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Abstract

The objective of this study is to propose a method for computing the Natural Drought Index (NDI) that does not consider man-made drought
facilities. Principal Component Analysis (PCA) was used to estimate the NDI. Three monthly moving cumulative runoff, soil moisture and
precipitation were selected as input data of the NDI during 1977 ~2012. Observed precipitation data was collected from KMA ASOS (Korea
Meteorological Association Automatic Synoptic Observation System), while model-driven runoff and soil moisture from Variable Infiltration
Capacity Model (VIC Model) were used. Time series analysis, drought characteristic analysis and spatial analysis were used to assess the
utilization of NDI and compare with existing SPI, SRI and SSI. The NDI precisely reflected onset and termination of past drought events with
mean absolute error of 0.85 in time series analysis. It explained well duration and inter-arrival time with 1.3 and 1.0 respectively in drought
characteristic analysis. Also, the NDI reflected regional drought condition well in spatial analysis. The accuracy rank of drought onset,
termination, duration and inter-arrival time was calculated by using NDI, SPI, SRI and SSI. The result showed that NDI is more precise than
the others. The NDI overcomes the limitation of univariate drought indices and can be useful for drought analysis as representative measure
of different types of drought such as meteorological, hydrological and agricultural droughts.

Keywords: Natural Drought Index, Principal Component Analysis, SPI, SRI, SSI

FEE THE 28 A IEAI 8 L Et
YMEe - olREr - HjeE

= APOME AURIH +TAIEES LaoHA| G AAYENS| 7IFdM S fIah A7 ESAI4~(NDI) S LHgotl 284S BIISIUCH Aot
SATE FIE BAS 0I8510] LS, YHRIzE N 4T, AARY, ELLEL AZ0|Ch FF2 ASOS 5974 A 1Y A=
0|1, AR U ESLESH2 A B, Z Y| S O|ESIUC,. 715212 I |2H2 1977 ~2012H0|04, 289 BIHE 2IaH AlA|
E =4, A8 2M U VIS EGAR ZAS SASAUC AIAE ML AAVIZ A= 7H=2] Al 20]| gt P Eti3k= 0.852 7t
Y YESIH| LIERUTE. 217 7HSAK I2tS EAet 2, AATIE A0 2|57 (2 LztAS| YA AU 2akE 21241 3, 1.022
7t=20| A&717 U BHZHAS A ES| IS AS SRISIAICE A|AE BM AL, AAVISAe= HUHY VISA40| AHE TIeHEE A

= =

t
45| YrE5I0] 2#EY0| =2 A2 UEIGTE £ 7KE2| Al3f, 8, 25712, LA tigt AIA7ISA %, BEdAlr, BEREAIS, B

N

v
o
=N
oo
am
0Xx
rO

A
EEYTEAT| =21 BAE 2 AAVIS ATt 71 22 w012 YU AV ISR eE 7|2 HLHE VIEA 0 JolEt Vs
= SYHC= Y50, 7132 E4S FFHZ AAGh= YoM 2840] = HEED,

E.
2
MBOL: 22|, TR 2

il

A A O = A A - A
BEUSAS, BEQEAS, BREYLEAS

*Corresponding Author. Tel: +82-2-3408-3814
E-mail: dhbae@sejong.ac.kr (D. -H. Bae)

© 2016 Korea Water Resources Association. All rights reserved.



566 S. -H. Kim et al. / Journal of Korea Water Resources Association 49(6) 565-577

L2

2T A AR OR o717 st glom, =i
ofl M A ZAdokA] Z3E A7 vIHSHA
skl gl FAlolH 72 et tEo] 11 msivt
7V & A6l 5 shuelH, 571 He)a FgHor
HRAShol] whet AA QL A7, A, HQ1E mielsh=
Z1o] oJHTH(Bae et al,, 2013). 153t oA = 7=
55 9o B8 gE, vl A 5o x40
A 7R AR AlE 5o HFE2AR s nhRls)
gaol= &6kl 7HR ol AEH R Frteta QL
o} A= 2014~2015 7Fe o & A7) |2 oo A
5 71EstloH, A7 Aol = AMES, 598
FZ mof7} AR vE Qlek o] 49 7HEo= IRt Hol=

THIgke] JFo g o HIvg Aojeh= H 17t §lof
7HadSS 9 AEAQD ko] FQSITHNEMA,

3 =0 = YA B

o] Evy @R AAdMoltt. 72 ERET T
o 2 7= 2 o Sk

3 2] 30~40% ©Jst2 Wl
o]}t 5™ (Bae et al., 2013), °]&=
A9 9] EHEE op7|3th

rolh oo N,
T o T
2L o w
Rk
o s
& %7 1o
Jo T
I g o
oLy
0% — T ol =
_{) EH U{U o, >
HE —b' 2 ﬂll‘m
ol T
4z
I 2
<2
k=)
i
off
s
ﬁ m: i)
N
% o I i

R of off
N ¥0 { &2

o S wdt J

Lo
=
i)
=
i
4z
J

Bt 7Hsoll it

A ThRe AAH LA, ADGE, EFHE
Syl wet g, SRe, 597 JHpoE BRd

=
g RoH, M= THEAE E-gsto] 2 ol
EAof| B 7tao] AEE 4EA Arg E85) it
= Zhesido] F2 E8%H= 7S E= Palmer
(1965)2] PDSI (Palmer Drought Severity Index), Mckee
et al. (1993)2] SPI (Standardized Precipitation Index),
Shukla and Wood (2008)2] SRI (Standardized Runoff
Index), Son et al. (2011)2] SSI (Standardized Soil moisture

Index) 501 907, o] AFES 7HE] Bqe] mief
o Bl RS e ek 71E RS

49l HBsidel BAV} o, chage 1Y
Q] BoBS NP & 9 A5ApL] a7E

s
L

L 2L o

25t wUlieA o s oS o] 8qt 7HESlA] At
7} =88 =] 2ttt NDMC (National Drought Mitigation
Centeryi= 7, EST=, 2%, Alok9, A4
791, AR, 7R A ZESAIE At vl= ke
ZANA B (U.S. Drought Monitor)ZS AJAH & Al25k1r Qlck
(NDMC, 2002). Keyantash and Dracup (2004)2 =%

_1

o

24 olgste] F5F, AFAGH, EFFEFS B
o

o [

3t ADI (Aggregate Drought Index)E 443 v} Q1o
Hao and Aghakouchak (2013)2 AR iLg4E o]}

of ZFasF, EFESE 18Sk= MSDI (Multivariate
Standardized Drought Index)E 7H&sigich E3gH
Sepulcre et al. (2012)+= 75, EQFFES, AR E
ZA3rste] CDI (Combined Drought Indicator)sS 7HESH
v} gk =FuUjo] -2 Bae et al. (2011)2 SPI, DDI, PDSI,
SRI ¥ SSIE o|-§sto] 8735 7ot om, AEARE
37049 SPL SR, SSI®| E-8/d0] =55 AlAIRH vt Qlth
Kwon and Kim (2006)-> A%, 7Fs, 55, A5A
A, SRS 183 MSWSI (Modified Surface
Water Supply Index)2] =t} A-8/42 HZ5e vt 9lom,
So et al. (2014)= A5 EFTESHS |83t BIDI
(Bivariate Joint Drought Index)E 4Foto] =iufjo] A-82t
Hp ik oA Y 71& AtelA= ThRt s &85

7Ha= B7FekIAIRE, o] 1914 S Hhds
A 7138+, 25t 594 WH4E BT 2eto
AAgH ) 7he= SEA R 1eslA] Eg HATE QL

o

|0

o]

re
re
-
=
-,
rlr
R}
re
o
u)
lo
N,
o
el
12
j)
Mo
ol
2
off
T 2
2

= 1
= ot 2+A7HEA|4+(Natural Drought Index, NDI)
E AT 4 ol IR AAShL, A AA7RE A
o =W #84& Hriotalat gt

2. MRS A B T

2 dFNA= FA= =4 (Principal Component
[e)

Analysis, PCA)S ©]-85lo] NDIE 4t 2 Bristazt



S. -H. Kim et al. / Journal of Korea Water Resources Association 49(6) 565-577

sfo, 50 AR Fig 17 2ok WA P14 8 S84

£ 535t] NDIY YRR 34D H P,
AAGF, EFFEFS TEAT. ol BT VA
22 A, AR U EFREL BGI AR

= 28U 755 YRS Ao SR F4351]
Aol = AV, 97 e AV, viAES 5] 4
= A SRt gEE AR SR Hee] B9
F7FEEES EEsketo] NDIE APg et A4 E NDI
wol AAIE 24, A9 #4, 7HeEEE 248k
7haAao] 289+ Bttt
21F48E 24
R 22 e Wasl] Agdxde F6 Az
< W52 Aiske HleR o] wiasdt e
Mpso T 24k FUsith o, 45 Wago R
‘%"—E«PA —EJ?_]'% A 4 o uAde] Aags A%

4 7Hs3}th(Jeon, 2012). wabA Exet
2 X}i- sl IRt SR B et
oAl theFstA &-gHut Qlth(Keyantash and Dracup,
2004; Yoo et al., 2009; Rajsekhar et al., 2015). &
H/HQ,] 72T A2 S Astr] 95l AARE EYA

S ) 2ato] Ay} H depE S 2ke 3 W gol

E
YPER FIE JeEE Aug daw olg

O

rﬂra}

O H of i
i
&

Meteorological & }

567

2 o8 FAE B2 Sastglon], AL ohe
3} e},

YRR o] W) e B AR WHo] 2
By fF2 F4wol 24" WA Eq. (D3 2ol
e, AAGY, ] BEAE ST § EE
she A, A9Rd, EdTeder A4 s
P2 X2 Eq. Q% Zo] TEITL ojnf, xt PEE
1278 R2E7H] F 1270 752 5= Sl Wpgte] A9
Al PAE Hetde Al ¥2 RS Eq 3)= &5
Abgeter o, /Y 0t G N Eq. DE
Sl APgshH, AfrelEl s ] 4L, AR
FAEo] ekl 4 gl BAte] oFg ojujgict, FHEL
xo| o] AeRtg AT, olF 7P 2 ARt
o e FHES A 1545l Sk, FAE A A
the 27L Ptk 1) TR BN Zizte] 2R
kel PAE =9olH, 09] Fake et 2) FAEE
Aol Bk ARl T7)0f et W]t
Zrno) 5L 10] HEs gt

Oyn ~ Om
Ty = ’Um (D
Ty Tﬂ
X=|2,1 7. T,y 2
Ts1° Tsn
rR=—1 xx7 3)
n—1
Ry = My, “)

I Input Data Set up

Topographical Data |

Prep., Temp.,

‘ DEM, Landuse, Scil Wind speed

>

w

4[

Hydrological Analysis

}7

Runoff
Soil Moisture

‘ Land Surface

‘_"

»

}7

Runoff ‘ ‘SO“ Moisture

R
Normalization of the 3-month
Cumulative Data

L

Precipitation

Application Assessment of
Drought Indices

Model (VIO

Collection of Drought Event Data
(1977yr. — 2012yr.)

-

[ Time Series Analysis |

b

Estimation of Natural Drought Index
Using PCA

Estimation of 1st Principal Components

Computation and Deseasonalization
of Principal Component Score

Computation and Analysis of Drought
Characteristic Factors

[ Spatial Analysis |

Computation of Principal Components
Scores Cumulative Probability

;
|
|
|

Estimation of Natural Drought Index

]
|
|
|

Fig. 1. Flow chart of this study



568 S. -H. Kim et al. / Journal of Korea Water Resources Association 49(6) 565-577

FAHE ASE Al 1FHES o185, Eq. (59 2]
A o71H 1,2 A IFYROR B4 AR
Hak

A
9 R AAEAole WehA] R ARPCYs
W, AAfTr 2 EEaol A% goltk. 1249
4 X2 Egs. (1)~(59)9 7 WHEstel 98 po's
AT AR PO AR G2 FHES AEE
wel wEwte) Holsk Wiystol, B 63 2ol HAE
38 AT § AT PCE 7FRAS A ol
2 Aol A po 2] YAARE ol Gol
of, A28 71709] YEARE O18F POy PCops
Eq. (7). (®)27E A5

PC =vlX (5)
PC = rc (6)
0 pc
PCypy= V1TXNEV[ @)
PC,
PCypy = NEW ®)
O pc
A7|M, PC =F A4 BE, v 2 A 15498, PC=H]
At H TR e ﬁé““’é, T pe= PC 4 Erss JE'} Xy o=

2272 2|4 A
2 ATeldE poo wrtetEZS A 6 7

HEUE 2AYPNL ol AdaEUE 37
e Saragel g /gl nRsdel e

B 245 el el 21 PIE HELEE
23 4 gtk 24T ABLEFL olgsle] po| )

, 7FE AR o] ME2 Mckee
et e, (193} AT LS} BE A8atsich. ol
S B AATFRA 2 ND)= T7}2’re_r%k(P)7+ =

FRE] FAT LAHERS) X5 WE Aol
A Hm, F4E Aeo AR TARERDOE

Abromowitz and Stegun (1964)°] AJA|F Egs. (9)~(12)°l
tiedste] 2|4~ AF5HATE NDIE= Table 13} o] SPI
o FUA 1EE T2a1o] FERAel BEel,

cte + 02t2

NDI=—(t— ), 00<P<05 (9

1+d,t +dot® + dyt® ©)
co+cl+02t2
NDI= (t— 5 3 5<P<10 (10)
1+dt+dot® + dyt

B 1

t= ln(?), 00 < P<05 (11)

t=4/In( L =), 05 <P<1.0 (12)

(1-p)?

A7|AM, P= PCY] F7FERCIM, ¢ 2.515517, ¢ =
0.802853, ¢,=0.010328, d,~>1.432788, d,+=0.189267, ds
+=0.001308°]tt.

Table 1. Classification of NDI value

Values Drought category
2.00 < NDI Extremely Wet
1.99 ~ 1.50 Very Wet
1.49 ~ 1.00 Moderately Wet
0.99 ~-0.99 Near Normal

-1.00 ~ -1.49 Moderate Drought
-1.50 ~-1.99 Severe Drought
-2.00 = NDI Extremely Drought

2.3 48N Ty}

10 O O

TFEEA ] HWF7E 9l 1977~20129 F<to] 7
A ZFa i E Z-85tith = loll A 7Ha o]
o, AlZL B, AE571% 5& AFH R FY5k= 710l
g7 whzoll 7R szt 7158 HuA 9 =2 456t
A THMOCT, 1995; MOCT, 2002; Kim and Lee, 2011;
KMA, 2012). MOCTS} KMA 71 =415} 7R A1 o]
et A7 TP AR AIEES, SUES B )
< At HilA oW, Kim and Lee (2011)2 HIAE

Ao wrt AR Haj AAS ) 48714
2 olgalol A1 usiAlE Agatnt 47 et

gl cheket Ato] gH HE 91O k(Son et al., 2011;
Bae et al.,, 2013), s ¥of wpet LR =] o] 1] h=
AR 7HA AL ot

2 AFoME AAE 24, 7ReSA80AE 74, A E
24 pagste] 7heAa0] E8A4S Bk AlAl
g 4= Foll 7Rl AR BAZREAEIE Bl
sto] 7hEo] ARt 0] @S HlwstleH, heE
AJAAE AHdsto] 4717 B kA o] Ad4e 3
7¥stginh. Ejh 7R AGE A0 R FIEAIA AL

18
o

12 m'I



S. -H. Kim et al. / Journal of Korea Water Resources Association 49(6) 565-577 569

w713 3 osiz]9te] Az RE HrFekelet. 7HaA
At BRTAEE AAE vt B ApelAE A
PTG U AAE 7FEAg] Betdke E8sklth
THEEA Q1A= Yevjevich (1967)7F AIA| g o] 2
(run theory)S ©]-85to] A4S A&l Zolet o
71/3eHA W40 AAFe] thet TAA &40l 7Hd
e mEske R4 Hwd Bsep) Jaslol 9l
Fig. 29} Z&o| 7Ha2 7247 AuaE(x,) °lsk=
Hojzle 7Iko g Aojg & Qlrh. Ak olstz WY
T AZRE AE71ZH( D), %5717t Bt AdE o5t
el 2 7R =)= BolshH, 7RaAMS TH 3
Al Atol o] AlZE HAIZYA(L)ol=t fhek 2 Aol A
+ a7t MR AR AA7E A5 NDIE
o] &5t on, deE2 NDIO| 7hHaE-Fol oet E
7FE(moderate drought)2 UEHHE - 12 A 2|54t
FE B4E Fo AE 353t FAE A (o=
NDI 4Hge] &8 met 7ted s 48 A9t

LB = R
dA¥go] it 2 Aol A= NDIO| AlAE 3k 4Hgst
o 347 7FRAR] gt 22717 R PRA S Baeh

.

Drought Index
x

D; : Duration S, : Severity L; : Inter-arrival Time

Fig. 2. Drought characteristic factors (Yevjevich, 1967)

SKEAe] A, B, AL D A Ao
= 3715h7] S5 Bt 22K (Mean Error, ME) % B4
2 ZH(Mean Absolute Error, MAE) 285}ttt B 2
= Al £, A&7 D AgTEA o] gt kA ZhEAR
o} 7FEA|47te] HHA Q1 ZfolE on|git) PHETe
A= B0 tigt HEA4e] AL s UER A,
0ol 77he4s Aoert =52 Xoth

Ml

ME:%E(L_TJ?) (13)

i=1

1 &
MAE= ]_V2|fz*yz| (14)
i=1

A7\ X, MEZ MAF= B 22ret B At o ato] v,
IATREALEC] &, f2 7RSSl SN AL B, A
713, AR, y = T ThaARE o] S 1At 2
FollAE 571 BTl titt S LAPE Bt a3 B
A A5 ARt

=

MR I orlo

AVl

3. Y 2

2 Aol A= 1977~201218 9] 71/ ASOS(Automatic
Synoptic Observation System) 59714 2] 7+4=2} 7 o} 2| F4~
oA o 2RE AR AART U ESTRT ARE
o|- 85Tt A E4E4 Y- VIC (Variable Infiltration
Capacity) 232 &85} ©™M(Liang et al., 1994), ©] =&
2 i7], A, EFO) e A8 A2 RS THt e =
=1} of|U 2] 9] -B-5(water & energy flux)S 2 O|5H= 2L
1y 0 23 F7| EA](water balance), 5F=5F2(channel
routing), ol A]5=Z](energy balance) 5.2.&2 A= o] it}
YsSB4 E EpE2 olu| = Y eld e 2 7Hg
iAol Qlo] 188/ 5 H 3Tk Sheffield and Wood,
2008; Son et al., 2011; Rajsekhar et al., 2015)

&
R
o
ftlo
o
:‘uDL_Y,
(98]
=
e
4
O
>
o
D)
24

Tlo
O
e
=)
o
2
(=)
S
o 1
w8k
lo
fu
_}l_‘
23
Hir
32

o
fu
)
o,
o
au)

)
|o
Hl
o,
>
N,
0
N
e
S
e
o,
1%
-0,
3
N
X
0
=

e,
3,
T
o
AL
X
o
T
v
o
o
rir
$
N
NI/

T o
o)

p
2 A
Mo lo

Bl
re
o
ol
lo
<
o
odlh
24 0N ox
N o o
B T
o &
I
f
@ %
:
ol

N
fT
1o

o &N o
e
agQ
w I

1
jm t

N
%

My

e

ol

K=l

)

)
oX, of ox

_O|L

Ir

lo

(e}

flo ril 1% -

1
D{A 1
>

[
ﬂOL
¥ T

£ 9
tu
)

o,
N

1<1 L
#0 (g [
§

)
o 1
12 o
N N
N o

— 0‘9‘_’
j>
AL

N
23
>
2

rlo
N
W
L

Y

re,

Jo

ol

HT

ol

j>

g

ofi

e}

>

o

N



570 S. -H. Kim et al. / Journal of Korea Water Resources Association 49(6) 565-577

(b) Feb.

(k) Nov.

Fig. 3. Monthly first principal component of Input data (Seoul)
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Fig. 5. Time series of drought indices for 1977~2012 years
Table 2. Drought onset and termination comparison on past drought events with drought indices (Gyeongsang-Do)
Gttt el Onset Termination
NDI SPI SRI SSI NDI SPI SRI SSI
1977.06~1977. 08 1 1 1 2 2 2 2 2
1978. 02~1978. 06 3 2 3 3 -1 -1 -1 0
1981. 05~1981. 06 0 -1 -1 0 0 -1 0 0
1982. 06~1982. 07 0 0 0 0 0 0 0 2
1984. 01 ~1984. 04 0 0 0 1 0 -1 0 1
1988. 10~1988. 12 0 0 0 1 0 0 0 1
1992. 06~1992. 08 1 0 1 1 0 0 0 0
1994. 05~1994. 07 2 2 2 2 3 2 3 4
1995. 07~1996. 03 0 -1 -1 0 -1 -1 -1 0
2000. 03~2000. 06 0 -2 -1 0 0 -1 0 0
2001. 04~2001. 07 1 0 1 1 -2 -2 -2 -1
2008. 11~2009. 04 -1 -2 0 -1 0 -3 0 2
ME 0.6 -0.1 0.4 0.8 0.1 -0.5 0.1 0.9
MAE 0.8 0.9 0.9 1.0 0.8 1.2 0.8 1.1
Table 3. Drought onset and termination comparison on past drought events with drought indices (Jeolla-Do)
Drought period Onset Termination
NDI SPI SRI SSI NDI SPI SRI SSI
1977.01~1977. 03 2 1 2 2 0 0 0 0
1977.06~1977. 08 2 1 2 2 4 2 5 6
1978. 02~1978. 06 2 2 2 2 -1 -1 -1 0
1982. 06~1982. 07 0 0 0 1 0 -1 0 2
1984.01~1984. 04 1 0 1 2 -1 -1 -1 1
1988. 10~1988. 12 -2 -2 -2 -1 0 0 0 2
1992. 06~1992. 08 0 0 1 1 0 0 0 0
1994. 05~1994. 07 -1 1 -1 2 2 -2 2 4
1995. 07~1996. 03 0 -1 0 0 -1 -3 -1 2
2000. 02~2000. 06 0 -1 0 1 0 -1 0 1
2001. 05~2001. 06 0 -1 0 0 -1 -1 -1 0
2008. 09~2009. 04 0 0 1] 0 -1 -3 -2 0
ME 0.3 0.0 0.4 1.0 0.1 -0.9 0.1 1.5
MAE 0.9 0.8 0.9 1.2 0.9 1.3 1.1 1.5
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Table 4. Drought characteristics factors comparison on past drought events with drought Indices (Gyeongsang-Do)

Drought period Duration Inter-arrival time
NDI SPI SRI SSI NDI SPI SRI SSI
1977. 06~1977. 08 (3 mon.) 1 1 1 0 N - - -
1978. 02~1978. 06 (5 mon.) 4 3 4 3 2 1 2 1
1981. 05~1981. 06 (2 mon.) 0 0 1 0 -3 -3 -4 -3
1982. 06~1982. 07 (2 mon.) 0 0 0 2 0 1 1 0
1984. 01 ~1984. 04 (4 mon.) 0 -1 0 0 0 0 0 1
1988. 10~1988. 12 (3 mon.) 0 0 0 0 0 0 0 0
1992. 06~1992. 08 (3 mon.) -1 0 -1 -1 1 0 1 0
1994. 05~1994. 07 (3 mon.) 1 0 1 2 1 2 1 1
1995. 07~1996. 03 (9 mon.) -4 -3 -3 -2 -2 -3 -3 -2
2000. 03~2000. 06 (5 mon.) 0 1 1 0 0 -1 0 0
2001. 04~2001. 07 (4 mon.) -3 -2 -3 -2 1 2 2 1
2008. 11~2009. 04 (6 mon.) 1 -1 0 3 -2 -2 -1 -2
ME -0.8 -0.7 -0.6 -0.1 -0.2 -0.3 -0.1 -0.3
MAE 1.3 1.0 1.3 1.3 1.1 1.4 1.4 1.0
Table 5. Drought characteristics factors comparison on past drought events with drought indices (Jeolla-Do)
st p37ed Duration Inter-arrival time
NDI SPI SRI SSI NDI SPI SRI SSI
1977.01~1977. 03 (3 mon.) 2 -1 2 2 - - - -
1977. 06~1977. 08 (3 mon.) 2 1 4 4 0 0 0 0
1978. 02~1978. 06 (5 mon.) -3 -3 -3 -2 0 1 0
1982. 06~1982. 07 (2 mon.) 0 N 0 1 2 2 2 |
1984. 01~1984. 04 (4 mon.) -2 -1 -2 -1 1 0 1 1
1988. 10~1988. 12 (3 mon.) 2 2 2 3 -3 -2 -3 -3
1992. 06~1992. 08 (3 mon.) 0 0 -1 -1 2 2 3 2
1994. 05~1994. 07 (3 mon.) 1 1 3 2 1 1 -2 1
1995. 07~1996. 03 (9 mon.) -3 -4 -3 2 -1 -2 1 -2
2000. 02~2000. 06 (5 mon.) 0 0 0 0 0 0 0 1
2001. 05~2001. 06 (2 mon.) -1 0 -1 0 0 0 0 -1
2008. 09~2009. 04 (8 mon.) -1 -3 -2 0 0 1 0 0
ME -0.6 -0.8 -0.4 0.5 -0.2 -0.1 -0.2 -0.2
MAE 1.5 1.4 1.9 1.5 1.0 1.0 1.1 1.1
42 7H2 S EY of ehh AT, B, 2]45717 9 A A ] W el o 2] o
Tabled @ 5= AAE, et 7| oje] BAZ Ao 7} 24918 Holgh Ao|h 7}E0] A2k SPI,NDI, SRI, SSI,
BAGERE AP 7R 214717 E EAITEA o] it e B2 NDI, SRI, SPI, SSI, #]47]17->NDI, SPI, SRI, SSI, &
A}, WA A2 ekt B we] g 44717 B AEALNDL SPI, SRI, SSI 0.2 9171 9rh 24 3
QA= NDI(-0.871%), SPI(-0.771%¥), SRI(-0.671%¥), W PF 5912 A4 A7 NDI 1.449], SP12.142%], SRI
SSI(-0.1711Y), TA7+AE-S SPI(-0.3711Y), SSI(-0.371%), 29591, SSI3.65=91= U 7Hadfi Aol 9lo] NDIC] &84

NDI(-0.27H¥), SRI(-0.17]¥) &0 2 Z-2 71 © 2 et
2|4:717F BEd 2 2F= SPI(1.0), NDI(1.3), SRI(1.3),
SSI(1.3), TAI7FA-& NDI(1.0), SSI(1.0), SPI(1.4), SRI(1.4)
TO 8 ALt w2 21 0 2 Ueith Het o] 2]457]3k
B+ 2= SPI(-0.8711Y), NDI(-0.6711Y), SRI(-0.4714),
SS1(0.5719), BHAI7HE-S NDI(-0.2709), SRI(-0.271Y),
SSI(-0.27§E), SPI(-0.17§¥) <=2 2 Yepyttt. 2]&7|7t 3
A @ 2= SPI(1.4), NDI(1.5), SSI(1.5), SRI(1.8), &)
Z¥A-2 NDI(1.0), SPI(1.0), SRI(1.1), SSI(1.1) &0 2 LFElst

o

Table 62 7HEA140] A4 B712 St 57 B4 7]

o] 94k 702 LERTY.

Table 6. Rank of drought indices

I')royght Onset |Termination| Duration Inter'- arrival Rank
indices time
NDI |2 (0.9)] 1 (0.8) 1 (1.3) 1.5 (1.0) 1.4
SPI 1 (0.8)] 3 (1.0) 3 (1.9 1.5 (1.0) 2.1
SRI 3.0 209 3 (14 35 (1.3) 2.9
SSI |4 (L) 4 (1.1 3 (1.4) | 35 (13) | 36

4.3 A|dH EM

e =t |
2 Ao A= Bares 21324 7] (Barnes, 1964)=
o]&35to] SPI, SRI, SSI & NDIO| Hgt 72 RZL &
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Fig. 6. Spatial analysis of SPI, SRI, SSI and NDI (2000.02~2000.06)
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