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Abstract: Long-term continuous data were used to investigate changes in air and water temperature
and temperature hysteresis at Lake Paldang, the largest source of drinking water in South Korea.
Based on the temperatures at Yangpyeong, near Lake Paldang, using a seasonal Mann-Kendall test,
the rate of change of increase in temperature over the last 27 years (0.060°C/ yr, 1993-2019) was higher
than that of during 47 years (0.048°C/yr, 1973-2019). The air and water temperatures in Lake Paldang
and its influent rivers had a high correlation (R > 0.9, p < 0.005); however, the water temperature
increased at rate slower than the river water temperature, and the water temperature decreased slowly
as the air temperature fell. The depth-averaged water temperature also changed more slowly than
the surface water of the lake both when the air temperature was high and when it was low. This is
likely because the lake has a larger area and a longer heat retention time than rivers, resulting in a
greater hysteresis of water temperature at lake.
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Table 1. Real time water quality monitoring stations located in the main streams of Lake Paldang

Station (abbr.) Location Starting date
Yanpyeong (YP) 1520, Gyeonggang-ro, Okcheon-myeon, Yangpyeong-gun Gyeonggi-do 2014.12
Gapyeong (GP) 1539, Bukhangang-ro, Cheongpyeong-myeon, Gapyeong-gun Gyeonggi-do 2010.04
Gyeongancheon (GA) 969, Sansu-ro, Toechon-myeon, Gwangju-si Gyeonggi-do 2005.11
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Figure 3. Annual average air temperature trend (a: mean, b: min, c: max) in Yangpyeong

based on the data from Yangpyeong weather station (1973~2019).

© Jan & Feb + Mar x Apr ¢ May v Jun & Jul * Aug ¢ Sep = Oct @ Nov # Dec

= eOR0 O
(8), 00 0000, 09 o oy 00tse 0250 P eu .
15{ TSy AR S
x
A i} i 2 Woage = = =y = Py Tw
’f-juwyfoox-x-xx-,e »»»»»» X s Am = fmm =S Kow g K xx 5
10+ 5 X X x L% I i
+ + +
+ & ¢ e e gt = AN N
5 et 2o BN N s g s o/ e = Y
o gl =T = T - o + + T
+;+ et ‘Fl+ ++ + i o x"
Y
¥
2
* =
® . L A i x goen Ml
3 I N TP B = g
257 X m *i"ﬁ'&f? ..... ‘ﬂﬁ"”:*k:*'#:qn'“f:ﬁ”‘;}"gi ¥
ER'Y * k:a§ % =a *% B o gy
Hx ® ® = - v l il .
o} 2 B ] e
hrd * d v VB AW ¥ v
haa- T el 2 A SER ks a4 A
o) i Rl v v g v v
O 20 \
R v
L
& @ Y
= A @ e Sog%e - 2ot
- % g 2 2 & ISR S YA s ek T o S ™
- (¢ R TTT S 3 TEA s T IO I A é
151 N & e
A 8% __Bge--"--F
. N s ek & Al g o -s %
4 e & s o 00 Y
1@ :
o . i .
: N o Ay
d 4.__,4,‘;‘_3.'?‘...?34.4-__33,‘;;__@,‘,_,,_ ¥ "Ry LR A o
e )4 4 b} B
a
A &
N it L U
aBg=at0% &,
mme=c-==gSTETTE
L | o o
o o Y,
-10 Lo
o
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Figure 4. Seasonal comparison of monthly air temperature in Yangpyeong based on the

Year

data from Yangpyeong weather station (1973~2019), (a) spring, (b) summer, (c)
autumn, (d) winter.on the data from Yangpyeong weather station (1973~2019).



328 EAFEEI M9 M55

Table 2. The results of air temperature trend in Yangpyeong(1973-2019) using seasonal Mann-Kendall test and Mann-

Kendall test
. Mean temp. Lowest temp. Highest temp.
Air Temp.
S Sen’s slope S Sen’s slope S Sen’s slope
Year! 4,232% 0.048* 4,015% 0.075% 1,450%* 0.022
Spring 518* 0.050* - - - -
Summer 427* 0.038* - - - -
Season?
Fall 489* 0.059%* - - - -
Winter 355% 0.055%* - - - -
*p<0.05
1 Seasonal Mann-Kendall test and seasonal Sen’s slope
2 Mann-Kendall test and Sen’s slope
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Table 3. The results of air and water temperature in Lake Paldang (1993-2019) using seasonal Mann-Kendall test and Mann-

Kendall test
cl Air temp. Surface temp. Depth average temp.?
ass
S Sen’s slope S Sen‘s slope S Sen’s slope
Year! TAT* 0.060* 564* 0.033* 251%* -
Spring 126* 0.067* 149* 0.087* 25 0.047
Summer 156* 0.067* 84 0.1 58% 0.115*
Season?
Fall 126* 0.063* -17 0 14 0.023
Winter 54 0.033 69 0.029 - -
*p<0.05
1 Seasonal Mann-Kendall test and seasonal sen’s slope
2 Mann-Kendall test and sen’s slope
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Figure 6. Air and water temperature variations in the main streams and in front of Dam in
Lake Paldang.
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Figure 7. The comparison between air and surface water temperature and hysteresis in the
main streams and Lake Paldang (surface water).
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Table 4. The correlation coefficients between air and water temperature according to rising limb and falling limb in the main
stream and Lake Paldang

GA YP GP PDD PD?
Year
R F R F R F R F R F
2016 0.98 0.97 0.93 0.95 0.95 0.95 - - - -
2017 0.97 0.93 0.95 0.96 0.97 0.90 - - - -
2018 0.97 0.98 0.93 0.97 0.93 0.97 0.86 0.94 - -
2019 0.97 0.97 0.95 0.96 0.97 0.95 0.94 0.95 0.90 0.94
(2016~2019) 0.97 0.98 0.96 0.96 0.97 0.95 - - - -

*R: rising limb, F: falling limb
1 surface water temperature of PD, 2 depth average water temperature of PD

(p value <0.005)

Table 5. The result of regression analysis between air and water temperature according to rising limb and falling limb in the

main stream and Lake Paldang

GA YP GP PDY PD?
year
R F R F R F R F R F
2016 a 0.87 0.85 0.77 0.81 0.62 0.71 - - - -
b 4.02 497 472 6.50 4.04 8.0 - - - -
2017 a 0.83 0.66 0.84 0.77 0.69 0.58 - - - -
b 5.54 8.54 4.48 6.76 3.91 9.21 - - - -
5018 a 0.78 0.81 0.78 0.84 0.74 0.71 0.72 0.72 - -
b 5.35 6.21 6.65 3.96 2.1 8.0 5.12 8.83 - -
5019 a 0.84 0.84 0.84 0.81 0.67 0.67 0.93 0.77 0.73 0.64
b 4.87 5.71 3.96 6.21 3.59 7.35 2.29 7.77 331 8.43
a 0.81 0.81 0.79 0.79 0.67 0.67 - - - -
2016~2019
b 5.15 6.02 4.51 6.56 3.75 8.03 - - - -

* a: slope, b: intercept, R: rising limb, F: falling limb

D surface water temperature of PD, ? depth average water temperature of PD

(p value <0.005)
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