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Comparison of Meteorological Drought and Hydrological Drought Index

ol B 2 /& B/ ey
Lee, Bo-Ram / Sung, Jang Hyun / Chung, Eun-Sung

Abstract

In this study, meteorological drought indices were examined to simulate hydrological drought. SPI
(Standardized Precipitation Index) and SPEI (Standardized Precipitation Evapotranspiration Index) was applied
to represent meteorological drought. Further, in order to evaluate the hydrological drought, monthly total
inflow and SDI (Streamflow Drought Index) was computed. Finally, the correlation between meteorological
and hydrological drought indices were analyzed. As a results, in monthly correlation comparison, the
correlation between meteorological drought index and monthly total inflow was highest with 0.67 in duration
of 270-day. In addition, a meteorological drought index were correlated 0.72 to 0.87 with SDI. In compared
to the annual extremes, the relationship between meteorological drought index and minimum monthly inflow
was hardly confirmed. But SDI and SPEI showed a slightly higher correlation. There are limitation that
analyze extreme hydrological drought using meteorological drought index. For the evaluation of the
hydrological drought, drought index which included inflow directly is required.

Keywords : SPI, SPEI, hydrological drought, SDI
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1 ol 4] SPI (Standardized Precipitation Index; Mckee
et al, 1993)= Aol a1, o] Fto g 7has
APA o5 gel = 9lo] 7 st o] -85 AL gl
Htoll= gt SRS 3 udsle] 25 9 =
gy o=z 7He-S {71 4= 2l SPEI (Standardized Pre-
cipitation Evapotranspiration Index; Vicente-Serrano, 2010)
7} 2o FEL by 9t} FEEHA JE-LS FkA4 ;(]3}_/;’
5%t B2 B8 ESHE T wRIN A ol
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(a) SPI

(b) SPEI

Monthly total precipitation ‘

’ Monthly difference between precipitation and PET

(V) ()
Calculate SPI at different time window from 3, Calculate SPEI at different time window from 3, 6,
6, 9-month 9-month
(V) (V)
Construct monthly and annual minimum time Construct monthly and annual minimum time series
series of SPI of SPEI
(V) (V)

average and annual minimum)

O Correlation analysis between SPI, SPEI and moving averaged monthly total inflow (related to monthly

@® Correlation analysis between SPI, SPEI and SDI (related to monthly and annual minimum)

Fig. 1. Procedure of this Study

Table 1. Classification Range for SPI Values

(Mckee et al., 1993)
SPI range Drought classification
> 2.0 Extremely wet
15 ~ 199 Very wet
1.0 ~ 149 Moderately wet
-0.99 ~ 0.99 Near normal
-1.00 ~ -1.49 Moderately dry
-15 ~ -1.99 Severely dry
< =20 Extremely dry

o714, dele] 717k i Gl sk, j= 7He A1E A
HA) G25E Zhaol 2 wl(x) 7HA ASEA ke
t}. SPEI (Vicente-Serrano et al., 2010)& Z<=%3} 27|
Zahakeke]l PET (Potential Evapo Transpiration)] =}o]
o oJa AAtEH, 7FHEA R B SPIg 2l =ik
o] Akell= 1hdabe, k= 5] 412 Thomnthwaite
(Thornthwaite, 1948)2] WS o]-8-3}

D, = P,— PET, ©)

D= Eq. (3)3} o] ZF A|tilell M g stk

k=1
= Epnfi 7PETnf'z' (3)
i=0

A7,
ol

gHAd o] A7E St n & Akl o] 8¢ EHmonth)

7HaA199) SDI= Eq. (9} 2om, Q= 2
& FARE VE Ea (el 2lske] AlkatkNalbantis, 2009).
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12 E=1,2,34 (4

A7, V= iiA AmelA kA 717 E3F Fre
ol s 5ol k=104 54 {9 10859 12
, k=209 10858 7 th53le] 39, k=3°" 10¢
FE 2 thEE 997 E ojuleith

TR RV, E ol8dte] SDIE 54 WA Akl

71, V9 s, = 22 FA S s Ay 15
HA(standard deviation)& YERdTE dAFES T2
3ol V7 Ak Ze el shelE fF
Gamma F3EF ) AV o] SEirF o] 9=
2§53 Aol AgstA wgkstoiof gt 2
=4 7FH(log—normal) ¥ &
o2 Eq. 6 2o, y&=
#roltHEq. (7).

24y g

= Wk, SDI 4%
Plsgel A2 1E A

ol °

Yik ™ Yn
SDI, , =

Syk
Yik = In( VM), i=1,2,..,

k=1,2,3,4 6)

i=1,2,...,
£=1,2,34 (7)

Nalbantis and Tsakiris (2009)¢l] 28}, SDIe| <]}
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Table 2. Definition of States of Hydrological drought webA] 7ol et A7F v=A] Qs XHo R o
with the Aid of SDI (Nalbantis and Tsakiris, 2009) VR A BA 28 A 19749 19 195E 20124 12
Description Drought classification 4 317 Fr = ARE 5t o] &3kt s
Non-drought SDI>0.0 o 9l S9l-fE WATAAL ol fale] AgH T,
Ml drought L0=SDI<00 oA AR SAFFE FE B A AR 7 A4
Moderate drought -1.5<SDI<-1.0 = %J\f:i ehat glof &bd 3 g 3 AR vl
Z =gdAde Wasta 9tkSung and Chung, 2014a).
Severe drought -2.0<SDI<~-15 PV g oA Sl Zm mele] A i ol &
Extreme drought SDI<-2.0 Qg A2 o]gdle] 9o e BAZ s dsta ).
S el FI1U) FEAER F4EA L0
23 BAEe) P wold AW T, 6880 wak At BEAR] A8 $AsL golN B sas 2
e WEE 0 gl Aot wulz eHel ool % ek, Aol N g24e] T 9 &
A AR £9-5 Fukek BlEe] 3o w v et PFs o= ik =gt o skt o Gt 7
7% 3HFig. 2(b), (0)). 1975355 201213714 <] L9 S A% W P 12 71 #5424 #5429
s B AZro] A g5 o F-o T o] Wot ARE Ol%é‘}ﬁiﬁr.
A= ¥4 (non—stationary)©] <1% 7%= 3cH(Fig.
2c)). 2GRS Selvietel BEHS EAY DA 3. 71EXisel X
Sl 34xd 7)e o =4 Ay &
4;—;7;7 e %LH%¢9}}]4§%‘6}%4 ]o}jwqﬂ 3.1 SPist SPEIS] =18
S B, AN R 9 T A 4887 A 2 A 718 1S H7hel7] $19) SPIsh SPEIE A7)
AN 253 Soll 7193ska Uk R ARSI THFg. 3). T A9 25 A 47)3ke] 2
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Fig. 2. Location and Monthly Variations of Precipitation, Inflow of Soyanggang Dam Basin
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3.3 7|&EN JIEXT2 2 & Felzke| ARy ThHeS & idsta J=AE RISk tHTable 4). =13
331 W J|Zo| AALS HA AT el 2t AuEA] Ay SPI3S A&7 974 4
0. = e T () - -
= < % o] HAg, SPEI3S A%7]7F 7L %
SPL, SPEI®} 9 F FY 3o A4S F3t 7174 st Y e HAY M = ATUAEE B
SH THE A7 9 fl s AdEE 2 kedsta e Atk SPI6¥} SPEIGS 2477t 2704 slldsl € 5
A& Table 37 o] &35t} 24+ g3k A&7| AFe] HAAGY =2 FAAHEE BAT X &7|Te] 1
Fhll A =2 A EE Hola Jlglen, t-&sh= A& SPI9¢} SPEI9E #7172k 9714 slldsle € & Fid %
713 o|Holl A AT STk gl &1L o] o] HAAGY 7 =2 AT R = gkgkol]
T2 A STk G AE5717E 371 ol A A= 7178 7HEASet € F Y] X&) te] 4
oF 04, 671LllA <F 05019032, 97Nl A F 0.670] UL NAFE JBATT}F BoRE FAIE E1lstr] e s
(Table 3), F&AI9] H& Bt X]&7]7ke] dof a1, A&717ke] vl 71 9714 sk 71738y 7
ATE 71484 7HeAT € F o He] ATt FAFTe] e THE ] =2 Aado] E1HA
Zolith &2 717 B3 X &E V) JHERUE o} olE Fehghe FAIAAS W oA H AEE
Aoz ASd 71748 ThEo] Al o & 3k HuEE ARG dijde] g$d=mes gojd F5bol ¢l
NG5 F7] Wil X&717ke] AAAGFF 758 7] wiZolt}, ST 2| &7]7ke] Wl whE AR
A 7HEe] Aol AX D YAk T F e 71/dE WalEM7} A FETIEIHE HolA 73l A
A A € F 9] ARH =TT vl v &g i ol Adetd.

SPI, SPEIS} 4 ool A= HAA o tigh da

AL Fa 7193 HRASIE SR $EEE

Table 3. Correlation of SPI, SPEI with Monthly Total Inflow

Monthly total inflow considering moving average (30, 60, ..., 270-day)

MA30 MAG0 MA90 MA120 MA150 MA180 MAZ210 MAZ240 MAZ270
SPI3 0.304 0.359 0.404 0.318 0.271 0.254 0.239 0.220 0.220
SPEI3 0.300 0.360 0.409 0.322 0.271 0.251 0.237 0.218 0.221
SPI6 0.277 0.317 0.342 0.377 0.428 0.495 0.459 0.436 0.441
SPEI6 0.269 0.310 0.336 0.373 0.425 0.492 0.455 0.429 0.433
SPI9 0.242 0.275 0.304 0.335 0.373 0.420 0.483 0.569 0.678
SPEI9 0.234 0.268 0.298 0.330 0.369 0.416 0.479 0.564 0.673
Ave. 0.271 0.315 0.349 0.343 0.356 0.388 0.392 0.406 0.444
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HUE W O gk Advlglo] Zojds SPIsk A% FolA] SPI W} SPEIVF SDIS 2 RARHL QIS
SPRI wol Al A 248 ey w38 A%l FoA 210 6AReIA b = 4
SEICHTable 5). ol A|&717k0] RO AFE 714 DAE B AnAEe] FHE Ao §9)
FRe hBe] Aol o A7) wWEelth E § ko] IS e o Asur) oa ) BE 4
o] F1akerA Fhm A e} SDIste] ApASE Aol A &71704] SPEL= SPIo] Hlalo] A4} o ek
o gl Zow BelFe o] SPEI: 7o} Z4bahe $A10] melahe 71514
342 o 3zt T|Fe| ABAS AN Az o ThEE AT S olef 7128 g

o uhe Zubae] Z7h op|H - 914 7% o]

SPL SPEIS} SDI 7}7he] o0 ke olfajel Abd  WlREt) o)A FEEd Faslne Jae) nEw

Table 4. Extreme Value Correlation of SPI, SPEI with Monthly Total Inflow

Monthly total inflow considering moving average(30, 60, ..., 270-day)
MA30 MAG60 MA90 MA120 MA150 | MAI180 MAZ210 | MAZ240 MAZ270
SPI3 0.396 0.394 0.332 0.358 0.329 0.308 0.433 0.441 0.491
SPEI3 0.466 0.484 0.433 0.423 0.393 0.390 0.518 0.458 0.507
SPI6 0.344 0.467 0.363 0.356 0.277 0.291 0.397 0.321 0.339
SPEI6 0.400 0.518 0.393 0.417 0.341 0.355 0.460 0.394 0.416
SPI9 0.099 0.189 0.138 0.183 0.244 0.282 0.338 0.345 0.459
SPEI9 0.119 0.206 0.135 0.218 0.293 0.331 0.379 0.391 0.498
Ave. 0.304 0.376 0.299 0.326 0.313 0.326 0.421 0.392 0.452
Table 5. Correlation of SPI, SPEI with SDI
Monthly total inflow considering moving average(3, 6, ..., 9—month)
SDI3 SDI6 SDI9
SPI3 0.733 0.467 0.280
SPEI3 0.727 0.457 0.284
SPI6 0.597 0.844 0.548
SPEI6 0.584 0.834 0.538
SPI9 0.375 0.624 0.873
SPEI9 0.364 0.616 0.866
Ave. 0.563 0.640 0.565
Table 6. Extreme Value Correlation of SPI, SPEI with SDI
SDI3 SDI6 SDI9
SPI3 0.610 0.565 0.459
SPEI3 0.679 0.651 0.567
SPI6 0.669 0.821 0.560
SPEI6 0.670 0.850 0.606
SPI9 0.326 0.567 0.760
SPEI9 0.343 0.590 0.774
Ave. 0.550 0.674 0.621
$48% A1%% 20154 14 75
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