comparison plots of the frequency distribution and difference error.
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