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2 Comparison and Andlysis of Drought Index based on MODIS Satellite Images and ASOS Data for Gyeonggi—Do
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ABSTRACT

Currently, the Korea Meteorological Administration evaluates the meteorological
drought by region using SPI6(standardized precipitation index 6), which is a 6—month
cumulative precipitation standard. However, SPI is an index calculated only in
consideration of precipitation at 69 weather stations, and the drought phenomenon that
appears for complex reasons cannot be accurately determined. Therefore, the purpose of
this study is to calculate and compare SPI considering only precipitation and SDCI
(Scaled Drought Condition Index) considering precipitation, vegetation index, and
temperature in Gyeonggi. In addition, the advantages and disadvantages of the station
data—based drought index and the satellite image—based drought index were identified
by using results calculated through the comparison of SPI and SDCI. MODIS (MODerate
resolution Imaging Spectroradiometer) satellite image data, ASOS(Automated Synoptic
Observing System) data, and kriging were used to calculate SDCI. For the duration of
precipitation, SDCI1, SDCI3, and SDCI6 were calculated by applying 1—month, 3—month,
and 6—month respectively to the 8 points in 2014. As a result of calculating the SDCI,
unlike the SPI, drought patterns began to appear about 2—month ago, and drought by
city and county in Gyeonggi was well revealed. Through this, it was found that the
combination of satellite image data and station data increased efficiency in the pattern of
drought index change, and increased the possibility of drought prediction in wet areas
along with existing dry areas.

KEYWORDS - Meteorological Drought, Standardized Precipitation Index, Scaled Drought
Condition Index, MODIS Satellite Images, ASOS Data
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T 7hael digk olsE £ 7HEe] s 2
@ wpde] 7]ojgk = gtk (Won and Chung;
2016; Kim, 2017; Choi, 2019).

AA Fjelr= EFA8A (Standardized
Groundwater level Index, SGI), EFA
Z*(Standardized Precipitation Index, SPI),
s 7HE A5 (Palmer Drought Severity Index,
PDSD, A E3349(Modified Surface
Water Supply Index, MSWSI), E&krEA4
(Soil Moisture Index, SMI) 53} 22 71 eX4E
7hasiA 9 el &Eskar ltkUung, 2021).
o] & SPIx AAZPIZ17-(World Meteorological
Organization, WMO) ©l| 2Js] 714e+4 7= 7F
Alg Hal A8 dEA ] 7THEA] ol vk
3 A%717kA, 3, 6, 9, 12702 )l thslA

vt 7oA = 671 2 A
S 7|Fo R A3 SPIGE #8ste] V1R
S Hrletar ok (Park er al, 2020; Yoo et
al, 2020). A%k SPIS] 3% 7 Abant
= Fgato] A EE AFE ks IS
HhdskA] Fslbr] wiinel 7hHeAMde W] i
webA] Eetths wAE 7P A ok Ed S
G A 718 W et Sl e
S Hrlehe AR 7HEel 7P ARHdeE o
o s R TEle sk sttt
SIS 72 oH(Kim, 2017; Kim, 2017).
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ol AR 7HEAFE e ThEelAl el
= A7} YoH(UNIST, 2016; Jeong et al,
2017; Yoon et al, 2018). o]&} 12 7]E %
AAEZ|RE 7FEAl S sHAIRE JiAdE] §
sto] F71%o]al FAsh IV EE THR A
159 g50| ks RS &8s 7HEA
T A77F odshAl ABE A (Park er al,

2006; Nam et al, 2015; Shin er al, 2015;
Shin er al, 2019). #A7EA] 2YAGAF
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2A)=(Evaporative Stress Index, ESI) %
Z2]71H5 A5 (Scaled Drought Condition Index,
SDCD ¥ o] tekst 718t 7HeAT=
o] 7petE) it (Kogan, 2001; Rhee er al, 2010;
Anderson et al, 2011). 71 & SDCI& U2
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3395+ (Nationa lAeronautics and Space
Administration, NASA) ol4] A}sE Terrag}
Aqua =H%E 910l BAE e v Al
Aojck. MODISE GAEA, 7], 54, =4,
A s Ze AT BEH dFe #A5E T
3l oF 40709 A=E ks @ MODIS
A= NASAGA FE2 AlgE, oF o]
H F389 Ad 9 74 golgto] Al
HDF (Hierarchial Data Format) |2 A&
At B AgoME= Terra 90 ZHE s
o}z MODIS MOD13A2 NDVI #AH&E AM-&)
om T Ame FH ATE 218 AdE A
Fo]tt. MODIS MOD13A2 NDVI+= 169 ©
A= Al 7 (250m, lkm, 25km) FZFEIdER
e =, 2 ATl lkm AEE o] &3
. T3 Terra JAHCZRE dL TS
F8F5l= h27v05 granule A5 20143 4€
TARE 20143 7€ 2897k FAEITE
(Hong et al, 2012; Hong et al, 2015; Shin
et al, 2015; Na et al, 2017, Park et al
2017).
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3. EFULK[x

SPI&= Zreits o] gste] APdsh= tlis
Q1 71 VAT E AAl B =Tl 7h
U vlkdEs Y8l AREE I QI (McKee et
al, 1993; Kwon, 2013). 89 A4 thkst
A&E712AME, 3/1E, 671€, 127019 9 24
N )l disiA Alate] 7hsshd, o]gA &
A AR AFdE SPIE A A7k
of what o] FopellA EE¥rh(Lee, 2012
Ryu et al, 2012). AWy oz 7] A|7kck$]
A71E 2 3D 2 AgE SPl= 594 7hE
I e @Rk A F5o R MAshs Tt
S B4sh=d &85 vk (Lee and Kim,
2011). ol¢} g, 7] ARPES (1271 3
2470 o] st SPI= Q9 7]k Eqh 95A
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£33 Qvh

SPIE AHgsh7] flaixe WA AlRE o9
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S o, i H9EH (Maximum Likelihood
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293 = A 63 A 73} o] Fejwrt.

1= fln(———) (0<mx) =05 (6

(H(z))

_ 1
i= \/m(—(m_H(x))Q) @
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WEAEEO R ey eondy dyydy s TR
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¢y =2.515517 ¢, =0.802853 ¢, =0.010328
| =1.432788 d, =0.189269 d, = 0.001308

4. FHETIIEK|%

Al dFds 8 7 Aol At
21 AR 4=(Normalized Difference Vegetation
Index, NDVID), 2]48€2#]5=(Vegetation Health
Index, VHI) % 9HAA4(Leaf Area Index,
LAD &3 #&2 A7 7HexgEe] T2
AR AL 9k (Yoon, 2021). &HAIRh dig #|
T A dEevE st FdE A
S5, 7= 9 A T 2SS st
I QA 7] wiEel ARl THs AEE e
A xshohs dHAlE 7HH AL Qlok

2 Aol ARESE SDCI= 7], A5 2
A& Abgste] A E VAR, @Y QA
e 1E S W Yehes 1Y EAE
o o 94 Ve 2 Zdite 5
o] AEHINDMI, 2016; UNIST, 2016). SDCI
A 22 2 83 ow TCI(Temperature
Condition Index), PCI(Precipitation Condition
Index) W VCI(Vegetation Condition Index)
2 FAEoe] 9tk o714 TCIL, PCI 2 VCIel
gt 7FsA= SDCIE A+ AIFst Rhee et
al.(2010) °l &J8 do)¥ k= sLshA 4Est
i,

il

SDCI=0.25X TCI+0.5 X PCI+0.25 <X VCI
®)

TCIE= Kogan(1995) el 9l 7iite A==,
LR QI A AEHAS AAs= ©] AL
Sxm 2o ik thekst A wkg-S WSt
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Hiel o], xFEsE Fof Hol 2 HA 2%
gl gk T3, 0FE 14l e 7HA
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TCI= For 157 - ©

PCIE Du et al(2013)0] A|Qkst A|¢2, 7
T FHoR Qg i HAS Y= d &
SHok 22]a 2 109} 2o Aol e
o] HIAHY ks AMEste] REsE F3l
2PgEnt TCIsF vixb A=, sl A¢7F 03
THETE THEo] At AE dERdIth
B oAdtols ASOS 4 ARE o838t
PCI1, PCI3 ¥ PCI6E ZbEshelow, PCII,
PCI3 ¥ PCI6:= M7t 1704, 371€E 42 671€
L,:;Hﬂ-/\ak& 9411]%5]—1:]—.

17oTT o=

~ TRMM— TRMM,,, (10
- TRMM,,,.— TRMM.,

min

PCT

npxjeto 2 VCI+= Kogan(1990) o 23] A
M A, AA & ghael g Tk
< ¥dste d A" VO AP A2 4
119 2o, xF3E F3ll NDVIS] HUgtat
H&gkoll o8l AP Er) slld Aee FHol 2
A NDVI k2] Hejoll up& A4 w2 4
tdQl ARE YR, 0o 27T AE
g wol v AAQS Yujsith 2 AT
o 4+= MODIS MOD13A2 NDVI #A&5& &g
3] VCIE AHg3sitt.

ver NDVI—NDVI, .. an
" NDVI.. — NDVIL

max min



FTIE Al thE MODIS APgA 3 APEARIE HEAY HlZ-2Y / YA URe - 1 YHE - oste - MU HEA 7

N 2
=)

1. SPI 2M Z1}

SPI= Zr@ibs o] gallA 2= A o=,
B AdTodE SPIE AMgsh] g8l 19 29
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FIGURE 3. SPI1 calculated by applying the 1—month cumulative precipitation
at 8 time points in 2014 in Gyeonggi
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FIGURE 4. SPI3 calculated by applying the 3—month cumulative precipitation
at 8 time points in 2014 in Gyeonggi
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FIGURE 5. SPI6 calculated by applying the 6—month cumulative precipitation
at 8 time points in 2014 in Gyeonggi
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TABLE 1. SPI1 ranking by 8 time points in 2014 in Gyeonggi

Ranking Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Bucheon 0.0550 Gimpo 0.0959 Icheon 0.0944 Icheon 0.0429
2 Gwangmyeong  0.0569 Goyang 0.1199 Yeoju 0.1105 Yeoju 0.0523
3 Gwacheon 0.0620 Bucheon 0.1241 Gwangju 0.1229 Gwangju 0.0617
4 Anyang 0.0656 Paju 0.1331 Yangpyeong 0.1349 Yangpyeong 0.0638
5 Goyang 0.0710  Gwangmyeong  0.1364 Yongin 0.1373 Yongin 0.0742
Ranking Date
2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 Yangpyeong 0.2840 Icheon 0.3016 Gapyeong 0.4846 Icheon 0.6254
2 Gapyeong 0.2869 Yeoju 0.3297 Icheon 0.4929 Yeoju 0.6442
3 Yeoju 0.2933 Yangpyeong 0.3762 Anseong 0.5014 Gwangju 0.6556
4 Icheon 0.2958 Gwangju 0.3775 Pyeongtaek 0.5054 Yangpyeong 0.6629
5 Gwangju 0.3027 Anseong 0.3950 Osan 0.5056 Yongin 0.6781
TABLE 2. SPI3 ranking by 8 time points in 2014 in Gyeonggi
Ranking Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Suwon 0.0891 Gimpo 0.1402 Gimpo 0.1066 Suwon 0.1093
2 Uiwang 0.0986 Goyang 0.1436 Goyang 0.1104 Pocheon 0.1170
3 Gunpo 0.0996 Bucheon 0.1544 Guri 0.1142 Icheon 0.1327
4 Gwacheon 0.1034 Guri 0.1568 Pocheon 0.1181 Osan 0.1334
5 Anyang 0.1038 Uijeongbu 0.1624 Uijeongbu 0.1208 Yeoncheon 0.1378
Ranking Date
2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 Pocheon 0.3923 Pocheon 0.3931 Icheon 0.5243 Icheon 0.3578
2 Guri 0.379%4 Guri 0.3996 Yeoju 0.5412 Yeoju 0.3981
3 Uijeongbu 0.3854 Uijeongbu 0.4098 Gapyeong 0.5507 Gwangju 0.4667
4 Yeoncheon 0.3956 Yeoncheon 0.4146 Pocheon 0.5578 Yangpyeong 0.4673
5 Namyangju 0.3754 Namyangju 0.4159 Anseong 0.5580 Anseong 0.4820
TABLE 3. SPI6 ranking by 8 time points in 2014 in Gyeonggi
Ranking Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Suwon 0.0421 Gimpo 0.1368 Yangpyeong 0.2603 Bucheon 0.4227
2 Icheon 0.0488 Goyang 0.1631 Gapyeong 0.2688  Gwangmyeong  0.4479
3 Osan 0.0671 Pocheon 0.1684 Namyangju 0.2917 Goyang 0.4545
4 Yongin 0.0675 Guri 0.1761 Guri 0.2931 Siheung 0.4720
5 Yeoju 0.0683 Uijeongbu 0.1837 Hanam 0.2973 Gwacheon 0.4758
Rank Date
aning 2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 Bucheon 0.4509 Gapyeong 0.5258 Icheon 0.3468 Guri 0.6365
2 Gwangmyeong  0.4811 Gimpo 0.5424 Yeoju 0.3916 Pocheon 0.6512
3 Goyang 0.4829 Pocheon 0.5446 Gwangju 0.4576 Uijeongbu 0.6546
4 Gimpo 0.4996 Paju 0.5460 Yangpyeong 0.4619 Goyang 0.6582
5 Siheung 0.5049  Dongducheon 0.5471 Anseong 0.4719 Namyangju 0.6619
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TABLE 4. Classification of water storage rates by city, county, and district in Gyeonggi

Level Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
Blue - - - Namyangju, Gimpo
Yellow - - Gimpo -
Orange - - - -
Red - - - -
Date
Level
2014-06-10 2014-06-26 2014-07-12 2014-07-28
Blue Paju Pocheon, Paju Glmpo,YYeoncheon Yeolu, Gunpo, Anseong Pocheon
angpyeong
) Suwon Anseong, Yongin Suwon,  Gwangju, Yeoju Yeoncheon
Yellow Namyangju .
Osan Hwaseong Yangju, Pocheon Yangpyeong
Orange - - Paju, Gwangju Paju, Yangju
Red - - Namyangju, Osan, Gunpo Namyangju, Gimpo

B 5oty w3k 1, 2 9 39 SPI @S
78l TPHIATE AR ol fEvek]
45 o] o5H(6~89) ol WyEly] &
o] Yeh= dajoltt, SPIZE 7He #40) 9o
Ago] A star A1 7HEe] xHo| Ths
stk o] AL olEe AEs 1S
ul SPIE Al w9 7Ha%7F 9 vl
g3 elli= ofelgol ok

3. SDCI &M Zu}

SDCIi= TCI, PCI ¥ VCIZ 2Jo] F4x] o]
Rom, 7}7ke] Qhe| ThEAE A4ste] Ak
el ¥ Ao TCI9 PCIE AHgs7] )
3 7R Algstal e 871
ASOS #54 A3 AIRBE Aq2we} e
F& AMESISItE AR A e Au2e

TR AAme 29 71HE A48t 1)
TS5 ARl digk F1lE5S F3Eelth VCIE
u|st AJAZAR (United States Geological Survey,
USGS) el All5-3R= MODIS MOD13A2 NDVI
Aa2s gl AFskgth 78l MODIS
MOD13A2 NDVI #5.9] F1Haldeel Algtsl
Are 247 1kt 1690, B AFors
201495 4~799] 87) A9 A=E ARSSH
o] A% AT 7HEEAS FEEkGith

UM AHget A7) AltRE TCL PCL 9
VCIo| thal min—max EF3}E ZE3sko] 0~1

Atole] AR WS the, ZH7e] Aol 7}
FAE Fgslo] SDCIE AHgsidth. 13 6,
7 9 88 77t A7|EAY e 2014GE 871 Al
Aol disll 119, 3/ME 2 6718 FAATH
(PCI1, PCI3 4 PCI6)S ZAgslo] 243t
SDCI1, SDCI3 ¥ SDCI6S vepdl Aot} 1
i % 5, 6 ¥ 7S 77 A7EAY] 2014
W% 87] 2144 SDCIL, SDCI3 ¥ SDCI69)
THE 1915El 5917FA dERd ol & A
Tl APgdst SDCI Axprt AA| 7Has kg
sh=x]  #Rlsh] S8l SPIst v AR
ADMS®] A& AEF ARSIt
%5 6 % 77 % 45 vlwsEy, SDCIE
SPIS} IR 2 798 ZrE Ao e
A} 7HEAG7E A2 Ao ARAshs RS
gelsk 5= Qlth o] SDCIZF H Aol o
3t MRS TFeS ol AFYS onist
t} w3k SDCI= SPIgh= o] oldle] 19
gl ol AR wiel o] A¢7E 0~1 Aol
of FuF BXa Ut SPIO 7F AEE A
B 1~59 #e] 12 wlg- #ol A Apo)
A ekAmk SDCIE ot 193} 3o
T RIS & Qo] BT ghel Apolrt
SHAA Yekgth o]#f3t SDCIe] SAES
S W, T AG7F SPIETE A% &9
FE7F 9 v Agshr)el A gsichs
= st 2 ATl Absh
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l:l Administrative
boundaries

08-1.0
08-0.9
0.7-0.8
06-0.7
05-06
0.4-05
03-0.4
| 0203
0.1-02
0.0-0.1

(a) 2014-04-07

(e) 2014-06—-10 (f) 2014-06—26 (9) 2014—-07-12 (h) 2014-07-28

FIGURE 6. SDCI1 calculated by applying the 1—month cumulative precipitation(PCI1)
at 8 time points in 2014 in Gyeonggi

l:l Administrative
boundarias

08-1.0
08-09
0.7-08
06-0.7
05-06
04-05
03-04
| 0203

0.1-02
0.0-0.1

(e) 2014-06-10 (f) 2014—06—26 (@) 2014-07-12 (h) 2014-07-28

FIGURE 7. SDCI3 calculated by applying the 3—month cumulative precipitation(PCI3)
at 8 time points in 2014 in Gyeonggi
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(a) 2014-04-07 (b) 2014-04-23

(e) 2014-06-10 (f) 2014-06—26

(c) 2014—05—-09

(9) 2014-07-12

e %
I3 e

09-1.0
08-0.9
0.7-0.8
0.6-0.7
05-0.6
0.4-0.5
0.3-0.4
0.2-03
0.1-0.2
0.0-0.1

(h) 2014-07-28

FIGURE 8. SDCI6 calculated by applying the 6—month cumulative precipitation(PCI6)
at 8 time points in 2014 in Gyeonggi

SDCI1, SDCI3 ¥ SDCI6 % SDCI37F A<= 7 6ol AFEF o] yol sHEe] WAy
AL ThHe A7k 7P A OWE& o= Tt ¢ Qlrh o] F3 SDCI67k
SDCI6] A%, t& A5t g2 1~59] Aol SDCI13} SDCI3ellA sketelA] Hah= 7 &
of IFAZE EAsk=H o= AT A= 7h AE wehe ¢ Qltk= A& o ¢ Qlth
5 o ReAses sl sy x9o] 54
TABLE 5. SDCI1 ranking by 8 time points in 2014 in Gyeonggi
Rankin Date
g 2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Gimpo 0.1608 Suwon 0.2036 Gimpo 0.3154 Yeoju 0.3550
2 Goyang 0.2029 Gunpo 0.3052 Gapyeong 0.3272 pjggﬁg 0.3585
3 Bucheon 0.2104 Uiwang 0.3474 Pocheon 0.3355 Guri 0.3848
4 Gwangmyeong  0.2820 Guri 0.3552 Yangpyeong 0.3547 Icheon 0.4143
5 Guri 0.3058 Ansan 0.3598 Guri 0.3593 Pyeongtaek 0.4358
Rankin Date
g 2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 YangPyeong 0.4109 Gimpo 0.3248 Suwon 0.3066 Yeoju 0.5099
2 Yeoju 0.4199 Ansan 0.4126 Osan 0.3245 Icheon 0.5235
3 Icheon 0.4722 Osan 0.4376 Gimpo 0.3386 Yangpyeong 0.6831
4 Hanam 0.5004 Suwon 0.4447 Gunpo 0.3728 Guri 0.7044
5 Pyeongtaek 0.5020 Hwaseong 0.4504 Yongin 0.3926 Anseong 0.7200
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TABLE 6. SDCI3 ranking by 8 time points in 2014 in Gyeonggi

Ranking Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Gimpo 0.1554 Gimpo 0.1671 Gimpo 0.2165 Guri 0.2280
2 Goyang 0.2553 Goyang 0.2924 Goyang 0.2698 Uijeongbu 0.2748
3 Bucheon 0.2680 Bucheon 0.3274 Uijeongbu 0.2860 Goyang 0.2787
4 Siheung 0.3152 Siheung 0.3749 Pocheon 0.2976 Yangpyeong 0.2902
5 Gwangmyeong ~ 0.3352 Guri 0.3876 Guri 0.3035 Namyangju 0.2911
Ranking Date
2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 Yangpyeong 0.2663 Gimpo 0.3073 Yeoju 0.2455 Yeoju 0.5052
2 Guri 0.2954 Yeoju 0.3578 Yangpyeong 0.3103 Icheon 0.5344
3 Gapyeong 0.3046 Bucheon 0.3698 Gwangju 0.3107 Anseong 0.6779
4 Hanam 0.3153 Ansan 0.3870 Icheon 0.3204 Yangpyeong 0.6848
5 Yeoju 0.3331 Osan 0.3932 Osan 0.3332 Gimpo 0.7105
TABLE 7. SDCI6 ranking by 8 time points in 2014 in Gyeonggi
Ranking Date
2014-04-07 2014-04-23 2014-05-09 2014-05-25
1 Gimpo 0.1430 Gimpo 0.1332 Gimpo 0.2393 Goyang 0.2764
2 Bucheon 0.1875 Goyang 0.2035 Goyang 0.3254 Guri 0.2831
3 Goyang 0.2227 Bucheon 0.2085 Bucheon 0.4032 Uijeongbu 0.2960
4 Siheung 0.2662 Siheung 0.3026 Paju 0.4204 Gimpo 0.3043
5 Gwangmyeong 0.2908  Gwangmyeong  0.3214 Yangju 0.4211 Yangju 0.3288
Ranking Date
2014-06-10 2014-06-26 2014-07-12 2014-07-28
1 Gapyeong 0.3351 Gimpo 0.2833 Gimpo 0.2953 Yeoju 0.5275
2 Guri 0.3522 Bucheon 0.3990  Dongducheon  0.3715 Icheon 0.5928
3 Yangpyeong 0.3563 Goyang 0.4138 Guri 0.3742 Yangpyeong 0.6465
4 Gimpo 0.3755 Pocheon 0.4344 Hanam 0.3747 Gimpo 0.6592
5 Goyang 0.3777 Paju 0.4366 Gwangju 0.3761 Gapyeong 0.6698
H = kel Ao Awe] et A5g wAE @
gate] nlwslgich. ol Ba) thed e 2
= Ayl AHARZRE 7REARL SPL 2o maaqint
gk ASOS A A=, MODIS 9189 4ARE 7} 71E9] SDCIE S18¥4ew & + Sl
Ao APgE SDCIE HladAshalth s 7he 7geek Amen 2 2|52 doate] Ay
AgEel A48 fld HAoRE WIE A g ahu @ Aola] AR SDCIS] A9
o] 3UN AlitE thdoR E4s Fsision, A AR} A= S| 33}

20143 4~74
NDVI 9139737
ol thsted 7hes 24

u 671<

PGS

T o

EEA= == Y ™
atolek. Al At =3
A (daily) 9l A5E &8ste] 1704, 371¥ F94S Azs] 9s)
gste A&kl =

B oaAgea Agek SPIgt SDCIE AZ3]  za 74, Fo,

Alolol] MODIS MODISA2 o] %22 4195
22 o 2= ol 87H /\]Fg ;QX]_E% /\]—42—5“0
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