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Abstract

Due to climate change, natural disasters are emerging globally, and in Korea, increasing drought damage has raised
the need for research on influencing factors for drought prediction. This study analyzed the relationships between
hydrological factors such as NDVI and groundwater level and the drought index using various correlation analysis
methods, considering temporal characteristics. As a result, key factors with high correlation to the drought index
during specific periods were identified. When temporal characteristics were not considered, only the drought index
and groundwater level showed high correlation. However, when considered, correlations with other hydrological
factors increased, with NDVI in Donghae City showing particularly high correlation. Additionally, in the drought
correlation map based on the derived coefficients, Donghae’s coastal area showed high correlation with NDVI,
while the coastal areas of Gangneung and Samcheok showed low correlation with groundwater levels. These regional
differences appear to stem from variations in topography, climate, and groundwater use. This study emphasizes
the importance of considering temporal characteristics when selecting drought indices and influencing factors. It
also suggests that prioritizing groundwater level and NDVI can improve the effectiveness of drought monitoring.
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IPCC Al6xt H71HE 1A 9 A3z} =7} 71 A3} 4§ o]
= H(IPCC, 2023), A A7 Bat7]22 AAS} o] v
L1 J5stalon, ojet 2 @42 2&d Aos AgHT
(IPCC, 2023). tigHil=e] 7, 20249 7|58t T H o]
=¥ 20209~2024E712] 2] M AA B 2E+= 1850~
1900¥ HAHTH 1.31+.12C =2 Aoz FAEY, ¢35
5%(2024~2028)0] B E&= 43S o] 4F(1850~
1900)Ett 1.1C~1.9C ©] =& Zo= ASHIHWMO, 2024).

Wilhite and Glantz (1985)+= 7Ha=2 7148+ 7ha, 94
7ha, et 7HE, AFRAAIA 7HEY Yl 7H] o R
TESte] Aoty 714 ed tEE £ 713 Aol
BoETh 22 A, U e A= Al 2agt o
HEZ3 AH, o284 7He2 sk fEolt Aot
FE3 AHE Ut ARRAEAIA 72 =9 4 tiH
Taol FEsto] FAAH &Aoo HAst= AHE u]didt,
23t 7hE2 A o &2 WMok Zo] ofUel, 71, A,

2, P £ 5 oSS 7% 2 S5 JIAER AR
YA ATA-E ZH=tt(Ryu et al., 2002).

Wilhite and Glantz (1985)+= 7Ha2 A4 o2 TAfstar
Azt g F= A7 diEshe bl olgo] okl Aottt
T3 7HRO A7 O 7% A, 3 HeE ofley,
A7 &Eat Aol E el duput o Est=2]of ket
DA, ©ed] 73R RE StER] how, ARSA uig

+ B Aol Telelt). JMEE

B o=z g5t fsiAE 7t @S BYE PGS,
I ATEE AFdoes 3@ 4 & Ax7F Zasitt
A7 = Ut

;
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(Choi, 1995).

FeAae 7 AN AEE JAdsty Bk b
AFEEIT) 7| gt o7 ARt pREE VR AR B
gt vwste] 7HES EsHs Palmer Drought Severity
Index (PDSI) (Palmer, 1965), €3 713t & ZhaFo] g
z|o] FAA BatollA duht Blolid=AE BF AL
Hgl5lo] 7128 wbsle Standardized Precipitation Index
(SPD) (Mckee, 1993), =, #7], sk §& 5= Z st
T2 7HE& Weots Surface Water Supply Index
(SWSD (Palmer, 1965), SPI9] Fxof 7] 7]4te] ZFwkit
MNa& F7Hl, 7158ske] J3Fs whdste] 714 9 54
7HE-& wsh= Standardized Precipitation Evapotranspiration
Index (SPEI) (Vicente—Serrano et al., 2010) o] t}.

Normalized Difference Vegetation Index (NDVDE 94
AA7E 77 2| ER O] B AJolE et oz 3o,
A EA o7, &, BAE 55 ARRIRE A ®;o|th o]gt
Airoz A NDVI= A4 59 s Uehdle 4E4
250t A 2| A0l A FHA HIE RUE s 91t
852 251 JrH(Huete et al., 1999). E3t 7S
RUEHSIY d&sle By oz JMEA49 NDVIE &4

g
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SREAISIE(R| A27 3%, 2025

st glow, 7Rt ofUel w4, AHE, ¥ e, ARt
2] T ohger BokellA &&= QltH(Yeom et al.,, 2008,
Hong et al., 2015). Park and Kim (2009)-2 NDVI®] ¥3}&
Foll 7Fe= clSsh ] f1siA NDVIeH 7214 7he] Aded&
EASH 1 ATt 7hgo] 7P RIFISHA] doju= 499
NDVI®t SPI6e] 7Hd =2 4idS Wehilth

Kim et al., 2017)+= €8t AAE A7 oA Age=
Axgotal 7HEA 4=k NDVI 7He] Ad2a-g 8ot it
AT A3t T A59] AHEATE veRd -2 AA A1H
oF 12% nivto =z thFE Akel 219 Ao 7HEite]
AP Hols AR Uyt A8 SRRt ofuet
&t AAERY 1k, EXHE F)9] ke Wol et
2 F5 dFolle g JIFE 1Y AHEE
87} Ikl A&sHAT) Gu et al, (2022)9] A+l
Rl 4 9 A 53E st NDVICH &
7V NDVIS] Ado] fou|et 37t
FAS Kim et al, (2019)2 71747llA Algst=
97f e} 71, BV, BAES, dHEE, B
719, 4x& 5), 28 AAA S, |
A QAP EGeA-E=)L SPI 4= o] AR
(Principal Component Analysis, PCA)¥ Ag¥H
(Linear Discriminant Analysis, LDA)S 53l AT
qgstote], Bgd 49 I3 7o I JIAE EES
AFE APkt ATE SOl HPHY e Az
25217t 71 2 97 QAR AL 2RIk shARE 71&
ATEole 2 71 ARl EART R AddT=
NDVI®} 724 7] o AE Ao 28-& i1 3o
7HEe] AR BT AR EAE wgstA] Foke A9t
ot 2283 NDVI 9] 7|14
2199 EA4S W v ° .

2 AFollAE 2000 o] % HIHSHA WA= THe=
dl&3t7] lsiA 7HE A4 NDVI, 717 Q1A 4 o=25H4]
A=A 49), 25k, T 5) 1F AR BAJe] 118 ofFo
w2 A7HA-S Pearson, Spearman, Kendall’s Tau, Mutual
Information FTHEAS AHES AFE a5k, o5 Fal
AFhdAE 4" Az (NDVL 7174 2 #2384 1zhet
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71% 1z} NDVI, 2|5t 9] 5 oget 1A=0] 7=
2|50 ot FFE mR]=A] Lot 7] $5iA] Pythone]
SciPy 2to|B 22| & Ab&ste] FARAE gttt thefst
QIALEo] 7ha RG]l A= FEFE FotE 7] 98l Pearson,
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WS AMgstel BAS Agstat.



U2k 3t 245

2.1.1 Pearson &&2AM

Pearson 4HEAS F W49 A8 TAIE 54t 54
A ol ATHAG=9] ik
A7 I A9+ ¢
o2 f4E 3 F7tstAY gAshs o] Ay A

AE 7RI Bz A7 29 B @ W
o =

¢

£ ox Ao

i

BHEAE 7RI, AT 0ol TS B 71
ABEAZY §12-8 st - 13} +19] 7R F WS
kO] A7y &2 SRRt Pearson AFTEA S 7]
A= 2 7HA] 7Hdol BastH, 72 vt Eoh
Haes d5% Waolofof st A2 xE wetop it
I9al 7 B A BAE 7HRIvE 7ol £

(Sedgwick, 2012).
D M ey
VL -0 - X
Al (DA r& Pearson A#ALolH, X 9} V= Z4zt &

w0 FEgh X9t ye 77 £ owgo
oJu]gtet(Sedgwick, 2012).

2.1.2 Spearman A/EHEA
[}

Spearman AWEAS T HWZ4o] thx A JLE
ZHote B4 24 ot} Spearman AWEAL £9E

Hash=A1E &elshs 24 W elth Spearman WA=
T o] 747 ghe 9= HEst oy, o] =9E 119
Pearson JPAGTE A4tste]l A= ®WAlolth. Spearman
AEAGE - 13 +1 Afolo]l EAEIH +19] 77hESE 4o
9z BAE, -1°] 7S 29 gx AE UErdch
Spearman “JTHEAE sb7] ffslid Badt 7P ot Erk
T e &MY W4oof Yt} Spearman ATATE &
= G 912 HA Akt ] digel & wo] TA7}
gAY da+ gtk 180 F Hebs o BAE 7HAok
Sttt 7Fo] = QSttH(Spearman, 1904).

()

A1 (oA p= Spearman FEAS, #-Z HolE &2 A4,

d?2 &9 #folE oJulgttt (Spearman, 1904).

Kendall’s Tau A#E4-2 Spearman A1} w5t
Fro=2 78 Ago] IEgtel diel =98 I £, e
7|02 F A 7ke] IAIE SH ot SA Wolth oF
B4 Xob Y71 & off, o] & 7] A& 7|§tez x| gt
292 &S e dF S0, F TS <47 44

1

e o] AAE oulstal 54 gk HEL
UePdth o] gEsel 00 7= & W 7o AfuaA17t

ottt Kendall's Tau ATEA2 Spearman
A2 H|%=51E], Spearman A2 &9 1t
L5l A AXSEARE, Kendall's Tau A4 2
BE o]&oiA Astgthe A zpo]Ho]
Kendall's Tau ATEAS 3l7] ¢4 e
o2 Aok £ Hes oA ¥
bz IAE Frlote | st
AA R SHe Pearson A= FHET E3F Kendall's
Tau R4S F A4 &1 BAE 7FYtH(Kendall,
1938).
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T= P_Q
J(P+Q+X,)(P+Q+ Y,)

A, @ BAX ) ASE dujstul, X,k Xeleh BHol
Qe o] &, ¥y Yelut E3ol Qe 4] 28 olnlgit

(Kendall, 1938).

2.1.4 Mutual Information Aak2A
Mutual Information ATEAL AHHO|ZEo 7]
FAFCR, T ¥4 7H0] FEREZFS |5k, gt |
& oS o oRE Rl it oS JFe A B AR
AL Z vebdch Mutual Information (M) ZHe dHEA]
0 ololH, gko] 0ol 7Mh&r= & ¥ 3He] AR

1z

al
[e)
A9l 91, glol 845 Z3 AF PAZ e Mutual

Information FHEA 9] 7-¢ F WS 7H] vAPH 45

eltt(Kraskov, 2004).
Lx,y) = H(y) — H(p) )
A @A Kx,y)E 7t yoll Hall Algshs JEZS 20|
q ]

stal, H(y)+ yo AA| 8844, & y7F duft of|=o] o
A, H(p)L Z2A7 AEZTZE 9u|stch(Kraskov, 2004).
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221 AT Uiy X9

2 Ao M=t ZFUE Wi AEAlL A AL SOl
2192 td o= SPlb 7HeA4-E 285t 914 dlold 75t
NDVI 2= @ 24 714 TE4 229} Pearson, Spearman,
Kendall's Tau, Mutual Information A4#HE42S 53 7H=

WA G AL Fa 29 Bt s
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A7 AL 5 349 A0z, FEA 1040k, A
1,185kif, -gollAl 180’2 Z 2,405ki'e] W& o|rt, A S
el 714 BEd: 247t AAH0] 9, 2 AGe] 1749]

59 BELt 2GHT ek A7 G A A
E4e A ABE F5FS OF L4ddmm, FoHA o
1,264mm, A A] ©F 1258mme, A Z|¢] B% 784 9Y
Aol 47k WFEE TS BAKKim et al, 2022).
1w0] 9 Falerel] A % 0me] AARE WS Aot
A9 S 1,400m7HA] TS LESkT ik,
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222 78 ¥ 714 G0l

2 AFollM= 71VdelA Algshe S8 71 TS5 (Automated
Synoptic Observing System, ASOS)9] 714 =& FF
ol 2= (https://www.data.go.kr/index.do)& &3l 3
sho] ZAo] Z-goteleh. Aol ARE A= 200497 EH
20237129 4 @9 71 BEARE E8otlen, A
7174 A5E AFshs 71 B4 1574 ARE R
skt 7HE R4 dlolEl= SPI] 670 (SPI6) AlAIES 714t
S = I3 F8 7ReAeE 200495 4 SPI gk
A& 02 AFe 71 TEA 6072 NA FotH e,
F7t= 2018AK ¥ SPI =& Algscte 6714F &85t
7Ha Hole AEE /453t

25t 491 dHloles F7HAsk Y BAE (https://www.
gims.go.kn)oA AlFst= 25t -9 5 AmE S8t
=40 AMSH A5t =9 A== 2004WHE 2023714 9] &
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Fig 1. Study Area of This Study
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3. o7 A3t AZE A4S BRI 4 )lSithFig 2). ol 7FEAS=
WA L] Z4aks Bl APdS skRE 4 IAkE0] A 5
3.1 kS|t fY RS 7| SEEH 717e dErdiE @ol7] R geldrt
2 dFoldes 7heAaet 48 dARWNDVL 7148 2 3.2 AjZFd EAMS D245t 712|140} Q13 QIS 71|
ot QzhE 7t B4 717l 7P B e 7R o E AbhEA
JAAE AEst7] flof 004~2023ki77} Z19] |1 HlolHE ==
1kmo] si3Eo] Azpte gote] ZF 2ol A 2 AelAE oY Big 2 S B4 Slal Ak
ARPER A S o 7 %ﬁﬂ% JE S }{ de JAEC] E4& este] E4E Fagstginh. 1 Ay BE 9 A
BEASE Aot FHERSE Sto] ATAS AL E S 7] Aol FUHe BES I 4 A,
2Hg st 599 Q1 QIHET} 7HE o o] thE 717t Hls] =2
A W o R = F 471 0] A B4 7S ARgSialoH, T3S BYrh(Fig 3-5). 948 A7 FollA A B4
Zf 2]99] B2 7|17te] whE 7Y =2 *Jl*é% vrebd Q)] ek ek wi= NDVIRK] S 1 4= JIAI,
A= Aot 4912 Yepgton], BE W E4 771 A7HE EAL 18P di= NDVISH foju)dt AdAde
7FaE 7MY B2 AT UEisith 59 79l E2 I 4+ e ARdEC] EAR. 7HE NDVI 7H] kg2
Aprdol B, Spearman ATHEA Ay} 72 A9 odn Pearson, Spearman, Kendall's Tau 24 W& A-85}o
2o 79ell 076602 7V F& ATASE ZRlotsith AR A}, BE B4 oA 79l MY w& 4TS
oAl A Pearson AJTEA ATt 5¥ol 0.6449] B} FaAe] AR Aele A R 22 -0.756,
FBATE 715-E Ao 7P Aol w2 AHom =l -0.697, —0.5309] JBATE =elstth o= 7Fa NDVI
|, AAA] ERE Spearman Z¥HEA A} 5] 0.590% ko] BAZE B A7IQ1 THe & BolFe Fioltt
7P Ee ATASE Uedis 23S ERIsttH(Table 1. (Table 2).

ol aliF Al1719] 7HEAIGe} A5k 4-91 The] o] AgA7}
Hl A FS6HA Yehg 2 onlsh, 59] 5€ol= 7HEol
A5t 4=9)o] A= GgFo] T2 Al7|of| Hlaf wZsA HH
HAe 7Fede AR e 8 dAEY] Aeele

A Arael /g B et £ At e
2. SO 93 Agel 79] 7HE A9k NDVIH
1 S AT BT, BEAIAE 729 7HEA4
Ask 919] ATART} 07772 B et ARE S

Table 1. Comparison of Correlation Coeffcients Between SPI6 and Groundwater Level by Region in May and July (2004-2023)

Pearson Correlation

Spearman Correlation Kendall’s Tau Correlation

Regions and Month Groundwater Level

Groundwater Level Groundwater Level

& SPI6 & SPI6 & SPI6
Dongh 54 0.644 0.607 0.428
onghac 74 0.450 0.548 0.385
G 549 0.599 0.684 0.490
aneneune 74 0.728 0.766 0.572
Samchoeck 54 0.590 0.590 0.421
Amenoce 74 0.417 0417 0.307
Spearman Correlation - Gangneung 100
SPI6 (All Months) - -0.03 004 0.03 001 0.06 0.00 -0.02 a.07 -0.03 0.04 0.1 0.00
SPI6 Jan - -0.01 0.02 0.04 0.04 003 011 008 0.05 0.08 0.02 0.09 0.03 039 I 075
SPI6 Feb - -0.03 0.07 0.08 007 -0.02 0.02 006 0.00 0.04 0.08 0.03 010 029
SPI6 Mar - -0.12 0.07 0.14 009 0.08 0.08 -0.14 0.03 -0.18 0.12 0.06 0.22 051 050
SPI6 Apr-  0.03 0.05 0.14 011 0.04 0.07 -0.15 0.04 -0.18 0.10 0.14 0.17 s
SPI6 May - 0.01 0.16 0.21 004 017 0.01 0.19 018 0.33 0.07 0.21 002 m -
SPI6 Jun-  -0.08 0.03 0.06 003 0.04 0.04 0.03 0.04 0.19 0.11 0.13 0.04 - 000
SPI6 Jul - -0.06 013 0.18 003 022 0.08 0.17 026 0.22 007 0.18 001 o7
SPI6 Aug -  -0.02 0.06 0.10 0.00 0.10 0.04 0.09 o11 0.16 0.01 0.13 014 m o
SPI6 Sep - 0.02 0.07 0.17 011 0.07 0.04 0.14 004 0.22 012 0.12 0.06 | oso
SPI6 Oct - 0.04 0.06 0.09 0.03 0.04 0.06 0.10 0.04 0.02 0.02 0.08 -0.04
SPI6 Nov - 001 -0.05 010 -0.05 -0.05 0.08 007 0.02 011 -0.01 0.04 005 0.49 -0.75
SPI6 Dec -  -0.05 -0.08 -0.08 -0.08 -0.09 0.12 012 -0.06 -0.09 -0.05 0.01 008 0.47
Sb P;l Tm‘ax WSrlnax RHl:nm Trr‘un Ta;lg N{;vg GTalvg WSIavg T‘S NDIVI G\"v 109

Fig 2. Spearman Correlation Heatmap for Gangneung
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Table 2. Correlation Between SPI6 and NDVI / Groundwater Level Considering Temporal Lag (2004-2023)

Pearson Correlation

Spearman Correlation

Kendall’s Tau Correlation

Groundwater
Level
& SPI6

Regions and Month

Groundwater
Level
& SPI6

NDVI
& SPI6

NDVI

& SPI6

Groundwater
Level
& SPI6

NDVI
& SPI6

54 0.543

-0.511 0.565

-0.491

0.393

-0.339

Donghae

74 0.378

-0.756 0.474

-0.697

0.324

-0.503

54 0.643

-0.068 0.699

-0.014

0.584

-0.002

Gangneung 74 0.75 ~0.219 0.777 ~0.034 0.522 ~0.025
59 0.412 ~0.305 0.587 ~0.104 0.418 ~0.072
Samchoeck

74 0.267

-0.58 0.414

-0.012

0.298

-0.074

Lagged Pearson Correlat

n - Donghae

Lagged Spearman Correlation - Donghae
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Fig 3. Time-Lagged Correlation Heatmaps by Method
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