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Abstract

Drought, which has been increasing in frequency and magnitude due to recent abnormal weather events, poses severe challenges in
various sectors. To address this issue, it is important to develop technologies for drought monitoring, forecasting, and response in order
to implement effective measures and safeguard the ecological health of aquatic systems during water scarcity caused by drought. This
study aimed to predict water quality fluctuations during drought periods by integrating the watershed model HSPF and the water quality
model QUAL-MEV. The researchers examined the SPI and RCP 4.5 scenarios, and analyzed water quality changes based on flow rates
by simulating them using the HSPF and QUAL-MEV models. The study found a strong correlation between water flow and water quality
during the low flow. However, the relationship between precipitation and water quality was deemed insignificant. Moreover, the flow rate
and SPI6 exhibited different trends. It was observed that the relationship with the mid- to long-term drought index was not significant
when predicting changes in water quality influenced by drought. Therefore, to accurately assess the impact of drought on water quality,
it is necessary to employ a short-term drought index and develop an evaluation method that considers fluctuations in flow.
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Table 1. Condition of SPI evaluation
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Fig. 2. Results of HSPF model calibration and validation



S. Lee et al. / Journal of Korea Water Resources Association 56(6) 393-402

397

BOD T-P
—Simulated ® Observed | —>Simulated ® Observed
3.0 0.100
_ _ 0.080
= 20 | ?n
E TJ% E 0060
[=] a
8 — =
0.040
1.0 *,{
0.020 ¢
0.0 L L 0.000
1 6 11 16 21 26 31 6 11 16 26 31
Distance(Km) Distance(Km)
(a) Calibration
BOD T-P
—Simulated @ Observed | —Simulated ® Observed
3.0 0.100
= _ 0.080 |
‘:‘n 20 | ?n
é g 0.060 |
g &
Q =
10 |
0.020
00 ‘ . ‘ . ‘ . 0.000 . ‘
1 6 11 16 21 26 31 6 11 16 26 31
Distance(Km) Distance(Km)
(b) Validation
Fig. 3. Results of QUAL-MEV model calibration and validation
Table 2. Calibrated parameter values (Lee et a/., 2019a)
Model Parameter Definition Model range Calibrated value
LZSN Lower zone nominal Storage 0.01-100.0 4.0-6.5
HSPF AGWRC Groundwater recession coefficient 0.001-0.999 0.98
Deeper Fraction of groundwater inflow to deep recharge 0.0-1.0 0.1-0.2
INTFW Interflow inflow 0.0-None 0.75-10.0
K1 BOD &34 0.02-3.40 0.08
K3 ZHof <J3t BOD AlAE& -0.36-0.36 0.12
O-N HYDROLYSIS 71849 ZhpEafkE A 0.02-0.4 0.05
O-N SETTLING 71840 e A 0.001-0.1 0.01-0.81
NH3 OXYDATION AR o} Ashe: Al 0.1-1.0 0.05
QUAL-MEV .
NH3 BENTHOS ot o} 2 Y-S Variable 0.0
NO2 OXYDATION oLt AteE Al 0.2-2.0 1.0
0-P DECAY 7119 APEE Al 0.01-0.7 0.2
O-P SETTING 71919 HAE A 0.001-0.1 0.01-0.61
O-P BENTHOS S5 A 58 Variable 0.0
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Fig. 4. SPI evaluation during the study period
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Table 3. Assessment of the precipitation index

399

Year TotalDR (mm) | SDII (mm/day) R3day (mm) Year TotalDR (mm) | SDII (mm/day) R3day (mm)
2001 1137.7 16.0 181.0 2051 1009.1 6.6 90.2
2002 770.3 10.8 104.9 2052 1293.9 7.5 131.5
2003 1366.0 15.9 198.1 2053 928.3 6.3 111.9
2004 1789.3 16.7 175.8 2054 1517.0 8.9 151.4
2005 1336.6 14.4 236.4 2055 1212.9 7.3 98.0
2006 1036.1 114 168.9 2056 960.6 6.4 114.1
2007 1275.2 14.0 217.6 2057 1193.7 7.7 115.3
2008 1538.2 14.8 238.8 2058 1104.1 7.7 120.8
2009 786.3 8.5 151.0 2059 1136.9 9.6 163.5
2010 769.1 7.7 71.9 2060 1435.9 8.9 171.1
2011 1190.4 9.9 144.2 2061 996.8 7.0 134.8
2012 1654.4 9.8 196.9 2062 1683.7 9.6 186.3
2013 752.0 5.7 59.7 2063 1247.7 8.1 278.4
2014 1189.1 8.6 122.2 2064 1607.6 11.1 286.9
2015 1141.2 7.5 112.6 2065 1210.2 7.2 105.3
2016 1130.3 8.1 137.9 2066 1013.7 6.9 71.0
2017 1087.5 6.9 90.3 2067 824.7 7.2 142.7
2018 952.5 7.9 110.1 2068 1544.6 10.0 210.9
2019 1448.0 9.7 273.0 2069 1183.4 7.6 99.0
2020 925.7 6.5 58.4 2070 1403.4 10.6 330.2
2021 1016.6 6.7 146.3 2071 1487.2 8.4 232.6
2022 1249.0 8.3 127.1 2072 1421.4 7.5 84.7
2023 1018.5 8.2 82.2 2073 1388.8 9.6 175.5
2024 1165.2 7.3 171.3 2074 1422.1 8.7 118.4
2025 1554.1 8.8 180.0 2075 1111.9 7.2 155.5
2026 1421.1 11.9 148.6 2076 1289.1 8.9 142.0
2027 1004.4 9.1 96.9 2077 647.0 5.4 56.8
2028 1185.4 8.5 103.5 2078 992.2 6.5 81.2
2029 1238.6 8.5 118.9 2079 1049.3 7.6 147.9
2030 12433 8.4 164.3 2080 1102.6 7.6 112.7
2031 1261.0 7.9 119.4 2081 1264.7 7.2 131.2
2032 1365.8 9.2 173.4 2082 1464.2 10.0 182.9
2033 1127.7 7.9 104.2 2083 721.7 5.5 81.2
2034 1179.1 9.2 130.6 2084 907.6 6.1 74.6
2035 1512.2 9.4 174.1 2085 1023.8 8.1 106.6
2036 1163.6 7.1 91.7 2086 11123 7.9 113.7
2037 1283.4 7.5 91.1 2087 1001.5 9.7 206.1
2038 1446.8 9.8 269.1 2088 1083.8 8.0 114.0
2039 1204.9 7.3 112.5 2089 1296.3 8.9 99.3
2040 977.7 6.5 64.6 2090 1437.0 8.3 283.4
2041 821.4 5.6 82.3 2091 1308.7 7.6 138.7
2042 1282.9 9.0 119.7 2092 11493 8.0 150.8
2043 810.7 7.0 110.4 2093 1101.4 6.3 132.5
2044 1321.4 8.6 157.9 2094 1342.0 9.3 288.7
2045 1219.5 7.3 82.0 2095 11943 7.4 206.4
2046 1402.4 9.4 268.6 2096 1310.7 8.4 109.8
2047 995.8 6.1 51.9 2097 1433.4 7.5 100.3
2048 982.1 6.2 73.9 2098 892.5 6.0 136.2
2049 967.4 7.6 89.0 2099 1495.7 11.0 149.7
2050 1073.3 7.9 137.2 2100 1172.8 7.3 83.3
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