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Abstract

Drought characteristics need to be preceded before establishing a drought mitigation plan. In this
study, using a Standardized Precipitation Index (SPI), a hydrologic drought was defined as an event
during which the SPIs are continuously below a certain truncation level. Then, a methodology of
drought frequency analysis was performed to quantitatively characterize droughts considering drought
duration and severity simultanecusly. The theory of runs was used to model drought recurrence and
to determine drought properties like duration and severity. Short historical records usually do not
allow reliable bivariate analyses. However, more than hundred years of precipitation data (1770 ~
1907) collected in Chosun Kingdom Age using an old Korean rain gage called Chukwooki can provide
valuable information about past events. It is shown that a bivariate gamma distribution well
represented the joint probabilistic properties of Korean drought duration and severity. The overall
results of this study show that the proposed bivariate drought frequency analysis overcomes the
drawbacks of the conventional univariate frequency analysis by providing a consistent representation
of the drought recurrent property.

keywords : Drought, Standardized Precipitation Index, Chukwooki, Recurrence

NEE 297) ARATIOA ~ 107TDE ol &3] BEARE BN, o1
g 9530) ABNEANE AR £97] 4B} BEARE ol§aje] WAH SPIRRH WUsEd Ade

« Sgueta 223ekd ujstel ey
Graduate Student, Dept. of Civil Engineering, Hanyang University, Seoul, 133-791, Korea
(e-mail: moon2291@hotmail.com)

w FYsta EEgeta ety Mg
Graduate Student, Dept. of Civil Engineering, Hanyang University, Seoul, 133-791, Korea
(e-mail: 5548462@hanmail.net)

e BRYT BEFHT D
Professor, Dept. of Civil Engineering, Hanyang University, Seoul, 133-791, Korea
(e-mail leejk@hanyang.ac.kr)

waxx WALA Y, FhFietm ALSAAN AN FEAT AU}

Corresponding Author, Assistant Professor, Dept. of Civil and Environmental System Engineering, Hanyang University,
Ansan, 426-791, Korea
(e-mail: twkim72@hanyang.ac.kr)

B0 45 20074 48 335



oJgsle SPI9) -10]8t8 7}EO2 Foakm, B
R ECE ISR ]
2o gaEs A
olstA UEhtE H97
ol PIIREE o) &
Rk el BAST

A=A A2 o

7F 9=, o=

i
ik
ofo
L2
A\N|
oo
EH
HH
o
4>
ol
4>
]
40
N
—.>'—
HU
AN |
oo
lo
>
o

N
N
jull
2,

O
s o
2,
et
onl
0
é

>.
>
o
-llm 2y

7 A3 B9y 0%"-{37] HH—.:Oﬂ a 9%

< Abs] Ao H 43 oYk
o]aﬁf_} 7HE) ddelli= 1 EAo) miel o siA)

NEE o8l JEL Hsle gon 1 F A

3hd S8 5o U4 2 SE2EE RS dusty] 9
AR g AMEE em Yk B3] e AY
o] F21BRE ) %Jeﬂﬁiiéﬁ, e BEE v

T 3lem, 7hEe AEA Hrt
olgd F Utk BFE 8T 7HEY
%’ﬂﬂ—?il& FEF7A4(Standardized Precipitation
Index, SPD7} thEAolc}, SPIx= 7H4-& RYE s
Aelstr] st AEEA 2 (Mckee et al, 1993), ©
F B2 Ad7A Mg EAS ddsln, #Eshey)
o851 Ut (Guttman, 199, FEA 5, 2003).
Guttman(1999)-- SPIZ o] &3lod thakgh 3
3 SPI9] SHAAE AWHs H4g 35
AAsR o, 284 5(2003)& HeAH
Atz st 27)7F 10149 SPIE AR ske) A
x99 7HEY AE 2 AL 5A4E oty =
& #4300 ArE Ae2RE B x]*e Ak
e SPIHE F&% &Aao Aestd 7HEAF
3R, ol9] F849% Palmer A9t 7 SPIQ}
A

THe FEA2EYe] 2o FFAEIE FART

o2 Aogsr] e &
{3} Yev1ev10h(1967)“ 7}
A&t Run 7/HdE& =Y3HA

o4 MBS FAVR, B RE, WesE 5 54

< =3l8kd 7}%% ejstieni, Wilhite and

336

AE 2 IhE ALTIE FEATh HEe Axe A&7

_E_/d 0 ?15:}7;1] g;]fg

NS 7l A LS BE, e AR N&7)2HE o] sl ek ZHzte] Q@ EA ] A4
shube] FHEAMAY AREAN S FHEs=Y JASAS} @ 2

gt 7HEA TS A&7k AR EUALEFE

= Wy Ee] AJdH ok 7)

ArolAE
Foke] 7HE] olWE AE

s, ol

Glantz(1985): THES FE, 71, T, AFEU AR
oz SRS oy e Ao BFE 7HEd)
Az 3? ol wet g3t 7HEE AEsH 9=
&7] E7Fsd dAdel7] Wi F2 7HEe #5347
TS FdAgozy Jlge B4 2 AJEANL A}
g <+ 3tk Wt Run o223 o8 BERFEL 7}
e Eostn #Asked ®o] ol&xm gltkSen
1976, 1980; Dracup et al, 1980a, 1980b; Fernandez
and Salas 1999a, 1999b; Shiau and Shen 2001).
Dracup et al.(1980a, 1980b)< Runo]&& o]-&sld 7}
2o X)&7)7v) ARE L B3I on
Fernandez and Salas(1999a,1999b)+ A& th& 53}
M APFE ol g3t AE7|E Aostm FEEH A}
e A AAE JHE, T 5& o83l @)
b 3T 2EY] AP4E et $elualelA
+24 %—(2003 o] Fol& A (Poisson process)S
ol-&3t 7o AE B A& EAS HWE v gk

HTE0] 7o ASAE Azl 93 23403 Q)
GEASES Tetatr] fsl 2a) Hixsiadgo) et
Ao}, 7HEE] 224 H FgEATE s HsiA
7ol F8 540 ALt Aol AgSER
¥(Joint Probability Density Function)®] 4F&e] g
3tth. Shiau and Shen(2001)2 o)< ZmiR¥y
(bivariate gamma distribution)& ©|&33 A=z g2
Aol tigte] 7HE9) AW 34E e e, Kim
et al.(2003, 2006)2 H|E$ FAWS(nonparametric
ol &3t  JHE9l 2x9F  A@Z
(bivariate return period)& 4H4& Hl Utk Yue(1999)
¢ Yue et al.(2001)2 #%F 5L o] &3l FEFH &
2] 22t H A& st ol % 29 BERXE
o]-&3 ajAde &5 destA A
Gonzalez and Valdes(2003)= WoldHl Al E(tree-ring
reconstructions)E ©]83te] ztg9] Zo|§ FAslo] 2
W 7HE A 39S v gl

2 ATIAE A& 2494 HERIE A%

/\]EE_

fr e

o S ST

approach)&

O

e

BEKRREEHE



o
S

347 ARUTON~I07E o143t UB4F ¢ 54 weel 94 @
B2710¢ ZHWAA Bk 297 Axs A "ok Aexde

Wada(1917)ell 98l 2t &Z7]E2A 8 3 (i 100d A =(1907d ~20039) 0]t 2% 100d A= #
RBREHHAARE) AN 20 ZZFAAZ s & FABAAM o 50 e FHEAMEol UrE}L}?ﬂ #ot

FHAoH, FA=(193)0] Mg A AF B4 2 (Kim et al, 2006). A&AHL2 Z9 24 #& 7|7
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Table 1. Basic Statistics of Monthly Rainfall in Seoul (unit: mm)

el Aol e}
7% FAH d2AA

B AR/ A2HE B AUn o) ole 71190 ~1963d) o] #& = A=Y

Data Period
1770-2003 1770-1907 1908-2003
Month | Mean | parige | Mem | o | Mem | peneer
1 12.6 178 5.6 10.8 23 20.9
2 179 21.5 9.1 186 23.3 22.8
3 386 39.5 34 40.1 24.3 37.8
4 73.2 50.3 69.2 44.2 79.2 57.8
5 85 54.1 82 54.5 89.6 53.5
6 133 99 126 91.3 142 109
7 356 209 346.6 215 369 199
8 274 179 265 162 286 201
9 133 112 126 114 144 108
10 46.8 384 46 39.6 43.2 36.7
11 39.4 286 35 26.8 455 30.1
12 19.3 19.7 15 19.1 255 19.1
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Fig. 1. Standardized Precipitation Index of Seoul (3month-SPI, 1770-2003, 2800months)

338

BEKBERREHLE



Table 2. SPI and Moisture Categories

SPI Values Drought Category
> 2.00 Extreme wet
1.99 to 1.50 Severe wet
1.49 to 1.00 Moderate wet
0.99 to -0.99 Normal condition
-1.00 to -1.49 Moderate drought
-1.50 to -1.99 Severe drought
-2.00 extreme drought
Mg AT Aol cldg s 2 adloge & F S48 AUH R 349 92 4ad) 9
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Fig. 2. Concept and Definition of Drought
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Gonzalez and Valdes(2003)& 7129 A& 7+A3
Runol&¢ 53l 7ME713Hs olad e AbAsyh
HEF F80] WUE d&Fo 7 dAditia 7HAshd
Ve A Az A (L)L FHEXSI1I D) T 584
£71Z W) ez Yehd & gl

L=D+W ®)

7HEE YR o E JHE A&V ARE ol
st BAgtE 7HEY Z2@rrEESS(oint
cumulative distribution function, jedf)e= 71&9] A&
7143} AR o] &3te] g o] A% + Utk

FD’S(d,S):P(DS deS 5’) (6)

2E 7}E(drought set, D(d,s))& 78 A%717Hd)
AE(s)7F A A&7 A=RT Aokt gt
THEeERY 77t tgos FESHE I 24

S & T Utk 2R ER ARG JtEY oMF A
712 (bivariate recurrence interval, 7,,)& 2% 7}
o] A AT 1A FoF thgF Zo] vEhd F
=3

b

M
O

]

32 oo

N, -1
Ty =Lipsauss>st X Lip<ans<s @
1=1

A7IM Lpsausss =Dpsaussst W, Lpcins<s =
Dp<ans<st Woli, N, & 9A A&A7 Azrt
2 719 A Jlgolt)h. Shiau and  Sen(2001)=}
Gonzalez and Valdes(2003)°l 9J&}H T, 9] 7]H3to]
Vel AE7|HE dulsle, Eg. (R)F o] FHUE
At

E(T, )= E(N,,) | E(D)+ E(W)] (8)

Zyzkel 7o) E@AHo|ehs 7Hold g 7HEol
DS BRWNV,)E VISREEE o)Fx I
BN)= Fpsaggssy O e, HEel A

71342 Eq. (9)9+ 2t

R T,,)= EN,;,) [ED)+EW)]

__ED+EW) _ HD)+EW
PD>dUuS>s) 1-PAD<dNnS<s)
_ HD)+HW)

l—FD’é(d,s)

©

340

6. 722l EEEE MY

£ dFddAe 29 7PEAES 597 A58 %
of 234\e) A ARE o83t SPIE ATt
Mckee et al.(1993)¢] A|Id SPIS] -10]8tE 722
Aofsta 7hE IA AMES #ESAC THEAMVESR
HE A&7 Aze AoATE FEE Ad
pps= 07412t}

7HEY] £XE Runol&& o83t o] or f &
g 71 AtHYevievich 1976; Mathier et al, 1992).
Run®]&& o]&3le] Azt to] tisled SPIgS 7HE(A
GrE ok 7HE AEE obd S&(HErEE 2D
F7HA] BEE U 7 drk ek AZE 8] TR o]
A 7HE -l digte AIRE oEFH oIzt AA-1
MarkovEH-& ©]-§3le] e 8&E(state transition
probability) = Werd 4 gith dHpABgEe A8
£33 (transition probability matrix) P2 t}&-3} o]
AT 7 ok

P,, =P(SP1, <-1|SPL <-1) (10a)
P,, = P(SP1,,, >-1|SPI <-1) (10b)
P,, = P(SP1,,, <-1|SPL >-1) (10c)
By, = P(SP1,,, >—1|SPI >-1) (10d)

HUABEES)  We 100 sojot
Pop + Py =19]- PWW+PWD=17}’ J9. 82 g /e

T F&9 A&7 EXe v 2o

slng

fod)=P,, -P%':  d=1,2,3,. (112)

fy(Wy=B,,-Pols w=1, 2, 3,.. (11b)

Dst Wel 7|dghe 77t 5 —9f -9} gong
PDW PWD

(Gonzalez and Valdes, 2003), Eq. ()€ T3t Zolitk

1+1

PDW PWD
1_FD,S(d’S)

E(Td,s): (12)

BREAERRGHNE



282 MR oldf A AR S 518
o FeAggse gz gddo 28 olyrt Fosldro)== 5 dr(ad)
d
A olig ARTIIREUS HHH P A5
, oA BARFEUEFFERY FAH HEL $>0and d=1,2,..

].

1—6

56 34T + ok B ASA Hee 23
g £ 7HBe) A&7zt

(13) Bq. (199 2ol 238 + v Fig. 4= 7H2e) 5% A7)0 disel 78 el

9B E4H02 uelFn 9o, Fg. 5t A

! ' BEEEq (10)H ZAFF71EEFg 4& ©]&dld

S0 )= Gy >0 1) 259 /%9 s AU E4H02 nojFa
s,

Orought duration 2 1
{(months)

) ] FAL o AE Fig. 32 Eq. (14& ©l&3ts] 53
o) ZURLRE(HNEL)E o 88td(Egs. (3) and A AFAFH Ame] AYFEUEE HolF

3 :
4 Drought severity

(SPI)

Fig. 3. Joint Probability Density Function of Drought Duration and Severity

czq L

cra
H

111

8months
6months
4months

2months

- 1month

C:'f?TY?“’Tf"“"TT"&"{?T?"Q]‘Y’Q‘?YV‘

8¢ €& B0 12 *5 0 R) 0 o2& 20 32 35 At e

Severity (SPI)

£2 856 &L

Fig. 4. Joint Cumulative Density Function of Drought Duration and Severity

408 45k 20074 4A

d—1,
* Ppw * Ppp;

rsL‘
28

7F

O

i

(14)

i

]

341



8months

—r Bmonths
4months

oo
’-/

2months

- 1month

100

=4

-

{120/} pojog wimoey

3

Severity (SPI)

2

Fig. 5. Bivariate Return Period of Drought Duration and Severity

Table 3. Comparison of Univariate Return Period and Bivariate Return Period Estimated from Data
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