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Abstract

As natural disasters have been increasing due to climate change, sustainable solutions are in need to alleviate the degree of drought
hazard, assess and project the drought influence based on future climate change scenarios. In assessing drought risk, socio-economic
factors of the region must be considered along with meteorological factors. This study categorized drought hazard, exposure, and
vulnerability as three major components of drought risk according to the Intergovernmental panel on Climate Change (IPCC) risk
assessment framework, and selected indices for each component to quantify the drought risk in South Korea according to the mid-size
basins. Combinations of climate scenarios (Representative Concentration Pathway; RCP 2.6 and RCP 8.5) and socio-economic scenarios
(Shared Socio-economic Pathways; SSP 1, SSP2 and SSP3) for the near future (2030-2050) ant the far future (2080-2099) were utilized
in drought risk analysis, and results were compared with the historical data (1986-2005). In general, the drought risks for all scenarios
shows large increases as time proceeds to the far furture. In addition, we analyzed the rank of drought hazard, exposure, vulnerability for
drought risk, and each of their contribution. The results showed that the drought hazard is the most contributing component to the increase
of drought risk in future and each basin shows varying contributing components. Finally, we suggested countermeasures for each basin
according to future climate change scenarios, and thus this study provides made the basis for establishing drought management measures.
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Fig. 1. Mid-size basins of the Korean Peninsula
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Table 1. mid-size basins code and name

Code Name Code Name Code Name

1001 Upper Namhan River 2010 Gamcheon 3014 Geumganghagueon

1002 Pyeongchang River 2011 Gangjeong Goryeongbo 3101 Sapgyocheon

1003 Chungju Dam 2012 Geumho River 3201 Daeho Seawall

1004 Dalcheon 2013 Hoecheon 3202 Bunam Seawall

1005 Chungju Dam downstream 2014 Hapcheon Changnyeongbo 3203 Geumgang West Sea

1006 Seom River 2015 Hapcheon Dam 3301 Mangyeong River

1007 Lower Namhan River 2016 Huanggang 3302 Dongjin River

1009 pyeonghwadam 2017 Nakdong Changnyeong 3303 Saemangeum

1010 Chuncheon Dam 2018 Namgang Dam 4001 Seomjin River Dam

1011 Inbukcheon 2019 Nam River 4002 | Downstream of Seomjin River Dam

1012 Soyanggang 2020 Nakdong Miryang 4003 Osucheon

1013 Uiam Dam 2021 Miryang River 4004 Sunchang

1014 Hongcheon River 2022 Nakdong River Estuary 4005 Yocheon

1015 Cheongpyeong Dam 2101 Hyeongsan River 4006 Seomjingokseong

1016 Gyeongancheon 2201 Taehwa River 4007 Juam Dam

1017 Paldang Dam 2301 Hoe Ya River 4008 Boseonggang

1018 Han River Seoul 2302 Suyeonggang 4009 Lower Seomjin River

1019 Han River Goyang 2401 Wangpicheon 4101 Seonamhae of the Seomjin River

1021 Upper Imjin River 2402 Yeonddukoshipcheon 4102 Wando

1022 Hantan River 2403 Daejongcheon 4103 Geumsan-myeon

1023 Lower Imjin River 2501 Gahwacheon 4104 Isacheon

1024 Lower Han River 2502 Namhae-do 4105 Sueocheon

1101 Anseongcheon 2503 Geoje Island 4106 Yeosu City

1201 Han River West Sea 2504 Nakdonggangnamhae 5001 Upper Yeongsan River

1202 Sihwa Lake 3001 Yongdam Dam 5002 Hwangnyonggang

1301 Yangyang Namdaecheon 3002 Downstream of Yongdam Dam 5003 Jiseokcheon

1302 Gangneung Namdaecheon 3003 Muju Namdaecheon 5004 Juksanbo

1303 Samcheogosipcheon 3004 Yeongdongcheon 5005 Gomakwoncheon

2001 Andongdam 3005 Chogang 5006 Lower Yeongsan River

2002 Imhadaem 3006 Upstream of Daecheong Dam 5007 Yeongamcheon

2003 Andongdaemharyu 3007 Bocheongcheon 5008 Yeongsan River Estuary

2004 Naeseongcheon 3008 Daecheong Dam 5101 Tamjin River

2005 Yeonggang 3009 Gapcheon 5201 Jindo

2006 Byungseongcheon 3010 Downstream of Daecheong Dam 5202 Yeongam Seawall

2007 Nakdong Sangju 3011 Mihocheon 5301 Joo Jincheon

2008 Wicheon 3012 Geumganggongju 5302 Watancheon

2009 Gumibo 3013 Nonsancheon 5303 Sinan-gun
0, FFAA} 1S 7= BE A EEESE 5ol Fst St (Mckee et al., 1993; Jaranilla-Sanchez er al., 2011).
A4S AA 2|45 AXFettk(Shukla and Wood, 2008). 2+ SHH SRI A= TheFet AITH41E(1, 3, 6,9, 12, 247D 2
ERI| Ao HIwH Salslo] BE H A ASE A Hesploksete], ] FHEsl] glo] e g-gaith 2
AT AYE AR SN AFRES AL B Ae] Aol 7)) 7] e Botel stk gelal

Me71E Oﬂ:rLoﬂj‘i ol ;‘Q“Q?xi?j Gamma &3, Log Pear- 12714 A7t 25 A =5 T Ahmadalipour et al., 2017).
I 3o Gamma X5 AR 231 7kt 7] 28| A AR Y-S SO ALt fE
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Fig. 2. Indicators adopted for drought risk assessment (Source: Modified version of WG Il Fig 19.1 (IPCC, 2014))

Table 2. Selected indicators for each drought risk component

Drought risk Hist Future
component Indicator Data source Indicator Data source
RCP2.6,8.5(NorESM - RegCM)
SSP1
Drought Hazard Drought Hazard
H NorESM - RegCM
azard based on SRI orES egC based on SRI SSP2
SSP3
(KEI)
Population Population
Exposure . - - - ss
Population density Population density Pl
Urh WAMIS Urh SSP2
rban area rban area SSP3
Nature Nature (KEI)
GRDP KOSIS GRDP
Vulnerability Leakage ratio o . Water supply ratio Assume same as the past
- Ministry of Environment - .. .
Water supply ratio Leakage ratio (Ministry of Environment)
Agricultural water use WAMIS Agricultural water use Assume same as the past
Industrial water use Industrial water use (WAMIS)
F A RS Z85to] 7k FHY A H ] SRIZ AL 7= ol 225 Axsl 7ha AdE7H AR A or]Riet T
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OJ3T}. UNISDR (2009)ll4= FAH4 =4 o o o] ==
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o B Aatehdn. I 42 Eq. (6)7 2T

X, —min(X)
max(X) —min(X)

Normalized(X,i) = (6)

st S Bo e s WU AR, kg
4 k)7t sl uet, 7He $1d A= IPCCrt Earst
I UNISDRO| ZHEiRt 7hg Q18 A Aol 4] AAgE =2 02
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ZH12] Zhol A9t SAlof Tk Q4o A 7P e 2h02] ghe
Hl FdY2 2 SdaGE | uHS o 02] 7HE 18 =S
Yepdth ol= g 19 %7H09] e 7 S EE2 4
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Fig. 3. (a) Drought hazard, (b) exposure, (c) vulnerability and (d) risk: (1) Hist, (2) difference of the between scenario (RCP2.6+SSP1) and Hist
in the Near Future and (3) difference of the between scenario (RCP8.5+SSP3) and Hist in the Near Future. (4) and (5) are the same with

(2) and (3) except for the far future
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(b) Nakdong river
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Fig. 4. Variation in risk rankings for subbasins in South Korea

N

|32 el Alufe] oo met 71 S1sido] Ztetar glet
17 W7 5716 7HE e g StekE e Y4
FAG2 7hE el 2 o F it shAR S
A A AAH 2 AR 55 det 24 Aol @e

T RO vl 2 A Holot ERE, FAT} i, 24
A7 A5t GRDP7Heal A4t BeEo] #4174
S o2 go] o H| A 7R FHoFo] =2 Holt} o]¢]
oA S AR A9 71 SRR oA, B J

¢

-

ol

_4

ol
4
12

lo

o

e
1

2 o
-

o(])z rlo

]

A
o\ off

7HE AR e, 55 sz%;, el
g5 noln 1?41 Amazoﬂ et 42
FAEG 5FT IA L 71 Sl

o
N

o 1T
A0
offt
=y
o%
Hiv
Pﬂ

= 13
&
2
N
_,..
0
A=)
AL
_4
| T,
i

]l ml2fell 37ksted 71 AR5 SRtk v 257
RS WA HAIE 7S s e R0 o7
A7} 91713 T A - Holek. Alufe] of wfek GRDP}

IN
N
N
olt
D
N
N
off

BYGFY S0 AT R PFE HTE

-



J. Seo et al. / Journal of Korea Water Resources Association 55(6) 421-435 431

of Wief 41z 2s-80] Sl 7 Floko] ol 4}
SfeF. Al 2o wet Q1781 Q1T Wi o] 4% ka2 7RE
BT} 4% Ask AR, BN} 9128 S5 A
oA Ao e kgt vlefe] /1% Slshgel & Boz
Aaalo] 718 AREst ok
B2 B9 7HE el 2 mlaele F1eksei ot
wl vjefoli oA skl o gl ek vl
= A A 54 Boln, GROP7H 27} 4 7,
A RREE TS T, o] S A,
o)t 74 -3t 2 Aol gk, ol Alfel 2o of
2 Eom e AVl 2538 pageR
7Hg Hepdo] 27 F7khe 5] ek HE B e) B¢
37 e s} Bo] wlw 27, of85] A vl 712
P72 A0 2 ALk 58] S FRTAAS]
e A2 AR, B a2 7HE Flskdol 21
off= ol RIAIRE, At 0o 2t wlefe] 517} 2 B0 2
HIS1oke] Alel GPS HIE TR ARASHETA] 12
B RIS, FAFF I ] A7} T e}
S Z7Po1d 7HE B 57HE B0 2 Astsle] Aol
PP Bl YT O G942 ZFT Ol AT A
2 7Kg 210 29V H7- R el vl 3 o) 27}
Eo] 23 ol A2 2P A RARE A0 HolA
RHASE g K81, 53085 2 e e T
Hepd A 52| wisjo] ufet of 15] 7Hg Hepdo] 27| e
of vlefell 71 =7t Ak W 3] 1 2 SIS
QI RAZ R 2 7HE §IR 7} ehshslo] 4t GRDP
of o} A7 kb 0] 5712 o 85| 2 Mg Aok dTt 2p]
B 42718 SIohS Kol H vlefeli= 7RE Siohel
A gk Afe 2 of wfef 17t Q7 Wt S 714
51o] 718 B 2917k ol 4B SIdr} solain
AR BATE A IR SASH AR P ol
74 SRS 9PHE B0 2 WSS § o] B R 50
ek - I 712 Sl o] A o] 4% A5t 17
SHQ17 Wierh ol ke St solrls Aol BA, 5
E314 70| o e 5 BY 85 SR YT S GROPE
7Kg Heper ol 7HE IR 27 1SR S 1Tk
B §99) 39 A7 ol AT AN T
M7 SRR E o] TR 9P Btk 437 51
AR el A ¥ A 2 7RE 9191 518 o

ox M
L i

S

J Z
L

ol

i/

o] vk E 0 2 712 gl o] ik, shAl
T U2 B0 R Zo) 1R e EE L9
ol T AR 5 FUGSF + 2ol B 2L

GRDPZ 7Hg lopo] 27] wze] 7he S8t At
A7 AR R 6 el B -g-odo] Hlsl Q1 et ¢l
T HE 74 o] Aol 1R LEL £ SR Ao 2
o] 2|t ulefe] 7Hg B} 7 Aty kAR A
Z71e} el njeol 2 E0 2 ahe 1 Slel o ne
712 g1} AlaAeh 4207 B 71702 sl 914
Gl 51, 04 ajee] vl 7he Sla
o] AJShEI ARt TARE] A&l W FHE e et
Fo Yol A B B4 4 AFTVASE $4-22 71
Floo] wot 7he $1HE} whet.

QA 912 7HE SRR BRG] N2 G (ohed
2, b L uw A Sete A|e, QA AR A
2, SR AT BN A% G ThE L a s}
QAVZY 2] ol 714 WAL S A1, mleel AlsAle
P Holm, ol £ 59 840] S 2 FoPY E
Z7FSIAR, LA gl AtELgo] dol 7he Hok

9 L% 7Rg Sfalo] 2 Eo =
= A0 % A B4 A
ng]—ﬂ—/xl-e L= l-:,_g_7]-% _OA*?%JE% Eo]_}l
712 SRS Rl 712 Slao] 4
34 4517 Wi 7He 1R rt 57 behe 2o 2 A,

%,
o
riu
1
i
u\l
N
_O'L
kil

ol
<
N
B
ot
oL
I

lo rr
I
0.
[eZ
]
H

u

0o

o

o

=

iy
W2 o

r

84 7| g A=Fslel7] Qo tha A3 39 RS o
goto] Al Qo g 7HE 18 =] HrF A 7ok
(7hE S8, 7 =25, 7HE F )& Skttt &
Aol A ARERT 67FA] AlLbE] @.0] 7| Aih= R fA
St ANE HoFm, A2 7Hg 2l 9] 717 MY =
1, Fool w7 ke o ke e T O 7o A7t
o2} e 27 99 A ol nE R HTE 2 7]
AL g Ho|n Y7t %7 8|1 A A k2
7} HeHdETE B 2 7| T E BT

Fig. 5 RCP8.5+SSP3 AL} Q0|4 9] 7HE 1@ ol of
2t ZF g7t @ 4]1 7HE QlolA, 7he A I8 e = F
L o] 7] 74 Aol ZFZEo] 7o & HlE-2 52.3%,
24% 12|11 21.8% At B=FollA 7Ha f1si/do] 50%
oS AAISHHA 7ha Aol el 7 2 71 E B
FATE AR G-l A= e foo Hls] 7R 21 =9
7171 46.3%= Bl A QI 7hg e E T oF FoPd 9] 7]
A7} Z17F 28.9%2} 24.8% 2 H| WA =9t} o] = ugf A]
e o wah H37 59 ARl Al 7ha flshdol el



432 J. Seo et al. / Journal of Korea Water Resources Association 55(6) 421-435

(b)

(c)

]
]
]
]
]
|

Fig. 5. Contribution of each drought risk indicator during all periods in RCP8.5+SSP3 scenarios: (a) Drought hazard, (b) drought exposure, (c)

drought vulnerability
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Table 3. Causes of drought risk by basin and its analysis

433

Projected
Basin | Drought Risk Cause Analysis
Change
1. Population (+) - Secure water supply against soaring population and urbanization rate.
Han Increase 2. Population density (+) High GRDP makes the basin favorable to drought management
River 3. Urbanization rate (+) - Reserve water for the use of highly dense agricultural/industrial
4. Agricultural/industrial water demand (+) | regions
Nakdong Increase 1. Agricultural/industrial water demand (+) |- Reserve water for the agricultural/industiral use
River 2. Water supply leakage (+) - Improve water supply leakage
1. Runoff disch: - . . . .
) P;lnl(l)laﬂ(;slc(gge ©) - Manage water quantity against the rising drought risk Daecheong dam
Geum - TP . - Improve water supply leakage
. Increase | 3. Urbanization rate (+) .. . .
River - Secure water for the rising population and the use of highly dense
4 Water supply leakage (+) agricultural/industrial regions
5. Agricultural/industrial water demand (+) £ g
- Invest local budget against low GRDP leading to drought risk vulnerability
Seomjin Slight 1. GRDP (-? - Manage water q}{antlty agamst soaring drought risk of the upstream
River increase 2. Runoff discharge (-) where the Seomjin dam is located
3. Agricultural/industrial water demand (+) |- Secure water for agriculutral/industrial use (downstream of the Seomjin
River)
Yeongsan Slight 1. GRJ?P -) - Invest local budget agai.nst low GRDP leading to drought risk vulnerability
. . 2. Agricultural water demand (+) - Reserve water for agricultural use
River increase
3. Water supply leakage (+) - Improve water supply leakage

Table 4. Analysis against the change in drought risk for each basin

Projected Hazard Exposure Vulnerability
Basin Drought Risk | Dam water quantity | Additional securement |  Agricultural/industrial e Improving water
Change management of water sources water supply (Reservoirs) supply leakage
Han River O o o
Nakdong River O o {
Geum River O o o o o
Seomjin River A o o o
Yeongsan River A o ([ J o
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