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Abstract

This study analyzed past drought characteristics based on the observed rainfall data and performed a long-term outlook for future extreme
droughts using Representative Concentration Pathways 8.5 (RCP 8.5) climate change scenarios. Standardized Precipitation Index (SPI) used
duration of 1, 3, 6, 9 and 12 months, a meteorological drought index, was applied for quantitative drought analysis. A single long-term time
series was constructed by combining daily rainfall observation data and RCP scenario. The constructed data was used as SPI input factors for
each different duration. For the analysis of meteorological drought observed relatively long-term since 1954 in Korea, 12 rainfall stations were
selected and applied 10 general circulation models (GCM) at the same point. In order to analyze drought characteristics according to climate
change, trend analysis and clustering were performed. For non-stationary frequency analysis using sampling technique, we adopted the
technique DEMC that combines Bayesian-based differential evolution (“DE”) and Markov chain Monte Carlo (“MCMC?”). A non-stationary
drought frequency analysis was used to derive Severity-Duration-Frequency (SDF) curves for the 12 locations. A quantitative outlook for future
droughts was carried out by deriving SDF curves with long-term hydrologic data assuming non-stationarity, and by quantitatively identifying
potential drought risks. As a result of performing cluster analysis to identify the spatial characteristics, it was analyzed that there is a high
risk of drought in the future in Jeonju, Gwangju, Yeosun, Mokpo, and Chupyeongryeong except Jeju corresponding to Zone 1-2, 2, and 3-2.
They could be efficiently utilized in future drought management policies.

Keywords: DE-MC, SDF curve, Non-stationary frequency analysis, Meteorological drought Index

HIeFd 7184815 5l 7 [0l (2 715 el R RS7 R -Afied7 R H=5d 7500]| 2ket St

HOI4? - uiAfeld - YBRC 0jFZEN

"Law & Tech AYATIIE, FHoSE ESFo appy, SHEoldA(F) SRR A79l9, ‘FHost ERgeht @5

ARARE 7|Hto = 510] 2pAHQ| 7+5 E4 2 Tetetnt SA|0f RCP 8.5 7| RS A|LI2| 28 a5 el &4 V1S5t

2 +e5IUCt FFAQ 7tE M2 ol 7|4t 15|40l BEA4A|4(Standardized Precipitation Index,
SPNE A EotA el YTt 22 2= 2tE3 U RCP A|LIZ|2E THAUSH 7| A|AIE A22 #5101 1, 3, 6, 9, 12708 R|&57(7t2] SPI 201zt
2 28510t S0 Z|HH VIEEY BAM S QT U4 RS AE 1954 A|EEH 22 AR E B/t e 127 2= A|@S MYst
e, 5 2| -2| 107 GCM(General Circulation Model)g ZE35tUCH 7| SR#HS10|| G2 715 £/ Hel 2A8 2lo 42Uyt 24
YOl CHSH 127 2RS4 2N HE 24 U Z23IE SRt MEY 7|8E 8 H|Zdd BI=2M S 28l Ho]x|2t 7]8to]
DE(Differential Evolution)2t MCMC(Markov Chain Monte Carlo)E Z&st DEMC 7|'H2 f{ElSIS 0, HIH A 712815 S E510] 12
7l 2|4 SDF(Severity-Duration-Frequency) =418 F=otRUCt HIZSEE 714 A7 +2AIRE RS A|¥E2] SOF 54 A8 S Sal
0|2He] 7+Z 0l it 2Rl MU +3HSICt YV IAALE 228 EREH 1271 A|HQ| ZA2AMS 485t 21t Zone 1-2, 2, 3-20] dfigtet=
HFE AMelet M=, E=F, O, SXE, 2FF SOlM &2Ho| 713U 20| g2 Aoz MLt

t
Yol LY 7hstl 7hE 2 S YYH R mofgto =M Dl2f 7isate| Ho| 225| 288 4+ AS A2=2 J|thE.

SHAl20f: DE-MC, SDF Curve, H|EAN BICEAM 7| 45H] Tt |4

*Corresponding Author. Tel: +82-31-8075-1615
E-mail: leejh@joongbu.ac.kr (J.-H. Lee)

© 2020 Korea Water Resources Association. All rights reserved.



108 M. Jeong et al. / Journal of Korea Water Resources Association 53(2) 107-119

¢lo] 7|2 Kot A

7|1 % Het= 7499
717873 H vgket DR AYHS 7FA| A1 lth(Janga Reddy
and Ganguli, 2013). 1900 tf o] &2 2| P 24 7kA
FE Y 25=21009712] #E F7ER Qo S 42AMS
o] BhAY EAJ 517} A A& 3 QIEKIPCC, 2013; Ashrit et al.,
2005). 52} 79 7| SrAste] w2 o = APEE =7
TEAVS B9 Heo e 7 A ol 7 E 4= 9
o}, wrebA] 7| S stet Ak e o] Ay 7Hs e ThE R
o} 7HaE A0S mefetal, ofof e P ARl A T
A 59 AAIA g4 mp o] B o] A7] %A1 QU

Q1914 8213 HiASH= 742 A AHi o] = FF SHollA
= A9 7V 7HES B Fohs Aol 7| R E gt
7ha G Frtel Hok 24 d 4= 9low, o]zjgt e 2
SHAel 7| AU Qof| mhE oS 73 Ad”o] onE 7t
A 4= Stk 2 A7k~ t 37 Z(Representative Concentration
Pathways, RCP)= 7| 30} 7|14 1] A& 2l 2o}
o 7V AFE0] AYAIE A A ol= AL = F e
A7) A E| @ &2 AR E]H, o] 5 Foll A RCP 8.5= 71
A Q1 A7 vl & AlHE] 2.0t} Yoon and Joe (2015)
297 GCMsol| thE 2 vl o] =2 74 E IR A S
QS RCP 8.5 A|UE] 2.5 A-85HHF Q10 ™, Lee et al. (2016a)
2204532 7|2 RCP 8.5 Zt=E o] g3t vlel| PMPs AH&
of g-g3t vt it

RCP 8.5 &} =2 oA Q1 Alutz] .o et I3t 4=2AL
2 B4 7390l HEtt SHER Ry Adlo] uie-Fas)
Ztt. o] & 915l =4 o] E(Extreme Value Theory ) =35
W2 BRI AV HAE 9171 o= Q1A 9 71| ¥ et 2
A& 5= Z1 © 2 GEV (Generalized Extreme Value) 232+
=] o] 2y} WEh-g o o 4= Qli= A 0 = U A lrhKatz,
2013; Leadbetter et al., 1983; Gumbel, 1958).

QA O == 7| TSI AU @ & 7|9 e & TRkt X ]+t
7132 & (General Circulation Model, GCM)©| A|A] ¥ H]
2l 2 5-d o wEItt Atof] 8% 11 Itk Dubrovsky, er
al. (2014)2 1671 GCM &0 o2 m|f 7] ¥54 3
7VE 4= vf Qlot. ohet ohefst s ol whet ool
AN EE GCMES 82 THE SH o == | o] B4
Hele] gt ZAet AdE 4 Jlom, BA Fo o=
A 9 =9eE Fo vhE B Ao E 8 5tt(Jeong
etal.,2018; Hong et al., 2018). McMahon et al. (2015)-=23
7HGCME 712 9 73¢9} = = o] v W& Fof GCME

GSE B B BF
H 9

o]

Bo] 52e 7t ol glek,

RCP 8.59] o2 o]3] GCM REE2 g 7| & F2| &5 3
7ot §15t 8 At 2 A S80S ZHett uebA] 7|5 =

% -
2| o) A R 5 24 sE7] flell ARE 4= IR 7HE B4
A ERS 7R FA AV IS IR e = Frtsh= A
< ojglzo] ek

et 2] 7hael tigt £48-2 w4017] QoA = Al 7t
A A7t olg-EH 4= glom, Hk Qo v 2|1 %5717 A
TS 5ol A2l @7 o Fod 4= AUth(Lee er al., 2016b).
SDF A2t &2 ¢1 FF2lE Qloh 321 W 5 skt
o]th(Dalezios et al., 2000; Kim et al., 2014).

Lee et al. (2015)2 W=2tg 7|4Eo] wlj 7l 4=2] Wl 54
AALE Foll e 5T17) -7 9] SDF J412 5 g v} Q.
o} ofet 7| S sto] kg oS 2 At s v AdS
S - QLo w, oo whet Bl ol A] ate] tigt 7 do] 8+
= &= QI Park et al. (2015)-2 B 24 FA 7] <] Kernel
Smoothing Density Function 7|$-< 4-8-g+ 154 2 SDF
Aol 2d-& et vt 9l

HA 3 712 715 rsto] mbE 42 AV w7l
W55 ofu|stH, 7] e ¥ 2}o] 79 Ul
FE O FAHE Lt AFFAIE F
et al., 2008; Katz, 2013; Jung et al., 2019).

H| A/ 24 Azt Yol A o] Z]Qt &=
{FAtolof| EASH= R A2 o] w7 EA
A8 AE-E 21t Aol w7 S4] £
AL AR EE THA-S Aot

AW, o] & Foll H R ARSI AH of| o]t
2 & JtHGelman et al., 2003; Gelman and Shirley,

d

%

&

S e
O ol v ok e
o o
ﬂJ al
>,
O

pord

I

[\
(e}
—_
—_—
~—

Carlo)7} L.oH, Thefet H 919 TA14 A P2 Algst=
fEF L AIRlS ARgSto] HES FE A WEY F=F
3l Z7]1Higke] tigt ZAMS 4=383%ttH(Lee and Zhang, 2002).
Leeeral., (2010)2 B34 L2t -2 =294
3 FEFAAMCMC 712 A8t Ht et it 4
© g B3P0l AAY thF F A st -5ol fHAIE B 4= ok
(Sherri et al., 2017).

ol2fet ZAIE S5 flof 32 dare] S-S AhgR_t
DE (Differential Evolution)2} MCMCZ ZAg5to] DE-MC
(Differential Evolution Markov Chain) 7| o] A|$t=] itk
(Vrugt et al., 2009).

2 Aol A= 7ol BAshal Q=7 AIAIE Ak
£ EU2 127 2132 AAste] s 213 W54t % RCP



M. Jeong et al. / Journal of Korea Water Resources Association 53(2) 107-119

109

= -85tz shedet. 7143 e Al A= St 2
| o2 7 A= A A= oM, Ak -2 71V SRV HSAI A
&l(Automated Synoptic Observing System, ASOS)= 53]

A 553t
717478 7% TS A2 Fig. 101412k 2ol of 2] T=A1H
O &2 o]FRo|A QLo TE A2 Al oll= Rl & H]lnh uh
2hA] o3 A - E Foll A 195488 et v A 7] -4
P& A=E HA5ta Q)= Fig. 19] 1270 2388 Aol
TEetulef 7FEEA S 919 10709 GCM2 Table 12

7Fa g7 ol 7148 7HEA 4] B34 A]4(Stan- AX AL ™, G1~G102.2 FESI tHJeong e al., 2018;
dardized Precipitation Index, SPI)& A8-5F9 11, AH A= Yoon et al., 2017). CIMIPS GCM 2. 2 5 E] JJAtE] = 217 9

ofhe 2 9 GOME 22 AR T A
71ZH4(1,3,6,9, 12 719) ¥ A= E F55
220 BEAS Fol 1 AR Sl 2R Aele 915

739 Model Output Statistics (MOS) 7|3 - Bias Correction
Spatial Disaggregation (BCSD)2} 7| A L] @ W] A7 54
E 1t 5}7] 913t Quantile Delta Mapping (QDM) WS- 2

5 B IIRAS AAE 0l § T w5l=E S et

7|15 RS Aleet v Hk oA
2155 A=RIAE Hlo]x]Qt 7]Hte] &
£ A5k, 127] A1 3E 1]
Frequency) 341 % 2|&717HE ¥
APgsteint. AP At AR A

£ Sastolet.

2, tidz=

Y B

21 4R

2 AT E A GE 2= 51 7]} A

DR e R e PR

Table 1. Selected GCMs (Yoon et /., 2017)
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Fig. 1. Location of KMA ASOS rainfall station in used

GCMs Resolution (°) Institution
Canadian Centre for Climate
CanESM2 (G1) 2.813x2.791 Modelling and Analysis, Canada
FGOALS-s2 (G2) 2.813x1.659 | LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences
GFDL-ESM2G (G3) 2.500%2.023 ) ) .
Geophysical Fluid Dynamics Laboratory, USA
GFDL-ESM2M (G4) 2.500%2.023
HadGEM2-AO (G5) .
(KMA-12.5 km) 1.875%1.250 | Met Office Hadley Centre, UK (Korea Meteorological Agency, Korea)
INM-CM4 (G6) 2.000%1.500 | Institute for Numerical Mathematics, Russia
IPSL-CM5A-LR (G7) 3.750x1.895 ) . .
Institut Pierre-Simon Laplace, France
IPSL-CM5A-MR (G8) 2.500%1.268
MIROC-ESM (G9) 2.813%2.791 Atmosphere and Ocean Research Institute, National Institute for Environmental Studies,
MIROC-ESM-CHEM (G10) 2.813%2.791 and Japan Agency for Marine-Earth Science and Technology, Japan
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Fig. 2. Trend analysis of RD (Rainy Days) and TR (Total Rainfall) for 12 gauging stations (yearly and quarterly)
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Fig. 4. Mean of SPI time series data of 12 gauging stations using RCP 8.5 & IPSL-CM5A-LR
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Price, 1997).

X, = Xgo +7(Xg, —Xgo) @)

A7V Xy, Xpps Ko BT X ZHE F2F9] AT
DEE Ho| 2]t & 7|¥te] nf2 5 & Aol AAIE At
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Table 3. Comparison of drought occurrences by each GCM and drought class for 3 different periods (SO, S1, S2)

GCM Total Moderate Severe Extreme
Obs, SO S1 Obs, SO S1 Obs, SO S1 Obs, SO S1
Gl Num. | 2279 109.1 51.4| 154.7 74.8 372 585 26.7 11.5| 148 7.6 2.8
freq. 3.6 27(V)| 1.30VLV) 241 1.8(V)| 0.9(\V,V) 09| 0.7(\V)| 0.3(\V,V) 02| 02(V)| 0.1(V,V)
- Num. | 133.1 167.3 90.5| 99.2| 105.8 56.0| 283 48.8 243 5.6 12.6 10.2
freq. 2.1 4.1(A)| 2.1(AN) 1.5] 2.6(A)| 1.6(A\) 04| 1.2(A) | 0.6(A,\V) 0.1 0.3(A)| 0.2(AV)
G Num. | 153.5 138.8 100.4| 1123 82.8 64.2| 335 41.8 26.1 7.8 14.2 10.2
freq. 24| 3.4(4)| 24(-,V) 1.8] 2.0(4A)| 1.6(\V,V) 0.5 1.0(A)| 0.6(A,\) 0.1 03(A)| 0.2(AV)
Ga Num. | 170.4 114.7 93.1| 120.3 72.7 639| 3938 31.2 24.1| 103 10.8 5.1
freq. 2.7 2.8(4)| 2.3(V,V) 1.9 1.8(V)| 1.6(\V,V) 0.6 0.83(A)| 0.6(-,V) 02| 03(A)]| 0.1(V,V)
Gs Num. | 206.9 96.0 9291 1433 67.8 59.1| 50.1 23.0 25.6| 13.6 53 8.3
freq. 321 23(V)| 23(V,V) 22| 1.7V)| 1.4(V,N) 0.8 0.6(\)| 0.6(\V,A) 02| 0.1(V)| 0.2( - ,A)
Num. | 149.2 146.6 134.8| 102.0 90.8 83.6| 363 38.4 40.2| 10.8 17.4 11.1
ao freq. 23| 3.6(A)| 3.3(AV) 1.6] 2.2(A)| 2.0(A\) 0.6 0.9(A)| 1.0(A A) 02| 0.4(A)| 03(A\V)
G7 Num. | 1454 127.5 142.6| 103.2 76.3 83.3| 34.0 353 39.8 83 15.8 19.5
freq. 23| 3.1(A)| 3.5(A,A) 1.6] 1.9(A)| 2.0(A,A) 0.5 0.9(A)| 1.0(A A) 0.1 0.4(A)| 0.5(A,A)
8 Num. | 133.1 144.4 138.0| 945 90.8 82.0| 319 39.5 40.1 6.7 14.2 15.9
freq. 2.1 3.5(A)| 3.4(A\N) 1.5] 2.2(A)| 2.0(A,\) 0.5 1.0(A)| 1.0(A, ) 0.1 03(A)| 0.4(A,A)
Go Num. | 233.7 1104 67.2] 158.5 73.4 429| 585 28.9 18.0| 16.7 8.1 6.3
freq. 370 27(V)| 1.6(\V,V) 2.5 1.8(V)| 1.0(\V,V) 09| 0.7(\)| 0.4(\V,\V) 03] 02(\V)| 02(V,V)
Glo Num. | 169.9 110.3 1344 1173 72.3 77.0| 414 28.0 39.8| 11.2 10.0 17.7
freq. 27| 27(+)| 3.3(AA) 1.8 1.8( )| 1.9(A,A) 0.6 0.7(+)| 1.0(AA) 02| 0.2(A)| 0.4(AA)

freq. : frequency, freq. of Obs = Num/64, freq. of SO(S1) = Num/41(Obs. vs S0), (Obs. vs S1, or SO vs S1)

Table 4. Comparing occurrence by each drought class for 12 stations with IPSL-CM5A-LR

Category | , e | ID_105 | ID_I108 | ID_I12 | ID_135 | ID_143 | ID_I46 | ID_152 | ID_I56 | ID_I59 | ID_165 | ID_I68 | ID_i84
(Zone) (-1 (1-1) (1-1) 2 4 (3-2) (3-3) (1-2) (1-3) (1-2) (1-2) (1-2)
159.6 | 130.0 | 143.0 | 1480 | 1540 | 152.0 | 1680 | 157.0 | 1740 | 1580 | 1780 | 169.0 | 184.0
Moderate | T 206 | 166 | 116 | 56 | 76| 84| 26| 144 | 16| 184 | 94| 244
752 | 470 | 620 | 640 | 750 | 780 | 890 | 760 | 880 | 770 | 850 | 850 | 760
Severe T | 283 | 133 | 113 | 03 28 | 138 | -08| 128 18| 98| 108 -08
N 230 | 240 | 310 | 380 | 390 | 440 | 330 | 480 | 340 | 400 | 390 | 31.0
dift. | -123 | 113 | 43| 27| 37| 87| 23| 127]| 3| 47| 37| -43
231.0 | 2000 | 2290 | 243.0 | 267.0 | 2690 | 301.0 | 2660 | 310.0 | 269.0 | 303.0 | 293.0 | 291.0
Toal e [ 700 | 411 | 270 | 34| 1| 309 | 41| 399 | 11| 320 | 220 200
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wHebA] 9] EEo] the 284 e BE o A8 71ES
A|A5ta1zL 819 o, ATH= Table 59t 2t =9] =Eof 4
S5 2= 7 T 71N E A, TR R L) @
7R Aot TR A = A S B A&7 B (RS

A8t

Table 5. Rankings of 10 GCMs for precipitation & SPI characteristic based on RCP 8.5

‘ CanESM2 FGOALS| GFDL- | GFDL- | HadGEM2 | INM IPSL- IPSL- MIROC | MIROC-ESM
RCP 8.5 Scenario (G1) -s2 ESM2G | ESM2M -AO -CM4 |CMS5A-LR | CM5A-MR | -ESM -CHEM
(G2) (G3) (G4) (G5) (G6) (G7) (G8) (G9) (G10)
ave. 1540.6 1427.7 | 14654 | 1436.9 1494.7 1308.2 1384.3 1349.0 1341.7 1505.9
R rank 10 5 7 6 8 1 4 3 2 9
Precip. RD ave. 110.7 110 110.2 110.2 111.3 110.7 109.2 110 110.1 110.2
rank 8 2 6 5 10 9 1 3 4 7
rank mean 9 3.5 6 5.5 9 4.5 2.5 2.5 3 7
num of | ave. 187.3 188.2 184.8 180.8 191.5 196.0 185.3 187.8 194.6 187.7
Mod. rank 7 4 9 10 3 1 8 5 2 6
num of | ave. 69.0 72.7 76.3 65.8 69.0 80.8 78.3 80.7 76.3 75.7
Sever | rank 8 7 4 10 8 1 3 2 4 6
num of | ave. 18.3 18.7 22.7 17.8 19.2 30.8 325 26.3 24.1 28.2
SPI 6 | Extreme | rank 9 8 6 10 7 2 1 4 5 3
Max 8.1 11.0 8.6 104 7.3 9.8 14.8 10.8 9.1 10.2
MAX rank 9 2 8 4 10 6 1 3 7 5
Duration |  diff. -1.7 3.0 0.5 1.5 24 1.8 6.8 33 -1.2 1.4
rank 9 3 7 5 10 4 1 2 8 6
rank mean 8.4 4.8 6.8 7.8 7.6 2.8 2.8 32 52 52
Total rank mean 8.6 44 6.6 7.1 8.0 33 2.7 3.0 4.6 5.7
SPI pattern of Obs., SO, S1 X A A X X A O O X O
Final Selection - - - - - 0.K O.K 0K - -

\diff. = Obs. - Predic.

Table 6. SDF relationship for 12 stations-return periods (50yr, 100yr) and duration (6, 9, 12 months) with SDF mean of G6, G7, G8

SDF Curve (mean of G6, G7, G8)

SPI value - mean of 12 Stations

Return ID105 (3-1) D108 (1-1) ID112 (1-1) D 135 (2) D 143 (4) ID 146 (3-2)
Periods | ¢ 9 12 6 9 12 6 9 12 6 9 12 6 9 12 6 9 12
50 | -1.81| -1.50| -1.22| -1.96| -1.65| -1.34| -1.95| -1.55| -1.29| -1.95| -1.62| -1.31| -2.00| -1.62| -1.35| -2.03| -1.63| -1.33
diff. | 0.14| 0.10| 0.08| -0.01| -0.05| -0.04| 0.01| 0.04| 0.01| -0.01| -0.03| -0.01| -0.04| -0.02| -0.05| -0.08| -0.04| -0.03
100 | -1.96] -1.63| -1.35| -2.16| -1.79| -1.50| -2.13| -1.70| -1.44| -2.16| -1.81| -1.46| -2.19| -1.80| -1.51| -2.25| -1.83| -1.49
diff. | 0.19| 0.14| 0.10| -0.02| -0.03| -0.05| 0.01| 0.06| 0.01| -0.01| -0.04| -0.01| -0.05| -0.04| -0.06| -0.11| -0.07| -0.05
Return ID 152 (3-3) ID 156 (1-2) ID 159 (1-3) ID 165 723k (1-2) | ID 168 ¥t (1-2) ID 184 (1-2)
Periods | 6 9 12 6 9 12 6 9 12 6 9 12 6 9 12 6 9 12
50 | -1.94| -1.62| -1.28 -2.02| -1.64| -1.29| -1.92| -1.57| -1.26| -2.03| -1.66| -1.38| -1.96| -1.59| -1.30| -1.86| -1.49| -1.23
diff. | 0.01| -0.03| 0.01| -0.07| -0.05| 0.01| 0.04| 0.03| 0.03| -0.08| -0.06| -0.08 -0.01| 0.01| 0.01| 0.10| 0.10| 0.07
100 | -2.13| -1.79| -1.42| -2.24| -1.84| -1.45| -2.09| -1.71| -1.40| -2.24| -1.85| -1.55| -2.16| -1.77| -1.45| -2.02| -1.64| -1.35
diff. | 0.01| -0.03| 0.03| -0.09| -0.07| -0.01| 0.06| 0.05| 0.05| -0.10| -0.08| -0.10| -0.02| -0.01| -0.01| 0.12] 0.12| 0.09
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Step.1 : Input Data

1. Daily Precipitation data of KMA ASOS
- Daily Precipitation data of KMA ASOS
- Available Factor Extraction : Rainy Days(RD), Total Rainfall(TR)
P Factors related to Hydrology change Characteristics Detection

i — Linear Trend analysis i
I = Detecting change year of Hydrological characteristics !

2. RCP 4.5 & 8.5 Scenario daily Precipitation data
- Daily Precipitation data of RCP Scenarios & GCMs
- Factor Extraction : RD & TR

| — mann-Kendall test
i = Linear Trend analysis for each GCM model

Step.2 : Estimation of Drought Index (Standardized Precipitation Index, SPI)
1. Organization of a Single Time Series data with Obs. & each GCM models
2. Data Organization considering Moving Average(MA)
2. Estimation of Drought Index (SPI value)
P Selection among GCM models

i — Ranking Check !
| = GCM model selection using with Drought Factors H
= Considering of Linear Trend (M-K test) due to Climate Change |

Step.3 : Non-stationary Drought Frequency analysis
1. Estimation of GEV dist. Parameters
- Prior Information of Parameters, &=(y, o, £) of SPI value
- Data y (at Site with N time points)
2. Generation of Parameters & Rainfall Simulation
- Inference of GEV Parameters under Non-Stationary Conditions(Linear Func.)
- Bayesian-based Parameter Simulations

i — DE-MC (Differential Evolution — Markov Chain) !
1= Differential Evolution(DE) + Monte Carlo Markov Chain(MCMC) !
{ __= Output of Return Periods & Return Levels H

Step.4 : Output of Severity-Duration-Frequency Curve

Non-Stationary
Frequency analysis

Fig. 6. Process of SDF curve derivation according to non-stationary
frequency analysis
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SDF - INM-CM4 (G6) SDF - IPSL-CMS5A-LR (G7)
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0.0

SPI Index
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(c) G8

Fig. 7. SDF curves for the mean of 12 stations in each G6, G7, and G8

SDF - Mean of G6, G7 and G8
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-1.0 ]
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40 50 -2.78 -2.37 -1.95 -1.60 -1.30
Return Periods =—10 4820 =30 =<50 <=100 -0~150 100 -299 -259 -214 -1 76 -1 45

5.0

(a) Mean of G6, G7, and G8 (b) SDF table of G6, G7, and G8 Mean

Fig. 8. SDF curves and result of GCMs ensemble (G6, G7, G8)
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