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ABSTRACT 

The Weibull distribution is frequently used for the assessment of wind energy 

potential and modeling of wind speed data. The parameters of Weibull distribution 

are determined by a number of methods; Maximum Likelihood Methods is one of 

them. The values of scale and shape parameters of Weibull distribution are found 

by the help of Maximum Likelihood function. Two different techniques are used to 

find the parameters. One is known as iterative method, in which a start value of ‘k’ 

is set and iterations are terminated when given criterion is reached. The second 

method is Newton Raphson method of finding roots. We report here a problem of 

non-convergence of iterative method. We suggest the Newton Raphson method as 

the best choice for finding the value of ‘k’ through Maximum Likelihood Method. 
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1. INTRODUCTION 

We are living in machine era; people, at work place have been replaced by machines 

or robots. At home too, daily routine works are done by electronic devices. The use 

of electricity, have increased drastically in last four decades. Fast depletion of fossil 

fuels has made people around the world to think for alternate source of energy. 

Uninterrupted, cost effective, and environmental friendly source of energy is a 

dream and desire of today’s world. Wind energy is a good choice as an alternate 

source of energy. Many parts of world have got excellent potential of wind speed; 

wind energy is rapidly growing as a source of energy around the world [1, 2]. Most 

of the countries have been generating electrical energy through wind [3].  

Wind fluctuates time to time, the fluctuations also depends on the height from the 

sea level. Large amplitude fluctuations are the challenges in designing and installing 

wind farms [4-6]. The planning, designing, installing and operating wind turbines 

depends on wind potential and its characteristics [7]. 

The modeling of wind power plays in important role in assessing wind potentials 

[8]; different statistical distributions and mathematical techniques have been 

employed to model wind data [9]. Most widely used statistical distribution to model 

wind data is Weibull distribution [10]. There are different forms of Weibull 

distribution depending upon no. of parameters. The simplest Weibull distribution 

has two parameters; its Probability Density Function (PDF) is given in eq. (1) 
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Here ‘k’ is known as shape parameter and ‘c’ is known as scale parameter. The 

cumulative distribution function (CDF) is given by eq. (2): 

 

 𝐹(𝑣) = 1 − e−(
𝑣

𝑐
)
𝑘

               (2) 

 

2. ANALYSIS 

Various statistical and mathematical methods are employed to find parameters ‘k’ 

and ‘c’. Among them are Methods of moment, Empirical Method, Energy Pattern 

Factor Method, Graphic Method, Least Square Method, Equivalent Energy 
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Method, Maximum Likelihood Method, and Modified Maximum Likelihood 

Method. In this study we considered only Maximum Likelihood Method. The 

values of Weibull parameters by this method are given by equations (3) and (4); ‘k’ 

and ‘c’ are found by iterative method or by Newton Raphson Method. 

 

2.1. Iterative Method 

In iterative method a start value of ‘k’ is selected and wind speed data is used to 

calculate sums in eq. (3), since sum of Logarithm of wind speeds is needed in the 

calculation, hence zero wind speeds are neglected in this method. The new value of 

‘k’ is generated through eq. (3) and used in next iteration, the process continues 

until a given criterion is reached.  
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2.2. Newton Raphson Method 

The eq. (5) obtained by differentiating Logarithm of Likelihood function with 

respect to shape parameter ‘k’ is used as a function of ‘k’ in Newton Raphson 

Method of finding roots. 
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An initial value of ‘k’ is selected as a starting point of Newton’s method. Wind data 

of two coastal regions of Pakistan, namely, Gwadar and Ormara are used to calculate 

Weibull parameters by Maximum Likelihood Method. To investigate any 

dependence of calculation method (iterative and Newton’s method) on start value 

of ‘k’; various start values of ‘k’ are employed to calculate parameters. A dependence 

on start value of ‘k’ is found and shown in figures (1-3).  

The iterative method is easy to implement but convergence is not guaranteed. Table 

1 gives the results of iterative method with various start values of ‘k’. The iteration 

oscillates between two values and does not converge. 
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Figure 1. Variation of k and c with various start values of ‘k’ for Gwadar’s wind data of Jan 2002.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Variation of k and c with various start values of ‘k’ for Ormara’s wind data of May.  
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Figure 3. Variation of k and c with various start values of ‘k’ for Ormara’s wind data of July.  

 

3. CONCLUSION 

Wind data of Gwadar (Jan 2002) and ten years data of Ormara have been used in 

this study. In figs (1-3) the results of Newton Raphson method are plotted. Various 

start values (starting from 0.1 and step size of 0.1) are taken to find Weibull 

distribution parameters. It is found that the values of scale and shape parameters 

increase with increasing start value of ‘k’. Both approach to a maximum value at 

some start value of ‘k’. If the start value further increased the shape and scale 

parameters start decreasing. The variation in shape parameter is less than 0.003 

and in scale parameter it is less than 0.005 m/s. 

Iterative method for finding Weibull parameters through Maximum Likelihood 

method was used for Gwadar. Various start values of ‘k’ were taken to find the 

parameters. It was found that the iterative method does not converge; the shape 

parameter ‘k’ oscillates between two values. One value generates the other, and 

convergence criterion does not approach. Table I shows the results of iterative 

method for start values of k = 1, 2, 3, 4, 5, 10, 20, 50. It can be seen that the 

iterations oscillate between two values 1.559878 and 5.466348. Hence, it is likely 

that the iterative method would not converge. It is suggested that if Weibull 

parameters are determined by Maximum Likelihood Method, preference to 

Newton Raphson method should be given over to Iterative method discussed above. 
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Table 1. The results of iterative method for start value of k = 1, 2, 3, 4, 5, 10, 20, and 50. 
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