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ABSTRACT 

A python program has been developed to analyze 

wind distributions using the Weibull density function. 

A two-parameter Weibull function is frequently used 

to model and assess wind potential and wind 

distribution. This python program finds first Weibull 

parameters from the recorded wind data by five 

different methods, namely, Empirical Method (EPM), 

Method of Moment (MoM), Energy Pattern Factor 

Method (EPFM), Maximum Likelihood Method 

(MLM), Modified Maximum Likelihood Method 

(MMLM), the parameters are then used to find 

theoretically fitted pdfs. The program is implemented 

on wind distribution of two cities of Pakistan (Chakri 

and Sadiq Abad). The program-generated pdfs were 

plotted with the histogram of recorded data, the 

fitting was excellent. To check the validity of the 

fitted pdfs, statistical errors Root Mean Square 

(RMSE), Mean Absolute Percent Error (MAPE), 

Mean Absolute Error (MABE), and Chi-square 

statistic are calculated. In all cases, these statistical 

errors are well below the acceptance range. Both 

pictorial results and numerical values of statistical 

errors indicate the performance of the python 

program to analyze wind speed data. 

Key words: Python, Wind speed data, RMSE, 

MAPE, MABE 

1. INTRODUCTION 

Wind energy, which is among the most promising 

renewable energy resources, is used throughout the 

world as an alternative to fossil fuels [1-4]. Due to 

rising population, urbanization, and industrialization, 

a country's socio-economic progress is strongly 

linked to a reliable and affordable energy supply [5, 

6]. Most countries throughout the world rely on fossil 

fuels to meet their energy needs, with non-renewable 

fossil fuels such as coal, oil, and gas accounting for 

87 percent of total energy consumption in 2014, 

while renewable energy and nuclear power accounted 

for 9 percent and 4 percent, respectively [7].Natural 

gas, liquid gasoline, and oil are the main sources of 

energy in Pakistan [8-10]. Wind's energy is 

determined by its speed, which fluctuates 

constantly.The use of a two-parameter (scale 

parameter k and shape parameter c) Weibull 

distribution in calculating wind energy for a region is 

a useful technique. The standard function used by the 

wind energy community to simulate the wind speed 

distribution is the Weibull distribution. Maximum 
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likelihood method (MLM), Method of Moment 

(MOM), Energy Pattern factor Method (EPF), 

Empirical Method (EM), and Modified Maximum 

likelihood Method are the five methods described in 

this paper to estimate Weibull parameters (MMLM). 

To compare the methodologies, daily averages of 

wind speed data from Chakri and Sadiqabad cities 

were used for one year (2017).The scale parameter 

and form parameter were calculated using several 

ways, but we discovered that the graphical technique 

was less accurate than the other techniques, so we 

had to discard it in favor of the greatest probability 

technique for wind energy analysis.Using a variety of 

probability distribution functions, we can also 

forecast wind speed in two separate cities. There are 

a variety of probability distribution functions to 

choose from (Rayleigh, Weibull, Lognormal, 

Gamma, and others) [11,12]. The two-parameter 

Weibull distribution was chosen because it is the 

most error-free for estimating wind speed. 

2. TWO PARAMETERS WEIBULL 

DISTRIBUTION 

In real-world applications usually, two-parameter 

Weibull Distribution is used for modeling wind speed 

data. This distribution was first introduced by 

WaloddiWeibull a Swedish Physicist. The wind 

speed distribution of a given location can be 

described by Weibull [13-15] 

2.1. Probability Density Function 

The probability distribution function of two-

parameter Weibull distribution is expressed as: 

(ݒ)݂ = ൬
݇
ܿ
൰ ቀ
ݒ
ܿ
ቁ
௞ିଵ

݁ିቀ
ೡ
೎ቁ
ೖ

 

Where ݂(ݒ) represents the probability of occurrence 

for ݒ wind speed and ݇ is the dimensionless 

Weibullparameter which determines the shape of the 

curve and is called a shape factor [16-19]. 

2.2. Cumulative Distribution Function 

The Weibull cumulative function can be obtained by 

taking an integral of ݂(ݒ) and denoted by (ݒ)ܨ is 

given as: 

(ݒ)ܨ 	= 1− ݁ିቀ
ೡ
೎ቁ
ೖ

 

Where (ݒ)ܨrepresents the CDF of the wind 

distribution, k is the shape parameter and c is called 

scale parameter.If we show the power values as 

frequencies, we can easily obtain the variables of the 

Weibull function of the given data[20-22]. 

3. METHODS FOR CALCULATION OF 
WEIBULL PARAMETERS 

Weibull parameters are calculated by several 

methods, some of them which are employed in this 

work are Maximum likelihood method (MLM), 

Method of Moment (MOM), Energy Pattern factor 

Method (EPF), Empirical Method (EM), and 

Modified Maximum likelihood Method (MMLM) are 

five approaches used to estimate Weibull parameters 

in this paper [23]. The following is a description of 

each of these six methods: 

3.1. Maximum likelihood method (MLM) 

The maximum likelihood method is one of the most 

frequently used methods, it is an iterative method. 

MLM has severalsample properties that make 

approximation touches to the true values k and c 

[24,25]. The following equation is used to obtain the 

shape parameter k: 
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݇ = ቈ
∑ ௜݂ݒ௜௞ ln(ݒ௜)௡
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∑ ௜௞௡ݒ
௜ୀଵ
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∑ ௜݂ ln(ݒ௜)௡
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here f (ݒ௜) is the frequency of wind speed ݒ௜, and f 

(߭ ≥ 0) is the probability for all ߭ ≥ 0. 

Zero wind speeds are rule out from the data due to 

the use of logarithmic function in the formula [7]. 

When k is determined, c can be calculated by the 

specific equation: 

ܿ = (
1

∑ ௜݂
௡
௜ୀଵ

෍ ௜݂ݒ௜௞)
௡

௜ୀଵ
 

3.2. Modified Maximum likelihood Method 

(MMLM). 

The observed wind speed data must be converted into 

a frequency distribution in both MLM and MMLM 

approaches for the estimation of parameters k and c. 

The following formulae can be used to compute the 

Weibull parameters (k and c) individually [26-27]: 

݇ = 	 ቈ
∑ ୧௞ݒ ln(ݒ୧)݂(ݒ୧)௡
௜ୀଵ

∑ ୧୩୬ݒ
୧ୀ଴ (୧ݒ)݂

−
∑ ln(ݒ୧)݂(ݒ୧)௡
௜ୀଵ

ݒ)݂ ≥ 0) ቉
ିଵ

 

ܿ = 	 ൤
1

ݒ)݂ ≥ 0)෍ (௜ݒ)௜௞݂ݒ
௡

௜ୀଵ
൨
భ
ೖ
 

heref (ݒ௜) is the frequency of wind speed ݒ௜, and f 

(߭ ≥ 0) is the probability for all ߭ ≥ 0. 

3.3.Method of Moment. 

 

The MOM is an alternative to the MLM in which the 

Weibull parameters ‘k' and ‘c' are computed using the 

second moment about mean and the first moments 

about the origin. The following equations are used to 

compute the Weibull parameters ‘k' and ‘c': [26] 

ݒ̅ = ܿΓ(1 +
1
݇) 

ߪ = ܿ ൤Γ ൬1 +
2
݇
൰ − Γଶ ൬1 +

1
݇
൰൨
ଵ/ଶ

 

Where 	Γ is the gamma function. 

3.4. Energy Pattern factor Method (EPFM) 

 

Determination of Weibull parameter through EPFM 

is an informal strategy that relies on wind speed and 

its cube. The energy pattern factor technique (E pf) 

begins with calculating the ratio of the mean of the 

cube of wind speed (ݒଷതതത)	 to the cube of mean wind 

speed (̅ݒଷ). [28,29]. 

௣௙ܧ = 	
ଷݒ

 ଷݒ̅

Then the Weibull parameters k and c can be 

calculated as: 

݇ = 1 +
3.69
௣௙ଶܧ

 

ܿ = 	
ݒ

Γ ቀ1 + ଵ
௞
ቁ
 

3.5 Empirical method. 

This method is useful when the mean wind speed 

 and standard deviation (σ) of wind speed data  (	ݒ	)

are given, Weibull parameters can be computed using 

the following Equations. [30]. 

 

݇ = (	
σ
 ଵ.଴଼଺ି(ݒ

ܿ = 	
ݒ

Γ ቀ1 + ଵ
௞
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4. POTENTIAL SITES 

4.1. Chakri 

Chakri is a town of Punjab situated at 54 Km of 

South-west of Islamabad (see fig. 1). The latitude of 

Chakri, Pakistan is 33.5509, and longitude is 

73.0072. The temperature at Chakri ranges from 

4℃to 38℃. Chakri has a semi-arid climate 

prevailing. It stays warm all year round. The site of 

the wind measurement at Chakri is mostly flat and 

elevation of 360m. The average wind speed of Chakri 

is 2.94 m/s, the most probable wind speed is 2.0 m/s 

and the wind speed carrying maximum speed is 6.2 

m/s [31]. The maximum daily wind speed is expected 

to range between 7km/h and 9km/h. Chakri corridors 

had the highest wind potential with an average wind 

speed of 7.5 m/s. Wind speeds were measured at this 

site using an anemometer with the capability to 

measure from 0.3-40 m/s [32].  

Fig. 1. Maps showing locations of Chakri and Sadiq 

Abad 

4.2.Sadiq Abad 

Sadiq Abad is located in Punjab's Rahim Yar Khan 

district (see fig. 1). The wind mast is located in the 

Cholistan desert, which is generally flat with a few 

dunes. The Longitude and Latitude of the Sadiq Abad 

are 70 and 28.21 respectively. The elevation is 76m. 

The hottest month in Sadiq Abad is June, with an 

average temperature of 43 degrees Celsius, and the 

coldest month is January, with an average 

temperature of 9 degrees Celsius. [33]. The minimum 

value of wind speed in the year 2017 is 0.0101 and 

the maximum value of wind speed of the same year is 

9.0248, whereas the mean wind speed is 

3.301032.The hourly average values of solar and 

wind Capacity Factors (CFs) for Sadiq Abadare given 

as 0.237 and 0.346 respectively, while the 

complementarity value is -0.309. The solar-wind 

complementarity study described here can be used to 

plan a solar-wind hybrid power system rollout [34]. 

5. RESULTS AND DISCUSSION 

An attempt has been made to develop a python 

program to model and analyze wind speed data. The 

program has the following major portions, (1) it reads 

data from an excel file according to the input given 

by the user, (ii), the data is employed in the program 

to calculate shape and scale parameters of the 

Weibull distribution using five methods EPM, MoM, 

EPFM, MLM, and MMLM, (iii) the parameters ‘k’ 

and ‘c’ are used to generate five pdfs, (iv) to check 

the validity of these pdf statistical errors RMSE, 

MAPE, MABE, and Chi-Square statistic are 

calculated, (v) the data is recorded in an output file, 

(vi) and finally the theoretically generated pdfs are 

plotted on a histogram of recorded data. The Program 

is implemented to analyze and compare the potential 

of two potential sited Chakri and Sadiq Abad of 

Pakistan. In fig.2, the shape parameters calculated by 

five methods have been plotted.  There is no 

significant difference between the values calculated 

by these methods, except the energy pattern factor 

method, which calculates the lower value of the 

shape parameter. In fig. 3, the scale parameters for 

Sadiq Abad calculated by five methods have been 

plotted. The plot shows that the wind potential in 
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May to August is higher as compared to the 

corresponding values in other months. However, the 

wind potential throughout the year is sufficient to 

install a wind turbine as the least value of c is greater 

than 3. The highest potential occurs in June, the least 

potential occurs in October.  

 

Fig. 2. The plot of the shape parameter of Weibull 
distribution for Sadiq Abad 

 

 

Fig. 3. The plot of the scale parameter of Weibull 
distribution for Sadiq Abad 

In fig.4, the shape parameters for Chakri calculated 

by five methods have been plotted.  The behavior of 

the plot is the same as what we see for the same plot 

for Sadiq Abad. There is no significant difference 

between the values calculated by these methods, 

except the energy pattern factor method, which 

calculates the lower value of the shape parameter. In 

fig. 5, the scale parameters for Chakri calculated by 

five methods have been plotted. The plot shows that 

the wind potential in April to July is higher as 

compared to the corresponding values in other 

months. However, the wind potential throughout the 

year is not sufficiently higher to install a wind turbine 

as the least value of c is less than 3. The highest 

potential occurs in June, the least potential occurs in 

October, which is the same for Sadiq Abad. 

 

Fig. 4. The plot of shape parameter of Weibull 
distribution for Chakri 

 

Fig. 5. The plot of the scale parameter of Weibull 
distribution for Chakri 

To validate the results of the python program 

statistical errors RMSE, MAPE, MABE, Chi-Square 

statistic have been calculated, eqs. 1-4 shows the 

mathematical formulas of these errors. 

ࡱࡿࡹࡾ = ඨ∑ ࢏ࢃ) ࢔૛(࢏ࡼ−
૚

࢔ #(1)  

ࡱ࡮࡭ࡹ = 	
|∑ ࢏ࢃ) − ࢔|(࢏ࡼ

૚

࢔ #(૛)  

ࡱࡼ࡭ࡹ = :	
|
࢔
อ෍

࢏ࡼ ࢏ࢃ−
࢏ࡼ

࢔

૚

อ#(૜)  
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χ2 =
૚
࢔
෍

࢏ࢃ|) ૛(|࢏ࡼ−

࢏ࡼ

࢔

૚

#(૝)  

The statistical errors in both cases are well below the 

acceptance range of 10%. Table 1 and 2 show the 

values of these errors for five different methods for 

Chakri and Sadiq Abad, respectively. It can be seen 

in tables that all errors are less than 0.5, except 

MAPE whose values are upto 9% for Chakri wind 

speed data in December, nevertheless, the errors are 

below the acceptance range. This shows the program 

is implemented successfully on wind speed data of 

Chakri and Sadiq Abad. 

 

. 

 

Table 1: Statistical Errors in calculated pdfs generated by five methods for Chakri 

 

 

 

January May September 

  EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.289 0.289 0.291 0.289 0.289 0.292 0.293 0.295 0.293 0.293 0.311 0.312 0.318 0.312 0.312 

MABE 0.189 0.189 0.189 0.189 0.189 0.164 0.164 0.165 0.164 0.164 0.153 0.153 0.155 0.153 0.153 

MAPE 3.243 3.479 4.089 3.010 3.002 0.824 0.872 1.219 0.822 0.826 4.739 4.996 9.690 5.242 5.296 

CHI 0.127 0.129 0.132 0.126 0.126 0.120 0.120 0.121 0.120 0.120 0.127 0.129 0.199 0.132 0.132 

February June October 

  EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.314 0.314 0.316 0.313 0.313 0.341 0.341 0.345 0.342 0.342 0.224 0.224 0.231 0.226 0.226 

MABE 0.199 0.199 0.200 0.197 0.197 0.169 0.169 0.170 0.169 0.169 0.113 0.113 0.114 0.114 0.114 

MAPE 5.876 6.334 8.320 3.267 3.267 3.643 3.788 6.419 4.348 4.368 0.630 0.654 1.138 0.757 0.756 

CHI 0.169 0.174 0.200 0.149 0.149 0.143 0.144 0.171 0.148 0.149 0.064 0.064 0.067 0.065 0.065 

March July November 

  EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.305 0.306 0.307 0.305 0.305 0.256 0.257 0.261 0.258 0.258 0.300 0.300 0.302 0.299 0.299 

MABE 0.186 0.186 0.186 0.185 0.185 0.131 0.131 0.132 0.132 0.132 0.169 0.169 0.169 0.168 0.168 

MAPE 1.247 1.364 1.770 1.189 1.179 4.028 4.181 6.312 4.805 4.768 0.706 0.744 0.957 0.645 0.649 

CHI 0.133 0.133 0.134 0.133 0.133 0.101 0.102 0.126 0.108 0.108 0.111 0.111 0.112 0.111 0.111 

April August December 

  EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.347 0.347 0.349 0.347 0.347 0.253 0.253 0.258 0.255 0.255 0.308 0.308 0.310 0.306 0.306 

MABE 0.214 0.215 0.215 0.214 0.214 0.128 0.128 0.129 0.128 0.128 0.183 0.184 0.185 0.180 0.180 

MAPE 3.674 3.887 5.058 3.562 3.518 1.297 1.337 2.173 1.552 1.568 6.383 7.178 9.823 2.075 2.075 

CHI 0.175 0.176 0.185 0.174 0.174 0.085 0.085 0.089 0.086 0.086 0.154 0.162 0.200 0.125 0.125 
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Table 2: Statistical Errors in calculated pdfs generated by five methods for Sadiq Abad. 

January May September 

 EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.320 0.321 0.323 0.322 0.321 0.289 0.289 0.293 0.291 0.291 0.349 0.349 0.354 0.350 0.350 

MABE 0.210 0.210 0.210 0.210 0.210 0.151 0.151 0.152 0.152 0.152 0.244 0.244 0.244 0.244 0.244 

MAPE 0.407 0.401 0.368 0.387 0.388 1.806 1.844 2.855 2.334 2.354 0.377 0.377 0.464 0.380 0.379 

CHI 0.145 0.145 0.146 0.145 0.145 0.114 0.115 0.120 0.117 0.117 0.162 0.162 0.162 0.162 0.162 

February June October 

 EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.401 0.401 0.403 0.402 0.402 0.336 0.336 0.338 0.337 0.337 0.321 0.321 0.325 0.322 0.322 

MABE 0.285 0.285 0.285 0.285 0.285 0.200 0.200 0.200 0.200 0.200 0.215 0.215 0.215 0.215 0.215 

MAPE 0.246 0.241 0.212 0.236 0.235 1.279 1.299 1.579 1.393 1.399 0.461 0.459 0.421 0.443 0.443 

CHI 0.210 0.210 0.210 0.210 0.210 0.161 0.161 0.162 0.162 0.162 0.137 0.137 0.137 0.137 0.137 

March July November 

 EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.392 0.392 0.394 0.393 0.393 0.380 0.380 0.382 0.381 0.381 0.279 0.279 0.285 0.281 0.281 

MABE 0.261 0.261 0.261 0.261 0.261 0.265 0.265 0.265 0.265 0.265 0.190 0.190 0.190 0.190 0.190 

MAPE 0.414 0.409 0.381 0.401 0.401 1.368 1.396 1.817 1.523 1.522 0.436 0.437 0.439 0.428 0.428 

CHI 0.198 0.199 0.199 0.199 0.199 0.202 0.202 0.203 0.202 0.202 0.113 0.113 0.113 0.113 0.113 

April August December 

 EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM EPM MoM EPFM MLM MMLM 

RMSE 0.341 0.342 0.346 0.344 0.344 0.385 0.385 0.388 0.386 0.386 0.340 0.341 0.343 0.341 0.341 

MABE 0.218 0.218 0.218 0.218 0.218 0.254 0.254 0.254 0.254 0.254 0.237 0.237 0.237 0.237 0.237 

MAPE 0.766 0.772 1.151 0.956 0.961 0.451 0.452 0.439 0.447 0.447 0.446 0.457 0.531 0.472 0.475 

CHI 0.157 0.157 0.158 0.158 0.158 0.197 0.197 0.197 0.197 0.197 0.157 0.157 0.158 0.158 0.158 

In figs. 6. and 7.pdfs, Generated by five methods 

(EPM. MoM. EPFM, MLM, MMLM) of determining 

Weibull parameters, are shown. These plots are 

generated from the recorded data of wind speed at 

Chakri and Sadiq Abad at a height of 20 m at a 

regular interval of 10 seconds, for 2017. The plots 

also show the histogram generated by the recorded 

data, the pdfs completely cover the histogram in each 

of the plots, showing the effectiveness of the 

modeling. The results also show that the python  

program works well.

 
Fig. 6(a) 
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  Fig. 6(b) 

 

Fig. 6(c) 

  Fig. 6(d) 

 

Fig. 6(e) 

 

Fig. 6(f) 

 

Fig. 6(g) 

 

Fig. 6(h) 

Fig. 6(i) 
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Fig. 6(j) 

 

Fig. 6(k) 

 

Fig. 6(l) 

Fig. 6. The plot of pdfs generated by five methods of 
finding Weibull parameter representing recorded data 
as histogram for Sadiq Abad. 

 

Fig. 7(a) 

 

Fig. 7(b) 

 

Fig. 7(c) 
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Fig. 7(d) 

 

Fig. 7(e) 

 

Fig. 7(f) 

 

Fig. 7(g) 

 

Fig. 7(h) 

 

Fig. 7(i) 
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Fig. 7(j) 

 

Fig. 7(k) 

 

Fig. 7(l) 

Fig. 7. The plot of pdfs, generated by five methods of 

finding Weibull parameter, representing recorded 

data as a histogram for Sadiq Abad. 

5. CONCLUSION 

In this manuscript we implemented a python 

program, to model, analyze wind speed data and to 

compare and assess the wind potential of two cities 

(Chakri and Sadiq Abad) of Pakistan. The python, 

developed for this work, is user friendly, it reads 

recorded wind speed from excel file, 

calculatesWeibull parameters by five methods& 

numerical values of pdfs generated by these 

parameters, compares the calculated and recorded 

wind speeds, checks the validity by calculating 

statistical errors (RMSE, MAPE, MABE, and Chi-

Square statistic), and draws graphs of pdfs together 

with the histogram of recorded wind speed.The wind 

speed data used in the implementation is obtained 

from [35], and is recorded at a height of 20m at a 

regular interval of 10 minutes for 2017.  

(i) The shape and scale parameters for 

Chakri and Sadiq Abad are calculated 

by five methods. 

(ii) There is no significant difference 

between the values calculated by five 

methods, except the energy pattern 

factor method, which calculates the 

lower value of the shape parameter.  

(iii) The behavior of the plots of shape 

parameters for Chakri and Sadiq Abad 

is the same. 

(iv) The scale and shape parameters 

calculated numerically by the python 

program are used to generate pdfs 

which explains well the histogram of 

recorded wind speed data. 

(v) The statistical errors also validate the 

results obtained by the python program.  

(vi) The wind potential for Chakriis higher 

from April to July compared to the 

corresponding values in other months, 

the highest potential occurs in June,  

(vii) The wind potential for Sadiq Abad is 

higher from May to August.  
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(viii) The highest and lowest potential for 

both Chakri and Sadiq Abad occurs in 

June and October, respectively. 

(ix) The wind potential throughout the year 

is not sufficient to install a wind turbine 

in Chakri, so the potential site to install 

a wind turbine is Sadiq Abad. 

REFERENCES 

[1] Kaldellis, John K., and DimitrisZafirakis. 
"The wind energy (r) evolution: A short review of a 
long history." Renewable energy 36.7 (2011): 1887-
1901. 

[2] Bilir, Levent, et al. "Seasonal and yearly 
wind speed distribution and wind power density 
analysis based on Weibull distribution 
function." International Journal of Hydrogen 
Energy 40.44 (2015): 15301-15310. 

[3] Miao, Shuwei, et al. "Determining suitable 
region wind speed probability distribution using 
optimal score-radar map." Energy conversion and 
management 183 (2019): 590-603. 
[4] Ayodele, Temitope Raphael, et al. "A 
statistical analysis of wind distribution and wind 
power potential in the coastal region of South 
Africa." International Journal of Green Energy 10.8 
(2013): 814-834 

[5] Fatai K, Oxley L, Scrimgeour FG. 
Modelling the causal relationship between energy 
consumption and GDP in New Zealand, Australia, 
India, Indonesia, The Philippines and Thailand. 
Mathematics and Computers in Simulation. 2004; 
64(3):431-445.  
[6] Muneer T, Maubleu S, Asif M. Prospects of 
solar water heating for textile industry in Pakistan. 
Renewable and Sustainable Energy Reviews. 2006; 
10(1):1-23. 

[7] World Energy Statistics / World Energy 
Consumption. https://yearbook.enerdata.net 
[8] Mohiuddin, Obaidullah, et al. "Electricity 
production potential and social benefits from rice 
husk, a case study in Pakistan." Cogent Engineering 
3.1 (2016): 1177156. 

[9] Khan, Muhammad Tariq Iqbal, Qamar Ali, 
and Muhammad Ashfaq. "The nexus between 
greenhouse gas emission, electricity production, 
renewable energy and agriculture in Pakistan." 
Renewable Energy 118 (2018): 437-451. 

[10] Rehman, Abdul, and Zhang Deyuan. 
"Investigating the linkage between economic growth, 
electricity access, energy use, and population growth 
in Pakistan." Applied sciences 8.12 (2018): 2442. 

[11] NT, O'Neill, et al. "The lognormal 
distribution as a reference for reporting aerosol 
optical depth statistics; Empirical tests using 
multi�year, multi�site AERONET Sunphotometer 
data." Geophysical Research Letters 27.20 (2000): 
3333-3336. 

[12] Safari, Bonfils, and Jimmy Gasore. "A 
statistical investigation of wind characteristics and 
wind energy potential based on the Weibull and 
Rayleigh models in Rwanda." Renewable Energy 
35.12 (2010): 2874-2880. 

[13] Dokur, Emrah, Salim Ceyhan, and Mehmet 
Kurban. "Finsler Geometry for Two-Parameter 
Weibull Distribution Function." Mathematical 
Problems in Engineering 2017 (2017). 

[14] Kumaraswamy, B. G., B. K. Keshavan, and 
Y. T. Ravikiran. "Analysis of seasonal wind speed 
and wind power density distribution in Aimangala 
wind form at Chitradurga Karnataka using two 
parameter Weibull distribution function." 2011 IEEE 
Power and Energy Society General Meeting. IEEE, 
2011. 

[15] Aririguzo, Julian C., and Ekwe B. Ekwe. 
"Weibull distribution analysis of wind energy 
prospect for Umudike, Nigeria for power 
generation." Robotics and Computer-Integrated 
Manufacturing 55 (2019): 160-163. 

[16] Ozay, Can, and MelihSonerCeliktas. 
"Statistical analysis of wind speed using two-
parameter Weibull distribution in Alaçatı 
region." Energy Conversion and Management 121 
(2016): 49-54.  

[17] Wais, Piotr. "Two and three-parameter 
Weibull distribution in available wind power 
analysis." Renewable energy 103 (2017): 15-29. 



Ahmed Ali Rajput et al., International Journal of Emerging Trends in Engineering Research, 9(6), June 2021, 769 – 784 

 

781 
 

[18] Christofferson, Rolan D., and Dale A. 
Gillette. "A simple estimator of the shape factor of 
the two-parameter Weibull distribution." Journal of 
climate and applied meteorology 26.2 (1987): 323-
325. 

[19] Hirose, Hideo. "Bias correction for the 
maximum likelihood estimates in the two-parameter 
Weibull distribution." IEEE Transactions on 
Dielectrics and Electrical Insulation 6.1 (1999): 66-
68. 

[20] Bokde, Neeraj, Andrés Feijóo, and Daniel 
Villanueva. "Wind turbine power curves based on the 
weibull cumulative distribution function." Applied 
Sciences 8.10 (2018): 1757. 

[21] Wang, F. K., and J. Bert Keats. "Improved 
percentile estimation for the two-parameter Weibull 
distribution." Microelectronics Reliability 35.6 
(1995): 883-892. 

[22] Saeed, M. Khalid, et al. "Comparison of six 
different methods of Weibull distribution for wind 
power assessment: A case study for a site in the 
Northern region of Pakistan." Sustainable Energy 
Technologies and Assessments 36 (2019): 100541. 

[23] Alqam, Maha, Richard M. Bennett, and 
Abdul-Hamid Zureick. "Three-parameter vs. two-
parameter Weibull distribution for pultruded 
composite material properties." Composite 
Structures 58.4 (2002): 497-503. 

[24] Qiao, Heng, and Piya Pal. "On maximum-
likelihood methods for localizing more sources than 
sensors." IEEE Signal Processing Letters 24.5 
(2017): 703-706. 

[25] Chang, Tian Pau. "Estimation of wind 
energy potential using different probability density 
functions." Applied Energy 88.5 (2011): 1848-1856. 

[26] Rocha, Paulo Alexandre Costa, et al. 
"Comparison of seven numerical methods for 
determining Weibull parameters for wind energy 
generation in the northeast region of Brazil." Applied 
Energy 89.1 (2012): 395-400. 

[27] Khan, J. K., Ahmed, F., Uddin, Z., Iqbal, S. 
T., Jilani, S. U., Siddiqui, A. A., &Aijaz, A. 
Determination of Weibull parameter by four 
numerical methods and prediction of wind speed in 
Jiwani (Balochistan). Journal of Basic and Applied 
Sciences, 11, (2015): 62-68.  
[28] Akdağ, Seyit Ahmet, and ÖnderGüler. "A 
novel energy pattern factor method for wind speed 
distribution parameter estimation." Energy 
Conversion and Management 106 (2015): 1124-1133. 
[29] Dogara, M. D., et al. "The use of energy 
pattern factor (EPF) in estimating wind power 
density." Science World Journal 11.3 (2016): 27-30 
[30] Saleh H, Aly AAE-A, Abdel-Hady S. 
Assessment of different methods used to estimate 
Weibull distribution parameters for wind speed in 
Zafarana wind farm, Suez Gulf, Egypt. Energy 
2012;44:710e9. 
[31] Rabbani, R., and M. Zeeshan. "Exploring 
the suitability of MERRA-2 reanalysis data for wind 
energy estimation, analysis of wind ch3aracteristics 
and energy potential assessment for selected sites in 
Pakistan." Renewable Energy 154 (2020): 1240-1251. 

[32] Khan, Abid A., et al. "Evaluation of wind 
energy potential alongside motorways of 
Pakistan." Asian Journal of Applied Science and 
Engineering 3.4 (2014): 375-381.   

[33] Naeem, Aqsa, NaveedUl Hassan, and Naveed 
Arshad. "Design of Solar-Wind Hybrid Power 
System by using Solar-Wind 
Complementarity." 2020 4th International 
Conference on Green Energy and Applications 
(ICGEA). IEEE, 2020. 

[34] Rabbani, R., and M. Zeeshan. "Exploring the 
suitability of MERRA-2 reanalysis data for wind 
energy estimation, analysis of wind characteristics 
and energy potential assessment for selected sites in 
Pakistan." Renewable Energy 154 (2020): 1240-1251. 

[35]https://energydata.info/dataset/pakistan-wind-
measurement-data 

 

 

 

 



Ahmed Ali Rajput et al., International Journal of Emerging Trends in Engineering Research, 9(6), June 2021, 769 – 784 

 

782 
 

Appendix A: Python Program 
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