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Abstract

The objective of this study is to project and analyze drought conditions using future climate and
hydrology information over South Korea. This study used three Global Climate Models (GCMs) and three
hydrological models considering the uncertainty of future scenario. Standardized Precipitation Index (SPI),
Standardized Runoff Index (SRI) and Standardized Soil moisture Index (SSI) classified as meteorological,
hydrological and agricultural droughts were estimated from the precipitation, runoff and soil moisture. The
Mann-Kendall test showed high increase in future drought trend during spring and winter seasons, and
the drought frequency of SRI and SSI is expected higher than that of SPI. These results show the high
impact of climate change on hydrological and agriculture drought compared to meteorological drought.
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Fig. 1. Flow Chart of this Study
Table 1. Status of the Selected GCMs
Resolution
No. Model (agency: version) Abb. Country -
Atmospheric Ocean
1 CNRM: CM3 CNR France 128 x 64 180 x 170
2 UKMO: HADCM3 UKC UK 96 x 73 288 x 144
3 IPSL: CM4 1PS France 96 x 72 180 x 170
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Table 2. Classification of Drought Severity for the

Range of Indices Values

SPI, SRI, SSI values Drought category
2.00 <Z Extreme wet
1.99 ~1.50 Very wet
1.49 ~1.00 Moderately wet
0.99 ~0.00 Near normal
0.00 ~-0.99 Mild Drought
-1.00 ~-1.49 Moderate Drought
-1.50 ~-1.99 Severe Drought
-2.00>7 Extreme Drought

Estimation of drought indices

Estimate the cumulative the

time series
H

¥
Selection of optimal
distribution

Estimation of the cumulative '

probability

)

Standardization

Fig. 2. Estimation Method of Future Drought Indices using Multiple Climate & Hydrological Model
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Table 3. Seasonal M-K Test Results of SPI, SRI and SSI
) SPI SRI SSI
Period
A A \v v A A v v A A v v
Spr 0 0 109 0 0 0 76 33 0 0 57 52
P 0.0%) | (0.0%) |(100.0%)| (0.0%) | (0.0%) | (0.0%) | (69.7%) | (30.3%) | (0.0%) | (0.0%) | (52.3%) | (47.7%)
Sum 2 104 3 0 0 67 42 0 0 0 51 58
" (1.8%) | (954%) | (2.8%) | (0.0%) | (0.0%) | (61.5%) | (385%) | (0.0%) | (0.0%) | (0.0%) | (46.8%) | (53.2%)
Aut 0 80 29 0 0 3 106 0 0 0 94 15
" 0.0%) | (73.4%) | (26.6%) | (0.0%) | (0.0%) | (2.8%) | (97.2%) | (0.0%) | (0.0%) | (0.0%) | (86.2%) | (13.8%)
Win 0 0 47 62 0 0 19 90 0 0 2 107
(0.0%) | (0.0%) | (43.1%) | (56.9%) | (0.0%) | (0.0%) | (17.4%) | (82.6%) | (0.0%) | (0.0%) | (1.8%) | (98.2%)
76 BEKEREEHIE



= 79 9 899 i, =] S7F= SPIL % SRI7F
%.4%, 61.5%°] 7 el ot
it SSI€]
‘Eﬂtoi 5320/7]— 71—5\_ 76]
4, 104, 11¢) SPI= 10
74, 84| 7
).

531%)

mﬂg o oﬁ
o
ol N
ol
ol
X
i
ful
3L
)
N
N
o
i)

i91 S wlov, A4
JgEL SRI‘:‘ E W AEE
g 7haol 7P A
D} SSI~ 7}%%4_% ) €18 Ur‘ﬂx]
73

N
N
>
2+
o w
o &
O
>m8%ﬂ“
LIS
29
o
mui

ot
o oo mo by

o o2
-
N
g
QL
%9.
_EL
LI
O{
_A\.ll.z
ﬂﬂ

% Y, oN
R

»

1o

N

N
Boxe

)

=2
N
N
g
o
N
RY
N,
el
N
N
%
2

1= )\vo——i OE]}\/\Tq"

N
N
0>
H1
M
N
o
[~
0=
rc
H1
lo
rII
_k'JL
Ar
=

Fig. 4= 1097} AR A4 9 370 71EA+E 3
A 2w 37| e s RS & 7 Ao wE )k
7He AW = o] W3S Box-Whisker 132 E=A)%

30 30

Adolr), Fike] vkAE V|Fo R Holehy} Hd A

=2 i%ki} =2 fH ks WERN, ko] et
E quartile) ¥} 75% (third quartile)<-
ojm|&ar Wk 14194 *—8‘ T (median)#t-S HERATE 2
%(Moderate) 7Hz2] 4% SPIi= Hitdoz 3A7|7F
7.0%, 2020s 6.9%, 2050s 7.9%, 2080s 81%= | 3713t
EF 2 Zol7} gidleu, SRI= A 10.2%14 2020s
717Fll = 78% = 74, 2050s 11.4%, 2080s 14.1%6% 3.9%
Ax 74 Zlom AWEHIth SSle A 10.1%,
2020s 11.9%, 2050s 15.9%, 2080s 17.1%= 7.0% Z7}3t
Aoz AvEe] 3xFE FolA TN} 7 =2
Aoz FlEAr} AldHsevere) 7Haol A= SPI2] 7%
HE 7wl A el zo] 3hA gl mje 37]7ke] xfo] 7} mjH]
SHAITE SRI+= ZFA <} vl 37]7ke] 35%, 4.4%, 5.0% 2
5.5%, SSI+= 4.7%, 5.0%, 6.1% 2 88% % W& 4=
H=7} S7kekdh. S4 8K extreme) 7HE-oll A= SPI9|
AR 3A 369904 2020s, 2060s 717l A,
2080s 7|7kl A 42% % 1.2% 718l o, SRI= #A

SPI SRI

24 1 24 4

18 18
12

= = = =

0 T T T T 0

Frequency of drought (%)
Frequency of drought (%)

e a

30

Ssi
24+

Z =

=

Frequency of drought (%)

Historical  2020s 2050s 2080s

15 15

T
Historical  2020s

(a) moderate drought

T T o T T T T
2050s 2080s Historical  2020s 2050s 2080s

SPI SRI

12

JF = £ =

0 T T T T 0

12

Frequency of drought (%)
Frequency of drought (%)

N e

15

Ssli
12 -

= =

Frequency of drought (%)

Historical  2020s 2050s 2080s

Hlstorlcal 20205

(b) severe drought

0 T T T T
Historical = 2020s 2050s 2080s

20505 20805

SPI SRI

2%%%%

Frequency of drought (%)
Frequency of drought (%)

Z%%%%

Ssli

Frequency of drought (%)
N >

l= = =

0 T T T T 0
Historical ~ 2020s 2050s 2080s

Hlstorlcal 20205

0 T T T T

20505 20805 Historical  2020s 2050s 2080s

(c) extreme drought

Fig. 4. Analysis of Future Drought Frequency for Given SPI, SRI and SSI
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