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Abstract

The objective of this study was to investigate mountain stream water and air temperatures, area, latitude, altitude, and
forest coverage in headwater catchments located in Kangwon-do, Mid-eastern Korea from 2015 to 2017. Daily mean
value of mountain stream water temperature was approximately 6 C lower than the daily mean value of air
temperature on the monitoring sites during the observation period. Monthly mean value of mountain stream water
temperature increased with increasing monthly mean value of air temperature from May to August during the
observation period. Seasonal variations of mountain stream water temperature were dependent on air temperature
rising and falling periods. Correlation analysis was conducted on mountain stream water temperature to investigate its
relationship with air temperature, area, latitude, altitude, and forest coverage of air temperature rising and falling
periods. The correlation analysis showed that there exists a relationship (Correlation coefficient: -0.581 ~ 0.825;
p<0.05), particularly the air temperature showed highest correlation with mountain stream water temperature.
Regression equations could be developed due to contribution of air temperature to affect mountain stream water
temperature (Correlation coefficient: 0.742 and 0.825; p<0.01). Therefore, a method using various parameters based
on air temperature rising and falling periods, could be recommended for predicting mountain stream water
temperature.
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1. Introduction
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Fig. 1. Locations of the mountain stream water temperature
monitoring sites.
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Table 1. Mountain stream water temperature on the monitoring sites

F Di fi
. Site . Latitude  Longitude Area Altitude °resf Nearest istance .rom
Section D Location © @ (ha) (m) over weather station the station
(%) (km)
HC Hwacheon Gwangdeok-ri 38.0454 127.4688 277 444 90.2 Sanae 5.6
CP Chuncheon Pumgeol-ri 37.8481 127.9432 846 470 93.1 7.6
HP Hongcheon Pungcheon-ri 37.8389 127.8875 90 391 98.4 Hwacheon 10.2
HG Hongcheon Guneop-ri 37.7357 128.0464 606 287 96.9 8.0
Training
HS Hongcheon Sokcho-ri 37.6639 127.9742 419 254 99.8 Hongcheon 8.5
PH Pyeongchang Haanmi-ri 37.4656 128.4984 216 658 96.9 10.2
PM Pyeongchang Makdong-ri 37.5770 128.5300 328 755 100.0 Dachwa 8.4
PJ Pyeongchang Jangjeon-ri 37.4772 128.5413 555 679 98.7 11.6
Test NJ Namyangju Jinjeop-eup 37.7365 127.1590 155 118 100.0 Gwangneung 2.5

Note: ID indicates catchment ID. Distance was from meteorological station. Asterisk (*) is percentage of forest cover cited by forest map

(1:5,000), Korea Forest Service.
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Table 2. Daily mean mountain stream water and air temperatures of the monitoring sites during observed period

Mountain stream water temperature (C)

Air temperature (C)

Nearest

Site ID .
MEAN + SD (Mingefg;[ax‘) weather station MEAN + SD (Miif’f“f\ia&)
HC 164 + 26 79 ~ 214 Sanae 192 = 44 2.0 ~ 269
Cp 164 £ 2.5 7.5~ 215
HP 164 + 2.6 7.6 ~ 213 Hwachon 209 + 44 43 ~ 28.7
HG 17.5 £ 2.8 8.0 ~232
HS 182 £ 3.0 7.7 ~ 235 Hongcheon 220 £ 45 49 ~ 299
PH 139 £ 19 9.0 ~ 183
PM 13.8 £ 22 74 ~ 18.8 Daehwa 184 + 4.1 32~ 257
PJ 127 £ 20 7.0 ~ 18.8
Note: SD: Standard deviation, Min. and Max: minimum and maximum value.
Air temperature
30
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Mountain stream water temperature
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Fig. 2. Box plots of monthly distributions of daily mean air and mountain stream water temperatures
of the monitoring sites during observed period. The upper and lower hinges correspond
to the first and third quartiles(the 25th and 75th percentiles), respectively. The whiskers
extend from the hinges to the highest and lowest values that are within 1.5 (the inter-quartile
range). Values beyond the end of the whiskers are outliers and plotted as points. Dashed
line represents mean value of total daily mean air and mountain stream water temperatures
of the monitoring sites during observed period.

Fig. 291-= AAAF #S3AHY €384 712 9.0 ~
26.6 ColH, 9B F2 9.6 ~ 21.6 CLE AXAF 7]
2 g5 we e2o] FEeta AT, st 2 7)1
2ot A Jepsth ol Eo] 7] Hste] v go] Atte
£ &4 fE AL=Z AFHTKCrisp and Howson, 1982;
Webb and Nobilis, 1997). E3H, FHE o FHo] ASHET
SR QIS FE &40l am, A5y g4 FYUFE £
2= B AdHLE vE FHE 7FAA " rk(Stefan and
Preud’home, 1993; Stefan and Sinokrot, 1993). WatA B& (%
=AL)NA AEHE o)FsHe 2% F5A7]e 7HeE(E
ZAB)ONA ASHE olFdte 2% A7 e AlA
F2HEFY 54 EAstaattt

2 o

32 HAEN F2HS U ~42aH M

Fig. 329} bollAe 7| 2ARE 71F22 §27|E A3
A BEZIINE 72 EEI6 ~ 78S 378 ~ 108)2
TFEte] AESIY K Crisp and Howson, 1982; Webb and
Nobilis, 1997). An and Lee (2013)& Eo] F7]] H]&to] H|
dol A7 W&o, 0] 7] " AA e S
Yebdte A723E TEJh E3 Park et al. (2016)°]
M EF 3719 @&8F Aol 2 Ql8td 7|2 d57]de F
20] 7| 2ET & 2 455, 712 sHAVIA dE
g F2o] st Aol AddTE fARE dTET
£ YeEriZ it

AAAFY Fo 9EFE A= dARE 712

ol

(o2

=
, A%, 3

Journal of Korean Society on Water Environment, Vol. 35, No. 4, 2019



ot - 2{ge -

oo
0ok
r
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Fig. 3. Daily mean temperature between air and mountain stream water separated to air
temperature (a) rising and (b) falling periods.
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Table 3. Correlation analysis between mountain stream water temperature and various parameters of air temperature rising and

falling periods.

Air temperature rising period

Air temperature falling period

Correlation coefficient p-value Correlation coefficient p-value

Air temperature 0.742 <0.01 0.825 <0.01
Area 0.094 <0.01 0.054 0.034
Latitude 0.364 <0.01 0.380 <0.01
Altitude -0.581 <0.01 -0.549 <0.01
Forest cover -0.122 <0.01 -0.137 <0.01

Note: Correlation is significant at p<0.01 level as bold type using a Pearson's Product-Moment Correlation.

SI=EEEgs|R| Ai3s@ H45, 2019



MR|ATRS ARE 2SS

54 2 ggelxt 24 313

533 P
°
=]
. @
[0}
? 222
€ E
_>,-9-
T O
-
B E
8@11—
o
C
£
C
3
o
E o . .
0 11 22 33

Observed daily mean
mountain stream water temperature (C)
Fig. 4. Observed and predicted values of daily mean
mountain stream water temperature for
evaluating the regression equation located in
Jinjeop-Eup, Namyangju-Si.
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4. Conclusion
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Table 4. Regression equation to predict daily mean mountain stream water temperature using parameters of air temperature

rising and falling periods.

Variable Regression equation R p-value
. (0.482xAir temperature) + (-0.0002xArea) + (0.600xLatitude)
<
Mountain stream water + (-0.006%Altitude) + (-0.044xForest cover) - 9.803 0678 001
. i + (-0. + (L. i
Mountain stream watery (0.497xAir temperature) + (-0.001xArea) + (1.698xLatitude) 0.835 <0.01

+ (-0.006xAltitude) + (-0.035xForest cover) - 50.989

Note: Mountain stream waterg and Mountain stream watery indicated mountain stream water temperature of air temperature rising and falling
periods; Correlation is significant at p<0.01 level using a stepwise regression.
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Fig. 5. Distributions of observed and predicted values for monthly mean mountain stream water
temperature. Thick and broken lines indicated observed and predicted values, respectively.
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