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Development of Quantitative Drought Representation
Methods by Drought Index Application
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Abstract

Drought is defined by differently for the several scientific and technical fields such as hydrological
drought, agricultural drought, meteorological drought, climatological drought, atmospheric drought. A lot
of drought indices have been developed to quantify drought severity levels. However these drought
indices might be expressed differently as the drought conditions for specific period because the drought
severity level is using different types of data on each condition. It is necessary for development of
quantative drought representation methods by drought index application.

In this research, the reaction to the historical droughts is analyzed after estimation of PDSI, SPI and
MSWSI(Modified Surface Water Supply Index) in south korean territory. Lastly the drought
representation methods were examiner combining the drought indices by drought indices.

The arithmetic mean drought indices that include PDSI, SPI, in yearly basis from 1971 to 2001 and
MSWSI in yearly basis from 1974 to 2001 were estimated through the whole nation. The applicability of
drought indices are examined based on the observed drought data for national and regional droughts.
The result shows that PDSI, SPI(3), SPI(6), and MSWSI have proven to be sensitive enough to the
historical drought.

The correlation analysis of each drought index was conducted whether they could show the long and
short term drought equally. The analysis of how appropriately represent for the historical drought was
used for determining for the combined drought index. Consequently, PDSI, SPI(3), SPI(6), and MSWSI
have been appeared as suitable indices for the development of quantitative drought representation
methods.

For the decision of weight on combining PDSI, SPI(3), SPI(6), and MSWSI, drought map was made
for eighteen alternative to decide weight. The results showed that PDSI(20%), SPI(3)(60%), SPI(6)(10%),
and MSWSI(10%) have been the most well matched weights. Using selected weights of each drought
indices and by reconstructing the national mean drought severity on yearly basis, the fact that the year
of historical drought is in accordance with the verified one for drought representation.

In short, the acquired technique using combined drought index can be used for useful and believable
quantitative method of drought analysis.
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ZAbsh T AFEE TS e ARATEe] A7 BYdon AES AT & dE @A dde
W, shbel AFuche R AFES BFH 0D ol §5he Alo] mEAsty £ FYA7} ohd AR
g olgstol /HES Bobslor drkn Aldstn Ak mhebd B AFelAE J1Ee] J14eE ARAES E
dsl7] 913 7HEA4¢l PDSI, SPIst F&HH AEAEE Zdshs AEFTFHFASA MSWSI(Modified

Surface Water Supply Index)& $-2lug} dHe sty A4s & ol F3lo] 7MHEs RUHYsIL A
slate WS AA SR} )

2. /4ol Aol & ABAS BA

2.1 71E9 A9

MBS ok WelM Uu AdAlss e B4E AAm Ak AA bR FEe A

= F& AT 71Et
nks] A E o] YEPA Ha 7HEe] dldE Sk i Sk g adyt veltd 5 7] wjite] 7bEe
AA FRE AAS] ofgr B4, 7S Agstal A JA ok slo] oyl wiEel 7t 7t
FAEAA obd Ao gk TlEel doiA Aol wek Aeldk AfE 7 4 Sk webx] JhEel gk A
o= @Wol dou ZHEAEHY TR Ve s d9Ad F qdnh olet e ThEde o o 7
FAY, T 2 AREAA ZE ok JHEHE "dEAEe] MR g OE JHEY 49E A du
RE SHiitol e d4d A8d e WEsta d3E ThEol tig Fort offue AS v dnt

-

HHEAFE ARET] Aol ARWER/FHEAATA

FAHBEAE(GIMS)oN A AF3h= AAZ AR, 712, 3579, 979,
o

X]"o‘}—rﬁ)e 7}w11—r*i73 A% 1 A= FEaklth PDSI, SPI= 7| 3dSaEE ARe § gAY
oA s THEE AZIE WS ol gEglon, MSWSIE feve A9 @ FuAY, s FeAY
R At g A ol webd 32709 e oew RS FdE Atedu 73R EE A 61704
ol A% B 712 ARE ol &Sglen FAAEE WAMISY 9] A5t dAFTFEAL] SRR
AN AeH= ARE o] &ttt
2.2.1 57 5 A4(SPI : Standardized Precipitation Index)
L atattof <
SPI=—(t —1+d1t+d2t2+d3t3) 0 < Hx) < 0.5 (1)
L Ctattot <
SPI=+(t —1+d1t+d2t2+d3t3) 0.5 < Hx) = 1.0
A= i (—L < — Jm(—1 < c =yl3lE
o714, 1= fin(oI=) 0 <CHGO < 05, 1= (L) 05 <HGO < 1.0, HK) @ *r7ehe

¢, = 2.515517, ¢; = 0.802853, ¢, = 0.010328, d; = 1.432788, d, = 0.189269, d; = 0.001308
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2.2.2 3 7}E A =X 4=(PDSI : Palmer Drought Severity Index)

= Kid
X7:X771+(§)70»103X771 = 0897X_,+(2) (2)
A7), K, : 71FEAAA (=1,2,+-,12), d : FEAX}(moisture deviation)
X @ 7VEAS, Z 0 o)A (moisture anomaly index), o}l d A i+ T €
2.2.3 FAAZEFFTFAF(MSWSI : Modified Surface Water Supply Index)
x x x
WSy o PPNyt BXPN, +102 PN+ dXPN,,~50 )
o714, PN : U 2335 a, b, ¢, d : 74 FEUAAL] 7 AS(a+ bt ct+d=1),
pcp : el AH(precipitation component), sf : 33 < A (streamflow component)
rs : AFZFA A (reservoir component), gw : A3} 21 A (groundwater component)

3. 7HEAITE A& B4

B AelAe= 71 7HEASPDSI, SPDSE G dhA HEASF(MSWSDE] 7HEAlE FAAES F]ls]
e} o=

st HA THEAIES WAL JHE, AYGAHA JHEeR BRete] 1 AE4S HESI 747 AFEe
MRS AGsth A5 MRS BSLEE AW A4 ARAFES AEHdste] ASHd M
A5 st 7HEel BAEY Wk, A4 E FE5dE 2 w94 HEdre vadEsglon, A9
2ol MHES FATE SR 1994, 19959 2 200139 47 7MEASFES € G E A AHEs) 24}
AGAdFF, ALdAFTF, FFsd 5 AZLE5TH, sA7E Ha)H RuAESAT ol A% 7H7he]
A5 AHEARE fsts A THEATE HEAE AdAshed $8% A RnE o] &l

3.1 A=A Fg F Ae4 B4

A=A 74l digh A8A4 #AS g5t IA AR HUkE 98 HEE tedEe ddAd
B BEo g e w94 a7t H8 =S Ak 197193 20010714 2] PDSI 2 %] 47] 7k
SPI9} 1974 A€ 2001d7bA1 ©] MSWSI #4314 7Haol gk vkg-& A4 8kqlth. 19 12 1971 5-F
20017k 9] PDSIZHS #4938t OL 7Hads ZEAISEL AL 535 uﬂf‘sﬂ HAAES BA, 02 FdiAR
J#%k HHUS A Aotk b2 AFER 19 13 #Zo] BAsglen % 14 7HEAsE 7HERd 4

25 Yepoh A=A Mgl 4 2743 PDSI, SPI(3), MSWSI, ¥ SPI(6),
SPI(12) <=2 A2 7S 2 #dea IS & 5 Ak

2

¢

18 1. 1971 72001 PDSI
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E 1.197172001A M= JISX|TEH g

SPI SPI
A= | PDSI T 3 6 g 19 MSWSI| %= | PDSI T 3 6 g iV MSWSI
971 - 1987
972 - 1988| ~.O0 A, s
1973 -, = °, 8 - [1989
1974 990
1975 1991
1976 a A 992
1977 -.0 a,0]2,0 1993
1978 o A o A o A ‘9940‘A‘|:| ooa O]o,a O)e,a Ofo,a O]o a O
1979 1995|, 2,0, 2,0 0,4 ,0
1980 996
1981 1997
1982/ -, » , O ooa Ofe,a Of- a2 O 998
= o
1985 2001|°, 2.0 °,2.,0 °,2,0
986l

¥ O A ZhedE A AA 94 7hedE O #A 935% +549=

3.2 A4 Aol o He4 BA

Ao 7t AL7t 7HES H7heke ARE doliy] fate o wAg 7HEQ 1994, 1995, 20019 7Ha

2 PDSI, SPI, MSWSIE @A F4H=E 2Aste] 7tedsed 7t asiAges A EAE A7 1 4
e Arete] &S st B 7He s AR on, 1994 7 19954 7w s A1 93 2001 7 9 8
55 VFeR MR A9E AgHoer vaHdEST ® 29 JHEysiA g3t 1994, 1995, 20014 7HE
oto] YA &S B PDSIE Ao 84.5%9 dAAE Holi SPI3), SPI6)E= 100%9H 67.5%<] UAAE Kol

W MSWSIE H o] 34.9%°] dX4& Hof PDSI SPI(3), SPI6)7} 7haol RzatA whgste Ao 245Ut

[ez]
-1
7|&o

N

2N 1g
N

-y 12 Lo

¥ 2. Jt3alsi X2}t 1994, 1995, 2001 7tEX|2te| AX S
1994309 | X5 | A | AXE(%) 1995689 | AN | (G5 | X E(%) [ 2001959 | A5 | A G5 | X &(%)

PDSI 77 88 87.50 PDSI 53 82 64.63 PDSI 11 83 13.25
SPI(1) 0 88 0.00 SPI(1) 0 82 0.00 SPI(1) 34 83 40.96
SPI(3) 57 88 64.77 SPI(3) 0 82 0.00 SPI(3) 83 83 100
SPI(6) 59 88 67.05 SPI(6) 0 82 0.00 SPI(6) 7 83 8.43
SPI(9) 59 88 67.05 SPI(9) 1 82 1.22 SPI(9) 0 83 0.00
SPI(12) 53 88 60.23 SPI(12) 1 82 1.22 SPI(12) 0 83 0.00
MSWSI 21 88 23.86 MSWSI 0 82 0.00 MSWSI 29 83 34.94

1994, 1995, 20013¢] PDSI, SPI, MSWSIZE AH438te 7HE=E =Hdste] 1994 719954 7HE o3 <19 2} 20014
NEIHPA LSS 7]Fo R /HEY/ ARE Addoz uu FEsGon undon 18 2d 199449 €4
PDSI 7HE =2 A& T

=t _ B
-

1= 29 34 42 52l =

7 34 9 109 113 129

a3 2. 19944 ¥ PDSI
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a9 29t ZE 7 MEASE B A3 NEASE 2F8sY HES AEdor 59T 0 SPI3)E
S7I7HES wddhe ARE &83ta, AV|7HEA e A xE SPIE)E &8st 2ol 7HEel dgh whgol
g 2o Ao BAEL P1(9)9} SPI(12)& A& 7|zke] Ui Ao 74gol gk whgo] E3kste] 7HE
A4 234 AgelA] gom MSWSIE 7HEol s HJ%O] W7kl A = AR MSWSIS 7HEA 5o %3
of AbgstE Aol 714EA JHEH @ FEEA e s A 1Ed § v AFEdeldial #aE A
4. 7VE9 AFH 24 719 N

Cov (X, YV) = %] (x;~u(y,=ny) (5)

A71A, ne& WF] JNFoln, uy, py £ 7 §5e] Fatolth Ayt o AltE A= AlS
v 7 HEThe] FEARS 7 WS digk xedake] woR vro] At AT -194 1744 9
HAE 7HAA =9, oW gk 9] S4gks Abgetel® Aol gk Blaet o] JhEsk Al wrh A
A B A ¥ FEE o] ol gtk BARAS 53 ARAFR #hol wugE FEEAS
53 Pakel o Aol qlv] Wi FAe FES o] a1yt ﬁ%—% 718 A *J%Mé wAS ok
gk B ATl A FEREAS SYSTAT 9.0 o838t Pits AAAste] Zad 249 AadS sist
Ak

197475 2001d7HA4 A= 4 HH A5 E AMEete] dahiAS AAIE 23, MSWSISH PDSI®H= 0.49
o] s JERLaL, SPI XHQ} 3ME A &717ke] SPI9} 7Hd kol w2 Zo® yEpgtth v
o e YehY A &7)ke] &2 SPIst: AddAo] A Aoz
= PDSIE AFEE 9o SPI(9) 2 SPI(12)= PDSIS} A g€
9 SPI(3) 2 SPI6)S AH&3tozA 7HES A ow 8 g
AqS Aow EAHEh MSWSIE PDSI 2 SPI(3), SPI6)3 1] %
H4 A HEAEe] Z¥e] 7hesd ez vdiEd.

'4> r1

® 3. 7lEXI5E &A=

TE MSWSI PDSI SPI(1) SPI(3) SPI(6) SPI(9) SPI(12)
MSWSI 0.49 -0.02 0.58 0.44 0.35 0.27

PDSI 0.00 0.12 0.59 0.74 0.83 0.82
SPI(1) 1.00 0.512 -0.05 0.03 0.06 0.30
SPI(3) 0.00 0.00 1.00 0.64 0.48 0.37
SPI(6) 0.00 0.00 1.00 0.00 0.72 0.61
SPI(9) 0.00 0.00 1.00 0.00 0.00 0.83
SPI(12) 0.00 0.00 0.00 0.00 0.00 0.00
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2 oATE R Repol diE 54 A4 AR e ARAFE Fol 71484 7HEA PDSI
SPI9} &34 7HEA4=91 MSWSIE Z3§Fste] 2184 e 7H AAE 98 7HeAs Mes 98 7t
S A#slels WHS AAEAT B AT BAE AxE Aeshd ogy 2o
D 2 A=) A=Al 7HE 2d A3 £A87] sk 1971 d%-E 20019 A= E o838t 7 A4 7}

FAEE Fto] ol #AYE /g SAAE T vla AES AR d5AQ] HEe o] 7k ¢

7}VEA 5 Fo A PDSI, SPI(3), SPI6), MSWSIZ} vlwa # g#ats oz BAH}

2) A9HQl 7HES 7 AFEe] xdste AEE ATy Y8 HEARE JHE A o] AEeA =

AMEl 1994, 1995, 2001 9] 7HE& 7IFo 2 A &3t3low PDSI®F MSWSIE= 997, SPI= T9HAZ 7ha

Aies AdAstel TS AAst] A %4?‘1 As PDSIE A9 7HadEE & 23

e Fosht el Y e PDSIOﬂ HIEHH HJ%O] w2 Ao EAHA.

3) MSWSI®] 7H& NgAo] e Aow BAF T}

4) 7}%E‘rﬁlb 78773l (DO)°1W Pﬁﬂlﬁ%ﬁl DOH7HA SEAR F-E3skelen PDSI, SPI(3), SPI6),
Z3ete] 7R EE AAsta 419 THEASE 2§se] HEA MRS Al

A 2
AFE Ay, FRFAAFANN FAF ATwARUHIAA £F wuAe] dso
o Ang AT FA BAA AelwA FA=YY L,
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