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ABSTRACT 
 
 
 With increasing need for non-fossil fuels, India is increasingly moving towards 

renewable sources of energy. Wind Power is leading as 28 GW is obtained from it 

which accounts for 58% of total renewable energy currently used in the country. 

Wind power is cubic function of wind speed. But, wind speed varies considerably 

over space and time. The rate of change of wind speed is site dependent, it depends 

on surface roughness, atmospheric stability and wind speed. Numerical model such 

as MERRA forecast the varying nature of wind speed. MERRA wind speed is 

validated with Station data obtained from NIWE. We show that the temporal 

variations of wind speed in thereanalysis data sets is far from that of observed data. 

Moreover, we show distinct spatial patterns in the vertical variations of wind speed 

which depends on the wind power law exponent. Using the wind power law and wind 

power law exponent the heights of the turbine can be estimated for extracting wind 

energy. 
 
 
 
INTRODUCTION 

 

India demand for electricity is increasing with mechanization and growth of economy. 

India per capita energy consumption stood at 805 unit. Currently around 70% of 

energy comes from fossil fuels which results in high carbon emission. Since energy 

is major determinant for economic development, demand India need to look for 

alternative resources of energy rather being dependent on fossil fuels. At present, 

merely 50 GW of power is obtained out of 320GW total installed power capacity (1). 

India has huge potential to procure energy from renewable sources and the 

government is targeting at it. By 2022, India aims to achieve 100GW Solar power 

and 60GW wind power. Currently 60% of renewable energy i.e. 28GW is obtained 

from wind, still there is huge untapped wind energy potential available over Indian 

region. 

 
 
WINDPOWER 

 

Mathematical Expression Governing Wind Power 
The wind power is generated due to the movement of wind. The 



WIND POWER is given by the followingexpression: 
 

Pw = ½ρAv3 

where 

• ρ = air density (kg/m 3 ), At   15 ◦ C  and  1atm, ρ  =  1.225  kg/m 3 

• A = cross-sectional  area through  which  the wind  passes (m2) 

• v = wind speed normal to A (m/s) 

Pw ~V3 

 
Wind  Speed variation withheight 

 
Wind speed increases non-linearly with height and it is calculated using 

given expression (2) 
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V0 and H0 is the reference speed and height. 

V1 is the wind speed at height  H1. 

 

In the above expression α is power law exponent. It determines the 

rate of increases of wind speed.Wind turbine is set up at 80 to 120 m. 

At this height it is difficult to determine wind speed. Generally for 

engineering purposes, α value is taken as 0.143 (1/7) (3). But this 

value is not accurate for different regions.The value of α is site 

dependent, it is dependent on wind  speed,  atmospheric  stability,  

surface  roughness  and   height interval. 

 
Operating Characteristics of wind  mills 
It is not the case that if we keep increasing wind speed, power cultivated 

by wind turbine will also go increasing infinitely. Wind turbines operate    

in a specific range of windspeed. 

 
Cut-in speed : Cut-in speed is the minimum wind speed at which the 

blades will turn and generate usable power. This wind speed is typically 

between 3.5 m/s. 

 
Rated Speed: The rated speed is the minimum wind speed at which the 

wind turbine will generate its designated rated power. 



At  wind speeds between cut-in and rated, the power output  from a 

wind turbine increases as the wind increases 

 
Cut-out Speed : At very high wind speeds, typically between 72 and 

128 kmph, most wind turbines cease power generation and shut down. 

The wind speed at which shut down occurs is called the cut-out    

speed. 

 

 
Data Sets used and Methodology 

 

Numerical Model MERRA (Modern Era Retrospective-Analysis for Research 

and Applications) is a NASA reanalysis for the satellite era using a major new 

version of the Goddard Earth Observing System Data Assimilation System 

Version 5(GEOS-5). 

The primary objectives of MERRA is to place observations from NASA’s Earth 

Observing System satellites into a climate context  and  to improve upon  the 

hydrologic  cycle represented in earlier generations of reanalysis. MERRA   was 

generated with version  5.2.0  of  the  Goddard  Earth  Observing  System 

(GEOS) atmospheric model and data assimilation system (DAS), and covers the 

modern satellite era from 1979  to  the  present.  Specifically,  the  GEOS-DAS 

Version 5 implements Incremental Analysis Updates (IAU) to slowly adjust the 

model states toward the observed state. 

 
MERRA data that we used is 1 hourly from January 1982 to December 2015. 

Spatial Resolution of the data is 0.50 * 0.6670. Wind Speed at 10M Eastward 

and Northward from surface and at 50M Eastward and Northward from surface 

is obtained from MERRA. 

 
There are many wind-rich region in states like Tamil Nadu, Karnataka,   

Gujarat, and Maharashtra. For study, different sites from these states are 

chosen. NIWE (National Institute of Wind Energy) provides wind speed data at 

multiple heights over different regions of India. The data sets that we used 

have speed at height 10M, 30M and 50M from surface, temporal variation is 10 

minute    and it is generally available for 2-3years. Below is the description of 

the site for which Wind Speed data validation is done. 

Using the formula given below, we have calculated α value 



log(V 2)−log(V 1) 
α=

log(H2)−log(H1) 
 

 

 

 

 

Site District Original Lat-Lon MerraLat-Lon Comment 

LAWADA AMRAVATI 21 degree 23 minute 21.5  

 (MH) 77 degree 20 minute 77.33  

     

KESARKARWAD 

I 

KOLHAPUR 16 degree 50 minute 17  

 (MH) 73 degree 44 minute 74  

     

DOLASANE AHMEDNAGAR 19 degree 23 minute 19.5 Dec 2011 missing 

 (MH) 74 degree 13 minute 74  

     

NANA ASOTA JAMNAGAR 22 degree 15 minute 22  

 (GJ) 69 degree 32 minute 70  

     

NAVA SURENDRANAGAR 22 degree 29 minute 22.5  

 (GJ) 71 degree 12 minute 71.33  

     

SANGASAR DAHOD 22 degree 41 minute 22.5  

 (GJ) 74 degree 10 minute 74  

     

GORLADAKU CHITRADURGA 13 degree 52 minute 14  

 (KTK) 76 degree 44 minute 76.66  

     

ANADURWADI BIDAR 17 degree 52 minute 18  

 (KTK) 77 degree 22 minute 77.33  

     

TOPALDODDI RAICHUR 16 degree 10 minute 16 Jan,Feb08 missing 

 (KTK) 76 degree 43 minute 76.66  

     

GOKARNA UTTARAKANNADA 14 degree 31 minute 14.5  



 (KTK) 74 degree 18 minute 74  

     

TAMMANAYAK 

ANAHALLI 

BANGALORE 

URBAN 

12 degree 41 minute 12.5  

 (KTK) 77 degree 38 minute 78  

     

UPATTY NILGIRIS 11 degree 31 minute 11.5 Nov,Dec09missing 

 (TN) 76 degree 21 minute 76.33  

     

M.S.PURAM MADURAI 09 degree 48 minute 10  

 (TN) 77 degree 39 minute 77.33  

     

MADAM DHARMAPURI 12 degree 07 minute 12  

 (TN) 77 degree 52 minute 78  

 
 
 
 

    

 

 

 

 

MH- Maharashtra         

KTK –Karnataka 

 GJ – Gujarat 

TN - TamilNadu 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Results and Discussion 

 

1. Wind Speed Variation withheight 

 

At higher elevation, wind speed increases. There is less drag force at higher 

elevation. The climatological wind speed at 10M varies from 2m/s in southern part of 

Western Ghat to 4m/s over Deccan Plateau. For the same region the climatological 

wind speed at 50M varies from 4m/s to 7m/s. There is non-linear increase in wind 

speed with speed. The relation for wind speed with height is given by the given 

formula: 
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2. Diurnal and Seasonal Variation of WindSpeed 

 

Summer has higher wind speed than winter over Indian region. 
This is due to monsoon wind. 
During night and early morning, wind speed is more than daytime. 
 
 

Wind Speed over Indian region at height 10M Wind Speed over Indian region at height 50M 



 
 

 

 
 
 
 

 

Wind Speed over Indian region during night (00-05) and day time (12-17) 

 

Wind Speed at height  50M in Winter 

 

Wind Speed at height  50M in Summer 



3. Diurnal and Seasonal variation of  α 

 

During daytime α is low compared to early morning and late night.  
In summer α is low in early morning and late night but is 
highduring daytime compared to daytime α value in  winter. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hourly and monthly variation of α value over NANA 
ASOTA at 22.25N 69.53E  
 

Variation of value during 24 hours over 
DOLASANE at 19.4N 74.22E 



 
 
 
 

4. Comparison of MERRA and StationData 
 

MERRA wind speed and alpha value is not in accordance with 
that of Station. Numerical model does not capture the realistic 
variation. In the station data, there is clear diurnal variation in 

the α value but the α value for MERRA mostly remain 
unchnged. As a result, while comparing wind speed of MERRA 
and Station we find the difference.  
 
 
 

 

 Comparison of α for Station and Merra  
 Comparison of Wind Speed obtained from 
MERRA and Station Data at 10M and 50M  



5.  Space-Time (Regional, Seasonal and Diurnal) Variation of α 
 
In the figures given below, a unique value of wind power law exponent ‘α’has been 
obtained for the 14 stations which shows the space-time variation, i.e. regional, 
seasonal and diurnal. The color code denote the name of different locations and 
the value corresponding to each colored dot is α value. In the eight figures there is 
4 seasons divided into daytime (from 8:00 to 17:00 IST) and morning &night 
(00:00 to 08:00 and 17:00 to 00:00)  
Seasons are denoted by DJF (December, January,February) MAM (March, April, 
May) JJA (June, July, August) SON (September, October, November). 
 
The values obtained for wind power law exponent can be used for estimating wind 
speed at higher elevation using the wind power law.  



 



 



 
 
 
 

CONCLUSION 
 

 Wind Speed in atmospheric boundary layer increases with height. 

However the rate of increase varies in space and time.This has a 

profound influence on Wind Energy Potential over IndianRegion. 

 
 There is a substantial variation of the rate of change of wind speed 

during different hours of a day. In late night and morning hours the    

wind speed increases faster with height as compared to afternoon 

hours. 
 

 In summer, when the wind speed is generally high, the rate of increase 

of wind speed with height is low as compared to winter in early   

morning and latenight. 

 

 Over western and central India increase in wind speed with height is less 

compared to that over SouthIndia. 
 

 A Reanalysis Data Set(MERRA),which is based on Data Assimilation of 

observation using numerical model does not show realistic variation of 

wind speed withheight. 
 

 This suggests that the Forecast of Wind from the numerical models also 

possibly would also carry similar error in Wind Speed in space and time. 
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