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Abstract

This study aims to develop rules for the Determination of Drought Stages at the Local Level based on the drought cases in Gwangju and
Jeollanam-do in 2022-2023. Among the eight drought indicators provided, six indicators (Agricultural drought stage (for paddy),
Residential & industrial drought stage, SPI-12, Relative agricultural water storage, Residential water consumption change (for domestic
use), Residential water consumption change (for non-domestic use) were confirmed to have statistical correlations with the perceptions
of local government officials and experts. Additionally, this drought indicator was applied to a decision tree algorithm to develop rules
for determining the severity of drought. Although it presented results similar to those of the existing method presented in previous
studies, it showed a significant comparative advantage in explaining the temporal and spatial patterns of drought in the Gwangju and
Jeollanam-do.
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Table 1. Questions for determining the month for each drought stage

Question Additional Explanations on Each Drought Stage

- Assuming that a local drought severity becomes the Attention stage
- Possible to be difficult to supply water in the future when considering water resources
availability and meteorological expectations

Q,. Please mark the month when you perceived an
indication of a drought.

Q.. Please mark the month when significant effects| - Assuming that a local drought severity becomes the Caution stage

due to drought occurred or are expected to - Possible to observe drought effects such as deteriorated ecological quality, poor crop
occur. growth, and low water supply service quality
Qs. Please mark the month when tangible damages | -+ Assuming that a local drought severity becomes the Alert stage
due to drought occurred or are expected to - Possible to observe drought damages in citizens’ lives or a local economies that arise
occur. from limitations in residential, industrial or agricultural water supplies due to drought
Q.. Please mark the month when a local crisis due to| - Assuming that a local drought severity reaches the Serious stage
drought is expected to occur without - Possible to observe that citizens’ lives or local economies are widely and seriously
contingency actions. worsened by drought

Table 2. Candidates for drought indicators

Category Notation Data Type

Meteorological Drought Stage Xm
Official Drought Warni : for Padd X .

fca rc.)ug arming Agricultural Drought Stage Y i Categorical
Indicators for Field X
Residential & Industrial Drought Stage X;
SPI12 X

. Relative Agricultural Water Storage (%) Xa .

Other Drought Indicators - Continuous

. . . for Domestic Use X4
Residential Water Consumption Change (%) -

for Non-domestic Use X
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Table 3. Characteristics of decision tree algorithms

CHAID CART C5.0
Output Value Categorical, Continuous Categorical, Continuous Categorical
Input Value Categorical, Continuous Categorical, Continuous Categorical, Continuous

Node Criteeria Chi-square Statistics, F-Statistics

Gini Coefficient, Variance Reduction

Entropy & Information Gain

Decision Nodes Number Multiway Split

Binary Split Multiway Split

Pruning Impossible

Possible Possible
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Table 4. Results of the correlation analysis between drought indicators and drought perception surveys

Drought Perception
from Persons in charge from Experts
Cor. Coef. -.190* -.069
Xm Significance .010 353
N 182 182
Cor. Coef. 261%* 284%*
Xp Significance <.001 <.001
N 182 182
Cor. Coef. .017 -.028
X¢ Significance .870 786
N 98 98
Cor. Coef. 694+ .874%*
X, Significance <.001 <.001
Drought N 182 182
Indicators Cor. Coef. -.644%% T4k
X Significance <.001 <.001
N 182 182
Cor. Coef. -.233%%* -.340%*
Xa Significance .002 <.001
N 182 182
Cor. Coef. -.202%%* -307**
X4 Significance <.001 <.001
N 182 182
Cor. Coef. .142 222%*
Xn Significance .056 .003
N 182 182

note: * and ** mean that correlation coefficients are respectively significant at the 0.05 and 0.01 levels
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step)
v Num. of Classification: 4

consumption change
v Structure of the Decision Tree

v Algorithm: CHAID (Accuracy: 73.7% at the learning step and 67.6% at the test

v Selected inputs: agricultural drought stage, residential & industrial drought
stage, SPI-12, domestic water consumption change and non-domestic water
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Mun. GJ np vs 5C NJ oY GH BS HS HP YG s WD
Mar 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apr 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
May 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jun 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jul 22 o 0 0 3 0 0 0 3 3 3 0
Aug 22 2 2 2 2 2 2 3 2 3 2 3 3 2 2
Sep 22 2 2 3 3 3 2 3 2 2 3 2 3 2 2
Oct 22 2 2 3 2 2 2 2 2 2 3 3 2 2 2
Nov 22 8 8 3 8 g 8 2 8 8 g 3 2 8] 2
Dec 22 3 3 3 3 3 3 2 2 2 3 2 2 3 2
Jan 23 3 8 8 8 8 5] 2 2 8 g 8 8] g B
Feb 23 8 8 8 8 g 8 8 8 8 g 8 8 8 2
Mar 23 3 3 3 3 3 3 3 2 3 3 3 3 3 3
(a) Using the CHAID algorithm
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(b) Using the RHT

Fig. 2. Estimation of the monthly drought stage for each municipality
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