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Abstract: As one of the most promising sustainable energy sources, wind energy is 16 
being paid more attention by the researchers. Because of the volatility and instability 17 
of wind speed series, wind power integration faces a severe challenge; thus, an 18 
accurate wind energy forecasting plays a key role in smart grid planning and 19 
management. However, many traditional forecasting models do not consider the 20 
necessity and importance of data preprocessing and neglect the limitation of using a 21 
single forecasting model, which leads to poor forecasting accuracy. To solve these 22 
problems, a novel combined model based on two linear and four nonlinear forecasting 23 
algorithms is proposed to adapt both the linear and nonlinear characteristics of the 24 
wind energy time series. In addition, a modified Artificial Fish Swarm Algorithm and 25 
Ant Colony Optimization (AFSA-ACO) algorithm is proposed and employed to 26 
determine the optimal weight coefficients of the combined models. To verify the 27 
forecasting performance of the developed combined model, several experiments were 28 
implemented by using ten-minute interval wind speed data in Shandong, China. Then, 29 
one-step (ten-minute), three-step (thirty-minute) and five-step (fifty-minute) 30 
predictions were conducted. The experimental results indicate that the developed 31 
combined model is remarkably superior to all benchmark models for the high 32 
precision and stability of wind-speed predictions.  33 

Keywords: Wind speed forecasting; Combined model; Artificial fish swarm 34 
algorithm; Ant colony optimization. 35 

 36 

1. Introduction 37 

Wind energy, as an alternative to fossil fuel-generated electricity, has received 38 
increasing attention around the world due to its abundance, wide distribution, and 39 
economics as a non-polluting type of renewable energy [1]. The global cumulatively 40 
installed wind capacity reached approximately 539.58GW by the end of 2017, which 41 
an annual increase of 9.7%. Furthermore, researchers have noted that there will be a 42 
new round of installed wind energy in 2018-2021, and that 22% of the world’s 43 
electricity will be supplied by wind energy by 2030 [2]. However, the intermittent 44 
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