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Abstract

This study implemented a comparison of SPI characteristics in terms of quantitative and spatial analysis depending on four RCP
scenarios. For this purpose, we compared quantitative characteristics of drought using standard precipitation index resulted from daily
precipitation data reflecting future green gas concentration scenarios, and spatial distribution field of seasonal drought occurrence
frequency and its duration, was analyzed to compare drought trends depending on the RCP scenarios. As a result, we found that SPI time
series was quite different from each other and correlation coefficients were lower than 0.08. Depending on the RCP scenarios, spatial
distribution results showed different trends in drought severity, frequency, and duration. The biggest reason of the difference is daily
precipitation data based on the different greenhouse gas concentrations, but we could not find the effect of the concentration extent on

drought occurrence projection. In addition, according to the results from this study, drought analysis results using single RCP scenario
may have considerable uncertainty.

Keywords: Climate Change, drought, projection, RCP scenario

RCP AlL2|2

nE
o
y:
A
N

0
Jim
(02
HI
%

Sa b = ck
R
‘FreeFgdsty FAds, et s Sl ERgtt

Fo

A|

IS 2I5H, 4712| RCP AlLt2|2
Mot 222, RCP ALt
Al

fr

2

4

=2

x

rr

Pl

)

o

=

T~

E

ro

nE

FH

AN

N

ojo

>

P

lo

Jm

0x

fujo

ox

op

N

ro

v

2

i)

OH

]

a2

ro

x JE'
;

_I\I-i g

N

o ox

fol

=

5 R

el

R

il

o

L
Ho

Il

i
SE| AYE SPIZ V|$IO 2 712 S42 HYHOR HIDIYD, 712U It
228 SPIO| 7S SA2 0P A0I5HR, BE AR47}0,08EICH L 2O LIEKIT Sh3l4, 11211 2147210 cet
AOI3H BT B2 I3 4 IUCH RCP AlLtZ 2 40[5H 712 50| 7 2 SAIIA HBSE AlLRRI2 T[4l
4YS 54 AUSU, SAIIA HBSE TR0 112 PEHS BRI UUCE 0F22, & A1 AN S5 T RCP AlLI|2 AHREH 08
712 MYl AR SO 1S 2o TTHEICY,

r

e
_(zﬂ
J
W
o 10

I'

0
ru
=
ox
rlo
o

Inu

w
E 0
ol
J
i
e
02

HESEEZ A2

Sefubero] B A4 o 1300 mmE Bl A 58 50| sl 53], 97160 HhH B 74

*Corresponding Author. Tel: +82-61-330-3137 - It gl3Ael o2 201548 69Y 19U of| = AH-2d o A]
E-mail: jgjoo@dsu.ac.kr (J. Joo)

© 2016 Korea Water Resources Association. All rights reserved.



294 J. Kim et al. / Journal of Korea Water Resources Association 49(4) 293-303

d
Al
Bl
=2
1o
off
s
E
%

N
N
i
0%
gh
R

ARHA © & 7Hg-2 Bl A 71 Algte]| A3 o] RE0
2HE TSI, Ao A2t Aote] AT & e A
2 A4 3] FAYSH= Aslo]th(Kim et al. 2010). &=

golgol E= A=, 1 A AR =] A 7
Ao HUEHsHL dS-Ashe=t B2 =8 7]e0]al
QJtk(Svoboba et al., 2002; Burke et al., 2006; Sheffield and
Wood, 2008).

2 =0, $EUEtellA= IPCC (Intergovernmental
Panel on Climate Change) O/ 33 355 7] Z(Representa-
tive Concentration Pathway, ©]5} RCP)& &8¢t A7 &
et 43|21 QIth(Kim et al., 2014; Ahn et al., 2015;
Cook et al., 2015; Yoo et al. 2015; Joo et al., 2015; Kim et
al., 2015; Kim and Joo, 2015; Park et al., 2015). 4], RCP
AU @ A& o] 7| 2 AT A 2, A 48 W 7|25
4] H]w A7} Qlek tHEZ 2 2 Joo etal. (2015)% S22t
E o2 RCP AU @ o 72tz o) BAgH Aloh A
B7FE 53l RCP 2t= 2] 282 Fdol 71915 SF3ITh Kim
etal. (2015)2} Kim and Joo (2015)= RCP AJU2] 2 Zt= 9|
B A A= 47 e AU L, A 7| T R
AR 71, T3 R o] 877 5 TRt 84 E
25kl RCP Y b= o) A B4 32 4%
= H| WSk

RCP =5 &8t e 7Ia o 7=+, WA, Kim
et al. (2014)= RCP 8.5 AlU| @ 7|9te] BE7t4-2]4
(Standardized Precipitation Index, ©|5} SP1)Q} 7345
A2 o]-85te] rlef| 7Had /8-S 2753t Ahnetal.
(2015)= FZ-6-9-S T 2 RCP 4.5/8.5 Al LHE] @ 7|4HHe]
a2} 7] ¥ 37t 5 A8 Fgel vX]= 9= MODSIM
2} SWAT R E-& o]-835F] A5F1.2H, Yoo et al. (2015)
+= O|F4= 7HER1 & -4 (bivariate drought frequency curve)
= o|-&sto] o] nE| 7Hg P15 HERMHF QL
Park et al. (2015)= @A & m[2f|7] %] A 2] SDF (Drought
Severity-Duration-Frequency) =41 2] H| & F5f =31 7}
sAPgel thet 71 H2te] YFHEE FFstoirt. A
=2 THIRERCP AU @ S8 Hehs Sl 7Ha M9 ¢
a2 A1 =E AASHL oW, BFRIRCP AU & 28
g7l EA v A FES Aol

H A1=Kim et al. (2015)7} Kim and Joo (2015)2] <5

A=A RCP AlH2] 2.0] 7 E4Jof| o) 9= HES
il

2202 RCP AlU2] 2E SPI2] EA-S HaFAQ STt 5
ZHERQ1 ZHol| A A5 H] 1 519t o] & 9lsl, RCP ALt .2
H AR SPIE 7REe 2 7E-g st AudEat ¥
Ha}o] w2 7 )

2 7R 548 AFH 02 v melr),
A 271208 AR st MR A7)
sasto] Jolat /HRMY S RCP ALt e] 28

21 | BEsEZHZE AlL2|2

IPCCE] A|5A} B7EE AL A of| A= 7] - RiSte] Tigh 917He]
& 2 A2 =50 u}2} RCP 2.6, 4.5, 6.0, 8.5 5 471 2] ALt
2] 9 2 AASITHIPCC, 2014). RCP AlU2] @ 0] S2p= B
ABAE, & 274 T o2 o R] 9] BP-S M7=
gFe o] A& oJn|sh= oF 0 2 A Tl W/m? A4t =
el = BjokE AL} 9F 238 W/m?O] 22 RCP 2.6, 4.5, 6.0, 8.5
O] BEAPIAIE-2 JAF el FEARFS] < 1.1%, 1.9%, 2.5%,
3.6%°l G ETE RCP 2.6-2 2A47tA 0] 57t 7P W
7392 A AR QI EE ]| o5t FFS 1 ESH AL
Q0]H, RCP 8.5= 2471240 L7t 7MY =2 72 ol
St 2A7EA A3 e glo] A FAR viE == Fote] A
1S 713 ALbe] @ o] th RCP 4.59}6.0-2 241 7FA 2|7+
< 91t o] YR BILE AE Alve] otk E 57
2of gt Bt AAIRE 8-S Kim et al. (2015)%} Kim and
Joo (2015)°f] == of Qict.

22 BEZTA|T
B o FLof| A= ookt 7HE A|4(WADI, PDSI, MSWAS
I, SMI, NDVI) & 754t 0 2 AF4o] 7153t SPIE 7H=
242 A5tk vl 7FHE A4 4P ofl vkt A A=
7t AER = = AMSE 7ol vl 7R B A el 2=
= 7FsA7l= akle 2 A8 4 Q17| wiZoltt
ARHA © & SPIE AFY5t7| flaiA= HA EAlstaat st
EAZFEREIE B0 1,3, 6,9, 12, 24704 S)of w71
B AAGE o)F TR M2 AA S 23R
o} 23 A A E-S o]- 85t s Al A F =t Zetet
TP 275, g FERIEYS o]-Boto] 2

pud
==
e

ol o



J. Kim et al. / Journal of Korea Water Resources Association 49(4) 293-303 295

SPI .
+2.0

Very Wet
+1.5
Moderately Wet
+1.0
Near Normal
-1.0
Moderately Dry
-1.5
Severely Dry
-2.0

Fig. 1. Drought classification of SPI
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Fig. 3. SPI-6 months results from RCP 2.6 scenario in 2012~2100 year
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Table 1. Correlation coefficient between SPI depending on the duration period and RCP scenarios

(a) Depending on the duration period

(b) Depending on the RCP scenarios

SPI-3 SPI-6 SPI-9 SPI-12 RCP2.6 RCP4.5 RCP6.0 RCP8.5
SPI-3 1.00 0.66 0.53 0.43 RCP2.6 1.00 -0.02 0.01 -0.03
SPI-6 - 1.00 0.77 0.65 RCP4.5 - 1.00 0.07 0.02
SPI-9 - - 1.00 0.85 RCP6.0 - - 1.00 0.06
SPI-12 - - - 1.00 RCP8.5 - - - 1.00
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Table 2. Characteristics of the drought occurrence number depending on the RCP scenarios

Spring Fall Winter
RCP2.6 |RCP4.5| RCP6.0 |RCP8.5 | RCP2.6 | RCP4.5 | RCP6.0 | RCP8.5 |RCP2.6 | RCP4.5 | RCP6.0 | RCP8.5
Seoul 20.0 30.0 26.0 25.0 19.0 20.0 20.0 24.0 22.0 22.0 28.0 25.0
Daejeon 25.0 24.0 24.0 20.0 23.0 25.0 30.0 31.0 23.0 27.0 30.0 22.0
Daegu 25.0 25.0 24.0 23.0 32.0 23.0 26.0 25.0 32.0 34.0 27.0 31.0
Gwangju 26.0 20.0 29.0 20.0 24.0 25.0 21.0 22.0 29.0 29.0 23.0 24.0
Mod. Busan 30.0 28.0 26.0 24.0 26.0 26.0 23.0 23.0 24.0 22.0 24.0 25.0
Jeju 23.0 24.0 23.0 23.0 22.0 20.0 19.0 17.0 19.0 22.0 24.0 19.0
Min. 15.0 11.0 12.0 14.0 17.0 17.0 16.0 15.0 16.0 17.0 15.0 19.0
siétis Max. 31.0 32.0 30.0 32.0 32.0 32.0 34.0 33.0 34.0 37.0 33.0 33.0
Ave. 23.7 23.7 23.1 23.2 232 24.5 25.1 25.1 26.4 26.3 25.8 24.9
Seoul 9.0 2.0 7.0 4.0 5.0 9.0 5.0 6.0 7.0 7.0 4.0 4.0
Daejeon 10.0 6.0 8.0 10.0 6.0 7.0 2.0 3.0 8.0 5.0 5.0 9.0
Daegu 10.0 7.0 11.0 7.0 3.0 5.0 3.0 6.0 4.0 0.0 2.0 2.0
Gwangju 7.0 7.0 8.0 11.0 8.0 8.0 6.0 6.0 3.0 5.0 9.0 7.0
Sev. Busan 8.0 7.0 8.0 6.0 2.0 7.0 4.0 3.0 9.0 5.0 8.0 8.0
Jeju 9.0 8.0 6.0 7.0 8.0 10.0 9.0 5.0 9.0 10.0 6.0 11.0
Min. 4.0 1.0 3.0 3.0 2.0 2.0 0.0 0.0 2.0 0.0 0.0 1.0
Si6tZS Max. 14.0 13.0 14.0 17.0 12.0 11.0 11.0 11.0 13.0 11.0 11.0 12.0
Ave. 8.2 7.2 9.1 73 6.5 6.4 5.0 4.9 5.8 5.4 6.1 7.4
Seoul 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dacejeon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0
Daegu 0.0 3.0 0.0 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
Gwangju 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.0 1.0 0.0
Ext. Busan 1.0 1.0 4.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
Jeju 1.0 2.0 4.0 1.0 1.0 0.0 1.0 1.0 2.0 0.0 1.0 1.0
Min. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sﬁgs Max. 4.0 3.0 4.0 3.0 4.0 2.0 3.0 2.0 2.0 2.0 4.0 3.0
Ave. 1.1 1.1 0.9 0.7 0.6 0.4 0.2 0.4 0.6 0.6 0.2 0.2
RCP 2.6 RCP 4.5 RCP 6.0 RCP 4.5 RCP 6.0 RCP 8.5
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Fig. 9. Number of drought occurrence during more than 1 and 3 months period
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Table 3. Characteristics of drought occurrence number depending on the RCP scenarios

Drought occurrence duration periods
1 month 3 month 5 month
RCP2.6 | RCP4.5 |RCP6.0 | RCP8.5 |RCP2.6 [RCP4.5 |RCP6.0 [RCP8.5 | RCP2.6 |RCP4.5 | RCP6.0 [RCP8.5
Seoul 170 | 280 | 230 | 250 | 80 | 70 | 40 | 90 1.0 | 20 1.0 | 00
Daejeon 200 | 240 | 200 | 280 | 40 | 50 | 40 | 80 1.0 1.0 | 30 | 00
Daegu 180 | 220 | 180 | 250 | 50 | 3.0 | 50 | 90 | 20 | 00 | 00 1.0
2012 Gwangju 180 | 260 | 190 | 250 | 60 | 7.0 | 50 | 50 | 20 1.0 1.0 1.0
to Busan 150 | 220 | 180 | 300 | 60 | 60 | 50 | 50 | 3.0 1.0 | 0.0 1.0
2040 Jeju 220 | 200 | 240 | 220 | 30 | 60 | 40 | 40 | 00 | 20 1.0 | 0.0
Min. | 12.0 | 190 | 140 | 180 | 20 | 2.0 10 | 20 | 00 | 00 | 00 | 00
Sigs Max. | 250 | 300 | 260 | 340 | 100 | 110 | 80 | 110 | 40 | 30 | 50 | 50
Ave. | 186 | 250 | 201 | 261 | 55 | 55 | 44 | 69 1.9 1.2 12 1.1
Seoul 270 | 170 | 220 | 17.0 | 4.0 10 | 60 | 40 | 00 | 00 | 20 1.0
Daejeon 190 | 270 | 260 | 180 | 60 | 30 | 50 | 50 | 30 | 00 | 20 1.0
Daegu 220 | 210 | 280 | 190 | 60 | 50 | 60 | 40 | 20 | 00 | 00 1.0
2041 Gwangju 230 | 200 | 290 | 170 | 40 | 3.0 | 60 | 40 | 00 | 00 1.0 1.0
to Busan 230 | 230 | 300 | 170 | 30 | 40 | 50 | 50 1.0 | 00 | 20 1.0
2070 Jeju 210 | 200 | 27.0 | 22.0 | 4.0 5.0 6.0 8.0 0.0 0.0 2.0 0.0
Min. | 150 | 160 | 190 | 140 | 20 | 00 | 30 | 20 | 00 | 00 | 00 | 00
si6tgs Max. | 300 | 28.0 | 31.0 | 280 | 100 | 80 | 120 | 80 | 3.0 | 20 | 40 | 3.0
Ave. | 227 | 221 | 262 | 197 | 5.1 30 | 62 | 48 12 | 02 19 | 07
Seoul 240 | 190 | 250 | 230 | 40 | 7.0 1.0 | 3.0 | 00 1.0 | 0.0 1.0
Daejeon 220 | 240 | 260 | 240 | 60 | 50 | 50 | 50 | 20 | 20 1.0 | 0.0
Daegu 220 | 280 | 250 | 240 | 60 | 50 | 50 | 40 | 40 | 20 10 | 00
2071 Gwangju 240 | 230 | 230 | 240 | 80 | 70 | 20 | 60 | 3.0 1.0 10 | 00
to Busan 250 | 260 | 210 | 230 | 60 | 50 | 30 | 30 | 00 | 00 | 20 1.0
2100 Jeju 230 | 250 | 190 | 190 | 50 | 3.0 | 50 | 3.0 10 | 20 | 00 | 00
Min. | 170 | 160 | 180 | 150 | 20 | 20 1.0 1.0 | 00 | 00 | 00 | 00
S?tgs Max. | 30.0 | 300 | 320 | 270 | 100 | 100 | 60 | 90 | 40 | 40 | 20 | 3.0
Ave. | 229 | 239 | 242 | 219 | 56 | 56 | 3.0 | 42 1.7 14 | 08 | 04
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