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Estimated Headwater Stream Temperature Using Environmental Factors with Seasonal

Variations in a Forested Catchment™

Sooyoun Nam®' , Su-Jin Jang® , Suk-Woo Kim*, Youn-Tae Lee’, Kun-Woo Chun®"

2ot

o] At ZrHiehl gad o] ARARE R 21712017 ~2018)2] |A] HUERe| 7|Zx8to] =23t 71,
5 2 712 5 FERARe] BAE BAlskl, A ARAIRS] 42813} 57| st HESIE SE71E Akt
5, A5 2 /RS ERE FRESH 9 ts AR SRS Ao, A ARIAIR] 22l vjx|= 2RI
qS BAEQIch 1 Ayl ARAIRS dEd 428 BH 6.9~17.7CE 7123 §97 AS JeEpla, o=24
122~263C & 7|2, 4 794 TAE Yepilon, 7k&3d 3.6~19.3CE 712 9 4=k fo4 A4S Yehl=
S AEER ARAFY o) vjAs JERIke tEA YEith a3 s A4 B (0.553%7]2)+(0.086% 5
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ABSTRACT

To estimate headwater stream temperature with seasonal variations, we analyzed precipitation, runoff and
air temperature in experimental forest of Kangwon National University, Gangwon-do (2017~2018 years). The
daily mean value of headwater stream temperature for spring was 6.9~17.7C and correlated with air
temperature, that for summer and fall were 12.2~26.3C and 3.6~19.3C, correlated with air temperature and
runoff. Based on seasonal variations, we applied for stepwise multiple linear regression analyses to estimate
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headwater stream temperature with seasonal variations. The equations

were headwater stream

temperature(WT)ping=(0.553xAir temperature)+(0.086xRunoff)+4.145 (R*=0.505; p<0.01), WTummer
=(0.756xAir temperature)+(-0.072xRunoff)+2.670 (R*=0.510; p<0.01), and WTg;=(0.738xAir temperature)
+(0.028xPrecipitation)+2.660 (R*=0.844; p<0.01). The coefficient of determination (R?) was greater than
when it was estimated by air temperature in all seasons and progressively increased from spring to winter.

Therefore, we indicated difference on estimated magnitude of stepwise multiple linear regression, due to

effects on headwater stream temperature of different environmental factors with seasonal variations.

Furthermore, temporal factors with spatial characteristics (e.g., river versus headwater stream) could be

recommended for estimating headwater stream temperature.

KEY WORDS: AIR TEMPERATURE, PRECIPITATION, RUNOFF, STEPWISE MULTIPLE LINEAR
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A B Sk FAIE Holar 9lem(IPCC, 2001),
FeluRtelA = 71491 7129 S7t ZAEFe] yeRtar Qlet
(Ha et al., 2004; Cho et al., 2007). 0|2t 7|5 H3} TS
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QI Chang et al., 2009; Kim and Jain, 2011). £3|, 221}
ghe A=EY 63.5%7F 4kRlo=® uEEo] ¢lil(Korea
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Nam et a., 2019). 53], A9 f 4ARRAFY] 288k
TAEA W 88Ee SHIHETE of|2l(Stockle et al.,
1992; Stefan and Sinokrot, 1993), $=5o|| A AY3}st4] HE-S-
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Figure 1. Location and topography of headwater stream within a study catchment.



% - olge - e e AEElEIA) 34(1) 2020

FYE F=F9 Sl met AR AR 28] SHtoll=
UH FgRe FS Flod FrhEthPark and Lee, 2000;

7T

Precipitation
(mm/day)
@

2

Air temperature Runoff
) (mmiday)

=

Headwater stream
temperature (%C)
-
=

T T S T
17 Jun-17 Sep-17 Jun-18 Aug-18 Oct{18
2017 2018

=
=

Figure 2. Time series of daily distribution for (a)
precipitation, (b) runoff, (c) air temperature,
and (d) headwater stream temperature based on
one day values during monitoring period. The
dotted areas indicate values excluded because
of missing data during winter and early spring.
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712 o2 2SIl Hlste] ARRAIRO] xatt Hlul A =
Ay (Pearson’s r=0.690~0.913, p<0.01)& YEMIT)

AAARS] 5ot BAH fol3e Mol BHUNE A
AR AEy, 5382 7|2, oF 8 9 E 71, 7HeE
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Moore €t al., 2005; Nam €t al., 2019). E3t 9g7|o) g
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Chikita et al., 2018; Dugdale et al., 2018).

o] A+Lo] A} FAISIAE Espi'rito-Santo et al.(2009)

Table 1. Summary table for daily distribution by monitoring data during each seasonal changes

Spring Summer Fall
Precipitation (mm) 0.0~118.0 0.0~145.6 0.0~87.5
Runoff (mm) 0.09~38.3 0.05~42.1 0.14~17.7
Air temperature (°C) 49~19.5 13.8~29.5 1.4~19.8
Headwater stream temperature (°C) 6.9~17.7 12.2~26.3 3.6~19.3

Note: Monitoring data indicates range from minimum and maximum daily values during spring, summer, and fall.
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9] AtoM= AER A AR ~2riste] 22} v
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Utk 4x20] Wolxl A o7 ekt (Hockey et al. 1982;
Meier & al. 2003). T2} 7R o] fdat 4=20] 4o At
BAZ 19l AL o] A7]0] §2L Zomrks Bkt x5t
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Stefan and Sinokrot, 1993; Webb and Walling, 1993).
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3 Ak Figure 37} 2}, BE A2 52 AR 48
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AP Fake rRl o= HEEtAn and Lee, 2013;
Nam et al., 2019).
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oA= 71 ATt th2A| n)7Vd et wAE 2
AREE ARARY AR 2 WHS} oS A8k

e

Table 2. Summary of correlation analysis between headwater stream temperature and environmental factors

Spring Summer Fall
Precipitation 0.120 -0.128 0.088
p=0.275 p=0.084 p=0.322
Runoff 0.023 -0.187 0.336
p=0.838 p=0.011 p<0.01
Air temperature 0.690 0.696 0.913
p<0.01 p<0.01 p<0.01

Note: Correlation is significant at p<0.01 and <0.05 levels as bold type using a Pearson's Product-Moment Correlation.

(a) Spring

20 -

Headwater stream temperature (°C)

y=0.526x+4.694
R?=0.476

(b) Summer .\f/* (c) Fall

" y=0.763x+2.186
R2=0.484

=0.736x+2.781
R?=0.834

20

Air temperature (°C)

20 0

20

Figure 3. Relationship between air temperature and headwater stream temperature by mean values of daily during
monitoring period, (a) spring (b) summer, and (c) fall.
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Table 3. Summary of stepwise multiple linear regression analyses to estimate headwater stream temperature (WT)

Treatment Equation R? n F-value  p-value
Spring WT=(0.553xAir temperature)+(0.086xRunoff)+4.145 0.505 84 41.357 <0.01
Summer WT=(0.756xAir temperature)+(-0.072xRunoff)+2.670 0.510 184 94.103 <0.01
Fall WT=(0.738xAir temperature)+(0.028xPrecipitation)+2.660 0.844 128 339.188 <0.01

Note: Relationship between the headwater stream temperature (WT) and the other environmental factors (precipitation, runoff, and
air temperature) are selected using a stepwise procedure. n indicate numbers of monitoring day. Correlation is significant
at p<0.01 level using a stepwise regression.

30

(a) Spring a (b) Summer ) (c) Fall Q)
o
'_
=
B 15 A 1 1
(0]
£
=
L
0 . ‘ .
0 15 30 0 15 30 0 15 30

Observed WT (°C)

Figure 4. The relationship between observed and estimated headwater stream temperature (WT) by mean values of
daily (a) spring, (b) summer, and (c) fall. The white lines indicate linear regression between observed and
estimated WT for each seasonal changes.
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Figure 5. Differences between observed and estimated headwater stream temperature by mean values of daily during
monitoring period (spring, summer, and fall). The dotted areas indicate values excluded because of missing

data during winter and early spring.
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