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STATISTICAL ANALYSIS OF WIND SPEED DISTRIBUTION WITH SINOP-
TURKEY APPLICATION
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ABSTRACT

In this study, the wind energy potential of the Sinop region was analyzed statistically by using the Turkish
State Meteorological Station’s hourly wind speed data between the years of 2005-2014. The two- parameter Weibull
and one-parameter Rayleigh probability distribution functions were used to determine the wind energy potential of
the region. The probability distribution functions were derived from the cumulative function and used to calculate the
mean wind speed and the variance of the actual data. The best way of representing the performance of the Weibull
and Rayleigh distributions is to use the statistical parameters such as the correlation coefficient (R?), chi-square (¥?)
and the root mean square error analysis (RMSE). The results of the study showed that Sinop has a mean wind speed
of 3.36 m/s with a maximum value of 4.28 m/s in February of 2011, and a minimum value of 2.41 m/s in March of
2013, while the corresponding mean wind power density is approximately 33.31 W/m? for the whole year. In general,
it was determined the wind speed is higher during some winter and spring months, notably February and March, and
is lower during the autumn months. The Weibull distribution function was found to be more appropriate than the
Rayleigh distribution function.

Keywords: Wind Energy, Statistical Analysis of Wind Energy Potential, Weibull Distribution, Rayleigh
Distribution, Sinop-Turkey

INTRODUCTION

Renewable energy technologies play a strategic role in achieving the goals of sustainable economical
development and environmental protection. Wind energy is one of the most important energy sources used widely as
an alternative source [1].

In wind energy studies, statistical properties of the wind speed provides remarkable information to
researchers and designers for predicting the output energy of a wind energy conversion system. Wind speed at a site
varies randomly and its variation in a certain region over a period of time can be represented by different probability
distribution functions (PDFs). Two-parameter Weibull distribution is the most commonly used and accepted
distribution as it is found to be a fairly accurate PDF for most of the wind regimes found in nature and also it is
simple to use. However, it is not suitable for certain wind regimes, such as those having high frequencies of null
winds and for short time horizons. Another distribution Rayleigh PDF has also been used in many applications,
owing to its simplicity and ability of describing wind speed with sufficient accuracy when little detail is available
about the wind characteristics of a site [2].

Statistical distributions have been analyzed in the literature for examining differences between the results
for day and night, between various seasons, and for monthly and yearly data. The suitability of these distribution
functions for a particular application depends upon a number of factors such as the type of wind regime, availability
of data, and recording intervals Moreover, a number of methods for estimating the parameters of these distributions
and model evaluation criteria are given in the literature [2-5]. In recent years, many studies have been conducted to
evaluate wind energy potential in different regions of Turkey by using various probability distribution functions and
the results have shown that the Weibull and Rayleigh distributions can describe wind speed probability distribution
well [6-21]. Ulgen and Hepbasli [6] determined the Weibull density distribution function to be able to predict the
energy output of wind energy systems for Izmir- Turkey. Celik [7] analyzed the acceptability of the Weibull and
Rayleigh distributions for modeling local wind profiles based on 1-year measured hourly time-series wind speed data
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in the Iskenderun region of Hatay in Turkey. Karsli and Gecit [8] investigated the wind power potential of Nurdagi-
Gaziantep in the southern of Turkey. Kose et al. [9] evaluated the wind energy potential in Kutahya-Turkey
according to wind data from a wind observation station established at the Dumlupinar University Campus. Akpinar
and Akpinar [10-11] carried out studies using Weibull density function to demonstrate wind energy potential of
Maden-Elazig [10] and Agin-Elazig [11] in eastern of Turkey. Genc et al. [12] estimated wind power potential in
Aksehir-Turkey using the Weibull wind speed distribution function. Akpinar [13] investigated wind energy potential
with respect to wind speed data from four stations, which are located in Elazig and its close regions. In their study,
wind data were fitted to the Weibull and Rayleigh probability distribution functions and compared with each other.
Gokeek et al. [14] investigated wind power potential in Kirklareli-Turkey using Weibull and Rayleigh functions for
the year 2004. Yilmaz and Celik [15] determined appropriate theoretical pdf distribution by comparing 10 pdf
distributions (Beta, Erlang, Exponential, Gamma, Log-Logistic, Lognormal, Pearson V, Pearson VI, Uniform and
Weibull) for the wind speed data measured in Gelibolu region. At the end of the comparison, Weibull was determined
to be the best distribution representing wind data. Akdag and Giiler [16] analyzed wind energy potential of
Canakkale region using Weibull distribution and real time series analysis, making use of hourly average wind data of
the Turkish State Meteorological Service (TSMS) measured in 10 m height between 2001 and 2006. Bilgili and
Sahin [17] investigated wind energy density in the southern and southwestern region of Turkey by using the Weibull
and Rayleigh probability density functions. Mert and Karakus [18] determined the wind energy potential in Antakya
through the use of a variety of statistical distributions, including the Burr, generalized gamma, and Weibull
distributions. Dokur and Kurban [19] modelled wind energy potential based on two parameter Weibull distribution
statistically for Bilecik, city in Turkey, by using the Turkish State Meteorological Service’s hourly wind speed data
between 2010 and 2014 measured. Kaplan and Aladag [20] analyzed statistically the wind energy potential in Hatay
based on the data regarding the wind speed measured hourly between 2009 and 2013. Yaniktepe et al. [21] studied
the wind energy potential of Osmaniye-Turkey using the Weibull and the Rayleigh models.

Wind data analysis and accurate wind energy potential assessment is critical for proper and efficient
development of wind power application and is highly site-dependent. As a result, knowledge of the statistical
properties of wind speed is essential for predicting the energy output of wind energy conversion system (WECS).
Turkey has important wind energy potential especially in the coasts of western, southern and northern. The aim of
this study is to investigate the wind energy potential of the Sinop province on Turkey’s northern coast by using the
wind data recorded at the Sinop Meteorological Station. An investigation of wind energy potential as a result of the
distribution of wind speed in the Sinop province will draw attention to future wind energy projects.

THEORY
Wind speed data

The wind data used in this study were measured and recorded hourly at the Sinop station of the Turkish
State Meteorological Service at 10 m above ground level between 2005 and 2014. The Sinop station (North Turkey),
located in Mediterranean region (Figure 1) [22], is located at 42° 01" N - 35° 11" E, and its elevation is 32 m above
sea level. The wind data were captured using a cup generator anemometer.

Theory of wind speed and wind power

The two-parameter Weibull distribution is the most widely used distribution in wind power applications. It
is a versatile PDF, is simple to use, and is found to be accurate for most of the wind regimes encountered in nature.
Rayleigh distribution is a special case of Weibull distribution in which the shape parameter is taken as k = 2. This
function has also been used by many researchers due to its simplicity as there is only one parameter to be evaluated
and is useful when not much information about the site is available [2].
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Figure 1. Location of Sinop on Turkey Map [22]
Weibull and Rayleigh distribution of wind speed

The monthly mean wind speed values and the standard deviations are calculated from Equepments. (1) and
(2) using measured data.

Vin = ﬂZVJ e
{ S } @

The Weibull distribution function that is a special case of generalized gamma distribution for wind speed is
expressed with Eq. (1).

L0 = OO exp-(2)) @3)

where f, (v) is the probability of observing wind speed v, k the dimensionless Weibull shape parameter (or factor)

and c the Weibull scale parameter, which has its reference value in the units of wind speed [6, 10-14].
The cumulative probability function of the Weibull distribution is calculated as below [6, 10-14]:

F0-1-e0] - | @

Determination of the parameters of the Weibull distribution requires a good fit of Eq. (4) to the recorded
discrete cumulative frequency distribution. Taking the natural logarithm of both sides of Eq. (4) twice, gives
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In{—ln[l—F(v)]}:kln(v)—kln c (5)

So, a plot of In{-In[1-F(v)] } versus Inv presents a straight line. The gradient of the line is k and the
intercept with the y-axis is —kIn ¢ [6, 10-11].

The k values range from 1.5 to 3.0 for most wind conditions. Another distribution function used in
determination of the wind speed potential is Rayleigh distribution. This distribution is a special case of Weibull
distribution and validate situation where the dimensionless shape parameter k of the Weibull distribution is assumed
to be equal to 2. Probability density and cumulative function of the Rayleigh distribution are given by Egs. (6) and
(7), respectively [10-11],

f(V) = %exp[—(g)ﬂ ©)

Fa(v) =1—exp[—(§)2} 7

The mean value of wind speed and its standard deviation may be computed using Egs. (8) and (9),
respectively,

v, =cl(l+ %) ®

o FFea T

where T'() is the gamma function [10-12].

Based on the Weibull distribution, the wind speed with the largest frequency is calculated from Eq. (10)
[12]:

1 1/k
Vi = c(l—Ej (10)

The maximum wind speed can be determined by [12, 15]:

1/k
VmaxE :C(¥J (11)

When k=2 is taken in the above formulas, calculations are performed for Rayleigh distribution.

Calculations of wind power

The wind power per unit area in any windy site is of importance in assessing of the wind power projection
for the power plants. The mean wind power density of the considered site per unit area based on any probability
density function can be expressed as [16]:
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P = j: P(v) f (v)dv (12)

It is well known that the power of the wind that flows at speed v through a blade sweep area A increases as
the cubic of its velocity and is given by,

P(v)z%pAv3 (13)

Where p is the air density for Sinop. The mean power density for the Weibull distribution is obtained from Eq. (14)
as follows [7]

1 3
P, == pCT(L+-— 14
W= PeTA+) (14)
The mean power density for the Rayleigh distribution is determined by Eq. (15) [7]:

P = v (15)

Statistical analysis of distributions

Modeling efficiency (R?), chi-square ( x*) and root mean square error analysis (RMSE) and were used as the
primary criterion to select the best distribution to account for the variation in the wind speed curves. Chi-square is
the mean square of the deviations between the experimental and calculated values for the distributions and was used
to determine the goodness of the fit. The lower are the values of chi-square, the better is the goodness of the fit. The
RMSE gives the deviation between the predicted and experimental values, and it is required to approach zero. The R?
also gives the ability of the model, and its highest value is 1. These statistical values can be calculated as follows:

N

3 (yi- i) - > (6~ yiy

R? = - il (16)
Z(yi—zi)2
Z(yi—xi)2

=N (17

RMSE :{%i(yi—xi)z} (18)

where vyi is the ith experimental data, zi is the mean value of the experimental data, xi is the ith predicted data with
the Weibull or Rayleigh distribution, N is the number of observations and n is the number of constants [10, 11,-13].
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RESULTS AND DISCUSSION

The measured hourly wind data between the years of 2004-2015 have been used to evaluate the wind energy
potential of the Sinop province. The calculations were made to obtain the Weibull and Rayleigh distribution
parameters, the mean power density and the mean wind speed. The main results obtained from the present study can
be summarized as follows:

The monthly mean wind speed variations in Sinop are illustrated in Figure 2. It is also clear from Figure 2
that the wind speed for the investigated years had the lowest value in March of 2013 and the highest in February of
2011, ranging from 2.41 to 4.28 m/s. The annual mean value of the wind speed was calculated as 3.36 m/s.

In Figure 3, the diurnal variation of the mean wind speed is plotted. According to the yearly average results,
the lowest wind speed was 2.15 m/s between the hours of 05:00 and 06:00 in 2006, and the highest wind speed was
3.89 m/s between the hours of 13:00 and 14:00 in 2007. There is a similar trend in the mean wind speed of different
daily hours during different years. The diurnal wind speed has its minimum between the hours of 0:00 and 18:00 and
its maximum between the hours of 6:00 and 16:00. Figure 3 clearly shows that daily variations in wind speed from
morning to midnight in Sinop follows a parabolic curve, where the maximum point occurs in the afternoon. In most
locations around the world, the wind is more turbulent and conditions become windier during the daytime relative to
the night time, mostly due to temperature differences. Therefore, the aforementioned situation is advantageous
because the wind energy is mostly produced during the daytime, since the most electricity consumption is at night
time.
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Figure 2. Monthly mean wind speed for the period of 2005-2014 in Sinop
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Figure 3. Diurnal variation of mean wind speed for the period of 2005-2014 in Sinop

The wind speed data in time-series format is usually arranged in the frequency distribution format since it is
more convenient for statistical analysis. Therefore, the available time-series data were arranged as frequency
distribution format for the period of 2005-2014 in Table 1. The wind speed is grouped into classes in the second
column of Table 1. The mean wind speeds are calculated for each speed class intervals in the third column using the
arithmetic mean. The fourth column shows the frequency of occurrence of each speed class. The probability density
distributions calculated from the actual, Weibull and Rayleigh functions are presented in the fifth, sixth and seventh
columns, respectively. It can be seen from Table 1 that the maximum probability density values are in the range of 1-
2 and 2-3 m/s.

The yearly probability density and the cumulative distributions derived from the time-series data from
Sinop are presented in Figures 4 and 5, respectively. The yearly probability density and the cumulative distributions
are illustrated in Figure 6 for all the investigated years. All the curves show a similar trend for wind speeds’
probability and cumulative distribution.

The monthly mean wind speed values and the standard deviations were calculated from Egs. (1) and (2)
using measured data. The monthly mean wind speed values (vm) and standard deviations (o) are given in Table 2 for
Weibull distribution. Most of the monthly mean wind speed values are between 2.0 and 4.0 m/s. February of 2010
has the highest monthly mean wind speed value with 4.07 m/s, March of 2013 has the lowest monthly mean wind
speed value with 2.39 m/s. Generally, it is determined that the highest mean wind speed values are in February and
March, and the lowest mean wind speed values are in September and October. Having analyzed the 118 months of
wind speed data, it can be concluded that the wind speed distribution differs remarkably from one month to the next.
The monthly and yearly standard deviation values are mostly between 1.0 and 2.0 m/s.
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Table 1. The measured hourly time-series data in frequency distribution format for the period of 2005-2014 and the
probability density distributions calculated from the Weibull, (fw(vj)), and Rayleigh (fz(vj))

bl Vmj | i f(vi) fw (Vi) fr (Vi)

1 0-1 0.5 10262 0.120892 0.153598 0.155466
2 |12 15 | pgag | 0.274176 [ 0.239059 | 0.24075
3 2-3 2.5 18635 0.222812 0.238165 0.236103
4 |34 35 |13138 |0.158936 | 0.176315 | 0.174135
5 |45 45 |gppg | 0.097479 [0.101911 | 0.102129
6 |56 55 | 4739 | 0057069 |0.047457 [ 0.048914
7 6-7 6.5 2571 0.031054 0.018396 0.019433
8 |78 75 | 1364 |0.016134 [0.006189 | 0.006472
9 8-9 8.5 810 0.009546 0.001906 0.001821
10 [9-10 |95 | 456 0.005325 | 0.000572 | 0.000435
11 | 10-11 | 105 | 579 0.003284 | 0.000177 | 8.89E-05
12 [11-12 [ 115 | 453 0.001806 | 5.77E-05 | 1.56E-05
13 | 12-13 | 125 0.000757 1.97E-05 2.36E-06
14 | 13-14 | 135 0.000437 6.76E-06 3.08E-07
15 | 14-15 | 145 | g5 0.000117 | 2.25E-06 | 6.23E-09
16 | 15-16 | 155 | 3¢ 7.8E-05 7.59E-07 | 9.45E-11
17 | 16-17 | 165 |1, 0.000056 | 2.47E-07 | 6.01E-12
18 | 17-18 | 175 |5 2.24E-05 | 7.71E-08 | 3.23E-13
19 | 1819 | 185 |g 1.12E-05 | 2.32E-08 | 1.46E-14
20 |19-20 [ 195 |, 1.12E-05 | 6.75E-09 | 3.97E-19
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Figure 4. Yearly wind speed probability density distributions, derived from the measured.
hourly time series
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Table 2. Monthly mean wind speed and standard deviations to Weibull distribution

Month Parameters | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
January Vi 267 | 361 |310 |343 | 297 |327 |268 |309 |319 |28
P 149 | 219 | 142 | 204 | 150 | 159 | 132 |138 | 103 | 155
February Vin 321 | 247 | 322 | 325 | 361 |407 |382 |329 |378 | 271
- 167 | 191 | 159 | 166 | 163 | 192 | 201 | 162 | 179 | 118
March Vin 301 | 288 | 373 | 326 | 397 |354 |325 |363 | 239 |3.90
- 158 | 120 | 191 | 143 | 196 | 192 | 171 | 171 | 108 | 171
April Vi 318 | 299 | 338 |330 |306 |359 |361 |336 |342 |34l
- 164 | 185 | 162 | 145 | 160 | 197 | 155 | 145 | 170 | 143
May Vin 271 | 251 | 304 | 316 |31l | 293 | 274 | 253 | 286 -
- 147 | 134 | 143 | 149 | 136 | 138 | 107 | 1.04 | 1.26 -
June Vi 289 | 290 | 354 |305 | 289 |309 |292 |294 |292 |302
- 178 | 200 | 173 | 156 | 140 | 150 | 128 | 130 | 129 | 141
July Vi 258 | 347 | 315 |31l | 291 | 278 | 359 |287 |301 | 347
- 133 | 300 | 146 | 166 | 151 | 135 | 173 | 134 | 161 | 163
August Vi 310 | 293 |31l | 296 | 275 |300 | 298 |302 |302 |271
- 209 | 157 | 155 | 163 | 143 | 164 | 146 | 146 | 155 | 1.32
September Vin 281 | 261 | 357 | 291 | 246 | 265 | 263 | 269 | 303 | 286
- 174 | 191 | 219 | 171 | 116 | 115 | 129 | 130 | 134 | 139
October Vin 309 | 243 | 281 | 246 | 277 | 279 | 347 | 284 | 287 | 252
- 183 | 154 | 141 | 145 | 145 | 125 | 175 | 130 | 155 | 107
November Vin 322 | 246 | 353 | 262 | 294 |258 |266 | 274 | 261 | 3.0
P 202 | 180 | 167 | 160 | 167 | 119 | 137 | 127 | 120 | 185
December Vin 254 | 229 | 341 | 349 | 360 |340 | 276 | 335 | 308 | 314
- 144 | 209 | 188 | 188 | 176 | 171 | 125 | 144 | 171 | 161

Table 3 shows the yearly values of the two Weibull parameters, the scale parameter ¢ (m/s) and the shape
parameter k (dimensionless), calculated from the long term wind data for Sinop. In addition, Table 3 shows monthly
values of k and c¢. The values of ¢ and k were determined using the method described in Theory section. It is clear
that the parameter k has a much smaller, temporal variation than the parameter c. The k value is between 1.09 (in
December of 2006) and 3.42 (in January of 2013), while the ¢ value varies from 2.37 (in December of 2006) to 4.60
(in February of 2010) m/s. The mean values of parameters k and ¢ were calculated as 2.02 and 3.43 m/s, respectively.
The shape and scale parameters for May of 2014 could not be obtained for various reasons provided by the Turkish
State Meteorological Service. The mean wind intensity and standard deviation values are important in predicting
shape and scale parameters.
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Table 3. Monthly shape parameter (k) and scale parameter (c) values according to the Weibull distribution for period
of 2005-2014

Month Parameters | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
January k 185 | 169 | 231 |172 |(206 |217 | 212 |239 | 342 | 190
c 301 | 404 |35 |384 |33 |370 |303 |349 |355 |3.19
February k 201 | 130 |212 |205 |235 |223 |197 |213 | 222 |244
c 362 | 268 |364 |367 |408 |460 |431 |372 |427 |3.05
March k 198 | 257 | 203 |242 |213 |191 | 198 |224 | 234 | 243
c 339 | 324 | 421 |368 |448 |399 |366 |410 | 269 | 439
April k 202 | 166 |220 |242 |199 | 189 |248 | 247 | 210 | 255
c 359 | 335 |382 |372 |345 |405 |407 |379 |38 |384
May k 192 | 194 | 224 | 224 |243 |223 | 275 |259 |241 -
c 306 | 283 |343 |357 |351 |330 |308 |28 |3.23 -
June k 167 | 147 | 215 | 204 |216 |216 | 242 |241 | 240 | 225
c 324 | 320 | 400 |345 |326 |348 |330 |332 |329 |340
July k 202 | 115 | 228 |195 |200 |217 |218 |227 | 194 |224
c 291 | 365 |35 |[351 |[328 |314 |406 |324 |339 |392
August k 150 | 194 | 210 |189 |200 |1.89 | 215 |216 | 203 | 216
c 343 | 330 |351 |334 |310 |338 |337 |341 |341 |3.07
September k 165 | 138 | 167 |175 |224 |246 | 213 |216 | 240 | 216
c 314 | 286 |400 |327 |278 |299 |297 |3.03 |341 |323
October k 173 | 161 | 209 |173 199 |236 |207 |230 |191 | 250
c 347 | 272 | 317 |276 |312 |314 |392 |321 |323 |284
November k 163 | 138 | 222 |168 |181 |229 |203 |228 |230 |1.78
c 360 | 270 |398 |294 |330 |291 |301 |3.09 |29 |3.60
December k 183 | 109 | 188 |193 |215 |207 | 234 |249 | 187 | 203
c 286 | 237 |384 |394 |407 |383 |311 |378 | 347 |354

The Weibull and Rayleigh approximations of the actual probability distribution of wind speeds are shown in
Fig. 7, while a comparison of the two approximations is given in Table 4. In Fig. 7, the probability distribution of the
actual data, the Weibull probability distribution, and the Rayleigh probability distribution are plotted versus the wind
speed according to the average of ten years data. The probability ratio of the Weibull distribution is higher than the
Rayleigh distribution. It can be seen from Fig. 7 that the Weibull distribution fit to the actual distribution data is
closer than the Rayleigh distribution.

Table 4. R?, RMSE and y? values obtained from Weibull and Rayleigh distributions

Years Weibull Distribution Rayleigh Distribution

R? RMSE % RZ [ RMSE %

2005 | 0.982 | 0.000060 | 0.000140 | 0.969 | 0.000107 | 0.000231
2006 | 0.994 |0.000016 | 0.000036 | 0.930 | 0.000209 | 0.000439
2007 | 0.969 |0.000110 | 0.000256 | 0.966 | 0.000120 | 0.000257
2008 | 0.969 | 0.000066 | 0.000155 | 0.981 | 0.000069 | 0.000149
2009 [ 0.962 | 0.000146 | 0.000340 | 0.962 | 0.000147 | 0.000316
2010 | 0.966 | 0.000128 | 0.000298 | 0.965 | 0.000135 | 0.000290
2011 | 0937 [0.000258 | 0.000597 | 0.931 | 0.000284 | 0.000608
2012 [ 0957 | 0.000191 | 0.000446 | 0.937 | 0.000284 | 0.000612
2013 [0.961 | 0.000140 | 0.000314 | 0.955 | 0.000164 | 0.000345
2014 | 0941 ]0.000237 | 0.000547 | 0.936 | 0.000258 | 0.000552
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The values of the statistical parameters (R?, RMSE, and 4?) obtained from the Weibull and Rayleigh
distributions are given in Table 4. The R? value was found to be between 0.937-0.994 in the Weibull distribution and
0.930-0.981 in the Rayleigh distribution. The RMSE and 4 values range from 1.6x10 to 2.58x10-° and 3.6x10° to
5.97x10° for the Weibull distribution, while they vary between 6.9x10%-2.84x10"° and 1.49x105- 6.12x10° for the
Rayleigh distributions, respectively. As can be seen in Table 4, the highest R? value was obtained by using the
Weibull distribution. However, the results have shown that the RMSE and 42 values of the Weibull distribution were
lower than the values obtained for the Rayleigh distribution. As a result, the Weibull approximation was found to be
the most accurate distribution according to the highest value of R? and the lowest values of RMSE and .

Fig. 8 shows the monthly change in the R? obtained from the Weibull and Rayleigh distributions for Sinop
using the ten-year data. The range of R? values change from 0.89 to 0.95 in the Weibull distribution and 0.81 to 0.92
in the Rayleigh distribution. Because the R? value is closer to 1 in the Weibull distribution, it is understood that the
Weibull distribution is more suitable for modeling the wind data for Sinop.
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Figure 8. The change of R? values obtained from Weibull and Rayleigh distribution to months

288



Journal of Thermal Engineering, Research Article, Vol. 5, No. 4, pp. 277-292, July, 2019

The Weibull distribution parameters and the Rayleigh distribution parameters are given in Table 5 and Table
6 according to the investigated years, respectively. The maximum mean velocity (Vmax) in the Weibull distribution
ranged from 4.48 to 5.46 m/s and the mean power density (Pyw) ranged from 28.29 to 39.20 W/m?. In the Rayleigh
distribution, Vimax varied from 4.39 to 5.25 m/s and Pr varied from 24.27 to 41.65 W/m?,

Table 5. Weibull distribution parameters

Year | Kk (H;S) (r\n’;“s) (s | Vros (miS) \(’n";;;)E (V\|/3/V\rrl12)
2005 | 1.79 3.29 2.93 1.69 2.08 5.00 33.04
2006 | 1.52 3.15 2.84 1.90 1.57 5.09 37.21
2007 | 2.09 3.69 3.27 1.64 2.71 5.46 39.20
2008 | 1.94 3.49 3.10 1.66 2.41 5.02 35.74
2009 | 2.02 3.48 3.08 1.59 2.49 4.88 33.85
2010 | 2.07 3.51 3.11 1.57 2.56 4.86 33.97
2011 | 2.15 3.46 3.06 1.50 2.58 4.69 31.30
2012 | 2.28 3.40 3.01 1.39 2.64 4.48 28.29
2013 | 2.16 3.38 2.99 1.45 2.54 4,57 29.04
2014 | 2.13 3.46 2.06 1.50 2.57 471 31.48

Table 6. Rayleigh distribution parameters

Year | ¢ (mis) | Vm(mis) | o(m/s) | Vimoa(m/s) \(’n"]“;‘;)E Pr (W/m?)
2005 | 325 | 288 150 229 459 27.89
2006 | 310 | 275 1.43 219 439 24.27
2007 | 371 | 3.29 172 262 5.25 41.65
2008 | 349 | 3.09 161 2.46 4.93 34.47
2009 | 349 | 300 161 2.46 4.93 34.48
2010 | 353 | 3.3 1.63 250 5.00 35.89
2011 3.49 3.10 1.62 2.47 4,94 34.75
2012 | 346 | 307 1.60 245 4.90 33.79
2013 | 342 | 303 158 242 4.84 3264
2014 | 349 | 309 161 246 493 3454

The variation of mean wind speed with Weibull power density and Rayleigh power density are shown in
Fig. 9 and in Fig. 10 with respect to the investigated years, respectively. The mean wind velocity was determined to
be 2.95 m/s for the Weibull distribution and 3.05 m/s for the Rayleigh distribution. In the Weibull distribution, the
highest power density was 39.20 W/m? in 2007, the lowest power density was 28.30 W/m? in 2012, and the mean
power density was 33.31 W/m?. In the Rayleigh distribution, the highest and the lowest power densities were
determined to be 41.66 W/m? in 2007 and 24.27 W/m? in 2006, respectively, and the obtained mean power density
was 33.44 W/m?.
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Figure 9. Yearly mean power density and wind speed according to Weibull distribution
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Figure 10. Yearly mean power density and wind speed according to Rayleigh distribution

CONCLUSION

In this study, the wind power density and wind speed distribution parameters of Sinop were statistically
analyzed during the years of 2005-2014. Two probability density functions were fitted to the measured probability
distributions on a yearly and monthly basis. Performances of the probability models were compared to the measured
monthly and yearly wind speed values. Weibull and Rayleigh distributions were used for modeling and the success of
this modeling process was evaluated according to R2, RMSE and y? parameters. The results can be summarized as

follows:

e The mean wind speed was found as 3.36 m/s for all years between 2004 and 2015.

e The mean power densities were calculated as 33.31 and 33.44 W/m?, respectively, for Weibull and Rayleigh
distribution for the whole year.

e The Weibull model is generally better in fitting the measured yearly probability density distributions than
the Rayleigh model, to the statistical criteria such as R?, RMSE and y?2. Therefore, it was concluded that it
would be more appropriate to use the Weibull distribution for the analysis of Sinop’s wind data.
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e The values of the shape parameter (k) and scale parameter (c) at Sinop were examined. The yearly mean
values of k and ¢ for thevWeibull distribution were determined to be 2.02 and 3.44 m/s over the 10 year
period of 2005-2014. The yearly mean c value for the Rayleigh distribution was found to be 3.45 m/s. The
Weibull shape parameter follows very closer to the Raleigh function, k=2, for Sinop which means that the
characteristics for the wind wave are regular and uniform.

e Asaresult, monthly average power and annual average power densities in Sinop are as small as 100 W/m?,
Therefore, it is not possible to support the network directly by wind energy systems; however it can be used
in applications where there is no network access or in rural areas where low-power density is required. It
has been decided that electricity generation from wind energy is suitable because the average speed on a
daily and monthly basis usually is 3 m/s.
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