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RAINFALL PREDICTION BASED ON SELF-ORGANIZING MAP

1 2 3
Koji NISHIYAMA, Shinichi ENDO and Kenji JINNO

1 812-8581 6  10-1
2 812-8581 6  10-1
3 812-8581 6  10-1

In this study, complicated atmospheric patterns in a rainy season (BAIU) were classified into 100 patterns, using
the Self-Organizing Map (SOM) algorithm. In addition, rainfall probability exceeding 30mm/6h in Northern Kyushu
were predicted using the Artificial Neural Networks (ANNs). Considering high-dimensional complicated atmospheric
patterns can be replaced by the location of a node specified in the two-dimensional map, the coordinates (two
elements) of the node were used for the learning of ANNs. As a result, using the SOM, nodes characterized by the
Low-Level Jet and associated ample water vapor distribution were significantly related to heavy rainfall events.
Paying attention to heavy rainfall events, predicted rainfall probabilities using ANNs showed clear-cut relationships
between meteorological field pattern and heavy rainfall.

Therefore, it can be expected that the incorporation of the coordinates of a node in the map into ANNs contributes to
the down-sizing of the ANNs structure and helps the understanding of input-and-output relationships.

Key Words : Self-Organizing Map (SOM), Artificial Neural Networks, rainfall prediction

® SOM

SOM
)

2
SOM

349

2 (1) sSoM
SOM -1

6)
)

SOM: Self-Organizing Map SOM

- 403 -



SOM

-r) x@)-m@]  ®

m, (e+1)=m, 1)+ 4, (tw

., 1 , t, epoch 1
1 epoch re r;
i hei
1 epoch
)
ot

Iro—ri

r.=r H): a(t, ) exp [2020)] (Jr.-r|<o@))

hci (te’

ho (e ]r. =1 ])=0.0 (r.-r|>00)) @

olt,) epoch
3 001 1.1

ote)

G(te)zmax{a(O)T"'_t"H, 1.1} 3)
02 5
T, 100 1 3
500 epoch
10x10
100
PW 850hPa
2 3
GPV 1 2
1996 98 6 7 366
-2
9
2
9
3 27

PW
U 14

X=(PW,---PW, U,---U, V,---V,)

-2

i ( i Yz)

m;

Y

810 0 0 0 O\O O O O ©
P OO0 0O\ OO0 O
6lo o o 0o 0o 0O O 0 O
P OO 00000 OO0
oo0oo0oo0o0o0o0oltooo
P OO0 00000 O
O 000OO0OO0OO0OO0O0O0
OO 0000000
O 0O0O0OO0OO0O0OO0OO0

N an\
Ay

b—e—o—o—o—oe——o
0 2 4 6

oo

-1 SOM 2
37N
y
12| 3+
35N
; L
4 P6
o
33N R =a5
%
7 é&/ 9
3IN- A
G
Northern Kyushu
29N w \ ‘
126E  128E 130E 132E 134E
-2
@
SOM
27
SOM 100 2

- 404 -

" X

4



NODE 26

NODE 41

NODE 45 . NODE98
[

35N2,@~/0 @( a8
= | @ DR
3IN: @@'@

\

N N
35N 2\,\/‘/ 35N
¢ [

o | e <}
BN Lo Vg\j) 3N
S
3IN / 3N
o

QJ‘ 7T 35N2@‘

g 00

OO

O®| . ©®

35N

33N-

3IN

126E 1288 130E ISQE 134E

SSNZQ@C@
N ®a%@\%@r
W ®&fe

126E 128E 130E 132E 134E

NODE 1
3N
3N Z

el

33N

@
3IN-

>
o
@

o
S8

<t 02 04 12 I
. ') °
126E 128E 130E 132E 13N

126E IZSE/SOE 132E 134E

PW (O 60mm o

-3

SOM

100
Y))

1
6
6
30mm

30mm
Feed-Forward

2

8
1

6
2
-2
GPV
GPV 9
1

{0, 1} 6

3

SOM

0
{0, 1}

126E 128E [ 130E 132E 134

4 002 [1(4) 00 Zg‘r) A(2)%0(1)

126E 128E/130E 132E 134E

1(4) 263) 0(2) 1(.5)"0(-2)-

- 405 -

126E 128E 130E 132E 134E

NODE 80

)

.20 O

o

Q@&

@&

126E 128E 130E 132E 134E

35N

33N

3IN

)

NODE 10
I

A

Y

@oe
GQQ@,

v
126E 128E 130E 132E 134E

40 mm
30mm

9

X; 02
{-0.5, 0.5}
21
RMSE
30
Overfitting
9)
RMSE
100

24

Back-Propagation

Cross-Validation

Cross-Validation
RMSE 100

SOM



10)

-1 A B TE
9 21
NODE DATE mm/6h NODE DATE mm/6h NODE DATE mm/6h
59 (A) 19960610(21) 12 79 (A) 19960619(21) 136 10 (B) 19970706(09) 25
60 (A) 19960628(09) 58 79 (A)(TE) 19970710(21) 9 10 (B) 19970706(21) 60
60 (A) 19970702(09) 67 80 (A) 19960624(09) 67 10 BXTE) | 19970711(21) 58
60 (A) 19970702(21) 22 80 (A) 19970707(09) 110 10 (B) 19980625(21) 63
60 (A) 19970716(21) 155 80 (A) 19970707(21) 49 10 (B) 19980626(09) 75
60 (AX(TE) | 19980701(21) 84 80 (A) 19970708(09) 80 20 (BX(TE) | 19960617(21) 83
69 (AXTE) | 19960617(09) 37 80 (A) 19970708(21) 78 20 (B) 19960624(21) 96
69 (A) 19960620(09) 57 80 (A) 19970709(09) 52 20 (B) 19960625(09) 51
69 (A) 19960620(21) 70 80 (A) 19970709(21) 78 20 (B) 19960627(21) 21
69 (A) 19960621(09) 21 80 (A) 19970710(09) 118 20 (B) 19960629(21) 74
70 (A) 19960625(21) 80 80 (AXTE) | 19970711(09) 87 20 (B) 19960704(21) 30
70 (A) 19970712(09) 51 80 (A) 19980619(09) 153 20 BX(TE) | 19980626(21) 21
70 (AXTE) | 19970712(21) 50 90 (A) 19980621(09) 36 20 (B) 19980701(09) 45
79 (A) 19960608(09) 26 10 (B) 19970701(21) 65
366 100
6 30mm
2 A B
1 -1
100mm/6h
2
A
275 91
NODES0
10 6 30mm
100mm/6h 3
1997 7 17 11
-3
-1
NODES0 NODES0
B
NODE98
NODE6
NODEA45
NODE41

- 406 -



6 29— o 463 -2 A
1 2 2 3 3 6 15 34\ 46
-1
1 1 2 2 3 6 3 3
p 11 2 2 3 9 Z7(I& DATE | mm/6h | NODE ()
a 0 1 4 16 32 37 3540 19990617(09) 44 60 (A) 64
<
=0 1 3 14 32 @ 39 31 24 24 19990624(09) | 175 69 (A) 60
3 10 18 25 31 31 27 22 19 19990624(21) 105 69 (A) 60
19990617(21 39 70 (A 86
2 15 16 17 18 19 19 18 18 25 @b ®
19990702(21) 76 70 (A) 86
16 15 14 13 12 11 12 15 28
‘g 19990606(21) | 147 79 (A) 78
18—16—14 9—8—38 9L L6
X-axis 19990626(21) 73 80 (A) 93
19990623(09) 41 90 (A) 55
-4 19990629(09) 186 90 (A) 55
0, 0, 0,
& 40% - 10% 19990702(09) | 116 10 (B) 67
19990729(09) | 145 10 (B) 67
0(1) 0(2 0(0) 0(1) 0(3) 0(0) 0(0) 0(0) 0(0) 0(2)
19990729(21) 20 10 (B) 67
0(1) 0(0) 0(0) 0(1) 0(2) 0(2) 0(0) 0(0) 1(21 A2y \A 19990616(21) 1 20®) 59
0(0) 0(0) 0(0) 0(0) 0(0) O(L) 0(1) 0(1) 1(1) 1(1) 1999062321 53 20 ®) 59

JUNE 26 2100JST, 1999

E J-
Jo2 o2 oy o2 0(0) K3 o o0 o0 N AL 7 Wind S50 0P
o(1) 0(4) 0(0) o2 0(0) 1(1) 0(0) (1) 0(0) 1(1) =T ~Z ] —> Wus
Ty (o °\\‘j;;::ji:
o4 oD (3 oI 00 A2 U2 00 LI o0) 40N e e
g S N *‘;//fi/,/,//
o0 A0 02 A 0O A A0 22 e 12" D NI (L e
AU NN, /,__-\\*f foo
ol0) 0(1) 0(4 1) 1(5) 0(0) 0(2) 0(2) A6) A3 RN NN P A
X-axis S ‘?/ 27 s ~
N =7 OIS
5 o %/ ot
- 30N- 7
A e e m AASSFHS
-3 7 ,//V// / rrrt
71t '
W 5 4 B o
2 120E 125E 130E 135E 140E
6 199 6 26 21
40mm 10mm
)
2 SOM
100 100 2 SOM 100
X Y) -4
-1
A B 6
SOM 30mm
100 A2 18 B 1l 9
60%
6 30mm NODES0
100 9 6 30mm
100 93%

- 407 -

81%



6

B

14

NODES0

93%

Organizing Map

SOM

30mm

5 3
100mm/6h

SOM

1999 6 7 118
SOM

SOM

1999 6 26 21

NODES0

SOM : Self-

SOM
6 30mm

30mm

SOM

SOM

1) Antolik, M. S. : An overview of the National Weather Service’s
centralized statistical quantitative precipitation forecasts, J. Hydrol . ,
Vol.239, pp.306-337, 2000.

2) Olsson, J., Uvo, C. B, Jinno, K., Kawamura, A., Nishiyama, K.,
Koreeda, N., Nakashima, T. and Morita, O. : Neural network for
rainfall forecasting by atmospheric downscaling, Journal of
Hydrologic Engineering, Vol.9, No.1, pp. 1-12, 2004.

3) Kuligowski, R. J., Barros. A. P. : Localized precipitation forecasts
from a numerical weather prediction model using artificial neural
network. Weather and Forecasting. Vol. 13, pp. 1194-1204, 1998.

4) Hall, T., Brooks, H. E., Doswell, C. H. : Precipitation forecasting
using neural network. Weather and Forecasting. Vol. 14, pp. 338-
345, 1999.

5)

49
pp-241-246 2005 3

6) Hsieh, W. W., Tang, B., : Applying neural network models to
prediction and data analysis in meteorology and oceanography,
Bull . Amer. Meteror. Soc, Vol. 79, No. 9, pp. 1855-1870, 1998.

7) , 1994.

8) Kohonen T., : Self-Organizing Maps, Springer Series in Information
Sciences, Vol. 30, 1995.

9) Amari, S., Murata, N., Muller, K., Finke, M., Yang, H. : Asymptotic
statistical theory of overtraining and cross-validation, [EEE
Transaction on Neural Networks, Vol. 8, No. 5, pp. 985-996, 1997.

10) Bowden, G. J., Mayer, H. R., Dandy, G. C., : Optimal division of
data for neural network models in water resources applications,
Water Resources Research, Vol. 38, No. 2, 2002.

2005.9.30

- 408 -



	NextPage403: - 403 -
	NextPage404: - 404 -
	NextPage405: - 405 -
	NextPage406: - 406 -
	NextPage407: - 407 -
	NextPage408: - 408 -


