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Abstract

Wind direction is vital in monitoring the global climate and weather patterns. The
nature of wind direction that is circular makes the data unsuitable to be analysed
with regular statistical techniques used for linear data. Therefore, this study
analyses wind direction with special statistical techniques for circular data. We
model the wind direction data in Butterworth, Penang, Malaysia for southwest
monsoon season between June to August in 2016 and 2017 with the functional
relationship for circular data through the von Mises distribution. In this study, the
parameters are estimated through the maximum likelihood estimation with the least
square method. The rotation parameter shows that the value is 6.0965 with low error
concentration parameter that is 1.2873. The variance of the parameters is obtained
through the Fisher information. This proposed model may be employed in studying
the wind direction in Butterworth during southwest monsoon season.

Keywords: Butterworth; parameter estimation; von Mises distribution; Penang;
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1 Introduction

Modelling of wind direction is essential in applications related to navigation,
safety, power transmission and engineering structure design [1, 2]. For example,
boaters must know how strong the winds will be, as well as in which direction they
will blow [3]. In the army and other fields of research, wind direction is an
important factor in weather forecasting and aviation navigation [4]. Besides, wind
direction may be modelled to predict wind turbine power and the movement of
airborne pollutants [5, 3]. Wind direction is circular and measured in the form of
angle.

Circular data is frequently represented as points on the unit circle's diameter

that reflect the direction's position. Circular data is measured in the range [0, 2r)

radians or [O°,360°)[6]. Different statistical approach is required in treating

circular data compared to the approaches used for linear observations by the reason
of the geometrical behaviour of the circular observations [7, 8]. Circular
observations arise in many fields such as environment science, animal movements
(ecology), social science, musicology and physics [9]. It has an intrinsic periodicity
that is not present in observations taken on a linear scale. Say, the angle 355° is
significantly closer to the angle 5° compared to an angle of 330°, thus, a simple
arithmetic mean, for example, might be rather deceptive [10].

We concentrate on wind direction that is angular in character in this research.
Our interest is to study the wind direction relationship in Butterworth, located in
Penang, Peninsular Malaysia. Penang is known as one of the most well-known
destinations in Peninsular Malaysia with tropical climate [11, 12]. The Asian-
Australian monsoon has a significant impact on Peninsular Malaysia's climate [13].
Southwesterly winds prevail Peninsular Malaysia from June to August (known as
the southwest monsoon). Butterworth is an important business port in Penang as it
locates a cargo terminal [14]. Figure 1 illustrates the spot of Butterworth in
Peninsular Malaysia.
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Figure 1. Location of Butterworth in Peninsular Malaysia.
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Outliers would show as anomalies while dealing with data [7]. There are
some approaches may be used to detect the outliers when handling the data.
Mokhtar et al. (2019) proposed a covratio statistics in detecting outliers in circular
data [15]. The method introduces covratio statistics which involves row deletion
approach. Thus, we consider this method in detecting outliers in Butterworth wind
direction data that is obtained from Malaysia Meteorological Department.

2 The Functional Relationship Model

In this paper, functional relationship model that is specifically observed for
circular data is applied to wind direction data. The specialty of functional
relationship model is that it considers the errors in each variable, compared to the
ordinary linear regression model which only considers the error term in y-variable.
The model is Y = X +a(mod 27).

Given that x, = X, +J,and Y, =Y, +¢& where i =1, 2,..., n for the parameter
of rotation, « . The error terms in this model are distributed independently with the
von Mises distribution where &, ~VM(0,x) and & ~VM(O,v). The von Mises
distribution is prominent in describing circular variables statistically. This

distribution is corresponding to the normal distribution of linear data [16]. Its
probability density function is given by

9(6; 11,5 = 27['1 .

where 1,(x) is the modified Bessel function of order zero and the first kind, which
is defined by :

exp (xcos(6—u))

2z
l,(x)= % Iexp(zccos&’)d@
0

for 0<x<27, 0<y<2z and x>0 inwhich gz isthe mean direction and « is
the error concentration parameter.

3 Parameter Estimation and Outlier Identification

Maximum likelihood is applied in estimating the parameters. Maximum
likelihood estimation is an indispensable tool for many statistical modelling
techniques [17]. The log likelihood function of the distribution is given by

logL =-2nlog 2z —nlog l,(x)—nlog I,(1x)

+chn:cos(xi — Xi)+ﬂuczn:cos(yi —a—X;)
i=1 1

The variable X; may be estimated by using iteration from

sin(xi - )Zio)+ sin(yi —-a- )Zio)
cos(xi - X )+ cos(yi —a-X,)
The estimation for rotation parameter, « obtained is

X~ X+
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when S >0,C >0

Hﬁ_J

}+7z whenC <0

tan*

}+272' when S<0,C>0

where S = Zn:sin(yi - )Zi) and C= Zn:cos(yi - Xi)
i=1 i=1

In estimating the concentration parameter, x, the approximation by Fisher
(1993) for equal error concentration case is given as follows:

2w+w3+gw3 when w< 0.53

0.43
(1-w)

when 0.53<w<0.85

AH(w)=4-0.4+1.39w+

1
w® — 4w’ + 3w
Thus, we could estimate the error concentration with £ = A " (w)

Where W= %{Zn:cos(xi - X, )+Zn: cos(yi —a-X, )}
i=1 i=1
Thus, it is

o n (S eod )1 Srcody %,

It is worthy to point out that the estimate becomes x :g since estimating

when w > 0.85

concentration parameter of circular variable requires a correction factor of dividing
k by 2 [18]. The Fisher Information is applied in obtaining the covariance of the
estimated parameters. From  Fisher information matrix, F for

X, X,y X, £@nd &, the covariance matrix for estimated parameters is
1
11 2n [A'(®)]

A

a 2

KNA(K)

Outliers are data occurrences that make fitting the desired model more
challenging [19]. For this model, the existence of outlier is detected by covratio
statistics. Covratio statistics is obtained from the ratio of the determinant of the
covariance of the parameters, | COV | and the determinant for the covariance

covariance{
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matrix of diminished data, | COV | _;, where i-th data is deleted one after another.

The formula is given by COVRATIO,_;, = ||§OO\>/ || _
0)

In detecting the existence of outliers, the cut-off point for this functional
model is given by the equation y = 3.7586n%71 [15]. The performance of this
cut-off point in detecting outlier may be referred to Mokhtar et al. (2019) [15].

4 Results

The wind direction data of Butterworth for 2016 and 2017 are checked
whether any outlier is present. The values of COVRATIO(. are obtained for each
data and are checked if they exceed the cut-off point in outlier detection. With the
sample size of 92, the cut-off point for this data becomes y = 0.15161. The
COVRATIO¢i values for each data is given in Figure 2. It is shown that no
observation has the COVRATIO. that exceeds the cut-off point. Hence, we may
say that no outlier is detected and we proceed to fit the data with the functional
relationship model.

Value

0,02 ¢ 50 100
Observation

Figure 2. Values of COVRATIO for each data

The functional relationship is applied in modelling the wind direction in
Butterworth during the monsoon season of southwest in both 2016 and 2017. This
model is specially developed to fit circular variables statistically. Parameter
estimates are obtained and the values are stated in Table 1 below.

Table 1. Parameter estimation of Butterworth wind direction.

Estimation Value

Rotation, & 6.09653
Variance of & 0.03133
Concentration, ¥ 1.28726
Variance of ¥ 0.01869

According to the results in Table 1, we propose a model for Butterworth wind
direction for the season of southwest monsoon in 2016 and 2017 with Y =
6.09653 + X (mod 2m) in which the error concentration estimate of 1.28726. The
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estimate of rotation for the data is 6.09653 which is found to be very close to a
whole circle, 2x radians. Checking on the variance for the estimate of rotation, &
and the estimate of concentration, &, given that the values are very small given by
0.03133 and 0.01869, respectively. This is an indicator that the estimates of the
parameters are consistent.

5 Conclusion

In conclusion, this paper studies Butterworth wind direction in 2016 and
2017 during southwest monsoon and proposes functional relationship model, for
circular variables. The strength of this model is we take into account of the error
terms for all variables statistically with appropriate distribution. The covratio
statistics is considered in identifying the outlier in the data and it validates that no
outlier exists in the data set. By using the von Mises distribution, the parameter
estimates of the model are obtained through the maximum likelihood method. From
this model, the rotation parameter obtained is big, 6.09653 which is very close to
2n radians, that is nearly a complete circle. It is estimated that the error
concentration parameter of this data is small which is 1.28726. The model proposed
in this study may be used in wind energy analysis for Butterworth, for many
purposes.
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