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ABSTRACT

A wide variety of distribution functions are used in the literature for wind speed modelling. It is the most widely used Weibull distribution (WD) function 
in wind speed modelling. In this paper, two-parameter WD, Rayleigh distribution (RD) which is a special form of WD, and Inverse Weibull distribution 
(IWD) offered for a new seasonal wind speed modelling are considered and analyzed for six different regions (Gökçeada, Bozcaada, Bandırma, Bilecik, 
Yalova and Sakarya regions) in the Northwest of Turkey, comparatively. The hourly wind speed data for the period of  October 2015 to 30 September 
2016 is taken from Turkish State Meteorological Service. As a result of the comparison, it is seen that the WD is generally suitable, although IWD has good 
seasonal results in some regions. All the comparative results are given in tables. 
Keywords: Wind speed modeling, weibull distribution, rayleigh distribution, inverse weibull distribution

Introduction

Energy is one of the most important parts of our life. Clean form of energy production in par-
allel with the needs of today’s growing demand for power is of great importance. Thus, the 
use of renewable energy resources is increasing rapidly. Consequently, it is foreseen that the 
renewable energy resources in the generation systems will increase by the year 2020 rapidly 
and the major part of these resources will be wind energy as 12% [1]. Hence, wind energy con-
versation systems have great importance among renewable energy sources. 

The detailed information of wind data characteristics such as direction, speed and duration 
should be investigated while determining the wind energy potential for the selected region 
[2]. Several distribution functions were proposed  for wind speed modelling  in literature. The 
two-parameter Weibull [3-5], the log-normal distribution [6-9], the inverse Gaussian distribu-
tion [10], the wake by [11, 12], three-parameter log normal [13], the gamma distribution [14, 
15], two-parameter gamma distribution [16], hybrid distributions [17, 18], Finsler geometry 
approach [19], the three parameter generalized gamma distribution [20, 21],and similar distri-
bution functions were used about energy and other research areas.

The use of  Inverse Weibull distribution (IWD) function on the purpose of wind speed mod-
eling is proposed by Akgül et al. [22]. Two parameter Weibull distribution (WD) and IWD are 
compared for the seasonal wind speed data in their study. The aim of  this paper is to addresses 
that  monthly and seasonal wind speed data for six different regions of Turkey are modeled 
using WD,IWD and Rayleigh distributions (RD) function,  comparatively. Analyses are made for 
the regions taken from stations of the Marmara region which have low and high wind speed 
regimes. Especially, the modelling performance of the IWD is compared with the WD and RD 
for monthly analysis. This paper is structured as follows: the WD,RD and IWD methods are ex-
plained by Section 2. Comparative modelling results for monthly and seasonal analysis are 
presented in Section 3. Finally, conclusions are given in Section 4.
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Methods for Wind Speed Modelling

The two-parameter WD function that is suitable for wind speed 
modelling is given by Equation (1): 
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where f(v) is the probability density function (pdf ) of wind 
speed v, the Weibull scale parameter is c which has with unit 
equals to the wind speed unit (m/s) and,  the shape parameter 
of WD is k. While the value of k shows the wind speed, higher c 
indicates more stability [23].

The cumulative distribution function (cdf ) of WD, F(v) is ex-
pressed by the following Equation (2) [24-25]:
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The Rayleigh is a special form of WD function in which the 
shape factor of the WD is a fixed value (k=2).

The pdf and cdf of IWD are given in below [22]:

fIWD (v) =
k
c
(v
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and

FIWD (v) = e
−( v
c

) − k

.   (4)

There are several methods for estimating of k and c parameters, 
such as maximum likelihood method, graphical method, meth-
od of Justus, method of Lysen, power density method, infor-
mation geometry method etc. [26-29]. In this paper, maximum 
likelihood methods is used for parameter estimation [30]. 

k and c parameters are calculated for WD by Equation (5, 6). 
Where n is number of observed wind speed data.
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The determination of scale and shape parameter for IWD are 
given in below;   
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Performance criteria of analysis is shown by using Root Mean 
Square Error (RMSE) in Equation (9).

RMSE = 1
n

(yi− x i )
2

i=1

n

∑   (9)

Where, yi and xi are observed and estimated wind speed prob-
ability value, respectively. And the number of observations is 
expressed as n.

Comparative Analysis of Wind Speed Models 

In this paper, the six different regions which have low and high 
wind speed characteristics are comparatively analyzed by the 
three different methods. Wind speed data, consisting of hourly 
wind speed records between October 2015-September 2016 
were obtained from the Gökçeada, Bozcaada, Bandırma, Bilecik, 
Yalova and Sakarya Meteorological Stations. They are located in 
Northwest of Turkey, Marmara region, as shown in Figure 1. 

The biggest island of Turkey is Gökçeada which is in the Northern 
Aegean Sea and also another island in Aegean Sea is Bozcaada. 
Bandırma, Bilecik, Yalova and Sakarya in Marmara region are lo-
cated close to each other as shown in Figure 1. The geographical 
data and wind speed period for these region are given in Table 1.

Figure 1. Locations of the sample wind speed data regions in 
Turkey



24

Electrica 2019; 19(1): 22-28
Dokur et al. Comparative Analysis of Wind Speed Models Using Different Weibull Distributions

Mean wind speed data for six regions are given in Figure 2. Boz-
caada, Bandırma and Gökçeada have higher wind speed profile 
than Sakarya, Bilecik and Yalova. 

The IWD function for wind speed modeling was proposed for 
seasonal analysis by Akgül et al. [22]. In this paper, the per-
formance of Inverse Weibull Distribution function not only in 
seasonal analyzes but also in monthly analyzes is realized for 
different regions. The monthly analysis for six different regions 

using IWD, WD and RD methods are given in Table 2. Root Mean 
Square Error (RMSE) that is given in Equation (9) is selected for 
performance criteria.

As seen in Table 2, Two-parameter Weibull distribution is 
suitable model for Bandırma region. However, Rayleigh 
distrubition is better than WD for January and February of 
Bandırma region. The IWD and WD methods are shown to 
be suitable for Sakarya region. In particular, the IWD meth-
od for monthly analysis seems more appropriate for the Sa-
karya and Yalova regions than other regions. Especially, the 
performance of IWD method is good fit for eight months in 
Yalova. WD method has better performance than the other 
methods  for other regions that are Bilecik, Gökçeada and 
Bozcaada. 

The methods are compared in terms of seasonal analysis per-
spective in the Table 3. When the analyzes are considered as 
seasonally, it can be seen that the two-parameter WD method 
is generally more appropriate than the other methods. The IWD 
method gives good fit only winter and summer that have Sa-
karya and Yalova, respectively.

It is important that to determine the wind characteristics of 
wind resource in site where the wind energy system will be 
adapted. In order to achieve a feasible project, many obser-
vations, analyses and calculations must be done. For the wind 
resource analysis the wind characteristics of the site must be 
determined. Important performance criterion for the wind 
energy conversion system is energy output calculations. En-
ergy production of a wind turbine is predicted by monitoring 
its energy output over long time periods. At the design stage 
of wind energy system, for energy calculations conventional 
approaches are followed such as Weibull or Rayleigh. In addi-
tion, IWD which is the special form of Weibull is proposed in 
the literature. In this study focuses specifically on matching 
the structure and performance of different Weibull distribu-
tions. 

As a result of the comparison, it is seen that the WD is gener-
ally suitable, although IWD has good seasonal results in some 
regions in Table 3.

Conclusion

In this paper, the six different regions of Turkey are analysed 
for wind speed data records between October 2015-Septem-
ber 2016 using WD, IWD and RD comparatively. The following 
conclusions of this study can be obtained as:

The IWD method was newly proposed for seasonal wind speed 
modeling in literature. In this study, monthly and seasonal 
analysis for six different regions that have different wind speed 
profiles are presented using three different methods, compara-
tively. In this context, the IWD appears to be a suitable method 
for some regions that are Yalova and Sakarya which have low 
wind speed profile.

Figure 2. Mean wind speed data for six region

Table 1. The geographical data and wind data period of six 
different regions

Station
Latitude 

(oN)
Longitude 

(oE)
Altitude 

(m)
Wind Data 

Period

Bandırma 40o  21' 27o 58' 20 October 2015- 
September 

2016

Sakarya 40o  46' 30o 22' 31 October 2015- 
September 

2016

Yalova 40o 39' 29o 15' 30 October 2015- 
September 

2016

Bozcaada 39o 48' 26o     02' 20 October 2015- 
September 

2016

Gökçeada 40o 10' 25o 50' 48 October 2015- 
September 

2016

Bilecik 40o 05' 30o 05' 850 October 2015- 
September 

2016
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-Two-parameter WD function calculated for the investigated 

locations is more suitable than IWD and RD function according 

to RMSE controls.

-The RD is not suitable method for six regions that are located 

in the Northwest of Turkey, Marmara region. 

As a result, it is considered that IWD and two-parameter WD 
are generally more suitable methods than RD for modelling the 
wind speed of the Marmara region.
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Table 3. The results of comparative seasonal analysis of six regions using WD, IWD and RD

Years Methods

Bandırma Sakarya Bozcaada

k c RMSE k c RMSE k c RMSE

Winter

WD 1.4113 3.9266 0.0490 1.7849 2.4241 0.0773 1.7735 6.5834 0.0192

IWD 1.0441 3.3531 0.0575 1.1231 1.8980 0.0759 0.8758 4.0794 0.0321

RD 2.0000 3.1500 0.0586 2.0000 1.7674 0.0805 2.0000 4.7969 0.0364

Spring

WD 1.4923 3.6876 0.0375 2.0330 1.9842 0.0781 1.7500 4.9851 0.0201

IWD 1.0247 3.5010 0.0558 1.3079 1.7188 0.0996 0.7914 3.0610 0.0462

RD 2.0000 2.8972 0.0425 2.0000 1.3977 0.1007 2.0000 3.6484 0.0427

Summer

WD 2.0652 5.9418 0.0306 1.9877 1.8021 0.1177 2.1758 6.8172 0.0250

IWD 1.1310 3.3237 0.0528 1.3756 1.5461 0.1351 0.7948 2.9871 0.0641

RD 2.0000 4.1763 0.0636 2.0000 1.2762 0.1333 2.0000 4.7532 0.0595

Autumn

WD 1.6017 4.8877 0.0398 1.8630 1.7863 0.0981 1.8516 6.2764 0.0233

IWD 1.0411 3.4317 0.0435 1.3118 1.7153 0.1384 0.7867 3.2689 0.0442

RD 2.0000 3.6696 0.0631 2.0000 1.2872 0.0933 2.0000 4.5157 0.0457

Years
Methods

Yalova Gökçeada Bilecik

k c RMSE k c RMSE k c RMSE

Winter

WD 2.1817 1.8227 0.1123 1.2276 4.7335 0.0328 1.7828 1.8118 0.0745

IWD 1.2558 1.3670 0.1153 0.7885 3.2038 0.0407 1.0384 1.5177 0.0973

RD 2.000 1.2660 0.1514 2.0000 3.9763 0.0648 2.000 1.3222 0.0939

Spring

WD 2.3103 1.6026 0.1227 1.4162 4.5515 0.0317 1.9833 1.9267 0.0511

IWD 1.4690 1.3528 0.1338 0.7968 2.8871 0.0419 1.0481 1.4708 0.0978

RD 2.000 1.1022 0.1684 2.0000 3.5706 0.0596 2.000 1.3651 0.1050

Summer

WD 2.4038 1.6524 0.1494 1.8835 4.2572 0.0526 2.3310 2.1039 0.0541

IWD 1.5007 1.2856 0.1418 0.8177 2.2732 0.0808 1.2414 1.4124 0.1192

RD 2.000 1.1313 0.2014 2.0000 3.0452 0.0944 2.000 1.4469 0.1497

Autumn

WD 2.2305 1.5224 0.1445 1.6613 4.6731 0.0207 2.1075 1.6247 0.0489

IWD 1.4516 1.3792 0.1692 0.7950 2.9146 0.0517 0.9098 1.0730 0.1692

RD 2.000 1.0527 0.1705 2.0000 3.4659 0.0547 2.000 1.1361 0.1464
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