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Fig. 1. Schematic diagram of the generation of NLLVs!'3 |
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Fig. 2. Correlation coefficient matrix of ensemble members.
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Fig. 4. The time series of X variable of Lorenz96 model for different forecast methods: (a) Ctrl; (b) EnsAve; (¢) Ctrl-ML; (d) Ens-

ML. Black line represents time series of true values.
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Abstract

In this study, the feasibility and effectiveness of machine learning algorithm to improve ensemble forecasts
using nonlinear local Lyapunov vectors (NLLVSs) are explored preliminarily based on the Lorenz96 model. The
results show that the machine learning model (Ens-ML) based on the ridge regression algorithm and the results
of NLLV ensemble forecasting can effectively improve the overall forecasting skill. The Ens-ML outperforms the
ensemble-averaged forecasting (EnsAve) and control forecasts (Ctrl) as well as the machine learning model
based on Ctrl results (Ctrl-ML). It is also found that the improvement of forecasting skill depends on the total
number of ensemble members used in the Ens-ML model, i.e. the increase of the number of ensemble members
is conducive to the improvement of forecasting skill and to the decrease of overfitting in the early stage. By
comparing the performances among different experimental cases, we find that the experimental forecasting
errors of Ens-ML, Ctrl-ML and EnsAve are gradually smaller than that of Ctrl as the forecasting time increases.
The attractors forecasted by Ens-ML, Ctrl-ML and EnsAve are also analyzed. Their attractor probability
distributions show a contraction of the value domain, an increase in kurtosis and a convergence to the mean,

especially for Ens-ML.
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