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Nonlinear correlation analysis between air and water temperatures
in the coastal zone, Korea
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Abstract : In response to anthropogenic global warming due to a buildup greenhouse gas, the effect of the air
temperature on water temperature has been noticed. Therefore, efforts have been made to build an air/water
temperature relationship at three study regions using the data collected by the Ministry of the Maritime Affairs
and Fisheries (MOMAF). The air/water relationship varies with time-scale and weekly time-scale was chosen for
the study. The data were fitted to the S-shaped non-linear relationship, and the parameters for the S-curve were
derived using a single-criteria multi-parameter optimization scheme. Separate regression curves were fitted to
consider seasonal hysteresis at the Masan site. The study results support the S-shaped non-linear relationship is
the best fit for the air/water relationship at the Korean coastal zone. This study will contribute to determine the
future policy regarding water quality and ecosystem for the decision-driving organization.

Keywords : Air Temperature, Water Temperature, Non-linear correlation, Parameter, Global Warming
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Fig. 1. Air and Water Temperature Monitoring Stations in
Masan Bay (excerpt from “www.meps.go.kr™).

Fig. 2. Air and Water Temperature Monitoring Stations in Lake
Shihwa (excerpt from “www.meps.go.kr”).

Fig. 3. Air and Water Temperature Monitoring Stations in Nak-
dong River Estuary (excerpt from “www.meps.go.kr”).
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Table 1. Maximum and minimum values of water temperatures

due to the dailiy-, three-day-, weekly-, and monthly-
averaged data

Max. temperature ~ Min. temperature

o 4 3

sk AR Rl wEk 2 olgkS ZH2) 30.55, 30.43, 29.65,
26.87 °CE 2bolA|o], A7k 2.02, 2.57, 3.11, 5.06 °CE
AR BAS HolT Qti(Table 132). 3, BAEAS
Ast ARAFEA $71E 5 AR50 NFe it
o} 7123 29 AREE F7HE & Xo|
55 & YttFig 43x). WA, HEE 7

wE 2T MR

ot ke wet AR E-E 9 710 127 (=3A
a3 AghAA7 178 247175 ARyt Zol| = 2
& ehiH o)R& dukx ¢l 4oz wolSeix] 1 Qo)
(Pilgrim and Stefan, 1995).
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SEuEt Ak 7127 2.0 viAY AduTA 24 131
40 . 40 . —
r=0.98 r=0.97 J
5 30 ¢ 18 a0t e
S . %
Y P £ )
= =
5 20 1% 20} i
& . . . 5
g ¢ . a O /R
E 10f et 1§ 10} Y .
2z ke . ° g . 8 o var
< gL Y | § ol bt ]
A (a) S01 vs S02 (a) SO1 vs S02
-10 . . -10 - s -
-10 0 10 20 30 a0 -10 0 10 20 30 40
h} —_— 40 - —
r=0.97 r=0.96
S; 30+ " 1 éi 30 .
= 3. o .
é 20 . 18 20f . .
. . - L)
5 .o . 2 . Y AR
g 10} Al £ 10} < e
2 . e e .
= ot *e o ) » .
< o . . 18 of '
. (b) SC1 vs S03 (b) SO1 vs SO3
-0 £ . -10 - -
-10 0 10 20 30 40 -10 o 10 20 30 a0
40 . — 40 —
r=0.96 r=0.97 .
5 9} o 18 30r |
$ . d
b . @ 3
] t 5 .
Ezo. . .5 Al ~§20} Lot Lol .
g . 3 ™~ g I ‘*
§' 10+ L - 15 10} -, oF
s 30 2ol . & :
= ¢ ol ey * ]
< 0 AR 15 of b
c e (c) MO1 vs MO2 (c) MO1 vs MO2
-10 - -10 . - .
-10 0 10 20 30 40 -10 0 10 20 30 a0
Air temperature (°C) Water temperature (°C)

Fig. 5. Scatter plot of the air and water temperatures in Masan Bay and Lake Shihwa.
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SCE(Shuffled Complex Evolution) 712 Downhill Simplex
Algorithm(Nelder and Mead, 1965) & vlZ o2 3}
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Table 2. S-Model Parameters estimated by the SCE scheme i (Tyimi— Tobsi)2
Parameters o B ¥ B RMSE = ,|= 3)
sRHEI&YSA) | 2778 1610 0187 414 n-4
oPhE)LEA) 2475 11200 0221 450 e oro i L _
-84 3150 1444 031 0.00 A7V, Te &, WA AR obsi, simi= A7 2
357 3 3070 1517 0155 168 A, AXAE duiste, n2 AL AR JiE, W
T 4D bar(-) BAlE BFdg 9wlgtt
& Aol At v o2 P y|igg o] 83t NSC #8] gk 1=, 19 H2g 8 33 &=
23 S-EHG olglo] e ARG} BEAE 2SS Iu|sHH, RMS SAR= RJH A7 HERE
& TAER Fig 9of AXEATH BYE o] 85t 25 2 AL 58 23 A5} 2L AL on|die),
9 AGLE Hotslr] $5te] Nash-Sutcliffe coefficient of Ao g 712422 A1) S-23 —,J*@J/]-Q]- e A
Efficiency(NSC)(Nash and Sutcliffe, 1970) &=} RMS £ g FANE ol FHEHNE vudsl S W, AtE
22 2 (2), 3y olg-3k ArsSth NSC$t RMS 2.3} 257 vt Aol HAjakAl 7143191
o, Ag5 e} W5t 3 X]"**ﬂl*i” k7t ZHABIATE. 5
3 Kiimi—Kosi)” R, BPt Ao o FsIsRe) ojgate 19
NSC = I—Fl——; @ iR R oA R i R A g = -@’4 3ol AALE T}
Z, Kopsi=Kops) itk 8% -% 0] &3k 7= NSO/} 08882 % Z7HA)),
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Table 3. NSC and RMS Error of the Linear and Nonlinear Models

I Masan bay ] }
L
Classification Rising Timb Falling Timb ake Shihwa Nakdong Estuary
NSC S-curve model 0.888 0.929 0.917 0.967
Linear model 0.768 0.901 0910 0.960
RMSE S-f:urve model 2.518 1.765 2426 1.388
Linear model 3.629 2.077 2.520 1.532
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