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Abstract

In this study, the suitability of drought indices was analyzed using the quantified drought records from
official reports, newspapers and drought indices estimated using precipitation and air temperature data of
69 weather stations from 1973 to 2009. Test statistics of the suitability of meteorological drought indices
were evaluated using the ROC analysis. Results demonstrated that PN shows the best relationships with
drought records. SPI3 and Deciles Distribution Ratio also show good relationships with drought records
and their variability according to the administrative divisions is relatively small. Results of the analysis
of the spatial and temporal variability of drought and the accuracy of the drought indices can be used to
evaluate the accuracy of drought indices in drought monitoring and prediction, and to select the best index
in drought management.
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Fig. 1. Locations of 69 Weather Stations
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Table 1. Total Number of Weather Stations Used to Generate Drought Indices

Year

1973

1985

1988 1992 1995 1998 2002

Number of stations

58

60

64 65 66 69
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Table 2. Drought Record Collected by Reports and Newspaper

de | 94 A4 7IA 9 B8 g 717K 9)
04.04 AR 295 A&H 7HE, A% TR -
04.11 AR H]
1973 | 06.20 AN A et 735-2K10/80)
0718 | 9, 349, 2 A5 7951/134.2), T 69 olF 79-161/272) 6~17
07.31 g T H]
01.12 AR Adoi] A=k Bt P 771% 5
1974 | 01.21 AR = !
821 A BegeF w7)9ke] 9@ 7IRF 0= 5mm wuke] 4 209 ol A& 8
01.06 A IR A UsA 17190 ol%A 171ske] 4% Smm vIvke] 5 209 ol A
01.20 A A 1195H 29 5= 75(68.1/152.1), M(26.5/73.8), 7(57.1/84), t#(74.5/83.4) 123
1975 03.04 ot A 9L 79 (230.7/630.8)
03.06 A &
06.20 AR IAS =4 69 7 739 (213.7/299.4) 6
07.07 A H|
01.30 = 739 149 A& 7293H36/12.8)
02.02 AR A, U7, ¥4 5 1mm wRK] A A O, A5 S 4~Tmm A5 1~2
1976 | 02.16 A H]
05.31 Ao A= 7392 (500/1000), 5 52 74 7393 (187.4/314.2), 945 (21/271.5) -
06.08 A H|( 29505,
02.02 A 2709 ASEE AL, A2 (2.2/27.2), Q3 (35/234), i (2/33.7) L
03.02 A & 1
1977 | 06.28 A A=t 735 (70/160.3)
07.28 o, B9 U7 69 7$-2H74.6/134.3), 797454 (73.7/156.9), A5 69 73-5-2K82.3/180.3) 6~7
08.08 A H]
04.11 o =+ 37097ke] E 7HE 50~100 mm 5% g
1978 | 05.01 A A= 79-H161/292) 2~6
06.20 A H]
1979 | 01.25 e, T A% 7He, A% 3 3$9K11.1/30.7), 7FEEA 6000ha 1
1981 05.27 s, A= A=BTE A58 34%, 89 FTEAAY) 82%9] AA7F 1, 7HrHA 59000ha .
06.22 A H|
02.10 A e A 129 79-312/36.5), 22 (33/75.4), tIA(28.9/66.7), 73%5(38.3/77.8), H4H37.9/64.2)
1982 06.21 Gt ok A7V o] 7HE ZE(191.2/296.7), A5 23 S0l 73-$-2H364/716) "
07.02 | 934, 345 9% )7} =0iA 7HaAS Si(EA), A7) A= 735-3H307/466)
07.24 o syt H]
02.06 WA A Wt AEH61/135), B 7HE 123
1984 | 03.26 AR Ade) 30%7%, #4K30/226.7), A18(73.8/143.5), tTH24.6/139.9)
1107 | AAG(ZEA) 109 7253 A-8(21/48.4), 8524.3/52.9), 75(16.9/112.6), tI7H15.9/47.0), 52K206/65.8) | 10~11
1985 | 06.15 A, A5 oFs 59 WHE 9% (86/524) 5~6
1986 | 4 g, T8 AZAT 425 mmBE, A5 34%, 7HEHEA 1000 ha 4
01.11 FHA FRA 739EK3/35), FEAM 129 7F2H2/454), 23 129 392H2.3/205), 7HE16.6/49.9) 13
03.07 X A 1295 29 Wihx] 4eKH38.2/118.8)
06.28 A A= Gt 79 (300/480)
1983 6~7
07.14 AR Gl
10.20 A Aa o A Bt g5 dhdoiH] 55~65% 1011
11.15 AR =
1991 | 12.05 A AHE(5.5/48), FE(13/64), AEAE dld A5 iv] 50%, A&7HEo] & 7HRo® olofF 10~12
04.11 A H] 12~3
1992 06.18 g, T A 59 WA 79-8K285.5/335.5), 6B - 79, A5(250.3/364.7), e 5 olF 9% (31.8/191.6)
07.07 A4 Amom FaF AR Agg 34% (A5 16%) 6~7
08.12 A H]
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Table 2. Drought Record Collected by Reports and Newspaper (Continued)

e | g4 A4 AN I 71ZH4)
1993 | 10.29 PR N9(64.3/2183), 7F43.6/328.3), ZAHIS6/247.1), AH(36.2/200.1)
0114 249 7% Y8, A/(735/1087), AA%0] Baurk 10~0mm e 395 0
04.13 A< B, sidd v
05.02 A 22 22 AGA ASE 52%, AF $H1036/2366), ThH99.1/180.8)
1994 | 07.08 SHA SHAY 292 ke, EEA 7}75 Skl
0721 g, a5t uhe =55300ha A% A5H) Bt AFE 43% T
0802 A = Ba
12.16 A ASTVE, 42 od oM] 37~63% =, A5 Sdl 74-9-2K763.4/1298.3)
0114 9, o JE7 A% 99 ArF 5-27%, D5 A9 A% 30% 8~12
02.02 A AR 73-9-2K25/50) 1~4
04.23 AR H]
1995 | 0729 | 94, 59, 34 UH(124/285), B5(110/373), thA(155/363), A15163/363), #4H255/369), 4(169/243)
08.22 s 34 H], BEA 7hEoiA 7~8
09.01 = o]
12.06 A ASNE, A, 95T 59 ALHSBY12444), A 19 BLHB28/13728) | 11~12
01.15 A H], s Sl HA) ek 1
o0 | 038 A A 247 AL A AFAe Bl 229% 24 T1ShEA 3000ha 2-3
0308 A1 ]
12,17 A% BEAE 9 A8 50% T, AR FE A HEYI015)
0199 va Ak 347E 392 94(658), 95(657), 96(389) 304 Tt A5 1084l 18] = 12
£3) 5ol 5EH6.7/35) 1~3
1997 | 04.03 A H]
1021 A o] 25 10%(3 ~ 20%(A, 99% A% B 45 (54.7/163.9) o1t
11.26 A Z9
‘ A% Ard 12956 792366/107.6), 5 Ad 119 o|F 29-2K60/130),
02.24 e 173%1 4 12/°J o 24 24.1/96.4)17 e
2000 518 A PTERTES 2=
06.27 WA u}
0420 A BE12.1/83.2), AH326/90), 25 Akl 2] 20%
0511 ZuA Sy az
06.02 REE A PASE 66% (A 204 it 73%) 6
2001
0619 A o]
09.19 S 5A B Aueze] ek 71871 6
12.03 e 119 793H2/475) ‘
o | 2501 R A7Fel ole ¥ 7, SIS PR (Rt E 40%) 2
0429 PRE] ]
2004 | 1-3 e 1092 2 71 an 1-3
2005 9 A= Akl 71E olF AL A% 9
1 A, X3 W2, &2 P 15%73% dzTeln 1
2006 A, 9% O O A A AR 423%2 Ao 15% 8% h 3
1 Al oFE, 7T, 9F A A % 1
2007 | 1 AE s AERE vk digA] ek 74343 A48 68% 1
1 A5 72 olF AFe U BFe] §I8, A4g 4% 1
2008 | 9~10 WA, A ejaiz|do]l 201 whof] Zlole SAE 7HE, 7, EH:rL Aoz gt 9~10
2009 | 1~3 P 2 9 epe] % 1-3
# (A Ao dm 29w [ 1973 olF 4t} 7
e gl ol 2 e 54 RS ) Bl dekton ol A BAE 1 054
o] Yeh P i X198 ‘on’ o= ®7]sit) ole} F2Eke] Fig. 20 a7+A¢l Hl=E Jehfdch
& "o 2 1973 H-H 2009 7k4] ¥ w9l 2 63 2] 7} 1973 5-H 2009d7H4] 7HE 715-S BH A3EE A
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JH2I|= YIS (1973~1979)

I=S21= B (1973~2009)

ool 7P Be Wl E yehdich gk g e] 7t
w2l WASIETF v Aol vl RS & 5 9l 10
a9z B o A 70 d el S Aol WA
LR 7o) Aae] S0t So] AAEE A9l wol
vrebskeh 0 telli= A el T8l 7o) Wles
wolal < 2000t So] ZLE Aol 7HE-o] WM E}
Al vehdS F1d 4 gleh AIREAQL ZhERl=e] ws)

Eﬂd_ Aeke Apge] 7hao] HAF ek vhd FH

A A o] Thr BASFTE Sk 7He el Wlwst
161/\15_(}_01]/\1 HEZOR o]l FRE HAFT o9
ol e ER AstE 7] 7152 Sl 7—?—6— ats
i} FH o7 vu B = 9l

3 JlERIF &
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JHEII= Y15£(1990~1999)

JHED|= Y1 5(1980~1989)

JHEJ|= Y1 5(2000~2009)

JNEkEl PDSIE 7HEo] H]

Palmer (1965)°l ]3]

4
QSR RE/|gbolet Yol 2, Hel AEE Sl

L
JL
s
o
il
R
>
2
ol

R O, %E Oy E
SR 5 EPA 8aE we] @xgal% el
(&89 5

3 71 Wz Thomthwalte and Mather (1966)94 <
Ao AAFTHAS FAA ) T3,

i
=

o+ 2|5~ 5 SPI, PDSI<+ 5*7/‘“ T8 Z#Ei ALg
HHEA GO, o)t 304 olabe] A4ARe
B AFe) A Fee) AES WEew e
o2, Tk 71 o) Akl 7bsshar SPI
A2 AGAR SR A T EAE S e

Febel 7HE gk A|g=elek Table 32 71247 ol A

1

O

ﬂd
B o IHZ ¥
rE _{E r[r

fd
N

¢

BEKAERBRERNE



Table 3. Valuation Value of Drought Index in Korea Meteorological Administration

Rank Index Value Drought Conditions
SPI -15 Under rga SlE . - -
~ 2Rl PHLe & B Aldle 19 ge
Extremely Drought PDSI 30 Under Crops damage, Water lack, Limitary water supply
PN 55 Under
SPL | 715 ~ 710 | 2o tha sjsia, & 25 A% s 45 a7
Drought PDSI -3.0 ~ -0.5 | Small drops damage & Water lack & Limitary water
PN 55 ~ 80 | supply
SPI -1.0 ~ 1.0 1Eae] Bas A ) zne
_ . }'\‘l%/\oxo ra—ﬂ—‘?:-_ xolii 70T7 %T':?:
Normal PDSI 05 05 Enough water for Plant growth
PN 80 ~ 110
SPI 1.0 Over ) 15 B 9l
s R 8l YR Sl
Wet PDSI 05 Over Enough water, No drought
PN 110 Over

PN, percent of normal.

ARg8lE 7HEA 7150 2 SPIL PDSI, PN9] 7He-gkct
AFRL17F WA= o] Tk
75wk A B-9)%= SPL PDSL, PN 370¢] F=8. 7He A<=
5 3% MR AEE AY T 2 9 S B
k] AR = AR 30 o] AAtEE Bl 54
717kl 3 ArEEs vk o 2 Udsle] F 1059
et 1Eleke, sl 717k Aol 105w 5 &%
Foll we} 7o) AEE dukels A|Soln)
= A713re] 7HEA & vl ARE-E= Palmer 7HeA]
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3. ROC EAg 08 MEMEA

3.1 ROC &4

HE

ROC #42 EAt #X& X3k (False positive
rate) 9} YR3E (True positive rate) = JeER 1 0] & &5

a4ty 8k 20114 8H

Actual value

Positive | Negative
A True False
Positive . .os
Prediction Positive | Positive
outcome Negative False True
9 Negative | Negative

100% 100%
Fig. 3. ROC Classification Model
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(Spackman, 1989). ¥ ¢-ef A= ROC &4
to] AA| BA g 7R 53 THEAG R 7FE
T 715 At A h
ROCY E-7= 712207 A7) A (Actual value) 2}
¥ A3} (Prediction value) & WrolAH, 143 A
lof| oJafja] z}z} 27}A] 4 rEThA] RFETh A4 Lol
AR o] "Positive’d 7§ T4 fhol @t ‘Positive’ 9
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Negative) = UERNH, 24| dojyt AMdo] 'Negative' I
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TN9| A9+ Z+z; 'Positive’ @F "Negative’ &9F o] Fo] %71
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Error) AAS] gto= wolERItt (Fig. 3). &4 w2
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2210] Wzl w} ROC spaced] FE AL dA&#9] =
Aol Fej= Yel o]= ROC curved}t 3t} (VanErkel
and Pattynama, 1998).

T o
Sensitivity = TP EN - True Positive Rate (1)

e TN .
Specificity = TPITN True Negative Rate  (2)

3.2 37782 =2 ROC Analysis
Aol M= AR 7o gl thste] ZF A4e1ke]
VES TS AES W, 97} S ROC A4S
ARE8Elom, ROC 419 o] ol Z7ste] 47b+] ] &
5 At AA 7154 7HES ‘Actual Value' =
skal ZF 2|4 2 WFES Prediction Outcome’ 2 731
o 2 ATeAE EAS 2 2E e 1D
@ 7S AFE 8l AA S ROC Cut-off ValueZ A4

A 7HE71ES FIREER YERIYleH, ROC analysis
& 918k 272 gk (TP, FN, FP, TN) ¢ g7 &3

R = 7_1
A ARl m2e eSS PAFIER YRS
t} (Fig. 4).
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Table 4. Cut-Off Value
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A= Fig. 5(b)9F 2t} TP} FN, FP3} TN zhzt
go] 131 oJAPd o R o]F TP} FPUle 2% BE
EAS 123 = Qo) MR ARE P E R
19== ROC Space?] Perfect Classification®l 7}

& 23S Aolekal & = vk Perfect Classification=
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Ag 2 A7 FHTL Vs 8cke A9 4t
100960131, A 7HEo] WAYSEA] FAARE A5 B 7HE
71 FRETL THES BEHERE A9 71 0%9] A $-olth

ROC Analysisi= 912121 ‘Cut—off’ #koll &Jslo] A&
Al Aol FElE yehdlth 2 AgeA o] e
ROCE] A& w2 7Hadre ¥4 Jes glstaxt
oloJ® Mild, Normal, Severe?] 37}4] Cut-off Value®
Hepflo] ROC Curve®] 548 3Hotegitt (Table 4).
ROC Space?] EXHE|ZS Fig. 59F #om =1
22870 ] BAZTA7Ee] A E, LEEIHAE Yy
2HAA Fite] X5 HERAT.

ROC Space® 53 44 WAZHE} 215 71845 2

Mild Normal Drought (KMA & Average) Severe
Precipitation Normal x 1.2 Under monthly precipitation average Normal x 0.8
SPI -05 Under -1 (Moderately dry) -15
PDSI -1.0 Under -2.0 (Mild drought) -3.0
Percent of Normal 90 Under 80 (Drought) 70
Deciles 40 Under 30% 20
Temperature Normal x 0.8 Over monthly temperature average Normal x 1.2
Evaporation Normal x 0.8 Over monthly evaporation average Normal x 1.2
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P FN FP ™

news{o)-prep(o)(%) news{o)-prep(x)(%) news{x)-prcp(o)(%) news(x)-prep(x)(%)

4

Prcp
L vl
S
Fasrl
news(0)-spi3(x)(%) news(x)-spi3(0)(%) news(x)-spi3(x)(%)
SPI3
news(0)-spié(0)(%) news(o)-spi6(x)(%) news(x)-spi6(0)(%) news(x)-spi6(x)(%)
SPI6
news(o)-spi%(o)(%) news(o)-spi9(x)(%) news(x)-spis(o)(%) news(x)-spis(x)(%)
SPI9
news(0)-spi12(0)(%) news(o)-spi12(x)(%) news(x)-spi12(0)(%)
SPI12

Fig. 4. Area of True Positive Rate, True Negative Rate, False Negative Rate and False Positive Rate
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news(o)-pdsi(o)(%) news(o)-pdsi(x)(%) news(x)-pdsi(0)(%) news(x)-pdsi(x)(%)

PDSI
news(o)-pn(o)(%) news{x)-pn(o)(%)
PN
news(o)-tenper(x)(%)
Deciles =
news(o)-temp(x)(%) news(x)-temp(x)(%)
Temp
».J : 1a
news(o)-evap(o)(%) news(o)-evap(x)(%) news(x)-evap(x)(%)
Evap

Fig. 4. Area of True Positive Rate, True Negative Rate, False Negative Rate and False Positive Rate
(Continued)
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7|5 Heke] A EA%E Ay HA THEe] BAE = o] A& meo gdeie & Utk ol& Akl 7HEe]
& 52 F3s}= X4 Perfect Classification7}4] €] Aol e ROC 3719 7Fs/d& HoF+= Zloletal &
ALE 7122 MildollA4 SPI3, SPI6, PNo| iz, Normal T ATk WA PGS GEY B g9 A
ol SPI3, PN, Deciles®]™, Severeol~] Precipitation, 715 a1 ste] 2Hg sl Hitates & xfol7F YERA] 49
PN, Deciles® WEFAT} (Table 5). %4k 2.2 SPI3, PN, ow = Qg 7HEF FAAE] SR i dEe]
Deciles®] &2 34 S HolFa 9lom, o= 7Ia7|5 we S gle ¢ Q.
< Bl Agslst AA 7HEol 1Y 2 2o e Aido g w7 7hE2] 13821 SPI3, PN, Deciles®] 7}
w9l o] ] Hel M-S #3882 SPI3, PN, Deciles % EAG7F = AAS BT Qo A77HEel o)
gt A7 HEe] Edl Ay ez Xqﬂo}ﬂ wj-ol 2l gk AgS EA sk A s-Evet 5o 7HE T 19739 o]
) gkl gk Ao JEE= 3~5 Y92 4] $-o] 47k 717HE FE3He] ROC 2418k 27+ Fig.
WA A HGAQ] Y-S HAFA o, 72 S 7 2t}
78-%- Fig. 4°l vrept npe} mpzxrpx 2 FRA G wH 1973 o] %9 4t 7wl 7IZWE MR FE5H]
Ae] AR QI Ao R o FEAxE Ryt ROC 415 Alash A3 Aid o r 47|17kee 13<l

(Table 6). ¥ A FollA A3 Cut-off Valuedll 28] ++ SPI9, SPI12, PDSI2] ¥sle] S &1d 4= ok
5 37FA9] ROC #3Hde A5 2 &S »Y SPI9, SPI12, PDSI #|5=2] ROC 3-7Fdol True Positive

© 2 o]oj#]i= ROC Curvest FA} Rate”} S718l= FHlE g91e 4= 9lon o= A77hE
S FElE UER L 9lom, oFol whet ZF A 1Y o] W7te] 7S Btk B3 False Positive Rate

Table 5. Length Each Point to Perfect Classification

Prep. SPI3 SPI6 SPI9 SPI12 PDSI PN Deciles | Temp. Evap.
Mild 0.72 0.43 0.53 0.58 0.67 0.61 0.53 0.72 0.85 0.81
Normal 0.62 0.60 0.73 0.77 0.79 0.84 0.50 0.57 0.69 0.79
Severe 0.53 0.86 0.90 0.94 0.94 0.97 0.49 0.49 0.85 0.85

Table 6. Standard Deviation from Point of Average

Prep. SPI3 SPI6 SPI9 SPI12 PDSI PN Deciles | Temp. Evap.
Mild 3.87 3.99 4.26 4.65 4.30 441 3.02 3.01 8.91 9.44
Normal 4.93 4.65 4.33 418 3.70 3.24 3.88 3.61 16.26 7.96
Severe 5.9 2.57 3.18 2.75 2.62 3.17 3.74 5.01 8.61 7.01
ROC ROC
1 ‘ ! ‘ ‘ D 1 Peft;.ct Clas;mcminré ‘ ! ‘
09 ; ng :
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Fig. 6. ROC Analysis in Korea Big 4 Drought
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