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Abstract

This study comprehensively evaluates the environmental impacts of droughts caused by abnormal climate change. Specifically, to
quantitatively analyze the impact of droughts on the water environment of river basins, an Environmental Drought Index (EDI) was
developed using meteorological, hydrological, and water quality parameters. The study focuses on the Han River basin, categorizing the
watersheds into urban, agricultural, and forest types to develop region-specific EDIs. Various data analysis techniques, such as multiple
linear regression, principal component and random forest analysis, were employed to determine the weights of different parameters to
assess the impact of droughts. The primary water quality parameter used in the assessment was BOD (Biochemical Oxygen Demand).
The results showed that in urban areas, TOC (Total Organic Carbon) and flow were the primary parameters, with significant dete-
rioration in water quality during droughts. In agricultural areas, TOC and EC (Electrical Conductivity) were the primary parameters
driving changes in water quality during droughts. In forest areas, TOC, flow and cumulative precipitation were identified as the primary
parameters, with relatively less impact compared to other regions.

Keywords: Drought, Climate change, Water quality managment, Data anlysis
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Fig. 1. Study area

Table 1. Land cover status in watersheds

Category Watershed Used Area (%) Agricultural Land (%) Forest (%)
Hangang-Seoul (HS) 341 6.1 42.5
Urban Hangang-Goyang (HG) 26.3 14.6 34.9
Gyeongancheon (GC) 10.9 11.1 60.1
Downstream of the Namhangang (DN) 4.8 31.1 47.6
Dalcheon (DC) 2.7 19.0 64.6
Seomgang (SG) 3.1 13.7 71.2
Rural
Chungju Dam (CJD) 1.5 10.2 75.6
Downstream of the Chungju Dam (DCD) 1.5 22.5 58.8
Pyeongchanggang (PC) 1.1 11.5 76.5
Upstream of the Namhangang (UN) 1.0 8.8 81.3
Soyanggang (SYG) 0.7 4.5 86.8
Uiam Dam (UD) 33 7.4 76.3
Forest Inbukcheon (IC) 0.9 3.9 87.3
Cheongpyeong Dam (CPD) 2.8 6.5 75.5
Chuncheon Dam (CCD) 1.0 8.4 79.0
Hongcheongang (HC) 1.0 9.6 79.2
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Q

Table 2. Standard values for parameters in EDI calculation

Parameter Standard Value
Flow Average Low Flow Rate
Prec. 30.0 mm
R-days 28 Days
pH 6.5~8.5
EC 200
DO 5.0
TOC 3.0
Table 3. EDI grade range
Level EDI
Normal <0.7
Concern 0.7-1
Attention 1-12
Warning 12-1.5
Critical 1.5<
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2.3.1 CIEMES|#(Multiple Linear Regression, MLR)
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Table 4. Exceedance rates of BOD by flow conditions in watersheds

Watershed Moist Conditions Mid-range Conditions Dry Conditions Low Flows

HS 50.43% 53.85% 43.59% 62.50%

Urban HG 12.07% 12.82% 15.52% 30.77%

GC 8.76% 17.58% 32.12% 62.22%

DN 22.96% 24.44% 32.59% 51.11%

DC 14.78% 30.26% 25.22% 35.90%

Rural SG 9.92% 13.64% 28.24% 45.45%

CID 0.85% 2.56% 0.00% 0.00%

DCD 17.95% 27.85% 21.37% 17.50%

PC 7.76% 25.32% 27.12% 16.67%

UN 13.64% 6.67% 0.00% 12.50%

SYG 0.00% 0.00% 0.00% 2.22%

UD 38.46% 43.59% 38.46% 61.54%

Forest IC 5.36% 13.33% 18.75% 47.37%

CPD 13.93% 30.59% 48.75% 76.97%

CCD 0.00% 1.37% 1.52% 0.00%

HC 7.14% 6.94% 19.82% 43.24%
AN 2L 2TES RYTE BAFFLAGT]  ARSgol 71Eghe 2Tl FRo 2 et od] 546
o e 238S Holn] JRdsR, ZH L EFWFOl @ F UL TOC WAL pHE F/PHOR |E RS 23t
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o S A o r 2ago| njR|Flom @AW T St BRI 7S A ECE 0.14, FAGTF 20112 S
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Table 5. Exeedance rates of parameters in watersheds
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Watershed Flow Prec. R-days pH EC DO TOC
HS 5.88% 25.32% 15.35% 3.84% 82.10% 1.28% 48.59%
Urban HG 5.68% 25.32% 15.50% 1.81% 93.80% 0.00% 75.45%
GC 3.96% 30.77% 21.54% 10.33% 97.14% 0.00% 52.97%
DN 4.67% 30.22% 22.00% 19.33% 98.44% 0.00% 20.00%
DC 3.92% 27.42% 15.14% 26.11% 77.81% 0.00% 22.45%
Rural SG 3.89% 31.58% 19.22% 25.63% 84.44% 0.00% 35.24%
CJD 3.82% 28.24% 16.03% 8.91% 80.92% 1.02% 0.25%
DCD 4.34% 29.34% 18.62% 27.81% 80.36% 0.00% 3.57%
PC 3.62% 28.17% 16.54% 29.72% 90.18% 0.00% 3.62%
UN 6.85% 23.29% 16.44% 69.86% 97.26% 0.00% 0.00%
SYG 7.71% 32.98% 23.55% 5.57% 0.00% 0.00% 0.21%
UuD 0.00% 25.38% 15.38% 3.85% 82.05% 1.28% 48.72%
Forest IC 2.94% 26.47% 17.65% 19.52% 0.27% 0.00% 2.14%
CPD 4.11% 27.51% 17.99% 9.00% 0.00% 0.00% 2.83%
CCD 5.61% 29.34% 20.41% 0.26% 0.00% 0.00% 0.26%
HC 4.89% 27.17% 16.03% 12.23% 19.02% 0.00% 2.45%
Table 6. Results of weight calculation methods
Flow Prec. R-days pH EC DO TOC
Result -0.0003 -0.1383 -0.0244 -0.0391 0.0499 0.0293 0.9702
MLR Weight 0.12 0.10 0.12 0.11 0.12 0.12 0.31
Result 0.6189 0.4253 -0.2400 -0.0055 0.1551 -0.0949 0.1412
Urban PCA
Weight 0.22 0.18 0.09 0.12 0.14 0.11 0.14
Result 0.1528 0.1378 0.1040 0.1029 0.1520 0.1323 0.2182
RE Weight 0.16 0.14 0.10 0.10 0.15 0.13 0.22
Result 0.0168 -0.0427 -0.0185 0.0681 0.1955 0.0078 1.0003
MLR Weight 0.11 0.11 0.11 0.12 0.14 0.11 0.30
Result 0.7303 0.3749 -0.0314 -0.0587 0.0092 -0.0439 0.0197
Rural PCA
Weight 0.25 0.17 0.12 0.11 0.12 0.11 0.12
Result 0.1630 0.0819 0.0674 0.0570 0.2164 0.0778 0.3365
RE Weight 0.16 0.08 0.07 0.06 0.22 0.08 0.33
MLR Result -0.0458 -0.0611 -0.0459 0.0745 0.1199 0.1075 1.0765
Weight 0.10 0.11 0.11 0.12 0.12 0.12 0.32
Result 0.6599 0.3788 0.0840 -0.1033 0.0285 -0.0881 0.0402
Forest PCA
Weight 0.23 0.18 0.13 0.11 0.12 0.11 0.12
RF Result 0.1486 0.1095 0.0895 0.0843 0.1498 0.1113 0.3070
Weight 0.15 0.11 0.09 0.08 0.15 0.11 0.31
2 A2 o] 80% O 02 e, ZF A EA g RMSES} dIEHT=E 0.5507 0.786. 2.2, AH5-39]
S0l 7103 gy A ES Aot g2 Agsteh AEEA A RMSESF 548 = 0.7317 0.658 2 YERTE o4
ESREU R GPE U FAE B AU EARY BN L DIRLYLEE S AFHA TOCH FFol
©] RMSES} ASH ST E 0.8459} 0.5482, HH-H3 <] UL A2 TOCe 43559 7HA=
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Table 7. Comparison of environmental drought index results based on SPI1

Watershed | Method Wet Normal Moderate drought Severe drought Extreme drought
MLR Concern Concern Warning Warning Warning
HS PCA Concern Concern Warning Critical Critical
RF Concern Concern Warning Critical Warning
MLR Concern Attention Warning Critical Critical
Urban HG PCA Concern Concern Warning Critical Critical
RF Concern Concern Warning Critical Critical
MLR Concern Concern Critical Critical Critical
GC PCA Concern Concern Critical Critical Critical
RF Concern Concern Critical Critical Critical
MLR Concern Concern Warning Critical Warning
DN PCA Normal Concern Warning Critical Warning
RF Concern Concern Warning Critical Warning
MLR Normal Concern Attention Critical Attention
DC PCA Normal Normal Warning Critical Warning
RF Normal Concern Attention Critical Attention
MLR Normal Concern Attention Critical Critical
SG PCA Normal Concern Attention Critical Critical
RF Concern Concern Attention Critical Critical
Rural MLR Normal Normal Concern Critical Concern
CID PCA Normal Normal Attention Critical Attention
RF Normal Normal Concern Critical Concern
MLR Normal Concern Concern Critical Critical
DCD PCA Normal Normal Attention Critical Critical
RF Normal Concern Normal Warning Critical
MLR Normal Concern Warning Warning Attention
PC PCA Normal Normal Warning Critical Warning
RF Normal Concern Attention Warning Attention
MLR - Normal Concern Attention Critical
UN PCA - Normal Concern Warning Critical
RF - Normal Concern Attention Critical
MLR Normal Normal Attention Critical Critical
SYG PCA Normal Normal Warning Critical Critical
RF Normal Normal Attention Critical Critical
MLR Concern Concern Warning Attention Warning
uD PCA Normal Concern Warning Attention Warning
RF Concern Concern Warning Attention Warning
MLR Normal Normal Critical Critical Warning
Forest IC PCA Normal Normal Critical Critical Critical
RF Normal Normal Critical Critical Warning
MLR Normal Normal Attention Critical Attention
CPD PCA Normal Normal Warning Critical Warning
RF Normal Normal Attention Critical Attention
MLR Normal Normal Attention Warning Critical
CCD PCA Normal Normal Warning Critical Critical
RF Normal Normal Attention Warning Critical
MLR Normal Normal Warning Warning Concern
HC PCA Normal Normal Warning Critical Concern
RF Normal Normal Attention Warning Concern
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Fig. 2. Results of environmental drought index calculation
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