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Abstract

This study introduces Damage Sensitivity to Water usage (DSW) and proposes a methodology to prioritize regional water supply during drought periods. The DSW
quantifies the impact of water usage on changes in drought damage by region, with higher indicating areas that should be prioritized for water management. The study
focused on administrative districts within the Geum, Yeongsan, and Seomjin river basins from 2018 to 2021, calculating DSW for each region. To build a machine
learning based regression equation, three types of input data were collected: meteorological factors from the KMA Weather Data Service, regional factors related to
agriculture, domestic, and industry from the Korean Statistical Information Service, and water usage data from the Water Resources Management Information System.
The output data, Relative Drought Damage, was derived from drought warnings, direct damage, and water support during droughts, as recorded by the National Drought
Information Statistics. The regression model was then trained, and drought damage was estimated for each region under scenarios of 50% reduction and 200% increase
in water usage. DSW was calculated based on the differences in results, and regions were ranked accordingly. Muju-gun, Jeollanam-do was identified as highly sensitive
in terms of agricultural water, while Gyeryong-si, Chungcheongnam-do and Gurye-gun, Jeollanam-do were most sensitive for domestic and industrial water. Based
on these results, regions with high DSW were considered as areas requiring management of specific water usage, depending on agricultural, domestic, or industrial
water. This methodology provides a tool for setting regional water supply priorities at the national level.

Keywords: Damage Sensitivity to Water usage, Relative Drought Damage, National Drought Information Statistics, Geum/Y eongsan/Sumjin River basin,
Water supply priority
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Table 1. Descriptions of basic information about administration in Geum/Yeongsan/Sumjin River basin

Geum River Basin Yeongsan River Basin Sumjin River Basin
. N Types of . A Types of . N Types of
No. |Provinces Si-gun-gu Zone No. | Provinces | Si-gun-gu Zone No. | Provinces Si-gun-gu Zone
1 Dong-gu 20 Dongnam-g}l, 35 Suncheon-si
Cheonan-si Urban-rural
- Mixed Zone
2 Seo-gu 21 Seobuk-gu, 36 Naju-si
— | Gwangju Urban Zone Cheonan-si | Urban-rural
3 & Nam-gu 22 Gongju-si | Mixed Zone | 37 Damyang-gun
Chung- Gokseong-
4 Buk-gu 23 | cheong Nonsan-si 38 un &
— nam-do - &
5 Gwangsan-gu 24 Gyeryong-si 39 Gurye-gun
Jeollanam-
6 Dong-gu 25 Geumsan-gun 40 do Boseong-gun
7 Jung-gu 26 Cli;uyeo-gun Rural Zone 41 Hwasun-gun Rusal Zone
eongyang-
- 2 42 Y -
8 Daejeon Seo-gu Urban Zone 7 gun eongam-gun
9 Yuseong-gu 28 Iksan-si 43 Muan-gun
— Urban-rural -
10 Daedeok-gu 29 Namwon-si | Mixed Zone | 44 am;}llzong-
11| Sejong | Sejong-si | Urban Zone | 30 Jinan-gun 45 ! a“ggslf;“g'
12 Sangdanfg-gl.‘l, 31 |Jeollabuk-| Muju-gun 46 Gyeongsang Hadong-gun | Rural Zone
Cheongju-si do buk-do
13 Seowon'-gui 32 Jangsu-gun | Rural Zone
Cheongju-si
— i deok Urban Zone
eungdeok-gu, .
14 33 Imsil-
Chung- Cheongju-si msti-gun
cheong Cheongwon-gu.
15 - ’ 34 hang-
buk-do Cheongju-si Sunchang-gun
16 Boeun-gun
17 Okcheon-gun
— Rural Zone
18 Yeongdong-gun
19 Jincheon-gun
60 km
38.0°
3
2 a70
p g
,‘E 36.0°N
34.0°N1* 36.0°N
@ Asos
® Aws
Longitude 126:D°E 127.0°E 126.0°E 127..D“E
(@) Longitude (b)

Fig. 1. Geographic information of (a) the number for administration and (b) the weather stations in Geum/Yeongsan/Sumjin River basin, Korea
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Table 2. Detailed descriptions of parameters related to drought damage

Classification Parameters (unit)

Sources

Accumulated Precipitation (mm)

Average Temperature (°C)

Korea Meteorological Administration

Meteorological Factor

Average Wind Speed (m/sec)

(KMA)

Average SP130, 60, 90, 180, 270, 360

Total Population (Person)

Total Household (Number)

Total Agricultural Household (Number)

Regional Factor

Total Area of Agricultural Land (m?)

KOrean Statistical Information Service

Total Number of Manufacturing Workers (Person)

(KOSIS)

Total Area of Industrial Land (m?)

Water Supply Rate (%)

Amount of Agricultural Water Usage (10° m*/year)

Water Usage

Amount of Domestic Water Usage (10° m*/year)

WAter resources Management Information System

Amount of Industrial Water Usage (10° m*/year)

(WAMIS)
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|  Model Training |
Parameters (46 X 19 X 4)

»
& XGBoost
Algamhm

Relatlve Dmugm Damage

o_ Water Usage O '.

Administration : 46 Administration : 46

_______________________________________________
Applying
Regression Model

(b)
—| Change of Water Usage I—

Parameters (46 X 19 X 4) —
=5

—] Prediction of Relative Drought Damage |—

Relative Drought Damage
According to each Water Usage
)

'—| Calculation about DSW I—

P Dy~ Dy
DSW, g5 = D

*100(%)

_________________________

Fig. 2. A flowchart for calculating the Damage Sensitivity to Water
Usage (DSW) with conceptual descriptions on each step; (a)
Model training for predicting the relative drought damage,
(b) Prediction of relative drought damage according to water
usage and () Calculation about DSW according to types of
water usage
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Fig. 3. lllustrations of relative drought damage with changes in
water usage from 2018 to 2021; (a) Agricultural usage, (b)
Domestic usage, and (c) Industrial usage
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Table 3. Results of regional rankings for damage sensitivity to agricultural water usage from 2018 to 2021
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Years
Rank 2018 2019 2020 2021
A?nzlirlrllit;:a(t)ifon DSWagr Ail\lnlllirlrllibset::a(t)ifon DSWag. AcII\Inlljirrrllibset:rra(t)ifon DSWagr. A(Ii\Inlllirtrllit;:a(t)ifon DSWagr
1 46 26.62 18 36.94 26 7.49 31 59.64
2 43 1.08 27 20.99 41 0.57 26 225
3 45 0.72 26 12.84 43 0.42 43 1.88
4 18 0.08 25 0.42 18 0.08 29 1.32
5 17 0.08 32 0.05 32 0.05 40 0.95
6 32 0.05 46 0.05 33 0.05 44 0.43
7 33 0.05 33 0.05 34 0.05 33 0.05
8 34 0.05 34 0.05 46 0.05 34 0.05
9 30 0.05 17 0.05 37 0.05 37 0.05
10 25 0.03 16 0.05 45 0.05 45 0.05
11 42 0.03 42 0.03 17 0.05 46 0.05
12 39 0.05 38 0.04
13 38 0.04 41 0.03
14 |Regions with a Sensitivity value|Regions with a Sensitivity value 42 0.03
s of 0 will l;ei;);zlsl;gzd from the | of 0 will l:ﬁsecicslsuig[eld from the 27 0.01 Regions with a Sensitivity value
16 . . Regions with a Sensitivity value of 0 will b; si)l(.lcslslf):l from the
of 0 will be excluded from the
17 discussion.

Tl 240 BT O] DSWpon 2] 7891 591 A
Aol S5, thH-E 4.00 0|42 2 AFEE]| QI TH Table 4). ]
AHS 41 (2P E e 20209, 2021 439] 59
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S B33t Table 5). 2018 2] At & ArmiHH, 71 2
DSWi 7t A EE 292 2|98 38 (A2 e I/3+)
oz eIt} I the o & A I T 41 H(ARPEE Sl
), 35H(HPEE £AA)), 46 (AR 515, 179
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A9 571 A9 5 Hepd e 2] <o) 33ES 21A]_E 2o £
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S7Fer AIHE YeRf It 4], A GRS 27H(EHEE
F )2 20189 2] DSW;,.710.06014] 2019 =33.672
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Table 4. Results of regional rankings for damage sensitivity to domestic water usage from 2018 to 2021

Years
Rank 2018 2019 2020 2021
A?nzlirlrllit;:a(t)ifon DSWpom. Ail\lnlllirlrllibset::a(t)ifon DS pon. AcII\Inlljirrrllibset:rra(t)ifon DS po A(Ii\Inlllirtrllit;:a(t)ifon DSW pom
1 24 211.79 24 207.52 24 135.21 24 166.53
2 45 10.11 22 12.47 45 10.11 45 10.11
3 39 4.18 18 10.14 40 4.17 41 7.63
4 40 4.14 26 2.26 39 4.17 39 4.11
5 27 0.21 27 2.12 41 3.45 40 4.01
6 16 <0.01 40 0.03 26 2.07 31 3.74
7 18 <0.01 30 <0.01 25 2.04 29 0.34
8 26 <0.01 33 <0.01 11 0.08 16 0.18
9 25 <0.01 16 <0.01 46 <0.01 25 <0.01
10 17 <0.01 25 <0.01 26 <0.01
11 17 <0.01 Regions with a Sensitivity value
Regions with a Sensitivity value ] ] o of 0 will be excluded from the |Regions with a Sensitivity value
12| of 0 will be excluded from the Reglons_ with a Sensitivity value discussion. of 0 will be excluded from the
discussion. of 0 will be excluded from the discussion.
13 discussion.
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Years
Rank 2018 2019 2020 2021
A?nzlirlrllit;:a(t)ifon DSWa Ail\lnlllirlrllibset::a(t)ifon DSW AcII\Inlljirrrllibset:rra(t)ifon DSW A(Ii\Inlllirtrllit;:a(t)ifon DSW
1 38 18.29 27 33.67 39 38.44 39 38.13
2 41 11.51 17 22.05 41 19.67 29 11.76
3 35 9.78 38 11.54 38 16.43 35 10.30
4 46 4.99 16 7.79 35 11.57 41 9.18
5 17 2.19 41 2.19 17 6.15 17 6.16
6 29 2.01 18 2.12 16 4.09 38 4.64
7 16 1.93 26 1.13 26 2.13 16 4.29
8 44 1.18 33 0.38 18 2.10 40 3.34
9 33 0.32 40 0.06 44 0.06 45 1.77
10 18 0.06 30 0.06 29 0.06 18 0.06
11 30 0.06 29 0.06 30 0.06 32 0.06
12 32 0.06 35 0.06 32 0.06 27 0.06
13 27 0.06 34 0.06 34 0.06 34 0.06
14 34 0.06 44 0.06 27 0.02 30 0.02
15 40 <0.01 32 0.06 40 <0.01 44 0.02
16 39 <0.01 39 <0.01 33 <0.01 33 <0.01
17 26 <0.01 45 <0.01 46 <0.01 46 <0.01
18 45 <0.01 46 <0.01 45 <0.01 26 <0.01
19 Regions with a Sensitivity value|Regions with a Sensitivity value|Regions with a Sensitivity value |Regions with a Sensitivity value
20 of 0 will be excluded from the | of 0 will be excluded from the | of 0 will be excluded from the | of 0 will be excluded from the
o1 discussion. discussion. discussion. discussion.
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