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ABSTRACT

Recently, Korea has suffered from severe droughts due to climate change. Therefore, we need to pay attention to the change of drought
risk to develop appropriate drought mitigation measures. In this study, we investigated the changes of hydrologic risk of extreme
drought using the current observed data and the projected data according to the RCP 4.5 and 8.5 climate change scenarios. The bivariate
frequency analysis was performed for the paired data of drought duration and severity extracted by the threshold level method and by
eliminating pooling and minor droughts. Based on the hydrologic risk of extreme drought events Jeonbuk showed the highest risk and
increased by 51 % than the past for the RCP 4.5 scenario, while Gangwon showed the highest risk and increased by 47 % than the past
for the RCP 8.5 scenario.
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Table 1. Information of Precipitation Data

Observed Data RCP 4.5 & 8.5 Scenarios
Period 1973 - 2017 2018 - 2100
Time Scale Day Day

Administrative Districts
(Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon,

T Ar .
arget Area Ulsan, Gyeonggi, Gangwon, Chungbuk, Chungnam,
Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, Jeju)
Model - | HADGEM-ES

AU 2. o]tHKMA, 2018).
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W3] RS o]efeh mavRae A= &Rl WAIE 717
wo]] RleRAe] 7| 719l g 7HEARde] M= SRolehs
730l SpiETi(Yu et al, 2017). o2& EAIE 3l dsk7] f1eke
£ M= 7He E%(drought pooling)& #8515t 92
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shie] 2 7REAPIe R Aflehs otk E9S s nlAy

AA=S] S REe] 1=} e B BAE 5

23 WPHoll= Moving Average, Sequent Peal Algorithm,
Inter-event Time and Volume Criterion 5¢] 1t}(Tallaksen
et al, 1997). o] & Moving Average (MA)= 7143 AAES
o gsgarete] IAIGFERTE 2R AT ES A hE Wil
t} o] Whie] T8 e e oA w|ATHRo] 7]
wjitol] w)AHEe] 71 a3 o g2 Foleti= Aot Enyew
et al,, 2014). B3k, 37F4] Wby 5 78 dubolal A A8
917 wie]] £ Stexl= MA HPES 283199tk Van Loon
and Van Lanen(2012)2 309 o538 &8314] 7HaAPd&
23193 o™, Sung and Chung(2014)2 10 o 5H-& 283}
of 1A 3 i e A FEIS
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T 2 o= BAS T2 ARSItk Sharma, 1997;
Kang and Yoon, 2002). 121} o]2gh o 2 4Pg Zzke]
A7 KR 22 7HaAPde] tigh Zlololeie A2 Aolsle] 48]
S e At & 5 §IkKim et al., 2003; Yu et al,
2016). FHZell= o]z T Hekslr] 918 A&7 R Aes
At 7 aiEshe o|ilE RlmiA o] 2 Al girk
T 7HA Ape] AR EREIE APgskE Welle mi e
9 vjuiRiaea] whgo] QIRRE TREAMEe] A&7 AeE
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2013; So et al., 2014; Kwon et al., 2018).
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Table 2. Equations of Archimedean Copula Families

Copula Equation
Clayton max{(d *+s ¢ —1)"" 0}
—6d _1)(a—05 _
Frank ~ L 1+ W
0 e’ —1
Gumbel exp[—{(=Ind)’ + (—Ins)’}"/* ]

A% 2ekEY) e Fete] AA7RES ARKEE 7 Tk Kwon
and Kim, 2009; Kim et al, 2018). ] w] 7} o] St wpxy7k4
& r#sfjof db(Shiau and Shen, 2001; Kim et al., 2006;
Kim et al,, 2018), &2} 375 o83t o HZF 7R A7 Rk
Eq. ()9} 2t
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Table 3. Average Duration and Severity of Drought Events

ofl,
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T Hdee 54 A7 Tps) S 7= Aol
E3 7)7Kservice life time, n) St WA 3Rg-S on|3tl(Yu
et al., 2016). 7FaAPde] 84 R =E Eq. ()& o83
AP ol AF7IRES Eq. (3) 2838k AHE <+ Atk
T AF7 Y] TosdQl 7HaAPde] A Al28) P 7787 kY
el AR 8352 Auigt 7eAe] qdck
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Rzl—(l—Tm) 3)

4. 38 % 2

4.1 712 X&7 17} Ae

£ Aelre AdA wisids Lefslr] flste] 1t k]
Bagks Ao 2 AAgeigitt web St o] Ak
Hu} gopr] REdo] Wllehs S 7haelgkal Aofsislth
Tallaksen et al.(1997)& k23t Moving WindowE 105+ A3
&la] Moving Average HO 2 Z3FSIt). E8F Van Loon
and Van Lanen(2012)& 3xdte] 71 #|&7|70] 25 0]&1<]
ApARe nlavkEo . Bestel B0 Aslsisic

¥ el Aol 167) Bol o heAbe) Bt
A&7 9 4l%=3= Table 37} 2o} TZ2)590 tigh Bt 2|<7]

Observed Data RCP 4.5 RCP 8.5

Area Duration Severity Duration Severity Duration Severity
(week) (mm) (week) (mm) (week) (mm)
Seoul 13.0 114.9 13.8 116.8 153 1234
Busan 12.7 117.0 13.7 128.2 14.1 137.2
Daegu 12.6 83.6 14.2 96.1 14.7 101.1
Incheon 13.1 100.0 13.6 102.1 14.8 105.4
Gwangju 12.4 100.6 15.0 133.6 14.0 125.0
Daejeon 13.0 97.2 15.9 127.7 13.6 107.4
Ulsan 12.7 102.5 13.4 115.0 13.9 118.1
Gyeonggi 12.8 98.4 13.8 111.0 14.5 1153
Gangwon 12.7 95.1 13.1 93.3 14.9 110.3
Chungbuk 12.7 91.3 14.4 109.1 13.4 103.5
Chungnam 12.7 93.2 15.0 114.9 133 102.2
Jeonbuk 12.9 94.3 16.1 132.8 13.9 108.9
Jeonnam 12.6 103.4 13.4 104.7 14.0 117.9
Gyeongbuk 12.3 77.2 14.8 102.6 14.2 99.0
Gyeongnam 12.3 108.8 13.6 112.3 14.4 123.1
Jeju 12.2 1222 14.4 1253 14.5 133.5
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Table 4. Maximum Duration and Severity of Drought Events

(exponential, normal, gamma, lognormal, Poisson, Weibull,
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Observed Data RCP 4.5 RCP 8.5

Area Duration Severity Duration Severity Duration Severity
(week) (mm) (week) (mm) (week) (mm)
Seoul 64 644.0 76 819.5 79 793.9
Busan 53 620.3 61 863.9 60 684.6
Daegu 51 488.9 78 803.3 67 495.2
Incheon 50 641.6 62 657.3 104 804.6
Gwangju 55 630.7 58 735.9 67 864.8
Daejeon 43 577.0 56 785.8 68 570.9
Ulsan 39 509.6 62 697.5 59 574.3
Gyeonggi 59 652.7 74 806.4 74 762.0
Gangwon 47 608.1 74 793.3 76 5823
Chungbuk 71 524.8 64 798.8 67 571.2
Chungnam 52 541.8 56 733.0 67 579.4
Jeonbuk 52 554.2 55 738.0 67 672.5
Jeonnam 50 536.1 55 570.7 66 817.7
Gyeongbuk 69 418.5 75 680.3 67 492.9
Gyeongnam 41 545.9 61 732.8 59 546.9
Jeju 53 666.5 86 1066.6 79 849.4
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n=150 | RCP4.5sScenario | 0.458 [ 0,962 | 0.896 | 0.491 | 0.976 | 0.870 | 0.964 | 0.870 | 0.793 |0.508 | 0.762 | 1.000 | 0.727 | 0.717 | 0.997 | 0.717
RCP 8.5 Scenario | 0.786 | 0.725 | 0.874 [ 0.913 | 0.624 | 0.925 | 0.996 | 0.877 | 0.979 |0.963 | 0.850 | 0.785 | 0.542 | 0.844 | 0.998 | 0.863
Observed Data | 0.992 | 0.999 | 0.998 | 0.827 | 0.998 [ 0.997 [ 0.985| 0.830 | 0.864 [0.929 | 0.822 | 0.885 | 0.897 | 0.941 | 0.977 | 0.880
n=200 | RCP4.5Scenario | 0.558 | 0,987 | 0.951 | 0.503 | 0.993 [ 0.934 | 0.988 | 0.934 | 0.878 |0.612 | 0.853 | 1.000 | 0.823 | 0.814 | 1.000 | 0.814
RCP 8.5 scenario | 0.872 | 0.821 | 0.937 [ 0.961 | 0.720 | 0.968 | 0.999 | 0.939 | 0.994 |0.988 | 0.920 | 0.2872 | 0.647 | 0.916 | 1.000 | 0.930
Fig. 2. Hydrologic Risk of Maximum Drought Events
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