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ABSTRACT

Modelling daily wind speed data by using the two parameter Weibull distribution for
ten selected weather stations in Sri Lanka is presented. The daily wind speed data
measured by the Department of Meteorology at the heights of 6m-15m during the years
2001 and 2004 were used in this work. The annua variation of the fitted Weibull
parameters, the shape parameter k and the scale parameter ¢ ranged from 0.80 to 3.58
and 2.79 ms™ to 19.78 ms™ respectively. The highest values of the parameters were
found in Hambantota and the lowest values were found in Kurunegala. It was seen that
the daily wind speed distribution can be modelled with a reasonable accuracy, using the
two parameter Weibull distribution for the stations considered in this work.

1. INTRODUCTION

Sri Lankais an island with a land area of approximately 65,610 Sg. km situated in the
southern tip of the Indian subcontinent between longitudes 80° - 82° East and latitudes
6° - 10° North. The island has a population of about 16 million inhabitants. The gross
energy supply of the country is fulfilled by non-commercial fuel wood (57%), fossil
fuels (31%) and electricity (11%), which is generated mainly through Hydro and
Thermal power. Although, Sri Lanka has no mineral resources, the country has adequate
natural resources such as, Hydro, Solar and Wind. However, 90% of the electricity in
Sri Lankais still produced through Hydro power. Thus, assessment of other aternative
resources such as Wind and Solar isimportant for policy implications[1, 2].

Sri Lanka is situated in the belt of monsoon climates in South Asia. The climate of the
island is governed by its tropical location as well as by the monsoonal regime, thus has
a strong seasonal and spatial dependence. On the basis of the two monsoons and two
transitional periods in-between, four seasons are identified. They are the North-East
monsoon from December to February, First inter-monsoon from March to mid May,
South-West monsoon from mid May to September and Second inter-monsoon from
October to November.

In general the winds during the monsoons are somewhat stronger. During the inter-
monsoon periods the winds are weaker and variable. Based on extensive analysis of the
existing wind data, it has been concluded from past studies that the Southern lowlands
have the most favourable wind resources throughout the year [3].

The South-West monsoon winds are recorded to have a remarkable persistent in

direction and sustain from about middle of May till early October whereas the North-
Easterly winds commence in December and continue till about late February. During
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the inter-monsoonal periods, wind prevails from March till mid May for the first inter
monsoon period and from October till November for the second inter-monsoon period.
The inter-monsoonal periods are also marked by long periods of calm and weak winds
with variability in directions.

The objective of this study is to model the daily wind speed distributions and determine
the two parameters, k and c, of a Weibull function that can describe the wind speed
distributions in afew selected weather stations scattered around the island.

2. DATA SAMPLE

Daily average wind speed data at the heights of 6 m -15 m measured by the Department
of Meteorology Sri Lanka during the years 2001 and 2004 was used in this work.
Stations were selected with the am of covering different geographical regions in Sri
Lanka. However, due to the difficulty in obtaining reliable data, the number of stations
was limited to atotal of ten. The details of the location of the stations and their altitudes
are summarized in Table 1.

Table 1. Longitude, Latitude and Elevation of the selected weather stations

Station Longitude Latitude Elevation
Jaffna 80°01'E  9°39'N 4m
Anuradhapura 80°23E 8°21'N 93 m
Ratnapura 80°24'E 6°41'N 34m
Kurunegala 80°22°E 7°28 N 116 m
Hambantota 81°08'E 6°07'N 16 m
Batticaloa 81°42'E 7°43' N 3m
Maha-llluppallama  80°28'E 8°07'N 138 m
Trincomalee 81°15E 8°35'N 3m
Puttalam 79°50'E  8°02'N 2m
Bandarawela 81°00'E 6°05N 1,372m

3. WEIBULL DISTRIBUTION

Measurements of wind speed distribution or frequency distribution is an essential
ingredient in calculating the output of the wind energy at a particular site. The wind
speed distribution can be mathematically represented by several analytical functions.

One of the mathematical functions that have been successfully applied to fit wind speed

distributions is the Weibull distribution function [4]. The general form of the Weibull
distribution function, which is atwo-parameter function, for wind speed is given by,

ol =)
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where f(v) is the probability of observing wind speed v, k is dimensionless Weibull
shape parameter and c is a scale parameter having units of wind speed.

Essentially, the scale parameter, c, indicates ‘windiness of a location under
consideration, where as the shape parameter, k, indicates ‘ sharpness’ of the wind speed
distribution (i.e. if measured wind speeds are very close to a certain value, the
distribution will have a high k value and be narrow)

The cumulative distribution function is given as,

F(v):l_exp[_(gjk]

Fitting the above equation to a set of wind speed data determines the parameters of the
Weibull distribution function. Taking the natural logarithms of both sides of the above
equation twice, gives,

In{~Infl- F(v)]} = kIn(v) =k Inc

Thus, a plot of In{-In[1-F(Vv)]} versus In (v) represents a straight line. The gradient of
lineisk and the intercept is—k In c.

4. RESULTSAND DISCUSSION

In this study, daily average of wind speed data measured at ten weather stations over
two separate years were computerized and analyzed. Based on these experimental data,
frequency distributions were generated and model fitting analysis was carried out to
obtain the Weibull distribution parameters.

The model fitted two Weibull parameters; the shape parameter k and the scale parameter
c are shown in the Table 2 for all stations separately for 2001 and 2004. In fitting the
model, data was modelled by the linear equation given above.

It can be seen that, the shape parameter k has a much smaller spatial variation than the
scale parameter c. The parameter k, varies from 0.80 to 3.58, with an average value of
2.00 during the years 2001 and 2004 where as the parameter ¢ varies from 2.79 ms* to
19.78 ms*, with an average value of 8.24 ms™ during the same two years. Hambantota
shows the highest value for scale parameter c. Next to Hambantota, Jaffa and Puttalam
show high values for parameter c.
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Table 2: Shape and scale parameters for daily wind speed distributions
(No wind speed data was available for Kurunegala for the year 2001)

Station 2001 2004
Kk c Kk c

Jaffna 183 976 203 828
Anuradapura 159 559 217 6.00
Ratnapura 135 354 212 492
Kurunagela - - 149 279
Hambantota 268 1880 358 19.78
Batticaloa 219 6.65 205 647
Maha-lluppallama 0.80 10.88 202 812
Trincomalee 133 435 234 842
Puttalam 225 88 282 880
Bandarawela 182 791 151 6.60

In order to study the seasonal variability of model parameters, Weibull distribution was
evaluated separately for monsoon seasons. The results are shown in the Table 3 for
Hambantota where the highest value for parameter ¢ was observed.

Table 3: Seasonal variability of model parameters for Hambantota

Season k c(ms?)

NE 3.73 22.73
1st inter 3.28 16.60
SW 4.22 22.22

2nd inter 3.34 16.20

The results show that the seasonal shape parameter k ranges between 3.28 and 4.22,
with an average value of 3.64 whereas the seasonal scale parameter ¢ ranges between
16.20 ms™ and 22.73 ms*, with an average value of 19.44 ms™. In general, compared to
the parameter c, the variation of the parameter k is much less between the seasons. NE
and SW monsoons show higher parameter values compared to the inter-monsoon
Seasons.

In order to study the temporal behaviour of wind speeds, the Weibull distribution
function for each of the two years were plotted separately. The fitted model for 2001
data and comparison of reconstructed wind speed distributions through the model for
2001 and 2004 for Hambantota station are shown in Figure 1.

It can be seen that the distributions are almost similar in shape during the two years
considered in this work. However, the distribution for 2001 shows a peak at wind speed
of around 15.8 ms™, while 2004 shows a peak at 18.0 ms™. The model indicates that the
probability of experiencing the stronger winds is slightly higher ( bet ween 14 ms™*
to 26 ms'") during the year 2004 compared to year 2001 in Hambantota.
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Figurel: (a) Fitted linear model for 2001 wind speed data (b) Reconstructed wind speed
distributions for 2001 (thick line) and 2004 (thin line) for Hambantota

Similarly, analysis was carried out using the Weibull distribution function for two more
stations; Jaffna and Puttalam from where the next leading annual wind speeds were
observed. The reconstructed distributions are shown in Figure 2 for both stations.
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Figure 2: Weibull distribution functions for 2001 (thick line) and 2004 (thin line) for Puttalam
and Jaffna

Jaffna shows a peak at wind speeds around 6.3 ns™ and 5.9
ms ! respectively f or year 2001 and 2004. The fitted nodels show
that the probability of experiencing the strong winds is
hi gher (between 10 ns* to 20 ns") during the year 2001 than
the year 2004.

The wind speed distributions of Puttalam are similar, but dlightly narrower. Model
parameters for Puttalam shows a peak at a wind speed of around 6.9 ms* and 7.5 ms*
respectively for 2001 and 2004. The distributions show that the probability of
experiencing moderate winds is less (between 6 ms™ to 12 ms?) and the stronger winds
is higher (between 12 ms™ to 20 ms™) during the year 2001 than that the year 2004,

In order to investigate the seasonal wind speed variation in Hambantota, the

reconstructed Weibull distribution for four seasons is aso investigated. The
reconstructed distributions are shown in the Figure 3.
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Figure 3. Seasonal Weibull distributions for Hambantota

Figure 3 indicates that, anong the four seasons, SW monsoonal period has the highest
probability of experiencing high wind velocities and the lowest probability of
experiencing low wind velocities. The lowest probability of experiencing the high wind
velocities occur during the two inter-monsoona periods whereas the probability of
occurrenceis very similar.

5. CONCLUSION

Numerical modelling using two parameter Weibull distribution function was performed
to describe the wind speed frequency distributions over a two time periods (2001 and
2004) in ten weather stations. The annual values of shape parameter k and scale
parameter ¢ were estimated and found to be vary between, 0.80 to 3.58 and 2.79 ms™ to
19.78 ms™ respectively. The highest values of k and ¢ were recorded at Hambantota
whereas the lowest values were found in the Kurunegala. The highest seasonal values of
shape parameter and scale parameter were recorded during the NE and SW monsoonal
periods. The two parameter Weibull distribution was found to describe the daily average
wind speeds with areasonable accuracy.
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