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Abstract- In this study, the daily global solar radiation data at
Manipal, India was investigated. Sunshine based models were
used to measure the global solar radiation. The estimated values
were compared with the measured values in terms of statistical
error tests such as MAPE (Mean Absolute Percentage Error),
MBE (Mean Bias Error), and RMSE (Root Mean Square Error).
The model having the least error is selected to be best suited for
Manipal region. A simple and more flexible model is introduced
based on the input data. The proposed model demonstrates
acceptable results and statistically displays lower RMSE and
MBE values. The predicted values are found to be in accordance
with the measured values.

how many eighths of the sky are covered in cloud, ranging
from 0 oktas (completely clear sky) through to 8 oktas
(completely overcast) using mirrors.
These models represent biological and physical processes
(climate change, hydrological, ecological and agronomic
studies) and can be used to synchronize weather data to enable
suitable analysis. The main objective of this paper is to
estimate daily global solar radiation with measured daily
sunshine duration data from Manipal and to determine the
most accurate and suitable model for the estimation of global
solar radiation at Manipal, India.
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II. MODEL DEVELOPMENT METHODS
A. Key Parameters:

I. INTRODUCTION
Solar energy is one of the most important forms of alternative
energy resources presently available. There are very few
stations equipped in the country which are capable of
measuring daily global solar radiation in a consistent basis.
Therefore, an accurate knowledge of solar radiation
availability at a particular geographical location is of vital
importance for the development of solar energy systems. In
order to develop solar radiation models various parameters
like extra-terrestrial radiation, cloud cover, latitude, sunshine
hours etc. are taken into consideration. The most commonly
used parameter for estimating global solar radiation is
sunshine duration. Angstrom model is the most widely used
model for estimation of global solar radiation. 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.
For the measurement of cloud cover on a particular day Oktas
rule has been applied. Sky conditions are estimated in terms of

Manipal (13.347°N, 74.788°E) is located in south-west India
at an altitude of 73m. The daily measured global solar
radiation and sunshine duration of Manipal station is obtained
from Innovation Centre, Manipal Institute of Technology,
Manipal, India. Kipp and Zonen Product Documentation and
Software version 1004 has been incorporated to obtain the
daily solar radiation data. In this paper the time period for
estimation of solar radiation data is from Oct 2012 to April
2013.
B. Solar Radiation Components
a) Solar radiation is classified into two main parts, extraterrestrial solar radiation (Gextra) and global solar irradiation
(Gt).
Gextra= Io[1+ 0.034cos(2πN/365)]

(1)

Io = Solar constant, 1364 W/m2
N= No. of days
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b) The declination angle (δ) is the angle between the earth-sun
vector and the equatorial plane.

•

δ= 23.45 Sin [360 (284 + N) / 365]

•

(2)

N= No. of days
c) Hour angle (ωs) corresponding to sunrise is defined as the
angular displacement of the sun from the focal point.
ωs= - tanΦ tan δ

(3)

Φ= Latitude
d) Solar day length (So) is defined as the monthly average of
the maximum possible sunshine hours per day at the location.
So = 2/15 Cos -1 (- tanΦ tan δ)

(4)

e)
Eextra = Gextra . So

(5)

Et = Gt . So

(6)

Et = Average daily global solar energy on a horizontal surface
at a location (KJ/m2-day)
Eextra = Average daily extra-terrestrial solar energy
(KJ/m2-day).
f) For cloud cover estimation, Oktas rule is applied.
S/So = (10 – 1.25C)/10

(7)

C= Daily mean cloud cover, ranging from 0 for clear sky to 10
for overcast conditions.

IF sunshine duration is in the “medium” range THEN
the solar energy amount is “medium (0.5 ≤ S/So ≤
0.7).”
IF sunshine duration is “long” THEN the solar energy
amount is “high (0.7 ≤ S/So ≤ 1).”

D. Model comparison using Errors
For the analysis of global solar radiation, linear, non-linear
and fuzzy logic models are used. Root Mean Square Error,
Mean Absolute Percentage Error and Mean Bias Error will
now be calculated based on these models. These errors will
describe the accuracy of the correlations developed. The least
error will determine which model is best suited for Manipal.
Mean Absolute Percentage Error=
1/n Σni=1|((Gim - Gic) / Gim)| x100

(10)

Mean Bias Error = Σni=1((Gim - Gic) / n) x100

(11)

Root Mean Square Error= {Σni=1((Gim-Gic)2 / n)}1/2

(12)

Gim = Actual Value
Gic = Forecast Value
n = No. of fitted points
Mean Absolute Percentage Error is a measure of accuracy of a
method for constructing fitted time series values in statistics.
The absolute value in this calculation is summed for every
fitted or forecasted point in time and divided again by the
number of fitted point’s n. The calculation of Mean Bias Error
gives us an idea about the long term performance of the
models. A low Mean Bias Error is desired.

S = No. of shining hours in a solar day.

C. Types of Models
a) Linear Model:
Et / Eextra = a + b (S/S0)

(8)

b) Non-Linear Model:
Et / Eextra = a(S/S0)2 + b (S/S0) + c

(9)

a, b and c are Angstrom constants.
c) Fuzzy Logic Model:
•

A positive Mean Bias Error indicates an over estimation of an
individual observation and it nullifies a negative Mean Bias
Error which signifies under estimation of a separate
observation. The Root Mean Square Observation puts light on
the short term performance of the correlation by giving a term
by term comparison of the actual deviation between the
predicted and the measured values.
III. RESULTS AND DISCUSSIONS
Linear Model:
Et / Eextra = 0.2779 + 0.4178 (S/S0)

(13)

IF sunshine duration is “short” THEN the solar
energy amount is “small (0 ≤ S/So ≤ 0.5).”
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Fig 1: Linear Model Plot
Fig 2: Non-Linear Model Plot
Non linear model:
Et / Eextra = -0.247(S/S0)2 + 0.7235 (S/S0) + 0.1553

(14)

Fuzzy Logic Model:
Et / Eextra = 0.2005 + 0.550(S/S0) for 0≤S/So≤0.5

(15)

Et / Eextra = -0.690(S/S0)2 + 0.8630(S/S0) + 0.2470 for
0.5≤S/So≤0.7

(16)

Et / Eextra = -1.2133(S/S0)2 + 2.143(S/S0) -0.3513 for
0.7≤S/So≤1

(17)
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Error Percentage Vs Types of Models
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Fig 4: Error Percentage Column Graph
IV. CONCLUSION

Fig 3: Fuzzy Logic Model Plot
Table 1 gives the errors for the three global solar radiation
models namely linear, non linear and fuzzy logic models. The
Mean Absolute Percentage Error values are higher as
compared to Mean Bias Error and Root Mean Square Error
values and it depicts an over estimation of the models as it is
positive for the three models.
Mean Absolute Percentage Error, Mean Bias Error
and Root Mean Square Error values for fuzzy logic model are
lesser as compared to the respective values of the other two
models. Hence, fuzzy logic model is best suited for Manipal.

Three sunshine based models are developed by virtue of
comparison between measured and predicted values at
Manipal, India. Fuzzy Logic Model is the ideal model for this
region. However, all these models have higher Mean Absolute
Percentage Error values as compared to Mean Bias Error and
Root Mean Square Error in solar radiation estimation. It is of
little consequence for solar energy operated systems because
when the global radiation is small, it comprises of only a small
part of the whole radiation. Hence, fuzzy logic model can be
used for global solar energy estimation at Manipal, India.
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Table 1: Error prediction for the three models
MAPE(%)

MBE
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Model
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