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1Department of Physics, University of Karachi, Karachi, Pakistan 
*khantariq9396@gmail.com

Abstract 
Wind speed distribution and wind potential were studied at two places, 

that is, Fauji Fertilizer Company and Hawke’s bay of Karachi. Weibull 

parameters (k and c) were determined by analyzing the daily wind speed 

data at Hawke’s bay and FFC Mast for the years 2010 and 2007, 

respectively. The data was obtained from the website of Alternative 

Energy Development Board (AEDB), Pakistan. To find k and c, four 

methods (maximum likelihood, empirical method, method of moments, 

and energy pattern method) were used. The mean wind speed was also 

predicted by using these four methods. 

Keywords: Weibull distribution, wind potential, wind speed 
Introduction 

Finding an alternate source of energy is the ultimate goal of the countries 
around the world. Unlike developed countries, Pakistan is facing sever 
energy shortage because of the lack of conventional sources of energy 
(fossil fuel). Pakistan is also searching for other options for the 
generation of electricity. Wind energy is one of the sources of alternate 
energy for which Pakistan has appreciable potential. Solar energy is the 
source of wind energy. Wind energy can be utilized to generate 
electricity. Wind turbines convert the wind’s kinetic energy into 
mechanical energy, which in turn converts into electricity [1].  

Fossil fuel is the conventional source of the generation of power. 
Unfortunately, Pakistan is not very rich in this resource. Pakistan is an 
underdeveloped country and has poor economic conditions which do not 
allow the import of fossil fuel. Being a developing country, most of 
population lives in backward areas and is still waiting for the electricity 
grid. To help these impoverished communities, especially to overcome 
the energy crises, Pakistan needs to increase its energy resources such as 
hydropower, solar and wind energy. The coastal line of Pakistan extends 
almost 1000 km in the south and in its north there are mountainous areas, 
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both of these provide an excellent resource for the generation of 
electricity. This wind potential can be utilized to overcome the prevailing 
power crisis in the country [2]. 
1.1 Weibull Distribution 

Weibull distribution / density function is the most common function used 
to determine the wind potential [3]. Weibull distribution has an important 
role in the description and prediction of wind power and its relevant 
distributions. We can easily apply it. Wind data is displayed in an almost 
similar manner as Weibull distribution, which has different mathematical 
formulae depending upon the number of parameters. Two parameter 
Weibull distribution is given in equation (1) and its parameters include 
scale parameter (k) and shape parameter (c) [4-5].  
1.2 Probability Density Function (PDF)  

A number of researchers have used Weibull Probability Density 
Function (PDF) for modeling wind speed data [6, 7, 8, 9, 10, 11, 12]. The 
wind speed distribution is a continuous probability distribution. Its PDF 
is given below by equation (1), 

𝑓(𝑣) = (
𝑘

𝑐
) (

𝑣

𝑐
)
𝑘−1

exp [−(
𝑣

𝑐
)
𝑘
]            (1) 

where ‘k’ is a shape factor or parameter which is a dimensionless 
quantity and ‘c’ is the scale factor which indicates the dimension of wind 
speed.          

2. Determination of Parameters 

Several different methods have been used to determine the parameters (k 
and c) of Weibull distribution. In this study, we used the following 
methods. 

1. Maximum Likelihood Method (MLM) 
2. Methods of Moments (MOM) 
3. Energy Pattern Method (EPM) 
4. Empirical Method (EM) 

2.1 Maximum Likelihood Method (MLM) 

Steven et al. suggested MLM for the determination of the parameters ‘k’ 
and ‘c’. MLM utilized the following mathematical relation for 
determining these parameters [13], 
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𝑘 = [
∑ 𝑣𝑖

𝑘𝑛
𝑖=1 ln(𝑣𝑖)

∑ 𝑣𝑘𝑛
𝑖

− ∑
ln(𝑣𝑖)

𝑛
𝑛
𝑖 ]           (2) 

𝑐 =
∑ 𝑣𝑖

𝑘𝑛
𝑖

𝑛
  (3) 

Due to the involvement of logarithm in shape parameter equation, 
special care was required in estimating Weibull parameters using MLM 
that included zero wind speed. Zero value of wind speed in wind speed 
data is not accounted for in this method because of the logarithm function 
in the above formula. The occurrence of zero makes the calculation 
indeterminate. 
2.2 Methods of Moments (MOM) 

Jestus et al. introduced Methods of Moment (MOM) which is a very 
simple method as compared to MLM. The mean and standard deviation 
of wind speed data are used to calculate the parameters ‘k’ and ‘c’. To 
calculate these parameters, the following equations (4) and (5) were used 
[13]. 

�̅� = 𝑐𝛾 (1 +
1

𝑘
) (4) 

𝜎 = 𝑐 [𝛾 (1 +
1

𝑘
) − 𝛾2 (1 +

1

𝑘
)]

1

2 (5) 

2.3 Empirical Method (EM) 

The determination of Weibull parameters using Empirical Method (EM) 
is carried out by calculating mean wind speed and its standard deviation. 
The following equations (6) and (7) are two moments required to 
calculate the values of ‘k’ and ‘c’ [13]. 

𝑘 = (
𝜎

𝑣
)
−𝑘
         (6) 

�̅� = 𝑐𝛾 (1 +
1

𝐾
)         (7) 

2.4 Energy Pattern Method (EPM) 

Power Density Method is an alternate name for the Energy Pattern 
Method. We can easily apply this method to determine Weibull 
parameters ‘k’ and ‘c’. 𝑣̅

3

(𝑣̅)3
 is known as the Energy Pattern Factor (EPF) 

and is used to determine the scale factor. Like MOM, scale parameter is 
found via second moment about mean. The following equations were 
used to calculate Weibull parameters [13]. 
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𝐸 =
𝑣̅3

(𝑣̅)3
(8) 

𝐾 = 1 +
3.69

(𝐸)2
(9) 

𝑣̅ = 𝑐𝛾 (1 +
1

𝑘
)        (10) 

3. Results and Discussion

Research in alternate energy resources is the right answer to today’s 
increasing use of electricity. Wind energy is a good option of renewable 
energy. In this study, we investigated wind data of FFC (2007) and 
Hawke’s bay (2010). Wind data was obtained from the onsite Karachi 
meteorological office. Weibull distribution with two parameters (k and 
c) was used to model and fit the wind data of FFC mast and Hawke’s bay
mast. The parameters of Weibull distribution were calculated using four
methods (EPM, EM, MoM, MLM) and the corresponding curves were
also drawn. The graphs in Figure 1 (for FFC mast from January 2007 to
December 2007) and Figure 2 (for Hawke’s bay mast from January 2010
to December 2010) show curves and histogram plotted on the base of the
recorded wind data and the curves were plotted using ‘k’ and ‘c’ values
obtained through the four methods described above. These values were
used in the Weibull distribution formula to find the estimated values of
distribution. The curves are good representation of recorded data as most
of them overlap within the region of histogram. To check the goodness
of fit (or uncertainties), mean square error was calculated. The chi square
good fit test and Kolmogorov test were also used to verify the goodness
of fit. Table 1 shows the values of uncertainties (MSE) in estimated
values for January to December 2007 (for FFC). Table 2 shows the
uncertainties measured by chi square good fit test and Kolmogorov test.
The mean wind speed was also calculated and shown in the same table.
All the methods employed gave almost the same value of mean wind
speed for twelve months. The maximum mean wind speed of 12.3
approximately was found in August, whereas the minimum mean wind
speed was 5.87 which occurred in February. The FFC is a good place to
install wind mills as the potential of wind energy is great from April to
September. The wind potential is also appreciable in other months. Table
3 shows the values of Weibull parameters (k & c) for FFC from January
to December, 2007.
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Table 4 shows the values of uncertainties (MSE) in estimated values 
for January to December, 2010 (for Hawke’s bay). Table 5 shows the 
uncertainties measured by chi square good fit test and Kolmogorov test. 
The mean wind speed was also calculated and shown in the same table. 
All the methods employed gave almost same value of mean wind speed 
for twelve months. The maximum mean wind speed of 8.84 
approximately was found in May, whereas the minimum mean wind 
speed was 5.03 which occurred in November. The Hawke’s bay is good 
place to install wind mills as the potential of wind energy is great from 
April to September. The wind potential is also appreciable in other 
months. Table 6 shows the values of Weibull parameters (k and c) for 
Hawke’s bay from January to December, 2010.  

Figure 1a. January 2007 
(FFC)

Figure 1b. February 2007 
(FFC)

Figure 1c. March 2007 
(FFC) 

Figure 1d. April 2007 
(FFC) 
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Figure 1e. May 2007 (FFC)     Figure 1f.  June 2007 (FFC) 
  

Figure 1g. July 2007 (FFC) Figure 1h. August  2007 
(FFC) 

Figure 1i.  September 2007 
(FFC) 

Figure 1j. October 2007 
(FFC) 
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Figure 2a. January 2010 
(Hawke’s bay)  

 Figure 1l. December 2007 
(FFC)  

Figure 1k. November 2007 
(FFC)   

Figure 2b. Febuary2010 
(Hawke’s bay)  

Figure 2c. March 2010 
(Hawke’s bay) 

Figure 2d. April 2010 
(Hawke’s bay) 
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Figure 2e. May 2010 
(Hawke’s bay) 

Figure 2f. June 2010 
(Hawke’s bay) 

Figure 2g. July 2010 (Hawke’s 
bay) 

Figure 2h. August 2010 
(Hawke’s bay) 
 

Figure 2i. September 2010 
(Hawks bay) 

Figure 2j. October 2010 
(Hawks bay) 
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Figures. 1 and 2 show curves drawn by ‘k’ and ‘c’ values and the 
histogram of the recorded data. 

4. Conclusion 

Weibull distribution was used to model and analyze the wind potential 
of two places, that is, FFC and Hawke’s bay of Karachi city. The Weibull 
distribution parameters were calculated using four different methods. 
The Weibull Probability Density Function (PDF) was drawn for each of 
these methods. It was found that each method produced the same 
distribution curves. Figures 1a-1j and 2a-2j show that curves obtained by 
different methods overlap and a histogram was also drawn from the 
recorded wind speed data. These figures also show that Weibull 
distribution curves are a good representation of the recorded wind speed 
data. The maximum wind potential was found during the month of 
August for FFC and during the month of May for Hawke’s bay. FFC has 
more wind potential than Hawks bay.  
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