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Study on the periodicities of drought events in Korea

Sun-Ju Lee

Department of Environmental Atmospheric Science,

The Graduate School, Pukyong National University

Abstract

The periodicities of droughts occurred in Korea have been
investigated. Analysis periods are divided into
1974-2005(Y 32; 57 stations), 1914-2005(Y92; 5 stations), and
1778- 2005(Y228; Seoul station) due to differs the data
lengths of available daily precipitation at each station.

Seoul station only has the useful data for 1777-1907
measured by Korean traditional rain gauge that can informs
about droughts before the 20th century.

6 years period have been appeared for 1870-1900,
1910-1950, 1960-2005 repeatedly. Of 4 seasons, summer
drought have this periodicity. And all of the 5 -clusters
divided by characteristics of precipitation in Korea have this
periodicity also. Moreover drought center trended to lean to
the southward or westward of Tae-Back mountain. These
mean that an unknown mechanism of precipitation in
summer can induce droughts in Korea.

In Y228, The frequency have been more decreased, but
strength have been stronger in 20th century than those in

19th century. two extreme droughts(EDI<3.0) of all events



for 228 years occurred in 1778 and 1900-1901 and have
about 120 years interval. And when these occurred, drought
years Wwere maintained during some years continually.
Therefor, the precaution 1is required to a recurrence

probability of the extreme drought.

Key words : Drought, EDI, Wavelet and Spectrum

analysis

_Vi_



1. Aii

T

ZhHe 2o U R AFAAR ENSOZF FHE 2
el AAdv. aHy v, AHud 5 AGedME =2
Aol B ot (eg., Atlas et al, 1993; Lyon and Dole,
1995; Montroy et al., 1997, Ting and Wang, 1997; Chen and
Newman, 1998), o}Alo} Aol = EH &% ¢kth(Lau and
Weng, 2002; Xu et al., 2004, Byun et al., 2001).

ENSO¢] o= A=z9 A A @A Girardin et al., 2004; Knapp
et al., 2004), v 44 T+ 5% (Lyon and Dole, 1995; Chen
and Newman, 1998)5 % AAIES Loy A3 wl=,
Aucred AFd AGAH @gdo|AL, dukAel fdFe|fn
H7)+= og& AHHEA 5ol BT

A gl oot A S Y T = ==, 2041 7]
ko] ZhE-o BAo] WM AL FEF e AAT AT (eg,
Meshcherskaya and Blazhevich, 1997; Dai et al., 1998; Min
et al., 2003; Piccarreta et al, 2004)¢} Ao upz} 7HAsa
A= A3E AA3 A4 (Pandey and Ramasastri, 2001)%
v ol gk Awkd AT e e, kel 9l
gk Ag-¢F WA R o] oke] FrEAGe] HaAdo] wof
A or g

gk Jung et al.(2001)> A&(37.57°N, 12697°E)¢ 2201



(1777-1996) F<tel HAFFES  ol&ske]  27del  #HA
g ol A2 71F (1884171910W)o] A &E Aol UASE
seldgn. ey 1 el #etel= &zl Aol glol o]

22 A7 Iz AAl B ouA B dH 52 gle

HEA 3 th= 7] 20] Chosun Wangjo Sillok (Annals of the
Chosun Dynasty)ol dt}h. <4 A2 Min et al.(2003)9]
ATk o] AFE 1951-1996¢ A7 F 0 1980 ™
o] HE FHtEo] 7lE Aol WM G- TItE T
F717F 2-3¢ LB Sh-cidP | SESEE R SILY £ N T Hy 0]
ATAds, AA FHe Af ZhEoly vy et vy
» #EAS Z277F oo AAl 7 Jae 19824,
1988, 1994\, 2001d o= “e]o| X &#(Sin et al, 2004; The
Ministry of Agriculture and Fisheries, 2001, Korea Water
Resources Corporation(KWRC), 1995; Korea  Rural

community & Agriculture corporation, 1995)¢] H.i1% o] 39l7]



bRt ® 12-SPIEE vk 1270 B 71 717k A7 71
sk Zate 724 9ol Ark E O1IHE ol
Zhael yH A 7|2k Fote] e wite] U
= A4 5
o] wiio] m=re] NDMCelA & SPIE 1, 3, 6, 12 48 /M€
2o oxl TR dFe] Albsle]l  Agsked izl
FEATFES old  dig u#E  AFert. E Min et
al.(2003)2 3ol AAH(36.25°N, 127.75E)WHS A& 37

ol FRtE AAe dEX 2A e AZHdE £A7E A

e
oz
rob

o
et

%

o

to
=il
=2
>,
=
i
)
poy
-
=
o
o)
o)
a
o
(S
S
S
o
1o
=
k1
52
rlo
rO
=4 &
N
N

Skl o] 7]&  EA]o g (Han and Byun, 2006), ©°]A-2
AG7AY A-A & FFAGolA 7HE oyl Al

Rz} 1 Aol AxI|Fol &3] el

rr



il
M

fvze)

X

4
T

o
=
B
o

T

ﬁo

o)

o
—_
A

B

Gl

7ol

ol

I

—
fite)

o

AT,

A3 o]

RN

I

sk

3l oF

)

A

F7] Aol A

AN A SRl o|Foz AGHE B, 2 B9 Agol
7H o)

¢

7ol
7Hel

-
1

10l

§3H4 5 o} %o}

Z

S 1] A 7]

9|

i
=

3

ol

o =

A2 Byun and Wilhite(1999)¢l 4] & &
&0

T

ke]

1427 T2

I

ot} 181 1
H
AP aLE Eofof

A| 2] =] o]
AdEZ v

3
=

)

o}

2

2L

17F 714 %

9]

w3

3)

Ay

I
B

0

)

AdAom

Byun and Wilhite,

(e.g., SPI, D)Xt}

=

7]
=

T

=:]
=
A

A== Morid et al.(2005)¢]1 Pandey et al
7t

atol A

o

e

Effective Drought Index(EDI;
A8

=

=

4 85
1999)
(2007)°],






2. A% % BA P

2.1. EDI¢] A4t

EDI 59 A4k ofefo] 45 o833t

i

=Y (NP )

PRN, = DEPy/ 2]] (1/N) (2)

EDI;= PRN,/ ST(PRNjor., (3)
EDI, = DEP;/ST(DEP)) (4)

2Dl A EP= ‘g 74 5 S a5 P 5} 3. Pni2 53
YZHE mY A I AFHS vt i= 365482 143
ot W&k EPe 54 Y2RY 3659 B¢ ¥EH fEATFH
o] ¥, JHE tE Fs 7Hth 2(2)9 DEP+= 30d H
°] EP(MEP)Z%E EP¢ #HAE njsta, B A=
MEP2] 7]7+& 1976-20050 & = 3} th.

PRNS $9 DEP7} #do=z oz 3Ear] 93 o

3 o 74 eo] 3, ji= DEP7F &8 Wol d&® 7]1he o
1



EDI= (3) v (D= AxtE 5 ded 2 ddds e

ol g3ttt v& AA3E U-&-& Byun and Wilhite(1999)el <l



Y228% B39,
Y329l &= figure 19] 577) A Aol % X3H 1 A8 7|7+
2 329 (1974-2005) 01t &5 =t AF T =AAGY 2w
£ 19743 o] FHH EAlSY, o] AYELS & 3 /) AHTe
2% e Aerdoer Eid vE WA AQEH A
Ei

EA o] xo]7t AtH(Moon, 1990; Park and Lee, 1992). b

(0]
fr
!
>,
i,
2
Jm'
Ul
=
N
a4
e
n°1'
_ﬁ
o,
X
2l

|

rlo
A~
-

of Fubol A FAdA 2289 Aol rhedlth T 2284
T AZ 7|7 AA 717 1.54% ATk 1894 8¥T12¢€ 1
1950 9971952 1292 ofv] &4 XIHE ltk(Jhun and
Moon, 1997, Jung et al, 2000). 1800 8¥-12¢, 1867 5¢



36N 1

35N 1

34N A

33N T T T T T
124E g 250 126030 /B & R S0t

Figure 1. 5 precipitation clusters by

Moon(1990).



23. 7h= 43 7hws e e

A 7R A 354 5 A4, AEd 9 9 HA
EDI#tS FZ3ta o5& 722 ANDI(Annual minimum EDID),
SNDI(Seasonal minimum EDI), MNDI(Monthly minimum
EDI), DNDI(Daily minimum EDI)#} ™} ]t}

A HE 2 A4EE YDS(Yearly Drought Scale)= A%
EDI<-0.7¢] &¢] EDIE &&3% §F 3662 e Aoz A5 7
A& 7hEel RS Z¥@E7] g Aol WS4t o2 A
N A= gl dxelM HA EDIZF 2A% A3 YDSE

7HEd2 EDIZY -0.7Ht e A2 Hodrk(Byun and
Wilhite,1999). webA] 7hE8llE ANDIS-1.5¢] 31 YDS<-0.79]
Z7AE& Bt 2 AR e A F Ay u
2o A EREE A9 SEENEDI BRI 2 Fol volul
M=z AFostrie gy wEelth 1A 18 -0.7 ©]

w
stz Wz &9 EDIE 25 tste] 4 g YDS7}

=
ol

Lim and Jung(1992)e] <elste] HAwH  AHolth o]

1778-1907 30 = 437 2mm - day W] vke] 7o)

N
rlo

He
et

Hol A & T@Hol Jqth(Jung et al, 2001; Yoo et al,
2002). o]Z Ql&te] B AFEHL B AfLE AZelr] o F

0

O

_10_



3011 (1976-20051) ol s el EDISH A3 2mmu| vt

—L
L

R4

sk EDI

Fol Ak

Xg 3

o~
T

i wWkth 1 Ay} o]

H] 11l 3]

=
=

2 ANDI=

1 o
80

35t

w3

A
&t

Ao vET. weba

et

2

b

0.19%kF I} of

-
1

0.21, YDS

oy

11



2.4. F7] &4

7HEe] F7] A4S ANDISH YDS Aol ¢]sto], ANDIS}
SNDIE ©]&% #9 W, Z12ja MNDIE o] &3 39 =4
Edo] 93] =35 At Morlet, 1982). A5 2] 4°+= Lau and
Weng(1995)& w2} 2n7l2 A|gksl e, B 39S 2% Morlet
9 (Morlet et al., 1982a)= €3ttt Power spectrum-
Gilman et al.(1963)¥} Min et al.(2003)& #1353 th. ANDIZ

o] &3 HAE AWHMES MNDIS o] &3 428 oy HE

- N hs

_12_



3. 7Itd ZA=vu

7]1ZF(Jan. 1974-DEC.

T

Mo

= A
2005)e i8] Al MNDI

Figure 2

!

2]

~N

ol

=
=

+

ol&= 5771

el

s

?:51_

[}
=

5

7l

-
1

Y323 Y92

_ZTI

&7

A9 Az Y929 Y329 Aol HlE] JHE F=IE o

M

]

WEo

9} 4

b

al

]

Xéo

& 7PAE foUR A

A 10049 el4kel A5

e
e

el

o= A" (Moon, 1990; Ko et al., 2005)°]

KeX
=

3

A

il

o

_13_



MNDI
=

-1 4
1.5
2

-3 T T T T T T
1975 1980 1985 1990 1995 2000 2005

Time
Figure 2. The time series of MNDIs of 3 periods for
Jan. 1974- Dec. 2005. Y32 is from 57 stations in Fig. 1.
Y92 is from the representatives of 5 clusters(large

circles in Fig. 1). Y228 is Seoul.
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Figure 4. The histograms of ANDI and YDS

multiplied by '-1’ for Y92(bars) and the time series
of ANDI for Y32(solid line).
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Table 1. The ANDI and YDS of drought years for
Y92 .

Y92  Year  ANDI YDS Y92 @ Year | ANDI YDS

1917 = -219 -0.83 1951 -184 -0.93
1918 -181 -1.22 Mid 1967  -186 -1.01
1924 -256 -0.88 1968 = -2.00 -1.26
1927 -262 -1.15 1977 -191 -091
1928 -198 -097 1982 -214 -0.76
1929  -194 -1.26 Aft 1988 -2.04 -0.72
1932 -223 -0.74 1994  -214 -0.70
1938 = -213 -0.72 1995 -194 -0.90

Pre 1939 -265 -157
1940 -186 -0.96
1943 -219 -1.00
1944 -238 -1.31
1946  -259 -094
1947 -187 -093
1948  -1.77 094
19497 g2l 3¢ (3102
1950 s doe— 18P

Figure 5% 1914-1977(Pre-Y92, Mid-Y92)d¢] ANDIZ o]
23 3¢ BA Adolth Aft-YR 7]zhel w3 EAe o
gk FAo] 7hedk Y329 @A o= dhAlgth 1920 of A
1950744 4dS 5= A3 g9 Eo] FATH v 17
o] F71de] =YuA got M FE F7]

e
g stelsbrle otk 94 B AA ARAE Aol oF 64
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Figure 5. The time |series (upper
panel) and real part of Morlet
transform(bottom panel) of ANDI for
1914-1977 of Y92.
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Figure 6. The time series(upper panel) and power
spectrum(bottom panel) of MNDI for Pre-Y92(1914 -
1950) and Mid-Y92(1951-1977). The lower dotted line
is the mean red-noise spectrum(Gilman et al., 1963)
assuming a lag-1 of auto covariance a. The upper
dashed line is the 99% confidence spectrum. Abscissa
is log-scaled frequency and the ordinate is wvariance
expressed as the ratio to white-noise value.
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Figure 7. Same as Fig. 5, but for SNDIs of 4 seasons.
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42. Y322 ¥ 7t5 571(1974-2005)
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Figure 8. Same as Fig. 3, but for Y32.
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Table 2. Same as Table 1, but for Y32 and damages at

each vyear.

'Stations’

means the number of drought

stations with EDI<-1.5. '/’ means that the informations

are not found.

Stations Minimum Water storage Drought
Year ANDI YDS
(ANDI<-15) YDS of total  rate(%) area(ha)
1974 -254 -0.80 9 -0.81 / /
1976 -2.36 -0.22 21 -0.82 455 28,218
1977 -1.96 -1.02 32 -1.06 249 60,222
1978 -2.66 -0.53 50 -1.13 20.8 47,000
1982 -2.35 -1.08 46 -1.08 16.1 231,244
1988 -2.22 -0.71 39 -0.81 17.2 1,000
1992 -2.12 -0.57 31 -0.73 116 31,523
1994 -2.44 -0.65 43 71y I3 150 231,569
1995 -2.14 -0.78 38 ] 6.5 20,370
2001 -2.28 -0.90 36 =019% 76.1 19,000
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Figure 9. EDI distributions of 10 events from table 2. The shaded areas denote

EDI<-0.7.
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Figure 10. Same as Fig. 6, but for Y32.
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=(e.g., National Institute for Disaster Prevention(NIDP),
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Figure 11. The time series of SNDIs
for Y32.
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Figure 12. Same as Fig. 6, but for 5 clusters of Y32.
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Figure 13. The histogram of annual precipitation(a) and
ANDI and YDS multiplied by ‘-1'(b) for Y228. The
dashed lines represent trend of these three factors
respectively. The dotted lines indicate 1.5, 0.7, -1.5, -2.0
and -2.5.
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Table 3. Same as Table 1, but for Y228.

Year ANDI YDS | Year ANDI YDS | Year ANDI YDS
1778 -3.04 -1.92| 1854 -1.83 -0.71] 1901 -3.32 -2.16
1779 -1.80 -1.11| 1867 -1.62 —-1.1511902 -2.79 -2.06
1780 -2.14 -1.39| 1870 -1.84 -1.21] 1904 =-=2.34 -0.96
1781 -1.82 -0.99| 1871 -1.82 -0.73]| 1905 -2.16 -0.99
1782 -1.86 -1.24| 1876 -2.00 -0.73] 1906 -2.02" -1.06
1783 -1.90 -1.37| 1882 -1.89 -0.99] 1907 -2.10 -1.30
1786 -1.84 -1.28]| 1883 -1.84 -1.24] 1908 -2.09 -1.16
1794 -1.71"=1.06:].1887 &2:218 —1R2GHMIE08 —1.84 +1.09
1795 -2.09 =1.20°].1888\ [& - 1RUSHEION0 —1.91r ~1.05
1808 -1.51 -0.71| 1889 —-1.74 —1.04] 1939 -2.26 -1.30
1823 -1.58 -0.90| 1890 -2.56 -1.43] 1940 -1.82 -0.82
1831 -1.90 —-1.01| 1891 -2.31 -1.42] 1943 -2.19 -1.00
1832 -1.82 -0.71| 1893 -1.64 -0.81}1944 -1.88 —-0.96
1837 -1.98 —-1.17]1 1894 —-1.71 -1.09]1949 -2.23 -1.02
1838 -2.16 —-1.15| 1895 -1.76 -1.04] 1950 -1.91 -1.38
1841 -1.94 -1.04| 1896 -1.45 -0.75]1982 -2.14 -0.76
1842 -1.82 -0.93| 1899 -2.04 -1.21] 1988 -2.04 -0.72
1853 -1.96 -0.96] 1900 -3.02 -1.73
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Figure 14. (a) The time series of ANDI. (b) and (c) are
same as Fig.6 and Fig.5 respectively, but for ANDI of
Y228.
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