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ARTICLE INFO                                      ABSTRACT 
 
 

We studied seven probability distributions (Normal, Log-Normal, Beta, Gamma, Log-Pearson 
Type III, Gumbel, and Weibull) to verify their adjustment to historical data series of average 
monthly wind speed in the municipality of Mossoró, northeastern Brazil. To verify the goodness 
of fit of data to these models, we applied the Maximum Likelihood Logarithm and the 
Kolmogorov-Smirnov, Kuiper, Cramer-von Mises, Anderson-Darling, and Chi-squared tests at a 
significance level of 10%, totaling 504 tests. The Gumbel probability distribution provided the 
best fit for the data of monthly wind speed. All the criteria used to verify the goodness of fit were 
concordant, except the Maximum Likelihood Logarithm for some adjusted periods and models. 
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INTRODUCTION 
 
Statistical techniques applied to meteorological data allows 
condensing the massive amount of data recorded in stations 
into simple tables or equations, summarizing all the 
information to simplify the inferences about the data (Assis et 
al., 1996). Important decisions about agricultural activities and 
investments on clean sources of energy require knowledge 
about the local patterns of rainfall, temperature, relative air 
humidity, evaporation, solar radiation, the occurrence of dew, 
fog, hail, frost, snow, and wind direction and speed, among 
others. A theoretical distribution is an abstract mathematical 
form or particular format. Some of these mathematical forms 
appear naturally as a consequence of specific data-generating 
processes, and when applicable, they are plausible candidates 
for concisely represent variations in a set of data.  
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Even when there is no substantial natural basis behind the 
choice of a particular theoretical distribution, one can 
empirically find that some distribution model represents a set 
of data very well. The nature of data directly guides the choice 
of the probability density functions. Some functions show 
reasonable estimation capacity for small numbers of data, and 
others require a large number of observations. Due to the 
number of parameters of their equations, some density 
functions can assume different forms, fitting into a high 
number of situations, that is, they are flexible (Catalunha et al., 
2002). The statistical distribution of wind speeds is an essential 
tool for the evaluation of wind energy potential and its 
performance in energy conversion systems. There are several 
functions of probability distributions for random variables that 
adjust to continuous data, for example, the Uniform, Normal, 
Log-Normal, Gamma, Extreme Values or Gumbel, Weibull, 
Exponential, and Beta Distributions. Several studies 
investigated the fit of probability density distributions to 
historical data series of climatic variables such as air 
temperature (Buriol et al., 2000A; Buriol et al., 2000B; Assis 
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et al., 2004), wind speed (Van Der Auwera et al. 1980; Garcia 
et al., 1998; Bautista, 2002; Sansigolo, 2005; Sansigolo, 2008), 
and solar radiation (Buriol et al., 2000A; Assis et al., 2004). 
After proving the goodness of fit of the data to the theoretical 
distribution, the adjusted models can provide useful 
information for the planning of several activities (Fietz et al., 
1997). The goodness of fit tests such as Chi-squared, 
Kolmogorov-Smirnov, and Cramer-von Mises (Campos, 1983) 
compare the empirical probabilities of a variable with the 
theoretical probabilities estimated by the distribution function. 
They verify whether the sample values come from a 
population with a particular theoretical distribution. The Chi-
squared and Kolmogorov-Smirnov tests are widely used (Assis 
et al., 1996), the former being usually more efficient than the 
latter (Catalunha et al., 2002). The tests of Cramer-von Mises 
and Anderson-Darling also differ in their efficacy (Campos, 
1983). Given the above, the purpose of this study was to assess 
the fit of the monthly average wind speed series in Mossoró, 
northeastern Brazil, to the following probability density 
functions: Normal, Log-Normal, Beta, Gamma, Log-Pearson 
Type III, Gumbel, and Weibull. Our results enable us to make 
reliable predictions of the local wind speed for any requested 
percentage, as well as estimating monthly wind speed in the 
region. 
 

MATERIALS AND METHODS 
 
The wind speed data (m.s-1) were acquired from a series of 38 
years (from 1970 to 2007) recorded by the Federal 
Meteorological Station in Mossoró, UFERSA (5°11'S – 
37°20'W; 18 m of altitude). The region has a mean annual 
temperature of 27.5 °C and relative humidity of 68.9% (Carmo 
Filho et al., 1991). According to Köppen's climatic 
classification, the climate of Mossoró is BSwh ', that is, hot 
and dry. The average wind speed was measured at a 10 meters 
height station. In each month of the year, the data of the series 
were adjusted to seven models of probability distributions: 
Normal, Log-Normal, Beta, Range, Log-Pearson Type III, 
Gumbel, and Weibull.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To verify the fit of data to the models, we applied both the 

Maximum Likelihood Logarithm ( ln( )L ) and the following 

goodness of fit tests: Kolmogorov-Smirnov (KS), Kuiper (K), 
Cramer-von Mises (CVM), Anderson-Darling (AD), and Chi-
Squared (χ²). A total of 504 series of average wind speed data 
were analyzed using the software VTFIT (Campos, 1983; 
Assis et al., 1996, Cooke, 1993). We used the numerical value 
of the Logarithm of Maximum Likelihood function 

1

ˆln( ) ln ( )
n

i
i

L f x


 
   to indicate the degree of adjustment 

(Worley et al., 1990; Cooke, 1993). This statistic can be a 
negative number, and it has the power to discriminate settings 
in which the other tests fail to point (Shapiro; Brain, 1981). 
The higher the logarithm of the maximum likelihood function, 
the better the adjustment obtained. 
 

RESULTS AND DISCUSSION 
 
The Gumbel probability distribution provided the best fit for 
the data of monthly wind speed (Tables 1 to 14). However, all 
studied functions adjusted well to the data (Normal, Log-
Normal, Beta, Gamma, Log-Pearson Type III, Gumbel, and 
Weibull). Our results suggest that the Gumbel distribution can 
be used to estimate monthly wind speed in Mossoró and 
surrounding regions, as well as to predict the occurrence of 
meteorological events. This tool may guide decisions, 
planning, and forecasting for all activities dependent on wind 
speed, for example, the installation of wind power plants. 
Small differences in the value of the average monthly wind 
speed led to some divergences in the results obtained by the 
various fitting criteria. The results of the Maximum Likelihood 
Logarithm indicated some non-significant adjustments (Tables 
1 to 12), which may be caused by the convergence of adjusted 
models and the nature of the data (Hollander; Wolfe, 1999; 
Carneiro et al., 2001; Catalunha et al., 2002). On the other 
hand, the Chi-squared and Kolmogorov-Smirnov tests 
indicated a better goodness of fit than the Maximum 
Likelihood Logarithm (Table 13).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 
Months of January from 1970 to 2007, Mossoró, northeastern Brazil 

 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal -7.912 0.127 0.222 0.404 0.048 0.309 
Log-Normal -7.489 0.122 0.213 0.357 0.044 0.309 

Beta 3.332 0.164 0.306 5.234 0.160 0.309 
Gama -7.688 0.114 0.195 0.351 0.042 0.309 

Log-Pearson III -6.976 0.111 0.212 0.322 0.044 0.309 
Gumbel -12.214 0.147 0.287 1.060 0.135 0.273 
Weibull -11.075 0.135 0.260 0.866 0.106 0.273 

 
Table 2 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 

Months of February from 1970 to 2007, Mossoró, northeastern Brazil 
 

Distribution probability Goodness of Fit 

Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-Smirnov 
(KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-Darling 
(AD) 

Chi-Squared (χ²) 

Normal -18.897 0.127 0.518 0.560 0.075 0.518 
Log-Normal -19.861 0.137 0.239 0.625 0.072 0.518 

Gama -8.653 0.157 0.300 2.677 0.143 0.199 
Beta -19.511 0.147 0.260 0.657 0.083 0.518 

Log-Pearson III -19.273 0.139 0.273 0.648 0.093 0.291 
Gumbel -21.270 0.170 0.339 0.992 0.156 0.038 
Weibull -19.853 0.153 0.306 0.773 0.120 0.291 
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Table 3. Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 
Months of March from 1970 to 2007, Mossoró, northeastern Brazil 

 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-Darling 
(AD) 

Chi-Squared 
(χ²) 

Normal -14.473 0.141 0.277 0.837 0.116 0.660 
Log-Normal -14.520 0.138 0.268 0.816 0.116 0.349 

Gama -4.187 0.205 0.377 6.745 0.208 0.241 
Beta -14.542 0.126 0.247 0.693 0.092 0.660 

Log-Pearson III -14.326 0.135 0.265 0.758 0.103 0.660 
Gumbel -15.153 0.147 0.285 0.961 0.134 0.491 
Weibull -14.635 0.144 0.282 0.893 0.124 0.491 

 
Table 4 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions  

of probability Months of April from 1970 to 2007, Mossoró, northeastern Brazil 
 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal 3.764 0.167 0.316 0.715 0.113 0.731 
Log-Normal 3.819 0.159 0.313 0.703 0.110 0.731 

Beta 11.130 0.210 0.386 5.629 0.229 0.731 
Gama 3.740 0.150 0.292 0.600 0.090 0.731 

Log-Pearson III 3.810 0.158 0.304 0.648 0.100 0.731 
Gumbel 2.486 0.178 0.324 0.817 0.127 0.731 
Weibull 3.017 0.178 0.322 0.766 0.120 0.731 

 
Table 5 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 

Months of May from 1970 to 2007, Mossoró, northeastern Brazil 

 
Distribution probability Goodness of Fit 

 Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal 0.112 0.120 0.225 0.468 0.067 0.779 
Log-Normal 0.351 0.111 0.220 0.451 0.063 0.779 

Beta 6.558 0.157 0.282 3.883 0.106 0.779 
Gama 0.220 0.779 0.200 0.385 0.051 0.779 

Log-Pearson III 0.348 0.109 0.216 0.429 0.059 0.779 
Gumbel -2.364 0.143 0.254 0.696 0.102 0.349 
Weibull -1.425 0.139 0.245 0.588 0.085 0.349 

 
Table 6 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 

Months of June from 1970 to 2007, Mossoró, northeastern Brazil 

 
Distribution probability Goodness of Fit 

 Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal 3.046 0.191 0.348 0.772 0.134 0.269 
Log-Normal 3.345 0.176 0.333 0.732 0.129 0.269 

Beta 9.665 0.238 0.443 5.197 0.235 0.025 
Gama 3.193 0.182 0.333 0.743 0.138 0.269 

Log-Pearson III 3.381 0.174 0.333 0.747 0.133 0.269 
Gumbel -0.877 0.240 0.447 1.477 0.256 0.001 
Weibull 0.375 0.230 0.426 1.246 0.216 0.007 

 
Table 7 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 

Months of July from 1970 to 2007, Mossoró, northeastern Brazil 

 
Distribution probability Goodness of Fit 

 Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-
Smirnov (KS) 

Kuipe
r (K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal -8.393 0.145 0.258 0.587 0.104 0.141 
Log-Normal -8.082 0.127 0.242 0.491 0.083 0.141 

Beta -4.073 0.143 0.279 2.515 0.131 0.080 
Gama -8.215 0.131 0.256 0.544 0.097 0.141 

Log-Pearson III -8.176 0.123 0.236 0.470 0.076 0.836 
Gumbel -12.566 0.178 0.324 1.347 0.233 0.060 
Weibull -10.988 0.170 0.307 1.075 0.188 0.060 
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Table 8 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 
Months of August from 1970 to 2007, Mossoró, northeastern Brazil 

 
Distribution probability Goodness of Fit 

 Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal  -8.393 0.117 0.225 0.409 0.060 0.602 
Log-Normal  -8.304 0.122 0.233 0.419 0.065 0.602 

Beta  -1.261 0.143 0.254 3.903 0.099 0.602 
Gama  -8.392 0.114 0.215 0.352 0.051 0.602 

Log-Pearson III  -8.361 0.116 0.219 0.362 0.054 0.602 
Gumbel -10.472 0.124 0.225 0.574 0.073 0.080 
Weibull  -9.732 0.112 0.200 0.490 0.063 0.080 

 
Table 9 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability. 

Months of September from 1970 to 2007, Mossoró, northeastern Brazil 
 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-Darling 
(AD) 

Chi-Squared 
(χ²) 

Normal -16.644 0.154 0.274 0.559 0.081 0.392 
Log-Normal  -6.946 0.154 0.316 4.020 0.128 0.392 

Beta -16.523 0.159 0.252 0.494 0.072 0.608 
Gama -15.305 0.143 0.268 0.371 0.060 0.392 

Log-Pearson III -15.719 0.138 0.291 0.438 0.075 0.731 
Gumbel -15.489 0.160 0.290 0.422 0.072 0.945 
Weibull  11.029 0.150 0.290 0.701 0.113 0.731 

 
Table 10 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability 

Months of October from 1970 to 2007, Mossoró, northeastern Brazil 
 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal 10.766 0.158 0.296 0.731 0.116 0.123 
Log-Normal 16.349 0.164 0.296 2.669 0.123 0.349 

Beta 10.779 0.164 0.307 0.741 0.121 0.123 
Gama 10.779 0.169 0.307 0.741 0.121 0.349 

Log-Pearson III 11.430 0.164 0.296 0.715 0.125 0.123 
Gumbel 10.891 0.166 0.300 0.787 0.140 0.002 
Weibull 11.099 0.165 0.298 0.755 0.134 0.002 

 
Table 11 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability. 

Months of November from 1970 to 2007, Mossoró, northeastern Brazil 
 

Distribution probability Goodness of Fit 
 Maximum Likelihood 

Logarithm (ln(L)) 
Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

Normal -1.128 0.211 0.388 1.563 0.238 0.731 
Log-Normal 0.314 0.199 0.364 1.333 0.201 0.731 

Beta 14.447 0.137 0.250 2.435 0.097 0.269 
Gama -0.229 0.207 0.381 1.529 0.236 0.055 

Log-Pearson III -1104.349 0.367 0.700 4.592 0.805 0.002 
Gumbel -13.135 0.272 0.531 3.963 0.695 0.000 
Weibull -10.959 0.257 0.505 3.601 0.621 0.000 

 
Table 12 - Criteria for the goodness of fit of wind speed historical data series to seven theoretical distributions of probability. 

Months of December from 1970 to 2007, Mossoró, northeastern Brazil 

 
Distribution probability Goodness of Fit 

 Maximum Likelihood 
Logarithm (ln(L)) 

Kolmogorov-
Smirnov (KS) 

Kuiper 
(K) 

Cramer-von 
Mises 

Anderson-
Darling (AD) 

Chi-Squared 
(χ²) 

      Normal -6.406 0.100 0.197 0.271 0.043 0.602 
Log-Normal -6.709 0.110 0.207 0.312 0.049 0.309 

Beta -0.694 0.120 0.199 2.196 0.050 0.602 
Gama -6.668 0.109 0.211 0.301 0.048 0.309 

Log-Pearson III -6.134 0.122 0.194 0.246 0.039 0.602 
Gumbel -7.122 0.115 0.197 0.413 0.062 0.602 
Weibull -6.714 0.113 0.194 0.345 0.052 0.602 
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Table 13 - The p-values for the fit of monthly wind speed series from 1970 to 2007 in Mossoró, northeastern Brazil, to seven distribution probability functions 

 

Date of 
sowing 

Probability density distributions 

Normal Log-Normal Beta Gama 
Log-Pearson 
Tipo III 

Gumbel Weibull 

P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 
January 0.127 0.309 0.122 0.309 0.164 0.309 0.114 0.309 0.111 0.309 0.147 0.273 0.135 0.273 
February 0.127 0.518 0.137 0.518 0.157 0.199 0.147 0.518 0.139 0.291 0.170 0.038 0.153 0.291 
March 0.141 0.660 0.138 0.349 0.205 0.241 0.126 0.660 0.135 0.660 0.147 0.491 0.144 0.491 
April 0.167 0.731 0.159 0.731 0.210 0.731 0.150 0.731 0.158 0.731 0.178 0.731 0.178 0.731 
May 0.120 0.779 0.111 0.779 0.157 0.779 0.779 0.779 0.109 0.779 0.143 0.349 0.139 0.349 
June 0.191 0.269 0.176 0.269 0.238 0.025 0.182 0.269 0.174 0.269 0.240 0.001 0.230 0.007 
July 0.145 0.141 0.127 0.141 0.143 0.080 0.131 0.141 0.123 0.836 0.178 0.060 0.170 0.060 
August 0.117 0.602 0.122 0.602 0.143 0.602 0.114 0.602 0.116 0.602 0.124 0.080 0.112 0.080 
September 0.154 0.392 0.154 0.392 0.159 0.608 0.143 0.392 0.138 0.731 0.160 0.945 0.150 0.731 
October 0.158 0.123 0.164 0.349 0.164 0.123 0.169 0.349 0.164 0.123 0.166 0.002 0.165 0.002 
November 0.211 0.731 0.199 0.731 0.137 0.269 0.207 0.055 0.367 0.002 0.272 0.000 0.257 0.000 
December 0.110 0.602 0.120 0.309 0.109 0.602 0.122 0.309 0.100 0.602 0.115 0.602 0.113 0.602 

 
 

Table 14 - Fitting frequencies of wind speed historical data series from January to December of 1970 to 2007 to seven 
 theoretical distribution models of probability densities. Mossoró, northeastern Brazil 

 

Date of 
sowing 

Probability density distributions 
Normal Log-Normal Beta Gama Log-Pearson Tipo III Gumbel Weibull 

P-value KS 
P-value 
χ2 

P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 P-value KS P-value χ2 

January F F F F F F F F F F F F F F 
February F F F F F F F F F F F - F F 
March F F F F F F F F F F F F F F 
April F F F F F F F F F F F F F F 
May F F F F F F F F F F F F F F 
June F F F F F - F F F F F - F - 
July F F F F F - F F F F F - F - 
August F F F F F F F F F F F - F - 
September F F F F F F F F F F F F F F 
October F F F F F F F F F F F - F - 
November F F F F F F F - F - F - F - 

December F F F F F F F F F F F F F F 
(1) F = Fitted distribution. “-” = Non-fitted distribution (10% of probability). 
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We may explain such results by the high level of approval of 
distributions by the Kolmogorov-Smirnov test. The Chi-
squared test was somewhat more rigorous than the 
Kolmogorov-Smirnov because the Chi-squared requires a 
more extensive historical data series and the grouping of data 
into classes of frequencies (Hollander; Wolfe, 1999; Carneiro 
et al., 2001; Catalunha et al., 2002).  The Cramer-von 
Mises, Anderson-Darling, and Kuiper distributions showed 
strong similarities in the fit. In these cases the nonparametric 
evidence of significance does not require a minimum size of 
historical data series nor the grouping of data into frequency 
classes (Siegel, 1977; Campos, 1983; Hollander; Wolfe, 1999; 
Carneiro et al., 2001; Catalunha et al., 2002). 
 
Conclusion 
 
The Gumbel probability distribution provided the best fit for 
the data of monthly wind speed. The data also fitted to 
Normal, Log-Normal, Beta, Gamma, Log-Pearson Type III, 
and Weibull probability distribution functions. All the criteria 
used to verify the goodness of fit were concordant, except the 
Maximum Likelihood Logarithm for some periods and models. 
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