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Abstract: This study analyzed the evaluation of wind resource potential available at Mubi and Gwoza North-

eastern Nigeria; and Guider and Mokolo far North Cameroon stations, respectively selected in Mandara 

Mountains covering period of six years (2011 to 2016). At all stations the overall maximum mean annual wind 

speed of 2.82 m/s was found at Guider in 2015 and the minimum of 2.20 m/s at Gwoza in 2012. The 
occurrences of annual mean wind speed of 2.82m/s was observed in 2015 at Guider reflecting a higher Weibull 

shape of 10.44 and scale 2.96m/s parameter, respectively. They were respectively observed in 2012 in Gwaza as 

2.20m/s, 6.34 and 2.36m/s, while others stations are moderate. The annual Wind Power Density (WPD) 

potential at all stations varies between 7.15 - 14.25 W/m2 while others are moderate.  However, it was observed 

from this evaluation, that Mandara Mountain is a poor wind power potential site based on the International 

classification, with the highest value being Guider station. Therefore, the site is applicable for wind energy 

exploitation in small scale. 
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Introduction 

Wind can be defined as air in motion. People have 

learned how to use its resource for their economics 

need, which include energy production. 

Conversely, with increase in global warming, the 

warmed air causes uneven distribution of heat 

above the earth’s surface, enhancing wind source 

by convection, thereby driven increase in wind 

speed circulation.  Wind flow patterns arising on 

the Mountains regions are attractive in nature, to 
the extent that is available for 24 hours, irrespective 

of there being a device to intercept its flows, which 

have great potentials for energy productions.  

 

Wind turbines and wind farms are being deployed 

in areas of increasing topographic complexity 

(Parvu, 2013). Mountains cover 25% of the world’s 

land surface, and are home to about 10% of its 

population, most of whom depend on mountain 

resource for their livelihoods (ARCOS Network, 

2017). In addition, uneven ground features can 
cause a wide range of local wind flow effects (Tin 

and Robert, 2015). With the flow moving to the top 

hill, the blockage effect will decrease gradually and 

finally disappear when the flow moves on to the 

top hill. At the same time, the speed – up effect will 

increase continuously and reach to maximum (Tian 

et al, 2015). A steady supply of reasonably strong 

wind is necessary requirement for utilizing the 

power in the wind (Chaudhry, 2007).  

 

However, two African countries, i.e., Cameroon 

and Nigeria, have vast potentials, but currently are 

lagging behind in wind energy development 

(Abdullahi et al, 2013).  Detailed wind speed 

measurements and data carried out in Nigeria in 

some hilly and coastal areas shown an excellent 

wind potential for implementation of wind farms in 
those areas (Ayoade, 2012).  

This study is aimed at evaluating the potential of 

wind resource in Mandara Mountain region with 

the emphasis of analyzing the mean wind speed 

and estimating the potential wind power density 

available at the stations. 

 

Materials and Methods 

Wind data used for this evaluation were those at 

10m height above the ground level for Mubi and 

Gwoza in Nigeria; and Guider and Mokolo in 

Cameroon captured with satellite covering period 
from 2011 to 2016 obtained from meteoblue AG. 

Basel, Schweiz/ Switzerland  

 

Study Area 
Variously defined by authors, the Mandara 

Mountains are generally agreed to extend on both 

sides of the Nigeria-Cameroon border from the 
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Benue-Kebbi valley north to the Zelidva hills, 

some 130Km south of Lake Chad (David, 2012). 

The highest elevation is the summit of mount 

Oupay, at 1494m (4900ft) above sea level. The 

Mandara Mountains were formed millions of years 

ago when a continental plate of basement rock deep 
beneath the African continent rose up, fragmenting 

and splitting as it was pushed to the surface 

(Sheffel and Wernet, 1980). Depending on altitude 

and region, the average annual temperature is 

23.90C varies by 1.20C and the annual average 

precipitation is 1629mm varies by 102mm.  

   

Mandara Mountains (100 53’N130 47’E / 10.8830 

13.7830 E) settlements are characteristically 

identified with rural in nature, predominated by 

mud building, un-tarred roads and has limited 

supply of modern energy (Renewable energy), 

where most of them relies on wood for household 
use. Most people there are farmers in which their 

principal crop is sorghum. They also engage in 

small scale industrial commercial activities such as 

black smiting, tourist activities, thatch roofing and 

petty trading. There major towns are Mokolo and 

Maroua in Cameroon; and Mubi and Madagali in 

Nigeria. 

Figure 1: Shows the Google map of Mandara Mountains with different elevated height indicated by color in 

meter, m and white indicating the stations. 

 
 

Empirical Background 

Various statistical tools have been used for the 

analysis of wind speed data. Among  several  tools,  

the  two  parameter Weibull distribution is 

internationally and extensively used function for 
analyzing measured wind speed data in a given 

location over a given time period. Hence, the 

continuously recorded wind speed values and the 

standard deviation can be calculated from the 

available monthly wind speed data using equations 

(1) and (2) as shown (Akpinar and Akpinar, 2004; 

Ahmed, 2013).  

Vm =  
 

 
 [∑   

 
   ]    (1) 

    *
 

   
∑ (     )
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    (2) 

Where, 

 Vm (m/s) is the wind mean speed, N is the number 

of months in the period considered,   is the 

standard deviation, Vi  is the given wind speed. 

 

Weibull distribution is a two parameters function 

characterized by scale parameter c (m/s) and shape 

parameter k (dimensionless) where probability of 

occurrence of certain velocity is given by (Weibull, 

1951; Ahmed, 2013; Ayush, 2016). 
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Shape parameter, k and scale parameter, c, have 

been proposed to estimate using many methods. 

Graphic method, Maximum likelihood method and 

Moment methods are commonly used to estimate 

Weibull parameters (Ayush, 2016). The popular 

methods include method of moment, often used in 

a wind atlas (Fisher, 1993). The scale parameter, c, 

further indicate how windy a location under 

consideration is, whereas the shape parameter, k, 

indicates how peaked the wind distribution is 

(Keyhani, 2010; Ajayi et al, 2013).   
 

The Empirical method is the special case of the 

moment method, where the parameters k and c are 

defined by using average wind speed and standard 
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deviation by following equations (Akdag and Ali, 

2009; Kengne et al, 2016). 

 

 k = (
 

 
)
      

  (4) 

 

 c = 
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)
  (5) 

The higher the value of k, the shaper the curve and 

the lower the value of k, the flatter and evenly 

distributed wind speed curves (Justus & Mikhail, 

1976).  

        

PW   

 

 
    *  

 

 
+  (6) 

Where; 

PW is Weibull power, C is scale factor (m/s).  

 ( )          function (Abdullahi et al, 2013) 

which is given as, 

   (x) = ∫     
 

 
      (7) 

Where; 

x is complex number, t is natural number. 

 

Analysis of Weibull Probability Density 

Function (WPDF) 

Daily mean wind speed was used in evaluating 

monthly mean wind speed to estimate of scale, c, 

and shape parameters, k, to generate WPDF. In 

method moments, yearly shape and scale 
parameters of the WDF were estimated from the 

mean wind speed and standard deviation of wind 

data by using equations (1) and (2) expressions 

respectively. With both k and c computed from 

equations (4) and (4) respectively. The Gamma 

function (natural logarithm) in equation (6) is used 

to narrow range of values in equation (7) to 

determined WPD. 

Estimation of Wind Power Density 

Although, wind speed analysis is useful, but wind 

power analysis is more relevant for determining 

energy production from wind turbines. Wind power 
density were considered as a better indicator of the 

wind resource evaluation. For this evaluation the 

density of air is assumed to be 1.225kg/rn3 at 10m 

height, 150C determine using equation (7) for 

available annual wind speed. 

 

Results and Discussions 

Table 1: Monthly mean wind speed values of Mubi from 2011-2015 
DATE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2011 2.15 2.44 2.90 2.71 2.97 3.38 2.77 2.39 2.05 2.77 2.04 2.23 

2012 2.32 2.59 3.11 2.87 3.34 3.24 2.56 2.21 1.95 1.84 1.78 2.24 

2013 2.27 2.81 2.18 2.47 3.08 3.38 3.16 2.44 2.15 1.87 1.80 2.30 

2014 2.07 2.65 2.47 2.90 2.62 3.54 3.37 2.64 2.23 1.90 1.84 2.17 

2015 2.50 2.46 2.82 2.80 2.75 3.53 3.06 2.23 2.27 2.20 2.15 2.90 

 

Table 2: Monthly mean wind speed values of Mokolo from 2011-2015 
DATE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2011 2.31 2.37 2.77 2.38 2.65 2.96 2.38 1.90 1.66 1.74 1.92 2.06 

2012 2.11 2.44 2.77 2.31 2.97 2.85 2.22 1.83 1.65 1.75 1.74 2.08 

2013 2.17 2.34 2.12 2.21 2.68 2.92 2.66 2.00 1.88 1.77 2.83 2.16 

2014 1.98 2.89 2.26 2.44 2.41 3.17 2.94 2.30 1.92 1.66 2.83 2.03 

2015 2.34 2.31 2.60 2.68 2.31 2.92 2.85 1.92 1.83 2.02 2.17 2.56 

 

Table 3: Monthly mean wind speed values of Guider from 2011-2015  
DATE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2011 2.92 2.71 2.92 2.50 3.10 3.55 3.01 2.51 2.13 1.93 2.17 2.65 

2012 2.72 2.81 2.23 3.78 3.51 3.61 2.84 2.21 2.01 2.17 1.89 2.73 

2013 2.64 2.82 2.18 2.32 3.07 3.59 3.40 2.61 2.36 1.86 1.96 2.50 

2014 2.52 2.89 2.53 2.74 2.64 3.72 3.62 2.69 2.38 1.93 1.88 2.55 

2015 2.94 2.68 2.85 2.83 2.77 3.90 3.42 2.47 2.75 2.43 2.41 2.38 

 

Table 4: Monthly mean wind speed values of Gwoza from 2011-2015 
DATE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

2011 2.21 2.30 2.56 2.33 2.57 2.89 2.47 1.90 1.71 1.75 1.89 1.99 

2012 2.08 2.34 2.63 2.25 2.78 2.85 2.31 1.95 1.70 1.69 1.73 2.14 

2013 2.00 2.26 2.66 2.23 2.57 2.85 2.73 2.04 1.93 1.78 2.82 2.30 

2014 1.93 2.28 2.20 2.27 2.30 2.97 2.95 2.32 1.99 1.67 1.86 1.97 

2015 2.31 2.24 2.52 2.60 2.24 2.84 2.62 2.07 2.00 2.08 2.12 2.41 
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Figure 2: Mubi five years monthly mean wind speed 

  

Figure 3: Mokolo Five years monthly mean wind 

speed 

  

 

 

 

 

 

 

Figure 4: Guider five years monthly mean wind 

speed  

  

Figure 5: Gwoza five years monthly mean wind 

speed 

 

Table 5: Distribution of annualy   (m/s),    k, c and   (W/m2) 

Stations Years   (m/s)
 

    k c (m/s)   (W/m
2
) 

Mubi 2011  2.60 0.40 7.74 2.77 11.49 

 2012 2.50 0.54 5.30 2.71 10.78 

 2013 2.49 0.51 5.63 2.69 10.61 

 2014 2.53 0.53 5.38 2.74 11.25 

 2015 2.64 0.42 7.50 2.81 12.07 

Mokolo 2011  2.26 0.41 6.39 2.43 7.76 

 2012 2.23 0.46 5.65 2.41 7.61 

 2013 2.30 0.38 7.17 2.46 8.04 

 2014 2.32 0.47 5.69 2.51 8.56 

 2015 2.37 0.35 6.66 2.54 8.89 

Guider 2011  2.68 0.44 6.81 2.87 13.07 

 2012 2.71 0.52 4.79 2.96 14.22 

 2013 2.61 0.49 5.59 2.82 12.24 

 2014 2.67 0.56 5.55 2.89 13.14 

 2015 2.82 0.62 10.44 2.96 14.25 

Gwoza 2011  2.21 0.39 6.99 2.36 7.15 

 2012 2.20 0.49 6.34 2.36 7.16 

 2013 2.30 0.33 7.44 2.45 8.00 

 2014 2.23 0.42 6.52 2.39 7.43 

 2015 2.34 0.46 10.74 2.45 8.00 
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Figure 6:  WPDF plot from 2011-2015 for Mubi     

  

Figure 7:  WPDF plot from 2011-2015 for Mokolo 

 

Figure 8:  WPDF plot from 2011-2015 for Guider 

 

 

 

 

 

 

 

Figure 9: WPDF plot from 2011-2015 for Gwoza 

 

Figure 10: Distribution of yearly wind power 

density Distribution of yearly wind power density 

 

Wind Speed 

Considering Mubi station shown in Fig. 2 obtained 

from Table 1, which is the average wind speed of 

the entire five years, highest were recorded in June 

with wind speed values ranging from 3.24 to 3.57 

m/s and it is lowest in November ranging from 1.78 
to 2.15m/s. Maximum deviations were observed 

between the months of September to November 

with minimum values in June and September, 

while others months were moderate. 

 

Considering Mokolo station shown in Fig. 3 

obtained from Table 2, which is the average wind 

speed of the entire five years, highest were 

recorded in June with wind speed values ranging 

from 2.85 to 3.17m/s and it is lowest in September 

ranging between 1.66 to 2.02 m/s. Maximum 
deviations were observed between the months of 

October to December with minimum values in June 

and August, while others months were moderate. 

 

Considering Guider station shown in Fig. 4 

obtained from Table 3, which is the average wind 

speed of the entire five years, highest were 

recorded in June with wind speed values ranging 

from 3.55 to 3.90m/s and it is lowest in the months 

on October ranging between 1.86 to 2.42m/s. 

Maximum deviations was observed between the 
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months of March to June, while others months 

were moderate.   

 

Considering Gwoza station shown in Fig. 5 obtained 

from Table 4, which is the average wind speed of the 

entire five years, highest were recorded in June with 
wind speed values ranging from 2.84 to 2.97m/s and 

it is lowest in the months of October ranging from 

1.67 to 2.08m/s. Maximum deviation were observed 

between the months of October to December, while 

others months were moderate. 

 

Weibull Probability Density Function 

From the results obtained in Fig. 6 - 9 plotted from 

Table 5 for the annual variations of WPDF 

parameters and its wind speed. The shape factor (k) 

for Mubi station varies in between 5.30 – 7.74, the 

scale factor (c) varies between 2.69 – 2.81m/s and 
wind speed varies between 2.50 – 2.64 m/s. The 

shape factor (k) for Mokolo varies in between 5.65–

7.17, the scale factor (c) varies between 2.41–

2.54m/s and the wind speed varies from 2.23 – 

2.37m/s. The shape factor (k) for Guider varies in 

between 4.79–10.44, the scale factor (c) varies 

between 2.82–2.96m/s and the wind speed varies 

from 2.61–2.82 m/s. The shape factor (k) for Gwoza 

varies in between 6.34–10.74, the scale factor (c) 

varies between 2.36–2.45m/s and the wind speed 

varies from 2.20–2.34 m/s. This indicates the peak of 
WPDF of wind speed possibly prevails at a location. 

That is, simply it provides the most frequently 

occurring wind speed for a given wind probability 

distribution. Therefore, large deviation was observed 

to be in Guider compared to Mubi and Gwoza which 

are moderates and it is less in Mokolo. 

 

Wind Power Density 

From Fig. 10 plotted from Table 5, the annuals wind 

power density for Mandara mountain at 10m height 

above the ground levels from 2011 to 2016 were 

observed to be highest in Guider varies between 
about 13.07 W/m2 to 14.25 W/m2. The lowest was 

observed at Gwoza varies between 7.15 W/m2 to 8.0 

W/m
2
, with Mubi and Mokolo being 10.61 to 12.07 

W/m2 and 7.61 to 8.89 W/m2. Mean well that the 

range of deviations are stable at Mokolo, where 

Guider were unstable while Mubi and Gwoza are 

intermediates. Hence, it can be seen from tables that 

the favorable locations for wind power generation on 

Mandata Mountain, is Guider with large values of 

WPDF among all stations. 

 
The power density level is rather rated poor for 

economical large-scale power production, lying in 

Class 1 according to the US NREL wind power 

density classification (Wind Power Class, 2014). 

These results obtained may be suitable for rural 

applications such as water pumping and/or even 

power generation using special wind turbines with 

low cut-in speeds. 

Conclusion 
The Conclusions drawn from this study shows that 

the maximum and minimum annual mean wind 

speed for Mubi were observed to be 2.64m/s and 

2.49m/s respectively. For Mokolo, they were 

respectively 2.37m/s and 2.23m/s. For Guider they 

were 2.82m/s and 2.61m/s respectively. 2.34m/s and 

2.20m/s were respectively observed for Gwoza. Also 

shows a similar trend to seasonal variations for all 

four station where wind speed increases from 

January and reaches its peak value in June in dry 

season, then its decreases from July to October as 
these months are susceptible to heavy rainfall in 

region, but again rises gradually till December. That 

is, maximum and minimum mean wind speed in 

different months belonged to June and October for 

all stations. These occurrences of annual mean wind 

speed of 2.82m/s was observed in 2015 at Guider 

reflecting a higher Weibull shape of 10.44 and scale 

2.96m/s parameter, respectively. They were 

respectively observed in 2012 in Gwaza as 2.20m/s, 

6.34 and 2.36m/s, while others stations are moderate. 

The annual Wind Power Density (WPD) potential at 
all stations varies between 7.15 - 14.25 W/m2. 

However, it was observed that Mandara Mountain is 

a poor wind power potential site based on the 

International classification, with the highest value 

being Guider station. Therefore, the site is applicable 

for wind energy exploitation in small scale. 
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