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Establishment of Monitoring System, Analysis of Characteristics,

and Experiment of Prediction of Drought over East Asia

Su-Bin Oh

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

This study is to develop measures to deal with droughts occurring“in East Asia and provide
fundamental data.

First, drought'monitoring system was established to detect early and warn against droughts.
Monthly precipitations during all periods of time in North and South Koreas, Japan and China in
East Asia were used, and spatial distribution and time series of Effective Drought Index (EDI),
Available Water Resources Index (AWRI), and precipitation in Seoul, Korea since as early as 1778
were provided. Iniaddition, text and calculation program for each were provided as well.

Second, spatiotemporal statistics were organized to be used.as basic’information for the
study on droughts. East ‘Asia is~divided into six.drought regions and spatiotemporal
characteristics for each region (starting-date, duration, periodieity, and simultaneity) were verified.

Third, drought prediction tests were conducted using analog method to predict drought
predictability. As part of a preliminary stage for predictability, Korea was the study subject. Korea
was divided into five drought regions and daily drought codes to indicate spatial temporal drought
status were made. By selecting dates when actual drought and daily drought codes correspond
the most similarly and monitoring drought progress, it turned out that there is about one year

predictability.

Key words: Drought, drought monitoring system, drought characteristics, drought prediction
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CHAPTER 2. DATA AND METHODOLOGY




2.1. Precipitation data

2.1.1. Station data
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2.1.2. Grid data

Asian Precipitation Highly Resolved Observational Data Integration Towards the

Evaluation of Water Resources (APHRODITE; Yatagai et al., 2009)0| M ANS3t=
1961-2004'A44H) S¢to| & Z= OO|HHE ArE3stRUCt. O] HIO|E{= rain
gauge data® ?[-ZE 0.5°x0.5°2| ZAXt OO|EE PHE Zdolct & 17 0iM

= SOolAloF YA(105-150°E, 20-50°N)| QU= 263270 ZAXte| Z+ CIO|E{E
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Table 1. Used precipitation data.

ROK DPRK Japan China
Start years 1777-1973 1973-1981 1877-1901 1842-1952
Number of 61 26 51 160
stations
Source KMA KMA IMA BCC
Time scale Monthly, Daily Monthly Monthly Monthly

Republic of Korea Democratic People’s
Republic of Keraa

China

Fig. 1. The distribution of stations-used in this study.
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Fig. 2. The increasing number of stations per country along year.
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(i) BAS| EP(MEP)Z2SE{ Deviation of EP (DEP)E F8HCH (eq. 2). BHF DEP

7t 22 BRIt UKE|H eq 10M2) is HBSE BE S0{LtC o|E S0
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(i) DEPE EZE3lI A|ZIC ST(DEP)= standard deviation of each day’s EPE Lt
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Table 2. The classification of the EDI.

Effective Drought Index Classification
EDI>2.5 Extremely wetter
1.5<EDI<2.5 Severely wetter
0.7<EDI<1.5 Moderately wetter
0<EDI<0.7 Weak wet (Normal)
-0.7<EDI<0 Weak drought (Normal)
-1.5<EDI<-0.7 Moderate drought
-25<EDI<-1.5 Severe drought



EDI<-2.5 Extreme drought

Moderate drought

O Startdate @ End date

-2.5

Fig. 3. Definition of drought cases:

2.3. Cluster analysis
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2.5. Wavelet analysis
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Fig. Sa= 19900 &= ME2| EDIE LtEHHCH SOotA[otoflAM AletH &
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ME 7HFol LRl 1994-1995' 7tF0| 85 M20ME 2SS
gtolg = QJC} (Park and Schubert, 1997). 1993 120{lM 1995 A 12877t K| Q]

2= ME22| EDI AlAHIGollM 19934 7&of o Olste| gtS LIEILHZ| AlZ
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tod 26708 SOt RISERID, 1995 8oi 0 olatel Zt2 LIE
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ALt (Fig. 5b). O 7h=2 =1 g Y, J2ln 5 §5F X[Hoi
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M SAlo EA3HACE (Fig. 6a). O] 7HF2 1994H 0i§(JIA)S| A= B EFof

71018t Ao

fu

, 7h=0| HAst 199449 B2 CHE sl H|TSIRIAS M o
g Z#7F =0l =H HMACH (Fig. 5¢). IHEZ 1993 748 S0to| HX
ol 7222 0|o4%im 1995 04§ Z= T 7b=0| AlSHEIRACEH 1994

A 7ol AT SUEEE 4HEH 71F0| YHE X0 70mm O|st

H

o & &=t LIEtHSE2 = £ AUCH (Fig. 6b). 1990 ACH = MHE AWRI

AHLHME 1994'H01 0|8 7hsEH AT 0l MUS
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(Fig. 5d).

ol 7l 1995 7&Kl XRISEICHE 19954 8¢l &t x|
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700mm O|&9o| & Z7t wMlstod SHZ ZIUACH (Figs. 4c, 7b). SHX|Bt Fig. 7a
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Fig. 4. Monthly series of EDI in Seoul station, Republic of Korea from Jan. 1778 to
Dec. 2009.
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Fig. 5. Monthly series of (a) EDI in the 1990’s, (b) EDI from Jan. 1993 to Dec. 199 5,
(c) PCN in the 199 0’s, and (d) AWRI in the 199 0’s in Seoul station, Republic
of Korea.
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IsiE RYst= ArAAMsiol7| W20, I mSHE Z|A3tst7| I8 ChE
A7t Eesich O™ T8, XFMXIe] 7hE HFE §H AMEE
EMEczZM #ele 1, &Y oo FxE ddsts Aol gHEEod
2ACE Ol24gt A7 0ot FHE Lo | otot 7h=9| L 2elof CHE
3542 AE8E Urle €Xl 8ot olz 7h=ol Oigh AlSZHHel SHR]
of #5g Z ¢elez = + Uck IpHof LdE 7t ¥ stst, O]
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7t *dct. O®=d|, o2 53 sflel tE AlHE FotAHLE (Park and

Schubert, 1997; Kang.and Byun; 2004), £ A|&EHO| JtF AtHE 2Mst=d

(Kim and Byun, 2006) X|&E[0{ QUCt 7t 2ol A & ftof et AR
RACt. ENSO A0 &2 7|% X[s=EE2 Z=U 750 Ak Al &zt

T5tE AAT77F URACH (Trenberth et al., 1988; Trenberth and Branstator, 1992;

jo

Lyon and Dole, 1995; Chen and Newman, 1998). 3t X|2F OfA|ofQ| ZAL 7I& K|
F=oto| Ao -l AT BEJACH (Byun et al., 2001; Lau and Weng,

2002; Xu et al., 1994; Kim et al., 2005). 7}22| g4 F7]of 25tof HZsH o
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T UUPCE Mooley, 1981; Nicholson, 1983; Meshcherskaya and Blazhevich,

1997; Byun et al, 2008). 10| 0|2 F7|G0Et ZHE HE AHFEM 7}
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=2 MBS ¢l &4 Hel

SEIRictn ot7|d FE[7F Uck olFF OiF
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2ol ¢RE2 It wo] BM Al £2 Z7xoz MEE 7

32
o
kR
rok
N
il
I
>
>
2
H
g'l_l
i
Ofm
N
I
|0
HU
0
o
rok
5%
4
rr

tE 7IFE AFstT| s B vtE2 82sl FHsts 70| 7t
& Bt ot X|EH TR 7K BIO| MOl U= Palmer Drought Severity
Index (PDSI; Palmer, 1965)2 Standardized Precipitation Index (SPI; McKee et al.,

1993) M= EAIZo| H7E=ICt 7t& BEO| Mo|= ppsIol B, O= Cf

WHS JIF0Z JHLElo] CHE XIodol 1oiE MEstsol a7 ULk

a2|z o|Rel AHbttol= EH#E ofLicE BUMY, RFEF Sk 0|8E

mo
|0
o

Z Bo| Molz spi= AMIEE2 EresRIE, 7hE 7IZHE 1EdstX|

r
[

(¢]
T

1 BHSO{RICH AHlLtElE AlZtol AT Rtel Fatof met FEXIEE, Z2

2

-
[

7t= M2 gXI2tE CHE JEHE LIEILHZ BtCh O]™ofl CHSH Kim et al.

HlmEAS MASAD & ATolME o2 2MmS

rot

(2009)7} L

ol
ol

&

t7| @I3H, Effective Drought Index (EDI; Byun and Wilhite, 1999)& O|& 5t
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KXol MLt 0| 7tsstEE, SotAlor X[Fn Zro| EHLs xX|F9| 7t
=2 FYst=0l 0ok olz{gt HHE2 oM MFEE SaliM EtE
Mo| BHEIUCH (Akhtari et al., 2008; Morid et al., 2007; Pandey et al., 2007,

Ajayi and Olufayo, 2007; Smakhtin and Hughes, 2007; Morid et al., 2006; Usman et
al., 2006; Boken, et al., 2005; Byun and Lee, 2002; Yamaguchi and Shinoda, 2002).

ChE, 7h=el 8o e 7|1= x4 #E0| Hsich 7| AF0M S
ddeg 71T 2SS EfRcte A2 YTl AHOIZIE st I XHATH

7|=Hel sHolM SYE 7= EdE 4= *I

ojg TEsE HTIH B0l OIFoiM BCE JIE xlefo| ERols F2 8

Aet &4 THxlE K

12
o

TEsen S0/F WHoz
713 xledo] ZAAS Molst=nl F2 OIREIACH (Moon, 1990; Fovell and

Fovell, 1993; Gong and Richman, 1995; Lee and Park, 1995; Qian and Qin; 2008).

principal component analysis= At27} 7tEl E4E Hedt Fo2M, 2 HE
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ol 7t¥ #Z=E mwefsto 7|¥F X|¥g FESHEO OISEIUCH (Fernandez,

L

1995; Andrew and Glenn; 1998). & = &2 principal component analysisE
25 0|83t0 X[H FEEZ AlLd HAFET QUCH (Ronberg and Wang; 1987;

Periago et al., 1991). O| & 7}X|Q| $¥¥H2 T F 0|85tH, 7|F X[¥ F&£9

m
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fijo
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MEsoz UEE 4 Uk I ¥ HTES BT LAY

g olgstof 7% Xldg TEH Wo= JHE JIF ol 1H= X

7oz FE7k Actk olol 2 AFolME 4 ARe| E+FE 0[8st0{ Tt
= Xl+=§& Alttstm, ol& HE2Z 7t= 7|F XI¥E FES AL Bk 2

M
Ofm
gl__-

& 2ME 0[835tod X[¥ FES 8 FI, principal component analysis

ZH27| 7|% x|H¥o| FEER=X] = lsted ot

42. 7I8 X &

4.2.1. Cluster analysis O|&

1962-2004'H (43'H) S¢to| 263271 Zxte| & HWH EDIE 0|&35t0f 2&
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B2 678 MY =& 2 HolsIRiCt (Fig 8).
Fig. 8= 2700 M 6707t X[Q| sub-regionsZ2 Lt+&= =& &S LIEHH X

Olck. 271e] ZElez e 49, AFH0| SFED HF2=Z 7|20/ SH

b

o

o= TEH0| BOICt (Fig %a). 374Q) 2RISR LiE #2, SotAlor B

X|edo| 27He|] X[, & North China2t North Japang E®St= SOtA|otQ]

Hr

S5 XY (humbered “3” in Fig. 9b)2 LEHX| X[ (numbered “2” in Fig. 9b)
OS2 Lt+0{ Zct (Fig. 9b). 4708 ZESE L d2, SotAlote| H& X
240| South China (numbered “1” in Fig. 9¢)@F Lower region of the Yangtze River,
South Korea, Central/South Japan(numbered “2” in Fig. 9c)2 LI+04 ZIC} (Fig.
9). 571e| ZEIS 2 LbF B, Central Chinalt: North Korea (numbered “3” in
Fig. 9d)7t 22|ZIARCt (Fig. 9d). ™ =& 2l 6742 ZESE Lix Zt
= Fig. 9¢0fl LIEFEFCE ZF 2 &ol| &8 X[¥2 chga Zol "elEd (D)

South China, (D2) Lower region of the Yangtze River, South Korea, and
Central/South Japan, (D3) Central China and North Korea, (D4) Northwest China and
middle region of the Yangtze River, (D5) North China, (D6) Northeast China and

North Japan. O|, EfO|2t2 A2 X[AofM oied 7He| 7= = &O| LtEtLE

Sz, ofiet & ZEol ZEAIFIZ| oft4%l olF FolM MelstRict E
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Table 3. Cluster classification results of monthly minimum EDI in East Asia.

el

Division Grids Distributions

D1 325  South China
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Lower region of the Yangtze River, South Korea,
Central/South Japan

D3 435  Central China, North Korea
D4 381  Northwest China, middle region of the Yangtze River
D5 581  North China
D6 495  Northeast China, North Japan
Total 2599

D2 382
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Pearson correlation between merged clusters

0.0

50 45 1400735 30 25 20 15 10 5 0
Number of groups

Fig. 8. Variation ‘of Pearson correlation coefficient between merged clusters. The
number of cluster is from 2632 to 1.
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Fig. 9. Clustering process of r-fl-c_)hﬁth'ly" mean EDI from (a) 2-area division, (b) 3-area
division, (c) 4-area division, (d) 5-area division, and (e) 6-area division.
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1962-2004'A  (431d) S0tO| 263270 HXe| & HZE EDIE 083504

Y5tQACH (Fig. 10). ©H| E4t9| 4520%8 MHstE 170l M
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0
It

2 8 £ Uk D22} D32 3" modelA Z8 29| loading2 EO|E=CI, D2
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M 29| loadingE = 0|, middle region of the Yangtze River} Northwest China
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loading® LtEHH=O 1% modeE S ME FEE|E X|QH
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olgt &2 AWE S, =& EA42 O|8T 7= division TEO| EIEH

o] ASE =t

UACE O|F AHAFMME= O] 7IF divisionES HIHESE &

OtAlotel AlZZHMel 7hE &

0%
mjo

Helstoxt stot.
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Table 4. Results of PCA analysis from EDI series.

Components Explained variance Accumulated variance
1 12.32 12.32
2 10.33 22.65
3 7.95 30.60
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4 7.70 38.30
5 6.90 45.20

Fig. 10. Eigen vectors of (a) first, (b) second, (c) third, (d) fourth, and (e) fifth REOF
modes for monthly mean EDI of 1962-2004 (43years).
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Fig. 11. The variation of 15-day running mean precipitation averaged from 1962 to
2004 through sites in (a) D1, (b) D2, (c) D3, (d) D4, (e) DS, and (f) D6. The
bars denote monthly mean daily precipitation, and the dotted lines denote
daily mean precipitation of East Asia (2.21mm).
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ZI1ZHE2 2 10020 300 HTof HlT
7F Bfo| LIEFE 2 2 M bimodal distributiong EQICH MEO| x}O|7F U7
StX|2F SotAlot TA| X|PFoM SAlof LIEtLHE SF0|Act T, o=
7tE ZIztol o E&Elof »J= XM xIO|E ERACt 200 EHR{o| FIAE
J#e 4mE™, DI, D2, D3E 200 Olste| 7t& 7[zZto| o|FEcCt o &
2 B & EQict Esl, D1l 7t 7|72 & 78.0%2| 7t& AkE(7F 200
olstoll ZIZElo{ URACH IOl D4, D5, D6Cl-7HE 717t 200 ™E7}
HI&$t BIZ2 LIELGCEH D49 A, 200-3992| 7t= Z1Z+0| 1-1999| 7}
= ZlZt2Ect o Bo| LElgE & + UCk

Zt R M LtEt JtE B0l 7Ha &7|zh 2E 7HF Table S0
Halstdct 7t H7|7H 782 DSolM RS A=0 1999 63 4USE
2001 63 2227HK| & 747¢-3¢F XIS, o] 7[7h S¢ete| %[X{ EDI
= -2.972 UEHCH OO, &M 2 Jte REE 2™ (Fig 12), Of

7tE2 olFol 16Y Hr siZd =l Totek7t 2001'd 78 8UFE 2002 4

H 10YR] 2779 St H XISEHeEM AMEE 3d HE X[&SEUCH
Table 5. The longest drought cases of each divisions.
Division Onset date Termination Drought Minimum EDI
date duration
D1 1966-08-13 1968-04-04 598 -1.64
D2 1967-07-11 1969-01-23 560 -2.34
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D3 1986-01-26 1987-04-26 454 -1.62
D4 1985-10-24 1987-06-18 601 -2.39
D5 1999-06-04 2001-06-22 747 -2.97
D6 2002-09-01 2004-02-18 534 -2.97
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Fig. 13. Boxplots of drought duration of all division.

drought.
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Fig. 14. Histograms of frequency.of drought duration.
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4.34. 7tE AEHYUL X|& Tlztel #A

7t gdldn x|& 7lztel §FE Mm{ERQACH Fig. 15 SotAlot LHoi| <
A AXE2| EDIZLE 0830 7hE AEIE Helstz, Z 7t Alzlel

AUt X|& 7|ZtE scatter plot 2 LIEHAH Zd0|Ct 0of7|M, BHXRIGE2 X|

£717t2 log-scale2 LIEHH Zd0|1, SE= 782 AlZFE LEHH Z30]
Ct.
Fig. 15a= Z|& EDIZI -0.7 O|StE LIEtLHE 7t AtEEel Zd<o0lCh

d

winterO| A early springZ7} X[0f] Zreiet 7tE2 F2 10020022 AlZt 22
AT, 1002 OlstR= O HH ZHASIACH mid-springdlAl late
spring 2 Z8 JtF 7[7to| HY Hot Xl A2 = = UCH summerOf|

M autumnZtX| EeE ItEE2 47 100 olste| 7t= TIZhE JHE

1, 200-40042| 7tE AlZtolME EE

I'IO

AMEHIE 0| LIEFGCEH 78 ZTol

et 7tE AIEYD X% 7|

jo

AT{E ™M moderate drought (-0.7 > minimum

iy

EDI > -1.5& FZ {1 7t20l 100Y Ol5te] Az FEZE HrMEACt

13
0=

(Fig. 15b). severe drought (-1.5 > minimum EDI > -2.5)& 2F 300 MTZ
St H(Fig. 15¢), extreme drought (minimum EDI < -2.5)= 01§01 100 0|3} EE
= 300 MEE 7HFO0| XISEIACH (Fig. 154d).

Zt 7t& X0l 7txle §EE A=

2

Ch=ot Zch (Fig. 16). D18| B2,

43



moderate drought7t & T F HMSR=0Ol, H2d Fo| LIRS 82
o= 1004 oldez, oiFM 7t20l YHsRS F<ols 100Y Olst=E
KIS E[ACH (Fig. 16a). severe drought= =, 01§, 7t20i| LHSIRA2H, ZF
100 O|& XIS EIICE Extreme droughte= 19 EHSHA=0O 2ol 2hdlst
0 400 HE XIEE[UCE D22 B2, HEE2| moderate drought= &1t
o480l 100 O|5tZ2 LMWL, severe drought= 0{F1 7+201 2002 Of
Mo YMSHACH (Fig. 16b). D32| B, HEE2| moderate drought= 015
ol 100 Olst 2R SR, severe drought= =, 018, 7t201 243t

od
AA

rir

Cl 25 100 O|4 XIEEIRICH (Fig. 16¢). Extreme drought= 0 0]
200 Olefe = HHMSIRICH D42l B, moderate drought7t 0{F 0 2 245H
100 OlstZ XILE[IXIZE 7HS0f 2de E2 200 Ol4o| #ZE LIELH
RACH (Fig. 16d). 53| 2 lEt severe drought= 00| FZ2 B MFFUSMH, 100
d oleo #2E ERACE D5C| ZR, moderatedrought= 01§01l 100 O35t

2 LIEFE D, severe drought= 03§31 7+20f 1002 O|&4 22 LIEMHLCH (Fig.

16e). 13| et extreme drought= 0150l 8002 H#22 EW5IACt D6

o B2, 0480 &8t moderate droughte FZ 100 OISR EMEIAK|
oF 720l HMEIIE 4, 200 Ol XI&KEl= W2 EQICH (Fig. 16f).

Severe drought= CHEE0| 200 O|& 2| #2E {1 7t20] LsHRACt

23| Bt extreme droughte= Ot 7H20l 400 O|& S| #Z2E &M

ol

P
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(a) All cases (b) Moderate drought
1

Fig. 15. Scatter plot of drought onset date against drought duration. Droughts defined
by (a) all cases (minimum EDI <-0.7), (b) moderate drought, (c) severe
drought, (d) extreme drought over all grids from 1962 to 2004. The axis of
duration (days) is in log scale. Each radial axis denotes the first day of the
moth.
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O Moderate drought o Severe drought ® Extreme drought

Fig. 16. Scatter plot of drought onset date against drought duration of (a) D1, (b) D2,
(c) D3, (d) D4, (e) D5, and (f) D6 from 1962 to 2004. The axis of duration
(days) is in log scale. Each radial axis denotes the first day of the month.
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4.3.5. SAlo| 7t=0| wdst= X[t olF TY

Fig. 172 x|zt Al™o ek 7h=0| SAlol 24gh Hlgnt o|F 1'Azte

|

—

0%

£ ERA=Z LIEtH Zdo|ct Ol o|8stH, o 7|Hof ofE x|

S0l SAlol 7hF0| LdstExX], £t o|F 1 S 7HF0| o{EH

settexl ¢ 4 Rk

2 HEAAE $402 Leth® chant 2t
€
q
4
)

037|M, i= X|¥E LEIHT, j= HXMES LIEHHCE jo o0& Table 60|CtH
Ee i-X|GolM j A™Eo| %X EDIZF -0.7 O|5t2 LIEILE B2 (&, 78

2B

R

gttt Py Ey7h72tEd d9 Z4Zo) i-x[dnt j AHHo| 7+=0l

LIEtLEE HIES LIEHHCH

Table 6. Meaning of j.

J Meaning
1 Spring
2 Summer
3 Autumn
4 Winter
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5 Following spring
6 Following summer
7 Following autumn
8 Following winter
A, 4 xHel 7tE ¢d EFS 4HEQACH DITt Dol HAE 7HE
2 OE x|Yote HdEHol gl He2 2t D20l A5t 7tE2 DI
o D3t FE2 SAlof LAStRict DM LAE ItER 52 MelstnE

CH 2ol AHolM § AINST SA] WASIICH DaolAf 0| wayst

3

Ze, DSOIME 7HEO| Walsts ZES EYCh DsOIA 0Bl =0

4et Zols DIE Melgh 2E X[l SAlol JhE0] Ydsiict 1

Q| AHoM= D31t D40l 7H=0| SAloi| &dstAct.
OE, 7Ad 4 7le g4d S8 4mEUCt = 7152 tiF &0l 1 &

050l HtZ SZE[LL, D20ME o4F0l SHEEl= & ERACH7E OlF CHA|

7t=0] XSRS, D5OIME 018 Z+2 sliZ =X ot HEsiM 7+

il
ol

=0l XIEEIRICE i 7h=2 3AIE old XL, iR E0| olF8l Fo
sHZ=IACH 78 7hE2 274" old XI&EH, olsdl & Ex= 050 i
LAt HAgo| Lyt JHE2 D2of B2 olEd &K KI&HZIUAX|E

CHE XI9olMeE =0l siidE R[e 2 + U
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Fig. 17. The matrixes of the coincidence ratio of drought of each division and their
change after 1 year.
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4.3.6. 7t82| WM F7|

7t=e wdof gstod Aoz UBE 7= Hol RFFst7 mWEo
CHEet WS 0l8stod 7te W Sdof ois H2g 7t Aok 2

A7 M= olof CHEE Bt O Z wavelet analysisE O|&3HRACE wavelet
analysisg &30 X|QE0|M stz 7tEel F7I1M §4g DX 5t
RACH Fig. 182 196220044 =t ZF X[3o| & T EDIAES 0|&35t0d
wavelet analysis§ ARt Zd0|Ct. Ot2HZ Q| color bar= AHEHO| ZHEE
LIEtUHH, O3 720 UAF 22F2| M2 the cone of influence (CONE A|A|
¥e 2ME M xR AMSH Zol M7|E 2XE EFSUC

2E XYM 2319 F7|7F S35k LAZIRACE o FII7t M
LIEH AlZ|= Table 704 HEISIICE. CHEE2| X[ A mid-1960s04 A
mid-1970s77+ K| 2} “early 1990s0| A early 2000s7t X|of-2-31H9] F7| HEO| 5
235t LIEFGCH DI, D2, and D60 M= early 1980s0IM T O] F7(7F 2 A5t
A LEEFRACE D22t D6OIM = 8-10d F712| 7tF H&E0| ZHZ mid-1980s0|

M mid-1990s7 X|2} early 1970s0 M early 1980s77t K| 2 MISHAH| LEEFLLCE.
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Fig. 18. Wavelet power spectrum for monthly mean EDI of (a) D1, (b) D2, (c) D3, (d)
D4, (e) D5, and (f) D6. The dotted area designate the 10% significance level
against red noise and the cone of influence (COI) where edge effects might
distort the picture is shown as checked pattern.
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Table 7. The dominant periodic variation of each divisions.

D1 D2 D3 D4 D5 D6
1967-1969
23 Lot loas 1972-1973  1964-1967 1964-1968 oot 01 1980-1983
YA oa190y 1977-1983 19962000 1972-1974 g0 o0 1990-1995
1990-1995
&-19 1984-1996 1972-1981
years
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JtE2 e A Asliets gel TSEI =2[1 mlsi Ed ™RHe
Z UELY| 2ol CHHIE Alzh od®7t BICh J2iM o2 & ZE AA|
7t HEZH IsiE SHE + Us odX[7F BCh J2{ut o XX 7HE e
off oz SES| UYL E olE2 gl AYolch 7hEel gl

CHer o7 ST ciEts| Ol&sich X2 7l HFs F2 At &

E 22 & At MAZH HE= dEkE 0|E0| Lt27[E FCh olE
E™, =29 19944 7tZ0l ek Ml ARl @47 (Park and Schubert, 1996;

Guan and Yamagata, 2003; Yoo et al., 2004)= 7t=2| &R0 E Z+Zt ME

n

2 282 HAlstn QUCh EgH O[=9 1988 7h=0i CHEE B2 Ata|

S

Q3% & (Trenberth et al., 1988; Palmer and brabkovic; 1989; Qu et al., 1994; Namias,

5
°
\I/'I

N
N
iul
i
N
H1
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O
rio
o
ffo
R4
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9‘|_|
20
inl

Eedo| Masti7| mEolck stx|gk It

i}
nx
0z
rio
o
=)
]
ro
%
-
N
o

&3ty W20l SAHML WHo| F2 0lZEUCH THEHoE HE 22X

(Yevjevich, 1967), markov chain model (Lohani and Loganathan, 1997; Canelliere et
al., 2007), neural network (Kim and Valdes, 2003; Morid et al., 2006), low-order
discrete autoregressive moving average models (Chung and Salas, 2000), seasonal

autoregressive integrated moving average model (Mishra and Desai, 2005), rotated

54



empirical orthogonal function (Kim et al., 2005) §2| §HZ 782 HF3st1Xt

st AIZRACH ot X|EH o] YHEL AEMe=z 7hF o= AFSERICH

SHA Y2l Analog methodZ2 7F=2 0|E5tEd= AT O|CH

-

Of &2 Q| 7|& HEf7t §HEt ol 7|5 HEQt FASICHEHE, o
ozo| T £ RAMY Zol2t= oo Z|xetoh &3] Lyl ol

gt Olslil= glofsiLt oFel Hes HMad m AL8Eo{ 2 oItk o]

He2 55| EiEo FRHFoM 22 MREE AMSE0 21, Ch7| =F,
a5, 72 /89 HY| o sHORE 28K|1 QCH (Radinovie, 1975;

Christensen et al., 1981; Bergen and Harnack, 1982; Gutzler and Shukla; 1984). g
I o ¥H2 EIEEC 7| HEoM fE&0| FMAIE b Uct

(Park and Lee, 2003; Xavier and Goswami, 2007). Z12fM SEI7|HMO 2 MHA{S]

HESte 7t=2 S84 analog method=

N
il
=
i
fjo
>
it
Q'I_l
rr
rok
i

mh=t
7t 2 = JE ZAolct.
XIZ7XR| 7t 0|E0IM analog methodE O|&3t04 A8 Atz EH74E|X|

=t ols Jt=Eel 7T 37

oln

o Heol7t HEEtR| 2f7| mwEof 1A
NEES MBEOR HUSHHIIYF LEV| MRBOIUT B ATolME of
EXE Effective Drought Index (EDI; Byun and Wilhite, 1999)& 0|&3l0 £ &

Moz SHZASULCE et 2 A7 E EDIV} CHE 7IEX|+E ErCt HYS
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S

e

FStCHE & (Kim et al, 2009)0] 2| o|E§tCt ag{Lt Dbt 25|

Kl

22 AME7F CHA| Ydliste 2= 7|cHet7| 07| MEO| analog method

of olgt 7h=9| dE2 mEHoz MEHO|

HIr
rlo
[

a}

i
ne

7

rl_l_

0{&3Ct.
Ol XIZMX| =&E ZE analog methodE0| 7tX|= S&E EANZHOIC
4Lt analog method?| A&ZXQl J7tx[= 2 XWez= FIHECH o] MWEo

XX ofed HHAM o] EHo| AFSEH AL RXIEZ e Woloh

5.2. 8= 7182 AlIB7HA mHE

2o S7HAel miEHEg AHET| gt ZIx AAEER 7HF sub-regionsE

o
lo
Q'I_I
>0

>
1
£
i

?I3Hl Statistical Package for Social Science (SPSS)E 0| & 5104,

FAHEO| 72 =MO2 AES [0 = &SstE 2@l hierarchical

el

IME2 283t & M =& =0l 2 pearson correlation coefficient®| B3}
7t SAAH ZASH7| AIRSE Rt 2 MHSICE Fig. 19(a) OlA] LIEILFS
O & =7t 5700l 47H2 ZAE [ pearson correlation coefficientl| #45}
7t 328, 2 AFoMHE SIHE MY 2 2 MESACH 6174 X[™ <9
Z+OolE7} 25 EMstE 1974A2E 2008HA7HK|(35H)0] HHE FA

EDIE 0|&3t0od =22 571o| 78 =R Z LE ZATtE Fig 19b)F &
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CH.

rot

= 9| 7t2 sub-regionsE A-ZSFR(ZEI),
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Fig. 19. Hierarchical clustering analysis from the EDI for period 1974-2008. (a)
Variation of Pearson correlation coefficient between merged clusters. The
number of clusters-is from 1 to 59. (b) Spatial distribution of five drought
clusters: 1-Central-part, 2-Southern part, 3-Eastern. part,4-Jeju Island and 5-
Ulung Island. Tepography higher than 500m is shaded.
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53. RAIEHE O[8E 7tE oE A

53.1. 78 Z= M

EDIZ &'E8 VIOl ZE, Xi& Tl 37 2E S8 madstol Uy
b2 ICE MAMSIQICH JHE SOl AMRel Exe M R|IM TR
EDIS 7HE0| Xl&Ue SaiM Hoifiom, Brisel s 2E ¥ Itg

S=2 0/83%t0] LoiXChk FES| HWElE tEm Co AnBnCnDnO|H ZtZf 9ol
ol0|E Table 82t ZCh ol Z& EE XI™M%7t 28T Lot EX5iod
e 2EoZ A dHAof o{24=20| Lo Melskict.

ol& =01 20084 12€ 319l 78 ZEE= -1.60 131 A2B3C2DILE Lt

Efctch Ol X XIM HF EDIZF -1.6001T 7+ RI&ol 1312 old A

ol =etel M XM Z4 REE 19130RE EMsty| MEol 1 olFe

=& 8 7= XIS multiple regression analysis& O[&38t04 1926 1& 1Y
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HE| 2008 A 129 317K do{Fict.

Table 8. The explanation of each part of the daily drought code.

Code Meaning
+Em Mean EDI of total station
Co Drought duration (+Em < 0)
AnBnCnDn Drought class of cluster A, B, C, D

Weak drought : n=1
Moderate drought: n = 2
Severe drought : n=3
Extreme drought : n=4

5.3.2. O A| Af2d| MEH

Fig. 20= X2 30':H(1979-2008' )¢t 470 ZE&l(A, B, C, D) S0|AM LtEFLt
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Z4gol
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& %|A EDI 607 XY XA 2 HAE = Xt

rr

Bt ZdoIck ol %4 EDISH ¥ & Tz Hitel Lol SAlol 42

LIEFLHE 1988'H, 19941 -2001H2 Abal HE 2 MA5HACH 1988 A2

mjo

A2 12" 300 BZEOIM 2.102 Z|A EDIE LIEILHACE 1994 A2
199414 102 100d cE &M 2.359] %4 EDIE LIEILHT, 200142 6
Yol AZEAM -2.142 =4 EDIE LIEFACH AMBHIYS EDI E4ZLO|
LIEFLEZ| &0 -1.00I5t2 LHEAZIE EE MHSHACE 2BHOZ 1988
H g 199, 19921 78 23 2|1 20013 5 1020| AlEYZ MEiE

ACH
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Fig. 20. The time series of the annual minimum EDI (solid line) and deviation of
annual precipitation (dotted line) from 1979 to 2008 over 60 stations in Korea.

5.3.3. A At ME4
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X|&Ue 1e45toqd 8 s SolM 7t [SAHSH sHF 0 MEHSHCE
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™ sub-regions@| AIX|Al2|(black line)2t FAFAME(gray line)Q| AlH|¥ES HIw
gF Zdolck 1988'A 8 19U Atdlls AEY AT ALK RAAT=E &
2l 7k=0| 2stE AMEoICt o|R”E ANLlstH of 13 S |ASHH T
IRCH 1994 8% 12 Atalle of 2 S¢, a2l1 2001 5 109
Atglle oF 33 St RASHA TI™—EREE SSHeE 2Held £+ lch 1
o|Folz 67i& o4 CIE TS EHR7| WHEH FEEHE RAEH AlA
¥o| LIEHCH X2t o|a7h gict.

Alzto| Zutgtof ME olF 7isdEe| HetE HT{E 7] 260 Root mean
squared error(RMSE)E H|ALSHRICE RMSEE. AIXAtE|QF o= Alg]l Atol<Q

oxtE amEEn Ja| ASEE WHoZ Jste Al oam Zoh

017|M o= ANEZE #FE ZAuzl f= IFE ZAWS 20lEtch n2 oS

Msg T#st ylztolck RMSES! Zrol 248 AW 2T olF Ztol o

2 odoMe AXMAIEHISE SAFAMEIC] & %A EDIE 0|235404 1AM
&7tste Zlztol|l [ME RMSES| WistE AT EQJUCHFig. 22). 1988H 8& 19
e Algle] A2 1'd O|FHE, 19944 88 12€d Al A2 2'd O|FHE

olE &7t 2743| HMCE 2001 53 10 AtEe] B9 CHE Atz o
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Fig. 21. Time series of daily EDI for subject drought cases (1988, 1994, and 2001;
black line) and its analogous drought cases (gray line). Vertical dashed line

denotes the start date of applying analog method.
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CHAPTER 6. GENERAL CONCLUSIONS AND DISCUSSION

2 ¢FolME B, M2 JHEE SotAlor 7tg ZLIEZE AlAHEES A7

5tRACE Ol 2|1 17788 EH XRE MIstn UM
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+Ql EDIZ ==& X|

2ol F ™2 oS3t Zcth: 1) SotAlotolA x| oiC|A 7HF0| L5t

M, 7t8 &80l o{EH TdE=X| EXlts A St 2) &7z do|
EHE AEst7| WEol, 2% 7|Fo| HEE AX|st=dl Uo{ |RESICH 3)
E1, 7IX XNEZ 0|8E Zolct 4

O|2o| 7= 7oA Atal
Y7tz SotAlot x[ejef 7t

Safl Hoixl= 7h=2o| Tl

e YClo|EE
B 9ol 7jo{gh. ZioIct QFOZ O S DLIE{R AIARR & U 2
22 Zdo|ct. Eple el Y 7tE XI¢0|7] MEo & d+=&FS 0|35t
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