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ABSTRACT. The objective of this study is to find the date wise corrected Kgrs from the Hargreaves Radiation
formula with the help of observed global solar radiation for the Indian coastal location namely Alipore (Kolkata) in West
Bengal so that subsequently it can be used for predicting maximum temperature T,y if minimum temperature T, is
known or vice-versa. The correlation between the global solar radiation calculated by using date wise average sunshine
hour data with constants a; = 0.25 and b, = 0.5, from Angstrom Prescott formula with the observed global solar radiation
data was studied. The assertion that the Angstrom Prescott formula gives nearly accurate estimation of global solar
radiation has been found to be correct. Correlation between the global solar radiation calculated by using date wise
average of Ty, and T, (sourced from IMD located at Alipore, Kolkata, District - South 24 parganas) from Hargreaves
Radiation formula (taking Kgs = 0.19 ) with the observed global solar radiation data was also studied. Date wise
corrected Kgs by Hargreaves Radiation formula was computed using the observed data of global solar radiation, date
wise average of maximum temperature T, and minimum temperature T;,. The date wise corrected Kgs can be used for
better prediction of Ty.x and Ty, Also it can be used for estimation of global solar radiation for reference evapo-
transpiration of the neighbourhood areas by utilizing the date wise Kgs with the Tyax and To, of the station.

Key words — Global Solar Radiation, Hargreaves’ radiation formula, Angstrom - Prescott formula,
Adjustment co-efficient, Evapo-transpiration.

various field experiments with different crop varieties and

It is well known that one of the major weather
parameters is the global solar radiation received which
affects to a large extent the evapo-transpiration.
Knowledge of local global solar radiation is essential for
many applications, especially in the fields of agriculture
and irrigation engineering where it is a vital parameter to
be reckoned. This parameter can be useful for conducting

can be conducive in estimating crop yield forecast for
regions where there are no means for measuring global
solar radiation. The accuracy with which global solar
radiation can be found out will help in forecasting the crop
yield better as global solar radiation is one of the prime
factor that is playing for crop growth. Moreover,
architectural design of buildings, design of green
buildings, design of solar systems and study of cyclone

(671)


mailto:sukumarlala@gmail.com

672 MAUSAM, 64, 4 (October 2013)

and other weather system also call for solar radiation data.
Costs, maintenance and calibration of global solar
radiation measuring instrument slacken the availability of
this useful information. This paucity of global solar
radiation data dictates the need to develop models to
estimate on the basis of more readily available data, i.e.,
maximum and minimum temperature (Al-Lawati et al.,
2003; Almorox and Hontoria, 2004).

2. Background

Many empirical models are available for
computation of global solar radiation using variables such
as sunshine hours (Angstrom, 1924), air temperature
(Hargreaves and Samani, 1982), precipitation (De jong
and Stewart, 1993), relative humidity (Elagib et al., 1998)
and cloudiness (Black, 1956). Sunshine duration is the
most commonly employed parameter for estimating global
solar radiation. Most of the models available for
estimating global solar radiation use the ratio (n/N) of
actual duration of sunshine and maximum possible
duration of bright sunshine (Al-Lawati et al., 2003). The
most widely used empirical method is that proposed by
Angstrom (1924). He proposed a linear relationship
between the ratio of average daily global solar radiation to
the corresponding value on a completely clear day and the
ratio of average daily sunshine duration to the maximum
possible sunshine duration. The problem of determining
clear sky global irradiance was by passed by Prescott, who
suggested using extraterrestrial radiation intensity values
instead (Almorox and Hontoria, 2004). Accurate
estimation of evapo-transpiration demands accurate
estimation of net radiation, R, which is the difference
between incoming solar radiation and outgoing radiation
which consequently calls for accurate estimation of global
solar radiation, (R;). If measured data on actual duration
of sunshine hours are available for the location under
consideration, then Ry can be computed using Angstrom -
Prescott formula given by Equation 1 (Allen et al., 1998)

Ry =[a, +b,(n/N)]R, (1)

where R; is the global solar or short-wave radiation
in watt hour m?, n is the actual duration of sunshine in
hours, N is the maximum possible duration of bright
sunshine or daylight in hours. (n/N) is the relative
sunshine duration, R, is the extraterrestrial radiation in
watt hour m™ computed as a function of the latitude and
the day of the year (Duffie and Beckman, 1991), a, and by
are the Angstrom constants. Depending on the
atmospheric conditions (humidity & dust) and solar
declination (latitude & month) the Angstrom values a; and
b, will vary. Where no actual global solar radiation data
are available and no calibration has been carried out for

improved a; and by parameters, the values a; = 0.25 and
b, = 0.50 are recommended (Allen et al., 1998).

Now, the regions where measured data on daily
sunshine hours (n) is absent, global solar radiation cannot
be computed with the calculation procedures previously
outlined and the other subsequent deductions cannot be
elicited. In such situation global solar radiation could be
derived from air temperature.

The difference between the maximum and minimum
air temperature is related to the degree of cloud cover in a
location and hence can be used as the indicator of the
fraction of extra terrestrial radiation that reaches the
earth’s surface. This principle has been utilized by
Hargreaves and Samani (1982) to develop estimates of
reference evapo-transpiration using only air temperature
data. The Hargreaves radiation formula, adjusted and
validated at several weather stations in a variety of climate
conditions is given by Equation 2.

0.5
RS = KRS (Tmax _Tmin) Ra (2)

where R, is extraterrestrial radiation in watt hour m’
2 T is the maximum air temperature in °C, T, is the
minimum air temperature in °C and Kgs is the adjustment
coefficient.

The square root of the temperature difference is
closely related to the daily global solar radiation in a given
location. The adjustment coefficient Kgs is empirical and
differs for ‘interior’ or ‘coastal’ regions. For ‘interior’
locations where land mass dominates and air masses are
not strongly influenced by a large water body , Kgs = 0.16
and for ‘coastal’ locations, situated on or adjacent to the
coast of a large land mass and where air masses are
influenced by a nearby water body, Kgs = 0.19.

Method based on temperature difference can be used
for locations where cloud coverage or global solar
radiation data are not available. As the study location for
this work is a coastal region, this method can be employed
for estimation of surface solar radiation R in the absence
of measurement of data on actual hours of daily sunshine,
(n). Al-zoheiry et al. (2006) addressed the important need
of model having a capacity to predict global solar
radiation for locations with no or very few data.
Hargreaves Radiation formula was used to estimate the
daily Kgs value from average maximum air temperature
and average minimum air temperature (daily normal
values computed from 27 years data of the station, i.e.,
Alipore) and then the value was used to validate the T«
and T, data from 2008-2011 which method is different
from the monthly computed Kgs that has been computed
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Fig. 1. Daily global solar radiation (1980-2007) with Angstrom — Prescott (a;= 0.25 and bs = 0.50) vS observed data
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Fig. 2. Daily global solar radiation (1980-2007) with Hargreaves Radiation (Kgs= 0.19 ) vs observed data

by (Murugappan et al.,, 2011) and hence can be used
with precision to calculate other meteorological
parameters.

3. Data and methodology

The location taken for the study was Alipore (West
Bengal) a site of old meteorological observatory. The

Latitude and Longitude of Alipore is 22.57° N and
88.33° E. The date wise data on maximum temperature,
minimum temperature and actual hours of sunshine for
twenty seven years (1980 to 2007) were collected from
IMD for the study. The Ry calculated from Angstrom -
Prescott formula by using the ratio of date wise average
daily sunshine hours to maximum sunshine hours, R,
which ranged from 285.58 to 474.46 watt hour m™ and
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Fig. 3. Computed T, in °C from Hargreaves formula with daily best fit Kgs versus Daily T, in °C of the station for 2008 (Validation)
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Fig. 4. Computed T, in °C from Hargreaves formula with daily best fit Kgs versus Daily T, in °C of the station for 2009 (Validation)

taking a; = 0.25 and by, = 0.50 was correlated with the
observed R and a high correlation (0.95) was found out
(Fig. 1) which ascertains the fact that the Angstrom—
Prescott formula gave a good estimation of the global
solar radiation from the sun shine hours. Also the R
calculated from Hargreaves Radiation formula by using
the date wise average daily T, and T, R, and taking

Krs = 0.19 was correlated with the observed R and a
correlation (0.91) was found out (Fig. 2). The Hargreaves
and Samani model with adjustment co-efficient date wise
(daily) Kgs that has been found out from the actual global
solar radiation R, extraterrestrial solar radiation R, and
date wise average daily minimum and maximum
temperature, was used to predict the T, and T, from



LALA (ROY) et al. : PREDICTION OF MAXIMUM OR MINIMUM AIR TEMPERATURE 675

45

R? = 0.7539

15 A

10

Daily Tmax in °C of the station for 2010

0] \
20 25

Computed Tmax in °C from Hargreaves formula with daily best fit Kgs

30 35 40

Fig. 5. Computed Ty in °C from Hargreaves formula with daily best fit Kgs versus Daily T in °C of the station for 2010 (Validation)
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Fig. 6. Computed T, in °C from Hargreaves formula with daily best fit Kgs versus Daily Ty in °C of the station for 2011 (Validation)

2008 to 2011 and then validate with the actual data. The
previous method of taking Kgs = 0.19 was not adopted,
instead date wise daily Kgs value was taken which ranged
from 0.13 to 0.19.

This daily Kgs can be used for forecasting maximum
air temperature or minimum air temperature if either one
of the parameters is known, also this date wise daily
Kgrs values can be used for calculation of global solar

radiation with precision, in and around the station if both
maximum air temperature and minimum air temperature
is known.
The Hargreaves radiation formula can be rewritten as
Toax = (Ry/Ry Krs)? + Tin to calculate Ty

and Tin = Thax - (Ré/ Ry Kgs )2 to calculate Ty,
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Fig. 7. Computed T,y, in °C from Hargreaves formula with daily best fit Kgs versus Daily T, in °C of the station for 2008 (Validation)
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Fig. 8. Computed T, in °C from Hargreaves formula with daily best fit Kgs versus Daily T, in °C of the station for 2009 (Validation)

Here, Ry is the global solar radiation and the date wise
value was computed by taking date wise average of daily
observed values of R of twenty seven years (1980-2007)
of Dumdum (a station located near Alipore). From the
daily values of R, Ra, Thax and T, the daily Kgs was
calculated. This daily Krs was used as a standard for

determining T . or T, and then it was validated with the
observed data of T, of 2008 to 2011 and correlated
[Figs. (3-6)] and T, [Figs. (7-10)] respectively which
showed a marked correlation. Also the probability curve
of error of prediction w. r. t. observed values was found
out for both T.x and T, for the years 2008 to 2011.



LALA (ROY) et al. : PREDICTION OF MAXIMUM OR MINIMUM AIR TEMPERATURE 677

35

R? = 0.8527

Daily Tmin in °C of the station for 2010

0 T T T
10 15 20 25 30

Computed Tpin in °C from Hargreaves formula with daily best fit Kgs

Fig. 9. Computed T, in °C from Hargreaves formula with daily best fit Krs versus Daily T, in °C of the station for 2010 (Validation)
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Fig. 10. Computed Ty, in °C from Hargreaves formula with daily best fit Kgs versus Daily T, in °C of the station for 2011 (Validation)

4. Results and discussion temperature data it was found that it showed a correlation
of 0.82, 0.82, 0.87 and 0.82 (approx.) respectively and

While validating with T,,x of 2008 to 2011 observed with T, of 2008 to 2011 observed data of this station

data of this station with the predicted maximum with the predicted minimum temperature data it was
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Fig. 12. Probability curve of error of prediction w.r.t. observed values of T,x and Ty, of 2009

found that it showed a correlation of 0.9, 0.87, 0.92 and
0.90 (approx.) respectively. There were some days in
which there was wide aberration in prediction of T, and
Tmin and is probably due to some system prevailing at the
station which is the case to be studied so that the
corrections calculated from these events can be applied
and the aberration can be minimized. It also showed that

the correlation w. r. t. T, was less compared to T,
which emphasizes the fact that the day time is more
subjected to development of weather system than the night
and thus the aberration was more in the case of T,,,.

From the computed daily best fit Kgs it was found
that for Alipore (District - South 24 parganas) the Kgs
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Fig. 14. Probability curve of error of prediction w. r. t. observed values of Tyx and Ty, of 2011

ranged from 0.13 to 0.19 (approx.) which was
modification of the universal constant that was taken to be
0.19 for the coastal stations for calculation of solar
radiation from Hargreaves formula. The probability of
success of forecast within = 2 °C range is 0.84 for T .«
and within = 2 °C range is 0.79 for T,;, for the year
2008 (Fig. 11), within + 2 °C range is 0.78 for T, and
within £ 2 °C range is 0.78 for T, for the year 2009
(Fig. 12), within + 2 °C range is 0.77 for T, and within

+ 2 °C range is 0.74 for T, for the year 2010 (Fig. 13)
and within + 2 °C range is 0.78 for T, and within
+2 °C range is 0.80 for Ty, for the year 2011 (Fig. 14).

5. Conclusion
The daily best fit Krg for Alipore (District - South 24

Parganas) was found from the observed global solar
radiation data. This data can be used for predicting T
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or T, values if either one of the parameter is known. It
can be also used for calculating the T, or Ty, values if
either one of the parameter is missing from the records.
Also the best fit Krg, Tax and T, data can be used for
calculating the global solar radiation of the
neighbourhood region which will be of great help mainly
to the agricultural research institutes who are continuously
conducting experiments with different crop varieties and
need this global solar radiation data. Future studies may
be made for finding the daily best fit Kgrg of all the
districts of West Bengal so that the global solar radiation
data can be calculated using Hargreaves formula befitting
West Bengal region from maximum air temperature (T .y)
and minimum air temperature (T,,) as there are no means
for getting direct global solar radiation data in these
remote areas due to financial constraints of installation of
sophisticated instruments and it’s maintenance. The
probability values for percentage error of forecasting
(within range £ 2 °C) can be increased by considering
other dependent factors while forecasting T . and Ty
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