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Evaluation of Short-Term Drought Using Daily Standardized
Precipitation Index and ROC Analysis
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ABSTRACT

The Standardized Precipitation Index (SPT) is widely applied to evaluate for meteorological droughts. However, the SPI is limited to
capture a drought event with a short duration, expecially shorter than one month. In this study, we proposed a daily SPI (DSPI) as a
way to overcome the limitation of the monthly SPI for drought monitoring. In order to objectively assess the ability of the drought
reproduction of the DSPI, we performed a receiver operating characteristic (ROC) analysis using the quantified drought records from
official reports, newspapers, etc. The results of ROC analysis showed that the DSPI has an ability to reproduce short-term drought
compared with other indices. It also showed that the main cause of historical droughts was the shortage of rainfall accumulated during
the time period less than 90 days compared with the rainfall of normal years.
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Ao|tf(Choi et al., 2008). T=3l, 7152 11 EAP) Tl Ajdxsief
© 9 JY&Tr =eluE Ao g A3 ddehr]
A gtk

U0 & THEE A 47FA] YRIC R TP, ol A
o] H5E Q108 sh= 7P’ 7k, AT 2 Alske]
HE2 Ao ® k= TR ThE, EYrEY 5 ddew
she T94 7Hs, 85 2 dEeEe] AN 1o dk= A
ABH 7ROl o]H3 7hed FE TREAIFl o) FEE
dteh, QA7 Hdgt 7kaAlEe] I feuele
7hadl tidk e A7l AEH R AL 3 om(Yoo,
2006; Kim and Yoo, 2006; Yoo et al., 2008; Choi and Kim,
2010; Kim and Lee, 2011; Kim et al., 2011; Ahn et al., 2012),
EF73FA9(Standardized Precipitation Index, SPI), 347 Hg
Z)4+(Palmer Drought Severity Index, PDSI), A E+3F4]5
(Surface Water Supply Index, SWSI) o] tjEA o 2 5|1
Ak

oJXE 7HES Aefstal Adtelr] $I3k HH o2 LEEE Tk
g 7Fe AT TolA SPI= the et Hlatste] 7RSS
Arehs oM DA AERkE 0]-8317] ol HlwF]
AmTEel gk Alekzezdo] Ak w3k vdsk ARFH S(time
scale)& alefate] AR 7 7] el @] 92 A71AR1 A
SRS WK 5 ol dRe] ok v SPIE Y Hel®
A7) vl - 71 Sk T WEAE LTSk
S3h= gL Sk 53] U ofdiel @] 7REARde] el
it A5 FFHA Fohs AE S5 B 95
E0], 59 19 & 2= 2g %, 59 295 H 6 299714
F57F WelA] et Agh 7ha(severe drought)o] @A =
o), 69 3040 I thA] 2 A AR € T 7[Rk
7REAIFANE A T e BEEA] X Eth

£ Aelre 7Ree] 4 U9 SPUVF 2k A8de] SIS =53t
I WPHRE kel Hlete] degle] FATRE Te R
A BERS Aete] A w9] SPIE pslsic vl vl
AR A o) SPIe]| thgh A8-de] E873S HEs] Sl
ROC(Receiver Operating Characteristic) #21-& 2A18}Ich
ROC B&2 F2 7Vdaollx] SEaie] 84 5ol &8sk
7ot} (Mason, 1982). Kim and Lee (2011)& 214 71& Alee}
FHgAsske] A9 WS Sle) A4 189 ROC B4
gk u) gk olefe ROC B41& Sl 2 Qo= 20004
©]3(2000%d, 20013, 20083, 2009, 2012) $-2jufzlell 24
HAYY W 7158 o] 7 T B 2 dE
HEAR 5 B89le] FUSOM, TR ARHEES
21 w] SPIs} HlmRAfegch o= WS B 5 9

o
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TRAITE ekl 283 SRt 72T 4 B9 TRl
49 7hs RUEEE 77 & Aelok

2. 2 09| SPIE O[22t JISSY B4

2.1 722 Fo| H & Tl SPI i

Aol B2 7Rre FE 8o # 5 glon, 7R
A w7kl Ao R o8l vk & FHAR] e
AL, ol 7IESE Thes skl TRaAMEe] A5,
A, RIS 58 FRRIRE 5 D 24HE o18sto] 7kl

drkE o 2 TREe] W] 9 AR 54S B o R sjiet
7] Slste] G ARk AAIG S Tl ARFHEG, 6, 9, 12719
D T AAIGS TARRL 24 AR A REES
Axrsle] 9 wke] SPI(Monthly SPI, MSPI)E 2Fg & McKee
et al., 1993). Z12Ju} MSPIE o|g3}e] 7|57 1E =38 H-$,

2 AETREE 7R 7RE S drdshe dlelle S Tk
olol] 2 FolAE o we) SPIE /sl € T8 SPIV} A=
2874e] RS Had 5 U= Rk AAStaLat gtk

o 9] SPI9] 7ide 4 ke SPIS} TEA o 2= SUahH,
SPI] Aks $13l M AAES 758 A5l d A5
(daily precipitation)S T}l AZFA =S efsle] U 7Pt
&= AJAIE(daily cumulative precipitation time series)S T-J3k
ok o el RIS S8k, kel
Sl B ES 45, Y 9] SPI(Daily SPI, DSPI)7}
Hr} & derl= Gamma F2o] SEUEFEH(Eq. (1)9)
FAREI(EQ. 2)F ol83te] vz} 2287 P
MSPI 2 DSPIE 25 AFY3}9t} DSPIE 2FEg5= I oA
Gamma 39| AY% AAES 43k 23, 2287) PF7-E
DSPIE ARtz d] 2850zl & 36574 Gamma #3E3k4
= o] A 7374(Chi-Square Test2} Kolmogorov-Smirmov

Test)e 3R Aoz sRlyQrh

g2 el

o) = [r@e= [T G en- 2 de
@

714, a= ZHu7H<(scale parameter), S FAul7A
Z(shape parameter), I'(8) = 7} Gamma function)o]Tth
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Table 1. Definition of the SPI Classes and Corresponding Event

Probabilities
SPI interval SPI classes Occurrence probability (%)
More than 2.00 Extreme wet 23
1.99to 1.50 Severe wet 44
1.49 to 1.00 Moderate wet 9.2
0.99 to -0.99 Normal 68.2
-1.00to-1.49 | Moderate drought 9.2
-1.50t0-1.99 Severe drought 44
Less than -2.00 | Extreme drought 2.3

Table 1&- Slo} ¢ 342 4] 245 DSPle] 57 ER7ke
o2 7}l el 7)ol H.

=
NEE

2.2 WYFHE U Tl SPI Y | MY HE
durz|o 2 2|97 TR f1ete] Tl wE AR
7} 7Rathe B HeiETE FslaL Jlov, Al Thes ddehe
vl e 7TREAISY] tiEe SRS Ve s ARt
S vy ZPuR Hoh 8834Q) TR flsiMe A
FTPE ArSAde whdshs BATE TeAlae] Aol
ezttt ol $JEiA £ dTredrle sElvet 7P Al
ST 755 7S Fig. 13 2o] BlAlgE o]8-sto]

Fig. 1. Thiessen Polygons to Transform Point Rainfalls(A) Into
Area Average Rainfalls

B8 - ed
T AT IR R TE3 F, 012 Jko = 3%
o SPIE Akt
SevEhs AhYE, LA, MRV, THEE THEE
a7, HeEs, M AHoR F 9] tiid,
APRE S 2= 5 2287)) AR THREE 5 Uk B oM
2287 BT ThEe] Wk BHoR I ArES 6714

ARFEE(30%, 602, 90, 1204, 150%, 180%)] o4 =717
T AALGE ek, Gamma REO] FERT0 F718kEGk
of sfehs TRl F7g3te] 387 DSPI(SPI_D30,
SPI_D60, SPI_ D90, SPI D120, SPI D150, SPI_D180)E AA+
skt gk 919 67FA] ARFA RS /d-8-3k= MSPI(SPI_MI,
SPI M2, SPI_M3, SPI M4, SPI M5, SPI M6)E s§47-oH =2
AkFsloick: 8787 DSPIE ¢ = it § MSPIe] vt
A7}, DSPI] Hat#} MSPI= v 97 gl olA] v)S=3h
HEAS 7HE Ao = et vhd, 7 7REAle] 3
#2x]= MSPI4)] B]3le] DSPIojA] 2% FA vERY, DSPIZE
=8 7HeS Vel 2lo] Bk &Rl o=
stelEitkFig. 2 ).

53] 5 7kaAlel ek (S8 7S HESPY, 6714
ARFA e w2 DSPIOA 5% & Aoighs JeRlt) 45
Eo], SPI_D30¢} SPI M1-& Hlughs ZH¢ol= 4G E %]
A 7P 2 210)(0956)2 UeRl= Aoz FrlE9lom, SPL D60
¢} SPL M2 gl Aol TR A Felx] 7 & o]
(0.885), SPI D902} SPI M3-& H|ZF)S 7Sol= Hajis )<
oA 71 & 210](0.920), SPI D120} SPI_M4, SPI_D1509}
SPI_MS5, SPI_D180¢} SPI M6Z H|13)s 739l 5 A&7
7] AYGeA & 2}0](0.676, 0.676, 0.545)S L}eRdTh

53k 7 7RERE tigk RS 55 HESH, 6714
ARPAES] whE DSPIoA] BF & Adighks vERiem,
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Fig. 2. Daily SPI and Monthly SPI for Gyeongsangnamdo (Time
Scale : 90days (3month))
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ZPIE Aol 7P 2 210)(1.073, 1.110)E Yehli= Ao g
3el¥]9lom, SPI D909} SPI M3, SPI_DI1209} SPI M4 H]
I 7dtole Adds AGellA 7 & #1€](0.704, 0.653),
SPI_D150%} SPI_ M5E B|w3l& -5-olli= B 2| o)A
7P & 2}0](0.603), SPI D180%} SPI M6S Hwgls 7A--ol=
AP A HolA] 71 & 210](0.529)5 e

Table 2= 5 7}4] SPI9] JHAIE Helst Zo=, o7
MSPI¢} B|1=]ojz] DSPI= 4 (<] #h& ol831%itk
1 23, 53] 90 ol 7Rt ste] A s o]8-sto]
A3k SPI_D30(vs SPI_M1), SPI_D60(vs SPI_M2), SPI_D90
(vs SPI_M3)& w2 2t s vepliglon, 909S 29k
7R 89k} 7] A ofgsie] AkdRk SPLDI20(vs SPL M4),
SPI_D150(vs SPI_MS5), SPI_D180(vs SPI_M6)-& Athdo =
7 A A vehs 2 ERIE = Qi) o TR
A ArEEs olgste] Y] ThEE WU 9ol wkEAl

T3

ol W7heol W

Zlojct.

o2 S0, A 1973 49 7Y% 724 7HES SPIL Ml
(0.542)& o831e] H7Izhhy, 3 19] FHo) we} A d(Normal)
defeiar ek 9hE, SUARR1 1973 492] o1E SPI D30
< IRIFNEY, 49 1Yol 49 F F5gk01(-2.459)0] Alkk=o]
=3H(Extreme) 7 dEolH, 49 24Uol= 449 F FHugh0.721)
o] Aiteo] ¢ (Normal) e = SR1HIT) of= 4€ F<oll
W Ao 2 Qlsf 49 270 A&EIA 7R gt s o]
MSPI= A(Normal) AJEl) Ao 2 F3E Hou, 4l 71
ARF L slie] ARS gl dtslr] $fsiale DSPIE o83k
7Fe BUEEe dagdes Akl & 4 9tk

B AFrllx] Aeket DSPIE E-8-sl= 7Hasl4le] 28-4<
Sl A= wAgEl 20129 B 71ES gho g AEsk
o} 2012 5¢9 195E 69 27 7IF B4 Axdos Wi

F 71 SPIE ste] Aol & Bat giEk 374 vl

ke Hd(248mm) 2] 28.7%(71.2mm)e) BHst 50|90

Table 2. Correlation Coefficients Between Minimum Value of Daily SPI and Monthly SPI

SPI_D30 SPI_D60 SPI_D90 SPI_DI120 SPI_DI150 SPI_DI180
(SPL_M1) (SPL_M2) (SPI_M3) (SPL_M4) (SPL_M5) (SPL_M6)
Gangwon Youngdong 0.556 0.768 0.827 0.866 0.860 0.881
Gangwon Youngseo 0.522 0.794 0.851 0.891 0.896 0917
Seoul Gyeonggi 0.534 0.762 0.830 0.859 0.860 0.869
Chungcheongbukdo 0.546 0.772 0.840 0.874 0.880 0.890
Chungcheongnamdo 0.548 0.778 0.849 0.881 0.888 0.897
Gyeongsangbukdo 0.528 0.766 0.840 0.885 0.890 0.902
Gyeongsangnamdo 0.545 0.788 0.851 0.890 0.902 0918
Jeollabukdo 0.539 0.785 0.854 0.880 0.887 0.902
Jeollanamdo 0.532 0.775 0.837 0.873 0.876 0.904
; T T ey T "o Moy
05 s E”S T T Eﬂ 0 Fﬂ Ej = == I
e T e S = R LJ L.J N
ry 3 Ea —— > .
& s ~H
“ 0.5 5 2 ] h 4
. L5 [t ;
> I
-1.5 2
) — i
SPI1 SPI2 SPI3 SPI14 SPI5 SPI6 SPI1 SPI2 SPI3 SPI4 SPI5 SPI6
(a) May 2012 (b) June 2012

Fig. 3. Daily SPl and Monthly SPI for Seoul-Gyeonggi Region
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u, o] 2 <l8) & 7ol WA vl Stk 53], A& A oAM=
FUg 7R w1t A=elX 7P A Z5rEi(10.6mm)o] Wil
HarEgtiAhn, et al, 2012). Fig. 3-& 2012 & 7}H20] 25k
59T} 6ol gk A&747] 21%94e] MSPI ¥ DSPIE vieRiH,
7| BEAERE #f Yo DSPIola, ¥haZs o 3719 2
#F Ye] MSPIo[t}.

Fig. 3(a)9} Fig. 3(b)2] A5 vaslr|of x| 324 £4

(9) June 29

< A F 7R FREEfof gtk 3, g & Uil A5t UigAl
o= Aot Al € U 54 VIR B SRS A9 vligle
7392 vpdnh A Ay 2012 59 HRpe] AgolH, 69e
FAo] 74924 2012 69 2997} 3029 A= 30mm-~ 110mm
o] Z57E AEIGIE =, 7Ake] Z9-olli= MSPIg} DSPI= 25
3 HEEE FHET Qo k(Fig. 3(a), A B$dle
DSPIZ} F&sh= =3 713} E MSPI= =31 7HEAEIE %38

(f) June 28

- Extreme drought
- Severe drought
] Moderate drought
I:] MNon-drought

(h) June 30

Fig. 4. Drought Monitoring Using Daily SPI_D30 From June 23 Through 30, 2012

Vol.33 No.5 September 2013 1855



2 ©h9] SPI9} ROC HA&

sk= Hl A7E = A2 ERIdr: o] MSPIE APsh=
g gle], 699 £8717H2012¢ 69 2993 30¥: 30mm~
110mm 7<= 9h8) F2bol Uldd o 73] 23 € ke
o]-83to] MSPIV} Al Ao]7] wfFe|th aejng g7
DSPIE 7128 XIekslal Brlshe= b glod, 712 9 98] 71ER4
£ o83 7Ha7Pa vlasle] Kot Agk AR T9)
o] 7& BUE#o] 7Fsdtct &gk DSPIE 883t 7R3k
S8 A3 e} 563 AR ek THEslAaabg o] By
B ®o] 7hssiti(Fig. 4 3al). o= 71&e] MSPIE 2-83}o]
7S e 2 S SEERE U] Qlo] wishe 2kaade] S
< FE3)] $J3k Weto @ DSPIe] 848 ZWd 4 =
shue] Al FAR dekEc
3. ROC 242 58 HIDIF Tieis= Tt

. AelE DSPIS) 7REAE s s Bt Aad o g kst
7] £J3l4] ROC(Receiver Operating Characteristics) %492 <=5,
stk ol fEluE gl W I7RERS 7k dl 9o
A A wAYS 7715 7o 2 DSPI] 7HEAIE S
H7yeh= Alojtk

3.1 ROC 24 Jid H =2 &%

ROC 42 F2 7VdEoklr Shadre] 44 A5
8= 7=, Kim and Lee (2011)= A4 7FAt9F 7
Zrete] ARl 7ke 918 ROC 2418 283k vt Stk
£ AyolMe 7Rl E 883 A 7R AidsEs riet
7] $15)4 Table 33} o] ROC & AT 20000 o] 5]
7125 7HEHRY E3kS zAEle] B A3 Observed value)’ =
Ak, AT ARE o AR JHEASE <ol At
(Prediction value)’2 H-F3le] “7Ha(0 )=} “7Ha(x)"l 234
Z¥z} 274 kit

B Aella] g RS A ThHEe] dAgtiaL 718
785l ZREAF(SPD oM = Zhso] AL e b “/dE
(Hit, H)?, 157 odrpd “2Hel Aa(Missing, M)”= LERHSL
o} whd, A ARdo] RS oks A9 oIS EaollA] ARxol
B <dl(False, F)”, 1384 rbd “5-2] A3 (Negative
hit, N0 =2 Vepfigitt o] & e} 521 2 N)2 B9=
Z¥2) el gre = Atelal, dsfel A Aae 3le] ghem
A

Table 33} o] E74 47HA¢] 7425 &3l Egs. (3) and
(HE o]&3lo] AZE(Hit Rate, HR)¥} H]Z5E(False Alram
Rate, FAR)S 77} Alxksha, Fig. 59F 2-& ROC A Yo
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Table 3. ROC Model

Previous drought records
Drought Non-drought
Drought Index |  Drought Hit (H) False (F)
(SPD) Non-drought | Missing (M) | Negative hit (N)
1
ROC Score : 0.66
B(0.6,0.8
0.8 -
o A0.3,0.
I 06 -
[F]
=] L
1]
(1'd
= 04—
I
0.2 -
0 L I ] | I | ]
0 0.2 0.4 0.6 0.8 1

False Alram Rate (FAR)

Fig. 5. ROC Curve

shte] Mow FEsEo 24 ROC F4& 748 4 9tk ROC
wke] RST= 0011 1 Afole] ghe 7R, =41 ofefe] wi%|(Area
Under Curve, AUC)o| 245t} gk 93l o= uf HR=1,
FAR=0 0|22 ROC =p3o] = 2wl 7M7) §138= 7k
el AFse fsivhal wdsh 4 lrk(Fawcett, 2006).

HR=H/(H+ M) 3)

FAR=F/(F+N) “4)

32 HAl oA 7EE7IE 8 H BYI7EE "ot

ROC #4218 F34317] $BIME 7l Aldsss s
<= 75 FBlok ap, & delrde ofe] 7HA] Tksdd Haix
(THFE71E2AF Ba(MLIT, 2001; 2005), Ef#AA] 71240 x(Tae
Baek City, 2009)) 2 A2H % 27 5 731 2000 o]5¢]
8l T |7HEH200013(77), 20013(4577), 20083(4571), 2009
H(1379), 20129(330)) 7155 8IStk Table 4= 5d
k5 5 2009 7Ha7d3el tigk AFsE AR HofErh BEg
DSPIE o83 7R dele] 75 ddtshe U 7keo| e ded




419 - 558 Yehs - A
Table 4. The Collection of Previous Records for Extreme Drought in 2009
Year Area Starting date | Finishing date Contents Duration(Day)
Hongcheon 01-01 01-31 Rainfall(0.4mm) 31
Incheon 01-01 01-31 Rainfall(1.2mm) 31
Inje 01-01 01-31 Rainfall(1.7mm) 31
Restriction on water supply: 1,2 step
Tacback 01-06 01-14 (3ton/day, Decrease 5~ 30%) ?
Taebaek 01-15 04-02 Restriction on water supply : 3step(3ton/day Decrease 50%) 87
The west coast of .
2009 Chungcheong 01-18 01-18 Daejun(8), Geumsan(7.5), Boryeong(7), Yesan(4), Cheonan(1.5) 1
Gangwon, Youngseo 03-03 03-03 Gangwon 1~ 3cm(Snow) 1
Korea south-central area 03-03 03-03 Heavy snow in Korea south-central area 1
Seoul(41.5), Jinju(100.5), Daegu(11.5), Chuncheon(40.5),
Korea 03-20 03-21 Tacbaek(48.8), 2
Busan 08'12-03 01-07 Rainfall(9.5mm: 20% of rainfall compare to last year) 35
Busan 08'12-25 01-18 Drought warning 24
Table 5. Cut-off Value of ROC Curve
Degree Moderate Dry Severe Dry Extreme Dry
DSPI -1.49to -1.00 -1.99 to -1.50 Less than -2.00
SPI D30 SPI_D30(MD) SPI_D30(SD) SPI_D30(ED)
SPI_D60 SPI_D60(MD) SPI_D60(SD) SPI_D60(ED)
SPI_D90 SPI_D90(MD) SPI_D90(SD) SPI_D90(ED)
SPI_D120 SPI_D120(MD) SPI _D120(SD) SPI_D120(ED)
SPI_D150 SPI_D150(MD) SPI _D150(SD) SPI_D150(ED)
SPI_D180 SPI_D180(MD) SPI _D180(SD) SPI_D180(ED)

(cut-off value)e- Table 59} o] 3714 71502 28It
Tl ARFEEES 1#fsk DSPI] A5E(Hit Rate, HR)7} 1]
ZE(False Alram Rate, FAR)S 7} Alikslar, ROC 341 offle]
HA(AUC)S AxFsRth Figs. 6(a), 6(b) and 6(c)= 3714
7hee] 9 TREA] ATES VR, 7 a8 Addele
7} 71=2A125(SPL D30, SPI D60, SPI D90, SPI D120, SPI D150,
SPI_D180)el thgt ZHzte] HF-Eo] 317]% 0] UL Fig. 6(d)=
3714 7He 558 AUCE yeRdich

W0 2 ROC =732 35 4ol 7o) XS, B
HFE #ho] 109 7RSS 7HEAI] Adsd sl
) B AT B 7HEolAe HEE 0.767 0742
3olx]= SPIL D308} SPI D150, A8t 7[2ojxl= A5E 0.837F
0.812 1¥E= SPI_ D903} SPI D60, =3t 7HRoM= AEE
0.68% E1=1= SPI D307} DSPIS o] 43}e] 7H28 Ajdlsk=
ol glo] Hrp §&24<1 Ao R dekdrt

olAg, A W HEe] WhE BHoR b, 71l i

ol s TGS 7IHke 2 At SPI_M337} & SPI_D30
9} SPI D607} Z-& B} & 7|7k 787343 043}
Ak DSPIE 3712 AES Fo7) ltk why, oie] 25g0]
S et 7HEAIE o838t VRS WU Agolle
diF e 2 7haaete] A=t Ak 7FsAdo] e B R, w)
7ha B7HE SRl TheAlgE AR Agelle AdE o7t
a3t

3.3 RS7ISXKYEDD)E 0|8t DSPI2| XM &It
ok Hollx] 2Hd7t DSPI9] #8735 HEsE] flsir 71&d)
e WA S Y 4 9] TREAR] R REAST
(Effective Drought Index, EDI)2} H]a3193ct}) Byun and Wilhite
(1999)0f] wk=w, AUvks o 2 EDI+= S4US] “Farad4d4F
8 %, 71 9] A% BE KA
Hlele) HE $o S AR 5 ol2 mEsk, o
srAzrolet o) 365UFe L o) Bk A
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SPI30=0.76, SP160=0.72, SP190=0.53
SP120=0.64, SP1150=0.74, SP1180=0.69

o183 Wl7kEe Bt

SPI130=0.73, SP160=0.81, SP190=0.83
SP120=0.70, SP1150=0.61, SP1180=0.61

1 1
O .
0.8 4 0.8+
. A
< e .
PN 1 2060
z < [SRRVN
E XO‘- - E * A j:’
045 o 1A o SPIGO) || T 04y o SPIG30) ||
N & 4 +  SPI(60) i o +  SPI(60)
+'¢ A SPI(90) i A SPI(90)
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Fig. 6. The results of ROC Analysis (HR, FAR, AUC)
Table 6. The Results of ROC Score for Daily SPI and EDI in 9 Regions
Degree Moderate Dry(MD) Severe Dry(SD) Extreme Dry(ED)
Region SPI_D30|SPI_D60|SPI D90| EDI |SPI _D30|SPI_D60|SPI D90| EDI |SPI _D30|SPI_D60|SPI D90| EDI
South Korea 0.761 0.723 0.530 0.663 0.729 | 0.807 0.825 0.648 0.622 0.546 0.578 0.496
Gangwon Youngdong | 0.589 | 0.559 0.532 0.531 0.812 0.674 | 0.689 | 0.571 0.618 0.588 0.522 0.479
Gangwon Youngseo | 0.621 0.516 0.577 0.581 0.656 | 0.519 | 0.506 | 0.498 0.660 0.541 0.593 0.512
Seoul Gyeonggi 0.621 0.512 0.531 0.502 0.576 | 0.511 0.620 | 0.507 0.601 0.582 0.588 0.502
Chungcheongbukdo 0.653 0.516 0.443 0.453 0.574 | 0.498 0.667 | 0.449 0.857 0.727 0.654 0.887
Chungcheongnamdo | 0.925 0.699 0.707 0.571 0.876 | 0.893 0.767 | 0.977 0.947 0.886 0.775 1.000
Gyeongsangbukdo 0.837 | 0.590 0.646 0.492 0.842 0.794 | 0.710 | 0.408 1.000 0.966 0.855 0.886
Gyeongsangnamdo 0.606 | 0.539 0.524 0.581 0.748 0.630 | 0.503 0.465 0.797 0.649 0.582 0.491
Jeollabukdo 0.680 | 0.556 0.528 0.577 0.838 0.547 0.521 0.459 0.746 0.775 0.566 0.490
Jeollanamdo 0.745 0.775 0.567 0.724 0.764 | 0.825 0.820 | 0.685 0.589 0.508 0.551 0.488
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