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Abstract: In this communication, an attempt has been made to estimate hourly global solar radiation for the composite 

climate of New Delhi (latitude: 28.58
0
 N, longitude: 77.20

0 
E, elevation: 216 m above mean sea level) using regression 

analysis based on the model proposed by Al-Sadah et al. (1990). More than 39000 data of hourly solar radiation on a hori-

zontal surface measured at New Delhi were compared with hourly data calculated by various calculation models. Com-

parison between estimated and measured values shows that the constants derived for New Delhi provide good estimates of 

the hourly global radiation except for the morning and evening hours. The present results are comparable with the Liu and 

Jordan (1960) and Collares-Pereira and Rabl (1979) models which also correlate hourly values and daily totals of the 

global radiation. 
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INTRODUCTION 

 The design of any solar energy system requires knowl-

edge of the availability of solar radiation data at the location 

of interest. The average distribution of solar radiation over 

the day is of fundamental importance in many areas of solar 

energy. It provides the basis for predicting instantaneous 

solar radiation from the commonly available monthly aver-

ages of daily insolation. For locations where measured data 

are not available, empirical correlations developed by vari-

ous investigators can be used to estimate the solar radiation. 

 Sometimes the design of solar energy devices needs ac-

curate estimations of hourly solar radiation values. At places 

where hourly radiation values are not available, it has to be 

estimated from the daily values. There are various methods 

which allow the conversion of daily solar radiation into 

hourly values. The distribution of total radiation on a hori-

zontal surface over a day was examined by Liu and Jordan 

[1], who showed that the ratio of hourly to daily radiation 

could be correlated with the local day length and hour angle. 

The hours were designated by the time for the mid point of 

the hour, and the days were considered to be symmetrical 

about solar noon. The results of Liu and Jordan were con-

firmed by Collares-Pereira and Rabl [2], using a wider data-

base. A model for hourly solar radiation has also been devel-

oped by Al-Sadah et al. [3], which is correlated with the lo-

cal time of day. There are some other models [4, 5] to esti-

mate the hourly solar radiation. Singh and Tiwari has evalu-

ated cloudiness factor and atmospheric transmittance for 

composite climate of New Delhi [6]. Cucumo et al. carried 

out experimental testing of models for the estimation of 

hourly solar radiation on vertical surfaces at Arcavacata di 

Rende [7]. As the availability of solar radiation for a place 

depends upon the climatic conditions of the locality, a corre- 
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lation for a place may not be suitable for other places of dif-

ferent climatic conditions. 

 The purpose of this paper is to present an analysis of 

hourly solar radiation data and to develop new regression 

constants for estimating the hourly global solar radiation on 

a horizontal surface, which is based on the solar model pro-

posed by Al-Sadah et al. [3]. The analysis has been done for 

the following weather conditions. 

i). Clear day (blue sky): If diffuse radiation is less than 

or equal to 25% of global radiation and sunshine hour 

is more than or equal to 9 hours. 

ii). Hazy day (fully): If diffuse radiation is less than 50% 

or more than 25% of global radiation and sunshine 

hour is between 7 to 9 hours. 

iii). Hazy and cloudy (partially): If diffuse radiation is less 

than 75% or more than 50% of global radiation and 

sunshine hour is between 5 to 7 hours. 

iv). Cloudy day (fully): If diffuse radiation is more than 

75% of global radiation and sunshine hour is less than 

5 hours. 

 The above four conditions constitute the composite cli-

mate of New Delhi. 

 The present results are compared to the data obtained 

from India Meteorology Department (IMD) Pune, India. And 

the predictions from Liu and Jordan [1] and Collares-Pereira 

and Rabl [2] methods. 

Meteorological Data 

 The solar radiation data comprising of monthly mean 

hourly global solar radiation for New Delhi (latitude:28.58
0
 

N, longitude: 77.20
0 

E, elevation: 216 m above mean sea 

level) have been collected for the period of 1991-2001 from 

India Meteorology Department (IMD) Pune, India. These 

data have been obtained using a thermoelectric pyranometer. 

The pyranometer used are calibrated once a year with refer-
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ence to the World Radiometric Reference (WRR). The esti-

mated uncertainty in the measured data is about ±5% [6]. 

Mathematical Models 

 Liu and Jordan [1] proposed the following correlation to 

estimate the monthly mean hourly global radiation on a hori-

zontal surface 
 

I( )  from the monthly mean daily global ra-

diation ( H ) on a horizontal surface. 

  

I

H
=

24

cos w cos w
s

sin w
s

w
s
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           (1) 

Where w is the hour angle in degrees for the midpoint of the 

hour for which the calculation is to be made, and ws is the 

sunset hour angle which is expressed by. 

  
w

s
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1
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 To estimate the monthly mean hourly radiation on a hori-

zontal surface, Collares-Pereira and Rabl [2] proposed the 

following correlation. 
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 The coefficients a and b are given by 

  

a = 0.409 + 0.5016sin(w
s

60)

b = 0.6609 0.4767 sin(w
s

60)
 

 Al-Sadah et al. [3] developed the following correlation to 

estimate the ratio of the monthly mean hourly ( I ) to 

monthly mean daily ( H ) global radiation on a horizontal 

surface. 

  
I H = a

1
t

2
+ b

1
t + c

1
            (3) 

for    6.00 t 18.00    where t is local time in 

hours 

 The coefficient of correlation I was calculated using the 

formula defined as 
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Methodology 

 The solar radiation data comprising of monthly mean 

hourly global solar radiation for New Delhi have been col-

lected for the period of 1991-2001 from India Meteorology 

Department (IMD) Pune, India. Eleven years data (over 

39000) were divided into twelve sets, each set comprising 

data of each month. Thus eleven years data of each month 

were studied separately. Depending upon sunshine hours and 

ratio of diffuse to global radiation, each month data (of  

11years) were subdivided into four subsets for four different 

weather types i.e. ‘a’, ‘b’, ‘c’ and ‘d’. These weather types 

have already been defined which constitute the composite 

climate of New Delhi. Then the monthly mean hourly global 

radiation for each type of weather was calculated. Similarly 

the monthly mean daily global radiation for each type of 

weather was calculated. Thus the ratio of monthly mean 

hourly global radiation to monthly mean daily global radia-

tion was calculated for each type of weather. 

 To calculate the ratio of monthly mean hourly global 

radiation to monthly mean daily global radiation using Liu 

and Jordan model, a computer program was developed in 

Matlab. The input parameter for  w  was local time in hours 

from 8 to 17 and for 
 
w

s
 the input parameter were  and n. 

 To calculate the ratio of monthly mean hourly global 

radiation to monthly mean daily global radiation using Col-

lares-Pereira and Rabl, again a computer program was de-

veloped in Matlab. The input parameter was same as in Liu 

and Jordan model. 

 The new constants were determined from regression 

analysis between measured ratio (monthly mean hourly to 

daily global radiation) versus local time. 

Results and Discussion 

 Least squares regression analysis was used to fit equation 

(3) to the data for each hour of the day to obtain the values of 

the regression constants a1, b1 and c1 for each month of the 

year. The regression constants a1, b1 and c1 for each month of 

the year are given in the Tables 1-4 for weather types ‘a’, 

’b’, ‘c’ and ‘d’ respectively. Verification of the present con-

stants was made by comparing the estimated ratios of hourly 

to daily global radiation with the measured values. The esti-

mated values of the monthly mean ratios, along with the 

measured values, as a function of the local time t for the 

months of January and June (for four different weather 

types) are plotted in Figs. (1a-d) and (2a-d). 

Table 1. New Constants a1, b1 and c1 for ‘a’ Type Weather 

 

New Constants  

 a1 b1 c1 

January -0.0065 0.16 -0.84 

February -0.0057 0.14 -0.75 

March -0.0049 0.12 -0.62 

April -0.0042 0.1 -0.51 

May -0.0039 0.098 -0.48 

June -0.0036 0.088 -0.42 

July -0.0038 0.095 -0.46 

August -0.0042 0.1 -0.51 

September -0.0047 0.12 -0.6 

October -0.0059 0.15 -0.78 

November -0.0066 0.16 -0.86 

December -0.0069 0.17 -0.91 
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Table 2. New Constants a1, b1 and c1 for ‘b’ Type Weather 

 

New Constants  

 a1 b1 c1 

January -0.0065 0.16 -0.86 

February -0.0057 0.14 -0.74 

March -0.0049 0.12 -0.62 

April -0.0042 0.1 -0.51 

May -0.0039 0.095 -0.45 

June -0.0037 0.093 -0.45 

July -0.0039 0.096 -0.47 

August -0.0041 0.1 -0.5 

September -0.0048 0.12 -0.6 

October -0.0055 0.13 -0.66 

November -0.0061 0.15 -0.76 

December -0.0072 0.18 -0.94 

 

Table 3. New constants a1, b1 and c1 for ‘c’ Type Weather 
 

New Constants  

 a1 b1 c1 

January -0.007 0.18 -0.95 

February -0.0056 0.14 -0.74 

March -0.0053 0.13 -0.68 

April -0.0047 0.12 -0.58 

May -0.0041 0.1 -0.49 

June -0.0042 0.11 -0.55 

July -0.0039 0.097 -0.46 

August -0.0044 0.11 -0.56 

September -0.0051 0.13 -0.66 

October -0.006 0.15 -0.78 

November -0.0069 0.17 -0.93 

December -0.0071 0.18 -0.94 

 

Table 4. New Constants a1, b1 and c1 for ‘d’ Type Weather 
 

New Constants  

 a1 b1 c1 

January -0.0068 0.17 -0.9 

February -0.006 0.15 -0.78 

March -0.005 0.13 -0.64 

April -0.0043 0.11 -0.53 

May -0.0041 0.1 -0.5 

June -0.0039 0.096 -0.46 

July -0.004 0.098 -0.47 

August -0.0038 0.094 -0.45 

September -0.0045 0.11 -0.56 

October -0.0059 0.14 -0.71 

November -0.0068 0.17 -0.9 

December -0.0072 0.18 -0.96 

 

Fig (1a). Measured and estimated ratios of monthly mean hourly to 

daily global radiation for the month of January ('a' type weather). 

 

 

Fig. (1b). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of January ('b' type weather). 

 

 

Fig. (1c). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of January ('c' type weather). 

 A close agreement has been observed between the meas-

ured and theoretical values of the hourly global radiation. 

The agreement is more pronounced between 9.00 and 15.00 

hours. A significant deviation in the estimated values has 

been observed at low sun angles (morning and evening 

hours), which is of little consequence for solar energy oper-

ated systems, because the global radiation during morning 
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and evening hours is very small and constitutes only a small 

part of the radiation for the day. The present results are also 

compared with the theoretical estimates of Liu and Jordan 

[1] and Collares-Pereira and Rabl [2]. The comparison 

shows that the present constants produce comparative results 

to the predictions of the Liu and Jordan and Collares-Pereira 

and Rabl models. 

 

Fig. (1d). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of January ('d' type weather). 

 

 

Fig. (2a). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of June ('a' type weather). 

 

 

Fig. (2b). Measured and estimated ratios of monthly mean hourly to 

daily global radiation for the month of June ('b' type weather). 

 

Fig. (2c). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of June ('c' type weather). 

 

 

Fig. (2d). Measured and estimated ratios of monthly mean hourly to 
daily global radiation for the month of June ('d' type weather). 

 The coefficient of correlation for each month and for all 

four weather types has been calculated but to avoid repeti-

tion, its values are shown only for ‘a’ type weather. Table 5 

shows that the performance of the proposed model is less 

effective particularly in April and in August comparing with 

the Liu and Jordan model and the Collares-Pereira and Rabl 

model in terms of coefficient of correlation. April month is a 

transition period from winter to summer and August is a 

transition period from monsoon to winter. Transition period 

may be a reason for less effectiveness of the proposed model 

in April and August. 

 From Figs. (1,2) and Table 5 it is clear that all the three 

models can comfortably be employed to estimate the hourly 

global solar radiation for the composite climate of New 

Delhi within the accuracy limit of 10%. 

CONCLUSIONS 

 The hourly global radiation on a horizontal surface can 

be satisfactorily estimated for the composite climate of New 

Delhi by using the new regression constants. A comparison 

of the present results with existing measurements shows that 

the estimated and measured values are in close agreement, 

except for low sun angles. The agreement is more pro-

nounced for the peak radiation hours. The present constants 

produce comparable results to the predictions of the Liu and 

Jordan and Collares-Pereira and Rabl models. 
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Table 5. Coefficient of Correlation for ‘a’ Type Weather 

 

 
New  

Constants 

Liu and  

Jordan 

Collares-Pereira  

and Rabl 

January 0.9889 0.9929 0.9958 

February 0.9722 0.9942 0.997 

March 0.9285 0.9716 0.9806 

April 0.8446 0.9881 0.9896 

May 0.9878 0.9824 0.9815 

June 0.9723 0.9902 0.9905 

July 0.9973 0.9858 0.9911 

August 0.8686 0.9922 0.9925 

September 0.9406 0.9761 0.9738 

October 0.9601 0.9293 0.9182 

November 0.9492 0.9483 0.9384 

December 0.9859 0.9712 0.9659 

 

 All the three models can satisfactorily be employed to 

estimate the hourly global solar radiation for the composite 

climate of New Delhi within the accuracy limit of 10%. 

ABBREVIATIONS 

 I  = Monthly mean hourly global radiation on a  

   horizontal surface, W/m
2
 

 H  = Monthly mean daily global radiation on a  

   horizontal surface, W/m
2
 

w = Hour angle in degrees for the midpoint of the  

   hour 

ws = Sunset hour angle 

 = Latitude of the location in degree 

 = Declination angle in degree 

 n  = Nth day of the year i.e.1 for first January 

t = Local time in hours 

r = Coefficient of correlation 

N = Number of data 

Xexp = Measured (experimental) value of variable X 

Xpre = Predicted value of variable X 
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