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ABSTRACT

The drought has occurred from the past, and has caused a lot of damage. It is important to analyze the past droughts and
predict them in the future. In this study, the temperature and precipitation of the past and the future from climate change
RCP 4.5 and 8.5 scenarios were analyzed for Seosan and Boryeong in the western region of Chungnam Province, which is
considered as a drought-prone area on the Korean Peninsula. Comparing Standardized Precipitation Index (SPI) and
Effective Drought Index (EDI) based on the past droughts, EDI was verified to be more suitable for the drought
assessment. According to RCP 4.5, the frequency and intensity of droughts in the early future (2021~2060) were expected
to increase and to be stronger. Particularly, severe droughts were predicted for a long time from 2022 to 2026, and from
2032 to 2039. Droughts were expected to decrease in the late future (2061~2100). From RCP 8.5, drought occurrences
were predicted to increase, but the intensity of the droughts were expected to decrease in the future. As a result of
evaluation of the frequencies of droughts by seasons, the region would be most affected by fall drought in the early future
and by spring drought in the late future according to RCP 4.5. In the case of RCP 8.5, the seasonal effects were not clearly
distinguished. These results suggest that droughts in the future do not have any tendency, but continue to occurr as in the
past. Therefore, the measures and efforts to secure water resources and reinforcement of water supply facilities should be
prepared to cope with droughts.

Key words : Drought, Climate change, Representative Concentration Pathway (RCP), Standardized Precipitation Index
(SPI), Effective Drought Index (EDI)
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Table 1. Recent droughts in Chungnam Province

100KM e

Fig. 1. The location of the meteorological weather station for the
drought assessment in the western region of Chungnam Province.

EAM(KMA, 2018)0] wE T3t Asar]le 2 A
ZEE(1981~2010Y 12.5°C, 1,308 mm ©]T}. A4K(1981~
201008 7% ARV 2 APIFATEFS 11.9°C,
1,286 mme]al, B3 (1981~2010)8] AH7H7]e 2
A 12.4°C, 1244 mmzE 7+ A|Ye] 7PIEAS
sho] Hutw} & Apol7} gl

Table 12> 2018 = 7PHe- R EAE (Ministry of the
Interior and Safety et al., 2020y BRSO Z FFA|H9]
AR 1 oElE HAS A=tk Table 1044 7}
= 7R 7 FME AAIR 71l o8l FElE
< 7RYE YufalaL, 2 A5Edd 7HE dsiE 9 A
o7 ettt 32 JsiE AEd 201230 w21E
2014390= AR, 20153 2E, AR, 9%
A 59 7FE SAIg FEiE At =3 2016d00E E
25 9 AR, 20170 AdHEE A%t IsiE
At

Year Drought period (month) Damage

2012 5-6 Crop

2014 7 Restricted water supply

2015 79, 11 Crop, restricted water supply, water supply method adjustment
2016 8,9 Crop, restricted water supply

2017 6-7 Restricted water supply

*Source : Modified from the 2018 National Drought Information Statistics (Ministry of the Interior and Safety et al., 2020)
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Table 2. The classifications of drought intensity by SPI and EDI

SPI, EDI Classifications
0 ~ -0.99 Normal
-1.0 ~ -1.5 Moderate dry
-1.5 ~ 2.0 Severe dry
<20 Extreme dry

3.3. FEZTX|E(SPD
B35 A)9=(Standardized Precipitation Index, SPI}=
e AmRks 7L €, G TS 7 ¢ 3
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i, .., 1270E 55 ZAAskar, 2AHg AR = o
3 7 A AAIE ARE AR o] AAES ¢
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Fig. 2. The temperature variation according to the past and the
RCP scenarios.
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Fig. 3. The precipitation variation according to the past and the
RCP scenarios.

1980 2000 2020

HE A83I9H Fig 32 4539 A AlAE ARE
agog Yehd Zo|al, Table 3(ays d5de] B B
AE B3 Aot IHTITEe] A, A A
2R 1253 mm/Ad, B 1,218 mmAdolt). 7133} A
U ol i e Ase Akke] - tiAlE A
HISSSE A dreds eI 2] 739 RCP 8.5
2710 1,077 mm/AAoE AW S AHTTHS BY
a1, 71 9 YAl HA 799} vlssgt His ol R
o A AP 2 HAY A, ARk 270
mm/d, HHL 597 mmMdoE AAFAE B V)
FRsA ] Qo) WE A3ERS RCP 4.59] 79 AlAk
B YR A7E 932mm/Ad, 9.06 mmAd, F71E
722mm/d, 9.52mmMAeE F AY BE AH7dE
=7} FAE Holal Zylole TAAFAHE B RCP
859 A% MAy B AHUE A7E 1.52mm/d,
0.17mm/3, 7] -1.11 mm/d, 0.52 mmAXdSE RCP
4,59} HlwgS o wWEdo] wHgiot.

02 Table 4= 5 oS Bl vehd %
TRl i 9 S A dijoltt. AT

o A%, A AAG Ame] Auist vizalgar, ph

Table 3. The precipitation trend according to the past and the RCP scenarios from annual time series data

(a) Linear regression

Future
Seosan (19 8giszto 19) Early(2021~2060) Late(2061~2100)

RCP 45 RCP 8.5 RCP 45 RCP 8.5

Trend (mm/year) -2.70 +9.32 +1.52 -7.22 -1.11
*Avg. (mm/year) 1,253 1,130 1,204 1,305 1,317

Future
Boryeong a 98338501 9) Early (2021~2060) Late (2061~2100)

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5

Trend (mm/year) -5.97 +9.06 +0.17 -9.52 +0.52
Avg. (mm/year) 1,218 1,112 1,077 1,180 1,189

"Avg. : Average
(b) Mann-Kendall test
Future
Seosan a 98533;0 19) Early (2021~2060) Late (2061~2100)

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5

*Trend No trend Up No trend No trend No trend
Future
Boryeong (198I(;isztm 9) Early (2021~2060) Late (2061~2100)

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5

*Trend No trend Up No trend No trend No trend

* Statistical analysis in 95% confidence interval

J. Soil Groundwater Environ. Vol. 25(4), p. 14~27, 2020



20

QrEe - Ftd

Table 4. The precipitation trend according to the past and the RCP scenarios from 5 year moving average

Past Future
as
Seosan (1980-2019) Early (2021~2060) Late (2061~2100)
RCP 45 RCP 85 RCP 45 RCP 8.5
Trend (mm/year) +0.063 +10.45 +2.78 =733 -1.81
Avg. (mm/year) 1,271 1,241 1,204 1,255 1,332
g Y
P Future
ast
Boryeong (1980-2019) Early (2021~2060) Late (2061~2100)
RCP 45 RCP 85 RCP 45 RCP 8.5
Trend (mm/year) -5.72 +11.52 +1.46 -7.04 +1.08
Avg. (mm/year) 1,238 1,124 1,072 1,151 1,199
_ 4 <Seosan> 0
2 1 RCP 8.5 F7]9 ATl 1,072 mme= _
400 3
AY w2 Zhs VeI i) AR AwEd o g
5d olsREEe Bal Uehd A88ARAe) A B & :
s S
Ak A5 Asiar A AAIE A= AP HARA 2 L M g
SRt BES HoFdnt. sl = 4 A9 & 2 W g
l:,_ 7‘—:':]‘;(6]7:”4:(];{2)7]- 0.5 U]E’_]_'_Qi %ﬁﬁl /‘\lﬂ‘s]'7]°ﬂ{_:‘ t:ﬂ- PETl hl.l BN 91 1 e T P T | ST :....11“. ko
7_—]]% E_oq_zrgj\q HH Mann-Kendall 761126]1?3% %;H B 2012 2014 2015 " 2016 2017 2018
ear
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Fig. 4. The time-series of EDI and SPI 3, SPI 12 from 2012 to
2017.

2012495 5, 639 A9 BrHEEo 2 EDE 7S
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=

Table 5. The comparisons between drought and each drought index from 2013 to 2017 according to the EDI and SPI 3, SPI 12

Period Location EDI SPI 3 SPI 12 Location EDI SPI3 SPI 12
2012-05 -1.03 -0.47 1.15 -1.25 -1.06 1.62
2012-06 -1.46 -0.64 -0.03 -1.64 -1.3 0.77
2014-07 -1.37 -1.41 -1.44 -1.14 -1.27 -0.38
2015-07 -1.26 -1.49 -0.57 -1.27 -1.8 -0.63
2015-08 -1.5 -1.92 -1.39 -1.66 -2.38 -1.25
2015-09 Seosan -1.57 -2.12 -1.62 Boryeong -2.01 -2.83 -1.7
2015-11 -1.54 0.05 -1.41 -1.96 0.2 -1.58
2016-08 -1.2 -1.39 -0.69 -1.46 -2.21 -1.21
2016-09 -1.19 -12 -0.49 -1.59 -1.67 -0.84
2017-06 -2.33 -2.28 221 -2.66 -1.62 -2.59
2017-07 -1.63 -0.64 -1.72 -1.81 -0.67 -1.95
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Fig. 5. The time-series of EDI from 1981 to 2019.

Table 6. Drought frequency trend according to drought intensity

(a) EDI < 0
Period Seosan Boryeong
Past (1980~2019) 7,972 6,707
Early RCP 4.5 8,066 8,606
(2021~2060) RCP 8.5 8,574 7,682
Future
Late RCP 45 7,702 7,971
(2061~2100) RCP 8.5 7,828 7,945
(b) EDI < -1
Period Seosan Boryeong
Past (1980~2019) 2,016 2,533
Early RCP 4.5 2,631 2,778
(2021~2060) RCP 8.5 1,719 2,115
Future
Late RCP 45 1,487 1,155
(2061~2100) RCP 85 1,849 1,954
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Fig. 6. The time-series of EDI from RCP 4.5.
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A E= Mol - 34 gt Ad 7k W
T7F 7PE AL, RCP 4.5 R7le AAHoR Add ®l
E=g7F 7P SA velsten O SelME 7R TR
H=rk 71 S deldth RCP 45 F71E F 7HE,
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Table 7. Seasonal drought frequency trend according to drought intensity

(a) Past (1980~2019)

Past (1980~2019) Boryeong Past (1980~2019)
Index Spring Summer Fall Winter Index Spring Summer Fall Winter
-1 397 465 408 448 -1 333 409 479 309
-1.5 58 45 80 86 -1.5 142 82 300 364
-2 10 19 0 0 -2 52 27 21 15
Sum 465 529 488 534 Sum 527 518 800 688
(b) Early future (2021~2060) under RCP 4.5 scenario
Seosan Future (2021~2060) Boryeong Future (2021~2060)
Index Spring Summer Fall Winter Index Spring Summer Fall Winter
-1 465 378 423 371 -1 493 578 560 466
-1.5 129 167 283 188 -1.5 115 59 298 206
-2 10 3 98 116 -2 0 0 3 0
Sum 604 548 804 675 Sum 608 637 861 672
(c) Early future (2021~2060) under RCP 8.5 scenario
Seosan Future (2021~2060) Boryeong Future (2021~2060)
Index Spring Summer Fall Winter Index Spring Summer Fall Winter
-1 414 371 258 248 -1 374 343 328 276
-1.5 99 20 146 161 -1.5 155 41 264 203
-2 0 2 0 0 -2 18 2 68 43
Sum 513 393 404 409 Sum 547 386 660 522
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(d) Late future (2061~2100) under RCP 4.5 scenario
Seosan Future (2061~2100) Boryeong Future (2061~2100)
Index Spring Summer Fall Winter Index Spring Summer Fall Winter
-1 287 234 169 261 -1 293 305 69 102
-1.5 212 81 91 51 -1.5 122 69 91 90
-2 50 12 0 39 -2 14 0 0 0
Sum 549 327 260 351 Sum 429 374 160 192
(e) Late future (2061~2100) under RCP 8.5 scenario
Seosan Future (2061~2100) Boryeong Future (2061~2100)
Index Spring Summer Fall Winter Index Spring Summer Fall Winter
-1 355 406 268 303 -1 315 415 368 455
-1.5 130 117 178 63 -1.5 129 52 87 90
2 0 7 2 20 2 29 14 0 0
Sum 485 530 448 386 Sum 473 481 455 545
W=t 7P 37 JERSTE RCP 45 Ve B UM, wE 7};4 e 931" o= oZHr) RCP 8.5
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