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ABSTRACT

Drought is a social phenomenon in which the degree of perception varies depending on the affected factors, and is defined as various relative
concepts such as meteorological drought, hydrological drought, agricultural drought, and climatological drought. In this study, a
comparative analysis of meteorological drought among variously defined droughts was conducted and the applicability of the drought index
was examined by comparing the actual drought cases and the results of meteorological drought index analysis. In order to compare the
drought index, we used standardized Precipitation Index (SPI), China-Z Index (CZI), Modified CZI (MCZI) and Z-Score Index
Respectively. Four drought indices were used for the Taebaek and Sokcho areas. The drought index was analyzed using the meteorological
data from 1986 to 2015 for a duration of 3 months. As a result of the analysis, the SPI drought index was analyzed to be highly reproducible
for the case of drought with past limited water series. In the case of CZI and MCZI drought indices, the number of extreme dry occurrences
is similar to that of the past cases, but the reproducibility is low for the actual drought years. In the case of ZSI drought index, it is analyzed
that the number of occurrences and the comparison with the past cases are inferior in reproducibility. For the meteorological drought index
using precipitation, it would be effective to use the SPI drought index with the highest reproducibility and the past drought case.

Key words : Meteorological drought index, SPI, CZI, MCZI, ZSI

x5

THe& S e A wet AP =7 EEAE AR Ao 2 7158 ThE, 713 ke, w9 A The, et THE T ok
a4 7id 227645]1 A} £ Agrellxe thFsiAl o He 7HE Follx 7148 7S el Aol tigh v 248 AATskaa st
Rom, HA IA TREAES} 713 7REA g B A HlalE Fete] THa Al gre] 483 A RSkt stk 7HEAlRe] vl E 918t
o] 738 71 g}y $Ja) Yk o 2 71 o] ARR-E|+= SPI (Standardized Precipitation Index) 9} Quh4 © 2 A}8-5] =] &= k=]t
70

FrEiks o]-8-3ke] 7HEE4 0] 71538k CZI (China-Z Index), MCZI (Modified CZI), ZSI (Z-Score Index) A<+ o]- 83} T} A&

2= FHIZ7RAE 7] A s el 3} LA s o 2 41788kl e 1986'd5-H 2015“] 71 AR E o]83te] AEARE TR AR
TREAG B4 AR 4] A3 SPL 7HEA 7 HA Alska A ZRaARE e tiete] 2 AEAE vEllE 2o 2 E4E 1o
CZI9} MCZI 7HaA1522] %<5 Extreme Dry ¥4 3155= 347 A gl o} -fakalut 2] 745 H‘*@ﬁ“ﬁ Wm0 wel A= vk A o] ekt
o} ZS1 7R A1) 784 A 31, Aok Hlal 25 A o] HojAl= A o F4 H ). 7FEAe] Hlwd ) ks o83 71
4 7R Ae] B9 A 7HEAREN 7 e AFAE Bole SPI 7HEAIFE o8-8k Alo] AU 2o & ket

ZM0] : 714814 71224 SPI, CZI, MCZI, ZSI

(o

* A3 - 7 Adiskal A shd ‘:/\]Qﬁ‘ﬂ”’xﬁ 4% A}k (Kangwon National University - kdh@kangwon.ac.kr)
* ZrA sk HLZH Aot =AE A AE A7) (Kangwon National University - skaehdghkk@kangwon.ac.kr
Q] - AR Al A E sk EAIQ%‘ZH%%FJ A Fals
(Corresponding Author - Kangwon National University - hydrokbs@kangwon.ac.kr)

Received October 16, 2019/ revised October 31, 2019/ accepted November 7, 2019

Copyright © 2019 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




g, &2 37 FEARIE o8 FAE AHEALe] v 1

LME

7R IARE] AAPEA] TRt ozt SofeiE 2|44
o7 whskal glom TREIElE Fol7] fldte] B 5t
FAel| TR BAPIAE YL ek ANk = TR
7158 Thg, 7P THE, w9 TR, Rt Ve R
TahE RE= QIR wle} tiedsiAl gef=aL 1o, Zizte] 7hael|
ufel ofg] AeER FAHAL It 7158H Thee AR 7Fse
R gk Ade] 7198k Hol mle R s Wl
] 7PeH 7HeE okl 7RE w11e] ks ol8ste] 7]
AEE Wkt 594 7HRS s3] A8 s A=
B R 7S Wb sk ke ] F=o
2 WShs o1, AA, Aol T 508 s Rt
TR TheS ksl Slete] Tl A7t X1 EAL TR
& slole 1 o] BRehaL Pejro 2 wAste] A7),
A, 9918 FPEehs Zlo] 414 ekckBac et al, 2013).

=] Bl =] A7l thix] Kim(2011)2 7Rl w=siils
£33 shibe 7HE-S 971819lom] Kim et al(2013)2 F245%5
HHFAG(SPEN S} s FRE o]8ate] njErhge] wsh
FE AT Lee et al2015)2 7Vd8H 7haAlsst 2
4 7REAI] HlaE 3 7P Tt e 7R
A EE 245199 Nam et al.(2015)< 34 3043(1981-
2010)3 RCP (Representative Concentration Pathways) 715
3} AU 25 uiEe 2 2011dFE] 2100W371R]9] 7REof 718t
2 7H2A]42¢] SPEIS A4319t) Jang(2016) PMDIASE
olg3te] A o] Fhzol Tig 138 R4S Ashck

Collection of
Rainfall Data
(Taeback, Sokcho)

!

Analysis of Drought Index
(Duration : 3month)

SPI
(Standardized
Precipitation Index)

CZl
(China-Z Index)

MCZ1 ZSI1
(Modified China-Z Index) (Z-Score Index)

Comparison of Historical Drought
Events and Drought Index Analysis

|

Evaluation of Meteorological
Drought Index

Fig. 1. Flow Chart of Study

736 Journal of the Korean Society of Civil Engineers

TURERE ofje} mejoi e B S 118 E Qe Hisdal and
Tallaksen(2003)2 7VJeH, 78H 7hes 54 &7 defele
diul=9] oA 7hE EAS Bkl Khadr et al.(2009)2
24717kl we} SPIE Alkkste] Ruhr 9] 7He4384<
F295}9t} Hosseinzadeh et al.(2012)& 4-535H] 71 BA4E
ol-g-ate] ojgt Aol 718 A thal EA41eklaL, Tigkas et
al(2012)2 RDIS} SDI 7F2A|2-2 oj@ate] 7Pk 7k
7 SRS 1 Qe W 8 4 S RS
Jain et al.(2015)+= SPI, EDI, CZI, RD, RDDI 7}=X|4-% o83}
o] QU KenZ Froie] 719812 7Hgol hstel #41sieick
£ Aolxdes ojist TREAI 5 S o183 71dEE
FhEArsl 2 3 Fhetele] v al] Thsk ZFEAl
o Agde Awskal stk WE 9Isj] 7Pk ZjEAS
2 9] ARS-H2 9= SPI (Standardized Precipitation Index)$}
Hz] 2k AeR|A] 92 7VdsE 7REARR] CZI (ChinaZ Index),
MCZI (Modified CZI), ZSI (Z-Score Index) A|5-53ke] H|uE
“&ste] SPI 7RaAl wte] opd v 7haAlrEe] 21870l vhel
A S BAslaa) s19lom, Fig 12 B o] psgrolt

2. OI=X HHE

2.1 SPI (Standardized Precipitation Index)

SPI 7HEAIG= o= £ Ao vf3) &) H<55 7+
sh= el el ofsf ARETkE 7o) #Rbeke] Mckee
et al.(1993)] oJaf] 7RL=Aon 7HEEAelx 71 Wol 2ol=
Aotk SPI 7HEAIG=E AIRE B9 7 PAAI G S T3S
ofok s, o] o)l ofgk WO R A S ARFAS el
ue} A&Ho T FHs] Ptk 5, 7 € VISo R
ARFS o) sjdsh= T AAIES A =, o=
F71E EE o] aeslE Yol WE o) 5w A AIES
3|53 Hok ASARPE AAGo] TR o] AAES gEE
BAEte] A SEREES APgshet] dvc R i
Gamma X E w2t} SPI7FER]|4= A2 Abromowits
and Stegun(1964)7} #1418+ Eqs. (1)~(5)e} o] 7HE)5e]
W99} AJEl= Table 13 )

Table 1. Classification Range of SPI Value

SPI Classifications
0~-0.99 Normal
-1.0~-1.5 Moderately dry
-1.5~-2.0 Severely dry
<-2.0 Extremely dry
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Table 2. Classification Range of CZI, MCZI Value

CZI, MCZI Classifications
0~-0.99 Normal
-1.0~-1.5 Moderately dry
-1.5~-2.0 Severely dry
<-2.0 Extremely dry

Table 3. Classification Range of ZSI Value

CZI, MCZI Classifications
0~-0.99 Normal
-1.0~-1.5 Moderately dry
-1.5~-2.0 Severely dry
<-2.0 Extremely dry
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Fig. 3. Annual Precipitation (Taebaek, Sokcho)

Table 4. Year of Limited Water Supply and Drought Index (Taebaek)

Year of limited water supply (Taebaek) Precipitation (Taebaek) Year of limited water supply (Sokcho) Precipitation (Sokcho)
1987 1,299 mm 1995 1,098 mm
1994 1,058 mm 1996 1,250 mm
1995 1,095 mm 2001 1,164 mm
2001 850 mm 2005 1,349 mm
2008 960 mm 2011 1,656 mm
2015 1,134 mm
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Table 5. Year of Limited Water Supply and Drought Index (Taebaek)

Year of limited water supply SPI CZI MCZI ZSI1
1987 -1.801 -1.666 -1.626 -1.434
1994 -2.326 -1.321 -1.396 -1.334
1995 -1.562 -1.478 -1.368 -1.314
2001 -2.742 -2.281 -2.385 -2.105
2008 -2.093 -1.879 -1.956 -1.562

Table 6. Year of Limited Water Supply and Drought Index (Sokcho)

Year of limited water supply SPI CZI MCZI ZSl1
1995 -2.879 -2.103 -2.284 -1.741
1996 -1.588 -1.522 -1.386 -1.442
2001 -2.679 -2.278 2.7 -1.862
2005 -1.247 -1.221 -1.158 -1.112
2011 -1.211 -1.193 -1.191 -1.173
2015 -2.131 -1.877 -1.877 -1.774
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