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ABSTRACT. Variation in wind speed not only indicates the strengthening or weakening of pressure systems but
its role in wind farm in the vicinity of coastal area is also crucial. Probability distributions through time series of wind
speed data serves foremost basic need for the said parameters. Exploratory data analysis revealed that for coastal city
Karachi, maximum wind speed (~23 m/s) occurred during monsoon with its peak during postmonsoon with maximum
deviation (~3.5 m/s). Mean / trimmed mean during spring and postmonsoon (~11.5 m/s) as well as in premonsoon and
monsoon (~18.5 m/s) remain almost identical while minimum wind blowing during winter and postmonsoon are also
identical (~6 m/s). Autumn and winter exhibits least standard deviations. Critical and statistical values have been
compared for distribution modelling, while parametric values of different seasonal and continual distributions are also
estimated. The study is supported by cumulative distribution functions and probability-probability plots. It is not
uncommon to use Weibull distribution for wind speed modelling. By using daily data time series of wind speed for the
coastal station Karachi, it has been explored that widely accepted Weibull distribution provides comparatively poor
distribution results when compared to other more complicated models (i.e., Wakeby and generalized extreme value
distributions]. It is found that annual and seasonal wind comes after the Wakeby distribution except premonsoon summer
which follows the generalized extreme value distribution (GEV) for the city. No continual and / or seasonal wind speed
follows the Weibull distribution, ultimately and / or more appropriately. The study may give some new insights for
aviation and wind engineering purposes.
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modelling.
1. Introduction contrast to conventional power stations (Basumatary et al.,
2005). Alternate energy production or power generation is
Wind is considered as one of the inexpensive dependent on distribution of wind speed (Tuzuner and Yu,
potential source of energy. Wind energy is renewable - in 2008). Hence, appropriate distribution modelling of wind
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Fig. 1. Cumulative distribution function for different probabilities for Karachi
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TABLE 1

Basic EDA statistical parameters

Season Mean Trmean Maximum Minimum St. dev Range
Winter 8.993 9.007 11.643 6.071 1.166 5.572
Spring 11.498 11.558 13.286 8.500 1.384 4.786
Pre-monsoon summer 18.497 18.532 23.357 13.071 2.513 10.286
Monsoon 18.760 18.748 22,571 15.786 1.538 6.785
Post-monsoon summer 11.646 11.622 17.714 6.000 3.540 11.714
Autumn 7.411 7.425 9.429 5.000 1.152 4.429

speed is the primary need for the close estimation of
energy production. In general, Weibull (W3) distribution
is the recognized modelling irrespective of the
geographical location of station (Yu and Tuzuner, 2008;
Edwards and Hurst, 2001; Archer and Jacobson 2003
and 2005).

In Pakistan, wind speed distribution plays a crucial
role in forecasting storms and planning of coastal wind
farms (Ahmed et al., 2006). Through distribution
modelling of the wind data for the coastal urban city
Karachi it is revealed that wind speed measurements may
not inevitably W3.

This paper describes the wind speed distribution
modelling as an alternative to estimate energy
production which is dependent on the wind distribution.
Therefore, accurate distribution modelling is the initial
step to attain the estimation of the accurate alternate
energy production.

The Shape factors have also been estimated.
While, after fitting the close distribution set
[viz., W3, Generalized Extreme Value (GEV) and Wake
by (W5) distributions] over the coastal urban city it is
shown that wind distributions may not be most
appropriately follow the W3 distribution, for instance, in
the case of Karachi.

2. Materials and method

2.1. Data

The available data set of daily wind speed from
1997 to 2014 has been utilized in this study;

obtained from the archives of Pakistan Meteorological
Department.

2.2. GEV distribution model

Extreme Value Theory (EVT) has been
reckoned over Extremal Type Theorem (ETT) such
that the rescaled sample maxima converge in
distribution to a variable having distribution,
possibly ~ within any one of the Gumbel,
Frechet and Weibull (also called Type I, Type Il and
Type II1) families, respectively (Sadiq, 2015). The
merger of Gumbel, Frechet and Weibull families comes
out as

Slz)-e0 —{1+§(Z‘ﬂ)}%

o

defined on the set {z:1+&(z—u)/o>0}, where the
parameters satisfy —oo < <o,0>0 and—o <&<oo . This

is the GEV distribution family comprises of three different
parameters viz., p, o, and & known as location, scale and
shape parameters, respectively. Gumbel, Frechet and
Weibull corresponds to & = 0, & > 0 and § < 0,
respectively.

2.3. Wakeby (W5) distribution model

If the probability density functions (pdf)
exhibit a characteristic heavy tail then it can be better
modelled by WS5 distribution, as our results (Fig. 1)
shown, that this distribution provides markedly good fits.
The PDF of the distribution may be determined by
Johnson (1994)

- RGP
S = A = FopP™
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TABLE 2

Critical and statistic values for annual and different seasons regarding considered distributions

Status Critical value Wakeby (St. Val.) GEV (St. Val.) Weibull (St. Val.)
Annual 0.07108 0.07056 0.11589 0.11721
Spring 0.19625 0.06603 0.08497 0.11346
Pre-monsoon summer 0.15342 0.09804 0.08249 0.10044
Monsoon 0.15755 0.04786 0.06268 0.06964
Post-monsoon summer 0.18659 0.05466 0.09836 0.11046
Autumn 0.19837 0.08184 0.09792 0.10933
Winter 0.0563 0.04963 0.07941 0.08909
TABLE 3
Parametric values of different seasonal and continual distributions
Status Wakeby GEV Weibull
Annual o=14.04 B=0.77975 y=0 k=0.18181 6=4.7201 p=11.396 o=1.7621 B=9.5953y=4.8461
8=0 £=5.5013
Spring o =40.785 =253 y=6.2521 k=-0.59221 c=1.5527 pn=11.217 o=4.0419E+7 B =4.3721E+7

Pre-monsoon
summer

Monsoon

Post-monsoon

8=-1.4666 £=7.413

o =19.087 B =2.4647 y=0.0674
§=0.71141 &=12.755

a=133 B=4.5068 y=1.1752
6=-0.1109 &=15.287

o=11.491 B=0.91587 y=0

y=-43721E+7
k=-0.54852 6=2.7617n=17937 a=28.9863 B=19.522 y=10.03277

k=-0.3469 c=1.5882 p=18263 o=3.4107 f=5.1851 y=14.103

Kk =-0.24556 ¢ =3.5571 n=10.303 a=1.8462 B=7.123 y=5.3072

summer 8=0 £=5.6475
Autumn 0 =2620.3 B=472.57 y=3.5075 k=-025468 c=1.1587u=6981  a=3.1307 B=3.5796 y=4.2146
3=-0.86749 £=0
Winter a=20.217 B=8.4475 y=1.2638 k=-035669 c=12073 p=8.6226 a=4.3261 B=4.8855 y=4.5446
8=-0.23928 &=5.8336
where, F(x) is the CDF with a, B, vy, 6 while parametric domain comprises of

shape parameters. The inverse CDF of the W5 may be

given by E<x<wif§=0andy >0
x(F)=§+5[1-A-PMF -5 -1-F]7° f<x<f+5-Lifs<0ory=0
with the fO”OWing conditions or restrictions that must The above parameterization is due to Hosking (1986)

apply among the various parameters

y=0anda+y =0

If«a = 0thenp
Ify =0thens

either o #= 0 or

=0
=0

y#0

which is unlike that used by Landwehr et al. (1979). In
point of fact, the parameterization by Sen (2009) presents
the W5 distribution as an extension of the Generalized
Pareto Distribution (GPD) that provides the guesstimates
of the more stable parameters under small disorderly data
(Landwehr et al., 1979). In order that x(F) in the equation
Marsh and Dale (2002) represents an inverse CDF, the
conditions y > 0 and y + a > 0 should be followed. As W5
is of supple nature, it can be utilized for the description of
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Fig. 2. PP plot for the different probabilities for Karachi
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natural processes accompanied with multiple factors
which should or else be modelled through the combination
of more than a few distributions.

2.4. Weibull (W3) distribution

A random wvariable X is said to have a
W3 with parameters a and g (¢ > 0,8 > 0) if the pdf of
Xis

fCoapB)= ;—a x® 1@ ifx >0

otherwise the functionisQifx <0

When, a = 1, the pdf becomes
fli B) = ﬁia e~*/Bifx>0

otherwise the functionisQifx <0

which is the pdf for an exponential distribtion with
parameter A = % (Celik, 2004). Hence, it is concluded that

the exponential distribution is the special case of Weibull
distibutions.

2.5. Testing hypothesis
2.5.1. Goodness of fit

Test statistics using Kolmogorov-Smirnov technique
has been applied to check that which distribution is
statistically a good fit to the wind speed data. It is
observed that for annual data other distributions like GEV
and Weibull are unsuitable at our chosen significant level
() of 0.05 level. Only W5 distribution shows that its
critical value 0.07108 is greater than the static value
0.7056. Hence, for annual wind speed W5 distribution is
also tested and verified through test statistics. All the
goodness of fit test values and critical values are
summarized in Table 2. Though, in seasonal cases,
distributions may be drawn from other models but even
then the statistic values suggests the W5 remains the best
fitted distribution. Premonsoon is the exceptional case in
which GEV distribution appears to be even better fitted
than the W5.

3. Results and discussion
3.1. Exploratory data analysis
The trimmed mean is the specific method of

averaging that remove the percentage of the largest and
smallest values before calculating the mean. After

removing the specified observation, the trimmed mean
may be just by using a simple arithmetic average formula.
The trimmed mean of wind is highest (18.748 m/s) in
monsoon (which is also comparable to wind speed in
Premonsoon summer) and lowest (7.425 m/s) in
transitional autumn.  Similarly, second  summer
(11.622 m/s) and transitional spring (11.558 m/s) have
also identical values. All the values are summarized
in Table 1.

Standard deviation (SD) is the measure of the
dispersion of a set of data from its mean. The more
spread apart the data the higher the deviation. While the
low standard deviation shows the data values are
nearer to the mean value. The maximum (i.e., the
most deviated observed value from the mean) and
minimum SD has been observed during postmonsoon and
autumn, respectively. The maximum and minimum Range
has also been observed for postmonsoon and autumn,
respectively.

3.2. Best fitted distribution modelling

As regards the seasonal distribution, seasonal
classification is assorted as winter (Mid of December to
February), spring (March to Mid April), premonsoon
summer (mid April to June), monsoon (July to first
denary of September), postmosnoon summer (second
denary of September to October), and autumn (November
to mid of December) as suggested by Sadiq (2009). It is
evident that except winter annual analysis of wind speed,
models may be drawn from other than the W5
distribution. The test statistics values decided that W5
distribution is the best for spring, monsoon, postmonsoon
summer, autumn and winter seasons. However, for
premonsoon summer, GEV distribution statistics is more
appropriate (Table 2). Shape parameters have also been
estimated for all the considered models for comparison
and summarized in Table 3.

The cumulative distribution function (CDF) for W5,
GEV and W3 distributions in respect of annual
and seasonal winds have been plotted in Fig. 1. It is
evident that W5 (i.e., black) curve remain in consistent
and close to the cumulative steps as compared to W3
(light grey) and GEV (dark grey). Though, other two
distributions are also appears closed but visually it is clear
that W5 is the closest, hence appears to be as the best
fitted model.

3.3. Validation of the model
The plot of p (empirical) against p (model) has also

been employed to check the suitability of the fitted models
(Fig. 2). The graph should be ideally linear (or close to be
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linear) if the chosen distribution is the correct choice.
The supplementary graphs of p-p (i.e., plot against
empirical to theoretical probability) also show that W5
remain closer to the ideal line while W3 and GEV
distributions fluctuate more than the W5. Therefore, it is
confirmed that W5 is the most appropriate modelling for
the considered data set.

4,  Conclusions

The study undertook the EDA and modelling of
continual and seasonal wind speed for the coastal urban
city, Karachi. Premonsoon and monsoon seasons are
found as the most wind blowing seasons for mean,
maximum and minimum values while least values are
generally observed in winter. The SD (i.e., the observed
value deviated with respect to mean value) and Range are
maximum in premonsoon. There is no significant
difference between Mean and Trimmed mean. As regards
wind speed, Weibull distribution has not been found the
best model when compared to more complicated models
like GEV and Wakeby distributions. The continual wind
at Karachi cannot be modelled at 95 per cent confidence
but only with Wakeby distribution among the undertaken
models. The seasonal wind has also been found as best
fitted through W5 distribution with the exception of
premonsoon when GEV appears to be more appropriate.
The model has also been validated through p-p plots in
addition to  Kolmogorov-Smirnov  test.  Weibull
distribution has failed to model the continual speed at the
high chosen confidence level and also not found the most
appropriate for seasonal wind modelling regarding the
coastal urban city, Karachi. The study may be further
extended by estimating the wind power generation in
correspond to wind mill dimensions through wind
potential at this coast.

5. Abbreviations

EDA : Exploratory Data Analysis

SD . Standard Deviation

GEV : Generalized Extreme Value
W5 :  Wakeby

W3 : Weibull

EVT : Extreme Value Theory

ETT : Extremal Type Theorem

pdf . Probability distribution function

CDF : Cumulative Distribution Function

pp . (empirical) probability - (theoretical)
probability
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