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ABSTRACT

The main purpose of this study is to assess the sensitivity of meteorological drought indices in probabilistic perspective using Bayesian
Network model. In other words, this study analyzed interrelationships between various drought indices and investigated the order of the
incident. In this study, a Bayesian Network model was developed to evaluate meteorological drought characteristics by employing the
percent of normal precipitation (PN) and Standardized Precipitation Index (SPI) with various time scales such as 30, 60, and 90 days. The
sensitivity analysis was also performed for posterior probability of drought indices with various time scales. As a result, this study found out
interdependent relationships among various drought indices and proposed the effective application method of SPI to drought monitoring.
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o] Fell 53] SPI= thst ARt H{i=(time scale)ol] tha}od
o] 7FssiH, 7VIer Soxe] T - A e 2
o7 AWe = Qs RS 7AAL Qlo] Es] ARSEAL itk
o]} tjEo], A7 ME-E(Percent of Normal Precipitation
(PN))2 7148+ 71 delE drahet] 7P s Wiy 5
SPIE, 309 oPge] SRS ik P BHE AR HE
A5 AL, sl Yo ] AP el g S
A= AoltiWilleke et al., 1994). 8RRk, 7<=
Flte s AR JfEASE ek A the Az
7R 3 Aleldles ddio] gl 7THIARE FEshe B9t
AT 5 Slehs EAPE A2 o SIekKim et al, 2012). €S
Eol, 543 Yo 7THI IS wshs Tl Qlol, 7k A&k
SPI¢} 671 A|&717te] SPIV} M= d#de] gle 7HeARE
AT 739 A 7S AdskEt] Eddo] opld 7Fsvde]
ik

wEbr] 7Vdera Sie] 7REel thigk SR gk wdsb)
SPef BEH 02 e AR THke 2 e TRk ARE
WIAERHE 7R 7HaAlgE Afele] s dudel st
APF o2 HEE Har) 9ok Kao and Govindaraju (2008)=
FSAPFAPES 7IRke 2 g Tkt Wl FE5E B
93] ZZeKcopula)E L3N o™, Kao and Govindaraju
(2010) and Kim et al. (2012)& 712338 B} 2340
aslr] S8l @19k 571 Thes 2R ¢ =S URERE
1RAAS) FAERE olgstel AR 5 12742 SPI
(SPI-1, SPI-2, .., SPI-12)& 8 4= ddsie] &} 7¥ke]
AWHRAFE AN it ek B AR 7Pger el
7FeS Wkshe Ul §lo] 3820 R A Als 7Rk 2 ]
£ 7122421 7HEASAPN and SPHE thdo 2 7 2|45 7k
BEAA H QAEAIE FEEH R HES] Slste] wlo)#|
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A Sl WolAek EHD RRE olge )
TRk ool FHaL itk 58], $4, o3k s, AKeldAl
S} 59] Fofellx] Hjo]AQF UIEHZE o] &3te] tegsl Q1A
W% o2y B AV stelske @7t Bus) REa o)
(Kim and Ahn, 2011; Kim and Jung, 2013). #]o]x]e} YEQ] =
BHE o187 FEI $50) S T I 240 28]
3 SJE)(Li et al,, 2010; Peng and Zhang, 2012; Sunwoo, 2012).
Li et al. (2010)& F=r2] Heihe River -3 thdo 2 ZAE01K]
=5 ARtep] 218l - ARG QAL W), T T2
ol-g3to] Hjo]AQF VIEYA B&-& 753}tk Peng and Zhang
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S E8 AR, 5 27 ARE Sl BRARE 55 aefste] |
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Qlt}. Bashari et al. (2009)& Bayesian Network 28 = A]
7he EA ool WE S5 W, A, EY 5 TR e
aefete] S ofdt) ol thsal £AIg B ok et H
T FofolA] TRl #sk A7t &e] 3l Qe ke
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7Hee] T aQlolgt 3 4= glom, 71ge] A o) 7o
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Zspalsion], telsh 7HEA14= 5 PN} U] SPIS 283l

PN 54 23] ik -3 249 713 2hcst v 5o
ol wel Aefolut Tl 7)ztel] H83h mhis PNS ARESH
Fajo] uf§- Faljoln, AURIKIES] 4] ofsfie = Y= o))

Sk PN 543 9] A4 935%S P2 e

s
T MESS APgste] AlrR B3 Aow, ojn A=
L

s de) 301 Fetgho] ARS-Hrk ofu) thd7 IRk g ot
A B < 9] T Tl & = glem, PNol 100% ofskd

739 Wt vlarsie] ko] FE3 deels owgit): megk
PDSI} SPIe} 2], PN-2 ©hA] izl 29250185 LEh)
= 8431, 7] AEE TSk 7R SR ERE S
ok ol AR AFA PN 7S 08 VRIS ERSRT|
283} 1} glom(Willeke et al., 1994; India Meteorological
Department, 2010), -2jufzte] -9, 7Vdelx 7HEet=]4
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SEvEle] #HA 2001 ZREZISAE 1904 7P o)
Hda] 20~30%°) B34 0] Arke] WAste] 7ol
71 Aliviar Barg v) Qlok 2 ol ] A
G0 UeR] S15) Ak 98] PNS % 671e] SE(AS
= PN <20%, B55: 20 < PN < 40%, C55: 40 < PN
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F&5: PN > 100%)0.2 F-5t 5, AReshe o] 724
e 7RIS AESHTH

SPI= 7HE9] ©7] 2 471291 B8 BEFF 0= Xsp|
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VR AAGS T § 2 ARTSIE T s aefe)
o] ¥ o] 71EAGE AR MceKee et al., 1993). 12t}
4 ] 7RIS o8 B B ABTRES TRk TRV
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A 304, 60¢, 90 7t AT AAIEES TE3IAL 71V
S WS e 5 = 9 @9 SPI (SPI30, SPI60,
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&l k9] SPI¢] 7HdS McKee et al. (1993)0] 7Hkst @ ©k9)
SPIe} 7% o 2= Fdal, SPIe] Alks $18) P AAE
= 75 ol 4 d5Hdaily precipitation)s TR ARP
15 el g P AAIY(daily cumulative precipitation
time series)S 738tk U8 AT FAIEY SEEES
£ FAsl, FIEE Eehe BEATHES T8,
ol HZH R U T SPIV} €tk & Aexl= Gamma
o] FEUEFHEq. ()9 FAREIHEq. (2)F o183t
o] o Tk SPIE A3kt Yoo et al., 2013). o] A€
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Table 1. Definition of the SPI Categories and Corresponding
Occurrence Probabilities

SPI interval SPI classes Occurrence probability (%)
More than 2.00| EW (Extreme wet) 23
1.99 to 1.50 SW (Severe wet) 44
1.49 to 1.00 MW (Moderate wet) 9.2
0.99 to -0.99 N (Normal) 68.2
-1.00 to -1.49 | MD (Moderate drought) 9.2
-1.50t0-1.99 | SD (Severe drought) 44
Less than -2.00| ED (Extreme drought) 2.3
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Fig. 1. Example of a Bayesian Network
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P, i B2 o) e 58 veRdc

e, W] AT F7KE Sl 919 g How 7}
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&3tk o]& dwislkshd Eq. (49 2o v 5 qlrk
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AF§&HE(posterior probability)s 238t 4=tk

£ AFoAe vkl ARSI E gk dek] SPI9} PN
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(b) Wando Station

Fig. 2. Prior Probability for Bayesian Network Model at Seoul(a) and Wando(b) Station
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Fig. 3. Sensitivity Analysis of PN-SPIs According to Threshold (PN=20%) for Bayesian Network Model

Table 2. For Season Classification(Winter-Spring and Summer-Autumn), the Probability of Drought Occurrence According to Threshold of

PN(%)
) Threshold of Total (January to December) | Winter to Spring (December to May) | Summer to Autumn (June to November)

Station PN(%) SPI30 | SPI60 | SPI9O SPI30 SPI60 SPI90 SPI30 SPI60 SPI90
20 96.63 52.70 39.00 95.80 52.30 39.40 98.20 53.20 38.40

40 76.80 46.80 38.11 76.00 47.70 38.13 77.90 46.30 38.06

Seoul 60 53.90 39.99 34.17 52.23 39.75 33.76 56.00 40.41 34.44
80 40.76 32.84 29.76 39.41 32.52 29.98 42.20 3333 29.42

100 32.65 26.92 25.27 31.67 26.58 25.59 33.77 27.43 2497
Prior prob. (14.47) | (1445) | (14.83) (15.03) (14.57) (15.05) (13.92) (14.32) (14.62)

20 99.37 45.30 41.82 100.00 45.80 43.40 98.80 44.52 40.28

40 77.00 45.50 43.50 79.30 48.40 44.50 75.30 43.08 42.41

60 54.44 38.84 38.16 57.50 39.10 38.12 51.64 38.77 38.24

Wando 80 41.17 33.26 33.26 43.56 33.20 32.73 39.11 33.42 33.83
100 33.06 27.39 28.48 34.93 27.19 27.98 31.49 27.79 29.00
Prior prob. (16.33) | (15.11) | (16.77) (16.44) (13.99) (15.41) (16.24) (16.18) (17.89)
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Table 3. For Classification of Before and Since 2000, the Probability of Drought Occurrence According to Threshold of PN(%)

Wlolxjek WEGIAE o83 /sHA THEAISl Wtk Bt

Station | THreshold of Total (1974 to 2013) Before 2000 (1974 to 1999) Since 2000 (2000 to 2013)
PN(%) SPI30 SPI60 SPI90 SPI30 SPI60 SPI90 SPI30 SPI60 SPI90
20 96.63 52.70 39.00 95.50 54.60 47.70 98.40 49.70 24.70
40 76.80 46.80 38.11 75.30 48.94 45.56 76.60 43.00 24.92
Seoul 60 53.90 39.99 34.17 53.30 4220 39.74 55.10 35.70 24.05
80 40.76 32.84 29.76 4033 34.07 33.62 41.60 30.76 2271
100 32.65 26.92 2527 3227 27.94 2839 3335 25.13 19.67
Prior prob. (14.47) | (1445) | (14.83) | (1428) | (15100 | (1650) | (14.83) | (1322) | (11.74)
20 99.37 4530 41.82 99.10 48.00 44.40 100.00 36.67 34.53
40 77.00 45.50 43.50 77.90 48.80 46.88 7530 37.09 35.29
Wando 60 54.44 38.84 38.16 55.01 42.50 42.16 53.18 30.35 29.48
80 41.17 33.26 33.26 41.59 35.83 36.52 4038 2731 2623
100 33.06 2739 28.48 3331 29.54 31.14 32.46 22.49 22.80
Prior prob. (1633) | (1511) | (16.77) | (18.04) | (1727) | (1909 | (13.17) | (11.08) | (12.19)
& Wisksle] 20% W, 40% WRL 60% vk 80% wIRE 100% of o 2 7k EASES VeI o= 200013S TRES.
njgko 2 A$-2 7Fgsle] PN-SPIs 7ke] WI7eE 25 HES) 2 -5 2714 tidte] PN-SPI602} PN-SPI90 7+e] wizhe
o} gk euete] ARdA 544E arefsle] Aok & 7R EA4o] A&t e d54E A2 FARR, PN-SPI30 7he]
7Hadt ofgellM 7R 71k 7REel digk S4E SR e 54 #EAEE v dHo] veRts ou|dith

3 5, PNo| ek wsjol] wh PN-SPIs k] Rligh=
34 A3}= Table 29} o] AAEIITE

T A3}, AeHSA9} TS AlA PN Mg Hs)e]
u}2 SPI9] W17k=+= SPI30, SPI60, SPI90S] =2 & S
= 2o FRIERI: B U] APdH S48 aeisio]
ThiE TRESINE 3T, AedSaddME e 7Rk SPI0
= SPI303} SPI60<] Hlste] Jrhalo = & 7REekES ki,
o B-71& 713k} SPI303} SPI60= SPI90<] H]ate] Ardo =
 7REEES VERITE ShedSaelA] PNeJ 20% w5
S} 40% mvtd A-9(Fdvi] el 24 53 A2
7P A9, Ae-w 7R THE2 o5k 7IREE T
Hlate] & 7HESHES VR o= i) et =)
FE5S folle AL} 271te] TREe o5 7RI TR
of wsh WAl REeRIth= 2= st

Table 3 919} FL3 PNe] k=75 wis}o] wle PN-SPIs
ko] RIZES HEShR= bl 8lo], 20003E 7keo= A - 59
A1l TR 7Pdshe o] RASAdE siAe Atoltt At
229} ghedE2ae] 2000 ©]42] 717H1974~1999)9k= 2000
W o]Fo] 717K2000-2013)¢]] H]ake] SPI602} SPI907} SPI30¢]
Hlsf & 7hs TSRS UERiTh vhE, A 20009
o]%2] 717K2000-2013)4l|4] SPI307} SPI60 2 SPI90} B]xa}
of riE o 2 7R wAskEe] WERaL, deaSass 20001
o]Ae] 717K1974~1999)al4] SPI307} SPIG0 % SPI90} 13}

=

1792 Journal of the Korean Society of Civil Engineers

3.3 Cfsh A7 SPIse| SEEXM ontd 3AM
2| Tt A&AREe 25 E] AR SPIE o83l 7HaS
TRRE 79, M2 b AR 25 7171 SPI Aol F5 dabde]
e AHE Q3 7HES Ak SlojA] Eks oplsiANL
A= olefgt sHAlE SHEHA] Kt A 7Rae A SPI=
ez o 2 ARgal Qle AAolr) & Atelxle 7Pk Tk
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Table 4. The Posterior Probability of Drought Occurrence by
Changing Drought Class for SPIs

SPI30 SPI160 SPI90

Station| classes
SPI60 | SPI90 | SPI30 | SPI90 | SPI30 | SPI60
MD 42.88 | 36.78 | 39.84 | 58.12 | 31.78 | 45.02
Seoul SD 50.10 | 38.49 | 48.96 | 63.80 | 43.84 | 74.79

eou
ED 68.30 | 56.20 | 92.50 | 79.10 | 65.10 | 99.60
Prior prob. | (14.45) | (14.83) | (14.47) | (14.83) |(14.47) | (14.45)
MD 4320 | 42.25 | 35.71 | 62.09 | 32.39 | 47.37
SD 49.50 | 45.10 | 58.78 | 64.40 | 56.60 | 77.30
Wando

ED 57.12 | 54.50 | 91.50 | 87.90 | 78.00 | 97.70
Prior prob. | (15.11) |(16.66) | (16.33) | (16.66) | (16.33) | (15.11)

7HH(SD)Q] 7$-lli= SPI902] 7R Alg-ggo] SPI300] vl
A vk AR o2 ER1EAL; SPI60°] 7P =3t 7RED)
Q1 B-%-oll= SPI60-SPI30 7He] AJZAlE o WIRksH| Rksshe
Ao RIS

3.4 1171200040l 7[27 182 7|HIC2 St SPI90°] 71E
MEME 28N U
ko 2 P has ddshs Ul Slo] Y FErRRE
eIk SPI90S TRt ARPAR)S] g2l 5 7P 2has
AREHAL Itk SF o] Tl 7REAlaRte] Rzt S st

-

w2 SPI90= SPI60£}e] A5 ol&Ado] Zlom, SPI60°] =3
7HHED)]] 7$-olli= SPI30 7te] @A} Wiz vkgshe
Zo 2 ERIHATE F, i TG e T EATE
7o 2 W 7ha-S weste) Qo) 7k ARPEEA TR
3171 o]xe] 7 dElE Adrgshs vl 2lo] SPI607} SPI30<] £hg-
7Vs/dS AESIITE 200090 9-2luleke] tiBE el TR
717K2001d, 2008~2009'3, 2012'd) Z 2008~200932] 712
B A, e 3l A9S vRste] 53] A Ao
2 33 Fck ¥hE 200197 2012d0= £ od7ke] g
A M&HEA9) ATASAM = THEe = 18 957} WAsk
FonF, HIFAP] A5 7RIS HESISITH

A 20019 39FE 697 AL 5 A7NES 5 F5A
W AR gE AR SR & 7R o] 7kt
T o] dpdwe] 10-30%e) B3 HER, 1904 7Pt
Z ol ool B sHEo g 71=Hnl JrHMLIT, 2002). o]
o] AeTEAe) SETEAe] 2001 7HE7IRE] A - 3 AR
gk 7Res 5+ Fig. 5(a)2k 2t Fig. 5(a)9] e de A&
S0 7hRiswolv, Fig. 5(a)9] shade Sedsad] 7kt
S-S ERNAL, o714 SPI30, SPI60, SPI90-S & 47)9] S50
2 7HE0] ohd Z49(Non D)¢} 3712] 7155 (Moderate, Severe,
Extreme) o 2 TEE Tl 24 2001 E7H29] A% SPI30,
SPI60, SPI9Oy 718 7xjah= ZRAAS slols) B, ix=
SPI30-> 3¢ollA 49 27 7 WA 7Hag RSk

Extreme

SPI30
Severe
SPI60
= M oderate
SPI90
Non-D
2001.1.1 15
a T Extreme
SPI30 ]
“““““““““““““““““““““““““““““““““““““““ - Sewere
SPI60
------------------------------------------------------------------------------------- - Woderate
SPI90 t Wando
— NonD
2001.1.1 2002.5.1
SPI30 Extreme
Severe
SPI60
eSS e Il oderate
SPI%0
201083 SJime 20121216~ _ .7 P fond
SPI30 l [ =" [ = 7 = ~] I Extreme
I I e e e B et I B i T - T — Severe
SPI60 [
RARRRRLLTLEELEEL PR B e s v EE N . M oderate
SPI90 Nl | \ IR Wando
20708 3 ; YITRL n + NonD
2010.8.3 Time 2011.12.16 \\ - ’,

(b) Drought Index in the 2012

Fig. 5. SPI30-SP160-SPI90 at Seoul and Wando Station for Historical Drought Since 2000
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