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Abstract In this study, artificial neural network (ANN) model and the multiple linear regression (MLR) model are used
to predict the numbers of tropical cyclones (TCs) forming over the western North Pacific from June to October. The
correlations between the frequency of TCs and the large-scale environmental variables during boreal spring (March—-
May) were analyzed for a period of approximately six decades 1950-2009; subsequently eight highly correlated
predictors were selected to predict the TC frequency from 2010 to 2017. A comparison between ANN and MLR models
shows that ANN model exhibits better performance as compared to MLR model. Specifically, the correlation coefficient
(R) reached 0.99 and the mean absolute error (MAE) was 0.77 during the historical data simulation. During the prediction
period, R values of ANN and MLR models were 0.80 and 0.46, respectively. MAE values of ANN and MLR models
werel.97 and 3.30, respectively, which further confirms that ANN model significantly outperforms MLR model in both

simulation and prediction and has potential for application in operational forecast.
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Fig. 1  Artificial neural network model



3 1 WA M PN A 22 X 235 A PR 00 1 A AT At e 2B i

No. 3

HAI Ying et al. Prediction of Frequency of Tropical Cyclones Forming over the Western North Pacific Using ... 327

PR E . DR, 1B e B TRV DX ) 5 IR A
EAE N TC A R TRAR R 7o 36 B AH DG 1k X 3T
T G A B AR A I, R 3% R D% R AR
T HARSCTE A B X . 24 X sk 2 A 55 R 508
it 95% K L E MER IR I, Bl IZM A B B
TR TR AE

B2 [T 1950~2009 4F 3 25 % A R R 3R 53
A5 5 WNP TC AL 1 FH O RECE B 0 A6, 1 2a
7R TC AL AR AR P X (5°S~10°N,
140°W~105°W) F-14 850 hPa & i X I 4 3¢ & %k
=051, MS5HEHEREMIT (22.5°S~15°S, 80°
W~70°W) 850 hPa £fi [a] XA X RECN 0.41, Z55E
H RN IE A S X Ik 22 7 CIEAH DR X303

120E  150E 180 150W 120W

FHAK X)) J5, 850 hPa 4[] W5 TC A% &
(FIFH 2 R B TE 22 0.63. 18 2b o TCAEL 5 R iR
J& 43 T 75 78 7 ST 35 R R 38 2R KPP B 2 IUE
N—0.52 F1—0.47 FIAHC R EL, PSR OC X 3 45
E AR RBIE—0.612. B 2c%:4 200 hPa 'ty
850 hPa Zfi [r] W HE FLJABFEARTE AR P RSPV AH K
X% R)E, MRXRBERN0.54. El2d A5 850
hPa i E I A SO A, S5 A PR REN —0.4
) (10°S~5°S, 135°W~110°W) [X 35 A10.42 K
(10°N~15°N, 155°W~120°W) [X1, 75%]0.54
AR R4, Bl 2e BIRTEARIEAR (2.5°N~7.5°N,
130°E~152.5°E) . 74 (7.5°S~2.5°N, 115°W~
95°W) AP X 5 1) 200 hPa i H] X\ 5 TC #% i1

o ‘ ‘ ‘ ‘ ‘
180 150W 120W 90W

120E  150E 180 150W 120W QOW  60W

90W  BOW

o

Ty

120E  150E 180 150

120W  90W  60W

—08 —05 —03 0.4 0.6 1.0

K2 1950~2009 4 6~10 H TCHH 5HFIREAL RN (@) 850 hPaZi[X; (b) HEKIEEE: (¢) 200 hPa 5 850 hPa £ [a] X B
PIAE; (d) 850 hPa i (e) 200 hPaZi[lx; (f) 500 hPafii#imE; (g) 700 hPaAHXHEEE . 7 HEX kKR A SCERIUIAR DG X I, BIRE
X IR A O R B AR B R T 85T 0.3, I AR N 95% 1 8. 3% PEAR 46

Fig. 2 Correlations between the frequency of tropical cyclones (TCs) from June to October and the large-scale environmental variables during boreal
spring (March-May) in 1950-2009: (a) 850-hPa zonal wind; (b) sea surface temperature; (c) vertical shear between 200-hPa and 850-hPa zonal wind;
(d) 850-hPa vorticity; (e) 200-hPa zonal wind; (f) 500-hPa geopotential height; (g) 700-hPa relative humidity. Solid boxes indicate the selected

correlation regions and the shaded areas indicate the absolute values of correlation coefficients =0.3, which pass the test at 95% confidence level
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Table 1 Evaluation of the prediction of TC frequency by ANN and MLR models

RMSE R d MAE
ANNBER MLRAEA!  ANNAER  MLRAER  ANNAER  MLRER  ANNAEA  MLR B

Y4 (1950~2009 4F) 1.10 3.77 0.99 0.72 0.99 0.87 0.77 3.02
IBUFAE(2010~2013 4F) 2.70 4.11 0.90 0.71 0.82 0.57 226 3.78
XA (2014~2017 4F) 1.83 3.59 0.84 -0.66 0.96 0.64 1.68 2.82
T4 (2010~20174F) 2.30 3.86 0.80 0.46 0.85 0.61 1.97 3.30
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Table 2 Evalution of the prediction of TC frequency by
ANN and MLR models during 2010-2013

TC 4%y TC BTN AE

B 1A ANN 7 MLR 7
2010 4F 13 15.43 15.43
2011 4F 18 18.05 13.63
2012 4F 18 15.63 15.85
2013 4F 25 20.81 18.84

&3 ANNEEEMLREZREMRE (2014 ~2017 ) 3
TC S EIHRE R

Table 3 Evalution of the prediction of TC frequency by
ANN and MLR models during 2014-2017

TC 4k TC S T AH

S E ANN £ MLR 7
20144 13 16.26 15.72
20154 17 17.86 16.28
20164 21 21.87 14.55
20174F 17 15.86 15.60
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Fig. 4 Time series for cross-validation of the actual and simulated TC frequency using ANN (artificial neural network) model and MLR (multiple

linear regression) model for the historical data (1950-2009)
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