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ABSTRACT 
 

Accurate wind power estimates (based on variable wind speeds) are necessary for successful 
planning and investment in wind power development. In order to inform the development of wind 
energy, it is essential to acquire a trustworthy quantification and spatiotemporal characteristics of 
wind speeds. This research used the ArcGIS, Mann-Kendall (MK) test, and Sen's slope to analyze 
long-term wind speed data from 7 stations in the Kalaburgi District, North Eastern Region of 
Karnataka State, from 1981 to 2018. The findings of this study contribute to our knowledge of how 
wind speeds in Kalaburgi District vary and are distributed over long time scales. Over 35 years, 
there has been a slight and steady rise or decrease in the average wind speed (aveWS). Second, 
over a span of about 35 years, the annual aweWS varied greatly at various points within the 
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Kalaburgi District. Additionally, the annual aveWS at each station showed a rising tendency. Last 
but not least, values of wind speeds varied geographically were not very consistent throughout the 
year, and gradually decreased.  
 

 
Keywords: Spatial variability; MK test; Sen’s slope; trend analysis. 
 

1. INTRODUCTION 
 
“The renewable energy sector has been tasked 
with providing a reliable power supply to industry, 
commerce, and society at large. The motivation 
is not only to supplant a diminishing fossil fuel 
resource but also to bring about cleaner air and 
meet net-zero carbon emission targets at globally 
varying time horizons” [1,2]. “Globally, most 
research in this field occurs in Asia, with China, 
India, and Iran being the top three countries for 
total publications produced” [3]. “In coastal and 
offshore areas, especially for marine research 
and development, the demand for electricity has 
risen. Offshore wind power is particularly 
appropriate for high-demand coastal cities, 
lighthouses, and marine-weather buoys” [4,5,6].  
 
A variety of time scales, including monthly, 
yearly, seasonal, and decadal, as well as 
maximum or extreme values within a particular 
time frame, can be used to analyze wind speed 
characteristics [7-9]. Fu et al. [10] investigated 
“the various temporal patterns of annual wind 
speed variation at 597 observational sites across 
China based on the yearly mean wind speed and 
connected the variability to the Inter decadal 
Pacific Oscillation”. Rehman [11] used “the MK 
test to analyze the trends in the regression lines 
and calculated the annual net yield of wind 
energy using the wind power law and long-term 
yearly and monthly mean wind speeds”. Bierstedt 
et al. [12] evaluated “the spatial structure and 
temporal variability of mean and extreme wind 
speed data using principal component (PC) 
analysis, also referred to as EOF, to identify the 
dominant patterns of variability”. 
 
Our knowledge of the spatiotemporal distribution 
and variation of wind speeds over long time 
scales in Kalburgi District, North Eastern Region 
of Karnataka State, was to be improved by the 
current research. The possible links between 
these traits and the recognized patterns of 
climate variability were then confirmed [13-17]. 
As a result, the analysis and findings offer 
significant insights that may guide choices 
regarding the location of wind farms and the 
orientation of wind turbines, helping to assess 
the offshore renewable energy sector. In the 

context of seasonal outlooks or long-range wind 
power generation forecasting, these findings may 
also be interesting [18]. “The study of fitting 
probability density distributions, such as gamma, 
Weibull, Gumbel, and truncated normal or mixed 
distributions, can also benefit from understanding 
of wind speed distributions with various 
characteristics” [19-21].  
 

2. MATERIALS AND METHODS 
 

2.1 Description of Study Area 
 

“The area selected for the present study comes 
under the north eastern dry zone of agro climatic 
condition of Karnataka state, India (Fig. 1). The 
entire district located on Deccan plateau and 
altitude ranges from 300 to 750 m above Mean 
Sea Level (MSL). Most of the area is covered 
with black soil and to some extent red soil as 
well. The study area lies between 17˚12ʹ and 
17˚46ʹ N latitude and 76º 04ʹ and 77˚54ʹ E 
longitude” [22]. 
 

2.2 Data Collection  
 

The long-term wind speed (ms
-1

) data obtained 
from the National Aeronautics and Space 
Administration prediction of worldwide energy 
resource (NASA POWER) project. Historical data 
of wind speed collected for 7 weather stations 
viz. Aland, Afzalpur, Chincholi, Chittapur, 
Kalaburgi, Sedam and Jewargi, for the periods of 
1981-2018. 
 

2.3 Statistical Analysis 
 

Statistical analysis of long-term wind speed      
(ms

-1
) data executed. For statistical data analysis 

spreadsheet package of MS Excel was used. 
The analysis was carried out by using Mann- 
Kendall Test and Sen’s slope estimator for 
collected wind speed (ms

-1
) data from the study 

area. 
  

2.4 Trend Analysis 
 

“Long  term  wind speed (ms
-1

) collected  data 
from  the  National Aeronautics and Space 
Administration prediction of worldwide energy 
resource (NASA POWER) project  [23], these 
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data available freely worldwide in gridded form 
with 0.5 degree resolution. Trend analysis of 
were carried out to assess the long-term 
variability and trend slope by Mann-Kendall test 
and Sen’s slope estimator” [22]. 
 

2.5 Mann- Kendall Test 
 
“The Mann- Kendall test is often used to identify 
a trend in a series” [22]. “The test is of non-
parametric trend test is proposed by Mann [24], 
further studied by Kendall [25] and improved by 
Hirsch et al., [26]. The Mann-Kendall statistic (S) 
measures the trend in the data. Positive values 
indicate an increase in constituent concentration 
over time, whereas negative values indicate a 
decrease in constituent concentrations over time. 
The strength of the trend is proportional to the 
magnitude of the Mann-Kendall statistics (i.e., 
large magnitudes indicate a strong trend). Data 
for performing the Mann-Kendall analysis should 
be in time sequential order”. 
 

S    Sgn   -   
n
    1

n-1

  1                             (1) 

 
Where, 
 

Xj and Xk = sequential data values for the 
time series data of length n.  

 
The sum of the Sgn function and the mean-
variance Var (S), under the null hypothesis (Ho) 
of no trend and independence of the series terms 
are given in equations (3) and (4) respectively. 
 

            

          
            
           

           (2) 

 

 ar S   
N N- 1  2N   5  –  i i  i- 1  2i   5 

m
i 1

1 
          (3) 

 

Where, 
 

N = Length of the data set,  
m = Number of tied groups  
Ui= Size of the M

th
 group 

i = Integer 
 

The standard normal test statistic ZS (Equation 
(4) indicates a trend in the data series with a 
positive or negative value indicating increasing or 
decreasing trends respectively. The trend result 
was evaluated at 5 % significant level 
(corresponding threshold value of ±1.96) and the 
null hypothesis (Ho) is rejected, when /ZS/ ≥ Zα/2 
at α   0.05 level of significance. 

ZS 

 
 
 

 
 

S-1

   R S 
  for s  0

0                 for s   0
S 1

   R S 
  for s  0

                           (4) 

 

2.6 Sen’s Slope Estimator 
 

Linear trend in a time series can be estimated 
using a simple non-parametric procedure 
developed by Sen [27]. Mann-Kendall test is 
used to evaluate a significant increase or 
decrease in parameter under consideration. 
Kendall’s correlation of coefficient is  Kendall’s 
tau), an effective and general measurement of 
correlation between two variables. [24,25], this 
type is extensively used for testing the trend in 
hydrological data, however, it does not estimate 
a trend slope. Therefore, the non-parametric 
Sen’s method, is a linear model (Gilbert, 1987), 
is used to estimate the value and confidence 
interval for the slope of an existing trend. The 
statistic- Sen’s Slope estimates the slope  unit 
change per time period) or the magnitude of the 
trend. This approach involves computing slopes 
for all the pairs of time points and then using the 
median of these slopes as an estimate of the 
overall slope. As such, it is insensitive to outliers 
and can handle a moderate number of values 
below the detection limit and missing values.   
 

Sen’s method calculates the slope of the line 
using all data pairs, as shown in the following 
equation (5). 
 

 i  
  -  

 - 
                  (5) 

 

Where, 
 

Xj and Xk = sequential data values for the 
time series data of length n 
J and k= If there are n values xj in the time 
series, we get as many as slop estimate  
Qi = Sen´s estimator of slope is simply given 
by the median of these N values of Qi’s. 

 

 i  
   n 1 /2  If N is odd

 n

2

  N 2

2

  If N is even
                           (6) 

 

Where, 
 

Qi is the slope between data points Xj and Xk, 
Qmed is median slope estimator which reflects 
the direction of the trend in the data. 

 

2.7 Spatial Analysis  
 

A Spatial Analysis Tool in the ArcGIS V. xx 
software was used for investigating spatial 
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patterns in data. “The Spatial  nalysis Tool in the 
ArcGIS V. xx software used for interpolation 
creating and analysing the map of long term wind 
speed (ms

-1
) data. The Inverse Distance 

Weighting (IDW) interpolation technique used to 
create the map of the study area. We used this 
technique because IDW technique takes the less 
neighbouring unknown location points and it will 
give more accurate than the kriging and spline or 
any other interpolation technique [28-32]. The 
spatial interpolation by IDW performed with the 
assumption that the attribute value of an 
unknown location with weighted average of a 
known location by assigning values to the 
unknown location using values from known 
neighbouring locations based on the concept of 
distance weighting [33]. The collected wind 
speed (ms

-1
) data analyzed from 1981-2018 

using deterministic IDW interpolation technique 
available in  rcGIS  . xx software” [22]. 
 

3. RESULTS AND DISCUSSION 
 
This section includes result and discussion of the 
assessment of long term spatio temporal 
variability of wind speed from 1981 to 2018 for 
seven recording stations of Kalaburgi district 
using Mann-Kendall test and Sen’s slope 
estimator method. 
 

3.1 Spatial Variability Analysis of Wind 
Speed Data from 1981-2018 

 
The spatial variability maps of wind speed data 
prepared to display its spatial distribution in the 
study area. The spatial variability analysis of 
wind speed carried out in ArcGIS Vr.xx in spatial 
analyst tool by IDW interpolation technique. 
  
The spatial variability maps of average wind 
speed (Henceforth aveWS) over the last 38 
years from 1981-2018 prepared and shown in 
Fig. 2(a to e) and Table 1. The spatial distribution 
of aveWS from 1981-1990 Fig. 2(a) observed 
lower in Kalaburgi, Chincholi, Chittapur, Sedam 
and some part of Aland and Jewargi between 
3.42 to 3.71 ms

-1 
as compared to Aland and 

Afzalpur with a range of 3.71 to 4.13 ms
-1

. 
During1991-2000 Fig. 2(b) the spatial distribution 
of aveWS observed similar with slightly lower 
than the previous decade with a range of 3.25 to 
3.98 ms

-1
. The spatial distribution maps of 

aveWS from 2001 to 2010 presented in Fig. 2(c) 
and analogous to previous decade the aveWS 
also observed slightly lower compared with the 
first decade and similar to the second decade 
with a range of 3.23 to 3.95 ms

-1
. The spatial 

variability of aveWS from 2011 to 2018 Fig. 2(d) 
found more sparsely distributed over the study 
area with a range from 3.24 to 3.93 ms

-1
. The 

maximum aveWS observed at the outside 
boundary of Afzalpur, Aland and Jewargi with 3.6 
to 4 ms

-1
. The aveWS of the last 38 years from 

1981 to 2018 Fig. 2(e) observed spatially 
distributed over the study area in the range of 
3.33 to 4.00 ms

-1
. The maximum aveWS 

observed at the outside boundary of Afzalpur, 
Aland and Jewargi because these areas 
topographically plane and the Aland is udulating, 
and temperature in these areas is more. 
 

3.2 Time Series Analysis  
 
Long term trend analyses of seven locations from 
study area were studied for the period of 38 
years for wind speed. Long term trend analysis of 
wind speed (Henceforth, aweWS) from 1981 to 
2018 shown in Fig. 3(a to g), and Table 2. Long-
term average, yearly highest and lowest values 
of wind speed is presented in Table 2 (a) for 
Aland, Afzalpur, Chincholi, Chittapur, Kalaburgi, 
Sedam and Jewargi respectively. In the Aland 
aweWS recorded highest with 3.59 ms

-1
 in 1982 

and lowest with 3.04 ms
-1

 in 2008, average 
aweWS with 3.32 ms

-1
, Mann- Kendall test (Z) 

with -0.79 and Sen’s slope     is 0.009 shown in 
Fig. 3(a). The average aweWS with 3.32 ms

-1
, 

Mann- Kendall test (Z) with -0.07  Sen’s slope 
(Q) with 0.011, highest with 3.73 ms

-1
 in 1983 

and lowest with 3.22 ms
-1

 in 2016 observed over 
the Afzalpur presented in Fig. 3(b). In the 
Chincholi aweWS reported highest with 3.56 ms

-1
 

in 1982 and lowest with 3.02 ms
-1

 in 2008 shown 
in Fig. 3(c). Also, the WS observed average with 
3.42 ms

-1
, Mann- Kendall test (Z) with -4.4  Sen’s 

slope (Q) with -0.01 in the Chincholi. In the 
Chittapur aweWS recorded highest with 3.58 ms

-

1 
in 1986, lowest with 3.03 ms

-1
 in 2008, average 

with 3.42 ms
-1

 and statistical analysis results 
observed for Mann- Kendall test (Z) with -4.4 and 
Sen’s slope     with -0.01 shown in Fig. 3(d). 
The aweWS observed over Kalaburgi average 
with 3.36 ms

-1
, highest with 3.64 ms

-1
 (1982), 

lowest with 3.17 ms
-1

 (2008), and statistical 
results for Mann- Kendall test (Z) with -4.31 and 
Sen’s slope     with 0.009 presented in Fig. 3 e . 
The Fig 3(f) displayed the aweWS over the 
Sedam highest with 3.59 ms

-1
 in 1990, lowest 

with 3.03 ms
-1

 in 2003, average with 3.34 ms
-1

, 
and also statistical results for Mann- Kendall test 
(Z) with -4.4 and Sen’s slope     with -0.01. The 
average aweWS with 3.40 ms

-1
, highest with 

3.64 ms
-1

 in 1982 and lowest with 3.11 ms
-1

 in 
2008 with the statistical analysis results for 
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Mann- Kendall test (Z) with -4.31 and Sen’s 
slope (Q) with 0.009 for Jewargi shown in Fig. 
3(g). The WS observed decreasing trend linearly 

in all weather stations for last 38 years and 
observed similar trend with statistical analysis of 
Sen’s estimate. 

 

 
Fig. 1. Location of study area 

 
Table 1. Decadal average of wind speed, ms

-1 

 

Place Latitude Longitude 1981-1990 1991-2000 2001-2010 2011-2018 

Aland 17.57 76.5694 3.71 3.95 3.97 4.10 
Afzalpur 17.2116 76.3575 4.13 3.94 3.98 4.15 
Chincholi 17.4605 77.4188 3.44 3.33 3.26 3.23 
Chittapur 17.1002 77.0827 3.46 3.36 3.25 3.21 
Sedam 17.1797 77.2869 3.42 3.24 3.28 3.25 
Jewargi 17.0197 76.7700 3.49 3.37 3.29 3.28 
Kalaburgi 17.3297 76.8341 3.47 3.39 3.3 3.29 

 
Table 2. Mann- kendall trend (Z), Sen’s slope value (Q), long term average, yearly highest and 

lowest values of wind speed 
 

Places/ indices Z Q Highest Average Lowest 

Afzalpur -0.01 -0.011 3.73(1983) 3.49 3.22(2016) 
Aland -0.77 -0.009 3.607(1991) 3.32 3.04 (2008) 
Chincholi -2.35 -0.005 3.62(1983) 3.32 3.03(2008) 
Chittapur -4.40 -0.010 3.6(1983) 3.32 3.03(2008) 
Sedam -2.33 -0.006 3.6(1983) 3.32 3.03(2008) 
Kalaburgi -4.31 -0.009 3.64(1982) 3.36 3.11(2008) 
Jevargi -4.31 -0.009 3.64(1982) 3.36 3.11(2008) 
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a b 

  
c d 

 
e 
 

Fig. 2. Spatial variability maps of wind speed, ms
-1

, for a) 1981 to 1990, b) 1991 to 
2000, c) 2001 to 2010, d) 2011 to 2018 and e) 1981 to 2018 

 

  
a b 
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c d 

  
e f 

 
g 
 

Fig. 3. Long term trend analysis of wind speed, ms
-1

, from 1981 to 2018, for a) Aland  
b) Afzalpur, c) Chincholi d) Chittapur e) Kalaburgi f) Sedam and g) Jewargi 

 

4. CONCLUSION 
 
The wind speed is the most important 
parameters for harnessing the renewable energy 
which influence the availability of electrical 
power. About 38 years wind speed data of study 
area were analyzed to determine its variability. 
The non-parametric statistical methods Mann 
Kendall test and Sen's slope estimator were 
used to establish the trend in wind speed. The 
major conclusions drawn from the study are; The 
spatial variability of aveWS from 2010 to 2018 
found more sparsely distributed over the study 
area with a range from 3.24 to 3.93 ms

-1
. The 

aveWS of the last 38 years from 1981 to 2018 
observed densely distributed over the study area 
in the range of 3.33 to 4.00 ms

-1
. The aweWS 

observed decreasing trend linearly in all 
recording stations for last 38 years and also 
observed similar trend with statistical analysis of 
Sen’s estimate. 
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