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Abstract 

To accomplish the best operation of available solar energy, it is important to estimate the incident solar 

radiation over the specific region.  The present study focuses on the estimation of solar radiation by using 

mathematical modelling. For that purpose, monthly average daily global solar radiations are estimated based 

on different parameters like minimum and maximum temperature, sunshine hour, and relative humidity. The 

location selected for this study is Kadapa ((14.47ºN, 78.87º E, and 138m asl) Southern part of India. The study 

period is from April 2016 to October 2018. The study focuses particularly on models based on the relative 

sunshine (S/S0) and clearness index (kt). The clearness index and relative sunshine were high in December 

(1.058±0.002 and 0.968±0.005) and low in July (0.952±0.05 and 0.734±0.072). The estimated clearness index 

based on sunshine models is best correlated with the calculated clearness index values. In temperature and 

relative humidity-based models the hybrid parameter-based models are better correlated with the single 

parameter based-models. 
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I. INTRODUCTION 

Solar irradiation at the earth’s surface is necessary for the growth and utilization of solar energy. 

Understanding of solar radiation’s availability and variability is of huge significance in Atmospheric Research 

as well in practical consumption in electricity generation, water heating, etc. In support of designing collectors 

for the photovoltaic equipment and other solar heater, solar radiation is required in the form  of solar energy. 

Measurements of solar radiation are significant as increasing number of solar heating and cooling applications and the 

require for exact solar irradiation data to predict performance.  The energy transferred to a surface by solar radiation 

experimentally determined by using device which will measure the heating effect of direct solar radiation and 

diffuse solar radiation (Jatto et al ., 2015). Constancy in the weather-system and climate-atmosphere mechanism 

solar radiation plays a very important role. Direct, Global and diffuse radiation are important radiation 

parameters used in solar energy techniques (Hussain et al., 1999). information of global solar radiation is of 

primary importance for all solar energy conversion systems. Incoming global solar radiation is affected by 

atmospheric environment such as aerosols, air mass, water vapor, ozone and cloud distribution. The 

attenuation agents are changeable over time and when combined with elevation changes, they significantly 

influence the spatial pattern of attenuation (Ruiz-Arias et al., 2010).The is indicated by The fraction of 

extraterrestrial radiation that reaches the earth’s surface as global radiation is indicated as the transparency of 

the atmosphere. It gives the measure of the degree of clearness of the sky (Akhlaque et al., 2009). The 

quantity of solar radiation reaching the earth’s surface is ascertained by the hour of the day, the season of the 

year, and solar angles, amongst which are the sun’s altitude angle, azimuth angle, zenith angle, and 

declination angle (Ghazi, 2014 and  Fedorov, 2019). The solar radiation data calculated at different regions is 

important in order to determine the potential of solar energy in a specific region. The instruments 

pyranometer, solarimeter, pyroheliometer etc are measured the components of solar radiation. Because of the 

expensive measurement devices and the difficult measurement methods it is not practically reasonable to 

place measurement devices everywhere. So that there was  be deficient in of sufficient solar radiation data for 

establishing solar energy generation systems. The prediction of solar radiation have been more significant for 

energy and smart grid applications. In order to mounting the appropriate evaluation method of solar radiation 

is major importance for reducing electricity cost and time loss. For the solar radiation estimation, the most 

frequently used meteorological parameters such as Sunshine duration, air relative humidity and temperature 

(Zeng et al., 2011 and Khen et al., 2018). The estimation models make available Global Solar Radiation 

(GSR) as output. Model accuracy evaluations like Mean Bias Error (MBE), Mean Absolute Error (MAE), 

Root Mean Square Error (RMSE), etc. are statistically tested based on error calculations. Thus solar radiation 

models are desired to predict solar radiation by using models and empirical correlations (Prescott, 1940). 

Several empirical models have been proposed to estimate the global solar radiation, using meteorological, 

climatological parameters such as sunshine hour, minimum and maximum temperature, relative humidity, 

cloud cover, precipitation and rain fall. These parameters include sunshine hours (Teke et al., 2014; Mecibah 

et al., 2014; Khorasanizadeh, 2013; Gana etal., 2013b;  Li et al., 2010; Koussa et al., 2009; Bakirci et al., 

2009; Bannani et al., 2006; Akinoglu and Ecevit, 1990 and Angstrom, 1924; air temperature (Muhammad and 

Darma, 2014; Kaltiya et al., 2014; Medugu and Yakubu, 2011; Agbo et al., 2010; Fletcher and Moot, 2007; 

Paulescu et al., 2006; Falayi and Rabiu, 2005;  Allen, 1997;  Bristow and Campbell, 1984; Hargreaves and 

Samani, 1982; relative humidity (Trabea and Shaltout, 2000 and Alnaser, 1993); precipitation (Rietveld, 

1978); and cloudiness (Kumar and Umanand, 2005). 

In the present study, we provide the idea behind different solar radiation estimation models with the 

methodology used. The most important purpose of this study is to calculate the global solar radiation using 

Angstrom –Prescott model and compare it with the estimation of global solar radiation using sunshine hour, 

minimum and maximum temperature and relative humidity (RH) based on clearness index and sunshine ratio 

in Kadapa region. 

II. METHODOLOGY AND MODEL APPROACH 

 Meteorological parameters such as wind speed, wind direction, temperature, relative humidity and sun 

shine hour data were collected from MOSDAC (Meteorological and Oceanographic Satellite Data Archive 

Center). The present analysis was carried out at Yogi Vemana University, Kadapa (YVU; 14.47ºN, 78.82ºE, 

138 m above sea level), from April 2016 to October 2018. The graphical representation of study region was 

shown in Fig 1. The study area, Kadapa is situated in the central part of Andhra Pradesh is located 8 km south 

of the Penna River and is surrounded  by the  Nallamala (40 km) and the Palakonda hills (25 km) on its three 
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sides. Kadapa has a tropical climate and the weather conditions are generally hot. It is an active station under 

the Aerosol Radiative Forcing over India (ARFI) network of stations. The sampling station is located at  

adjacent to the highway, at a distance of 15 km west of the main Kadapa city. Several brick kilns and some 

small-scale cement and electrical industries around the observational site within a 30 km radius. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, a large number of automobile and vehicular emissions are run through the highway from 

morning to near-midnight. These emissions are the principal sources of air pollution.There are four seasons 

corresponding to various meteorological conditions over the observation site, namely the winter season 

(December-February), the summer season (March-May), the monsoon season (June- August) and the  post-

monsoon season (September-November). Most of the rainfall occurs during monsoon and post- monsoon 

from the south-west and north-east monsoons respectively. 

 

The temperature was observed to have increased in the summer months, it decreases to its minimum in the 

monsoon months and the relative humidity (RH) was observed to be high in monsoon months and low in the 

summer months was shown in Fig. 2 (a) in all the years under study. Figure 2 (b) shows the wind rose 

diagram for variation of wind speed and wind direction, these are important for monitoring and predicting 

weather patterns and global climate. Over the study period in the Kadapa region most of the winds blows from 

the south east direction. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 The graphical representation of the semi-arid region Kadapa. 
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The first model used to estimate the global solar radiation on a horizontal surface based on the sunshine 

model is described by the equation as (Prescott, 1940 and Medugu and Yakubu, 2011). 

 











00 S

S
ba

H

H
          (1) 

H0 is the monthly mean of daily extraterrestrial solar radiation (W/m2), H is the monthly mean of daily 

global solar radiation (W/m2), S is the monthly mean daily hours of bright sunshine, S0 is the monthly mean 

day length and S/S0 is the relative sunshine, it is found to vary daily and seasonality (Shears et al., 1981) and 

a, b are regression coefficients. Their values have been obtained from the relationship given by R. C. 

Srivastava and Harsha Pandey  (R.C. Srivastava & Harsha Pandey, 2013)  as 
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The significance of this relationship lies in the information that using this correlation solar radiation can be 

estimated for every location in India, even at the places where we do not have a system to measure solar 

radiation. To compute estimated values of the monthly average daily global solar radiation, the values of a 

and b were used in Equation (1). 

Fig. 2 (a) Monthly variation of atmospheric temperature and relative humidity (RH), (b) seasonal 

variation of wind profiles using wind rose over the study location during April 2016 to October 2018. 
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The global solar radiation and sunshine duration vary from day to day, the monthly daily averaged values 

are used to derive the a and b values. While it is not easy about estimating the daily total amount of global 

solar radiation on a particular day, using the sunshine duration method allows the rough estimation of monthly 

value. 

The monthly daily extraterrestrial solar radiation on a horizontal surface (H0) (MJm-2day-1) can be 

computed from the model of Deffie and Beckman, (1991) as follows, 

 
          ssrsc0 ωsinδcoscosδsinsinωdG

π

6024
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     (4) 

where Ho is [MJm-2day-1], solar constant, Gsc = 0.0820 MJm-2 min-1, dr  is inverse relative distance Earth-

Sun, ωs is sunset hour angle (rad), φ is latitude (rad), δ is solar declination (rad). 

extraterrestrial solar radiation (Ho)is expressed in the above equation in MJm-2 day-1. The consequent 

equivalent evaporation in W/m2 is obtained by multiplying Ho by 11.6. The symbol φ is latitude expressed in 

radians is positive for the northern hemisphere and negative for the southern hemisphere. The change from 

decimal degrees to radians is given by: 
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        (5) The inverse 

relative distance Earth-Sun, dr and the solar declination, δ are given by: 
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The sunset hour angle, ωs is given by: 
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                    (8) 

Monthly average day length (S0) is: 

s0 ω
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The diffuse fraction of  models are classified according to the basis of their input parameters such as 

correlations of clearness index (kt) and relative sunshine (S/S0). It points out the reduction of the incoming 

global solar radiation by the atmosphere and it gives both the level of availability of solar irradiance at the 

surface of the earth and the changes in atmospheric conditions (Nwokolo et al., 2017). 

The clearness index (kt ) is the ratio of the global radiation at ground level on a horizontal surface to the 

extraterrestrial global solar irradiation.  It describes the attenuation of solar radiation due to the clouds 

and depends on the geographical coordinates of the location. 

 

           

              (10) 

                   

Based on sky conditions, the clearness index (kt) is used to mainly depend on global solar irradiance (Li et al., 

2004). The value of kt is in the range of 012-0.35, 0.35-0.65, >0.65 for cloudy, partly cloudy, clear sky 

conditions, respectively (Kuye and Jagtap 1992). In 2008, the world meteorological organization, classified 

and proposed the sky condition based on sunshine hour, relative sunshine (S/S0) is in the range of 0 –0.3, 0.3-

0.7, 0.7-1 for the cloudy sky, scattered clouds, clear sky, respectively (Yusuf, 2017) (WMO, 2006; Adam, 

2012). 

 

Diffuse solar radiation for daily periods 

The total solar radiation consists of direct or beam radiation coming directly from the solar disc and 

the diffuse component scattered to the ground from the sky dome. The latter depends on the clarity of the sky 

and could be estimated from the correlation of (Collares-Pereira and Rabl, 1979) which gives the daily 

average diffuse radiation, Hd| as: 
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 The diffuse fraction, Kd is defined as the ratio of the daily diffuse radiation (Hd) on a horizontal surface to 

the daily global solar radiation (H) on that surface, that is: 
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which is the diffusion characteristics of diffuse solar radiation and hence mirrors the effectiveness of the 

sky in transmitting diffuse solar radiation. 

Estimation of global solar radiation using sunshine, temperature and relative humidity: 

To estimating global solar radiation, several models have been proposed. Page, 1964 gives a modified 

Angstrom type of linear regression model which correlates the global solar radiation with the relative sunshine 

duration. The correlation between the estimation of global solar radiation using meteorological parameters 

like a sunshine hour, mean daily maximum and minimum temperature, mean daily relative humidity and 

bright sunshine data was studied in (Trabea, 2000 and Vasudeva Reddy, 2018). 

Sunshine based models 

The sunshine duration is the most commonly used parameter for the estimation of global solar radiation. This 

is because sunshine hours can be easily and reliably measured and data are widely available. Most of the 

models for estimating solar radiation use the sunshine ratio for the prediction of monthly average daily global 

solar radiation. The earlier studies (Souza et al., 2016; Li et al., 2012; Besharat et al., 2013; Muneer and 

Munawwar, 2006; Ertekin and Yaldiz, 1999) reported that the Angstrom-Prescott sunshine-based model 

yielded the best correlation on single variable basis with the clearness index. Therefore, it is the most accepted 

worldwide model for estimating global solar radiation based on a single variable. The models are (Prescott, 

1940; Ogelman et al., 1984; El-Metwally, 2005; Bakirci, 2009). 

(1) Angstrom- Prescott model 

This model (Prescott 1940) is the most commonly used model and it is given by 
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Where H is the monthly mean global solar radiation (W/m2), H0 is the extraterrestrial solar radiation 

(W/m2), S is the actual sunshine duration (hours), S0 is the maximum day length (hours) and the 

values a and b are regression coefficients obtained from the graph of H/H0 against S/S0.
 

(2) Ogelman et al model 

Ogelman developed the following model for estimating global solar radiation (Ogelman, 1984). 
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Where a, b and c are regression coefficients. 

(3) El-Metwally model 

The following model was developed by El-Metwally for estimating global solar radiation (El-

Metwally, 2005). 
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Where a is regression coefficient. 

(4) Bakirci  exponential model 

Bakirci developed the following model for estimating global solar radiation (Bakirci, 2009). 
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Where a and b are regression coefficients. 
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Temperature based models 

The Hargreaves and Samani, (1982) and the Garcia, (1994) models are both temperature-based models as 

they employ maximum and minimum temperatures (temperature range) as the required meteorological data. 

(1) Hargreaves and Samani model 

This model gives the relation between clearness index and thermal amplitude ΔT based on the 

specification of an empirical coefficient of proportionality (kr) and depends on the location and altitude 

of the station (Allen et al., 1998).This is given by the relation 
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where H  is the estimating global solar radiation (W/m2), H0 is the daily mean value of extraterrestrial solar 

radiation (W/m2), Tmax and Tmin are the  daily mean values of maximum and minimum temperatures (0c),  kr is 

the adjustment coefficient , kra is the empirical coefficient for arid and semi-arid regions it is initially taken as 

0.17 and P is mean atmospheric pressure at the site (k pa) and P0 is the mean atmospheric pressure at sea level 

(101.3k pa) and (h) is the altitude of the site in meters (Chandel et al., 2005). 

(2) Garcia model 

Garcia model (1994) is one of the single parameters for estimating global solar radiation. This model is an 

adaptation of the Angstrom- Prescott model, the clearness index is correlated with the difference between the 

maximum and minimum temperatures (ΔT) is expressed in the form of (Abdulsalam et al., 2014) 
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Here a  and b are regression constants and S0 is the maximum day length (hours). 

(3) Olomiyesan and Oyedum model 

In 2016, a multilinear regression model was developed for the estimation of global solar radiation. 

Olomiyesan and Oyedum model is on the new model with three regression constants (Olomiyesan et al., 

2016). In this model, Garcia model was incorporated into Angstrom-Prescott model is in the form of 
























000 S

ΔT
c

S

S
ba

H

H
                  (19) 

Where a, b and c are the regression constants determined for study area. 

Relative humidity based models 

(1)Group 1 

 The clearness index is related with the relative humidity (RH) in the Group 1 model is the form of 
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(2)Group 2 
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(3)Swartman- Ogunlade model 

Swartman- Ogunlade in 1967 expressed global solar radiation in terms of relative sunshine and relative 

humidity (RH) as 
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Where RH is the monthly average daily relative humidity (%) and S/S0 is the relative sunshine. 

III. RESULTS AND DISCUSSION 
 

3.1. Monthly variation of solar radiation 

 

Figure 3 (a), (b) ,(c) and (d) shows the monthly mean daily variation and standard deviations of the 

sunshine hour, diffuse solar radiation (Hd) global solar radiation (Hcal) and extraterrestrial solar radiation (H0) 

during April 2016 – October 2018 over the study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The monthly mean daily variation of the sunshine hour was maximum in the summer months 

(12.19±0.59) and minimum in the winter months (11.81±0.11) respectively over the study period. The 

sunshine hour for a given period is defined as the sum of the sub-period for which the direct solar irradiance 

exceeds 120 W/m2 WMO (2003).  The sunshine was uttered as the regular number of hours of sunshine per 

month or year, and tabulating the real hours of sunshine, as a percentage possible duration of sunshine for the 

particular location indicates the relative sun shines of climate (Russell, 1934). The sunshine hour is directly 

affects the result of global solar radiation. It is observed that the global and diffuse solar radiation were fairly 

high in summer (344.77±33.24 and 84.51±5.87 W/m2) months (March-May) and low in the winter and 

monsoon (326.51±6.70 and 76.89±8.22 W/m2) months (December – February) with total average values of 

335.46±26.81 and 80.36±8.68 W/m2 respectively. The larger values of global and diffuse solar radiation 

during the summer months could be attributed to the maximum daily sunshine hours due to a high clearness 

index. In the presence of cloud and rainfall, suspension of water particles attenuates the incoming solar 

radiation to the earth’s surface (Sansui et al., 2015; Omondi Onyango et al., 2015) and hence the reduction in 
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Fig. 3 (a), (b), (c) and (d) Monthly means daily variation of sunshine hour, global, 

extraterrestrial and diffuse solar radiation in Kadapa during the study period 2016-2018. 
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the amount of global solar radiation. Extraterrestrial solar radiation was high in May (445.92±0.016 W/m2) 

and low in December (333.98±0.053 W/m2). The sunshine duration (S), global solar radiation (Hcal), 

extraterrestrial solar radiation (H0), and diffuse solar radiation (Hd) for Kadapa are presented in Table 1. 

Table 1 The average monthly values of the sunshine hour, global, extraterrestrial and diffuse solar radiation in 

Kadapa from April 2016 to October 2018. 

Month 

Sunshine 

hour (S0) (hr) 

Global 

solar 

radiation 

H 

(W/m2) 

Extraterrestrial 

solar radiation 

(H0)(W/m2) 

Diffuse 

solar 

radiation 

(Hd)(W/m2) 

Apr-16 12.53 372.50 441.58 84.32 

May-16 12.62 355.39 445.91 86.78 

Jun-16 12.57 339.16 443.58 77.96 

Jul-16 12.58 344.64 443.02 70.86 

Aug-16 12.14 355.73 439.85 89.33 

Sep-16 12.24 361.81 422.69 79.65 

Oct-16 12.41 381.18 388.50 81.68 

Nov-16 12.10 351.56 351.65 88.12 

Dec-16 11.83 324.51 333.90 80.86 

Jan-17 11.84 326.96 346.44 89.92 

Feb-17 11.98 342.26 380.93 85.47 

Mar-17 12.24 361.83 418.13 104.25 

Apr-17 12.57 373.72 441.17 76.76 

May-17 12.63 356.38 445.94 88.37 

Jun-17 12.61 341.12 443.64 86.53 

Jul-17 12.56 342.80 443.02 80.52 

Aug-17 12.26 348.50 440.12 83.64 

Sep-17 12.36 364.87 423.55 89.36 

Oct-17 12.21 362.33 389.78 87.80 

Nov-17 11.76 322.49 352.66 75.45 

Dec-17 11.79 321.87 334.01 71.95 

Jan-18 11.87 328.18 346.44 85.73 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2024 IJCRT | Volume 12, Issue 1 January 2024 | ISSN: 2320-2882 

IJCRT2401851 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h238 
 

Feb-18 11.54 315.26 380.93 68.97 

Mar-18 11.19 296.30 418.13 79.54 

Apr-18 11.57 312.46 441.17 81.14 

May-18 11.74 310.40 445.94 73.92 

Jun-18 11.70 301.37 443.64 67.74 

Jul-18 11.30 288.07 443.02 66.17 

Aug-18 11.53 304.92 440.12 69.22 

Sep-18 11.32 311.29 423.55 70.40 

Oct-18 10.96 279.45 389.78 68.80 

 

3.2. Monthly variation of relative sunshine and global solar radiation with clearness index 

 

Figure  4 (a) shows the monthly variation of relative sunshine and clearness index during the period of 

three years (2016- 2018) for the semi- arid region Kadapa. A similarity pattern was observed in both 

parameters with their significance values. Both values of relative sunshine and clearness index were 

maximum in November 2016 (1.07±0.002 and 1.00±0.005) due to the clear sky and hence the high global 

solar irradiance is experienced. In sky conditions classification, the clearness index is often used because it 

depends mainly on global solar irradiance. In another improvement, Fig. 4 (b) shows the monthly mean Kt, 

including the mean global solar radiation measured for the same periods from 2016–2018. It shows that the 

curves of mean Kt values and the mean global solar radiation were in same pattern. Minimum values were 

observed in the monsoon month of July 2018 (0.89±0.05 and 0.65±0.072) due to the cloudy sky and the fairly 

low solar irradiance. The minimum value of kt indicates that huge fraction of global solar radiation is diffuse 

in the monsoon season. The seasonal values of both relative sunshine (clearness index) was observed in 

winter, summer, monsoon and post-monsoon are 1.044±0.021 (0.926±0.054), 0.984±0.043 (0.787±0.072), 

0.956±0.043 (0.745±0.062), and 1.004±0.057 (0.858±0.116) respectively over the study period.  From the 

above observations in the Kadapa region, the clear sky will fell within the winter and summer seasons and 

partly cloudy sky in monsoon and post-monsoon seasons. 
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3.3. Monthly variation of clearness index and diffuse fraction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Monthly variation of clearness index (kt) and diffuse fraction (kd) over the study. 
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Fig. 4 The monthly variation of (a) relative sunshine and (b) global solar radiation with clearness 

index over the study location. 
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Figure 5 shows the monthly variations of the clearness index (kt) and a diffuse fraction (kd) for the 

Kadapa region from April 2016 to October 2018. The clearness index and diffuse fraction showed the sky 

conditions in the method of transmitting and scattering incoming solar radiation. The location of the sun 

relative to the study site and the level of humidity cause the variation in clearness index . The highest 

clearness index was observed in November 2016 (1.001±0.048) and lowest in the monsoon month of July 

2018 (0.650±0.035). High global radiation conquered by the direct component of the radiation gives the 

higher values of clearness index, and low global solar radiation due to a cloudy sky with a high portion of 

diffuse components gives the lower clearness index. For the entire study period, the total average values of 

clearness index and diffuse index were (0.823±0.100) and (0.240±0.019) respectively. Table 2 shows the 

values of the monthly averaged daily sunshine hour (S), relative sunshine (S/S0), clearness index (kt) and 

diffuse fraction (kd) respectively. 

Table 2 The average monthly values of the sunshine hour, relative sunshine, clearness index and diffuse index 

over the study area. 

Month 

Sunshine 

hour (hours) 

Relative 

sunshine 

(S/S0) 

Clearness 

index (kt) 

Diffuse 

fraction(kd) 

Apr-16 12.526 1.011 0.841 0.226 

May-16 12.629 0.995 0.797 0.244 

Jun-16 12.572 0.978 0.765 0.230 

Jul-16 12.583 0.986 0.778 0.206 

Aug-16 12.142 0.974 0.809 0.251 

Sep-16 12.237 1.014 0.856 0.220 

Oct-16 12.413 1.066 0.979 0.214 

Nov-16 12.095 1.069 1.001 0.250 

Dec-16 11.830 1.060 0.972 0.249 

Jan-17 11.844 1.052 0.945 0.275 

Feb-17 11.983 1.038 0.899 0.250 

Mar-17 12.238 1.026 0.865 0.288 

Apr-17 12.574 1.019 0.847 0.206 

May-17 12.633 0.996 0.799 0.247 

Jun-17 12.608 0.981 0.769 0.255 

Jul-17 12.560 0.984 0.774 0.235 

Aug-17 12.265 0.983 0.792 0.240 

Sep-17 12.356 0.987 0.863 0.245 

Oct-17 12.213 1.047 0.930 0.243 

Nov-17 11.764 1.039 0.914 0.234 

Dec-17 11.792 1.056 0.964 0.224 

Jan-18 11.866 1.054 0.948 0.261 

Feb-18 11.538 1.000 0.831 0.219 

Mar-18 11.188 0.938 0.709 0.268 

Apr-18 11.569 0.938 0.708 0.260 

May-18 11.742 0.926 0.696 0.237 

Jun-18 11.704 0.911 0.679 0.224 

Jul-18 11.301 0.885 0.650 0.232 

Aug-18 11.527 0.920 0.691 0.226 

Sep-18 11.318 0.937 0.735 0.228 

Oct-18 10.955 0.940 0.717 0.246 
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3.4.Seasonal wise Frequency and Commutative Frequency Distribution of Daily clearness index and 

diffuse fraction Values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6(a), (b) shows the seasonal wise daily percentage frequency and cumulative frequency 

distributions of clearness index (kt) with 0.2 range and the diffuse fraction (kd) with the range of 0.05 from 

2016 – 2018. The seasonal wise frequency distributions indicate the ranges of particles most concentrated in 

each season, while cumulative frequency percentages indicate how many observations are found in each 

season based on the total of frequency points distributed throughout different class intervals. From Fig. 6(a), 

in all seasons the percentage frequency of kt was greater than 0.8, indicates the clear sky condition in the 

Kadapa region. It is clear from the figure, kt ranged from 0.8 to 1.0 with a frequency of 76.67% in winter 

season followed by summer and post monsoon are 50.63% and 57.51% respectively. While it varied from 0.6 

to 0.8 with that of 84.96% in monsoon season. In the case of diffuse fraction, a broad frequency distribution 

was observed to be 0.15 to 0.35 from 2016 - 2018. From the Fig. 6 (b), kd indicates the dispersing direct 
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Fig. 6 The seasonal pattern of frequency and cumulative frequency of (a) clearness index (kt) and 

(b) diffuse fraction (kd) in Kadapa for the years 2016–2018. 
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normal irradiance. The dispersed irradiance however finds its course to the surface of the earth, which then 

brings about diffusion. 

 

3.5.The correlation equation of the Models 

In the sunshine, temperature and relative humidity based models, there are different models were used 

to estimate the global solar radiation to show the validation of relative sunshine duration, ∆T, ∆T/S0 and 

clearness index for Kadapa during  the period of April 2016 to October 2018. The regression constants and 

the coefficient of determination R2 values for sunshine, temperature and relative humidity based models were 

shown in table 3, 4 & 5. The results of the models were summarized below; 

Table 3 Regression equations developed based on sunshine models for the location Kadapa (Latitude 

14.47˚N, Longitude 78.87˚ E). 

 

S.No Models Regression equations R2value 

1. Angstrom- Prescott 

model 











00

c

S

S
1.9241.089

H

H
 

0.951 

2. Ogelman et al model 2

000

c

S

S
5.456

S

S
8.842-4.207

H

H





















  

0.971 

3. El-Metwally model 318.2

00

c

S

S
0.831

H

H










  

0.959 

4. Bakirci exponential 

model 














 0S

S
2.360

0

c 0.078e
H

H
 

0.964 

 

Table 4 Regression equations developed based on temperature models for the location Kadapa. 

 

S.No Models Regression equations R2value 

1. Hargreaves 

and Samani 

model 

 

 0.5

minmax

0

c TT0.168
H

H
  

0.226 

2. Garcia model 











00

c

S

ΔT
0.2470.602

H

H
 

0.334 

3.  Olomiyesan 

and Oyedum 

model 

 



















000

c

S

ΔT
0.0084-

S

S
1.9501.108

H

H
 

0.953 

 

Table 5 Regression equations developed based on relative humidity (RH) models for the location Kadapa. 

S.No Models Regression equations R2value 

1. Group I 

 
 RH0.0040.590

H

H

0

  
0.465 

2. Group II 
 2

0

0.000040.701
H

H
RH  

0.426 

3.  Swartman- Ogunlade 

model 

 

 RH0.00026
S

S
1.867-1.047

H

H

00











  

0.953 
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From the above summary, the regression equations formed due to the sunshine-based models were 

well correlated with the calculated values. 

In summary, model 3 performed excellently in term of coefficient of determination  (R²) than model 1 and 2 

while model 3 performed better than model 1 and model 2 has a 95.30% coefficient of determination. 

Model 3 performed excellently in terms of coefficient of determination (R²= 0.953) compared to model 1, 2. 

From the above report, the calculated and the estimated values for study location is remarkable. 

 

3.6.Monthly variation of calculated and estimated clearness index using sunshine based models 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 shows the estimation of the monthly mean daily global solar radiation using sunshine-based 

models for Kadapa during the period 2016-2018. From the figure there was good agreement between the 

calculated and model estimated values with a coefficient of determination of 0.951, 0.971, 0.959 and 0.964 for 

AP Model, Ogelman Model, El-metwally Model and Bakirci Model respectively. In the months from July to 

December vales are under estimated to the calculated values and the remaining months are over estimated. 

From the model estimation, AP model, Ogelman Model, El-metwally Model are over estimated and the 

Bakirci Model was under estimated to the calculated values. The calculated and estimated clearness index 

using sunshine models were shown in Table 6. 

Table 6 shows the calculated and estimated global solar radiation using sunshine-based models. 

Month 

Relative 

sunshine 

(S/S0) Hcal/H0 

AP 

model 

Ogelman 

model 

El-

watman 

model 

Bakirci 

model 

       Apr-16 1.011 0.841 0.857 0.845 0.853 0.849 

May-16 0.995 0.797 0.826 0.811 0.822 0.817 

Jun-16 0.978 0.765 0.793 0.779 0.790 0.785 

Jul-16 0.986 0.778 0.808 0.793 0.804 0.799 

Aug-16 0.974 0.809 0.786 0.771 0.782 0.778 

Sep-16 1.014 0.856 0.863 0.852 0.859 0.855 

Oct-16 1.066 0.979 0.961 0.981 0.963 0.965 

Nov-16 1.069 1.001 0.968 0.990 0.970 0.972 

Dec-16 1.060 0.972 0.950 0.964 0.951 0.951 

Jan-17 1.052 0.945 0.936 0.944 0.935 0.935 

Feb-17 1.038 0.899 0.909 0.909 0.907 0.904 

Fig. 7 Monthly variation of calculated and estimated global solar radiation using sunshine 

based models. 
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Mar-17 1.026 0.865 0.885 0.879 0.882 0.879 

Apr-17 1.019 0.847 0.872 0.862 0.868 0.864 

May-17 0.996 0.799 0.828 0.813 0.824 0.819 

Jun-17 0.981 0.769 0.799 0.784 0.796 0.791 

Jul-17 0.984 0.774 0.804 0.789 0.800 0.795 

Aug-17 0.983 0.792 0.803 0.788 0.799 0.794 

Sep-17 0.987 0.863 0.811 0.796 0.807 0.802 

Oct-17 1.047 0.930 0.926 0.931 0.925 0.924 

Nov-17 1.039 0.914 0.909 0.909 0.907 0.905 

Dec-17 1.056 0.964 0.943 0.955 0.944 0.943 

Jan-18 1.054 0.948 0.939 0.949 0.939 0.939 

Feb-18 1.000 0.831 0.835 0.821 0.831 0.826 

Mar-18 0.938 0.709 0.716 0.714 0.717 0.714 

Apr-18 0.938 0.708 0.715 0.713 0.716 0.713 

May-18 0.926 0.696 0.693 0.698 0.695 0.694 

Jun-18 0.911 0.679 0.664 0.680 0.670 0.670 

Jul-18 0.885 0.650 0.614 0.655 0.627 0.630 

Aug-18 0.920 0.691 0.682 0.691 0.686 0.685 

Sep-18 0.937 0.735 0.714 0.713 0.715 0.713 

Oct-18 0.940 0.717 0.719 0.716 0.719 0.716 

 

3.7. Monthly variation of calculated and estimated clearness index using temperature-based models 

   

 

 

 

 

 

 

 

 

  

 

 

 The comparison and correlation between the calculated and estimated global solar radiation 

using temperature-based models over the study location were shown in Fig. 8. In the temperature models, the 

maximum and minimum air temperature values and relative sunshine values are using during the study period. 

From the above figure the HS model was under estimated to the calculated values for all months with a 

coefficient of determination of R2= 0.226. The Garcia and Olomyesan models were over-estimated in January 

to July and under-estimated in August to December with a coefficient of determination of R2=0.334 and 0.953 

respectively. The Table 7 gives the summary of the calculated and estimated clearness index using the 

temperature-based models. The result shows that the accuracy of hybrid-parameters-based models is better 

than compared to single-parameter-based models. 
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Fig. 8 Monthly variation of calculated and estimated global solar radiation using temperature based 

models. 
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Table 7 shows the calculated and estimated global solar radiation using temperature-based models. 

 

Month 

Relative 

sunshine 

(S/S0) ∆T ∆T/s0 Hcal/H0 

HS 

Model 

Garcia 

Model 

Olomyesan 

Model 

Apr-16 1.011 13.372 1.083 0.841 0.613 0.869 0.856 

May-16 0.995 11.315 0.892 0.797 0.562 0.822 0.826 

Jun-16 0.978 8.632 0.672 0.765 0.490 0.768 0.795 

Jul-16 0.986 8.565 0.671 0.778 0.489 0.768 0.810 

Aug-16 0.974 8.258 0.663 0.809 0.480 0.766 0.787 

Sep-16 1.014 7.013 0.581 0.856 0.441 0.746 0.866 

Oct-16 1.066 11.900 1.022 0.979 0.576 0.854 0.963 

Nov-16 1.069 13.479 1.191 1.001 0.613 0.896 0.968 

Dec-16 1.060 11.774 1.055 0.972 0.569 0.863 0.951 

Jan-17 1.052 12.961 1.152 0.945 0.603 0.886 0.935 

Feb-17 1.038 16.121 1.397 0.899 0.673 0.947 0.906 

Mar-17 1.026 14.400 1.207 0.865 0.635 0.900 0.884 

Apr-17 1.019 14.017 1.136 0.847 0.627 0.883 0.870 

May-17 0.996 12.648 0.997 0.799 0.595 0.848 0.827 

Jun-17 0.981 9.863 0.768 0.769 0.524 0.792 0.800 

Jul-17 0.984 9.277 0.727 0.774 0.509 0.781 0.805 

Aug-17 0.983 8.626 0.692 0.792 0.488 0.773 0.805 

Sep-17 0.987 8.580 0.711 0.863 0.488 0.778 0.812 

Oct-17 1.047 8.494 0.728 0.930 0.485 0.782 0.929 

Nov-17 1.039 8.290 0.732 0.914 0.480 0.783 0.912 

Dec-17 1.056 12.319 1.103 0.964 0.585 0.875 0.943 

Jan-18 1.054 13.994 1.243 0.948 0.628 0.909 0.938 

Feb-18 1.000 13.714 1.188 0.831 0.619 0.896 0.833 

Mar-18 0.938 13.055 1.095 0.709 0.604 0.872 0.713 

Apr-18 0.938 9.800 0.794 0.708 0.525 0.798 0.714 

May-18 0.926 9.971 0.786 0.696 0.527 0.796 0.692 

Jun-18 0.911 9.203 0.716 0.679 0.506 0.779 0.663 

Jul-18 0.885 7.471 0.585 0.650 0.455 0.747 0.614 

Aug-18 0.920 7.745 0.621 0.691 0.463 0.755 0.682 

Sep-18 0.937 8.193 0.679 0.735 0.478 0.770 0.715 

Oct-18 0.940 9.019 0.773 0.717 0.499 0.793 0.718 
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Fig. 9 Monthly variation of calculated and estimated global solar radiation using relative humidity based 

models. 
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Figure 9 shows the estimation of global solar radiation using the relative humidity (RH) and 

comparison with the calculated radiation. The figure shows that the months from May to September for the 

group I and group II models are over-estimated and the remaining months are under-estimated to the 

calculated values with a coefficient of determination of 0.465 and 0.426 respectively. The Swartman-

Ogunlade model shows the best correlation (R2=0.953) to the calculated radiation value. The results for the 

relative sunshine models were summarized below in Table 8. 

Table 8 shows the calculated and estimated global solar radiation using relative humidity-based models. 

 

Month 

RH 

(%) 

Relative 

sunshine 

(S/S0) Hcal/H0 

Group 

1 

Group 

2 

swartman-

ogunlade 

model 

Apr-16 43 1.011 0.841 0.762 0.775 0.852 

May-16 53 0.995 0.797 0.800 0.811 0.825 

Jun-16 67 0.978 0.765 0.859 0.883 0.798 

Jul-16 66 0.986 0.778 0.855 0.876 0.812 

Aug-16 60 0.974 0.809 0.832 0.847 0.788 

Sep-16 72 1.014 0.856 0.878 0.908 0.866 

Oct-16 64 1.066 0.979 0.847 0.866 0.960 

Nov-16 64 1.069 1.001 0.845 0.864 0.966 

Dec-16 71 1.060 0.972 0.874 0.902 0.950 

Jan-17 65 1.052 0.945 0.848 0.867 0.935 

Feb-17 52 1.038 0.899 0.797 0.808 0.905 

Mar-17 51 1.026 0.865 0.793 0.805 0.882 

Apr-17 43 1.019 0.847 0.760 0.773 0.867 

May-17 48 0.996 0.799 0.783 0.794 0.826 

Jun-17 61 0.981 0.769 0.833 0.848 0.801 

Jul-17 61 0.984 0.774 0.834 0.850 0.806 

Aug-17 73 0.983 0.792 0.884 0.916 0.808 

Sep-17 78 0.987 0.863 0.902 0.945 0.817 

Oct-17 81 1.047 0.930 0.912 0.961 0.930 

Nov-17 79 1.039 0.914 0.906 0.951 0.913 

Dec-17 72 1.056 0.964 0.879 0.910 0.944 

Jan-18 58 1.054 0.948 0.823 0.837 0.937 
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Feb-18 38 1.000 0.831 0.740 0.758 0.830 

Mar-18 34 0.938 0.709 0.727 0.748 0.713 

Apr-18 34 0.938 0.708 0.726 0.748 0.712 

May-18 35 0.926 0.696 0.732 0.751 0.691 

Jun-18 33 0.911 0.679 0.723 0.746 0.663 

Jul-18 32 0.885 0.650 0.716 0.741 0.614 

Aug-18 39 0.920 0.691 0.747 0.762 0.682 

Sep-18 45 0.937 0.735 0.769 0.782 0.715 

Oct-18 26 0.940 0.717 0.693 0.727 0.714 

 

IV. CONCLUSIONS 

 The estimation of monthly global solar radiation has been calculated by several empirical 

models from the kinds of literature based on the sunshine, temperature and relative humidity model using 

sunshine hour, relative sunshine, maximum and minimum temperatures and relative humidity values. These 

meteorological parameters were collected from MOSDAC for Kadapa station from January 2016 to December 

2018. The atmospheric temperature (relative humidity) was high (low) in the summer (winter) and low (high) 

in the winter (summer) months. The global solar radiation and diffuse solar radiation were high in summer 

months and low in monsoon months. The estimated clearness index using different models; sunshine, 

temperature and relative humidity are good correlated with the calculated clearness index values. 
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