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Abstract 
 

In this study, the predictive ability of two-parameter Weibull distribution function in analyzing wind speed data was assessed in two se-

lected sites with different mean wind speeds in the North-Western region of Nigeria. Twenty-two years wind speed data spanning from 

1984 to 2005 was used in the analysis. The data were obtained from the Nigerian Meteorological Agency (NIMET) in Lagos. The results 

of the analysis show that Weibull function is suitable for analyzing measured wind speed data and in predicting the wind-power density 

in both locations and that Weibull function is not discriminative between locations with high and low mean wind speeds in analyzing 

wind data. The annual mean wind speeds for the two sites (Sokoto and Yelwa) are 7.99 ms-1 and 2.59 ms-1 respectively, while the annual 

values of the most probable wind speed and the maximum, energy-carrying wind speeds are respectively:3.52 and 4.34 ms-1 for Yelwa 

and 8.33 and 9.02 ms-1 for Sokoto. The estimated annual wind power densities for Yelwa and Sokoto are respectively 36.91 and 359.96 

Wm-2. Therefore, Sokoto has a better prospect for wind power generation. 

 
Keywords:Weibull Distribution Function; Wind Speed; Wind Power Density; Nigeria. 

 

1. Introduction 

Wind as a renewable energy source is inexhaustible and environ-

mentally friendly. It is considered as a promising and one of the 

most valuable renewable energy sources needed for meeting the 

increasing energy need of the world population [1].Also, wind 

energy is said to be the most common and fastest growing renew-

able energy technology in terms of percentage of annual growth of 

installed capacity [2]. The growing interest in wind energy utiliza-

tion has resulted in increased number of studies on wind energy 

resources assessment, especially in developing nations where reli-

able and accurate wind resource data is not readily available. Ef-

fective utilization of wind energy either for power generation or 

other mechanical applications requires careful investigation of 

wind resources due to its fluctuation with height, terrain as well 

as, its daily, seasonal and annual variation [3]. 

Analysis of wind speed data has been carried out by a good num-

ber of researchers using various statistical and mathematical mod-

els [1], [4], [5], [6]. These models include: Rayleigh, Weibull, 

Logistic, Normal, Gamma, Beta, Gaussian and Lognormal distri-

butions [7], [8], [9]. Among the available statistical models, 

Weibull and Rayleigh functions are the widely accepted and most 

commonly used models for wind data analysis [10]; but Weibull 

distribution is acclaimed to give the best fit for describing wind 

speed variations at a given location [11], [12], [13]. Joseph and 

Hennesessey [14] however, reported that for locations with very 

low average wind speeds, the Weibull distribution does not fit 

well the location’s wind speed distribution. The current research 

therefore aims at investigating the predictive ability of Weilbull 

function by using it to evaluate the wind speed distribution in two 

sites with different mean wind speeds in North-Western region of 

Nigeria. The two selected locations are Sokoto (Latitude- 13.05oN, 

Longitude- 5.15oE, Altitude- 285 m) and Yelwa (Latitude- 11.80, 

Longitude- 4.34oE, Altitude- 252 m). Wind speed is high at Soko-

to, while it is low at Yelwa. This makes the two sites suitable for a 

comparative study to verify the predictive ability of Weibull func-

tion in locations with different mean wind speed. 

2. Materials and method 

2.1. Data collection 

Wind speed measured at 10 metres above the sea level was used in 

this study. The dataset span a period of twenty-two years (1984 – 

2005) and was collected from the Nigerian Meteorological Agen-

cy (NIMET), Oshodi, Lagos. 

2.2. Statistical analysis of wind data 

The analysis of wind distribution in the selected sites was carryout 

using Weibull distribution function. Weibull probability density 

function, fw(v), and the corresponding cumulative probability 

function, Fw(v), can be expressed as [15]: 

 

fw(v) =  (
k

c
) (

v

c
)

k−1
exp [− (

v

c
)

k
]              (1) 

 

Fw(v) =  1 − exp [− (
v

c
)

k
]           (2) 

 

Where: 

v = wind speed (ms-1) 
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c = scale factor (ms-1) 

k = shape factor (dimensionless) 

Kidmo et al. [5] describe six numerical methods for determining 

the values of the Weibull parameters k and c from measured wind 

data. These methods include:Graphical Method (GM), Energy 

Pattern Factor Method (EPFM), Moment Method (MM), Maxi-

mum Likelihood Method (MLM), Modified Maximum Likelihood 

Method (MMLM) and Empirical Method (EM) or Standard De-

viation Method (STM). The values of Weibull parameters k and c 

were calculated using standard deviation method. This method has 

relatively simple expressions when compared with other methods 

and is useful where only the mean wind speed and standard devia-

tion are available [1], [16], [17].The standard deviation method is 

expressed in equations (3) and (4) as given by [16]: 

 

k = (
σ

vm
)

−1.086
                                                                             (3) 

 

c =  
Vm

Γ(1+
1

k
)
               (4) 

 

Alternatively, c can be determined from the expression given by 

[14]: 

 

c =  vm (
k2.6674

0.184+ (0.816k2.73859)
)        (5) 

 

σ =  [
1

N−1
∑ (vi − vm)2N

i=1 ]
1

2⁄
         (6) 

 

Where: 

σ= standard deviation 

vm= mean wind speed (ms-1)  

vi =observed wind speed (ms-1) 

N = number of months in the period of time considered and  

Γ(x) is the gamma function, which is defined as: 

 

Γ(x) =  ∫ tx−1e−tdt
∞

0

 

 

Other useful parameters for wind resources analysis that can be 

expressed in terms of Weibull shape and scale factors, k and c, are 

the maximum energy carrying-wind speed and the most probable 

wind speed. The maximum energy carrying-wind speed, vEmax and 

the most frequent wind speed, vmp can be expressed as shown by 

equations (7) and (8) respectively [18]:  

 

VEmax = c (
k+2

k
)

1

k
             (7) 

 

Vmp = c (
k−1

k
)

1

k
            (8) 

 

Similarly, the wind power density, P(v), can be expressed either in 

term of the wind speed or in terms of the Weibull shape and scale 

parameters, k and c, using the correlation given by [19]: 

 

P(v) =  
1

2
ρv3             (9) 

 

P(v) =  
1

2
ρc3 Γ (1 +

3

k
)         (10) 

 

Where: 

P(v) = Wind Power Density (Wm-2) 

k =Weibull shape parameter 

c =Weilbull scale parameter 

v=Wind speed 

ρ =Air density at the site, which can be expressed in the form: 

 

ρ =  ρo − 1.194 × 10−4  ×  Hm        (11) 

 

Where Hm is the site elevation in meters and ρo is the air density 

value at sea level usually taken as 1.225 kgm-3. 

3. Results and discussion 

The graphic representation of the monthly mean wind speed rec-

orded for the entire study period of 22 years for the two selected 

sites are presented in Figures 1 and 2. 

 

 

 
Fig. 1: Monthly Mean Wind Speeds for Sokoto (1984-2005). 
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Fig. 2: Monthly Mean Wind Speeds for Yelwa (1984-2005). 

 

Figures 1 and 2 reveal that wind speeds fluctuate from year to 

year. During the period under study, the highest monthly mean 

wind speed recorded were 12.5 ms-1 in January, 1984 for Sokoto 

and 7.7 ms-1 in April, 2004 for Yelwa, while the lowest monthly 

mean wind speed are 2.4 ms-1 in October, 1992 for sokoto and 0.2 

ms-1 in August, 1991 for Yelwa. The annual mean wind speeds 

recorded for the period of the study are: 7.99 ms-1 for Sokoto and 

2.59 ms-1 for Yelwa. 

3.1. Wind speed frequency distribution 

The monthly probability density and cumulative distribution de-

rived from the time series data for the whole period for Sokoto and 

Yelwa are shown in Figures 3 - 4 (a & b) respectively. The PDF 

and CDF plots show that all the curves of the monthly wind pro-

files follow the similar distribution pattern.The variation in shapes 

of PDF and CDF plots are due to the varying values of the 

Weilbull parameters c and k. The parameter, c, determines the 

spread of the distribution, while the shape parameter, k, indicates 

the peak of the wind distribution. 

 

 

  
Fig. 3: Monthly Wind Distribution for Sokoto (A) PDF and (B) CDF. 
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Fig. 4: Monthly Wind Distribution for Yelwa (A) PDF and (B) CDF. 

 

  
Fig. 5: Annual PDF for Sokoto and Yelwa. 

 

The plot of the probability density function (PDF) illustrates the 

fraction of time for which a given wind speed possibly prevails at 

a location [1]. The peak of the PDF curve indicates the most fre-

quent velocity, whereas the plot of the cumulative distribution 

function is used for estimating the time for which wind speed is 

within a certain speed interval [1].The plots of the monthly PDF 

shown in Figures 3(a) and 4 (a) demonstrate that the wind profiles 

for these locations and months follow the same distribution pat-

tern. It can further be noted that the PDF plot for sokoto shows a 

wider data spread than that of Yelwa.  

Similarly, the CDF plots in Figures 3(b) and 4 (b) show that: at 

Sokoto, 40% of the data are in the wind speed range of 5.5 - 9.5 

ms-1 and below, while 80% of the data are within wind speed in-

terval of 7 - 11.2 ms-1 and below; at Yelwa, 40% of the data are in 

the wind speed interval of 2.4 – 4.2 ms-1 and below, while 80% of 

the data are within wind speed range of 3.2 – 6.2ms-1 and below.  

The annual probability and cumulative density functions obtained 

using the Weibull distribution function for Sokoto and Yelwa are 

shown in Figures 5(a) and (b). 

From Figure 5 (a), it can be noted that the annual mean most fre-

quent wind speeds for Sokoto and Kaduna respectively are about 

8.45 and 5.45ms-1. The cut-in wind speed which contributes to the 

generation of electricity from wind in most new wind turbine de-

signs is about 3.0 ms-1 and above [20]. However, if wind turbines 

with cut-in wind speed of 4 ms-1 and 6 ms-1 are selected for use in 

the sites, it can be observed from the CDF curves in Figure 5 (b) 

that, the CDF values for Sokoto at wind speed of 4 ms-1 and 6 ms-1 

are 0.01 and 0.08 respectively. This implies that the percentage of 
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the annual wind energy above the 4.0 and 6.0 ms-1 cut-in wind 

speed which can contribute to the generation of electricity are 

respectively 99% and 92% for Sokoto and 30% and 0% for Yelwa. 

This also indicates that if a wind turbine with a design cut-in wind 

speed of 4.0 ms-1 is installed for electricity generation in these 

sites, the turbine will work for about 99% of the time in Sokoto 

and only for about 30% in Yelwa. Thus, Yelwa is not viable for 

wind power generation. This is in agreement with the findings of 

previous works [21].  

 

3.2. Wind power density 

The result of analysis of monthly and annual variations between 

the annual mean wind power densities calculated from the meas-

ured wind data and those obtained by using Weibull parameters 

for the two sites is shown in Figure 6. 

 

 
Fig. 6: Plot Showing Variations between the Power Density Distributions for Measured and Weibull Values for Sokoto and Yelwa. 

                           NOTE: WPDa is the actual Wind Power Density; WPDw is the Weilbull Wind Power Density  
 

 

The variations between the actual and Weibull power densities for 

the two locations presented in Figure 6 indicates that the estimated 

Weilbull wind power density are slightly higher than the actual 

power density for every month of the year and on annual basis. 

However, the variation is less pronounced in Yelwa since the two 

values still fall within the same wind class in all the months of the 

year. On annual basis, the values of the power density are within 

the same wind power classification. This supports the assertion 

that, ‘Weilbull probability distribution is suitable for analysing 

and interpreting data of measured wind speed’ [22] and is not 

discriminative between locations with high and low mean wind 

speeds. For Sokoto, the monthly Weibull WPD is in the range of 

138.07 – 579.48 Wm-2, which falls into the Wind Classes of 2 and 

7, while the monthly Weibull WPD for Yelwa is in the range of 

12.55 – 85.85 Wm-2, which falls into the Wind Class 1 of the PNL 

wind classification. The estimated annual wind power densities for 

Yelwa and Sokoto are respectively 36.91 and 359.96 Wm-2. Thus, 

Sokoto has a better prospect than Yelwa for wind power genera-

tion. 

 

 

 

3.3. Wind speed characteristics 

The wind speed characteristics of a site can be described in terms 

of the mean wind speed (vm), most probable wind (vmp) and max-

imum energy-carrying wind (vmax). The monthly and annual val-

ues of the wind speed characteristics for the two study sites at a 

height of 10 m AGL is presented in Figure 7. 

Figure 7 shows that the monthly mean wind speeds curve, V is 

slightly higher than the most probable Vmp wind speed curve for 

Sokoto, but for Yelwa, the monthly mean wind speed curve al-

most corresponds with the most probable wind speed curve. The 

maximum energy-carrying wing speed curve is higher than the 

mean wind speeds in the two locations. For Sokoto, the monthly 

values of vmp and vmax are respectively in the range 6.00 ≤ vmp ≤ 

10.01 ms-1 and 6.72 ≤ vmax ≤ 10.83 ms-1.The monthly values of vmp 

and vmax for Yelwa are respectively in the range 2.69 ≤ vmp ≤ 4.61 

ms-1 and 3.02 ≤ vmax ≤ 5.98 ms-1. Therefore, Sokoto has a better 

prospect for harvesting wind energy as indicated by the wind 

speed characteristics. The result further shows that strong and 

sufficient winds for power generation occur throughout the year in 

Sokoto. 
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Fig. 7: Plot Comparing the Mean, Most Probable and Maximum Energy-Carrying Wind Speed for Sokoto and Yelwa. 

 

4. Conclusion 

In this study, the predictive ability of Weibull distribution function 

in analyzing wind speed data was assessed in two selected sites 

with different mean wind speeds in the North-Western region of 

Nigeria. The results of the analysis show that the Weibull function 

is suitable for analyzing measured wind speed data and for pre-

dicting the wind-power density in both locations. Hence, it is not 

discriminative between locations with high and low mean wind 

speeds. Other relevant findings of this study can be summarised as 

follows: 

i) The annual mean wind speeds recorded during the period of 

the study are: 7.99 ms-1 for Sokoto and 2.59 ms-1 for Yelwa. 

ii) The annual CDF plots for the region show that, if wind tur-

bine with a design cut-in wind speed of 4.0 ms-1 is installed 

for electricity generation in the study sites, the turbine 

would work for more than 99% of the time in Sokoto and 

only about 30% of the time in Yelwa.  

iii) The annual values of the most probable wind speeds and the 

maximum energy-carrying wind speeds are respectively: 

3.52 and 4.34 ms-1 for Yelwa and 8.33 and 9.02 ms-1 for 

Sokoto.  

iv) Based on the estimated annual values of the Weibull wind 

power density, the wind energy resource in Sokoto can be 

classified as class 6, while Yelwa is categorised as class 1 in 

the PNL wind classification. Therefore, Sokoto has a better 

prospect for harvesting wind energy for electricity genera-

tion. 
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