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Development of a Modified Standardized Precipitation Index by Considering
Effects of the Dry Period and Rainfall
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Abstract

A modified standardized precipitation index was developed by considering the length of dry period and
surface run-off effect. The official reports and newspapers on drought from 1973 to 2009 were quantified
to evaluate drought indices. The developed index was evaluated using the receiver operating characteristic
analysis. In order to suggest improved drought index, we cut the precipitation amount that may do not
contribute the mitigation of drought and weight dry period by considering cumulative distribution, decile
distribution of dry periods. Drought detection capability of the suggested index has improved by weighting
of dry period effects and considering precipitation amounts contributing drought mitigation.
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Table 1. Valuation Value of Drought Index

Rank Index Value

Extremely Wet Over 2.00
Very Wet 1.50 ~ 1.99
Moderately Wet 1.00 ~ 1.49
Near Normal -0.99 ~ 0.99
Moderately Dry -1.49 =~ -1.00
Severe Dry -1.99 =~ -1.50
Extremely Dry Under | -2.00

1 : Standard of Drought Judgment on Study
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Table 2. Formations of Modified SPI - 1

MSPIO1 = SPI3 Run [Aridity Index]
MSPIO2 = SPI3 Run [P-E Ratio]
MSPIO3 = SPI3 Run [If(Precipitation>50) : 50 + (Half of over 50)]
MSPIO4 = SPI3 Run [If(Precipitation=>100): Precipitation=100]
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Fig. 1. (a) Probability Function of Monthly Max Dry Period, (b) Cumulative distribution Function of

Monthly Max Dry Period

Table 3. Formations of Modified SPI -2

MSPIO5 = MSPIO3 + (MSPIO3 x CDF Value)
MSPIO6 = MSPIO3 - CDF Value
MSPIO7 = MSPIO3 - (CDF Value x 2.0)
MSPIO8 = MSPIO3 - (CDF Value x 1.5)
MSPIO9 = MSPIO3 x PN Run [Monthly Maximum Dry Period]
MSPII0 = MSPIO3 + (MSPIO3 x Deciles Run [Monthly Maximum Dry Period])
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Table 4. Drought Record Collected by Reports and Newspaper

A YA A 717K2) L= AA| 2| 717H2)
04.04 A% 1993 10.29 A4
04.11 A e 01.14 A4 1(1);112
1973 06.20 Canak} 04.13 A
07.18 o9, s = 6~7 05.02 AA
07.31 a4, I9 1994 07.08 FHA 57
01.12 X ) 07.21 g 3
1974 01.21 AR 08.02 A <
8.21 HHEAY 8 12.16 A
01.06 X 01.14 aQd, T 8~12
01.20 AR 193 02.02 A 1~4
1975 03.04 Jaliet 04.23 %%f‘—xl%_ i
03.06 4] 1995 07.29 a9, o, 334
06.20 AL 6 08.22 3 =3 7~8
07.07 x| 09.01 Cil
01.30 T, 12.05 A 11~12
02.02 RRE 1~2 01.15 A 1
1976 02.16 Bkl 1096 03.03 ks 2~3
05.31 A Eg 03.08 A
06.08 2] 1217 s 19
02.02 A 1~2 01.29 xa) 13
03.02 A 1997 04.03 A
1977 06.28 WA 10.21 A 10~11
07.28 a4, I9 6~7 11.26 A
08.08 A 02.24 A
04.11 a9, T 2000 05.18 A 2~6
1978 05.01 A 2~6 06.27 HEA
06.20 Ao 04.20 ks
1979 01.25 e, 1 05.11 THAY 46
05.27 Ak, AT 06.02 A
1981 6 22 AA 6 2001 0619 RRE]
02.10 Ax 09.19 SHAY 6
06.21 g I 12.03 Caal
1982 o2 | Faw, 29w 9% 1= I I CE] 1134
07.24 ad, I 04.29 A
02.06 AX -3 2004 1~3 73 1~3
1984 03.26 A 2005 9 AFE 9
11.07 AR A F A9 10~11 2006 1 A, 2 1
1985 06.15 5, A5 5~6 3 A= A 3
1986 4 e S5 4 1 =t 1
01.11 FHAL 13 2007 1 A5 s 1
03.07 2| 1 A% 1
06.28 X 2008 9~10 A, A 9~10
1988 0714 x| 6~17 2009 1-3 ik 1-3
10.20 ks
11.15 Ax] 10~11
1991 12.05 sk 10~12
04.11 A 12~3
06.18 a4, I9
1992 07.07 2| 6~7
08.12 WA

414 BEKERBEMNE



2,
lo
&
" il
o
(o
et
o
pass
2

Zzte] Aol vhat W3k ABle] AE £

s
Sensitivit TP

ensitivity = — 5y =
. 1IN

Specificity = TP TN

= True Positive Rate

= True Negative Rate

3

4

CEER R LRI S LR i

el
Lo
)

4

k
ot

Actual value

Positive Negative
v o
g E True False
£ 8| Positive | Positive
5 a
°
c
o w
2
< &| False True
@ | Negative | Negative
a =z

100% 100%

Fig. 2. ROC Classification Model

ROC

23} 252 ) AT A7k BAS A1)
o} 2 AoA] AA g ROC 7S Y5k 7He

Pefect Classification;

True Positive Rate
= = o o o = = o
5 @ 2 & o= 5o& &
#%i

o

=]

: [: Area weighted averaue :
L i EE:Npmber of administrative average ;

*n

SPI3 |4

MSPI01
MSPI02
MSPI03

M5PI04
I

o 0.1 02 03 0.4

04 06 07

False Positive Rate

(a)

08

09

1

o ol ol 4714 ] AP e kit A Al
Zhao] SRS wl, 7FEASTE e 29E 45 TP,
IA QA 7Heol ASAAE THEA T THes F
&bA 53k 9 FNO.=2 &EFaiet whdel 74 A 7}
wol LA eoks ), ZheAgTE TheE 28 4
% FP, 37 AA| 7o) QlaL ZhaAa B3 TS

T B A TNOE BFeldrh ¢l9} o] B+
4714 7B9-9] = F TP} FPE & HwAdol] vepde
24 ROC H7IE 488l git}). B AFoA A3k 7)7¢

L 1973 2009374 2 Aol oJel AP E TR
ARE gAY HE S8l vt ] FEE
E.‘fﬂo}—”— Al A A T
T =3 e sgzqr,Loﬂ;}Ho]

HA 7HE71 &9 S Fe 3TN FUARE 47}

9] ROC #FAAIE o]&3sto] 738 F TPo FPAMS
AA 717k tig Z42ke] &2 RStk 22872 ¥
79 ZH7te] X & Fig. 3(b)ell veblom, 228719
gl digk B gk AT Holo e ks
A& & kS Fig. 3@l YeEpiglel &3k Table 5
o] Z+z}e] z]-’,:g} Perfect Classiﬁcationﬁ}xlﬁll AYE
Eq olF B3l w& M FHTYS B

s SPI3 (3742) A%
71&2] SPI3ol| H|3}e]

>
)
filo
N
)
B
rr
wn
s
filo
4
oX
)
iy, Mo
=) ol

=
~

o
=)

True Positive Rate

=
w

+ SPI3 -
MSPI01
O mMsPin2
MSPI03

& MSPIDG
L~

i L 1 | 1 i
o 01 02 03 04 05 06 07 08 08 1
False Positive Rate

(b)

=
i

o
T

(=]

Fig. 3. (a) Point of Modified Indices on the ROC Space : Average of Administrative Value,
(b) Point of Modified Indices on the ROC Space : Administrative Value

#5454 H49% 20124F 4]

415



Table 5. Length Each Point to Perfect Classification -1

SPI 3 MSPIO1 MSPIO2 MSPIO3 MSPI04
60.62525 64.28608 61.94461 56.31301 57.09014
Table 6. Length Each Point to Perfect Classification -2
SPI 3 MSPI05 MSPI06 MSPIO7 MSPIO8 MSPI09 MSPI10
60.62525 43.27362 40.14809 51.48796 45.03909 52.72213 4521172
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