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Hydrological Drought Analysis and Monitoring Using Multiple
Drought Indices: The Case of Mulrocheon Watershed

ABSTRACT

Due to climate change, parts of Korea are experiencing large and small droughts every 2-3 years and extreme droughts every 7 years.
Since most droughts occur mainly in areas where small water supply facilities in the tributaries or upstream are located, more research
on technology for securing water in these areas is required. In this study, a drought evaluation using SPEI (Standardized Precipitation
Evapotranspiration Index), SDI (Streamflow Drought Index), and WBDI (Water Budget-based Drought Index) was performed to
investigate hydrological drought in the Mulrocheon watershed of Chuncheon, a vulnerable area in terms of water supply. As a result
of calculating hydrological drought indices SPEI and SDI, examining each duration, it was confirmed that the common drought in 2014
did not recover and continued until 2015. In the hydrological drought index evaluation result by WBDI, a very severe drought condition
was observed in the spring of 2015 following 2014, and that drought was the most severe at -1.94 in November 2017. As a result of
deriving a SDF (Severity-Duration-Frequency) curve through frequency analysis by duration using the drought index calculated on a
monthly basis from 2003 to 2019 (17 years), most droughts in the Mulrocheon watershed were found to have a return period of less than
10 years, but droughts that occurred in 2014, 2015, and 2019 were found to cover more than 20 years, respectively.
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Fig. 1. Location of Meteorological Station and Water Level Station
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Table 1. Location Information of the Chuncheon Rain Gauge Station

Standard point Name Latitude Longitude
number
101 Chuncheon 37.90262 127.7357

Table 2. Remote Sensing Data according to Satellite Type

Satse::is;sand Product Resolution

Terra/MODIS | MOD16A2 | Evapotranspiration | 0.5 km - 8 days
TRMM TRMM3B42 Precipitation 25° -3 hours
GPM GPM IMERG Precipitation 10° - 30 minutes

2.3.1 SPEI (Standardized Precipitation-Evapotranspiration
Index)
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Fig. 2. Concept of Water Budget-based Drought Index (WBDI)
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Table 3. Range of Drought Indices Used in This Study

Drought condition SPEI SDI WBDI
Normal = -0.5 = 0.0 >0
Attention -1.0--0.5 -1.0-0.0 0--0.5
Caution -1.5--1.0 -1.5--1.0 -0.5--1.0
Alert -2.0--15 -2.0--15 -1.0--15
Serious <-2.0 <-2.0 <-1.5

Notes: SPEI = standardized precipitation evapotranspiration index; SDI =
streamflow drought index; WBDI = water budget-based drought index
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Table 4. Archimedean Copula Family Functions
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Table 5. The Results of Quantitative Drought Analysis (Duration-Magnitude-Severity) Using SPEI, SDI, and WBDI

SPEI (6) SDI (6) WBDI
Period D M S Period D M S Period D M S
14.03.-14.12. 10 -17.34 -1.73 14.07.-14.12. 6 -9.89 -1.64 14.04.-14.09. 6 -7.26 -1.21
15.06.-16.01. 8 -14.57 -1.82 15.08.-15.12. 5 -6.82 -1.36 15.01.-15.10. 10 -12.29 -1.23
19.05.-19.10. 6 -8.68 1.45 19.04.-19.12. 9 -17.42 -1.94 17.03.-17.06. -5.97 -1.49
17.10.-18.03 -6.72 -1.12
19.02.-19.09. 8 944 | -1.18
Table 6. Return Period (R) of Bivariate Analysis (Duration [D] and Severity [S])
SPEI (6) SDI (6) WBDI
Period D S R Period D S R Period D S R
14.03.-14.12. 10 -17.34 32.63 14.07.-14.12. 6 -9.89 5.81 14.04.-14.09. 6 -7.26 5.62
15.06.-16.01. -14.57 15.89 15.08.-15.12. 5 -6.82 3.77 15.01.-15.10. 10 -12.29 48.23
19.05.-19.10. 6 -8.68 8.35 19.04.-19.12. 9 -17.42 20.07 17.03.-17.06. 4 -5.97 3.38
17.10.-18.03 -6.72 5.62
19.02.-19.09. 8 -9.44 12.98
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