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Abstract: A Northwest Pacific typhoon intensity prediction scheme has been developed based on multiple
neural networks with the same expected output and an evolutionary Particle Swarm Optimization (PSO)
algorithm. Typhoon samples during June — September spanning 2001 — 2012 are used for model develop-
ment and Climatology and Persistence (CLIPER) factors are used as potential predictors. The new model
input is constructed from potential predictors by employing both a stepwise regression method and a Local-
ly Linear Embedding (LLE) algorithm. The LLE algorithm is able to learn and identify the underlying

structure of a high-dimensional vector space, and then perform dimensionality reduction and feature extrac-
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tion. In this scheme, the new developed model, which is termed the PNN-LLE model, is used for monthly
typhoon intensity prediction at 24- and 48-h lead time. Using identical modeling samples and independent
samples, predictions of the PNN-LLE model are compared with the widely used CLIPER method. Accord-
ing to the statistics, the PNN-LLE model shows reductions of the mean absolute errors of 23. 34%,
24.46%, 19.41% and 27. 45% relative to the CLIPER method for June — September 24-h forecasts, re-
spectively, being 23.10% for the 4 months averagely. From June— September the mean absolute errors of
the PNN-LLE model are 44.82%, 16.73%, 0.89% and 49. 26 % more skillful than homogenecous CLIPER
intensity forecasts for 48-h forecast, respectively, being 25.54% for the 4 months averagely. By adopting
different numbers of nearest neighbors in the LLE algorithm, sensitivity experiments further show that the
prediction results of the ensemble model are stable and reliable, and the forecast skill level of the ensemble
model is better than that of the CLIPER method, potentially providing operational forecast tool and model-
ing method for the objective prediction of typhoon intensity.

Key words: locally linear embedding (LLE), particle swarm optimization-neural network, ensemble predic-

tion, climatology and persistence (CLIPER), typhoon intensity
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Fig. 1 Flowchart for the particle
swarm optimization-neural network

(PNN) ensemble prediction modeling
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Table 1 Number of typhoons over the Northwest Pacific during June— September, 2001 —2012 and sample sizes of

prediction modeling and independent samples of typhoon intensity prediction experiments at 24 h and 48 h lead time
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Table 2 Number of predictors for the first typhoon intensity

prediction modeling in each month at each lead time
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Fig. 2 Predicted (dashed) values of the typhoon intensity of independent samples in June— September at 24 h

and 48 h lead time by the PNN-LLE ensemble model and the corresponding observed (solid) values
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Table 3 Statistics of the prediction errors of the PNN-LLE ensemble
model and the CLIPER prediction model

i A B PR R B 75 k- FITIR R
PNN-LLE CLIPER PNN-LLE CLIPER
24 h 6 43 4,04 5.27 23. 34 5.54 7.67
7 47 4,51 5.97 24,46 5.95 7.93
8 105 4.94 6.13 19.41 6. 39 7.70
9 67 5.10 7.03 27.45 6.83 9. 00
Sy 4,76 6.19 23.10 6. 26 8. 04
48 h 6 29 4,95 8.97 44, 82 6.72 11. 37
7 32 6.22 7.47 16.73 7.47 8.56
8 89 7.79 7.86 0. 89 9. 44 9.91
9 55 5.52 10. 88 49. 26 8. 41 13.11
Sy 6.53 8. 77 25.54 8. 47 10. 80
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Table 4 Statistics of the prediction errors of the PNN-LLE model (unit; m « s™')
and the forecast skill as compared to the CLIPER method (unit: %)

. k=20 k=30 k=35
MM A Zg TRM BRI BOPR PM4 BUREE  BOTR RM4 BUREE  BOTR
MiEE OTAE  mE O XRE TAKE ®E MHEE BAE RE
24 h 6 43 3.87 26.57 5.48 3.75 28. 84 5.31 3.98 24. 48 5.42
7 47 4. 69 21.44 5.97 4.48 24. 96 5.84 4,83 19. 10 6. 34
8 105 5.00 18. 43 6.43 4. 81 21.53 6.33 4. 87 20. 55 6. 40
9 67 5.25 25.32 6. 86 5.03 28. 45 6.77 5.15 26.74 6. 90
S 4. 82 22.13 6. 28 4.63 25. 20 6.17 4,79 22.62 6. 34
48 h 6 29 4. 46 50. 28 6.16 4. 94 44.93 6.67 4. 84 46. 04 6.76
7 32 6.21 16. 87 7.41 6.23 16. 60 7.46 6.21 16. 87 7.35
8 89 7.26 7.63 8. 88 7.12 9.41 8.79 7.03 10. 56 8. 69
9 55 6.03 44,58 8. 74 5.79 46.78 8.35 5.87 46. 05 8. 46
S 6.37 27.37 8.23 6.32 27.94 8.15 6.28 28.39 8. 12
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