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Abstract We developed a novel nonlinear artificial intelligence ensemble prediction (NAIEP) model based on multiple
neural networks with identical expected output created by using the genetic algorithm (GA) of evolutionary computation.
We extracted the main signal feature from the meteorological fields with random noise and eliminated the random
disturbance by principal component analysis (PCA). We set up the NAIEP model based on data of typhoons that occurred
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in the South China Sea from June to September in the period 1980-2010. The predictors were selected by the stepwise
regression method and PCA both in the predictors of climatology persistence and Numerical Weather Prediction (NWP)
products to predict the typhoon tracks for each month. Under the condition of identical model samples and independent
prediction sample cases, we compared the genetic neural network ensemble prediction (GNNEP) model by selecting the
predictors with both the method of Stepwise regression with PCA and the climatology and persistance (CLIPER)

prediction model. The result showed that the former method was more accurate than the latter, and the average absolute
error of the typhoon track from June to September decreased by 7.4%, 4.8%, 12.4%, and 17.0%, respectively. Under the
condition of identical primary predictors and sample cases, we compared the prediction accuracies of the new model, the
model of Stepwise regression, and the model of GNNEP (using only the method of PCA for the input predictors), and
theoretically proved that the new model is more accurate than the other two. In the method which uses forecast
information in all the alternative predictors and in the GNNEP model in which the resultant prediction from the ensemble
integrates the predictions of the multiple ensemble members, the network structure is determined through the optimizing

computation of GA; therefore, the generalization capacity of the ensemble prediction model is improved, leading to better

availability and improved weather prediction.
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Fig. 1 Calculation process of the genetic neural network (GNN) prediction modeling
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Table 2 The correlation coefficients and variance contribution of the principal components factor selected into equations of

typhoon longitude and latitude from June to September
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Table 3 The error statistics of typhoon track of the

independent samples for ensemble prediction model
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AT RF S AR Ty A SR F e B A 4y A Uk
SERITAR T RR AR IS e — RN TR BRI
L TR A v, AR R AR i 0 5
TN SRS, T AT S e AR AR (0 R 2R
Ay, i H BTN T s iR, R
TR AT T ERAT R IR, BRI PR P
AT HENFEE RS R, BT A A T 17
K%t iR 2 W T R

x5 KETIRRESSIEFEMRRE S KB EIM LR
MEXBIRER TR LR

Table 5 The error statistics and comparison of typhoon
track of the independent samples for GNNEP model and
CLIPER model

Aty TRk CLIPER FiRAszl  AESTHHRELN P
U S B R % PR RS ZEH (km)
(km) (km)
6 74 159.16 147.42 11.74
7H 102 127.83 121.74 6.09
8 H 195 14831 129.90 18.41
9H 155 140.40 116.48 23.92

3.5 SREMSANAEERENEFHITHIR

AT AIXS EE 2 4T

T4k, AT R A SGE HE R R
B3 53 W AH 5 TR D7 VRN PR R - HEAT Ak B
DB, SCREM T 32 o 20 (R A SO 12 L%
XHIT A VE TR AT, AR 12 HIE P R
AN A — o 22 99 28 5 ik 0] TR 1) 65 XL A2 e A A
AR FRFEAREAT V5L 08T o B34 H ]
e BT RS SE R 7 B ) Ry, EAREEAT AR
Iy R, ARG e AR IR R R T a3 R T U BN
T2 ARy TR A ARG AP B9 5 FE AN A —
P2 AR AT U D T 2T R LE 34T,
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Fig. 2 Comparison of the average absolute errors of the independent samples of the GNNEP model and CLIPER model from June to September in the period

2001-2010

FERAT VRSN, BRI R AR R, X
MSEIRHRAE AR 732 S 77 30 Tk it
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BT RN B B3 6 S R v LLE 2,
AR 2 73 73 M I3 VAR B 5 e it AT B A
TR RS, AEYIE TR A 5, PR AT A S
SEFARAEAS 56 4 — BRI LT BEAS SOBT 5 S BT T
IR 5 DR A2 0 37 FIURAE AN 1)~ 24 2 06 1 22 46 K
TIRZ, FERSCRIR 2. FEE A H S iz
FIIR 8 5 (0] JH 77 95 R 4% L B AT 200 40 060 TR0 5 Tt
RTTHROR I — L5 7 BSh 3R R, 6 T30 R (A
¥ B ERG  MTIEEAT o SO AR T
TR SO — A RN TS, PRI R AR A
* 6 IS MEREERTFHRAN RSN ST
AT REARTUHR IR ZE L R G

Table 6 The error statistics of typhoon track of independent

samples of the two models which predictors was selected by

PCA directly
Aty PCA A\ Z A T2 M %
WY denfiRze CPRE 4ahiRe TIRE
#H (Hf)  BEES(km)  (SiPE) B B(km)
6H 4 3 2.60 354.88 227 326.33
2 3 1.91 1.91
TH 4% 3 1.90 252.0 1.79 23523
2 4 1.28 1.17
8H 4&fE 2 3.29 413.58 3.24 406.11
2 2 1.82 1.77
9H 4 3 1.68 254.44 1.67 249 88
2% 4 1.59 1.54
3.6 TIRELIGKFE

BEAh, O T 2B A SR (Vg A — 22
LR TR R AR T 70, e SRl 55 TR

B HEATRE TS, 308 IR 5K 2
T H ATHRE K GR/ANERIE T, 2007),
AJ LA 298 ST R 8 7 S AR T AR RIS,
R FFEE PR T A 23k s 6 Ay 7.38, 7
Ay 476, 8 A4y 12.41, 9 A4y 17.04. o LIE ],
BRI R —Fo, (BB T % HMANIERT
NG A e R iR Al e 5 i N i P I E<
(I PIREE L AP AR AE 25 5, 8 HARF 9 H A i Tl
IR R, A R I, 2001~2010 4E[ BT FE
A, 8 AL 9 HAr & WU R B AR AR AL 2
A R SR T I ol e AR 1 TR R O — ML
599, A SCE s e — P28 I 2% 7 70 A BRI P
WA (AEZRMED) MIRE A RLLE, PRI AR A 5
UFRITIAR R . B0t 3 TR T AT 2 AT
38, 6~9 HM3EET TR oA s —p 2 W
2 A O TOURBE L (1) £ IR 450 TR 1 TR 5 35 A 6
TAFERFEEI N IE TR T K-, Uk B B A
R BEA— B TREE ST, T H A SO g st A —A
L A TS AL I, BT 3R 52, M
A T B A AR e () W
3.7 ELBRTAIR

TEBRRAT 2001 ~2010 4EFTA AL REAS 3E
AT LR ARSI, AT IHIE T IR A & A
BIRBEAT 93 Hr. 0907 T EX “Goni” T+ 2009 4 7
H 31 H 20 WAERHEAR, S8 MR e 2%
o, EAE)T ARG I G R AR N T GRS i
[, MG —HSE T BT, M it
SEPR PRI R T e IR, B 4 1S X “Goni”
Tk g SEBL I LS R, AR S0 s g
X IGH ) 5 A — 58 I TIARAE T, 4 il (e A AR
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Fig. 3 The forecast skill of the GNNEP model relative to the CLIPER model from June to September in the period 2001-2010
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Fig. 4 Comparison of the forecasted and observed paths of typhoon 0907
“Goni” (line with dots is the observed path, line with “+” is the forecast path)

AERRETIR tH oK, RN

KI5 %1003 5 G X “hliB” Tk At Sl )
LA, <l Eeqe 2vgdbkm, fae s, ek
JARBRLT B S, kERiidu TN, HEfAE
JUVE BT IR R, XA, —MRAE R
HE R Z I WEIRTTLUE S, B
(RFI0I Ry IR L, G WG Bl RO PR AR, A
PR AR () TR R 2 3 IR R0 (P R Y

— R 7 B PR AN X A 5 KT
&5 FAAT R LA AT AR 3, BB 0907 55
KTk 8 H 3 H 02 B IFEAIK, HEBE 6 /N
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Fig. 5 Comparison of the forecasted and observed paths of typhoon 1003
“Chanthu” (line with dots is the observed path, line “+” is the forecast path)

DAASHE, LR I P B 0 e e W RR vk B T
im0 2 A =
=7

H#R
Table 7 The actual forecast results of typhoons 0907 and

=MFIRIEE S 513 0907, 1003 = & KAYSEFRTIR

1003 by three typhoon forecasting models

B SRFEERL PCA HFEERT
ik &g 4y &E Y )3
AN B ) D (D (D (i) D
0907 23 0.66 0.57 0.90 0.86 1.03 1.16
95.93 km 136.93 km 170.64 km
1003 10 038 0.52 0.73 0.62 0.49 0.96
65.94 km 105.35 km 118.56 km
4 NG

1) B G T R e A Ty T TR R R K B
IR, AR SRR R TR A R, RIX LS
TRGHIERENZ DK RIS TR BRI R . A
MAEG NERAR I T Ik R, TR R S 1
F1E, ARG SR RS S A T IR, A
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