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Abstract. According to the International Energy Agency (IEA-2013), Electricity alone does not create all 
the conditions for socioeconomic growth, but it is obviously essential to meet basic human needs and facilitate 
the development of economic activities. For the isolated areas with high wind potential and the island 
suffering from the electrification problems, the prospective solution is the use of renewable energies, 
especially wind energy. The present paper deals with a detailed statistical study on wind energy, its 
parameters, and variables on Socotra Island in Yemen, where that island is isolated from the main electricity 
grid in addition to the difficulty of providing electrical energy to this region in light of conditions in which 
Yemen has been living in recent times. The simulation results prove that the mean wind speed can reach a 
value ranging from 8.36 to 10.36 m/s, which is a large and enough speed to generate electricity using turbine 
farms. Based on the k and c Weibull parameters, the maximum probability at speeds 3 and 4 m/s is 0,052, 
while a value of 0,085 at speed 7 m/s is given by Rayleight distribution.  Every result proved that Yemen has 
a good wind energy potential can utilize it for electrical energy production, and that strengthens the planning 
of economical wind turbines capacity for electricity production in the region. 

1 Introduction  
The energy revolution nowadays is recommended at all 
scales of life. It became a major element of sustainable 
development. To keep up this revolution, many countries 
have opted for strategies to stop using fossil fuels and 
achieve environmental goals [1]. The use of renewable 
energies is being widely encouraged for its dominance to 
achieve near-zero emissions and to remedy environmental 
problems. Among renewable energies that have gained 
significant public support and appear to be the most 
commercially viable method; wind energy, the most 
widely implemented renewable energies [2 - 3]. Wind 
energy can meet the large need of energy for any places, 
whether near or direct, grid-connected or far as well as 
grid- isolated [4 - 5]. Because of the negative impact on 
the environment and the high cost of using conventional 
energy sources, the exploitation of wind energy in electric 
power systems is growing rapidly [5].  

The study of wind speed data, characteristics, and 
analysis of this data are very important to assess the 
potential of wind speed in any location for study the 
ability to produce electrical energy by wind turbines [6 - 
7]. The study of wind speed according to the surface 
terrain comes in two types, the first is onshore wind, 
which indicates the installation of turbines on land, and 

the second type concern offshore wind, its refers to 
installations that are installed in water bodies. The first 
type is most used and has proven a great success for 
energy production, however recently, offshore winds have 
become more preferred due stability of wind resources, 
less noise because installed far from residential 
neighborhoods, fewer restrictions on the size of turbines, 
and less impact on the environment [8 - 9]. 

There has been significant research on the 
development and utilization of renewable energies in 
Yemen. Due to their abundance, they can provide 
complete security of energy supply through favorable 
exploitation. However, the use of renewable energy 
sources remained individual, indiscriminate and is not 
sufficient to generate electricity for a long and arranged 
period as solar or wind turbine stations provide. 
Regarding the wind energy in Yemen, many works have 
been done in order to investigate its potential in many 
cities. Due to its technologies development among the 
renewable energy technologies, the wind energy has the 
advantage of being the suitable source for the area like 
Yemen [10 - 11].  

The rest of this paper is organized as follows. Section 
I presents the site of study which is Socotra Archipelago 
and its data. Section II depicts the methodology. The 
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results are given and discussed in Section III. Finally, the 
conclusion is presented in Section IV. 

2 Study location 
The study site is the Socotra Archipelago. Considered as 
the largest island of the Yemen islands with an area of 
3650 Km2, the island is located in the Arabian Sea. 380 
km (238 miles) south of mainland Yemen and 80 km west 
of the Horn of Africa.[12].It is located between two 
latitudes (12.18 - 12.24) North of the equator and 
longitudes (53.19-54.33) East of Greenwich. Socotra 
archipelago includes many small islands located in the 
western side, including a " Socotra,Abdu Alkuri, Samhah, 
Arsah, Siyal, Siyal Socotra "[13]. 

 

Fig. 1. Socotra Island location 

Data contained in this research were obtained from 
two sources, the first one is the General Authority of 
Meteorology in Yemen, and we have obtained mean wind 
speed values from 2006 to 2010. The second source is via 
infoclimat [14], where This site displays the wind speed 
for every year, every month, day and hour, as this site has 
provided wind speed to 2014, which is the last year before 
the fall of the Yemeni government at the beginning of 
2015. In this article, we will show the average wind 
speeds from 2006 to 2014, and we will study in detail the 
speeds, parameters, and wind speed variables of year 2014 
as an optional data to study the variables of Socotra Island. 

3 Methodology 
To study the  possibility of generating energy, and it 
economic feasibility  for any location easily, we must 
study the distribution of wind speed, its frequencies and 
directions for that region by studying distribution function 
and energy density, and these methods will be presented 
in detail for applying it to analyze wind speed data in 
study area. 

3.1 Weibull distribution function 

The first fundamental step to assess the wind energy 
potential is the estimation of the wind speed probability 

distribution function (PDF). In other words, the wind 
speed probability distribution function allows to 
determine the performance of wind energy systems for a 
given location. For the case study, the Weibull Probability 
Density Function, one of the PDFs, have been selected 
due to its accurate and adequate estimation of wind energy 
potential as well as its analysis and interpretation of the 
wind speed distribution. 

Weibull parameters are expressed by shape parameter 
k and scale parameter c (m/s), which are the most 
important parameters that enable us to calculate the 
probability density function f(v) and cumulative 
distribution function F(v) of wind speeds, which can be 
expressed by Eqs (1),(2) [15][16]: 

                  𝑓𝑓(𝑣𝑣) = 𝑘𝑘
𝑐𝑐

(𝑣𝑣
𝑐𝑐
)

𝑘𝑘−1
× 𝑒𝑒𝑒𝑒𝑒𝑒 [− (𝑣𝑣

𝑐𝑐
)

𝑘𝑘
]               (1) 

                      𝐹𝐹(𝑣𝑣) = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒 [− (𝑣𝑣
𝑐𝑐
)

𝑘𝑘
].                     (2) 

Where v is the wind speed. 
Weibull parameters are calculated by standard 

deviation 𝜎𝜎, which is given by the flowing  equation (3) 
[16][18]: 
 

                     𝜎𝜎 = √ 1
𝑛𝑛−1

∑ (𝑣𝑣𝑖𝑖 − 𝑣𝑣𝑚𝑚)2𝑛𝑛
𝑖𝑖=1                       (3) 

 
k and c are calculated by equations (4) and (5): 

𝑘𝑘 = ( 𝜎𝜎
𝑣𝑣𝑚𝑚

)
−(1.086)

.                            (4) 

𝑐𝑐 = ( 𝑣𝑣𝑚𝑚

𝛤𝛤(1+1
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).                                  (5)  

Where vm is the mean wind speed calculated by (6): 

𝑣𝑣𝑚𝑚 =
1
𝑛𝑛 (∑ 𝑣𝑣𝑖𝑖
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).                                (6) 

The gamma function is expressed by the equation (7) if     
y = (1+1/k): 

𝛤𝛤(𝑦𝑦) = ∫ 𝑒𝑒𝑒𝑒𝑒𝑒(−𝑒𝑒)𝑒𝑒𝑦𝑦−1

∞

0

𝑑𝑑𝑒𝑒 .             (7) 

 

3.2 Rayleigh distribution 

Rayleigh distribution is a special case of Weibull 
distribution. The probability density and the cumulative 
function can be calculated according to Rayleigh 
distribution by Eqs (8) and (9), where, they change 
according to speed v and mean speed vm values of wind: 

                  𝑓𝑓𝑟𝑟(𝑣𝑣) = 𝜋𝜋𝑣𝑣
2𝑣𝑣𝑚𝑚

2 𝑒𝑒𝑒𝑒𝑒𝑒 [− (𝜋𝜋
4

) ( 𝑣𝑣
𝑣𝑣𝑚𝑚

)
2

]                  (8) 

                 𝐹𝐹𝑅𝑅(𝑣𝑣) = 1 − 𝑒𝑒𝑒𝑒𝑒𝑒 [− (𝜋𝜋
4

) ( 𝑣𝑣
𝑣𝑣𝑚𝑚

)
2

]                 (9) 

3.3 Wind power density 

Wind power can be calculated using the equation (10) 
[16]: 
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𝑝𝑝(𝑣𝑣) =
1
2
𝜌𝜌𝜌𝜌𝑣𝑣𝑚𝑚3                                      (10) 

The wind power density based on the mean wind speed, 
density function are given by  equations (11) (12) [18]: 

𝑝𝑝(𝑣𝑣)
𝐴𝐴
= 1

2
𝜌𝜌𝑣𝑣𝑚𝑚3 .                            (11) 

 
                 𝑝𝑝(𝑣𝑣)

𝐴𝐴
= 1

2
𝜌𝜌𝑐𝑐3𝛤𝛤(1 + 3

𝑘𝑘
).                       (12) 

 
Also, we can calculate most probable wind speed (VMP) 
and most energy (VMaxE) from  wind speed [17] : 
 

𝑉𝑉𝑚𝑚𝑝𝑝 = 𝑐𝑐 (𝑘𝑘−1
𝑘𝑘
)
1
𝑘𝑘.                                  (13) 

𝑉𝑉𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑐𝑐 (𝑘𝑘+2
𝑘𝑘
)
1
𝑘𝑘.                               (14) 

 

3.4 Variation of wind speed with height 

It is necessary to study wind speed changes, with counting 
different heights, since most wind speed data are taken at 
a specific height, and most of the economic benefits are 
made at greater heights than that and mimic the turbine 
tower heights[17]. The model for that is Yemen 
Meteorological Authority, as it takes wind speed data at a 
distance of 10 meters. Wind speed can be measured 
according to the change in altitude according to the 
equation (14). 

𝜈𝜈 = 𝜈𝜈0 (
ℎ
ℎ0
)
𝛼𝛼
.                               (15) 

where v0 wind speed at the original height of 
meteorological observatory (h0), v wind speed which 
wants to measure at height (h),𝛼𝛼 wind shear value depends 
on surfaceroughness and is estimated at 0.14 [15]. 
 
4 Results and discussion 

4.1 Wind speed data 

Based on available data from 2006 to 2014 (fig. 2), 
Socotra has mean wind speeds between 8.36 - 10.36 m/s. 
the maximum value was registered in 2010 while the 
minimum value in 2007. 

 

Figure 3 shows the monthly variation of wind speed 
for the year of 2014. It’s clear that the wind speed increase 
from the beginning of June and continue to  increase until 
it reaches its maximum value in July, after this period it 
decrease in August and September.  Low values of wind 
speed occur during February, March, April, October and 
November, while January and December have mean 
values for wind speed. 

 

4.2 Weibull and Rayleigh distribution 

The study of Weibull and Rayleigh distribution will be 
applied to 2014 in detail, these values will be calculated 
to estimate wind distribution for each month of this year. 
Figure (3) shows details of wind speed per hour 
throughout 2014, where it appears that the maximum 
value of wind speed reached 33 m/s, it is normal for the 
minimum value to be zero, as it is reported in March, 
April, May, October, and November. The year 2014 has 
an average monthly wind speed between 3.6 (October) to 
18.38 (July) m/s. Table (1) summarizes the mean wind 
speeds for each month, as well as the values of standard 
deviation, which allows studying variation of wind speed 
between value of speed and mean speed. Table (1) also 
contains values of k (Shape factor) and c (Scale 
parameter) calculated based on equations (4) and (5) 
respectively, these values depend on values of mean wind 
speed and standard deviation. The maximum calculated 
value of c is 20.15 m/s for the month of July, while the 
lowest value is 4.1 m/s for the month of April. It has been 
observed that wind speed frequencies on Socotra Island 
have great values at speeds between 3 and 8 m/s, the 
largest value is at 5 m/s where its frequency reached 
0.093, the frequency values decrease significantly until 
reaching a zero value for speeds ranging from 30 to 33 
m/s. As for the probability density (Figure 4), the Weibull 
distribution maximum value equal to 0.052 at wind speed 
3 and 4 m/s, and the minimum value corresponds to the 
speed of 0 m/s and the speeds ranging from 25 to 33 m/s. 
Concerning the probability density according to Rayleigh 
distribution, the maximum value reached 0.085 at speed 7 
m/s, while the lowest value is at zero and speeds ranging 
from 23 to 33 m/s. 
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Table 2. Monthly Most probable wind speed (VMP) and Most energy 
(VMaxE) 

  

Table 1. Monthly Standard deviation and Weibull parameters in Socotra (2014) 

 

 

 

 

 

Moreover, cumulative function indicates the 
probability that a portion of time for wind speed is equal 
to or less than mean wind speed, and gives an estimate of 
the time when wind is within a certain speed interval. 
Figure 5 shows that the probability of wind speed blows 
at a mean speed vm is equal to one with speeds less than 
or equal to 28 m / s. Table 2 displays the most probable 
wind speed (VMP) and most energy (VMaxE) of monthly 
wind speed, based on parameters k and c. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Wind directions 

It is necessary to study the wind directions in Socotra 
Archipelago in order to identify the appropriate method 
for installing wind farms, depending on directions and 
information’s of wind speed. For that purpose, and for the 
site study, figure (6) showed the yearly wind speed 
directions of 2014. It is noticeable that the most wind 
directions are West and Southwest for January and 
February. As for March, April, May, October, November 
and December, they are Southwestern whereas June and 
July are in the Northeast. August was distinguished from 
other months by 3 directions of which 2 are confronting 
each other, Northeast and Southwest, and third one is 
South direction. 
 

Fig. 6. Socotra wind directions for 2014 

4.4 Wind power density (WPD) and Wind Energy 
(WE)  

Table 3 shows Wind power density and Wind Energy that 
can be produced during each month of 2014. Since energy 
density is directly proportional to cubic wind speed, the 
largest value of mean wind speed will have largest value 
of wind power density and wind Energy. Notice that the 
Maximum value (July) of wind power density is equal to 

Month 1 2 3 4 5 6 7 8 9. 10 11 12 
vm 7.46 6.12 5.10 3.70 4.35 14.60 18.38 15.62 11.34 3.60 5.90 7.13 
σ 2.24 2.52 2.61 2.18 2.54 6.27 4.56 4.01 3.43 2.63 2.53 2.48 
k 3.69 2.61 2.06 1.78 1.86 2.5 4.54 4.37 3.65 1.57 2.48 3.14 
c 8.27 6.89 5.75 4.16 4.9 16.45 20.15 17.14 12.57 4.01 6.65 7.96 

  Month 1 2 3 4 5 6 7 8 9. 10 11 12 
VMP 7.59 5.73 4.16 2.62 3.24 13.41 19.08 16.15 11.51 2.10 5.40 7.05 

VMaxE 9.30 8.57 7.99 6.35 7.26 20.81 21.84 18.68 14.17 6.77 8.44 9.31 
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Table 3.  Wind power density and Wind Energy Socotra (2014) 
 

Table 4.  Variation at mean and parameters of wind speed according to different heights 65 m – 100 m 
 

3803.14 W/m2 and the wind energy is equal to 2738.26 
kWh/m2, while minimum value (October) corresponds to 
28.58 W/m2, and wind energy is equal to 20.58 kWh/m2. 

4.5 Variation of wind speed with height 

According to the equation (15) which translates the 
variation of wind speed with height, wind speed increases 
by increasing height. Table 4 shows the values of the 
mean wind speed, standard deviation, Weibull 
parameters, wind power density (WPD) and Wind Energy 
(WE) calculated depending of height, first at 65 m and 
second at 100 m. Figure (7) also presents variations of 
mean wind speed at a different height: 10, 65 and 100 m. 
 
 

 
 
 

 

Figure. 7. Mean wind speed in different height 

 

 

5 Conclusion  
In this paper the wind speed data for Socotra Island were 
statically analyzed by investigating their mean wind speed 
frequencies, Weibull, and Rayleigh distribution. The wind 
energy potential of the location has been studied based on 
the Weibull model. Referring to the different graphs as 
well as the calculation tables, the most important results 
of the study can be concluded as follows: 
 Socotra has a mean wind speed between 8.36 to 10.36 

m/s, which is a large and enough speed to generate 
electricity by using turbine farms. 

 the maximum probability based on the k and c 
Weibull parameters is 0.052 at speeds 3 and 4 m/s 
while Rayleigh distribution gave maximum value of 
0.085 at speed 7 m/s and the largest probability of the 
frequency is 0.093 at Speed 5 m/s. 

 Most wind directions in Socotra are southwest to 
south, except June, July, and September, as their 
directions are northeast for most of their hours, and 
August is characterized by two opposite directions, 
which are northeast and southwest. 

 The values of wind speeds increase with height, and 
the study showed a noticeable increase in mean wind 

speed for year 2014, with an increase height from 10 
m to 65 m and 100 m. 
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