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Statistical Analysis Of Wind Energy Prediction
On The Basis Of Weibull Parameters
Somya Tiwari, Neha Gupta
Abstract:Wind energy potential can be assess using Weibull parameters. Weibull parameters are shape and scale parameters which gives best fit
values for prediction of wind energy. In this research we are considering four methods namely Least square regression method (LSRM), Energy pattern
factor method (EPFM), Method of moments (MOM) and Empirical method. One year complete data of wind speed at site Baderan of Bikaner Rajasthan,
India on the interval of 10 minutes was analyzed and converted into required format of monthly average data. Standard deviation of this data series was
arrived upon. With the help of Weibull parameters Weibull probability function and cumulative density function was derived. Considering mean wind
speed and Weibull parameters wind power density on actual and Weibull methods was decided. Data clearly indicates that May is the month of
maximum wind power density whereas November was with least. Data & statistical analysis throws a distinct feature of the site having good potential for
harnessing wind energy.
Index Terms:Scale parameters, shape parameter, Weibull parameters, Weibull probability function, wind energy, wind power density, wind speed,
————————————————————

INTRODUCTION
Globally well accepted fact remains that conventional sources
of energy are depleting fast with respect to rapid rise in
demand of energy resource. Most of these conventional
resources are potential carriers of carbon dioxides emissions
and hence threat to natures sustainability which adds into
already challenging issues like global warming. Not only this
but also addition of other pollutants like particulate matters &
hazardous waste. In this context need of clean and green
energy resource becomes imperative. Wind can be an apt &
sustainable solution for this energy need. Technological
advancements have been like a boon for promoting use of
renewable energy [1]. Wind and solar are emerging fields and
are capable of integration with the daily and practical use of
energy requirement. To be specific, wind energy has many
applications and has gone beyond electricity generation.
Government’s active involvement, promotion and subsidies
are making wind one of the promising and economically
feasible option for clean and green energy in country [2]. Wind
is movement of air across water bodies to land areas including
hilly areas. Topological differences makes it these winds move
from one place to other. Generation of wind happens because
of heat and pressure variation in surface of earth. These
variations and distribution brings in variations in speed and
durations of wind. This very nature of wind enables designing
of various system & gives variety of solutions in wind energy
sector. Globally wind turbine installation has reached to
staggering 597 GW, 50,100 Mega Watt added in the year
2018[3]. For development of wind farm preferred wind qualities
are steady wind speed with minimal standard deviation. Wind
speed in wind energy conversion system is known by cut off
and cut in range. Preferred range of wind speed for wind
energy power generation system is 3 m/s.
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Due to mechanical component dynamic working in wind
turbines wind speed is having safe range so that it will not
damage the different parts or components of machinery. Safe
speed for higher side is up to 20 to 25 m/s. In turbines locking
system are attached if wind speed is unsafe for protection of
turbine system. Wind speeds data is analyzed in long term
and short term data series. Short term data helps for
estimation of important parameters related to wind energy
conversion system. Wind speed analysis is the field which is
always predicted for better utilization of place & Technology.
So economically better utilization of resources can be done for
greater power production. Generally statistical models and
physical nature of land scape are done for predicting the
power output from wind. In landscape physical nature,
temperature variation, pressure variation, roughness
parameters, terrain type are considered. In statistical methods
wind output power and other variables are studied and relation
between them are established. Establishment of wind energy
production site is depended upon power density of the site
which is given by Kwh/m². [4], [5]. [6], [7], [8].

2 WIND SPEED DATA AND SITE LOCATION
Here we are considering wind data for year 2016 from January
to December. We are considering whole calendar year data so
that impact of all seasonal changes on wind speed is
considered [9-10]. Wind data frequency of record is at the
interval of 10 minutes. Data is further calculated in the form of
hourly, daily and monthly basis. For considered site 10
anemometers are installed at the height of 100m at different
locations and directions. For our calculations we are
considering reading of four of the anemometers as some data
is missing in rest of the six anemometers due to some
technical issues. Height of anemometers is 100m North &
South. Selected site is situated in district Bikaner of state
Rajasthan of India. Location`s elevation is 194 meters, above
Sea level, latitude and longitude are 28° 41' 25" North, 73° 46'
5" East, shown in Fig. 1.

3 METHODOLOGY
Performance of wind farm or individual turbine of any size
mainly depends on wind speed. Establishment of wind
energy production site is depended upon power density of
the site which is given by Kwh/m². [9-11]

703
IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019

3.1 Energy Calculations
Total power output of wind energy is given by the equation
𝑃
= 𝜌𝐴𝑣³
[W/m²]
(1)
ρ = density of air 1.225 Kg/m³ at 15 º C and normal pressure.
A = Swept Area of turbine blade v = wind velocity (m/sec). If
we consider Betz limit which says that from any wind turbine
maximum of 59.3% of the power can be extract. 𝐏 =
𝛒𝐀𝐯 𝐂𝐏 [W/m²]
(2)
𝐏 = power output in watt available from the generator. 𝐂𝐏 =
coefficient of performance. 𝐂𝐏 = 16/27 = 0.5926. Actual value
of 𝐂𝐏 is in the range of 0.35 to 0.45.
3.2 Wind Power density
Wind energy potential of a site is mainly estimated by energy
density and for a specific time duration availability of energy in
𝐏
the wind. It is given by = ∫ 𝛒𝐯 𝐟(𝐯) 𝐝𝐯 = 𝛒𝐜³𝚪(𝐤 + )
𝐀
𝐤
(3)
3.3 Wind energy density
As discussed wind power density value of wind energy density
can be calculated from = 𝜌𝑐 𝛤 (𝑘 + ) 𝑇 (4) With this
equation (4) for any specific period wind energy can be
calculated [12], [13], [14], and [15].

4 DISTRIBUTION OF WIND
Weibull is one of the most popular and best suited statistical
estimation to provide better fit to probability distribution.
Weibull is introduced in 1930`s by Swedish physicist W.
Weibull. It is basically probability function provides close
approximation. It is 2 parameter or 3 parameter method. Three
parameters are shape, scale and threshold parameters. Here
we are considering two parameter Weibull method in which
one of parameter is shape parameter which is dimensionless
denoted by k and anther one is scale parameter having unit
m/s because it is related to mean wind speed through k and
denoted by c. Both c and k are non-negative parameters.
Shape parameter tells how the curve will look like and its value
is generally taken between 2 and 4. If scale parameter is
increased keeping shape parameter constant we find that its
height decreases and it shifts towards right. Due to stochastic
nature of wind its variation calculated by Weibull two
parameter functions: probability density function (PDF) and the
cumulative distribution function (CDF). Which are denoted by f
(v) which indicates the probability of wind at the given velocity
and F (v) tells about wind velocity probability is certain velocity
( )=
range respectively. The Weibull PDF is given by
( )

= ( )( )

𝐞

[ ( ) ] (5) Weibull cumulative density

( )=
function is integral part of PDF and given by
( )
(
)
=
(6)To
find
the
potential
of
the
region
in
∫
wind energy prospects it is required to use certain statistical
methods. Many methods are available in statistics for
determination of parameters, here we are using four of the
methods Least square regression method (LSRM), Energy
pattern factor method (EPFM), Method of moments (MOM)
and Empirical method. [16], [17], [18], [19], [20], [21], [22].

𝐹(𝑣) = 1

𝑒

(7) This can be linearized by

] ln(1

𝑘 (ln ( )) ln (𝑙𝑛 (

( )

𝐹(𝑣) =

( )

)) = 𝑘 𝑙𝑛(𝑣)

ln( ln(1

𝐹(𝑣))) =

𝑘 ln( 𝑐) (8)Equation (8) is

linear equation and it follows the straight line equation
𝑦 = 𝑎𝑥 + 𝑏 (9) 𝑘 = 𝑎
(10) 𝑐 = 𝑒

( )

(11)

4.2 Energy pattern factor method (EPFM)
This method is also known as Power density method. This
method is simple and requires less computation. In this
method average wind speed is considered. Energy pattern is
expressed as
EPF =

(∑

) =

(

)

³(

)

(12) Where 𝑣 ith observation of

wind speed, N is is total number of observation, ῡ is average
wind speed. From equation number (12) Weibull scale and
shape factor given by 𝑘 = 1 +
(13) 𝑐 =
(14)
(

)

(

)

4.3 Method of moments (MOM)
This method is also known as Mean standard deviation
method. Here Weibull shape and scale parameters are
estimated from mean and standard deviation of wind speed
using following equations [16]
= ∑ 𝑣 (15) σ =
c * Γ (1 + )

𝛤 (1 + )+

we will get

= √

get 𝑘 = (

)

(

)

[ (

)]

(16) Dividing both the equation
1 (17)On further simplification we

(18) 𝑐 =

(

)

(19)

4.4 Empirical method
This method also known as mean standard deviation method
(MSDM) and it’s a special case of method of moment [23-27].
It also considered mean wind speed ῡ and standard deviation
σ, Weibull scale and shape parameter here given by 𝑘 =
( )
(20) 𝑐 =
(21)
(

)

4 RESULT AND DISCUSSION
The mean speed for the year 2016 for each month is
calculated from actual data. Data measured was in the interval
of 10 min and it is further calculated for hour and day basis.
Fig. 1 is showing mean wind velocity variation throughout the
year.
TABLE 1
WEIBULL PARAMETERS SHAPE FACTOR AND SCALE FACTOR FROM

4.1 Least square regression method (LSRM)
This method is least mathematically iterative for parameter
estimation. It takes the cumulative density function of the
distribution and attempts to linearize it. From equation (6)
( )

( )

𝐹(𝑣)) = ln[ 𝑒
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FOUR METHODS AT SELECTED LOCATION

Sn Numerical Method

Weibull
parameters
K

C
(m/s)

1

Empirical method

6.3

5.554

2

Energy pattern factor
method

4.07

5.69

3

Graphical method

1.839

2.2

4

Method of moment

6.322

5.553

ln(1
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TABLE 2
WEIBULL PROBABILITY DENSITY FUNCTION AND CUMULATIVE
DENSITY FUNCTION FROM FOUR METHODS AT SELECTED LOCATION

Sn

Numerical Method
Weibull
Functions

CDF [F(v) ]

PDF [f(v)]
1

Empirical method

0.41047

0.470995

2

Energy pattern factor method

0.27082

0.49187

3

Graphical method

0.01391

0.991875

4

Method of moment

0.41184

0.470847

Fig. 2. Weibull shape parameter by statistical methods.
TABLE 3.
YEARLY MEAN SPEED, WEIBULL PARAMETERS K AND C, WIND
POWER DENSITY AND WIND ENERGY DENSITY
Month of
the year

Mean w ind speed(m/s)

Jan

4.05

Feb

5.2

Mar

Weibull
parameters

C

Wind pow er
density
(W/m²)

Wind energy
density
(Kw h/m²)

3.21

5.76

40.70

114.18

4.59

6.32

86.25

139.23

5.75

5.62

6.56

116.37

153.29

Apr

5.99

6.19

6.66

131.67

160.56

May

7.07

10.10

7.16

216.27

202.10

Jun

5.82

5.77

6.59

120.65

155.32

Jul

5.6

5.3

6.49

107.52

149.14

Aug

4.42

3.57

5.96

52.78

122.19

Sep

5.36

4.85

6.39

94.06

142.87

Oct

4.73

3.93

6.11

64.96

128.91

Nov

3.92

3.09

5.69

36.85

111.25

Dec

4.1

3.25

5.79

42.15

115.24

K

Fig. 3. Weibull scale parameter by statistical methods.

Fig. 1. Mean wind velocity variation throughout the year.

All the four methods Least square regression method (LSRM),
Energy pattern factor method (EPFM), Method of moments
(MOM) and Empirical method discussed above are used for
calculating the Weibull scale and shape parameters. For each
month of the year all the data calculated for Weibull shape and
scale parameter is used to calculate probability density
function and cumulative density function. Table 1 is showing
Weibull scale and shape parameters calculated with the help
of four of the statistical methods. Fig. 2 is showing graph
between each month of the year and Weibull shape parameter
and Fig. 3 is showing graph between each month of the year
and Weibull scale parameter. From the graphs of shape
parameter it is observed that LSRM gives less significant
values. In scale parameter MOM and MSDM methods gives
consistency. As it is observed that wind speed vary between
value 4.05 m/s to 7.07 m/s. Table 2 is showing values of PDF
and CDF calculated by least square regression method
(LSRM), Energy pattern factor method (EPFM), Method of
moments (MOM) and Empirical method. Fig. 4 is showing
graph between each month of the year and probability density
function and Fig 5 is showing graph between each month of
the year and cumulative density function. In these graphs wind
speed data is presented by histogram and values of PDF and
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CDF are presented through lines. For calculation of wind
energy potential assessment Table 3 showing further
calculation for wind power density and wind energy density
considering yearly mean speed of wind, Weibull parameters k
and c. Purpose of these statistical calculation is to determine
the best method amongst the present available.

ISSN 2277-8616

proven performance of this method in the field of wind energy.
Two parameter Weibull model was selected here for
calculation of Shape and scale parameters considering
extensive four methods. After that Weibull probability density
function and cumulative distribution function has been
estimated. The important outcomes are summarized as follows
The monthly mean speed of the wind at the site in
consideration is maximum up to 7.07 m/s in the month of May
and minimum mean speed of 4.05 m/s was recorded in
November month. While the months of Jan, Mar, Apr, Jun and
July having average value more than 5.5 m/s. Standard
deviation of wind for year 2016 is 0.95. Range of Weibull
shape parameter throughout the year is 1.8 to 6.22 and scale
parameter range is 2.2 m/s to 5.69 m/s. For both values of
actual and Weibull parameters maximum wind power density
has been found in the month of May and Minimum was in
November. The results clearly indicates that site in
consideration is a good potential site. For further research
extensive wind power potential analysis can be done using
data of larger duration and larger geographical area can be
considered for the same.
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Fig. 4. Monthly wind speed histogram and Weibull
Probability density function comparisons by statistical
methods.
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