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Abstract In order to make better use of the observational data of a large number of satellite cloud images to improve the forecasting
ability of typhoon rain, increase the forecast accuracy of cloud system changes related to typhoon heavy precipitation, and increase
the timeliness of the forecast for future cloud system changes, a model is constructed based on the cooperative strategy Shapley-fuzzy
neural network for non-linear intelligent calculation of satellite cloud images of typhoons in South China. It is of great significance to
enhance the practicability and timeliness of satellite cloud image data in the weather forecast of typhoon rain. Based on satellite cloud
images of typhoon processes in South China during 2013—2016, an ensemble forecast method similar to the numerical forecast model
is used to decompose the sample sequence of the cloud top brightness temperature of the satellite cloud images at 6 h intervals by the
empirical orthogonal function, and the time coefficients decomposed are used as the forecast component in the cloud image forecast
model. The development and changes of typhoon clouds are mainly affected by the atmospheric environmental flow field. Here, the
physical quantity forecast products of the numerical forecast model are used as the forecast factors of individual forecast components
of cloud images. And the stepwise variable selection algorithm of k-nearest neighbor mutual information estimation is adopted to
realize the selection of related variables and the elimination of weakly related variables through a two-step process. The Shapley-
fuzzy neural network ensemble forecast model of the corresponding time coefficient components is established, and the time
coefficients and space vectors of each cloud image obtained by the forecast are further synthesized to reconstruct the forecast cloud
image at the future time. In this way, the long-term and objective rolling prediction of the satellite cloud image at forecast lead time
from 6 h to 72 h is realized. The prediction results of satellite cloud images of typhoons in southern China show that the cloud images
predicted by the new scheme are highly correlated with the observed cloud images. The reconstructed predicted cloud image's basic
contour, texture feature distribution, clarity, and cloud strength are relatively close to that of the observed cloud image. In addition,
based on the forecast factors of the same cloud images, this paper further used the multiple linear regression scheme to predict the
cloud images consistent with the new scheme for the same modeling and forecasting samples. Comparison of the results shows that

this nonlinear forecasting model can better predict long-term development, movement, and trend of typhoon cloud cluster than the
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linear scheme. And the predicted cloud images are more consistent with the main features of the observed cloud images. The valid
time of the cloud image forecast in this experiment has reached 72 h, which has a practical significance in operational weather
forecasting.

Key words Satellite image, Typhoon in South China, Shapley-fuzzy neural network, k-nearest neighbor mutual information

estimation, Multiple linear regression
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Table 1  Variances and cumulative variance contributions of the first 30 principal components
of the satellite cloud images (%)

WiH PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10
EITN 18.83 8.74 7.74 5.46 3.99 3.77 2.98 2.29 2.12 1.71
SRy 2 5k 18.83 27.57 35.30 40.76 44.76 48.52 51.50 53.79 55.90 57.61
T H PCl1 PCI2 PCI13 PCl4 PCI15 PCl6 PC17 PCI18 PC19 PC20

7 ZETTRK 1.68 1.54 1.38 1.24 1.05 1.02 0.95 0.93 0.89 0.77
SRy 2 5k 59.29 60.83 62.21 63.44 64.49 65.51 66.47 67.40 68.29 69.06
T H PC21 PC22 PC23 PC24 PC25 PC26 PC27 PC28 PC29 PC30
RN 0.69 0.68 0.65 0.61 0.59 0.57 0.56 0.53 0.51 0.48
Ry 2 5Tk 69.75 70.43 71.08 71.69 72.28 72.85 73.41 73.94 74.45 74.93
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o BARME N (2) 3 5 3 (2) FE PR N 15 BURS R (=
(1) R C0) X0 1 A 2 P 4T [R5~ e 2R AT Pl s [] 28 %00 2 75 D A OGS, 9 A B A, JE SR8
HRITE. RSB .

M2 A4 B (2013487 41 H 12 (ave). 18 (b, ) BF, 71 2 H 00 (c. g). 06 (d. h) B )
SR THE (a—d)H 30 M FERAEM T (e—h)
Fig. 2 Four times (12:00 (a, e), 18:00 (b, f) UTC 1 July 2013, 00:00 (c, g), 06:00 (d, h) UTC 2 July 2013) of observational cloud
images (a—d) of Typhoon "Rumbia" and predicted cloud images (e—h) reconstructed by 30 principal components
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ZilE 2
Fig.2 Continued

B3 R A X k" 4 SR (2014 457 H 18 H 12 (ay @), 18 (b, DI, 19 H 00 (¢, g). 06 (d, I )
SLHEE (a—d) 5 30 N FEWDEH I (e—h)
Fig. 3 Four times (12:00 (a, ), 18:00 (b, f) UTC 18 July 2014, 00:00 (¢, g), 06:00 (d, h) UTC 19 July 2014) of observational cloud
images (a—d) of super typhoon "Rammasum" and predicted cloud images (e—h) reconstructed by 30 principal components
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Fig. 4 Correlation between cloud images predicted by the new scheme and cloud top brightness temperatures

of the observed cloud images (a. distribution of correlation coefficient, b. average correlation coefficient)
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Table 2

Comparison of the number of samples for the correlation coefficients of the cloud images

predicted by the new scheme and by the multiple linear regression scheme with the cloud

top brightness temperatures of observed cloud images (unit: piece)
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Fig. 5 Distribution of correlation coefficient between the

cloud images predicted by the new scheme and the cloud

top brightness temperatures of the observed cloud images
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Fig. 6 Observed and predicted cloud images of Typhoon "Nida" at 18: 00 UTC 2 August 2016

(a. observed cloud images, b. cloud images predicted by 30 principal components, c—h. cloud images

predicted by nonlinear scheme (6—72 h), i—n. cloud images predicted by linear scheme (6—72 h))
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Fig. 6 Continued
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Fig. 6 Continued
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Fig. 7 Observed and predicted cloud images of Typhoon "Nida" at 00: 00 UTC 3 August 2016, observed cloud images (a),
cloud images predicted by 30 principal components (b), cloud images predicted by nonlinear scheme (¢—h correspond

to 6—72 h), cloud images predicted by linear scheme (i—n correspond to 6—72 h)
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Fig. 7 Continued
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