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ABSTRACT

In recent years, climate change has been responsible for unusual weather patterns on a global scale. Droughts, natural disasters triggered by insufficient
rainfall, can inflict significant social and economic consequences on the entire agricultural sector due to their widespread occurrence and the challenge
in accurately predicting their onset. The frequency of drought occurrences in South Korea has been rapidly increasing since 2000, with notably severe
droughts hitting regions such as Incheon, Gyeonggi, Gangwon, Chungbuk, and Gyeongbuk in 2015, resulting in significant agricultural and social
damage. To prepare for future drought occurrences resulting from climate change, it is essential to develop long-term drought predictions and implement
corresponding measures for areas prone to drought. The Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report outlines a climate
change scenario under the Shared Socioeconomic Pathways (SSPs), which integrates projected future socio-economic changes and climate change
mitigation efforts derived from the Coupled Model Intercomparison Project 6 (CMIP6). SSPs encompass a range of factors including demographics,
economic development, ecosystems, institutions, technological advancements, and policy frameworks. In this study, various drought indices were
calculated using SSP scenarios derived from 18 CMIP6 global climate models. The SSP5-8.5 scenario was employed as the climate change scenario,
and meteorological drought indices such as the Standardized Precipitation Index (SPI), Self-Calibrating Effective Drought Index (scEDI), and
Standardized Precipitation Evapotranspiration Index (SPEI) were utilized to analyze the prediction and variability of future drought occurrences in South

Korea.
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671 ARl o, 2000 o] $-ofl= 201 5 1270l A
Sk 5 7B WA RSl Z7ksRe EAolth (ME, 2019)
Sautake] Ae A B4ake] 60~70%7F oSl FEEE
2715 A joln, 790 ARH WEHo] YA ZIFSR
Aol we 9t Pl Beki ZFoREE &
k811 gleh (Choi, 2013; Bang et al., 2018; Chae et al., 2021).
T My AHE Y BET 4 912 Hal ohieh uy
o] FSIeI7) ool 4% R 50 A2
HEE AR SUld A4S 9L F 4+ 9
e o wld) J|Eisto] W e 8 74e
Z7Rel ket sfal 9 7t 35 202 oIt Nam
et al., 2015a; Jeon et al., 2022; Jo et al., 2023). wabA 72
ek dalol tgahr] e 7HEe) el 7
TE A o e A Ve B9l WA T A
aolsto] (Wilhite et al., 2007), 0|2 7| EH3} AU2| &
FoEA A7|1AQ 7HaAYS Sl 7he e ek
2ok 7] Basic
IPCC (Intergovernmental Panel on Climate Change)2] 62}
7R A (Assessment Report, AR6)O| A= 7| 52} HILA]
o] £~Z% CMIP5 (Coupled Model Intercomparison Project 5)
RCP (Representative Concentration Pathways)2] tE 5T A

4 = m{o
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ueleof wjgfo] Alg] 9 AA] Weks 7k whdE Ay
220l FEALS|HA|Z 2 SSP (Shared Socioeconomic Pathways)
o whet 4hEE AAA 715 s Alve] @& Algstar olok
(IPCC, 2021). CMIP6 SSP A 2] 2= 7] CMIP5 RCP AJL;
2] Ane}l Hluste] Fet 7|23} o] S50l £ A
o dgA gJon] E3] SSP5-8.59] 4L RCP 8.5HT} T
=2 A7IA HlE AE=E LERATE (NAAS, 2021; Kim et
al.,, 2021b; An et al., 2022; Kim et al., 2023).

2000} o] F= kAl Q= 717 AsiE Qlsf 7]
S} AU 25 o] gsto] m|F 7hro] A5 ks s}
A3t thokgt A7} o]F oKLk Park et al. (2013)2 SRES
(Special Report on Emission Scenario)?} RCP AU 2.5 A
83 GCMs (General Circulation Models) S 3 AJAkEl 714k
422 olgd HBASE AEdtel 7|4EHEAE SDF
(Severity-Duration-Fraquency) ZA102 3| ¥ 9] 7Hg &
# 292 TA5keHth Kim et al. (2017)2 RCP 85 7|59
o} Al 2.2 vigte siHle] /1ET RS Fol S2iuet
TR Hske Bastlon, 2147 FiteR 2 7]
20l Z7isjo] WRAHR WG] 7|5 Eo] Uehd Ao
2 oS30tk Kwon et al. (2020)2 =1 58 AsAIE
SO RCP AU] .8 A8 ate] ol ol<bing 7t
sk 7\t 48 ofalel Fge] Salpoln A48
of the AAA B B 598 AHY] olotiE
A& 915 ek AAsITh

e 7)) Auele e BeHige Tejsl] Sl
1871 7i&H A 47]3-=dl (Global Climate Model, GCM)Z -
El AlgE A=2E 28skich shARE 71 GOME A|FHAI A
HE Mool BpollA] ATk Adolgt e 2E7] wiol
(Jung et al., 2018) T}EHAAE (Multi Model Ensemble,
MME) A2 2831e] nle) Gake B7khs Zo] e
sck wheba, ® oA CMIP6 719k 187) GCMs
MME 7|3t SSP AlLbel 0.2 2Hg3te] 359] He 2|48 AF
oty AR TheAlee 718 7ReAIeel SPI
(Standardized Precipitation Index), scEDI (self-calibrating
Effective Drought Index)®} 7Zr<eafy} SHMANFS &85l
SPEI (Standardized Precipitation Evapotranspiration Index)©]
o, GCMse] 748 2158 S-elfete] vl /)70 Ahe o
A A BAst 7 dle= S1't AR Y "SlE
spgstan gk

ol GOM AA RS el A¢ 7| 5rye] 724
W %2 golne] Betago] £AJ5}7] ujEe] CMIP6 A
[e]

Fa Ak AMSE)7F 2AEHS 187] GCOM AR E 424
S}t (Table 1). CMIP6 7] 513} Alut2] 2= SSP5-8.52 <l

Drought Analysis using Multiple Drought Indices

Construction of drought indices for future drought projections based on SSP scenarios

Drought Factor
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Fig. 1 Flowchart for drought analysis utilizing multiple drought indices
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Table 1 Specifications of 50 ASOS including their locations and code names

Local Station Name Code Local Station Name Code
SOKCHO SOK TONGYEONG TNY
DAEGWALLYEONG DGR JINJU JNJ
CHUNCHEON CHC GEOCHANG GCH
Kw? GANGNEUNG GNU HAPCHEON HPC
WONJU WOJ G\ MIRYANG MRY
INJE INJ SANCHEONG SAC
HONGCHEON HOC GEOJE GEJ
CHUNGJU CNJ BUSAN BUS
CHEINGJU CuJ ULSAN uLs
cB? CHUPUNGNYEONG CPY NAMHAE NMH
JECHEON JEC GUNSAN GNS
BOEUN BOE JEONJU JJuU
SEOSAN SES 189 BUAN BUN
DAEJEON DAJ IMSIL IMS
o CHEONAN CHN JEONGEUP JEP
BORYEONG BRN NAMWON NAM
BUYEO BYO MOKPO MOK
GEUMSAN GES YEOSU YEO
ULJIN uuJ GWANGJU GWA
POHANG POH IN? WANDO WAN
DAEGU DGU JANGHEUNG JNH
YEONGJU YNJ HAENAM HNM
GBY MUNGYEONG MGY GOHEUNG GOH
YEONGDEOK YND
UISEONG uIS
GUMI GUM
YEONGCHEON YNC
" KW  Kangwon-do ® GN  Gyeongsangnam-do
2 CB  Chungcheongbuk-do ® JB  Jeollabuk-do
» CN  Chungcheongnam-do ? JN  Jeollanam-do
Y GB  Gyeongsangbuk-do

T, EAE o AR B A, EAJolE Al B 715
o] BAz A3l 93t k=83 vjo] A= AUl
(O'Neill et al., 20175 AEisto], nje =3t 7ol thgt 57t
£ ¢ &S Stk T3 GOME Hge] E3AAS 11
gfsl7] ffel thed 7|Wke] Ftel MME S ARg-51o
o w2 Aeof whE wjE Aol thet Al# e wolaat
AT

717 WS oigt AAEt AAre 71339 507 S
Ayt~ (Automated Synoptic Observing System, ASOS) |7
9] 67l 71EHe ARE Ao RE SQM (Simple Quantile
Mapling) 7|®He 283 AwE5 47 - &3t (Kim et
al., 2021a). A=7|7+9] 4L A 7]7F (historical period)->

ol

7

A& 7} (reproducibility)E <=3§s3ict 7153} ALt
5 915k m|F 7171 (future period)®] 737,
B3 2ulE (2041 ~2060), S]] (2061 ~2080), o)
(2081 ~2100)= A Aatgict

7he &4 WS Fig 1] =AIERGIE dubdo® 7
B NRARS Bhle] 15 E0REE hEe A%
717t (Duration), 7] (Magnitude), A= (Severity) & 7 2|3+
Foll AAAR BAslo] 7HEe] E4S Bkt (Byun and
Wilhite, 1999). Yevjevich (1967)-2 A=< (truncation level)
= ARSI 7HeAMEE AT 4 Qe AK0lE (tuns

theory) & 7faFsld.om, A&t 28 A5)s)
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7hee ARG % A e 4= 7] whiell 7o)
2 5 7k 542 APgskedl f-8sitt
(Nam et al., 2015b; Sung et al., 2023).

187} GCMs Alute] Q¥ =2 AFEst ulel 714 L¢‘é & 7
Hho g ZheAleES APdste] 209 7I7kem SRS ofe
(2041 ~2060), 27412 (2061 ~2080), Wu|e) (2081 ~2100)
o) 7He AMFE BB o)7)A, 2 MRl R 0 o]5)
o] = Aok o® Aofsto] 7Hgo] AltEE AR, 7HE
O] Fa 2t 7HEAIFY #ho] 0 o] grol vreh= AlK
o shto] 7HE AMFeR Rolsllth, 7HRe] 44717t B
¢F AckpE olokE Wit 74 g A== g ofsto] 187)
7N GCM#F MME 7|4t 7Hz9] 4wt 7o) ¥ sle&
ZF mjE 7R AT,

2. 735t ALI2I2 AMMSH REZO| ThA REH Tt
U 0j2 T2 MYKIE WA
7138} Aupe ot SA7kA, ool2E, EXolg Wsh
S} o] QA9 RoloR gl BAAY vsE
o §3fo] GOMo] ARt 712, B, =, 45Tt 2 7]
F35e] that u]e) AahEolch (NAAS, 2021). IPCC 63

7L A of| A= SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.55
BEARE AN B Aol 4 2 Zoz 7
FF 7120l 7R SA4% V1% Weph odEe
SSP5-8.5 AlUE| o& &-835te] BA514th
FEX124 9 Empirical Quantile Mapping 7]%
of Y& 30 7| Ht HES
Quantile Mapping (SQM) /A2 7]
of 71 HlolHEs A8l (Klm et al., 2021a; Hur
et al,, 2023). =33 BAZ 7|33} NS} AF7 o] AlFA
2 o8] TA]7]7F (1981 ~2010) BE2AL2E T-8-3]0]
AEA B ekt QAN Bk ulg) 7R B A
RS L3517] OhA T WERIE R 2E5E 2AEA
7] & ¥4 (Table )&} GCMER &5 7| EH % linkeidel
22X AR St 7ol 7|55 Rl
S B7Fl7] §1t H4joltt. el 715 e} A ZP += Table
29] CMIP6 187]] GCMs©] AFE3 SSP5-8 594 U]ﬂ-]7]7]- (2015
~2100)0l| dfste] sk om, 671 714
718, AR, AigE, AL F )%

AbEsto] el 7hae AWsalth

2 AR5}
FAlo] BASk= Simple
2 A8t x| or|erd

(AR A Kl

°H 7HEAE

Table 2 Specifications of 18 CMIP GCMs including their reporting institutions and countries, along with grid increment horizontal resolutions

GCMs Modeling Center/Nation Reference
_ Commonwealth Scientific and Industrial Research Organisation, Australian .

ACCESS-CM2 Research Council Centre of Excellence for Climate System Science (Australia) Dix et al. (2019)

ACCESS-ESM1-5 Commonwealth Scientific and Industrial Research Organisation (Australia) Ziehn et al. (2019)
CanESM5 Canadian Centre for Climate Modelling and Analysis (Canada) Swart et al. (2019)

CNRM-CM6-1 Voldoire (2019)

Centre National de Recherches Meteorologiques (France)

CNRM-ESM2-1 Seferian (2019)
EC-Earth3 EC-Earth-Consortium EC-Earth Consortium (2019)
GFDL-ESM4 Geophysical Fluid Dynamics Laboratory (USA) John et al. (2018)
INM-CM4-8 Volodin et al. (2019a)

Institute for Numerical Mathematics (Russia)
INM-CM5-0 Volodin et al. (2019b)

IPSL-CM6A-LR Institute Pierre-Simon Laplace (France) Boucher et al. (2019)
KACE-1-0-G National Institute of Metec.)rgloglc?al Sciences/Korea Meteorological Byun et al. (2019)

Administration (Korea)
MIROC6 Japan Agency for Marine-Earth Science and Technology/Atmosphere and Tatebe et al. (2019)
Ocean Research Institute/National Institute for Environmental Studies/ .
MIROC-ES2L RIKEN Center for Computational Science (Japan) Hajima et al. (2020)
MPI-ESM1-2-HR Schupfner et al. (2019)
Max Planck Institute for Meteorology (Germany)

MPI-ESM1-2-LR Wieners et al. (2019)
MRI-ESM2-0 Meteorological Research Institute (Japan) Yukimoto et al. (2019)
NorESM2-LM NorESM Climate modeling Consortium consisting of CICERO (Norway) Graff and Schulz (2019)
UKESM1-0-LL Met Office Hadley Centre (UK) Good et al. (2019)
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7}, SPI (Standardized Precipitation Index)

a}7] ARl AFR o8 B 22q0)

gt 7=

SPI:= 7ka=gfo

oT © U

HE B B RES FUsH HuA 7R WAe) ol
ek Rof Zetso] el ZHEAI40ch (Mekee e al.
1993). SPI= 7<ef ARUS Q2 A TEsto] 7HES
A0 A 2 91o] AR g e
F4E|3 Ik SPIE 54 AZPEE FAE 44 A4

ABTHOZH A ISR 4 HEE Aot S
PIAHE A 259 Table 33} e HelS 2 §3te] 7he

H5reteh SPIZ ksl 7Re AV SPI glo] -1.0 Hrt
& ghollA AlEksto] 05} 2 uf 7ol ZUbA| Erf. SPI
of A8H= A= 3, 6,9, 1271 o2 AR
ou, AAE A7t Tolo] tiet 4 Pk AAE Aa
gk o] AIAY ARE dHE EAEk] A ()2} 4]
(2)9] Gamma 2| SEUE FHp0} FHEEF5 0]-83)
o] ARggith 2 AftolAle Ut 71 34S aest
o 7|40l A ARESIAL Q= 671 AR =S A-8-3F SPI
(o]3} SPI6)& 4FESHT

e
o oZi

mlm 4
9
o =

SA=)

1_

(M

1 —_
al(B)

o= f 1=

123 303132

thyear)

Record(n

Lt. SPEI (Standardized Precipitation Evapotranspiration
Index)

SPEI (Vicente-Serrano et al., 2010)+= SPI2] AAF T} of A
74 ol9]e] 723} BelE Mg neak oo} ol me
317] 98l FA| S EAEF (Potential evapotranspiration)2 112
3 rHEAolt, & AToE YU T1e ARE Ve
1A} Thornthwaite W% (Thornthwaite, 1948)-2- AR8-8}o] SPEI

£ k=3t

107

PET= 161{(—[)"" 3

714, T= LEHF 7] (C), A= A4 (heat index), A
= 9= (latitude)2t HH1o] e AMYSh= A, m A
At A A|7F A =g onm|sith 6709 A7 A =g A4
31 SPEI (]38} SPEI6)S AF43}]0.m, Table 32} 72-2 W=
g3t 7HE AEE E53FATE (Nam et al., 2015¢).

Ct, scEDI (self—calibrating effective drought index)

scEDI+= Byun and Wilhite (1999)2] EDIE 23t scEDIS
A0 (Park et al, 2022), 745 Bk ohfet 49]
ATH AL, A54Y NdS 283 7RaAlaeolth (Fig.
2). EDI= 7-9-0] #A4lo.2 A7) S48 A7) mhe 44
2 7IQISHA A ol4fe] FI7t Bt e A0S B
A9} Hlwsh= o g 7He s AL (Oh et al,
2011). EDI= SPI&} 7| &= Zpaibs: lgata e ALt
=), A A @)~4 O 2k

EDI

n-29
thyear)

123
Record(n

Fig. 2 Methods for establishing reference periods for rMEP and MEP calculations in scEDI and EDI (Park et al., 2022)

Table 3 Categories of multiple drought indices

Category SPI6 SPEI6 scEDI
Moderate drought -1.49 to -1.00 -1.49 to -1.00 -1.50 to -0.50
Severe drought -1.99 to -1.50 -1.99 to -1.50 -2.50 to -1.50
_ Less than -2.00 Less than -2.00 Less than -2.50

F2=2ehe] =2 A66H A4E, 2024 ¢ 5
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EP=3((3] P,)/n] 0
DEP = EP— MEP )
EDI= DEP/STDEP (6)

oJ7| A, EP (Effective Precipitation)y= 274322 365
o 52 7 o} 59t HE TS eulai). p, 2 54
Az mel Mo TS ofulai], QAT 2 e
Z¥=t}. MEP (Mean of Effective Precipitation)2 £EP2] 30
atolw, DEP (Deviation of Effective Precipitation)= MEP
2RE P HAE ot STDEP= B 7|7k 54t
DEP fZWato|u, x= 7]|& EDI9} scEDIQ] MEP A}o|S
LFEpUIth EDI BZ23e] j3) BETE A5 2 3
Qs THgo] e ool

. 832 4 #q
1. GCMs2| 71 HAIE 7t =[Ct ZX| XY

Table 49} Table 5= 204195LE] 210097H4] 187) GCMso]
2RSS 7R Al Ve @19 Aok A A 2 IEAE
Uehdith Table 404 SPI6, SPEI6, scEDI= 7} th=9]
GCMso| KW A Hqof|x 744 g2 vt 72 24|85l
Alst 71E-9] AL SPI6= KW A%, SPEI6+= GB A<, scEDI
+ CB A|¥o] 7Fd th4=9] GCMs©| 7Ra-2 #AAI8t8iek =4
3F 7}20] A9 SPI6L IN 29, SPEI6= CB |9, scEDI=
KW jejo] 714 ti4e] GOMso] 7HE2 Zalatant

Table 594 187]] GCMs % 7} th4=2] GCMs©o| AF=3H
SPI67} SOK, YND, BOE Z|¥of|A 71 -2 dut 7Ha2
ARt Agt 7Ha-2 YN, JEC A|Sol|A] 714 o] 3]
w9l om, ZFAIEE 722 SES, ULJ 2| YolA] 714 o] 747
U} SPEI6GO] 7, 7Hd o9 GCMsol A Rt 7hso]
SPI69} tlzE7ER] 2 SOK 2| Yol 4] 744 o] A =gl o,
gt 7HE9l 9 YND A9, Z1ejar S43F 7had) 2S¢
GNU Aol 7 Wol R =i}, scEDIO] 7, 7H
thr9] GCMof| A YRE 7Hgo] TNY, SOK POH A oA 7}
% o] A9l om, gt 7HE2 MGY, GWA 2| oA
7P gl A E AL, FATE 72 MGY oA 71 wo|

A= 1T
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2. GCMs2| 7tF X|5-2E D2l 75 &4

Fig. 3~Fig. 5= zFz} 187 GCMs<] SPI62} SPEI6, scEDI
of wkZ ujE 7|7hE 7hE WA Sl 9 7HEe] AEE vERY
™, SPI6L} SPEI6= H]|52gt S=A1E B it wjel A 7|7l 4
A SPEI67} 71 W2 7Ha AV AAIsHloH, 7o) 4
T E3ZF SPI6e| H]gf Ao R o AA UErylth B,
scEDI= Al| 7Ra Aol 4] 7P A& 4=90] 7Ha AMat A4
° & 7hg9] A%rt AA AA =

CanESM5, EC-Earth3, MIROC6, MRI-ESM2-0, IPSL-
CM6A-LR GCMs®| 74~ Al 7RaAl4= 5 njej &2 25 A
=HOo7 TR Ayt YWopd Zowm Stk
IPSL-CM6A-LR GCM9] 73, &7t mlefiof] 7hao] Ay Sl
7t S7Fh, 7HEe] AT ASHHA 7Y ool Bt
2 Aoz =39k ACCESS-CM2, CNRM-CM6-1,
CNRM-ESM2-1, KACE-1-0-G, NorESM2-LM, INM-CM5-0
GCMs 9] 79~ A| 7haA]4= RS St v|Ejoll A 7hae] A=
7v 27 S7Felitk7E W wlgo A sl e Ealch

Fto] A|Gof|A] 7o) WA Sl=7t 7t vl A St
sttt | ol A Fradhs HGS Holuh, ACCEE-CM2,
NorESM2-LM GCM2] JB #|&ja} 7he. olE 2] o 7o)
WA S17E § mlEjollA S7she 7REe] ool wakd A
o= o ZE ik

ACCESS-ESM1-5, GFDL-ESM4, MPI-ESM1-2-HR GCMs
O] 7% Al 7Fa Al RSS2t vlEoll A 7hae] A=TF 7
shut A mjEe] F7ksks SAIE E itk ACCESS-ESMI-5
GCMZ 2E mfeff 7oAl =4 Ql 7Ha2] WAy 3149
Zpo)7F A2] ¢hot A ujefo]] 7kE WA Al 7HE] AlEe] ¥
37} Q& AR o5315Ith GFDL-ESM49] scEDI= Al 7}
= A5 5 2 uE 712k 7k @A Sl 7] ATt
M 2 Zog Wkl INM-CM4-8 GCM2] SPI6S}
SPEI6= 7Ha2] A 3149} 7Ha2] A=t 52t mlEollA
S7FekaL ¥ mlejol| A ZHAsks oL, scEDIC] 7-9- KW, GB,
GN A& A &gt A9 W v & 245 7Fa9] A=rt
Z7}s+99 k. MPI-ESM1-2-LR GCM @] SPI69} SPEI6= T 1]
A2 s i FE0) Aol 7HEe HAY S8} 79
=7} 8] s, scEDl= thE-E9] A HoflA 7
A slget 7HRel AHw=7E F7hskelth. MIROC-ES2L,
UKESMI-0-LL GCM2 A]| 7Rg A4 B5E KW 2|9 9] 79|
A=7F St vl A F7ksta W nlEfellA fhadhs A
< FEHORE HASHT



Table 4 The most drought—prone areas (comprising 8 administrative districts) calculated by each GCM’s multiple drought indices

Moderate drought Severe drought
Category
SPI SPEI scEDI SPI SPEI scEDI SPI SPEI scEDI
ACCESS-CM2 CB CN CN GN
ACCESS-ESM1-5 GB GB GN KW GN B GN CN, JB
CanESM5 IN JB GB JB KW Kw GB CB
CNRM-CM6-1 GB GB JB CB JB B JB CB
CNRM-ESM2-1 KW KW CB CB
EC-Earth3 GN GN GB KW GN GB GB
GFDL-ESM4 CN JN CN, GN GN B GN GN
INM-CM4-8 GN GN B CB KW CN
INM-CM5-0 CN CN GB CB GN CB KW
IPSL-CM6A-LR JB JB GN JN JN JN JN
KACE-1-0-G JN JN GB JB JN CN
MIROC6 JB JB N N GN GB CB GB
MIROC-ES2L JB B GB GB GB
MPI-ESM1-2-HR GB IN
MPI-ESM1-2-LR GB GB KW
MRI-ESM2-0 JN GN GN GB
NorESM2-LM CN CN CB JB
UKESM1-0-LL GN CN GN JB GB

* KW: Kangwon-do, GN: Gyeongsangnam-do, CB: Chungcheongbuk-do, JB: Jeollabuk-do, CN: Chungcheongnam-do,
JN: Jeollanam-do, GB: Gyeongsangbuk-do

Table 5 The most drought—prone station for each GCM’s multi—drought index

Moderate drought Severe drought
Category
SPI SPEI SCEDI SPI SPEI SCEDI SPI SPEI SCEDI
ACCESS-CM2 0 GCH INJ  |WoJ, HoC D cu YND
ACCESS-ESM1-5 D GEJ INJ GEJ CNJ GEJ
CanESM5 JEP, GWA|  cpY GNU BUN cPY WoJ MGY CcPY
CNRM-CM6-1 uIs uils | cpy, SAC HOC, MOK|  BOE BUN | WOJ, CuJ
CNRM-ESM2-1 0 0 0 SOK SOK INJ uLs | Ny, JEC
EC-Earth3 D 0 PO DGR GNU uLJ
GFDL-ESM4 CHC, HOC|CHC, GeH|  HNM | SES, uts | GeH CHC YNC MIY | GNU, WOJ
INM-CM4-8 TNY TNY WAN uLJ D DGR, CHC | POH, YND | DAJ, GES
INM-CM5-0 DAJ uLJ HOC YND D SES |CNJ, GWA|cHC, Hoc|  Hoc
IPSL-CM6A-LR MIY, IMS | GEJ YEO |YNC, YEO p YNC YNC
KACE-1-0-G HNM uLJ 0 UL GWA | NMH, GWA | BRN,WAN
MIROC6 MOK |BRN, GNS| CHC HNM GOH A HOC BOE MGY
MIROC-ES2L YEO, WAN | GWA, GOH | JNH IMS MIY CcPY GUM |JEC, GUM| YNC
MPI-ESM1-2-HR CHC CHC YEO, JNH | DGR, GNU | YEO, INH | HNM INJ
MPI-ESM1-2-LR DGR CPY uu | vno, ce) GBI wou, Ny | DGR
MRI-ESM2-0 DGR, INJ | NAM m\':,(/l Eé%sl_] YNC |DGU, HPC| UL
NorESM2-LM BUN BYO BYO syo | cny, Jec TS
UKESM1-0-LL DGR, GWA|  BRN GWA GNU MGY
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Fig. 3 The count of drought events and severity of droughts in each future period as per the SPI6 of 18 GCMs
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Fig. 4 The count of drought events and severity of droughts in each future period as per the SPEI6 of 18 GCMs
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Fig. 5 The count of drought events and severity of droughts in each future period as per the scEDI of 18 GCMs
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