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Abstract: The historical weather datasets of different locations of India were complied
Original Research Article | for solar radiation, maximum and minimum temperatures and sunshine hours. Solar
radiation is vital parameter, measured only at 35 meteorological stations all over the
*Corresponding author | India. Our country, with diverse agro climatic zones, although covered by huge network
Dr. Pankaj Kumar Singh | of 550 Automatic Weather Stations but still faces the problem of acquisition of data
related to key meteorological parameters. This paper aims to calibrate the coefficient of
Article History two equations: 1) Angstrom Prescott Equation [Rs= (a+b*n/N) Ra], which has input of
Received: 14.05.2018 sunshine hours data 2) Supit-Van Kappel Equation [H=Ho (a YTmax-Tmin +b\ (1-
Accepted: 22.05.2018 Cw/8) +c), with the inputs of easily available temperature and cloud cover data, on the
Published: 30.05.2018 basis of 25 stations all over India representing diverse agro climatic zones. Extrapolation
technique was used for the stations that are located within radius of 200 km. The
DOI: relationship of solar radiation with square root of the difference in maximum and
10.21276/sjeat.2018.3.5.7 | minimum temperatures was significant. The northern region showed greater range of
predictability, i.e. 0.43 to 0.86 in winter; 0.19 to 0.82 in pre monsoon; 0.25 to 0.84 in
E_.-,-E monsoon and 0.40 to 0.89 in post monsoon which was statistically significant. The
Y L

degree of prediction was higher for locations in northern and western regions, which
was poor for all location in southern and eastern regions. The transmissivity of the

: Dy atmosphere for global solar radiation under perfectly clear sky conditions is given as the
-H:.:' sum of the regression coefficient a & b of Angstrom Prescott Equation. Also, the
E transmissivity of an overcast atmosphere is interpreted as the value of the intercept, a.

From our regression constants (a = 0.23 and b = 0.38), it is observed that the
atmospheric transmissivity under clear skies is 0.61. This result compares well with the
value of 0.67 to 0.70 reported for the humid tropics [4]. The clear-sky transmissivity of
most tropical regions in general seems to lie between 0.68 and 0.75 [1, 8].

Keywords: Solar radiation, Angstrom-Prescott (A-P), calibration, Supit-Van Kappel,
agro climatic zone.

INTRODUCTION

Solar radiation is the dominant, directly energy input the terrestrial ecosystem; and it affects all physical,
chemical and biological processes. In order to understand the solar radiation as related to climate change, there is need to
develop a simple method for the determination of this solar radiation from easily available datasets. The intensity of solar
radiation varies temporally and spatially over locations along with a diurnal course of variation. Extra terrestrial
radiation, at the top of the atmosphere, is primarily a function of latitude and day of the year [1-2]. The atmospheric
composition, which happens to be highly dynamic diurnally as well as seasonally, influences the extent of absorption,
reflection and transmission of the solar radiation (Photosynthetically active radiation). Accordingly the temperature also
rises from an early morning minimum to afternoon.

Increased demand for radiation data has led to the development of numerous predictive methods ranging from
simple empirical methods [3] to complex numerical models, depending on the available input data. Parameters used in
such models include, air temperature, coldness, relative humidity, precipitation etc [4-5]. Interaction between solar
irradiance and the highly variable atmospheric constituents is extremely complex and not well documented, particularly
for cloudy sky [6]. The relationship of ratio of solar radiation to square root of temperature range with Julian day for
various diverse locations could account for 30-64 percent variability, which was statistically significant [7]. There is a
need to evaluate radiation from the dynamic temperature range as several locations in the country record temperatures
and rainfall. Solar radiation, received during the daytime, is usually related to diurnal variation in temperature and thus
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range of temperature can predict the solar radiation. A useful relationship exists between solar irradiance and the range in
daily temperature extremes [8].

Solar radiation arriving at the earth's surface is the fundamental energy source driving various crop growth
processes like seed germination, leaf expansion, growth of stem and shoot, flowering, fruiting and essential thermal
conditions for assimilation of nutrient and dry matter distribution. Solar radiation is also acts as facilitator for many
applications in various natural earth processes, solar heating, cooking, drying and interior illumination of buildings are
observed by geologist, solar engineers, architects, agriculturists and hydrologists. Despite its significance, solar radiation
is not widely measured directly due to the cost, maintenance and calibration requirements of the equipments [9]. Even at
stations where solar radiation is being observed having large gap of missing data or erratic values due to inconsistency, of
measuring instruments and improper functioning of equipment [9-11]. However, sunshine hours the length of periods
that the ground surface has irradiated by direct solar radiation has measured in most of station in India. WMO defined
sunshine duration as the period during which direct solar radiation exceeds a threshold value of 120 watts per square
meter (W/m?) [12]. This value is equivalent to the level of solar irradiance shortly after sunrise or shortly before sunset in
cloud-free conditions. Efforts have been made in past to estimate solar radiation in absence or failure of equipment using
various meteorological parameters like sunshine [13, 14], ambient temperature and Relative humidity [15], rainfall [16],
Temperature [17, 18], cloud cover [19], both temperature and precipitation based [16] inputs in empirical model. Reliable
radiation information is needed to provide input data in crop growth modelling and a good data base on the radiation is
thus needed to understand the crop-weather relations.

To overcome the problems we have tried in this paper to deduce solar radiation coefficients using 1) Angstrom
Prescott Equation: sunshine based (2) Supit—-Van Kappel Equation: temperature and cloud cover of 25 stations
representing different agro climatic regions of India. However, the basic limitation of these regression models is that the
accuracy and suitability is based on region specific and are highly depends upon the data from which the regression
coefficient has been derived. A—P models do not physically account for radiative extinction processes in the atmosphere,
and thus the model parameters have to be calibrated locally [20]. It is calibrated Angstrom—Prescott coefficients (a, b)
under different time scales and their impacts in estimating global solar radiation in the basin [9]. He was used data from
1957 to 1978 to estimate hourly values of global diffuse and direct solar radiation [21]. By using regression analysis they
derived Angstrom and Prescott coefficient for 16 stations in India [15]. He also worked out global radiation on ambient
temperature and relative humidity for 14 Indian stations [22]. He was tested the applicability of substituted missing Rs
data by the values measured in a nearby station [23]. The precision of the radiation estimated in this way decreased with
increasing distance between the two stations: Rs decreased from 0.95 to 0.60 as the distance increased from 17 to 369
km.

MATERIALS AND METHODS
Meteorological data

National Data Centre (NDC) of India Meteorological Department, Pune provided the dataset of 25 stations that
included daily observed global solar radiation (MJ m?day™) and sunshine duration (hours), cloud cover (octa) and
temperature (° C). The data scrutiny was done using FORTRAN programme. Daily values for the required variables
were available for 25 sites, for varying lengths of records between 1980 and 2012 in Table 1. The dataset of 25 sites were
divided into four seasons (Winter, Pre-Monsoon, Monsoon and Post-monsoon).

Agro climatic Sites

A total of 127 agro-climatic zones have been identified in India under Agricultural Meteorology Division of
India Meteorological Department. The data of 25 stations covered across the India from North to south and East to west
with altitudinal variation representing the diverse agroclimatic region. The different equations can be used in given below

Angstrom-Prescott Equation

A linear regression relationship between the ratio of average daily global radiation to the corresponding value on
a completely clear day and the ratio of average daily sunshine duration to the maximum possible sunshine duration was
proposed [13]. To solve the difficulty in obtaining the clear sky radiation data [14]. He suggested using the extraterrestrial
radiation to replace it, and the modification in this way led to the formation of the A—P equation:

Rs =R, (a+ bS)
Where,
R, and R, are the global and extraterrestrial solar radiation (MJ m? d), respectively, a and b the A-P
coefficients, the sum of which is the clear sky transmissivity, S= ratio of n and N the actual and maximum
possible sunshine duration respectively.
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Hargreaves Equation

He has suggested that the solar radiation (Rs) can be estimated from the difference between maximum and
minimum air temperature using simple equation [23]. The model has also been validated for the Senegal River basin
[24].

Rs=a. Ra (Tmax - Trmin) *°
Where,
Rs and Ra are the global and extraterrestrial solar radiation (MJ m?day™), respectively, T ma and T i are daily
maximum and minimum air temperature in Celsius and a is an empirical coefficient, the value of a to be 0.16 for
interior regions and 0.19 for coastal regions.

Supit —Van Kappel Method

The Angstrom Prescott method is easy to apply provided that the constant values are available, but
unavailability of sunshine data in many stations restricts applicability of Angstrom and Prescott in many regions [19]. To
estimate solar radiation without the sunshine data, He suggested the equation in which difference between maximum and
minimum temperature was used [24]. Correlated cloud amount to global radiation in square root equation as the analysis
of cloud cover and global radiation showed a non-linear relationship [19]. He proposed one empirical model which was
used [19].

H=Ho [a VTmax-Tmin + b V (1-Co/8)] +C
Where,
C. is the mean of the total cloud cover of the daytime observations (octa) and a, b and ¢ are empirical constants.
Cloud-cover data are usually not available and are also less reliable, because the observation of cloudiness is
somewhat subjective [25].

MODELS AND CALIBRATION

To calibrate and validate the Angstrom-Prescott model, historical records from each weather station were used
for corroborated periods in which parallel information on incoming solar radiation and sunshine hours were available.
The values of Ho and N were calculated according to the day of the year and the latitude of each locality [26]. The
database was split into two parts. The first subset, 66% of the total data, was used to calibrate the model, using a linear
regression equation to find the empirical coefficients (a&b) of the Angstrom-Prescott model and the remaining data were
used to validate the model. The adequacy of the model was assessed by calculating the Pearson product moment
correlation coefficient r, relative error and mean-square error (MSE). Analyses of residuals, as well as normal plots, were
used to identify possible inadequacies in the models or problems in the data.The empirical coefficients show high
variation in terms of spatial distribution;

COEFFICIENT APPLICATION IN SAME AGRO CLIMATIC ZONE
Spatial interpolation methods are employed to predict values at unknown locations from a set of point data
where the property under investigation is known to exhibit spatial dependency [22].

RESULTS AND DISCUSSION
LINEAR RELATIONSHIP DEVELOPED BETWEEN SOLAR RADIATIONS

The calibration and validation from actual radiation from A-P formula showed in Table-2. The mean actual
radiation is always greater than more station. The radiation R square is 0.92 in Jailsamer station in winter season and the
value of RMS is 0.40 at Jaipur and the highest of SD is 1.84 at Santacruz and the highest 4.500 radiation at Chennai in
Winter season.

Some station of calibration and validation of winter seasons the result showed in Table-2. The mean actual
radiation was always less than estimated radiation but some stations are vis-versa. The result showed that winter season
was less value of actual radiation and estimated radiation as compared with pre monsoon i.e. summer season due to
temperature is maximum in the season. The maximum radiation value was 20.1 at Goa location and minimum radiation
11.7 MJ m?day™ in Deharadun locations and RMS value 0.40 in Jaipur and highest value 0.82 at Ranchi but pre
monsoon is the maximum value 25.5 MJ m*day™ at Bhavnagar location and the lowest value of 19.6 MJ mday™ at
Portblair and RMS value 0.15 at Pune and highest value 0.79 at Deharadun location from pre-monsoon. The maximum
mean actual value was 22.9 MJ m?dayand minimum value was 13.9 MJ m?day™ at Portblair location in monsoon
season. The RMS value was lowest 0.694 at Jailsamer and highest value was 0.87 at Bhavnagar location in monsoon
season in Table-2. The maximum actual value was 19.4 MJ m*day at Bhavnagar and minimum value of radiation was
13.9 MJm™ with RMS is 0.60 to 0.90 in post monsoon season in Table-2.The standard deviation value of all four season
was presented in Table-2.
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Table-1: Data of different stations with available years

S No | Station Latitude Longitude Elevation (Meter) | Data period
(Degree Centigrade) | (Degree Centigrade)
1 Srinagar 34.1 74.8 1693 1986-2010
2 Dehradun 30.33 78.3 670 1982-2010
3 Patiala 30.33 76.4 252 1993-2010
4 Delhi 28.63 77.2 229 1980-2011
5 Jaipur 26.91 75.8 429 1982-2010
6 Jaislmer 26.9 77.91 293 1982-2010
7 Patna 25.6 85.13 48 1985-2007
8 Shillong 25.57 91.88 1525 1980-2012
9 Varanasi 25.31 83 78 1982-2010
10 Ranchi 23.36 85.33 635 1994-2003
11 Dum-Dum 22.62 88.42 16 1982-2010
12 Bhopal 23.3 77.4 488 1982-2010
13 Ahmadabad 23.33 72.58 60 1980-2007
14 Bhavnagar 21.76 72.15 26 1980-2007
15 Nagpur 21.13 79.83 312 1980-2007
16 Bhubaneswar 20.26 85.83 45 1984-2004
17 Pune 18.5 73.86 568 1980-2009
18 Santacruze 18.55 72.54 11 1980-2008
19 Vishakhapatnam | 18.11 83.4 60 1980-2007
20 Hyderabad 17.32 78.38 542 1980-2003
21 Machillipatnam | 16.17 81.13 14 1985-2003
22 Goa 15.29 74.12 1167 1980-2009
23 Chennai 13.6 80.23 7 1980-2011
24 Portblair 11.61 92.72 16 1980-2007
25 Kodiakonal 10.23 77.48 2133 1980-2011

Source: Agricultural Meteorology Division of India Meteorological Department

Table-2: Calibration of radiation (MJm™day™) in season using Angstrom- Prescott equation of different station of

India
Station | | Mean radiation (MJm~“day™) | SD | RMS
Winter

Actual 14.1 4.2 0.51

Patna Estimated 14.1 3.0

Ranchi Actual 18.3 3.0 0.82
Estimated 18.3 2.8

Dum-Dum Actual 14.3 3.2 0.73
Estimated 14.3 2.7

Jaipur Actual 15.8 2.7 0.40
Estimated 16.0 1.7

Jailsamer Actual 15.9 3.2 0.85
Estimated 15.8 2.9

Bhopal Actual 17.3 3.3 0.43
Estimated 17.3 2.5

Varanasi Actual 14.0 3.9 0.69
Estimated 14.0 3.0

Deharadun Actual 11.7 3.6 0.79
Estimated 11.7 3.0

Patiala Actual 12.2 4.3 0.74
Estimated 12.2 3.7

Bhavnagar Actual 18.3 2.5 0.80
Estimated 11.1 1.7

Santacruz Actual 17.4 2.5 0.66
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Estimated 17.3 1.8

Goa Actual 20.1 2.6 0.71
Estimated 20.0 2.1
Actual 17.2 2.6 0.81

Ahmadabad Estimated 17.2 2.2

Pune Actual 18.2 2.7 0.75
Estimated 18.1 2.2

Vishakhapatnam Actual 18.7 3.1 0.81
Estimated 18.7 2.7

Chennai Actual 17.9 4.3 0.81
Estimated 17.8 3.8

Portblair Actual 18.5 4.1 0.51
Estimated 18.5 2.8

Pre monsoon

Patha Actual 22.2 3.5 0.56
Estimated 22.2 2.9

Ranchi Actual 23.8 3.8 0.71
Estimated 23.8 3.5

Dum-Dum Actual 20.6 4.0 0.73
Estimated 20.6 3.5

Jaipur Actual 235 2.9 0.68
Estimated 235 2.8

Jailsamer Actual 24.2 3.7 0.51
Estimated 24.2 2.8

Bhopal Actual 23.9 3.9 057
Estimated 24.0 3.2

Varanasi Actual 22.2 3.1 0.57
Estimated 22.2 2.7

Deharadun Actual 20.8 4.6 0.79
Estimated 20.8 4.4

Patiala Actual 21.8 4.7 0.72
Estimated 21.8 4.3

Bhavnagar Actual 25.5 2.5 0.79
Estimated 25.5 2.6

Santacruz Actual 23.6 2.6 0.51
Estimated 23.6 1.8

Goa Actual 24.0 2.7 0.67
Estimated 23.9 2.4
Actual 24.4 2.9 0.50

Ahmadabad Estimated 24.4 2.5

Pune Actual 245 3.2 0.15
Estimated 24.4 1.4

Vishakhapatnam Actual 23.4 28 0.66
Estimated 234 2.4

Chennai Actual 23.3 3.1 0.66

Auvailable online: http://scholarsmepub.com/sjet/

297


http://scholarsmepub.com/sjet/

P.K. Singh et al., Saudi J. Eng. Technol., Vol-3, Iss-5 (May, 2018): 293-306

Estimated 23.3 2.6

Portblair Actual 196 5.3 0.55
Estimated 19.6 4.0

Monsoon

Patha Actual 17.2 5.8 0.76
Estimated 17.2 5.0

Ranchi Actual 16.2 5.2 0.83
Estimated 16.2 4.7

Dum-Dum Actual 15.9 5.3 0.72
Estimated 15.9 45

Jaipur Actual 20.7 45 0.71
Estimated 20.7 3.9

Jailsamer Actual 22.9 3.5 0.64
Estimated 22.8 2.8

Bhopal Actual 16.5 6.6 0.78
Estimated 16.6 5.9

Varanasi Actual 17.6 5.5 0.76
Estimated 17.6 49

Deharadun Actual 159 5.6 0.76
Estimated 15.9 5.0

Patiala Actual 19.2 6.0 0.70
Estimated 19.2 5.2

Bhavnagar Actual 18.5 5.1 0.87
Estimated 18.4 5.1

Santacruz Actual 16.1 5.9 0.71
Estimated 16.1 49

Goa Actual 16.8 5.8 0.81
Estimated 16.8 5.3

Ahmadabad Actual 17.8 5.4 0.83
Estimated 17.7 49

Pune Actual 175 50 0.82
Estimated 17.5 4.6

Vishakhapatnam Actual 17.6 6.2 0.80
Estimated 17.5 5.6

Chennai Actual 19.4 4.6 0.80
Estimated 19.4 4.1

Portblair Actual 139 5.6 0.66
Estimated 13.9 4.6

Post monsoon

Patna Actual 15.2 34 0.74
Estimated 15.2 2.8

Ranchi Actual 17.3 4.0 0.76
Estimated 17.2 3.4

Dum-Dum Actual 15.2 3.6 0.80
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Estimated 15.1 3.1
Jaipur Actual 17.3 2.5 0.79
Estimated 17.3 2.1
Jailsamer Actual 18.1 2.2 0.85
Estimated 18.1 1.8
Estimated 18.2 2.3
\aranasi Actual 15.4 3.0 0.79
Estimated 16.7 2.5
Deharadun Actual 151 3.1 0.77
Estimated 15.0 2.4
Patiala Actual 13.9 35 0.80
Estimated 13.8 2.9
Bhavnagar Actual 19.4 2.7 0.90
Estimated 19.4 2.4
Santacruz Actual 17.6 2.9 0.71
Estimated 17.5 2.2
Goa Actual 19.3 3.5 0.78
Estimated 19.3 3.0
Actual 17.8 2.7 0.78
Ahmadabad Estimated 17.8 2.3
Pune Actual 18.6 3.3 0.86
Estimated 18.5 2.9
Vishakhapatnam Actual 18.4 4.6 0.88
Estimated 18.4 4.3
Chennai Actual 15.5 5.5 0.82
Estimated 14.7 4.4
Portblair Actual 15.8 5.2 0.66
Estimated 15.7 4.1
Table-3: Calibration of radiation (MJm™day™) in season using Supit-Van Kappel of different station of India
Station | | Mean radiation (MJm“day™) [SD [ RMS
Winter
Patna Actual 14.1 4.2
Estimated 14.1 3.3 0.61
Ranchi Actual 18.3 3.0
Estimated 18.3 2.3 0.61
Dum-Dum Actual 14.3 3.2
Estimated 14.3 2.4 0.54
Jaipur Actual 15.8 2.7
Estimated 15.8 1.9 0.53
Jailsamer Actual 15.9 3.2
Estimated 155 2.2 0.72
Bhopal Actual 17.3 3.3
Estimated 17.3 1.8 0.30
Varanasi Actual 14.0 3.9
Estimated 14.0 3.2 0.68
Deharadun Actual 11.7 3.6
Estimated 11.7 3.1 0.74
Patiala Actual 12.2 4.3
Estimated 12.2 3.4 0.61
Bhavnagar Actual 18.3 25
Estimated 18.3 2.1 0.70
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Santacruz Actual 17.4 2.5
Estimated 17.4 1.6 0.43
Goa Actual 20.1 2.6
Estimated 20.1 1.8 0.45
Ahmadabad Actual 17.2 2.6
Estimated 17.2 2.1 0.64
Pune Actual 18.2 2.7
Estimated 18.2 2.1 0.64
Vishakhapatnam | Actual 18.7 3.1
Estimated 18.7 2.3 0.57
Chennai Actual 17.9 4.3 0.67
Estimated 17.9 3.6
Pre monsoon
Patna Actual 22.2 3.47
Estimated 22.2 2.18 0.40
Ranchi Actual 23.77 3.81
Estimated 23.77 2.64 0.48
Dum -Dum Actual 20.64 3.97
Estimated 20.64 2.40 0.36
Jaipur Actual 23.50 2.87
Estimated 23.50 1.91 0.45
Jailsamer Actual 24.20 3.73
Estimated 24.80 2.59 0.46
Bhopal Actual 16.55 6.64
Estimated 16.55 5.48 0.68
Varanasi Actual 22.21 3.07
Estimated 22.21 2.04 0.44
Deharadun Actual 20.79 4.63
Estimated 20.79 3.76 0.66
Patiala Actual 21.80 4.66
Estimated 21.80 3.44 0.54
Bhavnagar Actual 25.47 2.54
Estimated 25.47 1.90 0.56
Santacruz Actual 23.77 3.81
Estimated 23.77 2.64 0.48
Goa Actual 23.97 2.74
Estimated 23.97 1.46 0.29
Ahmadabad Actual 24.41 2.86
Estimated 24.39 1.99 0.48
Pune Actual 25.71 55.49
Estimated 25.80 55.55 | 1.00
Vishakhapatnam | Actual 23.38 2.79
Estimated 23.38 1.35 0.27
Chennai Actual 23.35 3.08 0.38
Estimated 23.35 1.89
Monsoon
Patna Actual 17.2 5.8
Estimated 17.2 43 0.5
Ranchi Actual 16.2 5.2
Estimated 16.2 3.6 0.5
Dum-Dum Actual 15.9 5.3
Estimated 15.9 3.7 0.5
Jaipur Actual 20.7 4.5
Estimated 20.7 2.9 0.4
Jailsamer Actual 22.9 3.5
Estimated 22.9 2.4 0.5
Bhopal Actual 23.9 3.9 0.4
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Estimated 23.9 2.4
Varanasi Actual 17.6 55
Estimated 17.6 4.2 0.6
Deharadun Actual 15.9 5.6
Estimated 15.9 4.8 0.7
Patiala Actual 19.2 6.0
Estimated 19.2 4.8 0.6
Bhavnagar Actual 18.5 5.1
Estimated 18.5 4.1 0.6
Santacruz Actual 16.1 5.9
Estimated 16.1 4.6 0.6
Goa Actual 16.8 5.8
Estimated 16.8 4.3 0.6
Ahmadabad Actual 17.8 5.4
Estimated 17.7 4.4 0.7
Pune Actual 17.5 5.0
Estimated 175 3.9 0.6
Vishakhapatnam | Actual 17.6 6.2
Estimated 17.6 4.9 0.6
Chennai Actual 19.4 4.6 0.6
Estimated 194 3.5
Post monsoon
Patna Actual 15.2 3.45
Estimated 15.2 2.50 0.52
Ranchi Actual 17.3 3.95
Estimated 17.3 3.05 0.60
Dum-Dum Actual 15.2 3.62
Estimated 15.2 2.53 0.49
Jaipur Actual 17.3 2.54
Estimated 17.3 1.89 0.55
Jailsamer Actual 18.1 2.19
Estimated 18.1 1.88 0.73
Bhopal Actual 18.3 3.28
Estimated 18.3 2.08 0.40
Varanasi Actual 15.4 3.04
Estimated 15.4 2.04 0.45
Deharadun Actual 15.1 3.11
Estimated 15.1 2.75 0.78
Patiala Actual 13.9 3.54
Estimated 13.9 2.81 0.63
Bhavnagar Actual 19.4 2.69
Estimated 19.4 2.29 0.73
Santacruz Actual 17.6 2.89
Estimated 17.6 1.90 0.49
Goa Actual 19.4 3.49
Estimated 19.4 2.05 0.35
Ahmadabad Actual 17.8 2.72
Estimated 17.8 2.09 0.33
Pune Actual 18.6 3.26
Estimated 18.4 2.27 0.49
Vishakhapatnam | Actual 18.4 4.64
Estimated 18.4 3.74 0.65
Chennai Actual 155 5.46 0.62
Estimated 15.5 4.29
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Table-4: The Angstrom- Prescott coefficient (a, b) calibrated through daily values data

S No Station Winter Pre-monsoon Monsoon Post Monsoon
a b R’ a b R’ a b R® a b R’
1 Srinagar 036 |051 (077 | 028 |056 |0.82 |026 |051 |072 |[0.24 |0.50
1 4 1 5 3 5 9 8 5
2 Dehradun 0.24 | 041 | 096 |0.27 |0.46 |0.93 046 | 046 |0.29 | 0.38 | 0.83
4 4 0 3 7 9 023 |5 6 7 2 0
3 Patiala 0.26 | 0.46 | 0.91 044 |0.87 |026 |047 |0.90 |0.26 |043 |0.49
5 7 5 031 |8 6 3 5 0 9 1 2
4 Delhi 026 |048 [ 090 |032 |047 |0.82 |0.28 |048 |0.86 |0.24 |0.49 |0.66
9 9 1 0 3 6 9 3
5 Jaipur 028 |045 |066 |035 |037 (085 |[029 |041 |086 |0.28 |0.44 |0.89
6 6 6 5 2 5 2 6 3 4 1 5
6 Jaislmer 029 | 046 |097 |039 |033 |083 |036 |034 |087 [031 |042 |0.96
6 1 5 9 2 5 8 5 6 4 7 3
7 0.39 0.78 | 030 | 043 |0.88 |025 |048 |090 |0.24 0.90
Patna 4 025 |3 2 2 3 2 6 8 1 047 |1
8 Shillong 0.22 | 056 |092 |020 |0.60 |090 |027 |052 |083 |[025 |056 |0.88
6 4 0 9 0 4 1 3 1 3 4 1
9 Varanasi 0.28 | 036 |0.92 |0.28 |041 |0.86 042 |0.92 |0.27 | 045 |0.87
8 2 4 2 7 3 024 |6 5 4 3 2
10 0.25 094 | 024 | 054 |089 |025 |051 |092 (024 |051 |0.69
Ranchi 8 054 |6 6 5 9 2 2 3 9 2 8
11 033 |032 |08 |028 |044 |081 |026 |048 |0.88 |[0.26 |0.42 |0.90
Dum-Dum 5 8 8 2 7 8 3 2 5 7 1 2
12 Bhopal 024 | 048 | 093 |0.22 |054 |077 |022 |054 |093 (030 |041 |O0.87
6 8 1 7 7 8 5 1 6 5 2 5
13 Ahmadabad 028 (043 [092 |034 |040 |0.76 | 025 | 046 |0.90 |0.25 |045 |0.89
1 8 5 1 2 4 9 2 5 1 6 6
14 Bhavnagar 003 |042 [ 088 |032 |042 |0.85 |0.28 |045 |0.92 0.43 | 0.93
0 8 1 1 9 0 6 9 0 029 |5 1
15 Nagpur 022 |050 [086 |027 |046 |0.69 |024 |051 |0.82 |[0.27 |045 |0.81
4 2 8 4 4 5 9 1 7
16 Bhubaneswar | 0.32 | 039 | 085 |0.24 [050 |066 |025 |045 [0.86 |0.29 |0.40 |0.94
4 8 9 6 3 2 8 3 0 5 9 5
17 Pune 0.30 | 039 |090 |056 |010 |068 |028 |045 | 091 |0.27 |045 |0.92
3 5 6 8 6 7 7 4 4 4 3 5
18 0.29 | 0.87 |0.39 |0.30 |0.42 049 |0.86 |0.32 |0.34 |0.86
Santacruze 036 |9 5 5 8 3 0.27 | 6 8 3 1 1
19 Vishakhapatn | 0.29 | 041 |079 |035 |039 |085 |027 |049 (089 |0.26 |047 |0.94
am 9 7 2 1 4 8 8 9 4 3 4 7
20 Hyderabad 0.24 | 048 | 085 |030 |044 | 089 |029 |044 | 087 |024 |045 |0.88
2 0 8 6 8 1 6 1 7 7 5 6
21 Machillipatna | 0.24 | 0.44 | 0.77 | 028 |039 |[083 |0.26 |046 |0.85 |025 |042 |0.81
m 8 1 7 7 2 5 5
22 031 |040 |[087 |030 |[042 |08 |025 |051 |090 [0.29 |042 |0.92
Goa 5 6 1 9 9 8 8 9 6 9 6 6
23 Chennai 024 |045 |[091 |029 |043 |043 |031 |040 |0.90 |0.22 |043 |0.87
5 2 5 8 1 2 2 9 1 7 8 2
24 Portblair 0.30 | 0.36 |0.88 043 (088 |024 |048 |0.74 |025 | 042 |0.88
8 5 2 026 |9 7 8 8 0 7 5 3
25 Jodhpur 031 |040 |[086 |033 |038 |0.85 |[0.28 |040 |0.86 |0.27 | 044 |0.87
5 5 5 1 9 9 7 9 9 5 2 9
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Table-5: The Supit-Van Kappel coefficients (a, b, ¢) calibrated through daily values data

S Station Pre-monsoon Post Monsoon
No Winter Monsoon
a b c R° |a b c R° |a b c R° |a b c R’
1 Srinagar | 0.0 [ 04 |54 |04 |- 04 |94 |02 |00 |04 |72 |06 |00 |03 |091 |07
12 |33 (39 |34 |.00 |92 |34 |05 (17 |44 |16 |51 |61 |91 |3 81
1
2 Deharad - - -
un 01 )02 |28 |04 |00 |02 |14 |05 |01 |02 |06 |05 |01 |02 |385 |08
29 |42 |48 |81 |87 |79 (13 |19 |01 |73 |8 79 |42 |67 |7 93
3 Patiala 00 {04 |16 |02 |00 |03 |75 |01 |00 |04 |65 |07 |00 |03 |19 |0.3
37 |57 |88 |55 (23 |79 |31 |87 |14 |55 |13 |30 |48 |81 |1 90
4 Delhi 0.0 (04 |- 07 |00 |03 |83 |07 |00 |04 |72 |08 |00 |03 |- 0.6
84 |28 |12 |78 (32 |42 (62 |24 |21 |79 |74 |32 |79 |53 |0.23 |67
2 8
5 Jaipur 00 (02 |38 |08 |00 |01 |86 |06 |00 |02 |77 |05 |00 |02 |313 0.8
68 |90 |40 |03 (68 |70 |73 |77 |61 |22 |63 |97 |90 |13 |7 42
6 Jailsamer | 0.0 |03 |02 |04 |00 |02 |68 |06 |00 |02 |76 [02 |01 |02 |053 |08
93 |57 |52 |75 |55 |98 |54 |80 |53 |59 |07 |49 |00 |90 |5 37
7 - -
00 |03 |23 |05 |00 |02 |69 |04 |00 |04 |46 |05 (01 |03 |140 |06
Patna 92 |79 |06 |51 (50 |63 |14 |51 (33 |69 (64 |06 |00 |22 |2 93
8 Shillong |00 |04 |44 |06 |05 (04 |28 |07 |00 |03 |40 |05 |00 |04 |505 |04
35 |54 |72 |20 |9 |38 |02 |33 (73 |08 (43 |40 |32 |66 |9 37
9 Varanasi -
011]02 |26 |07 |00 |01 |84 |05 |00 |03 |59 |06 [00 |02 |332]06
11 |83 |64 |45 |53 |98 |89 |77 |34 |9 |80 |42 |61 |54 |8 85
10 00 |03 |24 |07 |00 |03 |79 |07 |00 |04 |31 |06 (00 |03 |011 |07
Ranchi 70 |8 |15 |77 |29 |98 |67 |48 |58 |51 (42 |39 (93 |89 |9 75
11 | Dum- 00 {03 |16 |07 |00 |02 |10. |O5 |00 |04 |72 |06 |00 |03 |580 0.6
Dum 62 |09 |69 |15 |25 |70 (68 |01 |21 |79 |74 |19 |33 |18 |3 60
12 | Bhopal 00 |02 |65 |08 |00 |04 |45 |08 |00 |03 |66 |07 |00 |02 |4.08 0.6
43 |84 |45 |35 |41 |66 |54 |20 |49 |30 |01 |90 |75 |57 |3 98
13 | Ahmada |00 (03 |16 |07 |00 |02 |89 |06 |00 |04 |43 |08 |00 |03 |511 0.6
bad 81 |03 |71 |82 |47 |62 |45 |38 |45 |21 |73 |47 |38 |44 |4 16
14 | Bhavnag [ 0.0 |03 |19 |08 |00 (03 (88 |05 |00 |03 |49 |08 |00 |04 |4.20 0.7
ar 84 |07 |81 |05 (44 |04 |22 |63 |44 |74 |56 |33 |42 |00 |9 03
15 | Nagpur 00 |03 |10 |08 |00 |02 |76 |07 |03 |05 |42 |08 |00 |03 0.7
81 07 12 05 44 97 66 12 61 11 10 0 44 17 5.75 | 98
4
16 | Bhubane |01 |01 |04 |04 |00 |03 |64 |03 |00 |04 |21 |07 |01 |02 |- 0.8
swar 16 |96 |02 |39 |46 |12 |41 |06 |52 |80 |83 |74 |42 |66 |3.85 |23
6
17 Pune -
0100 |28 |07 (02 |.00 |17. |05 |04 |00 |52 |06 |01 |0.0 |524 |06
46 |97 |59 |79 |66 |4 19 |90 |15 |65 (15 |68 |94 |81 |5 36
18 -
Santacru |00 |02 |60 (06 |00 |02 |22. |04 |00 |06 |59 |07 |00 |03 |9.20 |05
ze 38 |91 |15 |62 |5 22 |52 |77 |17 |01 |72 |84 |09 |10 |5 26
19 | Vishakha | 0.0 {03 |75 |06 |- 02 |19. |05 |00 |06 |57 |06 |00 |04 |527 |08
patnam 43 |05 |04 | O 00 (27 |06 |13 |15 |32 |81 |36 |38 |63 |9 10
2
20 | Hyderab | 0.1 | 0.2 |- 06 |00 |02 [12. |07 |00 |05 (42 |06 |00 |03 |073 0.7
ad 78 |53 |00 |8 26 |63 |69 |12 |45 |21 |22 |O 94 |29 |3 94
9
21 | Machilli |00 |03 |31 (06 |00 |03 |10. |06 |00 |O5 |75 |05 |00 |04 |7.27 |06
patnam 84 |07 |84 |68 |03 |76 |59 |81 (17 |13 |56 |82 |08 |36 22
22 | Goa 01 )01 |53 |06 |00 |01 |16. |04 |00 |05 |76 |06 [0.0 |02 |117 |04
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02 |72 |60 |08 |29 |8 |11 |83 |39 |37 |89 |39 |30 |5 |55 46

23 | Chennai |01 (03 |05 (08 |00 |03 |15. |06 |00 |04 |83 |07 |0.0 |04 |162 |07
03 |60 |99 |53 |01 |04 |20 |37 |33 |23 |73 |45 |65 |93 |5 48

24 | Portblair | 0.0 |03 |65 |07 |00 |04 |71 |04 |- 0.5 (10. |04 |00 |05 | 7.17 |05
50 |70 |82 |4 28 |28 |00 |76 |00 [43 |62 |57 (02 |47 |4 38
3

25 | Jodhpur |00 (0.2 |24 {08 |00 |01 |77 |07 |00 |03 |62 |07 |00 |02 |292 038
80 |62 |28 |59 |70 |71 |28 |45 |51 |21 |5 |71 |74 |71 |3 55

The Supit-Van Kappel equation showed mean actual and estimated radiation value, standard deviation and RMS
value in also Table-3. The mean actual and estimated radiation and standard deviation was the value and RMS value in
Table-3. The mean radiation value was ranged between 11.7 at Deharadun to 20.1 at Goa location with RMS value was
ranged 0.43 Santacruz to 0.74 Deharadun in winter season and in pre monsoon radiation ranged 20.6 Dehardun to 25.7
Pune with RMS ranged 0.27 Visakhapattanam to 1.00 Pune. The mean radiation ranged 15.9 Dumdum to 23.9 at Bhopal
with RMS ranged 0.42 at Bhopal to 0.72 at Deharadun in monsoon. The mean actual and estimated radiation was ranged
between 13.9 at Patiala to 19.4 at Bhavnagar and Goa with RMS ranged 0.33 at Ahmadabad to 0.78 at Deharadun in post
monsoon (Table-3).

The linear relationship developed between solar radiation and temperature range for the different season as well
as for annual is reported in Table 4 for selected stations. In pre monsoon, the value of a was relatively higher in southern
location when compared with the locations falling in the north, whereas the reverse in trend was noticed for b. The
degree of predication was relatively better for locations in the south”®. In kharif (monsoon) season, the degree of
predication of solar radiation was relatively poor in the southern location, whereas the predictability in northern locations
got improved. For Jaislmer (Rajasthan), the value of a was the highest compared with other locations and thereby
resulting in relatively smaller value of b. The result was quite contrasting due to relatively higher value of b for the other
locations. In pre monsoon; similar trend was noticed for Pune, where b was large along with higher slope for a. In the
pre-monsoon; similar trend was noticed for higher value of Pune location of a but smaller value of same location of b.
The degree of predication for solar radiation in all season was statistically significant at all locations. The result was quite
contrasting due to relatively higher but positive value of b for the other locations. In post monsoon; similar trend was
noticed for Santacruze, where b was large along with higher slope for a. The result was quite contrasting due to relatively
higher but positive value of b for the other locations. On the basis of all monsoons ranged from 0.42 in pre monsoon
(Santacruze location) to 0.98 in winter (Jailsamer location) [7-9] in Table-4.

RELATIONSHIP AS QUADRATIC FUNCTION OF THE DAY

The relationship developed as per equation two for selected stations of India presented in Table-2. It may be
seen that the value of regression coefficient are different monsoon for different location and R? ranged from 0.43 to 0.86
in winter; 0.19 to 0.82 in pre monsoon; from 0.25 to 0.84 in monsoon and from 0.40 to 0.89 in post monsoon which were
statistically significant in Table-5. The value of R? is lower in Jaislmer location in monsoon and Patiala and Srinagar in
pre monsoon was not significant. The monsoon and post monsoon was similar coefficients [7-9]. The degree of
predication was higher for locations in the northern and western regions, where it was poor for all locations in southern
and eastern regions. The actual and predicated data was calibrated through daily value using Supit-Van Kappel
coefficient. The value of empirical constant ¢ was more positive value in locations except winter and post monsoon
season. In winter season decrease in radiation was noticed but all season increasing in radiation was noticed. The
empirical value of a and b was positive for all season except pre monsoon. The coefficients were statistically
significantly. This method of radiation determination can be engaged successfully for simulation exercises [7-9]. The
chances of error propagation with this simple approach are also reduced when the radiation estimates are integrated over
a period of time, viz. for monsoon, pre monsoon, post monsoon and winter monsoon. The empirical value of ¢ was
negative value in Deharadun and a is also negative value and R? value is very low (0.47) in Portblair location in monsoon
season [7-9].

TREND ANALYSIS

Trend of solar radiation variation in different season over locations indicated mixed trend of increase or
decrease in the rate variation. Regions in Western Himalayas showed an increase in all monsoons in Table-4 and Table-5.
On kharif basis, the decrease in the rate of variation of radiation per year was noticed in most locations excepting parts of
Rajasthan, Gujarat, Maharashtra and Andhra Pradesh [7-9], where increased values were noticed [3, 5, 7, 8, 10]. During
the winter season, decrease in radiation was noticed in all most parts of the country (excepting parts of western
Himalayas, Gujarat and Maharashtra). During the pre monsoon, increased variation in radiation was noticed in almost all
parts of the country, excepting in Maharashtra, Karnataka, Madhya Pradesh, Gujarat and Uttarakhand. Since these trends
have been worked out from the historic datasets collected over years (15-30 years) for all locations, these results should
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be used with caution. These are a need to in depth work out the extent of the radiation change for various locations of the
country.

The validation, F test, T test, P value and Z value has computerized. The t test is used to identify if two
independent groups of data was significantly different or not. When the calculated values satisfy: t <t0.05 (critical value),
the two groups of data differ insignificantly, and vice versa has computed. The transmissivity of the atmosphere for
global solar radiation under perfectly clear sky conditions is given as the sum of the regression coefficient a&b. Also, the
transmissivity of an overcast atmosphere is interpreted as the intercept a.From our regression constants (a=0.23 and b =
0.38), it is observed that the atmospheric transmissivity under clear skies for one is 0.61. This result compares well with
the value of 0.67 to 0.70 reported for the humid tropics [4]. The clear-sky transmissivity of most tropical regions in
general seems to lie between 0.68 and 0.75 [1, 8].

The smaller the value of t, the better is the model’s performance. To determine whether a model’s estimates are
statistically significant, one simply has to determine a critical t value obtainable from standard statistical tables, i.e., o/ 2t
at the level of significance and (n-1) degrees of-freedom. For the model’s estimates to be judged statistically significant
at the 1-a confidence level, the calculated t value must be less than the critical t value with computerised. Using
Angstrom- Prescott Calibration of the two samples are significantly different at Bhopal and both calibration and
validation the two samples are significantly different at Bhavnagar with p<0.0001.Validation of the two samples are
significantly in F test different with computerised & Visakhapatnam and Portblair with p<0.0001 and except above
stations are non-significantly in winter season with computerised. Using Supit-Van Kappel formula the validation of
two samples are significantly different of F test but P value is p> 0.9999 at Patna, Ranchi, Dumdum, Deharadun,
Santacruze, Goa, Visakhapattanam and Chennai in winter season with computerised. Using Angstrom- Prescott
validation of the two samples are significantly different in F test at Patna, Dumdum, Jaipur, Jailsamer, Bhopal, Varanasi,
Deharadun, Bhavnagar, Goa, Pune and with p<0.0001 and except above stations are non significantly in pre season.
Using Supit-Van Kappel formula validation of two samples are significantly different of F test but P value is p> 0.0001
at Pathna, Dumdum, Deharadun, Patiala, Bhavnagar, Visakhapattanam and Chennai in pre monsoon season with
computerised. Using Angastron validation of the two samples are significantly different in F test at Dumdum, Jailsamer,
Deharadun, Portblair and with p value 0.0001 and except above stations are non significantly in monsoon season [3, 5, 7,
8, 10]. Using Supit-Van Kappel formula validation of two samples are significantly different of F test but P value is p>
0.0001 at Dumdum, Jailsamer, Deharadun, Bhavnagar, Santacruz, Pune, Visakhapattanam and Chennai in monsoon
season. Using Angstrom- Prescott validation of the two samples are significantly different in F test at Bhopal, Deharadun
and calibration of Varanasi, Dumdum, Ahmadabad, Chennai and with p value 0.0001 and except above stations are non
significantly in post season with computerised also. Using Supit-Van Kappel formula validation of two samples are
significantly different of F test but P value is p> 0.0001 at Ranchi, Dumdum, Deharadun, Patiala, Santacruz, Goa, Pune,
Visakhapattanam and Chennai in post monsoon season with computerised also [3, 5, 7, 8, 10].

CONCLUSION

The A-P and Supit —Van Kappel coefficients are greatly affected by location as well season. In general, the
calibration by using monthly mean daily data tends to have a higher a and lower b values following A-P approach,
compared with that by using daily data, and it also tends to have larger variations spatially. There is no satisfactory
explanation why some sites showed large differences, while others did not have much variations. On a yearly scale, the
relationship between n/N and Rs/Ra at most of the sites can no longer be described by the linear A—P equation.
Computation of solar radiation on the basis of sunshine hours or square root of temperature range was satisfactory over
representative locations over the country, and the coefficients developed could be satisfactorily used for computation of
solar radiation on the basis of easily determinable and available weather parameters.

REFERENCES
1. McVeigh, J. C. (2013). Sun power: an introduction to the applications of solar energy. Elsevier.
2. Michels, T. 1979. Solar energy utilization. Van Nostrand Reinhold, New York, NY, USA.
3. Ganesan, H. R. (1970). Estimates of solar radiation over India. Mausam, 21(4), 629-636.
4. Huxley, P. A. (1973). Incoming solar radiation and degree-hours of temperature near Kampala, Uganda. Agricultural

Meteorology, 11, 437-443.

5. Goldberg, B., Klein, W. H., & McCartney, R. D. (1979). Comparison of some simple models used to predict solar
irradiance on a horizontal surface. Sol. Energy;(United States), 23(1).

6. Rizzi, R., Serio, C., Guzzi, R., & Francesca, M. (1980). Solar Direct Irradiance at the ground: a parametric
approach. Solar Energy, 25(1), 15-20.

7. Sharma, A., Soni, U. A, Rai, H. K., Hussan, M. Z., Chander, S., Mishra, A. K., Sehgal, M., & Kalra, N. (2005).
Estimating solar radiation from temperature. Jr. Agrometeorlogy,7(1): 14-20.

8. Das, H. P., & Pujari, A. D. (1993). A simple approach towards estimating solar irradiance. Mausam, 44(3), 239-242.

Auvailable online: http://scholarsmepub.com/sjet/ 305



http://scholarsmepub.com/sjet/

P.K. Singh et al., Saudi J. Eng. Technol., Vol-3, Iss-5 (May, 2018): 293-306

9.

10.
11.

12.

13.

14,

15.

16.

17.
18.

19.

20.

21.
22.

23.

24.

25.

26.

Liu, X., Mei, X, Li, Y., Wang, Q., Jensen, J. R., Zhang, Y., & Porter, J. R. (2009). Evaluation of temperature-based
global solar radiation models in China. Agricultural and Forest Meteorology, 149(9), 1433-1446.

Hunt, L. A. (1998). Estimation of solar radiation for use in crop modeling. Agric. For. Meteorol., 106, 41-59.
Ramachandra, T. V., Jain, R., & Krishnadas, G. (2011). Hotspots of solar potential in India. Renewable and
Sustainable Energy Reviews, 15(6), 3178-3186.

W. M. O. (2003). Measurement of sunshine duration and solar radiation. Chapter-7.www.jma.go.jp/jma/jma-
eng/jma-center/ric/Our%20activities/.../CP7-Sunshine.pdf

Garg, H. P., & Garg, S. T. (1982). Predication of global solar radiation from bright hours and other meteorological
parameters. In: solar —India, Proceeding on National solar energy convention. Allied Publishers; New Delhi. 1004-
1007.

Woli, P., & Paz, J. O. (2012). Evaluation of various methods for estimating global solar radiation in the southeastern
United States. Journal of Applied Meteorology and Climatology, 51(5), 972-985.

Hargreaves, G. H. (1981). Water requirements and man-induced climate change. Journal of the Irrigation and
Drainage Division, 107(3), 247-255.

Bristow, K. L., & Campbell, G. S. (1984). On the relationship between incoming solar radiation and daily maximum
and minimum temperature. Agricultural and forest meteorology, 31(2), 159-166.

Supit, 1., & Van Kappel, R. R. (1998). A simple method to estimate global radiation. Solar Energy, 63(3), 147-160.
Yang, K., Koike, T., & Ye, B. (2006). Improving estimation of hourly, daily, and monthly solar radiation by
importing global data sets. Agricultural and Forest Meteorology, 137(1-2), 43-55.

Veeraboina, P., Yesuratnam, G., & Sundar, L. S. (2011). Estimation of Annual Solar Radiation from measured
temperatures by using Temperature-based (TB) approach in different cities in India. Sustainable Cities and
Society, 1(4), 187-194.

Miller, D. G., Rivington, M., Matthews, K. B., Buchan, K., & Bellocchi, G. (2008). Testing the spatial applicability
of the Johnson—Woodward method for estimating solar radiation from sunshine duration data. agricultural and forest
meteorology, 148(3), 466-480.

Peixoto, J. P., & Oort, A. H. (1992). Physics of climate.

Trnka, M., Zalud, Z., Eitzinger, J., & Dubrovsky, M. (2005). Global solar radiation in Central European lowlands
estimated by various empirical formulae. Agricultural and Forest Meteorology, 131(1-2), 54-76.

Angstrom, A. (1924). Solar and terrestrial radiation. Report to the international commission for solar research on
actinometric investigations of solar and atmospheric radiation. Quarterly Journal of the Royal Meteorological
Society, 50(210), 121-126.

Prescott, J. A. (1940). Evaporation from a water surface in relation to solar radiation. Transactions of the Royal
Society of South Australia, 64(1), 114-118.

Hargreaves, G. H., & Samani, Z. A. (1982). Estimating potential evapotranspiration. Journal of the Irrigation and
Drainage Division, 108(3), 225-230.

Hargreaves, G. H., & Samani, Z. A. (1985). Reference crop evapotranspiration from temperature. Applied
engineering in agriculture, 1(2), 96-99.

Auvailable online: http://scholarsmepub.com/sjet/ 306



http://scholarsmepub.com/sjet/

