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Correlation and Hysteresis Analysis between Air and Water Temperatures
in the Coastal Zone - Masan Bay
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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 and some efforts have been made to build an air/water
temperature relationship at the Masan Bay area by the Ministry of Maritime Affairs & Fisheries (MOMAF). As
a result of analyzing the auto- and cross-correlation coefficient between air/water temperature, high correlation
(~0.9) is shown and the correlation coefficient of air temperature is higher than that of water temperature at the
lag time less than approximately 10 days. Separate functions are fitted to the air/water relationship at the Masan
Bay to take hysteresis into account. The slopes of the straight line for the rising limb are 0.829 and 0.774 for
MA1 and MA2 station respectively, while 1.385 and 1.444 (~1.75 times larger) for the falling limb. Conse-
quently, the seasonal hysteresis should be considered in order to determine an air/water relationship and
accurately estimate the water temperature using the air temperature at Masan Bay.

Keywords : air temperature, water temperature, hysteresis, auto-correlation and cross-correlation function,
global warming, Masan Bay
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Fig. 1. Air and Water Temperature Monitoring Stations in
Masan Bay.
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Table 1. Missing Data Information of the MA1 and MA2 Stations
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Items Water Temperature Air Temperature

Stations MALI MA2 MAL1 MA2 KMA*
Data Numbers 1,096 1,096 1,096 1,096 1,096
Missing Data Numbers 127 28 40 0
Missing Data Percentage 11.6 11.8 2.6 3.7 0.0

*Korea Meteorological Agency (www.kma.go.kr), Masan Station
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Fig. 2. Data Plot of the Air and Water Temperatures in Masan
Bay.
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Table 2. Statistical Information of the Air and Water Temperature Data

Items Water Temperature Air Temperature

Stations MAL1 MA2 MAL1 MA2 KMA*
Mean 15.98 16.15 15.11 14.61 14.78
Standard Deviation 7.25 7.07 8.62 8.73 8.64

Maximum Value 28.07 29.02 32.01 30.36 30.90
Minimum Value -0.08 -0.82 -6.80 -6.99 -5.50
Range 28.15 29.84 38.81 37.35 36.40
95th-percentile Value 25.49 25.31 27.70 27.48 27.50
Sth-percentile Value 393 4.04 0.54 -0.08 0.20

5th~95th Precentile Range 21.56 21.27 27.16 27.56 27.30

*Korea Meteorological Agency (www.kma.go kr), Masan Station

R

[WT_MAZ] = 09601 [WT_MAT] + 0.85048, R = 0,965

o 250 -
< L=
E 2
£ @00 £
g =
@
3 -
15.0
= §
5 =
= 100 E
3 2
3 o0t x
0.0
50 | . . - - . . .
5.0 0.0 5.0 10.0 15.0 20.0 #5.0 30,0
MA1 Water Temperature (C)
(a) Water Temperatue Scatter Plot (MA1, MAZ2)
w0
[ATKMA] = 1.0016+[AT_MAT] - 0.3607. B* = 0.9843
0.0 f/
%0 .
g g
@ 200 =
E E
] =
5 150 H
=3 =3
E £
& o &
2 2
é 5.0 <
=
= =
0.0
5.0

50 0.0 5.0 10,0 150

MAL A Temperature (C)
(c) Air Temperature Scatter Plot (MA1, KMA)

20,0 25,0 30,0

35,0

[AT_MAZ] = 1.011+[AT_MA1] - 06663, R =

0.9961

10.0 15.0 200 250 300

MAT Alr Temperature (C)

-10.0 5.0 0.0 5.0

(b) Air Temperature Scatter Plot (MA1, MA2)
0.3180, B =

[AT_KMA] = 0.9854+ [AT_MAZ] * 099655

Fig. 3. Scatter Plot between Air Temperatures and Water Temperatures.
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IWT_MAIL = 07835+ [ AT_MAT] + 4,135, R = 0.8669
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Fig. 4. Scatter Plot between Air Temperatures and Water Tem-
peratures.
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Fig. 5. Scatter Plot between Air and Water Temperatures (Ris-

ing Stage).
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w0
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Fig. 6. Scatter Plot between Air and Water Temperatures (Fall-
ing Stage).
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Table 3. Auto-correlation and Cross-correlation Values in MA1 and MA?2 Stations

(a) MAT Station

Lag No. ftem Air -Air Temperatures Water-Water Temperatures ~ Air-Water Temperatures Water-Air Temperatures
0 1.000 1.000 1.000 1.000
1 0.973 0.991 0.997 0.985
2 0.947 0.983 0.989 0.972
3 0.931 0.977 0.984 0.962
4 0.923 0.972 0.979 0.955
5 0918 0.968 0.979 0.950
6 0913 0.965 0.979 0.946
7 0.910 0.962 0.979 0.941
8 0.908 0.958 0.979 0.930
9 0.907 0.954 0.977 0.930
10 0.905 0.950 0.976 0.924
(b) MA2 Station
Lag No. ltem Air-Air Temperatures ~ Water-Water Temperatures ~ Air-Water Temperatures Water-Air Temperatures
0 1.000 1.000 1.000 1.000
1 0.974 0.986 0.998 0.983
2 0.947 0.974 0.993 0.968
3 0.931 0.965 0.988 0.956
4 0.922 0.959 0.985 0.949
5 0918 0.955 0.983 0.943
6 0913 0.951 0.982 0.939
7 0.909 0.949 0.982 0.934
8 0.907 0.945 0.982 0.928
9 0.905 0.941 0.982 0.921
10 0.904 0.938 0.981 0.916
oie] &3 oMY S alEste] FAshs Jlof ke River Rhine, Hydrological Processes, 17, 3225-3244.
ahel, ath AEE A9 AN SR 20w BAE
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A el A= T
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o
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odat, 2007. -ejuiet At 713} F20] niAdE AT
WA, shaleh-al - eks] A, Al199, A2, pp.128-135.
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