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Abstract

This study assessed drought of Cheongmicheon watershed from 1985 to 2015 according to duration. In order to quantify drought, we used
meteorological and hydrological drought index. Standardized Precipitation Index(SPI) based on precipitation and Standardized Precipitation
Evapotranspiration Index(SPEI) based on precipitation and evapotranspiration were applied as meteorological drought index. Palmer Drought
Severity Index(PDSI) and Stream Drought Index(SDI) based on simulation of Soil and Water Assessment Tool(SWAT) model were applied
as agricultural and hydrological drought index. As a result, in case average of extreme and averaged drought, 2014 and 2015 have the most
vulnerable in all drought indices. Variation of drought showed different trend with regard to analysis of frequency. Also, the extreme and
averaged drought have high correlation between drought indices excluding between PDSIs. However, each drought index showed different
occurrence year and severity of drought Therefore, drought indices with various characteristics were used to analysis drought.
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THlEokel weh 2P ofg BiaES o[ 83 7 Al e
%11 ITKDu Pisani et al., 1998; Heim, 2002; Keyantash and
Dracup, 2002; Sung and Chung, 2014).
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o] o]&Esto] LREEH M A AH 0 = FrsF At mE o] 85t
oheket 2|50l idE o] Z-8%11 glth(Keyantash and
Dracup, 2002; Hemandez and Uddameri, 2013). %2 9] <]
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o|2fet < RE2 FdH 7ol B F U= EY T
7|1Zth ERE sPA7ER]of o] 2= A2 EF
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21 U 9] I o|th(Karamouz et al., 2012).
F5l5l= Z|4= & SPI(Standarized Precipitation
Index; Mckee et al., 1993)= Akt o] 41, 734=0] HZat
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=11 Qlom, HToll= Zrregat SAtES oA alefste
Za o e84 o2 7FES §7Hd 4 $l= SPEI (Standarized
Precipitation Evapotranspiration Index; Vicente-Serrano,
2010)7} -2 328 8F1 Itk Lee et al., 2015). 7+ Aes}
ol aapAel v o 2 &rej# Q1= PDSI(Palmer Drought
Severity Index; Palmer, 1965)+= CtFsh Holo] 71271
Al AFE-E 31 ). 2™, Nalbantis (2008)= 5Hd4= 7HE 2|4
Q1 SDI(Streamflow Drought Index)E A|tst] € Fo=
7Hao] Akt 24571 7HS Rl His ' H-E AlbekaiTt.
SEAIRF ohFRt 7HE Aol A ol R e 2 e
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O] B8-S Bl Zt 7 Ale] YA B 7HE A o] mel
g gk ATkl o 4= ItH(Morid et al., 2006; Smakhtin and
Hughes, 2007; Banimahd and Khalili, 2013).
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wfolm, Rye 1 4] 9 (mm), @, =1L =T
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SWAT =g o] v 74> 2] 2] 9HE 919t SWAT-CUP 29
< SUFI-2 (Sequential Uncertainty Fitting Ver.2), GLUE
(Generalized Likelihood Uncertainty Estimation), ParaSol
(Parameter Solution), PSO(Particle Swarm Optimization),
MCMC (Markov Chain Monte Carlo)Z T4 = o] it} &
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1EF] MEH FAFSHA &b o7 miii S ARt
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o} SUFI-2 41 e| &2 784 i, vf7isa <, =43k T1e
1735 RV ESMR o/ 4R o] Ro) A glrkal
2ot B3 Y(uncertainty)?] FE+= P-factor® ==
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2ot 22 AR B 50 EeAS ST
2 59| 22t ol ool AeH A o] vl &2 B4
B0 B Wrlohes 2 A&t "ok

2.2 SPI®} SPEI

7178+ 7FE A4} SPI= Al G918 7P Al A E
9] 2}, Pearson Type- Il (PT-1I) EEE o] &3St ufj/jHa=
A, 771 E 3 (cumulative distribution function) A4 2
AR A-GAR 740l 4 o BA|= ALt
w, 254 0 2 APS SPI= theat 2o F 7=
HthMckee et al., 1993)(Table 1).
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B HEE o £ A 7] T RS - QlTk o]
£ 7= =17](Drought Magnitude, DM)2} 519, 7= Ap4to]]
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DM=— (EIISPIU) )

o714, deje] 717t i T9lof thstoq, j=7HE AR A HA
SRR 7Fgol TRE= Al (2)7HA] Al&siA Stk

g A FHEEAEFQl PET  (Potential Evapo-
Transpiration) 2] 2fo] o]l &Jsf] Al4=]= SPEIS] 7 =
SP19] B35 7|53} ZrtK(Table 1). SPEIS] ZEHAteRo 2hg
gEo] g ditbH o] 7FASH Thormthwaite (Thornth
waite, 1948; Thornthwaite and Mather, 1955)H-& A-85
Rom, 4Hg M-S okt Ak

PET= 161{(#) 3)
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index) = ‘&(month) GA|5E F5to] gt A(year) EAGE
oJmfstH, m-212+e] WAE 5ol Uehd & Qloh B3t K+=
= (latitude)2} H(month) 2] &<=olct. @ EX]4+=Eq. (4)
ot Zrt.
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(6)7 &
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D, = P,— PET, (7)

k—1
Dr’;:ZPrzfiipET:L*i (8)
i=0

A7IA, k= AR TR, n2 Alitol] o184 E(month)©]
.

Table 1. SPI ranges for drought condition (Mckee et al., 1993)

SPI range Drought condition
>2.00 Extremely wet
1.50 - 1.99 Very wet
1.00 — 1.49 Modrately wet
-0.99 - 0.99 Near normal
-1.00 — -1.49 Moderately dry
-1.50 — -1.99 Severely dry
<-2.00 Extremely dry
2.3 PDSI

Palmer(1965) 7HE-& AAI7H] o450 2 Ui}
LR BAfolw], o4 R e 4210l 7] T4 A5
A oldt BlAAEel EEET|oleka Felster.
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(Karamouz et al. 2012).
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2.4 SDI

F75H 7R 2191 SDIE= Eq. (12)9t 22 H, @, =¥
4, F4%k v,,= Eq. (D)°ll elote] AlAHETH(Nalbantis,
2008).

3k
Vie=20Q i=12-+,j=1,2,-,12,k=1,23,4 (12)
j=1

AZA, v, = i A Aol A kAR 717 F< ok R
ot} o5 S0l k=101 574 A= 1085 ¥ 12, k=2
o|H 1085E I thalle] 39, k= 30]H 1097 E Lok
Sl 9L7HA| & om] it

IR v, B o835t SDI= 5 i A Ao k7]
2ol tisted Eq. (13)2} o] Aot 4= Qi

SDI, , = 7‘/%; b
714, V, 9 s, 7t R A skl Bt BERAL
(standard deviation) & WEPHTE QA2 T2 Bl v,
P AR 22 1750 2] Sl §70] Gamma RE ]
TAfeHA Elo] SRR o] JTE| 0 QakS G Ry
ZgslA| Wgkstolof gt 234 47 (log- normal) &
F 0= WY, SDIE HFH O R Eq. (14)21 22, y
£ sl AR TE F7 Felth(Eq. (15)).

Yik ™ Yk

SDIM,=S—, i=1,2,-,k=1,2,3,4 (14)
Y,k
Yir =In(V, ), i=1,2,-,k=1,2,3,4 (15)

Nalbantis and Tsakiris (2009)]] |5}, SDIo]| &Js]] A 2]
= 52 7HE2 TR Eo] STA| = A ETh(Table

2).
Table 2. SDI ranges for drought condition (Nalbantis and Tsakiris,
2009)
SDI range Drought condition
SDI1=>0.0 Non-drought
-1.0<SDI<0.0 Mild drought
-1.5<SDI<-1.0 Moderate drought
-2.0<SDI<-1.5 Severe drought
SDI<-2.0 Extreme drought

[¢]

SHlTh BH5-2 floliA= 213 2 71/ dExt=7t
ZashH, 2|9eH JeAtmoll= AA717F30 mx 30 m¢Sl
DEM(Digital Elevation Model; 5~%]| 1L 2 &), 1:25,0002]
EZ]1]5 X (land cover)2t EFE(soil type)7} ©]- 8= Att
(Fig. 1). 1985 R E] 2015@7}A] 9] 7)/4fsH4 <12 Atm=
Zre(mm), H /22 712(C), T&5(m/s), T (%)°1H,
717858 7FE A G AP S SRt Akm = 714 Tt o] 7]
g W50 A= E o]-§S5FITH(Table 3).
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Fig. 6. Frequency analysis of SPI, SPEI, SDI and PDSI for three durations
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Table 5. Frequencies of SPI, SPEI, SDI and PDSI for three durations
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SPI SPEI SDI PDSI
Szl Duration Frequency (yr) Duration Frequency (yr) Duration Frequency (yr) Duration Frequency (yr)
90-day 14.5 90-day 23.7 90-day 19.1 90-day 356.3
1 180-day 24.2 180-day 19.2 180-day 46.7 180-day 39.9
270-day 374 270-day 20.2 270-day 33.2 270-day 30.6
90-day 14.3 90-day 17.7 90-day 14.5 90-day 49.6
2 180-day 23.6 180-day 14.7 180-day 34.1 180-day 133
270-day 36.5 270-day 17.0 270-day 26.6 270-day 11.9
90-day 9.8 90-day 4.8 90-day 9.0 90-day 322
3 180-day 10.2 180-day 4.5 180-day 19.7 180-day 10.5
270-day 15.1 270-day 7.8 270-day 18.0 270-day 9.6
90-day 9.3 90-day 4.6 90-day 5.6 90-day 16.3
4 180-day 9.2 180-day 43 180-day 11.5 180-day 72
270-day 13.7 270-day 7.6 270-day 12.3 270-day 6.9
90-day 7.9 90-day 37 90-day 5.1 90-day 11.0
5 180-day 6.4 180-day 3.6 180-day 10.2 180-day 5.8
270-day 9.3 270-day 6.7 270-day 11.3 270-day 5.8
Table 6. Correlation coefficient s among SPI, SPEI, SDI and PDSI for three durations
SPI3 SPI6 SPI9 SPEI3 SPEI6 SPEI9 SDI3 SDI6 SDI9 PDSI3 PDSI6 PDSI9
SPI3 - 0.591 0.344 0.888 0.570 0.389 0.754 0.521 0.452 0.358 0.258 0.198
SP16 - 0.877 0.596 0.965 0.885 0.715 0.754 0.672 0.786 0.695 0.532
SPI9 - 0.347 0.828 0.978 0.566 0.679 0.679 0.808 0.821 0.698
SPEI3 - 0.630 0.449 0.724 0.560 0.447 0.394 0.286 0.274
SPEI6 - 0.869 0.699 0.790 0.692 0.755 0.654 0.498
SPEI9 - 0.618 0.733 0.715 0.813 0.819 0.690
SDI3 - 0.799 0.737 0.664 0.501 0.306
SDI6 - 0.917 0.737 0.681 0411
SDI9 - 0.752 0.656 0416
PDSI3 - 0.856 0.693
PDSI6 - 0.850
PDSI9 -
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