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Abstract

The complexity of its circular nature of data has limited research on wind direction compared to the linear form of wind speed. Neverthe-
less, the important role of wind direction is undisputable. This study is purposely to distinguish the best fit probability distribution for
Kuala Terengganu’s wind direction data. Then, this probability distribution can be used in determining the best direction that able to
capture the highest wind speed in that area. The numerical and graphical presentation of the wind direction will be discussed throughout
this paper. Next, the coefficient determination, R2 is examined to ensure the appropriateness of this probability distribution. Finally, the
analysis reveals that the wind direction data of Kuala Terengganu fits best with the four number of components (H=4) mixture model of

von Mises.
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1. Introduction

As one of the renewable energy resources, wind energy is ex-
pected to be an alternative to fossil fuel. Among all, the wind is
the most readily available source. This energy comes from the
wind that blows around us which is clean, environment-friendly
and unlimited. Knowledge of wind resources and the potential in
generating energy is very important to avoid worthless findings.
Study on the nature of wind particularly of its speed and wind
direction, its probability distribution and the best model to repre-
sent such data could be beneficial not only to the researchers but
the most important is to the investors and stockholders. Any rele-
vant information will be very helpful in the decision-making pro-
cess.

Research of wind has extensively studied especially on the im-
portance of wind speed including the appropriateness of probabil-
ity distribution [1]-[3], the relevance of producing energy [4]-[10]
and study of mapping of the promising areas [11]-[12]. The wind
speed was known as the main variable that affecting the potential
of generating wind energy in an area. However, studies on wind
direction are still limited due to its circular nature of data. This
circular type of data should be treated differently compared to a
linear data. For example, if a normal distribution is known as the
important and most common distribution to represent linear data,
then a Circular Normal (CS) or a von Mises distribution do the
same role for circular data [13]. Nevertheless, there are still nu-
merous options of probability distributions for circular data for
example cardioid, wrapped normal (WN), wrapped Cauchy (WC)
and circular Beta model distribution that has been studied by re-
searchers.

In this paper, the data of wind direction will be analyzed using a
finite mixture of von Mises as it is believed to be the most appro-

priate distribution that can best describe the circular with multi-
modal data [14]-[16]. Next, the dominant direction will be deter-
mined so that the amount of wind capture can be optimized. Final-
ly, the significance of wind direction to maximize the energy pro-
duction will be resolved.

2. Study Area and Data

Kuala Terengganu is located at the eastern part of Peninsular Ma-
laysia (as shown in Figure 1). At 5° 20’ 0" north latitude and 103°
8' 0" east longitude, Kuala Terengganu experience a wet and hu-
mid climate throughout the year just like other places in Malaysia.
Kuala Terengganu exposes to a major monsoon season which is
northeast monsoon that occurs from November until March every
year. This northeast monsoon usually brings heavy rainfall to Pen-
insular Malaysia and Kuala Terengganu is among the most affect-
ed area. Besides, Kuala Terengganu also exposes to short inter-
monsoons with the land and sea breezes effect.

Hourly data of wind direction (in degree, °) at 10 metres height for
Kuala Terengganu is provided by Department of Environment,
Malaysia. The data recorded from January 2007 until December
2013. However, the analysis in this paper only focuses on wind
data for 2007.
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Fig 1: Location of Kuala Terengganu, Malaysia.

3. Methodology

The suitability of finite mixture von Mises (FMvM) distribution
will be investigated in this paper. The distribution is then to be
used in determining the best direction with high wind speed in
Kuala Terengganu. The procedure begins with the parameter esti-
mation and followed by the equation solving for FMvM. The data
is presented in the graphical and numerical presentation.
MATLAB R2014a software is used throughout the analysis of the
study.

3.1. Finite Mixture of Von Mises (FMvM)
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f,(0)= ;m’(—j)exp(zcj cos(ﬁ—,uj ))

()
where,
0<@<2r, 0<p <27, Kk 20,
0<w, <1 forj=12,.... H andzH:a)jzl
=
1%
IO<K1): E !exp(xj cos 9)16?
vy ! (K_J
(1) 2 @

3.2. Goodness of Fit Test

The suitability of FMvM to model the wind direction data in Kua-
la Terengganu is measured by using R? determination correlation.
It is a type of distribution fitting test which measures the appropri-
ateness of a mathematical model. (José A. Carta, Bueno, and
Ramirez 2008; José Antonio Carta and Ramirez 2007) has proven
that the R? determination coefficient is best in assessing goodness
of fit for a circular probability distribution. Equation for R? deter-

mination coefficient:

i=1 i=1 (3)

where,
F, is a cumulative data function

A

F. is the estimate cumulative distribution function

3.3. Wind Rose

The graphical presentation that uses to present the frequency and
percentage of winds blowing is called wind rose. The direction
from each of the leading eight points of the compass is shown by
this presentation. It also shows the dominant direction of the wind.
Figure 2 shows an example of wind rose.

Fig 2: Wind rose.
4. Result and Discussion

The best fit and appropriate distribution will best explain the pre-
vailing wind direction in that study area which is Kuala Terengga-
nu, Malaysia. Parameter estimation is a vital initial step in a model
fitting process. Table 1 shows the parameter estimation values for
each component in FMvM distribution (H=1,2...8) at Kuala Ter-
engganu.

Table 1: Parameter Estimates

FMVM Parameter estimates
K, K ®
H=1 -0.98309 -0.18313 0.38973 1.00000
H=2 0.36496 0.93102 1.72525 0.36706
-0.69182 -0.72207 2.61702 0.63294
H=3 0.62850 0.77781 4.10217 0.33209
0.29205 -0.95640 2.92384 0.10934
0.29205 -0.95640 2.92384 0.10934
H=4 0.73084 0.68255 7.30861 0.31500
-0.78842 0.61513 5.04408 0.10690
-0.81116 -0.58483 7.93437 0.50691
0.69763 -0.71646 5.04408 0.07119
H=5 0.77857 0.62755 9.73148 0.25828
-0.27274 0.96209 7.80525 0.09269
-0.97158 -0.23672 12.79867 0.36270
-0.52125 -0.85340 10.40707 0.23082
0.81445 -0.58024 7.80525 0.05551
H=6 0.83116 0.55604 13.59250 0.24537
0.06497 0.99789 10.94528 0.10175
-0.93094 0.36517 9.48706 0.08518
-0.86572 -0.50053 13.81694 0.42325
-0.12149 -0.99259 11.48548 0.09227
0.87169 -0.49006 10.94528 0.05218
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A numerical evaluation should be presented to determine the
suitability of the finite FMvM model towards data. This study uses
R? determination coefficient as the numerical evaluation. Table 2
shows the values of R? for each fitted components of finite
mixture von Mises. The values of R? increase significantly as the
increases in the number of components, H. Nonetheless, the value
becomes closer and closer as H approaching four and larger. It
concludes that the FMvM (H=4) can best explain 99 percent of the
variation in Kuala Terengganu wind direction data.

Table 2: The R? Determination Coefficient for each Component FMvM

H 1 2 3 2 5 6
2
o | 092387 | 0.98564 | 0.99822 | 0.99841 | 099853 | 0.99875

The estimation for the density probability function of FMvM
(H=4) model is then can be derived as:
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The parameter of mean directions refer to mean for circular data in
rectangular coordinates:

XT =[cos6 sind] )

Wind rose is selected for describing wind direction data in Kuala
Terengganu via graphical presentation. The diagram is presented
in circular type and shows the frequency or percentage of winds
blowing from a specific direction and determine the dominant
wind direction for that area. Figure 3 and 4 show the wind rose for
Kuala Terengganu. The dominant direction for wind is towards
East-North-East point. However, in Figure 4, the highest wind
speed is also pointing towards East-North-East. The wind speed
values in Figure 4 are converted to mile per hour unit.
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Fig 3: Wind direction for Kuala Terengganu.
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Fig 4: Wind speed for Kuala Terengganu.

5. Conclusion

This study reveals that finite mixture von Mises (FMvM) with
four components (H=4) found to be the best-fitted model for Kua-
la Terengganu data. The variation in the data can be explained by
the selected model where more than ninety-nine percent value
stated in its R2 determination coefficient. This study also discloses
that East-North-East is the best point that the dominant direction
for wind flow. Likewise, the highest speed of wind is also found
in this East-North-East point. In a nutshell, this study gives the
idea of how the regime of wind direction in Kuala Terengganu.
The outcomes from this study might encourage further advance
researches in the future. Hence, it is possible that Kuala Terengga-
nu can be one of the potential areas of producing wind power.
With the cooperation of all parties which are government, private
sectors and researchers, this mission would not be impossible to
realize.
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