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Abstract

In this study, the Standard Precipitation Index(SPI), meteorological drought index, was used to evaluate the temporal and spatial
assessment of drought forecasting results for all cross Korea. For the drought forecasting, the Multi Layer Perceptron-Artificial Neural
Network (MLP-ANN) was selected and the drought forecasting was performed according to different forecasting lead time for SPI (3)
and SPI (6). The precipitation data observed in 59 gaging stations of Korea Meteorological Adminstration (KMA) from 1976~2015. For
the performance evaluation of the drought forecasting, the binary classification confusion matrix, such as evaluating the status of
drought occurrence based on threshold, was constituted. Then Receiver Operating Characteristics (ROC) score and F score according
to conditional probability are computed. As a result of ROC analysis on forecasting performance, drought forecasting performance, of
applying the MLP-ANN model, shows satisfactory forecasting results. Consequently, two-month and five-month leading forecasts were
possible for SPI (3) and SPI (6), respectively.
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Fig. 1. Administrative district classification according to the rainfall stations of Korea meteorological administration (KMA)

Table 1. SPI Drought categories (McKee et al., 1995)

Range Condition
More than 2.00 Extremely Wet
1.50~1.99 Very Wet

1.00~1.49 Moderately Wet
-0.99~0.99 Near Normal

-1.49~-1.00 Moderately Dry
-1.99~-1.50 Severely Dry

Less than -2.00 Extremely Dry
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Table 2. Confusion matrix of ROC

Actual
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Fig. 2. Flowchart of ANN based drought forecasting process (Lee et al., 2013)
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Table 3. The calculation results of accuracy according to the administrative district classification

Mean ® ) ® @ ® ® @ o) ® Ai;’;:}ge
LT-1 0.96 0.95 0.97 0.96 0.96 0.95 0.97 0.97 0.97 0.97 0.96
?;))l LT-2 0.97 0.92 0.94 0.92 0.93 0.90 0.98 0.96 0.97 0.98 0.95
LT-3 0.72 0.74 0.84 0.76 0.77 0.69 0.73 0.70 0.65 0.75 0.72
LT-1 0.97 0.97 0.98 0.95 0.97 0.96 0.97 0.97 0.97 0.97 0.97
LT-2 0.97 0.96 0.98 0.96 0.97 0.97 0.98 0.97 0.98 0.98 0.98
SPI LT-3 0.97 0.97 0.96 0.97 0.98 0.98 0.99 0.97 0.97 0.97 0.97
(6) LT-4 0.94 0.93 0.95 0.96 0.96 0.98 0.96 0.95 0.96 0.97 0.96
LT-5 0.90 0.84 0.92 0.94 0.94 0.97 0.96 0.94 0.95 0.99 0.93
LT-6 0.69 0.58 0.88 0.79 0.87 0.89 0.88 0.93 0.70 0.61 0.81

@ Seoul-Incheon-Gyeonggi, @ Gangwon(Yeongseo), @ Gangwon(Yeongdong), @ Daeieon-Chungnam, & Chungbuk,
® Daegu-Gyeongbuk, @ Jeonbuk, ® Gwangiu-Jeonnam, @ Busan-Ulsan-Gyeongnam, @ Jeju
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Table 4. The calculation results of F score according to the administrative district classification

Mean @ ) ® ® ® ® @ o) ® Az;’f:;e
LT-1 0.8 0.72 0.82 0.75 0.77 0.66 0.77 0.8 0.76 0.78 0.76
?;))l LT-2 0.79 0.61 0.61 0.6 0.69 0.49 0.85 0.72 0.77 0.82 0.69
LT-3 0.19 0.21 0.12 0.24 0.17 0.18 0.26 0.21 0.26 0.29 0.21
LT-1 0.8 0.83 0.86 0.7 0.81 0.69 0.81 0.74 0.7 0.84 0.76
LT-2 0.83 0.88 0.86 0.73 0.84 0.76 0.87 0.79 0.75 09 0.81
SPI LT-3 0.79 0.8 0.73 0.78 0.86 0.82 0.89 0.74 0.73 0.81 0.79
(6) LT-4 0.69 0.58 0.6 0.74 0.69 0.78 0.74 0.63 0.66 0.82 0.69
LT-5 0.53 0.41 0.44 0.62 0.6 0.72 0.68 0.58 0.59 0.46 0.59
LT-6 0.24 0.13 0.2 0.39 0.17 0.41 0.46 0.53 0.26 0.06 0.33

® Seoul-Incheon-Gyeonggi, @ Gangwon(Yeongseo), ® Gangwon(Yeongdong), @ Daeieon-Chungnam, & Chungbuk,
® Daegu-Gyeongbuk, @ Jeonbuk, ® Gwangiu-Jeonnam, @ Busan-Ulsan-Gyeongnam, @ Jeju



884 M.-S. Jeong et al. / Journal of Korea Water Resources Association 49(10) 877-885

et Y daeE Brp | o s 2 AF SHES o] 85t
Precision®} Recall-& AF5}11 o] T Q1ztof gt 5-5 715-4]
£ 48 &5 s 8PP TS o851 F score 5 AHERITE

ROC score2} H| WWHEE ¢l AFJH F score 4 W H7H7]
He A-gsto] Sl Ao tigh S HEEE 735t
o A¥H= Fig, 6~71 2tk

Fig. 62 SPI (3)2] LT-1, LT-20] th$t 3§87 F score
A8 AR 0.6~0.8 Alelol] ofl& 35 B7 P ol Rol A= 2
2 Ut om Bab-4t e 2| o) 4 A=A ver
U= HhHe] ot A5 2|92 toha W2 A5 B7HE B3k

SPI (6)Oﬂ o §E R A AP F score A4 $E A= Fig. 73+
o] & 2ol A thi: =7 Urepstth P F score
A4 73)4-— Table 4} 2t}
YA F score A AT} SPI (6), LT-20014 7H &2
77k o] R0 AL &2 et Tt oﬂﬂ;oq?g
ZA(GA) A Go] o el vlaf A& dsol e E
Zlo 2 FAE ]I

ROC score B7} 7]10] W2t F score= “Fair” = “Good"
of| 77t 7t A3Z o]= Accuracy®ll H|5l 5&°] 1~2 5
AL oA = Ao R BAE I tq-a}/ﬂ 71& /4587
o] O]-%]i]-ﬂ _?4’6‘1 Tlﬂ7]—7]l:ﬂoﬂ o] ];}/\ ]z /\']18;
BRIl Boh Ml chzb el o & A 745_4

gl
F score 24°] |54 HEES A HEAT ol 78
Ao = Atadd.

/\

=
7

e orr oIF o

3.2 &8

3 QoA 7147 A1t 507 Al et 9 A E S
olg3tel 7|5 1 AT SAR DL 5
=g AAst] Setet 487k54:E Blekct, ol ¢l
S BTN 3t 252 Botel 7HEe BT 24
B7hg NGl om, 0 Ante Helshd et g

1) 71V3sH 7FEA 8 58 v 7 RES A s At
2007 o] Aofl= F2 FE oA AEHd=R HgtEl= A7
of| 7ha A P Hl.oH, 2008 o] ol =
B 7hgo] WAsE | Al&tete] o] 5ol 2571A] < %%nz—b
70 2 ettt 3L SP1(6)2] 7HE AR 4= SPI (3)
Hrpopad 22 2ge H ol o 3 7h A2 AL
Ao R BALQIT)

2) SPIo] i3t Accuracy H-4] 23}, A 3Jof| HA| 7 o] Zojd

<

5 d&/dFol @A 6] BolRle BEFS HA
(3)%] 7ol LT-3014 AlFEE 23Rt E7
2 A1t F- ol 4] o] 2|5k FSIr} FESishA| BA = Sl
SPI (6)0ll41= §-3at GAPE dRA| oA 54350l
S o2 Aotel= 54E Hol= A
2L 4(95)<] A= AP B A| 7] Foldo
et A QRO T A 0 8 e S AL S Hol= A
© 2 UEpTh

3) 7hzo] HI7ha WA R o F A 5] 2A g Rte] mhet ol
Skl 913 Aol thigt B7FE f1ste] F score
A& A TS SPI (3)ll tig 24123}, 0.6~0.8 Afo]

of ell5 A% B7b7} ol ol A0 ehgon,
A1 <40 Y it e el

75 A 2 v W2 435 B7HE 2T SPL6)l
t3EF score 417 A3, LT-20014 7Hg F2 4587171

o|FojH 11, 550 7P g A F2 HE Z]"ﬂ o
= U (94T A 92 o A el Hef tha

2 AEF 52 Hole= Ao 2 BT B3, %%035%3
O] TN (HI7Ha A — BI7 Mg oS TS AlLjgt A5 4
= g71= 915] Precision™} Recall®f] T SHF scoreS A%
St A1} “Good” T=“Fair® 12 53 2 ¥

oH,
N
-
o
rr
WL ool oX

B A7 AR P2 Aol st 714k 7k ted
SARDL ol 48 B2/ HE YA, T
ol Bt ARG AES Falo] SR G AFNA 12
SHNE NGO T 7R o] o A ol ek 4
Yol F03 7| 2482 AFH 2 4 9 Aoz 7t
A 2

B ALE 71 71871 7IEATA(KMIPA 2015-2070)
T 7 E O T 2 35 87 T A 9] AH]

21910 2 5|9 00 o] ZAL=HLe,

References

Bae, D. H,, Son, K. H., Ahn, J. B., Hong, J. Y., Kim, G. S., Chung,
J. S., Jung, U. S., and Kim, J. K. (2012). “Development of
real-time drought monitoring and prediction system on korea
& east asia region.” Atmosphere Korean Meteorological



M.-S. Jeong et al. / Journal of Korea Water Resources Association 49(10) 877-885 885

Society, Vol. 22, No. 2, pp. 267-277.

Bae, D. H., Son, K. H., and Kim, H. A. (2013). “Derivation &
evaluation of drought threshold level considering hydro-
meteorological data on south korea.” J. Korea Water Resources
Association, Vol. 46, No. 3, pp. 287-299.

Egan, J. P. (1975). “Signal detection theory and ROC analysis,
series in cognition and perception.” Academic Press, New
York.

Heckerling, P. S. (2002). “Parametric receiver operating characteristic
curve analysis using mathematica.” Computer Methods and
Programs in Biomedicine, Vol. 69, No. 1, pp. 65-73.

IPCC (2014). Fifth Assessment Report (AR5) "Climate change
2014 : impacts, adaptation, and vulnerability

Kang, B. S., and Lee, B. K. (2011). “Application of artificial
neural network to improve auntitative precipitation forecasts
of meso-scale numerical weather prediction.” Journal of
Korea Water Resources Association, Vol. 44, No. 2, pp.
97-107.

Kim, G.S., and Lee, J. W. (2011). “Evaluation on drought indices
using the drought Records.” J. Korea Water Resources
Association, Vol. 44, No. 8, pp. 639-652.

Kwon, H. H., Moon, J. W., Song, H. S., and Moon, Y. 1. (2009).
“Climate information and GCMs seasonal forecasts based
short-term forecasts for drought.” Conference of Korea Water
Resources Association, pp. 1186-1190.

Lee, J. H.,Kim, J. S., Jang, H. W., and Lee, J. C. (2013) “Drought
forecasting using the multi layer perceptron(MLP) artificial
neural network model.” J. Korea Water Resources Association,
Vol. 46, No. 12, pp. 1249-1263.

Mckee, T. B., Doesken, N. J., and Kleist, J. (1995). “Drought
monitering with multiple time scales preprints.” 9th Conference
on Applied Climatology, 15-20 Janiary, Dallas, TX, pp.
233-236.

Murphy, A. H. (1993). “What is a good forecast? an essay on the nature
of goodness in weather forecasting.” American Meteorlogical
Society, Vol. 8, pp. 281-293.

Provost, F., and Fawcett, T. (1998). “Robust classification systems
for imprecise environments.” In Proceedings of AAAI-98.
AAAI Press. To appear. Available: http://www.croftj.net/~
fawcett/papers/aaai98-dist.ps.gz.

Provost, F., Fawcett, T., and Kohavi, R. (1998). The case against
accuracy estimation for comparing induction algorithms.
In: Shavlik, J. (Ed.), Proc. ICML-98. Morgan Kaufmann,
San Francisco, CA, pp. 445-453.

Son, K. H., Bae, D. H., and Cheong, H. S. (2015). “Construction
& evaluation of glosea5-based hydrological drought outlook
system.” Atmosphere, Vol. 25, No. 2, pp. 271-281.

Spackman, K. A. (1989). “Signal detection theory: valuable tools
for evaluating inductive learning. In: Proc. Sixth Internat”.
Workshop on Machine Learning. Morgan Kaufman, San
Mateo, CA, pp. 160-163.

Swets, J. A., Dawes, R. M., and Monahan, J. (2000). “Better
decisions through science.” Scientific American 283, pp.
82-87.

Yoo, J. Y., Song, H., Kim, T. W., and Ahn, J. H. (2013).
“Evaluation of short-term drought using daily standardized
precipitation index and ROC analysis.” Journal of The Korean
Society of Civil Engineers, Vol. 33, No. 5, pp. 1851-1860.



