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Abstract - Wind data analysis and accurate wind energy potential assessment are critical 
factors for suitable development of wind power application at a given location. This 
paper explores wind speed distribution to select the two-parameter Weibull methods that 
provide accurate and efficient estimation of energy output for Wind Energy Conversion 
Systems (WECS).The dimensionless shape parameter k and the scale parameter C are 
determined based on measured hourly mean wind speed data in times-series from 2007 to 
2012, collected at the Garoua International Airport, main meteorological station, in 
Garoua, Cameroon. Six numerical methods, namely Empirical Method (EM), Energy 
Pattern Factor method (EPF), Graphical Method (GM), Maximum Likelihood Method 
(MLM), Moment Method (MM) and Modified Maximum Likelihood Method (MMLM) are 
examined to estimate the Weibull parameters. To analyze the efficiency of the methods
and to ascertain how closely the measured data follow the Weibull methods, goodness of
fit tests were performed using the chi-square test (χ2), correlation coefficient (R2), root 
mean square error (RMSE) and Kolmogorov-Smirnov test (KOL). The results revealed 
that the EPF followed by the MM were the most accurate and efficient methods for 
determining the value of C and k to approximate wind speed distribution. The statistical 
tests rejected the GM as an adequate method and revealed as well that the EM, MLM and 
MMLM ranked respectively third, fourth and fifth. Furthermore, the potential for wind 
energy development in Garoua is not fitted for generating electricity and a very fruitful 
result would be achieved if windmills were installed for producing community water 
supply, livestock watering, and farm irrigation.
Résumé - L’analyse des données du vent et l’estimation du potentiel éolien sont des 
facteurs déterminant pour le développement des éoliennes. Cet article explore les données 
horaires de vitesse du vent afin de choisir les méthodes de Weibull à deux paramètres, les 
plus précises et aptes à évaluer l’énergie produite par les éoliennes. Le facteur 
adimensionnel de forme k et le facteur d’échelle C sont ainsi déterminés sur la base des 
données mesurées (2007 à 2012), obtenues auprès de la station météorologique de 
l’aéroport international de Garoua au Cameroun. Six méthodes numériques, à savoir, la 
Méthode Empirique (EM), la Méthode du Facteur d’Energie (EPF), la Méthode 
Graphique (GM), la Méthode du Maximum de Vraisemblance (MLM), la Méthode de 
Moment (MM) et la Méthode Modifiée du Maximum de Vraisemblance (MMLM) sont 
ainsi examinées pour calculer les paramètres de Weibull. Afin d’analyser l’efficience des 
dites méthodes et d’établir la méthode qui se rapproche davantage des données mesurées,
les tests de performance du chi-carrée (χ²), du coefficient de correlation (R2), de l’erreur 
moyenne quadratique (RMSE) et de Kolmogorov-Smirnov (KOL) ont été effectués. Les 
résultats ont révélé que les méthodes EPF et MM sont les plus précises et efficientes pour 
déterminer les valeurs de C et k. Les tests statistiques ont également révélés que la 
méthode GM n’est pas appropriée et que les méthodes EM, MLM et MMLM sont 
respectivement classées troisième, quatrième et cinquième. De plus, the potentiel
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énergétique éolien dans la localité de Garoua n’est pas approprié pour produire de 
l’électricité et que des meilleurs résultats pourraient être obtenus si des éoliennes 
mécaniques étaient installées pour produire de l’eau pour la communauté, l’abreuvage du 
bétail et l’irrigation des fermes agricoles.  
Keywords: Maximum likelihood method - Modified maximum likelihood method - 

Graphical method - Energy pattern factor method - Empirical method. 

 
1. INTRODUCTION 

The rate of energy consumption in Cameroon is rising rapidly and fossil fuels 
remain the major energy sources that play crucial role in meeting energy demand 
despite their negative effects on the environment. Although Cameroon is an oil 
producing Country, high amount of currency is spent to import crude oil to meet energy 
demand. Recently, the Cameroonian government has taken steps to reduce its 
dependence on imported oil products, which negatively affects its trade balance.  

It is expected that the importance of this economical issue and the environmental 
pollution problem associated with the use of oil, will boost over time the development 
of renewable energy resources, which have gained huge magnitude due to their 
sustainability, inexhaustibility and ecological awareness. More than a decade ago, the 
government has adopted policies aimed at increasing the use of renewable energy; so 
far, detailed evaluation of renewable resources is a major concern. Small hydropower is 
yet to be fully exploited while the maximum utilization of biomass, solar and wind 
energy resources is not in view. 

Among the sources of renewable energy, wind energy is the most common and 
fastest-growing energy technology in terms of percentage of yearly growth of installed 
capacity [1]. Wind is an inexhaustible resource whose energy utilization has been 
increasing around the world at an accelerating pace while the development of new wind 
projects continues to be hampered by the lack of reliable and accurate wind resource 
data in many parts of the world, especially in the developing countries [2]. According to 
Rehman et al. [3], wind resources are seldom consistent and vary with time of the day, 
season of the year, height above the ground, type of terrain, and from year to year, 
hence should be investigated carefully and completely. 

Due to the absence of a reliable and accurate cameroonian wind atlas, wind 
resources evaluation has so far received only limited attention in this country and 
further studies on the assessment of wind energy are necessary. Until now,a small 
amount of work is reported in the literature on various aspects of wind energy such as 
its measurements, conversion, and utilization. 

Tchinda et al. [4] presented the estimation of mean wind energy available in the far 
North region of Cameroon. In another study Tchinda et al. [5] analysed wind speed and 
wind energy distributions in the Adamaoua and North region.  

It was observed that wind energy potential in the north and far region of Cameroon 
is not fitted for generating electricity and a very fruitful result would be achieved if 
windmills were installed for producing community water supply, livestock watering, 
and farm irrigation. 

Kidmo et al. [6] performed an assessment of the wind energy for small-scale water 
pumping in the north region of Cameroon by means of the Weibull Probability Density 
Function (PDF) with two parameters. The maximum likelihood method (MLM) was 
used to estimate the dimensionless Weibull shape parameter k , and the Weibull scale 
parameter C .  
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The maximum wind power density extracted by the blades as well as the useful 
average hydraulic power output and the daily water production of a hypothetic windmill 
were determined in order to forecast applications in the north region of Cameroon such 
as providing domestic water, watering farm animals and small scale irrigation. 

Furthermore, Kidmo et al. [7-9] studied the performance assessment of five 
numerical methods for estimating Weibull distribution parameters for WECS in 
Maroua, Kousseri, Ngaoundéré, Banyo and Meiganga.  

The aim of that analysis was to select between the maximum likelihood method 
(MLM), the modified maximum likelihood method (MMLM), the energy pattern factor 
method (EPF), the graphical method (GM) and the empirical method (EM), the most 
accurate two-parameter Weibull PDF method to represent the wind data collected in 
each of the above mentioned locality. The results strongly recommended the EPF 
method as the more accurate estimation of the Weibull parameters in order to reduce 
uncertainties related to the wind energy output calculation. 

Afungchui et al. [10] analyzed based on the Weibull distribution, using the graphical 
method, wind regimes for energy estimation in Bamenda, North West Region of 
Cameroon. The results of this study suggested, based on the data obtained through the 
RETScreen software tool provided by CANMET Canada, that Bamenda could be only 
suitable for the development of mechanical wind power for water pumping. This study 
must be reinforced by complementary observations on sites to further draw a 
conclusion. 

Wind data analysis and accurate wind energy potential assessment is critical for 
proper and efficient development of wind power application and is highly site-
dependent [11]. As a result, knowledge of the statistical properties of wind speed is 
essential for predicting the energy output of WECS. For statistical distribution of wind 
speed data analysis, Weibull PDF function is usually considered as the most qualified 
function due to its simplicity and high accuracy [12]. 

A large numbers of studies have been published in scientific literature that proposes 
the use of two-parameter Weibull PDF methods to describe wind speed frequency 
distributions. More Recently in 2014, Azad et al. [13] presented statistical diagnosis of 
the best Weibull methods for wind power assessment for agricultural applications. Al 
Zohbi et al. [14] evaluated wind potential of Lebanon using Weibull PDF. Indhumathy 
et al. [15] dealt with the estimation of Weibull parameters for wind speed calculation at 
Kanyakumari in India.  

Petkovic et al. [16] performed an appraisal of wind speed distribution prediction by 
soft computing methodologies. Adaramola et al. [17] evaluated the performance of 
wind turbines for energy generation in Niger Delta, Nigeria. 

In 2012, Costa Rocha et al. [18] analyzed and compared the performance of seven 
numerical methods for the assessment of effectiveness in determining the parameters for 
the Weibull distribution, using wind data collected for Camocim and Paracuru cities in 
the northeast region of Brazil. 

The Weibull PDF has been employed almost unanimously by researchers involved 
in wind speed analysis and it has also extensively been used in wind power analysis for 
many decades [19].  

According to International Standard IEC 61400-12 and other international 
recommendations, the two-parameter Weibull probability density function is the most 
appropriate distribution function for wind speed data as it gives a good fit to the 
observed wind speed data both at surface and in the upper air [1, 20, 21]. 
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In the present study, six Weibull PDF methods, namely the MML, MMLM, EPF, 
GM, EM and MM are explored and their performance assessed using the chi-square test 

( 2χ ), correlation coefficient ( 2R ), root mean square error (RMSE) and Kolmogorov-
Smirnov test (KOL) for goodness of fit to precisely rank and acknowledge the methods 
that are adequate for the specific wind data collected for the district of Garoua. 

The aim of this work is to select a method that gives more accurate estimation for 
the Weibull parameters as to reduce uncertainties related to predicting the wind energy 
output of WECS. 

2. MATERIALS AND METHODS 
2.1 Data source  

The wind speed data in hourly time-series format over a period of 6 years (2007 - 
2012) have been collected and statistically analyzed. The wind speed data were 
recorded at a height of 10 m, continuously by a cup-generator anemometer at the 
International Airport of Garoua, main meteorological station. 

Table 1 provides geographical coordinates of the Meteorological station in Garoua.  

Table 1: Geographical coordinates of the Meteorological station in Garoua 

Location Variable Value 

Garoua 

Latitude 
Longitude 
Anemometer height 
Elevation 

09°20’ N 
13°23’ E 
10 m 
242 meters above sea level 

2.2 Measured mean wind speed and standard deviation  
The monthly mean wind speed mV and the standard deviation σ  of the time-series 

of measured hourly wind speed data are determined using the {Eq. (1)} and {Eq. (2)}, 
[12, 16, 22, 23]: 

( )∑ == N
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1v               (1) 
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mi )vv(
1N
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−
=σ ∑ =              (2) 

Where, mv , mean wind speed, m/s; σ , standard deviation of the observed data, 
m/s; iv , hourly wind speed, m/s; N , number of measured hourly wind speed data. 

2.3 Measured wind speed probability distributions  
In a study, Lysen [24] quoted that to determine frequency distribution of the wind 

speed, we must first divide the wind speed domain into a number of intervals, mostly of 
equal width of 1 m/s.  

As a result, for a suitable statistical analysis, the wind speed data in time series 
format were transformed into frequency distribution format. Based on the wind speed 
classes (bins), the frequency distribution of the measured wind speed was established 
and shown by the Table 2. 
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Table 2: Wind speed data transformed into frequency distribution format 

 

Wind speed distribution in frequency format  
Table 3 provides for the whole year, measured wind speed data arranged in 

frequency and cumulative distribution format of equal width of 1 m/s. The Weibull PDF 
methods can be used to estimate the Weibull parameters, given wind speed in either 
time-series or frequency distribution format. In this process, the wind speeds were 
grouped into classes (bins), see Table 3 (the second column).  

The mean wind speeds iv are calculated for each speed class intervals (the third 
column). The fourth column gives the frequency of occurrence of each speed class ( if ). 
The fifth column presents the probability of the measured wind speed based on the {Eq. 
(3)} as given [12, 19]: 
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The mean wind speed and its standard deviation are calculated using the following 
equations, respectively, as given in,  
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Table 3: Measured Wind speed Data arranged in frequency 
and cumulative distribution format of equal width of 1 m/s 
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Table 4 provides for class intervals (bins), monthly mean wind speed. Table 5 
presents monthly mean wind speeds and standard deviations, obtained using data in 
times-series and frequency distributions formats. A comparison by means of relative 
error shows no difference for the mean wind speeds while standard deviations values 
obtained using time-series format are comparatively larger (2.038 to 4.543 %) than the 
values determined using the frequency distribution format.  

Table 4: Mean wind speeds iν  calculated for each speed class intervals 

 

Table 5: Monthly mean wind speeds and standard deviations 
for time-series and frequency formats 

 Time-Series format Frequency format Relative error 
Period mν  tsσ  V  fσ  νε  σε  

January 1.585 0.920 1.585 0.881 0.000% 4.170% 
February 1.588 0.930 1.588 0.893 0.000% 4.078% 
March 2.093 1.057 2.093 1.022 0.000% 3.392% 
April 2.711 1.385 2.711 1.357 0.000% 2.038% 
May 2.511 1.256 2.511 1.225 0.000% 2.474% 
June  2.492 1.296 2.192 1.266 0.000% 2.302% 
July  2.333 1.287 2.333 1.258 0.000% 2.324% 
August 1.840 1.017 1.840 0.981 0.000% 3.559% 
September 1.603 0.884 1.603 0.843 0.000% 4.543% 
October 1.583 0.949 1.583 0.913 0.000% 3.857% 
November 1.395 0.870 1.395 0.832 0.000% 4.379% 
December 1.237 0.733 1.237 0.688 0.000% 6.134% 
Whole Year 1.915 1.168 1.915 1.136 0.000% 2.704% 

2.4 Methods to estimate Weibull parameters  
The two-parameter Weibull PDF has been generally used in scientific literature to 

express the wind speed frequency distribution and to estimate the wind power density. 
It’s is the most appropriate distribution function for wind speed data as it gives a good 
fit to the observed wind speed data both at surface and in the upper air [1, 20, 21]. 
Weibull distribution can be characterized by its probability density function )(f ν and 
cumulative distribution function )(F ν  as follows [2, 12, 14, 16, 18, 22, 23, 25-29]:  
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And    
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k

C
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Where, )(F ν , probability of observing wind speed ν ;  ν , wind speed, (m/s);  C , 
Weibull scale parameter, (m/s);  k , Weibull shape parameter. 

Six numerical methods to estimate the dimensionless shape k , and the shape C , 
parameters of the Weibull PDF are computed. 

2.4.1 Graphical Method  
The Graphical method requires that wind speed data be in cumulative frequency 

distribution format. Time-series data must therefore, first be sorted into bins. In this 
distribution method, the wind speed data are interpolated by a straight line, using the 
concept of least squares regression [7-9, 13, 16, 18, 25]. The logarithmic transformation 
is the foundation of this method. By converting the {Eq. (7)} into logarithmic form, the 
{Eq. (8)} is obtained: 

[ ] )C(lnk)(lnk))(F1(lnln ×−ν×=ν−−            (8) 

The Weibull shape and scale parameters are estimated by plotting )(ln ν  against 
[ ]))(F1(lnln ν−−  in which a straight line is determined. In order to generate the line 

of best fit, observations of calms should be omitted from the data. The Weibull shape 
parameter k  is the slope of the line and the y-intercept is the value of the term  

)C(lnk ×− .  

2.4.2 Maximum Likelihood Method  
The Maximum Likelihood Estimation method (MLM) is a mathematical expression 

known as a likelihood function of the wind speed data in time series format. The MLM 
method was used by Costa Rocha et al. [18] quoting Stevens et al. [29] in their study for 
the estimation of parameters of the Weibull wind speed distribution for wind energy 
utilization purposes. The MLM method is solved through numerical iterations to 
determine the parameters of the Weibull distribution. The shape factor k  and the scale 
factor C  are estimated by the {Eqs. (9)} and {Eqs. (10)}, [7-9, 13, 15, 16, 18, 26, 27, 
29]: 
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Where: n , number of non zero data values;  i , measurement interval;  iν , wind 
speed measured at the interval i  (m/s). 

2.4.3 Modified Maximum Likelihood Method  
The Modified Maximum Likelihood Estimation method (MMLM) is used only for 

wind speed data available in the Weibull distribution format. The MMLM method is 
solved through numerical iterations to determine the parameters of the Weibull 
distribution [1, 7-9, 13, 15, 16, 18]. The shape factor k  and the scale factor C  are 
estimated by the {Eqs. (11)} and {Eqs. (12)}. 
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Where: )(f iν , Weibull frequency with which the wind speed falls within the 
interval i ;  )0(f ≥ν , Probability of wind speed )0( ≥ν . 

2.4.4 Moment Method  
The Weibull factors k  and C  for the Moment Method (MM) are estimated from the 

mean wind speed v  and standard deviation σ  of wind data. The MM method is 
solved through numerical iterations by the following equations [13, 18, 26]: 

)k11(
C m

+Γ
ν

=             (13) 

The standard deviation σ  of the observed data is determined using the {Eqs. 
(14)} and {Eqs. (15)}. 

[ ] 2/12 )k11()k21(.C +Γ−+Γ=σ          (14) 

Where the standard gamma function is given by: 
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The gamma function used by Manwell et al. [30] quoting Jamil [31] is given by: 
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2.4.5 Empirical Method  
The empirical method is considered a special case of the moment method, where the 

Weibull parameters k  and C  are given by the equations shown below [2, 7-9, 13, 14, 
15, 17,18, 23]: 
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2.4.6 Energy Pattern Factor Method  
The energy pattern factor method (EPF) is related to the averaged data of wind 

speed and is defined by the {Eqs. (19)}, {Eqs. (20)} and {Eqs. (21)}, [7-9, 13-15, 18]. 
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Where, pfE  is the energy pattern factor. 
Once the energy pattern factor is calculated by using the {Eq. (19)}, the Weibull 

shape parameter is estimated from the {Eq. (20)}. 

( )))E(69.31k 2
pf+=             (20) 

The Weibull scale parameters   is determined using  the {Eq. (21)}. 

)k/11(.
vC m
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=             (21) 

2.5 Performance of the of the two-parameter Weibull PDF methods  
In order to evaluate the performance of the six Weibull methods, the following 

statistical indexes of accuracy were utilized.  
1. The root mean square error ( RMSE ) gives the deviation between the predicted 

and the experimental values. Successful forecasts correspond to low values of RMSE , 
while higher indicate deviations. RMSE  should be as close to zero as possible, and it is 
expressed as [7-9, 13-15,18]:  
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2. The Chi-square test returns the mean square of the deviations between the 
experimental and the calculated values for the distributions and it is expressed as [13]:  
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3. The coefficient of determination 2R  determines the linear relationship between 
the calculated values from the Weibull distribution and the calculated values from 
measured data. A higher 2R  represents a better fit using the theoretical or empirical 
function and the highest value it can get is 1. 2R  is determined by the {Eq. (24)}, [7-9, 
13-15, 18]:  
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Where, iy  is the actual data (measured, observed), ix  is the predicted data using 
the Weibull distribution, iy  is the mean value of iy , N  is the number of all observed 
wind data. 

4. The Kolmogorov-Smirnov test for goodness of fit is considered to precisely rank 
and acknowledge the methods that are adequate for the available wind data. The 
procedure of the Kolmogorov-Smirnov test applied to a velocity histogram n  with 
intervals, verifies the hypothesis that a data set is represented by a Weibull distribution 
with known shape and scale parameters. Then, it calculates the cumulative probability 
combined with the Weibull distribution )v(F  and the experimental histogram )v(Fn .  

Finally, a parameter, that is taken as representative of the Kolmogorov-Smirnov test 
( KOL ), is calculated through the following equation [32]:  

)v(F)v(FMaxKOL n−=            (25) 
Where, v , identifies the set of velocity to be considered. 
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In this work, the chosen significance level for KOL  has been defined 10% (i.e. the 
likelihood of the presence of initial rejection is 10 %). Critical parameters for the 
significance level are given by [32]. 

2
10.0 )KOL(002725911.0KOL026511.0

n
199103.08324905.0KOL ×+×=−=    (26) 

The parameter *KOL  for the number of n  intervals of the wind histograms is given 
by: 

nKOL*KOL ×=             (27) 

If the value of *KOL  is greater than the value of the critical parameter 10.0KOL , 
then the used method is not adequate for the specific wind data.  

2.6 Site specific wind speeds  
As the scale and shape parameters have been determined, two meaningful wind 

speeds for wind energy estimation are very useful to wind energy investors and 
assessors. These are called the most probable ( mpV ) and maximum energy carrying 

( maxEV ) wind speeds [1, 2, 17, 21]. 
The most probable wind speed ( mpV ) simply provides the most frequently 

occurring wind speed for a given wind probability distribution. The most probable wind 
speed can be calculated using the Weibull shape and scale parameters via the following 
equation [1, 2, 17, 21]: 
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The wind speed carrying maximum energy represents the wind speed that generates 
the maximum amount of wind energy. maxEV  is expressed as follows [1, 2,17, 21]: 
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2.7 Weibull parameters extrapolation  
If the wind distribution is desired at some height other than the anemometer level, 

Justus et al. [25] proposed a consistent methodology that can be used to adjust Weibull 
C  and k  (values known at one height) to another desired height.  

The Weibull distribution values 10C  and 10k  determined at 10 meters height above 
ground level (AGL), ( meters10z10 = meters) are adjusted to any desired height z  by 
the relation [2, 12, 14]: 

( )n1010z z/zCC ×=             (30) 

)10/z(ln00881.01
kk 10

z −
=            (31) 

Where z  and 10z  are in meters and the power law exponent n  is given by: 

)C(ln088.037.0[n 10−=            (32) 
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2.8 Wind power density estimation  
The wind resource available at a potential site is most often assessed by calculating 

the wind power density (WPD). The WPD based on the Weibull PDF can be calculated 
using expression given as [1, 2, 12, 14, 17]: 







 +Γρ==ν=

k
31.C..

2
1A/)v(P)(pWPD 3         (33) 

Where, )v(P ,wind power, W; )v(p , wind power density, W/m2; A , sweep area of 
the rotor blades, m2; ρ , air density at the site, (kg/m3) is often written in a simple form 
[33]: 

m
4

0 H10194.1 ××−ρ=ρ −        (34) 
Where, mH , site elevation in meters; the air density value at sea level is 0ρ = 1.225 
kg/m3; the site elevation is 242 meters, and ρ =1.196 kg/m3. 

2.9 Wind energy density estimation  
Once the WPD has been estimated, the wind energy density ( WED ) can be 

obtained just multiplying by the number of hours ( T ). To get the annual WED , one 
can multiply WED  by 8760 hours to get the wind energy density in kWh/m2 [1]:  
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 +Γρ===     (35) 

3. RESULTS 
The figure 1 shows for each month, the Weibull Frequency plotted against the 

frequency distribution of measured wind speed. These curves illustrate the Weibull 
methods that fit best to the measured wind speed data.  
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Fig. 1: Weibull Frequency against measured wind speed frequency distribution 
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For the whole year, Table 6 provides values for the probability density distribution 
for the observed wind speed distribution and the forecasted Weibull methods, based on 
mean wind speeds (third column), calculated for each speed class intervals (column 
two). 

Furthermore, for the whole year, Table 7 offers values for the cumulative 
probability density distribution for the observed wind speed distribution and the 
forecasted Weibull methods, based on mean wind speeds (third column), calculated for 
each speed class intervals (column two). 

Table 6: Probability Density Distribution for the six Weibull methods 

 

 
 

Table 7: Cumulative Probability Density Distribution for the six Weibull methods 

 
Table 8 gives the prediction accuracy of the Weibull PDF method. The prediction 

accuracy of the Weibull PDF methods in the estimation of the wind speeds with respect 

to the actual values, were evaluated based on the chi-square test ( 2χ ), correlation 
coefficient ( R , root mean square error ( RMSE SE) and Kolmogorov-Smirnov test 
( KOL ). 
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Table 8: Prediction accuracy of the Weibull PDF methods 
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4. DISCUSSIONS 
4.1 Test of Goodness fit  

In this work, the prediction accuracy of the Weibull PDF methods in the estimation 
of the wind speeds with respect to the actual values were evaluated based on the chi-

square test ( 2χ ), correlation coefficient ( 2R ), root mean square error ( RMSE ) and 
Kolmogorov-Smirnov test ( KOL ) for goodness of fit. Based on the results, it can be 
noted that the statistical tools used offer enough information for the accuracy of 
individual forecast errors and for the ranking the quality of fit of the six competing 
Weibull distributions.  

Kolmogorov-Smirnov test  
The goodness of fit tests summarized in Table 8, show that the GM is not adequate 

for the available wind data and as such is rejected by the Kolmogorov-Smirnov test. The 
reason for that rejection is that the value of *KOL  is greater than the value of the 
critical parameter 10.0KOL . Furthermore, the MMLM has proved to be inadequate for 
the available wind data from August to December. For the Month of October, the MLM 
is also rejected by the Kolmogorov-Smirnov test. The best estimation method is the EPF 
because, the difference between 10.0KOL  and *KOL  is higher. As a result, the MM 
and EM ranked respectively second and third best estimation method.  
RMSE test  

Successful forecasts correspond to low values of RMSE, while higher indicate 
deviations. Since RMSE  should be as close to zero as possible, it can be seen that for 
the available data, the results reveal that the best fitting Weibull distribution methods 
are ranked as follows: the best estimation method is EPF, the MM ranked second, the 
EM ranked third.  

From November to February, the GM and MMLM ranked respectively fifth and 
sixth while from March to August, the GM and MMLM ranked respectively fifth and 
sixth. 

Chi-square 2χ  test  

The method generating the best results is established by considering a low value for 
the chi-square indicator in each case. Since the chi-square value should be as close to 
zero as possible, it can be seen that for the available data, the results reveal that the best 
fitting Weibull distribution methods are ranked as follows: the best estimation method is 
EPF, the MM ranked second, the EM ranked third. 

From November to February, the GM and MMLM ranked respectively fifth and 
sixth while from March to August, the GM and MMLM ranked respectively fifth and 
sixth. 
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Correlation coefficient 2R  test  
The best parameters estimation shall disclose the highest value of 2R . The highest 

value of 2R  is one while the lowest is zero, it can be seen that negative values for the 
GM were obtained during the months of February, August, September, October, 
November and December. As a result, it can be concluded that the GM is not adequate 
for the available data. Furthermore, the results reveal that the EPF is the best fitting 
Weibull distribution method. The MM ranked second while the EM, MLM and MMLM 
ranked respectively third, fourth and fifth. 

4.2 Weibull parameters C  and k  
Since the scale and shape parameters have been determined using the EPF as the 

best fitting Weibull distribution method, the most probable ( mpV ) and maximum 

energy carrying ( maxEV ) wind speeds have been calculated based on the 10 meters 
height AGL. Consequently, the wind power density ( WPD ) and the wind energy 
density ( WED ) have been evaluated respectively to assess the wind resource available 
in the district of Garoua. Furthermore, Weibull parameters have been extrapolated at 20 
and 30 meters height AGL to as well assess wind resource as shown by Table 9. 

Table 9: Wind power density and wind energy 
density at different height above ground level 
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5. CONCLUSIONS 
The hourly wind speed data in time-series format for the District of Garoua, 

Cameroon, have been statistically analyzed, based on the Weibull PDF. The aim was to 
select the most accurate and efficient methods to ascertain how closely the measured 
data follow the two-parameter Weibull PDF.  

The performance of six Weibull methods were assessed using the chi-square test 

( 2χ ), correlation coefficient ( 2R ), root mean square error (RMSE) and Kolmogorov-
Smirnov test (KOL) goodness of fit to precisely rank and acknowledge the methods that 
are adequate for the specific wind data, collected in the district of Garoua. Based on the 
analysis, the most important outcomes of the study can be summarized as follows: 

1. Wind speeds are modelled using Weibull probability function. The dimensionless 
shape parameter k  and the scale parameter C  (m/s) are shown in Table 8;  

2. The EPF ranked first, followed by the MM as the most accurate and efficient 
methods for determining the value of C  and k  to approximate wind speed distribution. 
As a result, the EPF is recommended for more accurate estimation of the Weibull 
parameters in order to reduce uncertainties related to the wind energy output calculation 
for WECS;  

3. Globally, the EM, MLM and MMLM ranked respectively third, fourth and fifth, 
while the GM proved to be an inadequate method for estimating Weibull parameters;  

4. The winds are giving power densities of between (3.094 – 26.492) W/m2 at 10 m, 
(6.233 – 46.275) W/m2  at 20 m and (9.388 –64.129) W/m2 at 30 m;  

5. According to the Pacific Northwest Laboratory (PNL) classification, Garoua falls 
into class1 [12]. It can therefore be concluded that the potential for wind energy 
development in Garoua is not fitted for generating electricity and a very fruitful result 
would be achieved if windmills were installed for producing community water supply, 
livestock watering, and farm irrigation.  

NOMENCLATURE 

mν , Mean wind speed, m/s σ , Standard deviation, the observed data, m/s 

iν , Hourly wind speed, m/s ν , Hourly wind speed, m/s 
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)(f ν , Probability of observing wind speed  )0v(f ≥ , Probability of wind speed, 0≥ν  
N , Number of measured hourly wind speed 

data ν  
)x(Γ , Standard gamma function 

2R , Correlation coefficient  2χ , Chi-square 

pfE , Energy pattern factor RMSE , Root mean square error 

ix , Predicted data using the Weibull 
distribution 

iy , Actual data (measured, observed) 

)(f iν , Weibull frequency with the wind 
speed falls within the interval i  

z , Mean value of iy  
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