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ABSTRACT 
 

 The monthly average daily global radiation on a horizontal surface ( gH ) at a location is an important parameter for the design and 

prediction of any solar system performance, thermal or photovoltaic. Information on solar radiation at a location is obtained by measuring 
sunshine duration and by hourly, daily and monthly values of global, direct and diffuse radiation. However, sunshine duration is the most 
commonly measured parameter. A simple model to predict the global radiation using only the sunshine duration and month as input has 
been proposed, based on data from Chennai station. The predictions of the model have been compared with other models and the details 
are described in this paper.. 

 
Keywords: Solar radiation, Sunshine duration, .  Performance statistics. 

 
INTRODUCTION 
 
 Solar radiation data are a fundamental input for 
solar energy applications such as photovoltaic, solar 
thermal systems and passive solar design. The data 
should be reliable and readily available for design, 
optimization and performance evaluation of solar 
technologies for any particular location. 
Unfortunately, for many developing countries, solar 
radiation measurements are not easily available 
because of not being able to afford the measuring 
equipments and techniques involved. Therefore, it is 
necessary to develop methods to estimate the solar 
radiation on the basis of the more readily available 
meteorological data. 
 Many researchers have presented different 

correlations to estimate gH . The first correlation 

proposed for estimating the monthly average daily 
global irradiation is due to Angstrom (1924) by using 
the sunshine data. Prescott (1940) modified this 
equation in a more convenient form (Angstrom-
Prescott equation) by replacing the monthly average 

global radiation on a clear day (gH ) by monthly 

average extraterrestrial radiation (oH ) as: 

gH / oH  = [a + b S / oS )]      

 where gH is the monthly mean daily global 

radiation falling on a horizontal surface at a 

particular location (MJm-2 day-1), gH is the monthly 

mean daily extraterrestrial  radiation on a horizontal 

surface at a particular latitude (MJm-2 day-1), S   is 
the monthly mean daily number of hours of observed 

bright sunshine (hr day-1),  oS is the monthly mean 

daily number of hours of sunshine in a given month 
between sunrise and sunset (hr day-1) and a and b are 
climatologically determined regression coefficients. 

S / oS   is often called the percentage possible 

sunshine. 
 The constant ‘a' is a measure of the overall 
atmospheric transmission under completely overcast 
skies and  is a function of the type and thickness of 
the cloud  cover, while the sum (a+b) denotes [Reddy 
(1987)]. Typical values of 'a' range from 0. the 
overall atmospheric transmission under clear skies 14 
to 0.54 and those of 'b' from 0.18 to 0.73; lower 
values of 'a' being mostly associated with higher 
values of 'b' and vice versa. Mani and Rangarajan 
(1983), based on Indian data, note that the sum (a+b) 
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is in the range of 0.65 for moist and turbid 
atmospheres, while for dry and dust-free atmosphere 
it is around 0.80. 
 Many researchers have presented different 

correlations to estimate gH  with sunshine duration. 

The correlations presented by various researchers to 

estimate the value of gH and the results of the 

research based on Angstrom type by using easily 
available data such as sunshine duration, latitude and 
altitude, while correlations not using the Angstrom 
method, but incorporating other parameters such as 
number of rainy days, relative humidity, latitude, 
albedo, diffuse radiation, ambient temperature 
etc.,are used develop the radiation model 
 The various equations proposed for estimating 
global radiation are empirical in nature and the 
atmospheric attenuation makes it very difficult to 
propose a general purpose expression for estimating 
global radiation. As indicated by Gueymard et al. 
(1995) the performance degradation arises while 
using simplified models and new performance 
assessment studies, which are necessary to re-
evaluate to what extent the existing models may be 
of optimum validity. In this sense, a simple model 
has been developed to predict the global radiation 
using only sunshine duration and month as input. 
This study was based on five years data of Chennai, 
Indian station. The prediction of the model was 
compared with four existing Angstrom type models. 
 
Data Used:  
 The daily global solar radiation and the 
corresponding sunshine hours data of Chennai for the 
period 2007-2012 obtained from the Indian 
Meteorological Department, Pune, India were used in 
this study. The information regarding the 
geographical coordinates are Latitude 13o 0’, 
Longitude 80o 1l'E and Altitude 16m. The radiation 
values have been recorded in Mega Joule per square 
meter.  The Meteorological Department provided 
data for 4 a.m. to 8 p.m. The data recorded from 4 
a.m. to 6 a.m. and from 6 p.m. to 8 p.m. for all days 
in this 5-year period were not used since the radiation 
recorded during this period was very low and in 
some cases had missing values. This exclusion would 
not influence the result as their values were only a 
fraction of the daily total. The radiation values 
observed between 6 a.m. and 6 p.m., and daily 
sunshine hours recorded for the corresponding days 
were taken for analysis 
 
Data Analysis : 
 Table 1:shows the measured parameters of Hg 

and S and other calculated parameters of Ho and oS  

for Chennai. The average daily global radiation was 
found to be maximum in April (23.35 MJ/m2) and 
minimum in December (15.87 MJ/m2). In winter, the 
available radiation is less and it varies between 15.87 
and 18.51 MJ/m2. But, during summer, the radiation 
received at Chennai is generally more than 22.0 
MJ/m2. The maximum sunshine duration was 

observed in the month of February (9.03 h), and in 
the months of March, April and May, the sunshine 
hours were more than 8.6 h. In all other periods 
sunshine duration varied between 5.89 and 7.57 h. 
The minimum sunshine was recorded in the month of 
November (5.89 h). 
 
Proposed Correlation: 

  Table 1 Indicates that the relation between gH / 

oH and S / oS is usually given in terms of 

geographical parameters of the location and the 
position of the sun, namely, latitude, altitude and 
declination. Therefore, in order to develop an 
appropriate, simple model within reasonable 
accuracy, many options were examined to estimate 
the monthly average daily global radiation and 
obtained correlations and the regression equation are 
developed by using the Chennai radiation data are as 
follows     
 
I. Sunshine duration in linear form: 

gH / oH   =   [0. 3403 + 0. 3684 S / oS )] –      (1) 

 
II. Sunshine duration in quadratic form: 

gH / oH  = [0.748 -0.949 (S / oS ) + 1.0419 

( S / oS ) 2]      -             (2) 

 
III. Sunshine duration and declination: 

gH / oH  =   [0.332 + 0.3795 ( S / oS ) + 

0.0041cos (δ )]    -                         (3) 
 
IV. Sunshine duration, declination and month 
number: 

gH / oH  =   [0.4171+ 0.2797 (S / oS ) + 0.0036 

cos (δ ) - 0.0035 N]              (4) 
 
V. Sunshine duration and month number in linear 
form and month number: 

gH / 
oH  = [0.42+ 0.2766 ( S / oS ) - 0.0035 N ]-

               (5) 
 
VI. Sunshine duration and month number correlated 
month-wise: 

gH / oH  = [-0.0028 N
 2 + 0.0421 N +0.2098] + 

[0.0023 N 2 -0.0398 N + 0.5127] S / oS
            (6)

 

 
Result and Discussion 
 
 The calculating the extraterrestrial radiation 

values oH  and the day lengthoS using the standard 

procedure given by Duffie and Beckman (1991).and 
the performance of the proposed correlation (Model - 
VI) and other global radiation models (I-V) was 
tested with well known statistics, the mean bias error 
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(MBE), root mean square error (RMSE), mean 
percentage error (MPE) and absolute mean bias error 
(AMBE). 
These are defined below  
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 where, dj is the difference between the jth 
calculated and jth measured value of global radiation 
on a horizontal surface and n is the number of data 
pairs. 
 The performance was calculated for each month 
of the year. and the results of these computations for 
the various models in terms of the performance 
statistics are shown in Tables 2-4 

Table 1: Measured parameters of Monthly average daily global radiationHg and monthly average daily sunshine duration S and other calculated parameters for Chennai. 

Month 
δ   

(degrees) gH    

(MJ/m2) 

gH   

(MJ/m2) 

S   

(hrs) 
oS   

(hrs) 
gH / 0H  S / oS  

Jan -20.917 17.184 30.544 7.567 11.325 0.563 0.668 
Feb -12.955 21.147 33.518 9.027 11.594 0.631 0.779 
Mar -2.418 22.991 36.369 8.621 11.926 0.632 0.723 
Apr 9.415 23.352 38.041 8.864 12.293 0.614 0.721 
May 18.792 22.514 38.184 8.661 12.601 0.590 0.687 
Jun 23.086 21.471 37.860 7.372 12.753 0.567 0.578 
Jul 21.184 20.490 37.849 6.653 12.684 0.541 0.525 

Aug 13.455 20.761 37.865 6.696 12.422 0.548 0.539 
Sep 2.217 20.534 36.791 6.639 12.068 0.558 0.550 
Oct -9.599 18.514 34.203 6.520 11.702 0.541 0.557 
Nov -18.912 15.913 31.151 5.890 11.395 0.511 0.517 
Dec -23.050 15.867 29.554 7.256 11.248 0.537 0.645 

 

Table 2: gH  Calculated from sunshine duration in linear form (Model-I) and (Model-II) and compared with measured value in terms of different errors. 

Model-I Model-II 

Month gH , 

cal 

MPE 
(%) 

MBE 
(MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) gH , cal MPE (%) 

MBE 
(MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) 

Jan 17.912 4.239 0.728 0.531 0.728 17.686 2.925 0.503 0.253 0.503 
Feb 21.021 0.598 -0.127 0.016 0.127 21.476 1.557 0.329 0.108 0.329 
Mar 22.062 4.042 -0.929 0.863 0.929 22.056 4.068 -0.935 0.875 0.935 
Apr 23.051 1.287 -0.301 0.090 0.301 23.032 1.369 -0.320 0.102 0.320 
May 22.662 0.661 0.149 0.022 0.149 22.450 0.284 -0.064 0.004 0.064 
Jun 20.946 2.443 -0.525 0.275 0.525 20.731 3.445 -0.740 0.547 0.740 
Jul 20.194 1.445 -0.296 0.088 0.296 20.320 0.826 -0.169 0.029 0.169 

Aug 20.405 1.714 -0.356 0.127 0.356 20.416 1.658 -0.344 0.118 0.344 
Sep 19.977 2.713 -0.557 0.310 0.557 19.914 3.021 -0.620 0.385 0.620 
Oct 18.660 0.787 0.146 0.021 0.146 18.562 0.256 0.047 0.002 0.047 
Nov 16.532 3.887 0.618 0.383 0.618 16.692 4.890 0.778 0.606 0.778 
Dec 17.080 7.646 1.213 1.472 1.213 16.827 6.051 0.960 0.922 0.960 

Average  2.622 -0.020 0.350 0.495 20.013 2.529 -0.048 0.329 0.484 
 

Table 3: gH calculated from sunshine duration and declination Model -1and Model– III and compared with measured value in terms of different errors. 

Model – III Model – IV 

Month 
gH , cal MPE (%) MBE (MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) gH , 

cal 

MPE 
(%) 

MBE 
(MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) 

Jan 17.825 3.735 0.642 0.412 0.642 18.288 6.429 1.105 1.221 1.105 
Feb 21.159 0.057 0.012 0.000 0.012 21.157 0.046 0.010 0.000 0.010 
Mar 21.940 4.571 -1.051 1.104 1.051 22.043 4.123 -0.948 0.899 0.948 
Apr 22.884 2.003 -0.468 0.219 0.468 22.870 2.063 -0.482 0.232 0.482 
May 22.793 1.242 0.280 0.078 0.280 22.736 0.988 0.223 0.050 0.223 
Jun 20.804 3.107 -0.667 0.445 0.667 21.055 1.936 -0.416 0.173 0.416 
Jul 19.993 2.426 -0.497 0.247 0.497 20.318 0.838 -0.172 0.029 0.172 

Aug 20.415 1.665 -0.346 0.120 0.346 20.528 1.120 -0.233 0.054 0.233 
Sep 19.806 3.548 -0.729 0.531 0.729 19.769 3.728 -0.765 0.586 0.765 
Oct 18.450 0.350 -0.065 0.004 0.065 18.278 1.277 -0.236 0.056 0.236 
Nov 16.580 4.186 0.666 0.444 0.666 16.409 3.113 0.495 0.245 0.495 
Dec 16.987 7.060 1.120 1.255 1.120 16.366 3.142 0.499 0.249 0.499 

Average 19.970 2.829 -0.092 0.405 0.545 19.985 2.400 -0.077 0.316 0.465 
 

 From the results of Tables2-4, it is seen that, for 
considering average error values, all the models 
which have the MPE are from 1.24% (model-VI)  to 
2.83% (model-III) and the RMSE are found in the 
range 0.12 (model-VI)–0.41(model-III) (MJ/ m2 day) 
and the AMBE are found in the range 0.25 (model-
VI) –0.55 (model-III)  (MJ/ m2 day) between 

measured and calculated values of gH . The negative 

values of the MBE show that, models (I)–(V) slightly 

under estimate gH  (-0.020 to -0.092 MJ/ m2 day); but, 

model (VI) slightly overestimate gH  (0.044 MJ/ m2 

day).  
 These results clearly show that the model 
considering sunshine duration and month number 
(Model - VI) was found to be the best among the six 
options. Therefore, further study has considered only 
Model - VI, namely, sunshine duration and month 
number which is correlated month-wise and is 
explained in detail below:   
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Table 4: gH calculated from sunshine duration, declination and month number (Model – IV) and (Model – V) and compared with measured value in  terms of different errors. 

Model – V Model – VI 

Mon 
gH , cal MPE (%) 

MBE 
(MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) gH , cal MPE (%) 

MBE 
(MJ/m2) 

RMSE 
(MJ/m2) 

AMBE 
(MJ/m2) 

Jan 18.366 6.881 1.182 1.398 1.182 17.306 0.712 0.122 0.015 0.122 
Feb 21.062 0.405 -0.086 0.007 0.086 21.022 0.592 -0.125 0.016 0.125 
Mar 22.165 3.592 -0.826 0.682 0.826 22.191 3.478 -0.800 0.639 0.800 
Apr 23.032 1.368 -0.320 0.102 0.320 23.389 0.161 0.038 0.001 0.038 
May 22.628 0.509 0.115 0.013 0.115 23.118 2.684 0.604 0.365 0.604 
Jun 21.160 1.449 -0.311 0.097 0.311 21.497 0.120 0.026 0.001 0.026 
Jul 20.460 0.143 -0.029 0.001 0.029 20.787 1.450 0.297 0.088 0.297 

Aug 20.489 1.310 -0.272 0.074 0.272 20.882 0.584 0.121 0.015 0.121 
Sep 19.892 3.126 -0.642 0.412 0.642 20.213 1.563 -0.321 0.103 0.321 
Oct 18.439 0.405 -0.075 0.006 0.075 18.567 0.287 0.053 0.003 0.053 
Nov 16.337 2.664 0.424 0.180 0.424 16.094 1.135 0.181 0.033 0.181 
Dec 16.444 3.639 0.577 0.333 0.577 16.198 2.086 0.331 0.110 0.331 
Avg 20.040 2.124 -0.022 0.275 0.405 20.105 1.238 0.044 0.116 0.252 

 
 Verification of the model:  
 A verification of the present model was done by 
compaing it with existing local correlation. The local 
correlation was selected according to the availability 
of either city wise (correlation corresponds to the 
particular city) or region-wise (city corresponds to 
the particular region) for the city correlation. This 
was necessitated since all the locations did not have 
correlations based only on their data. The selected 
models and their references are given in Table 5 

 The results of the proposed model were 
compared with the results of the existing models in 
terms of average values for different errors are shown 
in Table 6. It is seen that the proposed model has 
MPE of 1.24, whereas all other existing models gave 
higher errors, with a minimum of 2.85 [Modi and 
Sukhatrne (1979)] and a maximum of 9.71 [Mani and 
Rangarajan (1982)]. The above test clearly shows 
that the proposed model is better than the other 
models and also closely agrees with measured data. 

 
Table 5: List of selected models and their references for verification of the proposed model. 

Reference a b 
Mooley (1962) 0.300 0.460 

Modi and Sukhatrne (1979) 0.300 0.440 
Mani and Rangarajan (1982) 0.242 0.436 
Veeran and Kumar (1993) 0.340 0.320 

 
 The linear fit constants 0.3403 and 0.3684 were verified to actual month coefficient equation and new 
method coefficient equations. Actual month wise coefficient compared with linear fit of data and the Table 7 
and Fig1. It can be seen that   the linear fit   will   not give the actual   month   global radiation (i.e., all the 
month coefficient ‘a’ and ‘b’ have the constant value in least-square method).  Therefore, existing methods in 
the form of single equation i.e., linear fit of data, always predict a value that is either an under or an over 
estimate (see the % error in Table 7 and also this will not predict the more accurate numerical value for each 
month. In this context, the proposed month dependent model gives a more accurate prediction of global 
radiation for each month. 
 

 
 
Fig. 1: (a) Monthly trend of ‘a’ coefficient and (b) Monthly trend of ‘b’ coefficient compared with actual month 
      wise coefficient linear fit of data and proposed method. 
 
Conclusion: 
 A month dependent model has been proposed for 

the estimation of gH  and validated by comparing 

four local existing models. Studies were conducted 
by varying the parameters and a month dependent 
model is proposed. The overall results show that the 
proposed month-dependent correlation gives (eqn. 
6.5) better performance than the other existing 

correlations in terms of MPE, RMSE, MBE and 
AMBE. To estimate the global solar radiation, this 
modified Angstrom model is recommended by 
evaluating the correct constant ‘a’ and ‘b’ as a 
function of sunshine duration and month number.  
Furthermore, it is advisable to use the correlation 
which is proposed in this work for estimation of 
monthly average daily global radiation on horizontal 
surfaces in Chennai and may be extended to other 
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nearby locations. The month dependent model can be 
used for estimating horizontal global radiation in 

Chennai with good accuracy.

 

 
 
Fig. 2: (a) Comparisons of MBE (b) Comparisons of MPE  (c)  Comparisons of R MSE d)  Comparisons of 

AMBE of monthly  average daily measured and calculated global radiation on horizontal surface for 
Chennai (2003-2008). 

 
Table 6. Performance statistics of the selected models in terms of average values. 

Reference gH , cal 
MPE  
(%) 

MBE 
(MJ/m2) 

RMSE MJ/m2) AMBE (MJ/m2) 

Mooley (1962) 20.633 3.343 0.572 0.693 0.613 
Modi and Sukhatrne 

(1979) 
20.195 2.849 0.133 0.393 0.534 

Mani and 
Rangarajan (1982) 

18.068 9.705 -1.994 4.566 1.994 

Veeran and Kumar 
(1993) 

18.970 5.386 -1.091 1.668 1.138 

Proposed Model 20.105 1.238 0.044 0.116 0.252 

 
Table 7: Actual month wise coefficient compared with linear fit of data and the proposed method. 

.Month 
 

From Data  
 

Linear fit of Data  
(Eqn  1) 

Proposed Method 
(Eqn 3) (Eqn 4) 

a b a % Error b % Error a % Error b % Error 
Jan 0.293 0.403 0.340 16.143 0.368 8.586 0.249 14.983 0.475 17.916 
Feb 0.241 0.501 0.340 41.203 0.368 26.467 0.283 17.344 0.442 11.717 
Mar 0.303 0.455 0.340 12.310 0.368 19.033 0.311 2.607 0.414 9.011 
Apr 0.310 0.422 0.340 9.774 0.368 12.701 0.333 7.548 0.390 7.512 
May 0.347 0.353 0.340 1.931 0.368 4.363 0.350 0.951 0.371 5.156 
Jun 0.387 0.311 0.340 12.067 0.368 18.457 0.362 6.563 0.357 14.695 
Jul 0.354 0.356 0.340 3.870 0.368 3.483 0.367 3.757 0.347 2.584 
Aug 0.385 0.302 0.340 11.610 0.368 21.987 0.367 4.571 0.342 13.079 
Sep 0.344 0.389 0.340 1.076 0.368 5.296 0.362 5.203 0.341 12.391 
Oct 0.361 0.324 0.340 5.734 0.368 13.704 0.351 2.825 0.345 6.389 
Nov 0.346 0.318 0.340 1.647 0.368 15.849 0.334 3.439 0.353 11.069 
Dec 0.281 0.397 0.340 21.103 0.368 7.204 0.312 10.961 0.366 7.733 

Average 0.329 0.378 0.340 11.539 0.368 13.094 0.332 6.730 0.379 9.938 
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