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A Preliminary Study on the Cooperative Multi-ministry Decision on the
Integrated Drought Warning Alert Stage Using Rule-based Hybrid
Techniques

o]Z4 Lee Jongso**, o]AF2 Lee Snageun®***

Abstract

Since 2016, Korean governments agencies including the Ministry of Agriculture, Food and Rural Affairs, the Ministry
of Environment, and Korea Meteorological Administration have operated drought warning systems in coordination
with the Ministry of the Interior and Safety. Despite multi-ministerial efforts, the ministries designate and announce
various drought stages by using their individual views and methods so that municipalities and citizens are largely
confused when they try to understand the severity of current and future droughts. This study suggests a novel
method for integrating drought stages from three ministries into a single stage at each municipality level. The method
follows three steps in order to determine the integrated drought warning stage. First, municipalities are classified
into three types on legal grounds, which are intended to differentiate municipalities’ vulnerability to drought. Second,
expert interviews and the analytical hierarchy process (AHP) method are used to quantify the weights of three drought
stages for each type of municipality. Third, three drought stage records and estimated weights are applied to de-
termine the integrated drought warning stage for municipalities across the country. The case with the drought in
June 2022 shows that proposed methods can describe drought severity in terms of a single yardstick which is useful
to communicate with the general public and local government officials, reflecting regional vulnerability characteristics
in a simplified manner.

Keywords: Drought Stage, Drought Warning, Rule-Based Decision, Preparedness and Response
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Figure 1 _ Result of Monthly Drought Warning and Forecast
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Table 1 _ Definition of Regional types Classification
Regional Definition Used in This Note
Paper
Urban a heawl)( .pop.ulated Lowh ratio of
municipality agriculture
Urban-Rural url?an and rural areas Medium ratio of
complex coexist(Refer to the local agriculture
P Government Act.) g
Rural a sparsely populated rural High ratio of
municipalit.y agriculture

Source: National Disaster Management Research Institute. 2021.
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Figure 2 _
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Table 2 _ Importance of drought warnings and
forecasts according to regional characteristics
. . Domestic &
Regional Meteorological | Agricultural Industrial water
drought water drought
drought
Urban 0.31 - 0.69
Urban-Rural 018 035 047
complex
Rural 0.20 0.63 0.17

Source: National Disaster Management Research Institute. 2021.
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Table 3 _ Weights of drought warnings and forecasts by regional characteristics

Urban Urban-Rural complex Rural
Geometric mean | Arithmetic mean | Geometric mean | Arithmetic mean | Geometric mean | Arithmetic mean

Meteorological 031 0.34 0.8 0.19 0.20 0.22
drought

Agricultural water ) ) 035 0.34 063 0,60
drought

Domestic & Industrial 0,69 0,66 047 047 017 019

water drought

Total 1.00 1.00 1.00 1.00 1.00 1.00

Max Eigenvalue 2.00 2.00 3.00 3.07 3.00 3.07

Consistency Index 0.00 0.00 0.00 0.04 0.00 0.03

Consistency Ratio 0.00 0.00 0.00 0.07 0.00 0.06

Source: National Disaster Management Research Institute. 2021.
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Table 4 _ Discriminant and scoring criteria according to regional characteristics

) Warning/Forecast Individual drought Integrated drought
Regional Formula . L . L
Stage scoring criteria scoring criteria
Urban 0.31X; + 0.69X3 Normal 20 < 20
Urban-Rural Blue 40 < 40
.18X; + 0.35X; + 0.47
complex 018%s + 039 + 047% Yellow 60 < 60
Orange 80 < 80
. + 0. + 0.
Rural 0.20X; + 0.63X; + 0.17X3 Red 100 N

Source: National Disaster Management Research Institute. 2021.
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Table 5 _ Examples of Rules—based Hybrid Techniques

Meteorological Agricultural Domestic & Industrial Integrated drought

Urban Orange Orange
Urban-Rural complex Orange Yellow

Rural Orange Yellow

Urban Orange Yellow Yellow
Urban-Rural complex Orange Yellow Yellow

Rural Orange Yellow Orange

Urban Blue Normal Yellow Yellow
Urban-Rural complex Blue Normal Yellow Yellow

Rural Blue Normal Yellow

Ex 1: (Meteorological) Blue, (Agricultural) Blue, (Domestic & Industrial) Orange
- Urban: 0.31X;+0.69X; = 68 — Integrated drought is “Orange”
- Urban-Rural complex: 0.18X;+0.35X,+0.47X; = 59 — Integrated drought is “Yellow”
- Rural: 0.20X;+0.63X,+0.17X3 = 47 — Integrated drought is “Yellow”

Ex 2: (Meteorological) Orange, (Agricultural) Yellow, (Domestic & Industrial) Blue
- Urban: 0.31X;+0.69X3 = 52 — Integrated drought is “Yellow”
- Urban-Rural complex: 0.18X;+0.35X,+0.47X; = 54 — Integrated drought is “Yellow”
- Rural: 0.20X;+0.63X,+0.17X; = 61 — Integrated drought is “Orange”

Ex 3: (Meteorological) Blue, (Agricultural) Normal, (Domestic & Industrial) Yellow
- Urban: 0.31X;+0.69X; = 54 — Integrated drought is “Yellow”
- Urban-Rural complex: 0.18X;+0.35X,+0.47X3 = 42 — Integrated drought is “Yellow”
- Rural: 0.20X;+0.63X,+0.17X; = 31 — Integrated drought is “Blue”

Source: National Disaster Management Research Institute. 2021.
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Figure 3 _ Result of Drought Warning/Forecast and Rules—based Hybrid Techniques (2022.06)
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