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Abstract

Although drought is a natural phenomenon, its damage occurs in combination with regional physical and social factors. Especially,
related to the supply and demand of various waters, drought causes great socio-economic damage. Even meteorological droughts occur
with similar severity, its impact varies depending on the regional characteristics and water supply system. Therefore, this study assessed
regional drought risk considering regional socio-economic factors and water supply system. Drought hazard was assessed by grading
the joint drought management index (JDMI) which represents water shortage. Drought vulnerability was assessed by weighted averaging
10 socio-economic factors using Entropy, Principal Component Analysis (PCA), and Gaussian Mixture Model (GMM). Drought
response capacity that represents regional water supply factors was assessed by employing Bayesian networks. Drought risk was
determined by multiplying a cubic root of the hazard, vulnerability, and response capacity. For the drought hazard meaning the possibility
of failure to supply water, Goesan-gun was the highest at 0.81. For the drought vulnerability, Daejeon was most vulnerable at 0.61.
Considering the regional water supply system, Sejong had the lowest drought response capacity. Finally, the drought risk was the highest
in Cheongju-si. This study identified the regional drought risk and vulnerable causes of drought, which is useful in preparing drought
mitigation policy considering the regional characteristics in the future.

Keywords: Joint drought management index, Bayesian network, Water supply system, Drought risk
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Fig. 1. Study area
Table 1. Indicators for drought risk assessment
Indicators ‘ Unit ‘ Source
Drought Hazard
H1 Streamflow ‘ cms ‘ Water Environment Information System
Drought Vulnerability
V1 Population persons National Statistical Office
V2 Farm population persons National Statistical Office
V3 Recipients of basic living persons National Statistical Office
V4 Solitary senior citizen persons National Statistical Office
\& Total area of district km? National Statistical Office
V6 Agricultural area km? National Statistical Office
V7 Area of industrial complex km? National Statistical Office
V8 Ratio of water leakage % Water Statistics
\E Daily water supply per capita L/persons/day Water Statistics
V10 Water supply ratio % Water Statistics
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Table 1. Indicators for drought risk assessment (Continue)

Indicators Unit Source
Drought Response Capacity

Cl Dam 1000 m*/year My-water
C2 Water resources River 1000 m3/year Water Environment Geographic Information
C3 retention Reservoir 1000 m*/year Korea Rural Community Corporation
C4 Groundwater 1000 m*/year Yearbook of Groundwater Survey
C5 Regional dam 1000 m*/year Water Statistics
Co Local dam 1000 m*/year Water Statistics
C7 Surface water 1000 m*/year Water Statistics
C8 Intake Subsurface water 1000 m*/year Water Statistics
C9 Reservoir 1000 m*/year Water Statistics
Cl10 Groundwater 1000 m*/year Water Statistics
Cl1 Amount of domestic water usage 1000 m*/year Water Resources Management Information System
Cl12 Amount of industrial water usage 1000 m*/year Water Resources Management Information System
C13 Amount of agricultural water usage 1000 m*/year Water Resources Management Information System
Cl4 Amount of groundwater usage 1000 m*/year Yearbook of Groundwater Survey
CI5 Potential groundwater development 1000 m*/year Yearbook of Groundwater Survey
Cl6 Ratio of sewage reuse % Sewer Statistics
C17 Amount of sewage treatment 1000 m*/year Sewer Statistics
CI18 Amount of rainwater reusing 1000 m*/year Sewer Statistics
CI19 Effluents of sewage treatment 1000 m*/year Sewer Statistics
C20 Amount of sewage inflow 1000 m*/year Sewer Statistics
C21 Area km? National Statistical Office
C22 Annual precipitation mm National Statistical Office
C23 Population Persons National Statistical Office
C24 Water supply ratio % Water Statistics
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!
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l

Determining a drought hazard index (DHI)

Fig. 2. Procedure of detemining a drought hazard index (DHI)
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Table 2. Procedure of entropy, principal component analysis (PCA) and Gaussian mixture model (GMM) methods for determining weights

Step Entropy PCA GMM
. . . . . . . Fitting each indicator into
1 Creating an alterative attribute matrix Creating a correlation matrix . o
a Gaussian distribution
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Fig. 3. Bayesian network for drought response capacity index
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Table 4. Weights of indicators using entropy, PCA and GMM methods

Final
Indicat Ent PCA|GMM| .
icators ntropy weights
V1 Population 0.16 |0.02| 0.15| 0.11
V2 Farm population 0.07 0.18| 0.11 | 0.12

V3 | Recipients of basic living 0.14 10.03| 0.10 | 0.09

V4 Solitary senior citizen 0.15 10.07| 0.14 | 0.12

V5 Total area of district 0.11 |0.12] 0.02 0.08

V6 Agricultural area 0.09 |0.16| 0.14 | 0.13

V7 | Area of industrial complex | 0.17 | 0.07| 0.01 | 0.08

V8 Ratio of water leakage 0.04 |0.14| 0.05 | 0.08

V9 |Daily water supply per capita| 0.08 | 0.10| 0.13 | 0.10

V10 Water supply ratio 0.03 0.12| 0.15 | 0.10
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Fig. 6. Drought vulnerability map for Chungcheong—do
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