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ABSTRACT 
An attempt has been made to model global solar radiation using the multiple linear regression 

method with various meteorological parameters as input. The meteorological parameters used 

in this study are the relative humidity, wind speed, maximum, minimum and mean 

temperatures, sunshine hours, and the clearness index. The global solar radiation on a 

horizontal surface measured at three different locations representing the varying climatic 

conditions prevailing over TamilNadu has been analyzed. The study sites are Chennai, 

Kodaikanal and Coimbatore. In our study, first we developed a multiple regression model to 

estimate the global radiation at each site separately. Then, we developed an overall multiple 

regression equation for the estimation of global radiation anywhere in TamilNadu. The robust 

least square regression technique has been used in our study. This method is preferred as it is 

vulnerable to the outliers in the data set. The performance of the regression models was 

evaluated using the following statistical error parameters: Mean Absolute Percentage Error 

(MAPE), Mean Bias Error (MBE), Root Mean Squared Error (RMSE) and T-Statics(TS).    

______________________________________________________________________ 
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1. INTRODUCTION 

Energy crisis is one of the most important 

challenges faced by many a countries. In 

this scenario, solar energy plays a vital role 

as a renewable energy source because of its 

unpolluted nature and its abundance in the 

tropical countries like India. TamilNadu is 

a state in the southern peninsular region of 

India lying in the sunny belt between 8.5
o
N 

and 13.35
o
N. Its geographical location 

favors the utilization of solar energy. For 

effective and efficient utilization, it is 

necessary to have a precise knowledge 

about the various components of solar 

energy at the location of our interest. The 

global solar radiation is a primary 

component of solar radiation. This quantity 

is measured only at a few locations due to 

the high cost involved. Hence, for places 

where no measurement is done, 

mathematical models become inevitable. 

The amount of solar radiation reaching the 

Earth‘s surface depends on the climatic 

condition of the study site. Hence, it 

becomes important to include the weather 

conditions of the location in the modeling 
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of solar radiation. Many researchers
1,2,3

 

developed Angstrom type regression model 

to estimate the global radiation using  

sunshine hours. All these models assess the 

dependency of global radiation on sunshine 

hours alone. Though sunshine hour is the 

parameter that correlates best with the 

global radiation, it is evident that the other 

weather parameters also influence the 

global radiation. Chandel et al
4
 used the 

temperature and sunshine hours to estimate 

the global radiation. Vijay Modi and 

Sukhatme
5
 used all the weather parameters 

individually to model the global radiation 

and chose the sunshine hour as the best 

parameter. They did not consider the 

influence of all weather parameters 

simultaneously.  

Recently, Akpabio et al.
6
 developed a 

multiple linear regression model to 

estimate the global radiation at Onne, 

Nigeria. Falayi et al
7
  also developed many 

multiple regression models for the 

estimation of global radiation at Iseyin, 

Nigeria. In our study, first we developed a 

multiple regression model to estimate the 

global radiation at TamilNadu, India. We 

have used the global solar radiation on a 

horizontal surface measured at three 

different locations representing the varying 

climatic conditions prevailing over 

TamilNadu. The study sites are Chennai, 

Kodaikanal, and Coimbatore. The details of 

these stations are given in Table-1. First, 

three different regression equations were 

developed to estimate the global radiation 

at the three sites separately. Then, we 

developed an overall multiple regression 

equation for the estimation of global 

radiation anywhere in TamilNadu.  

2. Data: 

The monthly mean daily values of global 

radiation on a horizontal surface, sunshine 

hours, Relative Humidity at 8:30 IST, 

Relative Humidity at 17:30 IST, Minimum 

temperature, Maximum temperature and 

wind speed have been obtained from 

National Data Center, Indian 

Meteorological Department, Pune, India 

and Regional Meteorological Center, 

Chennai, India for the three locations. The 

above mentioned meteorological 

parameters have been obtained for a period 

of 240 months (1990 to 2009) for Chennai. 

For Kodaikanal, the global radiation data 

were available for 125 months during the 

period from 1989 to 2008 with many data 

gaps though the other meteorological 

parameters were available for the entire 

period. Hence the data of 125 alone were 

used in our study. At Coimbatore, the 

measurement of global radiation was 

started only recently by Indian 

Meteorological Department. Hence, the 

data for 33 months during the period from 

2006 to 2008 were only available. The 

mean Relative Humidity was computed and 

used for our study. Similarly, the mean 

temperature and the ratio between the 

minimum and the maximum temperatures 

(Theta) have been computed and used for 

our study. For all the three stations, the last 

one year data was used for validating the 

model and the rest were used for 

developing the regression models.  

  

3. METHODOLOGY 

3.1. Regression methods: 

The commonly used regression technique 

is the method of Least Squares. The 

method of Least Squares is a procedure to 

determine the best fit curve for the given 

data. This procedure minimizes the squared 

error in each predicted value
8
. This method 

is vulnerable to the unusual data, generally 

called Outliers. The term Outliers refers to 

the data points which do not follow the 

expected pattern (linear, quadratic, 

logarithmic etc.) Hence in the presence of 

Outliers, it is better to adopt the robust 
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method. This procedure is not as vulnerable 

as the method of Least Squares (LS) to the 

Outliers. This procedure minimizes the 

weighted squared errors. First, initial 

estimates are obtained for the regression 

coefficients using LS method. Then, the 

residuals (error) and weights are calculated 

from the initial values of regression 

coefficients. The new values of the 

regression coefficients are estimated using 

the weighted Least Squares procedure. This 

procedure is continued until the values 

obtained in two successive iterations are 

the same. Hence this method is also called 

Iteratively Reweighted Least Squares 

(IRLS) method. This method suppresses 

the influence of the outliers on the 

dependent variable by means of appropriate 

weight values
9
.  

3.2. Location specific Regression models: 

The multiple linear regression analysis was 

carried out using the MATLAB software
10

.  

The data of each station were analyzed 

separately. The meteorological parameters 

used as input in our model are relative 

humidity, wind speed, maximum, 

minimum and mean temperatures, the ratio 

between the minimum and the maximum 

temperature (Theta), sunshine hours, and 

the relative sunshine hours (S/So) which is 

the ratio between the sunshine hours and 

the day length. Various combinations of 

these meteorological parameters were used 

while developing the model and the one 

with least prediction error was identified. 

The multiple linear regression models 

developed to estimate the global radiation 

on a horizontal surface at each station are 

given below: 

 
For Chennai, 
H/Ho = 2.3133+0.3837(S/So)-0.0569Tmax+0.0821Tmin -2.9456Theta+0.0003RH+0.0051W ---(1) 

 

For Kodaikanal, 

H/Ho = 0.9049+0.0456S-0.0293Tmax+0.0457Tmin -0.9649Theta-0.0007RH+0.0050W ---------(2) 
 

For Coimbatore, 

H/Ho = 0.8172+0.0702S-0.0251Tmax-0.0015Tmin +0.0017RH+0.0019W ----------------(3) 

 
where H is the global radiation on a 

horizontal surface; Ho is extraterrestrial 

radiation on a horizontal surface; S  is the 

sunshine hours; SO is the maximum 

possible sunshine hours (i.e., the day 

length); Tmax is the maximum temperature; 

Tmin is the minimum temperature; 

Theta=Tmin/Tmax; RH is the relative 

humidity; and W is the wind speed. For all 

these parameters, the monthly mean daily 

values were used. The monthly average 

daily extraterrestrial radiation on a 

horizontal surface and the maximum 

possible sunshine hours on a particular day 

can be computed as described by many 

researchers
11,12,13

 using the following 

equations. The monthly average daily 

extraterrestrial radiation on a horizontal 

surface can be computed from the 

following equation  

 

Hd = (24/π)IO[1.0 +0.033 cos (360n/365)][(πω/180) sinφ sinδ + cosφ cosδ sinω]  ----(4) 

 
where Hd is the daily extraterrestrial 

radiation on a horizontal surface on the n
th 

day, IO is the hourly extraterrestrial 

radiation, n is the day of the year starting 

from first January (i.e., n=1 on 1
st
 January), 

ω is the sunrise hour angle on n
th

 day, φ is 



 

 

223                                                        International Journal of Current Research and Review  www.ijcrr.com  

                                                        Vol. 03 issue 12 December 2011 

 

 

the latitude of the location of our interest, δ 

is the solar declination on n
th 

day. The 

values of sunrise hour angle, the solar 

declination and the maximum possible 

sunshine hours on a particular day can be 

computed from the following equations. 

 
δ = 23.45 sin [360(284+n)/365]           --------------------------------------------------------(5)  

 

ω = cos
-1

[- tanφ tan δ]                          --------------------------------------------------------(6) 
 

SO=(2/15) ω                                           -------------------------------------------------------(7) 

 

 
3.4. Overall regression model: 

The data of all the three station were 

analyzed together to develop an overall 

regression equation which will be of use to 

determine the global radiation at a location 

where there is no measurement. Various 

combinations of the meteorological 

parameters were tried and the one with the 

least prediction error was identified which 

is given below: 

 

H/Ho = 0.6081+0.4227(S/So)-0.0042Tmax+0.0038Tmin -0.2030Theta-

0.0020RH+0.0041W -----(8) 

 
4. RESULTS AND DISCUSSION 

The performance of the proposed models has been evaluated based on the following well 
established statistical error tests

14
: 

  

(i) Mean Bias Error (MBE) defined as 
 

MBE = (1/K) ∑ (H
i
cal – H

i
obs)     --------------------------------(9) 

 
where K is the total number of observations, H

i
obs is the i

th
 observed value and H

i
cal is the i

th
 

calculated value of the monthly mean daily global radiation on a horizontal surface. 

 

(ii) Root Mean Square Error (RMSE) defined as 
 

RMSE = [(1/K) ∑ (H
i
cal – H

i
obs)

2
]

1/2
   -------------------------------(10)  

 
(iii) Mean Absolute Percentage Error (MPE) defined as 

 

MAPE = (100/K) ∑[ │H
i
cal – H

i
obs│/ H

i
obs]   -------------------------------(11) 

 
The test of MBE provides information on 

the long term performance of the models. 

The positive and negative values of MBE 

give the average amount of over estimation 

and under estimation in the estimated 

values respectively. One drawback of this 

test is that over estimation in one 

observation will cancel the under 

estimation in another observation. The 

MAPE avoids this error cancellation 

problem. But, normally this test parameter 

is not preferred in the analytical point of 

view because the absolute value of error is 

not a differentiable quantity.  The test on 

RMSE provides information on the short 

term performance of the models. It allows a 

term by term comparison of the actual 

deviation between the calculated and the 

measured values. It is always positive. The 

demerit of this parameter is that a single 
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value of high error leads to a high value of 

RMSE value. Apart from these statistical 

tests, the t-statistic test proposed by Stone
15

   

was also employed to assess the proposed 

models. This method has the added 

advantage of telling whether the model‘s 

estimates are statistically significant or not 

at a particular confidence level. The t-

statistic (TS) defined by Stone
15

 is as 

follows. 

 

TS = [(K-1)(MBE)
2
/(RMSE

2
 – MBE

2
 )]

1/2
        ------------------------------(12) 

 

A two tailed t-statistic was carried out at 

the 95% confidence level i.e., at 5% (0.05) 

significance level. TS should lie within the 

interval defined by –Tc  and +Tc where Tc 

is the critical TS value i.e., the acceptance 

region under the normal distribution curve 

lies between  –Tc  and +Tc. The smaller the 

value of TS the better is the performance of 

the model.   

The MBE, RMSE, MAPE and TS values 

obtained for the multiple linear regression 

models are shown in Table-2 along with 

the critical values of TS obtained from 

standard statistical tables. 

The overall model has the least MBE value. 

The model proposed for Chennai has the 

least RMSE value and MAPE value. The 

TS values of all the models lie well within 

the critical limits except the Model 

proposed for Kodaikanal. Figures 1-4 show 

how well the measured values of global 

radiation agree with the model predicted 

values.  

 

5. CONCLUSION 

From the results of our study, it is clear that 

the error values of all the proposed models 

are within the tolerable limits. The MAPE 

values of all the models lie between 4.35% 

and 7.04%. Hence we can draw the 

following conclusions: 

1. It can be concluded that the multiple 

linear regression model proposed for 

Chennai can be used to estimate the 

global radiation on a horizontal surface 

at locations with similar climatic 

conditions as Chennai, possibly a 

coastal area in TamilNadu, India. 

2. The model proposed for Kodaikanal can 

be used to estimate the global radiation 

on a horizontal surface at a hill station in 

TamilNadu, India. 

3. The multiple regression model 

developed for Coimbatore can be used 

to estimate the global radiation on a 

horizontal surface at places with similar 

climatic conditions as Coimbatore. 

4. The overall regression model developed 

in this study can be used to estimate the 

global radiation at any location in 

TamilNadu, India. 

5. The high RMSE error for the 

Coimbatore model may be due to the 

fact that only a few years‘ data were 

used in developing the model. Hence, 

this model can be improved by 

analyzing more data points.  
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Table-1: Stations used for the study 

S.No. Climatic zone Station Lattitude (
o
) Longitude(

o
) Altitude(m) 

1 Hill station Kodaikanal 10.2333 77.4667 2345 

2 Coastal area Chennai 13 80.1833 16 

3 Continental area Coimbatore 11 77 409 
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Table-2: Performance of ANN model 

 
Station MBE (MJ/day/sq.m) RMSE(MJ/day/sq.m) MAPE(%) TS TC 

Overall 

(Eqn.8) 

 

0.11 

 

1.50 

 

7.04 

 

0.4288 

 

2.0322 

Chennai 

(Eqn.1) 

 

0.12 

 

0.90 

 

4.35 

 

0.4462 

 

2.2010 

Kodaikanal 

(Eqn.2) 

 

1.19 

 

1.39 

 

6.63 

 

5.4944 

 

2.2010 

Coimbatore 

(Eqn.3) 

 

-0.44 

 

1.64 

 

5.87 

 

0.8807 

 

2.2282 

 

 
Figure-1: Comparison between observed and predicted values: overall regression model 

 

 
Figure-2: Comparison between observed and predicted values: Chennai 
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Figure-3: Comparison between observed and predicted values: Kodaikanal 

 

 

 
Figure-4: Comparison between observed and predicted values: Coimbatore 

  

 

 

 

 

 

 

 

 

 


