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Abstract  This paper presents a technical assessment 
of wind power potential for five promising wind sites in 
Jordan: Tafila, Zabda, Royal Scientific Society, Al-Alia 
and Al-Reesha wind sites. This assessment is based on 
developing a new methodology of estimating the wind 
energy by estimating the main wind parameters for a 
specific wind site. The developed methodology is 
originally based on a website data provided by the 
national wind energy atlas. Microsoft excel environment 
is used to estimate the total wind energy, the maximum 
repetition wind speed and the wind speed contributing the 
maximum energy in a specific wind regime. The 
validation process for this methodology has been carried 
out using measured wind speed data provided by the 
Energy Research Centre. The error between the estimated 
wind energy and the measured value is less than 10% for 
all cases. The highest energy is available in Tafilah wind 
site with around 6 MWh. In order to obtain an accurate 
comparison for the selected sites, the wind energy was 
estimated at uniform height, selected to be the standard 
height (10m). The importance of this model is that it can 
be utilized routinely to assess the wind energy potential in 
a specific location, so a decision can be made whether a 
wind farm can be built or not in that location without any 
need to install anemometers. 

Keywords  Wind Energy, Energy Capture, Energy 
Conversion, Wind Farms, Wind Energy Integration 

1. Introduction
Several methods are used for assessing wind resources 

in a specific wind site based on data measured by airports 
or meteorological stations. Basically, they can be grouped 
into several main categories [1-4]. The most dependable 

method for the wind assessment is to directly measure the 
wind speed, ideally at the position and the height of the 
proposed wind turbine. However, measuring the wind 
speed at a site is both time consuming and expensive, i.e. 
normally not appropriate for the early stages of wind 
energy development. 

Fortunately, several methods are available for the initial 
assessment of wind resources, with varying degrees of 
resolution and accuracy. These are, in order of increasing 
accuracy, wind atlases, analytical method using several 
distribution functions, numerical methods including 
Computational Fluid Dynamics software (CFD) and wind 
tunnel modeling [5-8]. It was demonstrated by several 
research works that Weibull and Rayleigh distribution 
functions are very effective in modeling the wind 
resources analytically, especially in open areas where few 
obstacles exist [9-13]. 

Boudia et al. [9] have presented Algerian wind resource 
assessment using statistical analysis based on the 
measured wind speed data in the last decade from 63 
meteorological stations distributed over the Algerian 
territory and 24 in neighboring countries close boundaries. 
The study, which used Weibull distribution to predict the 
seasonal wind power potential, gives spring as the 
windiest period over the largest part of the country. 
Paraschiv et al. in [10] have analyzed the wind power 
density in two sites in Constanta county, Romania, using 
Rayleigh probability density function. The mean wind 
speed data in hourly basis for the year of 2017 was used in 
this analysis. The reported power densities varied from 
295.39 to 194.5 w / m2. Shoaib et al. in [11] have 
estimated the parameters of the Weibull probability 
distribution function, for 3-years wind speed data, 
averaged in a 10-minutes basis, from the Energy 
Development Board of Pakistan. Different numerical 
methods have been used in this estimation: Maximum 
Likelihood, Modified Maximum Likelihood, and Energy 
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Pattern Factor Methods. The suitability of the fit was 
assessed using goodness-of-fit tests, such as Root Mean 
Square Error, Coefficient of Determination (R2), and 
Chi-Square (χ2) tests. 

Azad et al. in [12] have analyzed the wind speed data, 
provided in a half-hourly basis, for three different wind 
sites in Australia using Weibull distribution function. 
Different methods are used to estimate the Weibull 
parameters of the available wind data: Method of 
Moments (MOM), Empirical Method (EM), and Power 
Density Method (PDM). It was observed that the accuracy 
of the EM method is the best among the three studied 
methods for calculating Weibull parameters. In [13], 
Bidaoui et al. evaluate and discuss the energy wind 
potential of five major cities in Northern Morocco. The 
theoretical analysis is based on stochastic models of 
Weibull and Rayleigh probability density functions. 
Various statistical accuracy indicators such as the R² 
method, χ² - error, RMSE and mean bias error (MBE) are 
considered. 

This paper takes several wind sites in Jordan as 
research objects to review and compare main wind 
parameters: most frequent wind speed (vfmax), wind speed 
contributing maximum energy (vEmax) and energy density 
of the wind site (Ed) which is derived in the paper, based 
on Weibull and Rayleigh distribution functions. Then 
evaluates the wind energy potential (ET) for the selected 
wind sites. The main objectives of the study with respect 
to those offered by other studies in the same area of 
research can be summarized as follows: 
1. This paper provides a complete derivation of the 

main wind parameters for a technical assessment of a 
specific wind site. The model has been derived in 
terms of statistical distribution functions such as 
Weibull and Rayleigh, used in this paper. 

2. Using real examples, this paper provides a technical 
assessment of wind power potential for different 
wind sites. The assessment of these wind sites was 
based on developing a new methodology of 
estimating the wind energy which can be utilized 
routinely. Therefore, a decision can be made whether 
a wind farm can be built or not without any need to 
install real anemometers. 

3. The validation process was done using measured 
wind speed data provided by the National Energy 
Research Centre. 

2. Wind Modeling 

2.1. Power-Speed Characteristics of the Wind 

The power available in a wind stream per unit area is 
expressed as follows [14-17]: 

3

2
1)( vvPw ρ=                (1) 

Where Pw is wind power in (w/m2), ρ is the air density 
(1.224 kg/m3) and v is the wind Speed in (m/s). 
Since the power generated from the wind is a cubic 

function of wind speed, see (1), so a small difference in 
the prediction of the wind speed leads to a large variation 
in the estimation of the generated wind energy [7,9]. 
Therefore, an accurate method of estimation has to be 
developed to minimize the error in the prediction of wind 
energy. 

2.2. Wind Distribution 

Several density functions are used to describe the 
behavior of wind speed and its distribution [10-16]. The 
most common distribution functions used in the literature 
are Weibull and Rayleigh distribution functions in which 
Rayleigh function is a subset of the Weibull function. 
Weibull function has two distribution parameters while 
Rayleigh function has only one parameter [10,11]. Details 
about both distribution functions are described in this 
section. 

The probability distribution function for any wind 
regime can be evaluated by finding the first derivative of 
the corresponding cumulative distribution function which 
gives the probability for all wind speeds less or equal to a 
specific wind speed (v) in the wind regime [12-13],[16]. 

In the case of Weibull distribution, the corresponding 
cumulative distribution function (Fw(v)) is given by [16]: 
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Where k and c are shape and scale factors of Weibull 
curve. 

Therefore, the probability for a specific wind speed 
based on Weibull distribution function fw(v), is given by: 
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Fig. 1 shows Weibull distribution function at different 
shape factors. The maximum repetition wind speeds 
(vwfmax) is shown at the peak of each Weibull distribution 
function. It is clear that by increasing the shape factor of 
the wind regime, the peak of the Weibull distribution 
function is increased accordingly. The average wind speed 
( v ) based on this approach is given by [16-17]: 
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Equation 4 can be simplified using a Gamma function 
as follows: 
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Figure 1.  Weibull distribution function at different shape factors 

Rayleigh distribution function is a special case of 
Weibull distribution function [23], where the shape factor, 
k = 2. By substituting k=2 in (5), the average wind speed 
based Rayleigh distribution function is given by: 

)
2
3(Γ= cv                (6) 

Rearrange (6) to find the scale factor based Rayleigh 
distribution function, yields: 

π
vc 2

=                 (7) 

By substituting (7) in (3), the probability for a specific 
wind speed based Rayleigh distribution function, fR(v), is 
given by: 
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Fig. 2 shows Rayleigh distribution function at different 
average wind speeds. The maximum repetition wind 
speeds (vRfmax) is shown at the peak of each Rayleigh 
distribution function. It is clear that by increasing the 
average wind speed of the wind regime, the peak of the 
Rayleigh distribution function is decreased accordingly. 
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Figure 2.  Rayleigh distribution function at different average wind 
speeds 

2.3. Wind Velocity at Different Height 

For winds near the ground surface, frictional effects 
play a significant role in the speed of the wind. Ground 
obstructions retard the movement of air close to the 
ground surface, causing a reduction in the wind speed. At 
some height above ground, called the gradient height (ZG), 
the movement of air is no longer affected by the ground 
obstructions. The unobstructed wind speed is called the 
gradient wind speed (VzG). 

The power law, which is usually used to represent the 
variation of wind speed at different heights, is an 
empirical formula, in which the mean wind speed using 
this law can be evaluated as follows [6-7]: 
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Where: 
VZ  Wind speed at a specific height Z. 
ZG Gradient height. 
α Exponent factor. 
VZG  Gradient wind speed. 

Table 1. shows typical variations of wind speeds above 
different ground roughness [7]. In order to find the 
variation in the wind speed between two different 
positions with different terrain roughness and different 
height, (10) which is derived from (9) can be used: 
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Where: 
VZ1 The wind speed at a height Z1. 
VZ2 The wind speed at a height Z2. 
ZG1 Gradient height for wind speed at position 1. 
ZG2 Gradient height for wind speed at position 2. 
α1 Exponent factor for position 1. 
α2 Exponent factor for position 2. 
VZG1 Gradient wind speed for position 1. 
VZG2 Gradient wind speed for position 2. 

To consider the variation of the wind speed at a different 
height for the same position, (10) is simplified to the 
following: 
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Where: 
VZ11  Wind speed at a height Z1 for position 1. 
VZ12  Wind speed at a height Z2 for position 1. 
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Table 1.  Suggested values of ZG and α for various terrain conditions 
[6] 

Terrain description Gradient height ZG 
(m) 

Power-law 
exponent (α) 

Rough sea 250 0.12 

Open grassland 300 0.15 

suburban areas 370 0.22 

City centers 460 0.33 

3. Wind Energy Based on Rayleigh 
Approach 

The energy density for a specific wind regime is 
defined as the total energy contributed by all possible 
wind speeds in that regime. For the case of the Rayleigh 
approach, it can be expressed as follows: 

dvvfvPE RwDR ∫
∞

=
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Where EDR is the wind energy density based on the 
Rayleigh approach. By Substituting (1) and (8) in (12) and 
simplifying the equation, yields: 
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To simplify (13), the internal integration has to be 
solved. For this reason, assume y=Av2. Substitute (y) in 
(13) and simplify the equation, yields: 
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Equation 14 can be reduced using gamma identities, 

π
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Therefore, the energy available in a wind regime 
expressed by a Rayleigh distribution function over a time 
period of (T hours) is given by ETR. 

Where: 

33 vTETR ρ
π
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For any wind regime represented by a specific 
probability density function, two wind speeds are required 
to be known. These wind speeds are vFmax and vEmax. 
Where vFmax is the most frequent wind speed in the regime 
and vEmax is the wind speed contributing the maximum 

energy to that regime. 
For a wind regime expressed by a Rayleigh distribution 

function, these wind speeds are vRFmax and vREmax, where 
the subscript (R) is related to the Rayleigh distribution 
function. To find vRFmax, the first derivative of the 
Rayleigh distribution function of the wind regime fR(v) 
has to be evaluated and equated to zero ((dfR(v)/dv)=0). 
By solving this equation, the maximum repetition wind 
speed using Rayleigh approach (vRFmax) can be evaluated 
as follows: 

vvRF π/2max =                (17) 

In order to find the second term vREmax, the first 
derivative of PR(v)fR(v) has to be evaluated and equated to 
zero, d(PR(v)fR(v))/dv = 0. Solving the previous equation, 
(vREmax) can be represented as follows: 

vAvRE π/8/2max ==           (18) 

4. Methodology of Estimating Wind 
Energy 

Consider a case study of assessing and estimating the 
wind energy in a specific wind site, say in Jordan. This 
includes the determination of the main parameters of any 
wind regime vFmax, vEmax and ET. 

The monthly average wind speed for a selected site can 
be obtained from the website in which the height of the 
provided wind data is also given. 

The concept of this methodology is based on estimating 
the required parameters by extracting the wind speed data 
on an hourly basis for one year. For this reason, a random 
Rayleigh function based Matlab software (raylrnd) was 
used to generate a series of wind speed data for one year 
on an hourly basis. Fig. 3 shows the generated wind speed 
data using (raylrnd) Matlab function for Tafila wind site. 

Based on the generated wind database, the most 
frequent wind speed (vFmax) is obtained using the MODE 
function in an Excel environment which returns the most 
frequently occurring number in a numeric data set [25]. In 
order to estimate the second parameter (vEmax) using the 
generated wind database, the power for each wind speed 
from (3-25 m/s), which is the regular wind speed range of 
the operating region for any wind turbine, is evaluated 
using (1). The effect of the wind speed repetition in the 
wind regime is included using the COUNTIF Excel 
function which returns the repetition of a specific number 
in a series of data in the Excel environment. Therefore, the 
energy contributed by each wind speed can be evaluated. 
Then, vEmax for a specific wind regime can be estimated by 
selecting the wind speed contributing the maximum 
energy. Finally, the power of all wind speeds has to be 
added in order to estimate the third parameter (ET) using 
this methodology. The procedure of this methodology can 
be done routinely to assess the wind energy for any wind 
site. 
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In Jordan, there are several potential sites of wind 
energy that can be used for developing future projects of 
WECS. The selected sites in this study are Zabda, Tafila, 
Alalia, Royal Scientific Society (RSS) and Al-reesha. 

The circular points in Fig. 4 shows the location of these 
sites in the Jordan map. It is clear that they are spread in 
several places in Jordan. The monthly average wind speed 
for these sites is provided by several wind online systems 
such as the one in [26]. Using the methodology described 
in this section, the assessment of the wind sites can be 

done by estimating the main parameters of these sites 
vFmax, vEmax. Table 2 shows the online monthly average 
wind speed for these sites with their corresponding height. 
Fig. 5 shows the estimated total energy using the 
developed methodology with the online wind data. The 
estimated wind parameters for these sites are shown in 
Table 3. In order to validate this methodology, a 
comparison study with real measurements wind data have 
to be done. This will be described in the following 
section. 

Table 2.  Online wind speed data for the selected wind sites [25,26] 

       Location 
Month 

Wind Speed (m/s) 
Tafila Zabda Royal Scientific Society Al-Alia Al-Reesha 

Jan. 10.1 7.6 5.5 7.2 8.7 
Feb. 11.1 8.3 6.3 6.5 8.2 

March 10.5 7 5.5 6.1 7.3 
April 9.1 7.4 5.9 5.5 6.1 
May 7.8 7.6 5.2 5.2 5.1 
June 8 7.3 5.9 5.1 5.1 
July 7.8 7.6 6.8 5.4 5.4 

August 7.6 6.8 5.4 5.9 5.5 
Sept. 6 6 5.7 6.5 5.9 
Oct. 5.9 5.3 4.7 7.2 6.3 
Nov. 8.9 6.2 4.8 8.7 7.8 
Dec. 9 7.1 5.7 8.9 7.5 

Height (m) 45 50 50 49 50 

Table 3.  Online wind speed data for the selected wind sites [25,26] 

 vRFmax (m/s) vREmax (m/s) 
Tafilah 7 14 
Zabda 6 12 

Royal Scientific Society 4 9 
Al-Alia 5 10 

 
Figure 3.  Generated wind speed data using (raylrnd) Matlab function for Tafila wind site 
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Figure 4.  Location of the selected wind sites in Jordan map [22] 

 
Figure 5.  Total energy estimated using the developed methodology 
and the online wind data 

5. Energy Research Centre and 
Measured Wind Data 

The Energy Research Centre of the Royal Scientific 
Society, which is responsible for research and establish 
standards related to renewable energy studies, measured 
the wind speed in several promising locations in Jordan at 
different heights [18]. The measurement of the wind speed 
is done every second using several types of three-cup 
anemometers which save the wind data in their loggers 
averaged in 10 minutes basis. 

As previously mentioned, the selected sites in this study 
are: Zabda, Tafila, Alalia, Royal Scientific Society (RSS) 
and Al-reesha wind sites. The coordination for these sites 
is brought originally from the Energy Research Centre in 

 



 Universal Journal of Electrical and Electronic Engineering 7(3): 209-218, 2020 215 
 

WGS84 format which stands for World Geodetic System. 
It was developed by the Defense Mapping Agency in 
1984 and it is an updated version of the WGS72 system. 
WGS84 provides a standard coordinate system for the 
Earth, which is based on the Universal Transverse (UTM) 
zone that used a 2D cartesian coordinates to determine 
locations on the Earth [18]. Table 4 shows the 
coordination for these sites in WGS84 format and in 
Degrees, Minutes, Seconds (DMS) format which is more 
common. The latest can be directly inserted to Google 
Earth to show the location of interest having longitude and 
latitude. There are many websites provide online 
converters between these two well-known formats such as 
the ones in [20, 21]. 

Table 5 shows the measured wind speed provided by 
the Energy Research Centre for the selected sites at 
different heights from the ground averaged in monthly 
basis. It is obvious that the monthly average wind speed 
for these sites is greater than 5m/s which is considered as 

a good source of wind energy. 
The measured wind speed by the Energy Research 

Centre was used for wind site assessment by evaluating 
the required parameters ETR, vRFmax and vREmax using (23) 
and (25) respectively. Table 6 shows these parameters for 
all selected sites. The total energy evaluated using the 
measured wind speed based on Rayleigh approach is 
shown in Fig. 6. The percentage error between the 
estimated and the measured energy is shown in Fig. 7. The 
error was evaluated based on the following definition: 

%100
_

__ ×
−

=
measuredT

measuredTestimatedT

E
EE

Error    (19) 

Where: 
ET_estimated Energy estimated using the developed 
methodology. 
ET_measured Energy evaluated using the measured wind 
data. 

Table 4.  Coordinates conversion (WGS84 to DMS format) 

 Coordinates (WGS84 Format) Coordinates (DMS Format) 

Tafilah E 757578, N 3406276 30°45'41.8"N, 35°41'27.5"E 

Zabda E 762023, N 3415405 30°50'34.4"N, 35°44'22.9"E 

Royal Scientific Society E 771950, N 3547049 32° 1'37.02"N, 35°52'45.98"E 

Al-Alia E 791995.7, N3529316.5 31°51'44.0"N, 36°05'09.9"E 

Al-Reesha E 501090, N 3603669 32°34'13.66"N, 39°00'41.8"E 

Table 5.  Measured wind speed for the selected sites at different height by Energy Research Centre 

      Location 
 

Month 

Wind Speed (m/s) 

Tafila Zabda Royal Scientific 
Society Al-Alia Al-Reesha 

Jan. 10.69 8.05 5.28 6.82 8.38 
Feb. 9.23 8.95 6.15 7.10 8.76 

March 9.69 6.62 5.93 6.19 7.36 
April 9.08 7.61 5.45 6.41 7.21 
May 7.82 7.50 5.04 6.45 6.2 
June 8.16 7.35 5.61 6.65 7.37 
July 7.79 7.96 6.45 6.23 6.73 

August 7.60 7.12 5.59 6.32 5.92 
Sept. 6.28 6.26 5.36 5.31 6.27 
Oct. 5.86 5.98 4.37 5.04 6.65 
Nov. 8.86 6.32 4.76 5.48 5.7 
Dec. 9.38 7.11 5.53 6.81 7.21 

Height (m) 45 50 45 49 5 

Table 6.  Wind parameters evaluated based on measured wind speed 

 vRFmax (m/s) vREmax (m/s) 
Tafilah 6.7 13.4 
Zabda 5.7 11.5 

Royal Scientific Society 4.4 8.8 
Al-Alia 4.9 9.9 

Al-Reesha 5.6 11.2 
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It can be shown from Fig. 6 that the maximum error in 
the energy estimation is less than 10%, which means that 
this methodology is sufficiently accurate to be used at 
least in the initial stages of the Wind Energy Conversion 
System (WECS) development and wind farms installation. 

6. Generated Data Base at Standard 
Height 

Since the wind speed varies with height, it is preferred 
to compare the wind energy between different sites at a 
uniform height. Therefore, the generated wind database 
for the selected wind sites are converted to the standard 
height (10m). If the wind site is potential at 10m height, 
then it is also potential at the hub height of the wind 
turbine which is greater than 10m. This is correlated with 
the fact that the wind speed is increasing with height 
[22-24, 27]. Equation 10 is used in the conversion process 
of the generated database. At 10m height, (10) can be 
rewritten as: 

α
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Where V10  is the wind speed at 10m height. Divide (20) 
on (10) and simplify the equation, yields: 
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Since the online wind speed for all sites is provided in 
free space areas [26], an exponent factor of 0.15 is used in 
(21) to extrapolate the wind speed at 10m. This value is 
the second category in Table 1. 

Fig. 8 shows that the wind energy of Al-Reesha site is 
greater than that of Zabda site, which is different than the 
result obtained in Fig. 6. The reason is that the original 
wind speed given by the Energy Research Centre was 
measured at different height, see Table 5 for the height of 
the measured wind speed for all sites. It is clear that the 
height of the measured wind speed of Zabda site is greater 
than the one of Al-Ressha site. Knowing that comparing 
the wind speed at different height is ineffectual for 
comparing the potential of the wind energy at different 
sites. It is also clear from Fig. 8 that ET for Tafilah site is 
the highest among the other sites. 

The other factors vRFmax and vREmax were evaluated using 
the generated database at the standard height. Table 7 
shows comparisons between these factors for all sites at 
the standard height. The wind speed contributing 
maximum energy (vREmax) in Tafilah site is 6m/s which is 
considered as good wind speed at this height (10m). 

 
Figure 6.  Total energy evaluated based Rayleigh approach 

 
Figure 7.  Error calculations between measured and estimated wind 
energy 

 
Figure 8.  Estimated energy of the selected wind sites at 10m height 

Table 7.  Estimated wind parameters at 10m Height 

 vRFmax (m/s) vREmax (m/s) 

Tafilah 5 6 

Zabda 4 5 

Royal Scientific Society 3 3 

Al-Alia 4 4 

Al-Reesha 4 5 
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7. Conclusions 
This paper presented a technical assessment of wind 

power potential for five promising wind sites in Jordan. 
The selected sites in this study were Tafila, Zabda, Royal 
Scientific Society, Al-Alia and Al-Reesha wind sites. The 
wind assessment of these sites was based on developing a 
new methodology of estimating the wind energy. This 
methodology can be utilized routinely to assess the wind 
energy for any wind site. It depends on Microsoft Excel 
environment and website data, provided by the wind 
energy atlas, to estimate the main parameters of the 
selected wind sites. The validation process was done using 
measured wind speed data provided by the National 
Energy Research Centre. The error calculations show that 
the estimated total energy using the developed 
methodology is accurate enough to be used, at least, in the 
initial stages of developing any wind farms. To achieve a 
true comparison between the wind energy of the selected 
sites, the wind energy was estimated at uniform height, 
selected to be the standard height (10m). From another 
point of view, this methodology assists the Jordanian 
government strategy in finding easily the potential wind 
sites in the country, so that a decision can be made 
whether a wind farm can be built or not without any need 
to install anemometers. 
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