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Abstract: Lognormal is one of the distributions in the family of the extreme value
distribution type. The lognormal distribution is a single tailed probability distribution of
any random variables whose logarithm is normally distributed. As may be concluded by
the name, the lognormal distribution has certain similarities to the normal distribution and
describes many naturally occurring populations; for example, lognormal distribution has
been used in many disciplines such as economics, life sciences and meteorology. Thus
paper evaluates the performance of lognormal as a model to describe the Malaysian annual
maximum wind speed for four locations (Alor Setar, Langkawi, Melaka and Senai). Based
on rigorous tests of root mean square error, mean absolute error and mean absolute
percentage error and density plots, the results suggest that the lognormal is an adequate
model in describing the maximal wind speed, thus contributing towards a better
understanding of extreme wind behavior via robust statistical model.
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1. Introduction

In statistics, lognormal distribution is the single — tailed probability distribution of any
random variables whose logarithm is normally distributed. As may be concluded by the
name, the lognormal distribution has certain similarities to the normal distribution. In
other words, random variable is lognormally distributed if the logarithm of the random
variable is normally distributed. Because of this, there are many mathematical similarities
between the two distributions.

Within the area of reliability analysis, lognormal has been applied to the time to failure of
equipment used and maintenance efficiency (Barabady, 2007) and coefficient of friction
of wear and tear (Steele, 2007). Within the area of life sciences, the lognormal
distribution was used to describe the nucleation and growth processes (Bergmann, 2008)
and model defragmentation habitat in ecological studies (Heide, 2008).

Within the area of meteorology, the lognormal is used to estimate spatial and temporal
statistical properties of local daily mean wind speed under global climate change (Garcia,
1997). There are also researchers that used lognormal distribution to describe the
turbulence intensity distribution in optimizes the wind turbines building cost (Hansen,
2004).

In this paper, the lognormal distribution is proposed to model the Malaysian wind data.
Based on the distribution of the plots of histogram of the maximum wind speed which
exhibit a long tail distribution and skewness to the right, the lognormal seems to be a
suitable candidate to describe the data. Based on several performance tests, the suitability
of lognormal is discussed. This was also supported by some other researcher that also



used lognormal distribution to model their pressure data since the tail of the distribution
is higher than the normal distribution (Gurley, 1997).

2. Formulation of Lognormal Distribution
A variable X is lognormally distributed if Y=In(X) is normally distributed with “In”
denoting the natural logarithm. The general formula for the probability density function

of the lognormal distribution is:
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where o is the shape parameter and u is the location parameter.

The cumulative distribution function of lognormal distribution is:
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3. Estimation of parameters

Maximum likelihood estimation (MLE) are often used to estimate the unknown
parameters p and o . Maximum likelihood parameter estimation will determine the

parameters that maximize the probability (likelihood) of the sample data. From a
statistical point of view, the method of maximum likelihood is considered to be more
robust (with some exceptions) and yields estimators with good statistical properties. In
other words, MLE methods are versatile and applicable to most models and to different
types of data. In addition, they provide efficient methods for quantifying uncertainty
through confidence bounds. Although the methodology for maximum likelihood
estimation is simple, the implementation is mathematically intense. The MLE method has

very desirable properties. By letting x,,x,,...,x, be a random sample size » drawn at

random and from the pdf, f(x;u,o)unknown parameters, the likelihood function is as
follows:
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Where 4 and o are unknown parameters. The likelihood function of lognormal can be
expressed by
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To maximize the x4 and o, the equation (4) is logged with the log-likelihood function as

below.
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By differentiating equation (5) partially with respect to o and 4, the equations (6) and
(7) are obtained as below.
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By letting (6) and (7) equal to zero the parameters estimate are obtained namely iz and &

given as
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4. Performance indicator

To asses the suitability of the proposed model several statistics test can be used. In this
study, the performance measure used are root mean squared (RMSE), mean absolute
error (MAE) and mean absolute percentage error (MAPE). RMSE measures the average
mismatch between each data point and the model. RMSE is one of the best measurements
to communicate the results to others. In general small values obtained from the
performance indicator suggest suitability of the proposed model. In comparison of the
three measures, the RMSE is more sensitive to outlying observations as they contribute
huge values in the square deviations measure. Nevertheless, RMSE is frequently used to
measure the differences between values predicted by a model or an estimator and the
observed values. These individual differences are also called residuals. The following are
the formulation of the performance indicators.



The formula for RMSE is given by
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where x,, is the predicted value and x,, is the observed value.

MAE is a weighted average of the absolute errors, with the relative frequencies as the
weight factors. The MAE gives slightly smaller value than RMSE and it is an easier
statistic to understand than the RMSE. It is also recommended by Matsuura et al(2005)
as it has an unambiguous measure of average error magnitude.

The formula for MAE is given by
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where f, is the prediction and y, is the true value.
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MAPE is used to measure the accuracy in a fitted time series value in statistics,
specifically trending. MAPE is also often useful for purposes of reporting because it is

expressed in generic percentage terms. The formula for MAPE is given by
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where 4, is the actual value and F, is the predicted value. To complement the model
checking procedures, pdf and cdf plot are also used.

5. Source of Data

The source of data is from the Malaysian Meteorological Department which record
maximum wind speed in four locations in year 2005. They are Alor Setar which is
located in the northern part of peninsular Malaysia, Senai located in the southern part,
whilst Melaka in the mid-west part of the peninsular. Maximum wind speed was also
recorded in Langkawi, an island off coast of the northern part of Malaysia.
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Figure 1: Map of four locations in Malaysia

Table 1: Descriptive statistics of maximum wind speed of four locations

Location Mean (m/s) | Min (m/s) Max (m/s) n o
Alor Setar 8.4028 2.9 16.2 357 2.3250
Senai 8.2104 3.6 16.3 364 2.0745
Langkawi 8.5523 3.8 23.8 363 2.7347
Melaka 8.6975 3.7 16.0 365 2.3138

Referring to Table 1, it can be seen that the mean of the wind speed for all of the
locations is approximately 8.4 m/s and the standard deviation is small (approximately
2.4) for all of the locations which implies that the variability is small. The spread of the
data is the smallest in Senai and the largest spread is observed in Langkawi.

S. Result and discussion

5.1 Parameters estimates of lognormal distribution

For each of the four locations, lognormal distribution was fitted and the parameters
estimation of £ and & are obtained and given in Table 2.

Table 2: Parameter estimates of lognormal distribution

Location ] c —‘




Alor Setar 2.0905 0.2788
Senai 2.0745 0.2487
Langkawi 2.0969 0.3150
Melaka 2.1287 0.2625

From Table 2, the parameters estimates are approximately the same in all four locations
with mean about 2.0977m/s and standard deviation 0.2763. In comparison, with the
sample statistics of mean and standard deviation in Table 1, there seems to be a general
agreement on the estimates of measure of the central location and measurement of the
spread parameter and taking he logged values, there seems to be a general agreement on
the estimates of the measure of central location and measurement of the spread

parameter.
5.2 The probability density function (PDF)

The probability density function (pdf) is a function that represents a probability
distribution in terms of integrals. Informally, a probability density function can be seen as
a “smoothed out” version of a histogram.
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Figure 2: Pdf plots of four locations

From the superimposed plots of pdf and the histogram of the observed values in Figure 1,
the lognormal seems to be a sufficient model in all the locations. By comparing the pdf
plots at four locations, Langkawi shows some disagreement. This is expected as the
distribution of Langkawi has a wider spread as compared to others. The graph is skewed
to the right and so is the pdf plot. The peak of the pdf plot is also on the highest bin of the
histogram. In short, the shape of the histogram and the shape of the pdf plot are identical.

5.3 The cumulative distribution function (CDF)

Other than pdf plot, we also could use cdf plot to check on goodness of fit of the data.
The cumulative density function (cdf) plot is useful for examining the distribution of a
sample of data. A theoretical cdf can be overlaid on the same plot with the empirical plot
to compare the empirical distribution of the sample with the theoretical distribution.
Below is the cdf plot for each of the locations.
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Figure 3: Cdf plot for four locations

The plots show that the observed data plot and the predicted data plot are very close on
cach other. The comparison of the empirical cdf plot (observed data) with the fitted cdf
plot of lognormal distribution (predicted data) suggests lognormal distribution adequately
fit the wind speed data. To further assess the goodness of fit of the model, statistical
measure of RMSE, MAE and MAPE are evaluated.

Table 3: Performance indicator

Location RMSE MAE MAPE
Alor Setar 3.0632 2.3604 0.2901
Senai 2.9914 2.4092 0.3002
Langkawi 3.7441 2.9419 0.3617
Melaka 3.1853 2.5864 0.3123

From the result shown in Table 3, the performance indicators show small values for each
of the locations. Consistent with the earlier plots of pdf, Langkawi has the largest value
for all the performance indicators in comparison to other locations whilst Alor Setar
shows smallest value on MAE and MAPE and Senai shows the smallest value for RMSE.
In conclusion, small values of performance indicator obtained suggest a good fit of
lognormal distribution to the recorded data.

6. Conclusion

Lognormal distribution is often used in describing data due to the flexibility of the scale
and shape parameters. In this study, the lognormal distribution was fitted to the
Malaysian wind data. From the pdf plots and cdf plots obtained, there seems to be a
general agreement between the observed and estimated values. To further assess the
suitability of the model, RMSE, MAE and MAPE performance indicates used. Small
values for each of the locations indicate that lognormal distribution is a good fit for
Malaysian wind speed data. The significant finding suggest that two parameters
lognormal adequately describe maximum wind speed; thus contributing towards a better
understanding of extreme wind behavior via parametric statistical model.
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