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Experimental Research on Thunderstorm Forecasting with Double
Hidden LLayer BP Neural Network: Case Study on Taiyuan
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Abstract: A neural network scheme to do a multivariate analysis for forecasting the occurrence of thunder-
storm in Taiyuan is presented by using sounding data and lightning location system data. Well correlated
sounding factors are selected as the predictors, then all the input factors are normalized, and output data
are adopted to two-stage category so that the BP network with double hidden layers has been established
and the independent samples can be tested in it. The results indicate that, in the same condition, compared
with single hidden layer BP network, the double hidden layer BP network shows its advantage on solving
classification problem. Compared with multivariate statistics regression algorithm, the neural network al-
gorithm obtains higher thunderstorm forecasting TS score and more reliable results, showing good nonlin-
ear processing ability in the thunderstorm forecasts based on sounding data. And then the rules of thunder-
storm forecast results are analyzed and discussed, showing that sounding factors have a close connection
with the occurrence of thunderstorm.
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Table 1 The predictors and their definition

T K F 44 Fr 45 TEX KIS X HH 2 2R B
CT $8%k CT CT = Tyus50 — Ts00 0.3942

K 5%k KI K = (Tgs0 — Ts00) + Tu—s50 — (T700 — Tu—700) 0.5258

ETEDA i LI LI = Ts00 — Ti—s00 —0. 4831
FRT R K & PWFES of £ A A A K 1 TR B TR AT 1R 0. 4043

, " BHEARESE. — MK SI<O# , RRBSARE . HEBR, .

I 3t BRI K 5 2 2 W% K R B R B o
SRR B SWI SR I R e R A 32 W 43 BT TP R e g B 0.3277
TT $85¢ TT TT = VT +CT 0.4189
REZETHIREAL MMLMR HRABEREEAR K 0. 2500
R A 21 B # MMLPT HRABEREEA K 0.1511
T R AR PLCL HRABEREEA K 0.0596
T TRE S B 2 IR TLCL 5KRAZERE R X 0.2019
VT 5%k VT VT = Tgso — Tso0 0.1956

BSWI g T E 4 br. RBA] K PWFES
(A SRE L

2 s 4 I

N T # 2 M 2% (Artificial Neural Network,
ANND 2 IR 0 1 il fif 28 10 2% 1 452 s A, 2
TR At 25 0 285 45 ) A0 Ty e T N Y — A E B
SEPRRGE . B S PR bRl O S AR L R T
TR B Z W 2% B e BE A AR L BE S HE AT 52 A% 1Y)
AR FIAR R M C R I R G GERAE . 1999)

TEN T 22 2% 1) 52 B o F o s o R e )32 1Y
U BP SRR, B R BT N M4 X 45 Bk AR
R4 o UTAFER BP b2 ) 25 Bk B 22 i 1 T
RARE 2 G (X gy 25, 20115 B A1 55, 20105 5K 5 K
452009 AT AF L 20115 BE AN A AL 2011) 55X X
2SRRI A A AL G0 A HLE O AR
oo MXSEGE B GE T Jr 20 E  BP A R 2% m]
PR i A 2k e S0 ] AE S A AR K/ A SR e m] LU
X D132 BP W25 RS B R I 1 s .

BP W 2% 0] A7 %3t H] T 52 A% 1) Sl 28 v 00 I8

WMAR  H-RE BECRE MR
H, hy

i S
SIS
Hy By

K1 MUERJZE BP )4 A
Fig. 1 The double hidden layer

X Zy

BP network model

AT, > 3 2 BRI 2% RE 5 S BAT RORT JE BY f 2
PR R BRIET CIMFE ., 2003) A 552 ) 422 19 2% D T LA
fiff TR A Tl 43 248 ) R (4 e 2004) o R AR ST 24 4k
P FRORUZ (19 BP R 45

2.1 HWNEHBREA L E

WIAEAR A IE e BP W 45 EREE 25 G i . ph
284 IR A LE S b B e 1T L3R HEAT U R A
WA . 0—AL & TG — AR G o A i, W]
DL A58 4 /N S (e I ) 28 iy ie 8. I3 — A A
Lo Tz Mg ge it oA I — Al — 1, + 1]
Z &G R AR AR I3 A . FRIBT sigmod BRI ER Y 5E X
X BER R (2) % i AREAR 7R 470, 1,0, 92 [E] A 19
—1k:

X =0.1+0.8 (P— minP)/(maxP — minP) ]
(2)
XL P 3RS T — A BT R A B » minP R 5
P [ fe/ME s maxP KR FE PR H . X KR H
— A ZJE W AR .

ity 24Ul A L IR 2007 48 /Y B4 i 47 14
— A s 5 FLHT L 2008 AERIFEAR BRI 2007 4E R A
B E R I —1L .

XF T AR L TE 12 h R AR — IR R AR
B TR R W R TR R RSB
B2 L I % JE F sigmod BR R B YL, G R 2
Bt 0. 1.0. 9.4 & # it 0. 9.0. 17,

2.2 FJIHEZE

TE 5 #5303 08 0 245 £ 47 1 R 1 Bk A X 45 =



380 A

% 939 %

BAR 2 5 B 75 JE A7 fith 45 1 [n) A0 B, 308 3 2L 0 A i
%o 2, X Bk $E Scaled i AL VL trainsceg.

2.3 fREEY

2 R 2 0 I A% 13 oR B 4l 7 2 AN ] )2 N SR
BOR R AR 38 R B & . O H— M R S TE s %k
AL R B & . S TE B ECRE K 15 3 AR R A0 $i (i &
A5 ) — RN [ E BN . R R R T e
B, SRR A I 255 1) s R DL IR S O Y AT AT 1
KU B R 2% G5 40 5 B 3 2 A% 3 R4, BB tansig
F1 purelin BI45 &, 7E 5 H, B &0 %E tansig-tan-
sig-purelin 2l &, X PR REN FRA AT

1
A=[W PEb = —wmy B

A=fWeP+b) =W :P+b D
Horp . P RTR i A JEFE W78 BUE HE - b 3578 fi
FHLFE A FoRH

2.4 SHLEiE)EE b T

ERE T SRIZ A BE ) B KA 9 45, o 0 2% At At Y
—HERT . 28 1 A T R A P 28 T 28 0 I R
A LLAD BB AE A B 35 W RE T o 78 R 2% I S B v
ZH o BT B B, RIAE P 28 I Rl F o s U
—UINERTT b6 Bl A P 2% 1 1 2R e 0 4 s o 1 LY fE
IO T R o il PR3 A 0] A — b I 0 2 - A B
AR IR B 3 2 o B IR AL
R A 3 R . 3 R B o ) b R A R R AR 1Y
0.6.,0. 241 0. 2, & E 2 maxfail = 10 (KKK
UHO AE PN LR B v, AR AKE — 257 4, 2
RO Y 1R 22 AN B S T U Validation Checks JF iR
TR SRR 10 WA W9 2% B A i 4845 - 45 1k
%.

2.5 BT AR

HRmB oy S B — B E S, R
LR,
h= vVn+tm-+a (5

Horpoh R BT B n AT SSBG m R Y
HBa S 1~10 Z A BB
B S8 h SR S BRR N
h = log,n (6)
54 28 I 28 I 5 o s KR (1998) HT il T X
TR R AT LG B D R R G

Xh:
h = /0.43nm + 0. 12m* 4+ 2. 54n+ 0. 77m + 0. 35
-+ 0.51 7
B s BOR D 25 3 AR B A A2 5 3 8 ) 2% 1 2k
IR BNEER s K 2 23 3 R 2% A I 2R ] i< .
ATk e A 2 H R RS T B S BUE
BBl T A [) A B 5 T A T A AR R 1 22 5] BT A A AR
it bR A ORI E BT A oAl . X H
HAER S 2 2Ry SO G AR I 25 91 5
() MSE . iz 4 72 W9 )= B 1 s 800 1 g 3 A 9 (R L
F2.

®2 BTRBEE
Table 2 Selecting hidden nodes
B — R KR R R R R MSE

1 3 11 0. 0807
2 3 5 0.0859
3 3 9 0.0703

3 TR AR 4G 56 43 B

3.1 WEEBP MATIRER

B 2008 4F 6—8 A 167 MFEAME il 57 AF
AR BEAT RS Foh AR 69 A4 A B AEA
98 A, TR & R WA 3. W& R A Nl . Rk
i 2 o 245 RN T K T A R A

R3 2008 F 6—8 B 167 NI HEATRER
Table 3 Forecasting results with the 167 independent
samples from June to August 2008

LA SE L TG T4 45
BETEECETS a="TH %k b=z 4 a=60 c=9
T4 TG 75 % =Rk d=FTFER =17 d=281

K T TS V7 0 Afly 56 R 4G 0 T 4T 245

. a o 60 o 0
TS = S = g — 09 77% (®
yirne . a+d 60+ 81 _ )
HE 0 at+b+c+d 167 84.43%
(9

3.2 HM/IMEZHTRER

S Xt H o A XUREUZ BP9 2% £ P4 T % R AL
F8 DI B+ A P TR R 1 I R AR A R S A B R A 0 3
KRR BP R 2% | 2 U2 P8 1] 09 58 i % fe L 2%



&4 3 4

W AT AR WU BR 2 BP0 25 3 47 o 5% 08 35 Tl 1 36

PR D Ay ] 381

P ] 3 55 R AT AR
(1) SR AT FRZE BP W4 5 fil e 45 21 - 7F 167
NPSTAG I AEA T B RAEA XS 62 U, AR R
AT 68 WAk 7 kAR 30 ). H TS ¥F43 R
62.63% JEME N 77.84 %,
(2) 2R 2 o048 M [l A 530 9 00 47 0 41 2 88, 15
F 4R = R
Y = —3.6870 — 0. 0284CT + 0. 0089KI —
0.0196LI + 0. 0268 PWFES +
0.0925SI +0.0011SWI +
0.0765TT 10)
TR 56 W, AR TR BAEAMXT 76 K, U ik
13K, 284k 22 k. H TS P43 K 61. 54 % . i A R
g 79.04%,
(3) SR FH fe A 26 1 [ U5 B0 9 a0k A7 900 41 2 B 3
5. R —F g P 81 H Jr 5K A5 0 Jm i s L 1 5 ok
BRI FE. L5 % T 5 AHET.

1.0
0.8
# 0.6
B 0.4
0.2

0
0 10 20 30

FeAH

TREBUT B 25 75 AR (2008) 1 AIF 58 25 5 . 153 31
IR EVEp R
Y = 6.9764 4+ 0.0059CT + 0. 0041 KI —
0.0653LI —0.0297MMLPT —
0.0207SWI an
WRAEAMRAS 55 Y AR BAEA RS 78 K. Wk
14 %254 20 Yk, H TS PE4r  61. 8%, HEH R N
79.64%.

3.3 BMERXIELS

T LB R )2 BP W 4% TR 7E R 2 B
o LU B RE AR O 0 H 19 45 1 P 2% e 2 AT
Bl 2 B . o S0 10 R T 23 0 B s BRI
A S A AT REPE R T AR E A WA e B AEAS
S Z AR R A . MR T Ak ] 9 5 i, X T
LB CAAE T AT BEBE B 25 R T ¢

50 60 70 80

B2 RUBRZ P 4% 52 b (B R AE

Fig. 2 Statistical characters of actual output from double hidden layer BP network
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Fig. 3 Comparison of forecasting results between BP network and

multivariate statistics regression method
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Fig. 4 Statistical characters of actual output from single hidden layer BP network
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