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Abstract

Many large dams have been constructed for water supply, irrigation, flood control and hydropower in Korea for the last
century. Meanwhile, recent studies indicated that the artificial reservoirs impounded by these dams are major sources of
carbon dioxide (CO) to the atmosphere and relevant to global budget of green house gases. However, limited information is
available on the seasonal variations of CO; evasion from the reservoirs located in the temperate monsoon regions including
Korea. The objectives of this study were to estimate daily Net Atmospheric Flux (NAF) of CO, in Daecheong Reservoir
located in Geum River basin of Korea, and analyze the influencing parameters that characterize the variation of NAF. Daily
pH and alkalinity (Alk) data collected in wet year (2012) and dry year (2013) were used for estimating the NAFs in the
reservoir. The dissolved inorganic carbon (DIC) was computed using the pH and Alk measurements supposing an equilibrium
state among the carbonate species. The results showed seasonal variations of NAF; negative NAFs from May to October when
the primary production of the reservoir increased with water temperature increase, while positive NAF for the rest of the
period. Overall the reservoir acted as sources of CO, to the atmosphere. The estimated NAFs were 2,590 and 771 mg CO,
m™d" in 2012 and 2013, respectively, indicating that the NAFs vary a large extent for different hydrological years. Statistical
analysis indicated that the NAFs are negatively correlated to pH, water temperature, and Chl-a concentration of the reservoir.
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1. Introduction
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2. Materials and Methods
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Fig. 1. Layout of Daecheong Reservoir and locations of moni-
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Table 1. Descriptive statistics of major parameters relevant to the estimation of NAF in Daecheong Reservoir

PRCP WS WT pH Alk Chl-a
Statistics (mm) (m/s) (°C) (as CaCOs; mg/L) (mg/m3)
2012 2013 | 2012 2013 | 2012 2013 | 2012 2013 | 2012 2013 | 2012 2013
N 365 365 365 364 365 365 365 365 365 365 359 285
NOZZ?HY <005 <005 | <005 <005 | <005 <005 | <005 <005 <005 <005 | <005 <005
Median 0.1 0.0 12 1.1 18.1 173 7.4 8.0 37.0 34.0 42 6.0
t-test < 0.05 < 0.05 0.604 < 0.05 < 0.05 0315
Min 0.0 0.0 0.5 0.6 3.9 24 6.9 73 25.0 260 11 14
Max 1145 123.0 5.6 32 310 316 10.2 9.9 4.0 410 85.0 329
std 1605 9.90 0.60 0.46 8.43 9.30 0.84 0.72 4.56 3.85 1044 444
Sum | 15223 11259

" Kolmogorov-Smirnov test p-value: Ho= the observed distribution fits the normal distribution, H, = reject Hy of p-value < 0.05
" Kruskal Wallis test p-values between 2012 and 2013: Ho= iy = pq, Hi =reject Ho of p-value <0.05

Table 2. Bi-variables correlation analysis between parameters relevant to the estimation of NAF in Daecheong Reservoir

2012 2013
Statistics | PRCP WS WT pH Alk Chl-a | PRCP WS WT pH Alk Chl-a
PRCP 1.000 0073 | -0.022 | -0.072 | -02957| 0.140" | 1.000 202297 | 0.162" | 0.1477| -0.103" | 0.069
ws 1.000 | -0.112" | -0.071 0.035 | -0.111" 1.000 | -0.128" | -0.064 | -0.031 0.229"
WT 1.000 0.796" | 0.000 0.345" 1.000 08817 | -0.506" | 0571
pH 1.000 02187 | 0.493" 1.000 | -0.5417| 0.597"
Alk 1.000 | -0.132" 1.000 | -0.422"
Chl-a 1.000 1.000

’ Spearman correlation coefficient R: significant at p-value < 0.05 (two-tailed test)
" Spearman correlation coefficient R: significant at p-value < 0.01 (two-tailed test)
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Table 3. Estimated DIC and k values in 2012 and 2013

Val Maximum Minimum Average Median

e 2012 2013 2012 2013 2012 2013 2012 2013

DIC (mg L") 12.7 10.9 5.9 6.1 9.3 8.5 9.3 7.9

kg (md") 52 2.6 0.9 0.9 1.4 1.4 1.4 1.4
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- 135
At WEE e WAFAQ] BRd #A A9Y AL 3 i ot %% 8
L) (2]
2 gddr < 130 <
T <

. . & 125

3. Results and Discussion
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=) -4 % 8
13 (<)
S 40r o o oif
S seg82:5808g°
=] oe o é ° e
(=] 82 g 2 o %o
30 | ° i Eoo 0®
] S e
.;5 0%e °
20 : s
20 30 40 50

Alk (as CaCO3 mgL™")
Fig. 3. Linear relationships between Alk and DIC in 2012
and 2013 in Daecheong Reservoir.

Alk in 2012.
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Fig. 5. Estimated daily CO, NAFs for (a) 2012 and (b) 2013
in Daecheong Reservoir.
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Table 4. Estimated NAFs for 2012 and 2013 in Daecheong

Reservoir Unit: mg CO, m™day”
Year Max Min Mean (£Std) Median
2012 13,396 -2,766 2,590 (£3127) 2,933
2013 5,694 -1,702 771 (£1624) 180
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BAE 3¢5l NAF A2 2EE Adstr] Y9 =37

4 ANsaTh IARAL 201293 20139 el 7
7 AN % o9 542 sersad

ste] ¢EAgol o
=

stHom, 2012-2013 3 AEE EF AL AH% g7 H]
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Table 5. Forward Stepwise Linear Multiple Regression Models used for the estimation of NAFs in 2012

Model Variables R R’ Adjusted R’ Standard error
1 pH 0.823 0.677 0.676 1876.9
2 pH, WT 0.851 0.724 0.721 1739.3
3 pH, WT, Chl-a 0.861 0.740 0.737 1689.9
4 pH, WT, Chl-a, WS 0.867 0.752 0.747 1657.1
5 pH, WT, Chl-a, WS, Alk 0.870 0.757 0.751 1643.0

Table 6. Results of the multiple regression model 5 for the estimation of NAFs in 2012

Index Constant pH WS WT Alk Chl-a
Regression parameter 20,878.3 -2466.4 529.2 -126.2 66.1 50.3
Standard error 1723.6 281.2 165.2 25.6 30.1 11.6
Standardized parameter -0.676 0.107 -0.318 0.082 0.191
p-value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Table 7. Forward Stepwise Linear Multiple Regression Models used for the estimation of NAFs in 2013

Model Variables R R’ Adjusted R’ Standard error
1 pH 0.871 0.759 0.759 691.4
2 pH, Alk 0.900 0.810 0.808 616.0
3 pH, Alk, WT 0.910 0.827 0.825 587.9
4 pH, Alk, WT, Chl-a 0.914 0.836 0.834 573.7
5 pH, Alk, WT, Chl-a, WS 0.917 0.840 0.837 567.9
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Table 8. Results of the multiple regression model 5 for the estimation of NAFs in 2013

Index Constant pH WS WT Alk Chl-a
Regression parameter 6,360.0 -1,032.5 194.6 -38.5 102.4 2343
Standard error 874.4 99.0 74.9 8.8 11.3 9.0
Standardized parameter -0.527 0.064 -0.214 0.249 -0.108
p-value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Table 9. Forward Stepwise Linear Multiple Regression Models used for

the estimation of NAFs for 2012 and 2013

Model Variables R R’ Adjusted R? Standard error
1 pH 0.793 0.628 0.627 1555.8
2 pH, Alk 0.805 0.648 0.647 1514.4
3 pH, Alk, WS 0.817 0.667 0.665 1474.7
4 pH, Alk, WS, Chl-a 0.822 0.676 0.673 1456.9
5 pH, Alk, WS, Chl-a, WT 0.827 0.683 0.680 1441.6
Table 10. Results of the multiple regression model 5 for the estimation of NAFs for 2012 and 2013
Index Constant pH WS WT Alk Chl-a
Regression parameter 16,143.2 -2143.4 567.9 -51.8 78.4 28.1
Standard error 1205.1 158.7 112.6 15.1 14.9 8.1
Sr;‘;f;‘;:d -0.680 0.127 -0.163 0.133 0.101
p-value < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Table 11. The correlation analysis between the influencing parameters and NAFs
Year WT pH Alk Chl—a‘ WS PRCP
(°C) (as CaCO3; mg/L) mg/m’ m/s mm
o2 -0.822*“ -0.948 -0.072 0475 -0.169 0.067
(< 0.05) (< 0.05) (0.172) (< 0.05) (< 0.05) (0.310)
2013 -0.850 -0.973 0.596 -0.575 0.036 -0.137
(< 0.05) (< 0.05) (< 0.05) (< 0.05) (0.496) (< 0.05)
2012-2013 -0.796 -0.976 0.235 -0.514 0.123 0.01
(< 0.05) (< 0.05) (< 0.05) (< 0.05) (< 0.05) (0.972)
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Fig. 6. Comparison of the estimated NAFs with the multiple
regression model for 2012 and 2013.
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Table 12. Comparison of the NAF estimated in this study with that in previous studies

Unit: mg CO, m'zday'l

This study Louis et al. (2000) Almeida et al. (2001) Tracy (2011)
Site Daecheong reservoir | Temperate reservoirs Tupe Calado Oleo (Oct) | Oleo (Mar) | Lake Tahoe (pH 7.1)
NAF 1,681 1,400 3,407 1,956 1,142 3,572 3,269
B NAFE 1,681 mg CO, m’day' 2™, o]= Louis et Acknowledgement

al. (2000)°] F9=o AXTF 2t AFAEANA A
NAF 1,400 CO, m°day' BT} i 2 ol sjgsict wid
B 5ol A A8 3 NAFE Almeida et al. (2001)°] B2k
o AE 98 AFAdA AP FE WS el £
3 T} Tracy (2011)E Lake TahoeollA 5479 % pHE
712 71838t NAFE 3,269 CO, m’day' 2 283 ub 9l
t}. Lake Tahoex WIEY TF2H 12 A4bdo] ml$ o}
R Nggse} Zo] hFs Bk NAFZL 26 B =

A A ol @ Ane
79

527t AF DS i% NILFsd H& F43
2 FHdAE ool oy, FHCREEH f7] Fo7
CO, &S JAste £ b FHo] IdS5S & & Utk

4. Conclusion

2 dAFdME dFSE ddez d F5Fe] A7 b
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