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Development of wind energy prediction models using statistical, 

machine learning and hybrid techniques: a case study
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MATERIALS AND METHODS

Study area and climatic data
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Figure 3: 

Figure 1:
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Climatic data
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Figure 4:

Figure 5:

 
(a) 

 

Figure 5: Variation of wind energy output with climatic factors (a) monthly wind speed; (b) monthly ambient 

Wind energy 1 
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Figure 5: Variation of wind energy output with climatic factors (a) monthly wind speed; (b) monthly ambient 
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Collinearity 

 

Wind energy 1   

Ambient temperature 
R= 0.82 
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Figure 6:

Multiple linear regression (MLR) model

     

where,  is the intercept (a constant),  and  are 

Power regression (PR) model

b

 

a b c

 

 

et al.

  

where,  is a purely random process and 

to 

 is a purely random process and  is the transformation of the input variable (wind energy) 

 is the transformation of the input variable (wind energy)  according 

.  

  

In the development of the SARIMA model, the Box-Jenkins Method (Box & Jenkins, 1990) was used for 
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Figure 7: Correlation Structure of wind energy (a) auto correlation function; (ACF) (b) partial autocorrelation 

function (PACF)  

Model structure BIC 

SARIMA(2,0,1)(0,0,1)12 12.4123 

SARIMA(1,0,1)(0,0,1)12 12.5122 

SARIMA(2,0,0)(0,0,1)12 12.4492 

SARIMA(0,0,0)(0,1,1)12 11.4758 

SARIMA(0,0,0)(1,1,0)12 11.8334 
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Vector error correction (VEC) model

 …(9) 

  

x  

z

ECT

 

t

 …(10) 

where,  and  are Lagrange multipliers and b is the displacement of bias. The kernel function where,  and 

inner product of two elements of Hilbert space such that, 

 and where,  and  are Lagrange multipliers and b is the displacement of bias. The kernel function 

inner product of two elements of Hilbert space such that, 
 are Lagrange multipliers and b is the displacement of bias. The kernel function  is the 

 …(11) 

where  is the nonlinear mapping.  
The coefficients  and  and The coefficients  and  have been obtained by minimizing the following regularized risk function:  

  

The term  has been characterized as model complexity, C is a constant determining the trade-off, 
The term  has been characterized as model complexity, C is a constant determining the trade-off, 

intensive loss function and 
intensive loss function and  is given by (Li 

et al.

Table 1:
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 …(13) 

The kernel function used in this research is the Radial Basis Function (RBF), 

 …(14) 

The RBF kernel function was selected since the model trained by the RBF has a better overall performance than 

et al.

-2 -2

vector is presented by 
 is the connection weight 

j

k  nodes of the hidden layer;  is the vector of

 is the connection weights of the  nodes of the hidden layer to 

 

k

neurons in the hidden layer;  is the connection weights of the 

the output layer; and  is the unit output vector for the neural network with one output neuron. 
k Y

 is the unit output vector for the neural network with one output neuron.  

 is the bias value of the output layer. 
is the bias value of the hidden layer nodes and  is the bias value of the output layer. 

  

The output of the output layer is determined by the formula (Mapuwei 

et al.

,  

where,  is the activation function for the hidden and output layers. Here, Logistic (Sigmoid) function was used as f

Hybrid models

et al.

,  

where,  denotes the linear component and 

where,  denotes the linear component and 

,  

where,  denotes the linear component and 
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2

2

2 
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On the other hand, it is insensitive to additive and proportional differences between the observed and predicted data. 

  

where  is the observed power generation, Oi Pi

 is the predicted power generation,  and 

 provides a good measure of performance if the model to be 

 and  is the predicted power generation,  and  are their means 

 provides a good measure of performance if the model to be 
N 2 

2 

  

  

As the above three metrics are capable of highlighting different characteristics, all of them were calculated to assess 

RESULTS AND DISCUSSION

temperature (T) as follows.

   

(a) MLR 

(c) SARIMA 

  

In the SARIMA model, the wind energy at time 

(a) MLR 

(c) SARIMA 

t, In the SARIMA model, the wind energy at time  

 …(24) 

 
(a) MLR 

(c) SARIMA 
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(a) MLR (b) PR 

(c) SARIMA (d) Single SVM 

 
 

( e ) SVR (f) ANN 

 

(g) Hybrid SARIMA-ANN (h) Hybrid SARIMA-SVM 

Figure 8:
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Table 2:
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Discussion
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Table 3:

CONCLUSION
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