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Abstract

For accurate precipitation forecasts the choice of weather factors and prediction method is very important, Recently, machine leaming
has been widely used for forecasting precipitation, and artificial neural network;, one of machine leaming techniques, showed good
performance, In this paper, we suggest a new method for forecasting precipitation using DBN, one of deep leamning techniques,
DBN has an advantage that initial weights are set by unsupervised leamning, so this compensates for the defects of artificial neural
networks, We used past precipitation, temperature, and the parameters of the sun and moon's motion as features for forecasting
precipitation, The dataset consists of observation data which had been measured for 40 years from AWS in Seoul, Experiments were
based on 8old cross validation, As a result of estimation, we got probabilities of test dataset, so threshold was used for the decision
of precipitation, CSI and Bias were used for indicating the precision of precipitation, Our experimental results showed that DBN
performed better than MLP,
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Fig. 1. Concept of deep belief network
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Table 1. Features for forecasting precipitation
No Feature No Feature
before noon precipitation in 5
! 0 b @y
2 before noon precipitation in 14 month
d+1
3 | Peore PO PRAPIIONT | 15 (afiemoon precipiation n 0
4 | before noond}i’:apmonm 16  [afiemoon precipitation in 1
5 before noon dfirfqpnanon 1117 afiemoon precipitation in d+2
6 | beforencon d‘f:‘jpmonm 18 |afiemoon precipitation in c+3
7 beforenoon dlirga platon n 19 |afternoon precipitation in d+4
8 before noond;ir;eapltanon | o lafiemoon precipitation in 45
9 age of the moon 21 |aflemoon precipitation in d+6
distance from the moon to I
10 the earth 22 |afternoon precipitation in c+7
11 | the moon’s ediptic latitude | 23 dlaily temperature range
12 day of the week 24 | daily mean temperature
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Table 2, Data set

Dataset Period Number of data
Dataset1 1974-1978 1826
Dataset2 1979-1983 1826
Dataset3 1984-1983 1827
Dataset4 1989-1993 1826
Dataset5 19%4-1998 1826
Dataset6 1999-2003 1826
Dataset7 2004-2008 1827
Dataset8 2009-2013 1826
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Table 3. Predetermined parameters of neural networks

Parameter DBN MLP
Hidden layer 1 1
Hidden node 100 100
#epochs 500 500
Batch size 100 -
Learning rate 0.3 0.3
Decay 0 0
Momentum 0.2 0.2
Dropout 0.1 -
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Table 4. Method for dichotomous forecasts

Event Event observed
forecast
Event Yes No Total
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H F
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Gl e o83 o AT AFESe] e, &

ATollA = 1.5 3R ke CSl(critical successive index) 2 A5} SiTE

CSIE= 74 7433l tigh oS0t J&’?:OI is s EH +S et A%
N3z A 1z 2 LA THSHA] et
S 1okl Ho}tﬂ &34 J&e:au x]“l‘z] A=E Yehll=

Bias(frequency bias)& 3| AM8-3F310.1, 4] (2)9} 2t}

bis
CSI= o F W
 H+F -
Bias = ap
34 A151ZAq}
MIP9} DBNEZ o]&3}0] 7} 53| Eolat Asluhie S=a)5}o]
HAEwxs  tholo]a@(peformance  diagram)e]  VFeRATH

LR tholola9e GPRalEI AL o} CSl, Bias 5 of]
WA ABSE e TR0 BHE 5 e 14 S
chool o] $1 ofefolla] €25 1 Wolgli= AAE Bias

Frequency Bias
2

i | I | | | |
— Testt
— ;esl2
— Test3
09 | ——|Testa
Tests

0.8 —| 5 t— 08

vo
20
€

o5

2 — 05

Probability of Detection (POD)
(I5D) Xopul dAISSa3INS [B3NLAD

03 —| Cro 8 — 03

0 0.1 0.2 03 0.4 05 06 0.7 08 0.9 1
Success Ratio (SR)

J2 4 MLP ASIZTE LIERH I{EHA Clo|o]{13
Fig. 4. Performance diagram showing experimental results of MLP



http://dx.doi.org/10.5391/JKIIS.2016.26.2.093

2he BRI Q8% e LIFo R A7) ARE CSIES:
ekt 7% 4= Mpe] A@5a 2E, 1Y S DBNY
A3 A VeRi)

29 401 ST tALZ 030151015 Biass 1} 2}, Bias
7} 1rk Afehs 248 AR 745 B BSur) 345 3 ozl
357} Aglcks 242 ojmlgict,

29 50l 2 BIHEE Cs17} 030l 7H3A VeRed Biasts 1
28] 37k4] e shAgIch DBNeJAE MIPSR= Wl Busrh
thAl2 1} 2 2l 2 Ueh} A 4w Bt 4
612 3157} glehs So] vielic)

Frequency Bias
2

o
©
|

— Test4
Tests

° o
S ©
| |
Vo
4O

o

I
°
®

z0

. .

T octst
¥O

°
>
|
©
>

05
%

o
@
1

Probability of Detection (POD)
e
b
|

(ISD) XUl aAISSNS [9IRLID

03

o
@
|
I
°
@

02.
~02

9 T T T T T T T T T
] 0.1 0.2 03 0.4 05 06 0.7 08 09 1
Success Ratio (SR)

12! 5 DBN &/&ZIE LIEtH MEMHA CHo|oj 2
Fig. 5. Performance diagram showing experimental results of DBN

3 59 3 62 MLP2} DBN9] 7} slofejAll 7ol 53] Aegh
Ao} gt AA gk vehdct 414 2 2 DBNS] CSI
7} MLP2] CSIHTE 7] LR o1, 781451 DBNsO| MLPo]
H]3]) 26)) o] WhIT} Biast MLP2] 78-9- 0597, DBN2 220302
M2 T2 o575 Bt

H 5 MLP A&z}
Table 5. Experimental results of MLP

Average
Test data CSI Bias Time(s)
Datasetl 0.206 0.522 453
Dataset2 0.214 0.557 454
Dataset3 0.227 0.686 457
Dataset4 0.236 0.471 457
Dataset5 0,242 0,491 454
Dataset6 0.251 0.498 456
Dataset7 0.248 0.563 454
Dataset8 0.284 0.985 461
Total ave 0.238 0.597 456
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Table 6, Experimental results of DBN

Average
Test data (o] Bias Time(s)
Datasetl 0.290 2.856 19
Dataset2 0.267 2123 194
Dataset3 0.297 2,725 19
Datasetd 0.281 1912 201
Dataset5 0,267 2.217 203
Dataset 0.294 2442 202
Dataset? 0.297 1.441 197
Dataset8 0.302 1.910 197
Total ave 0.287 2.203 198
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