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ABSTRACT

By assuming a quadratic relationship between elevation (h) and the regression
coefficents a and b of Angstrom type correlation, a procedure is suggested
for estimating the monthly mean daily global radiation for locations in India.
Data from six locations, spread all around India, are analysed to obtain
the coefficients of the quadratic equation connecting a and b to elevation of
the locations above sea level. The procedure for estimating global radiation
is tested by calculating monthly mean daily global radiation values for
these six locations. The estimated and reported experimental values agree
well and the procedure is accurate for any location in India, with altitude

less than €00 m.
INTRODUCTION

Data on the monthly averages of the daily total and diffuse solar radiation at a
location is of significant use in the design of most solar energy conversion devices.
Actual measurements of insolation are only made at a few places because of the cost
of the equipment required and the care needed for maintaining it. Attempts have,
therefore, been made to develop statistical correlations for estimating insolation from
various surface weather observations, most of which are usually made at many
locations. Angstrom (1924) suggested the use of per cent possible sunshine hours as
a parameter to predict available global radiation ona horizontal surface. Angstrom
correlation has been modified by Page (1961).

Lund (1968) correlated nine years of daily insolation observations with measure-
ments of temperature, snow cover, wind, sunshine, sky cover, pressure and precipta-
tion at Blue Hill, Massachusetts. He found that sunshine observations were the best
specifizrs of insolation in all the months of the year. Sky cover was the second best
for most of the months. Norris (1968) reviewed attempts to divide cloud reports into
classes of transmitivity for use of prediction. He reported poor correlation and
concluded that it is probably impossible to predict solar radiation from such measure-
n eats. Bennet (1969) brought out the usefulness of opaque sky cover as an important




196 : GOPINATHAN

a = 0.458 - 0.213 h + 0.219 h2
b = 9.288 + 0.229 h - 0.236 h?

where the elevation is in kilometres. The geographical location of the six stations along-
with estimated values of a and b are presented in Table 1. Table 2 gives a comparative
study of the experimental and estimated values of monthly mean daily global irradiation
on a horizontal surface for the six locations. The global radiation values presented are
in MJ m~2 day-!. The relative percentage errors (e) and S/Sp ratio are also included in
the same table. The quantity (S/Sp) x 100 is often called the percentage of possible
sunshine duration. A comparison between the measured and the estimated values
shows that there is a remarkable agreement between the two for all the locations during
most of the months of the year. The relative percentage error rarely exceeds 10 per cent
in most of the cases and the average values are far less than 10 per cent. However, the
relative percentage error for July and August are found to be high for most of the loca-
tions. It can be seen from Table 2 that the accuracy of the estimated values decrease
when the per cent possible sunshine decreases and the relative per cent error can be
above 10 per cent when the S/Sp ratio is below 0.4. It can be established from the
results of Table 2 that the error of the estimated values will lie between 10 to 20 per cent
if the percentage sunshine duration is below 40 per cent, with the estimated values
always being higher than the experimental values.

Table 1. Estimated values of the regression coefficients for the six locations

Location Latitude in Elevation in
Degrees Metres a b

Ahmedabad 23° 2N 55 0.447 0.300
Bombay 18° 56 N 14 0.455 0.291
Jodhpur 26° 18 N 224 0.421 0.327
Nagpur 21°09 N 310 0.413 0.336
Poona 18°32 N 559 0.407 0.342
Trivandrum 8°20 N 64 0.445 0.302

The suggested procedure can thus be applied to estimate monthly mean daily
global radiation for locations in India. The developed equations can be directly
employed for estimation purposes, for any month of the year, if the error of the
estimated values are allowed to go upto 20 per cent in some cases. However, if more
accurate estimations are necessary, the estimated values for the months with per cent
possible sunshine duration less than 40 per cent need to be corrected. The correction
procedure is very simple as the estimated values are always higher than the experi-
mental values by 10 to 20 per cent. It should also be noted that these correlations
are developed from data for six locations, all having the altitude less than 600 m.
This procedure should then be expected to hold good for only those stations having
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elevation in the range 0-600 m. For locations of higher altitude one may have to find
out separate values of the coefficients Ag, A1, Ag and By, B1, Bs.

CONCLUSION

A method is suggested whereby global radiation values can be estimated from
sunshine duration and altitude, for locations in India. There is a remarkable agreement
between the experimental and estimated values of global radiation from this method.
The suggested method gives very accurate estimation of monthly mean daily global
radiation if the altitude of the location is in the range 0-600m and the per cent
possible sunshine duration is above 40 per cent. However, if the per cent possible
sunshine duration for a location or for any month in a given location is less than
40 per cent, the accuracy of the estimated values decreases and a correction should be
applied to the estimated data. Further, new set of constants may be necessary for
locations of altitude above 600 m.
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