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Abstract:

There are number of correlations and methods have been developed to estimate global solar radiation
(GSR) based on the readily available meteorological parameters like sunshine duration, temperature
and relative humidity which are used as the input for radiation models at any location. The most
widely used parameter to estimate GSR is sunshine duration, but sunshine data and cloud observations
are not easily available in all locations. There are number of mathematical and Clear sky models are
available which are not suitable to estimate the GSR during foggy months or cloudy sky. In Sarajevo
area around three months in a year are polluted, foggy and cloudy. It is very difficult to estimate the
accurate results of solar radiation using a clear sky model. Therefore it is necessary to develop some
precise solar radiation model which use commonly available measured parameter such as air
temperature. The temperature based models can be used to estimate monthly average daily GSR for
Sarajevo area.
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1. Introduction

Climate change prevention is one of the main reason of development renewable energy sources.
Renewable energy resources are clean and widely available and provide a number of environmental
and economic benefits which distinguishes them from conventional energy resources. Solar radiation
is the primary source of the Earth’s energy, providing about 99.97% of the heat energy required for
chemophysical processes in the atmosphere, ocean, land, and other water bodies (Ogolo, 2010).

It is the best-known types of renewable energy and inexhaustible source of energy. The Sun is capable
of producing 1 700 kWh of solar energy per square meter.The amount of solar energy that comes to
the Earth in one minute is sufficient to meet the annual energy needs of mankind at the current stage of
development! However, solar energy utilization technology is still underdeveloped, thus producing a
very small percentage of electricity. Only 5.6% of electricity generated from renewable energy sources
(RES) comes from solar or photovoltaic power plants. In addition to underdeveloped technology,
harnessing solar energy in this way is expensive, which in principle is the biggest problem.

For the development and the use of solar energy systems, it is essential to understand the solar
radiation data. In all examples of systems and applications using Solar Energy, the most important
parameters required for their operation and understanding are the parameters related to the total Sun's
radiation and its components. Measuring these parameters, despite the development of numerous
meteorological instruments, is inaccessible to most meteorological stations not only in Boshia and
Herzegovina, but also in the world (Brki¢, 2018).

Development of a solar energy research program must always start with a study of solar radiation data
at a site or region of interest (Udo, 2002). The most important parameter for estimating global solar
radiation is sunshine duration combined with a knowledge of local atmospheric conditions as
temperature. Estimation of global solar radiation from the daily range of air temperature offers an
important alternative in the absence of measured or sunshine duration because of the wide availability
of air temperature data (Liu, 2009).

Knowing the monthly mean daily sunshine duration it is possible to obtain the hourly global solar
radiation incident on a horizontal surface. There are a number of available models to apply for studies
on solar radiation, such as linear Angstrom-Prescott model and non-linear polynomial relations
correlating sunshine hours and sun radiation, but for particular geographical location is of vital
importance to find out and apply an adequate model for the development of solar energy devices and
for estimates of their performances.

In this paper are given the results of testing the applicability of several models according to the data
obtained from two different models: sunshine based model and temperature based model.

2. Study of the Sarajevo Area

The area of Sarajevo is under influence of mid European continental climate from the North, and the
Mediterranean from the South. Assortment of these elements, as well as relief diversity, gives the area
distinctions of mild continental climate. The average year-round temperature has quite balanced
increase from January to July and it has its distinct drop towards December. The coldest month of the
year is January when the average temperature is -1.3 °C and it is the only month with its negative
monthly value. The coldest January was in 1905. with its average value of -7.8 °C, and the warmest
one was in 1936. of its 5.9 °C.
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Referring to cloudiness, that is in reverse relation to the temperature of air and the time of sunshine
periods, Sarajevo belongs to a partly cloudy places with its average year-round value of 59%.
December is the cloudiest 75%, and August is the clearest month of the year. On the contrary, August
is the sunniest month of 270 sunny hours, while December has the average of 41 sunny hours.
According to year-round average, of its 1830 hours, Sarajevo is classified to medium sunny cities.
Satisfactory climatic conditions, and closeness of attractive surroundings of Sarajevo suitable for
winter sports, led Bosnia and Herzegovina to candidate for the organizer of the XIV Winter Olympic
Games in 1984 (Figure 1.).

BJELASNICA - OLIMPIC MOUNTAIN

Figure 1. Olimpic mountain-Bjelasnica

Sarajevo city is one of the most pollution town in the world (Figure 2). Due to the large pollution and
fog, we had to used model based on temperature and compared with models based on sunshine
duration.

Figure 2. Sarajevo —one of the most pollution town in the world

The Sarajevo authorities could introduce measures to limit the use of cars, and are already urging
individuals and businesses to cut down on the use of solid fuels and drive less. Air quality
measurements by the US Embassy in Bosnia and Herzegovina (BiH) continued to show Sarajevo to be
the world’s most polluted city earlier today. Figure 3 shows the concentration SO, and black smoke.
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Figure 3. Yearly average concetration of CO, and black smoke in Sarajevo

3. Sunshine and temperature based models

Monthly average daily global solar radiation data are essential in the design and study of solar energy
conversion devices (Mazuthin, 2011). For places where it is not directly measured, solar radiation can
be estimated by using models and empirical correlations (Udo, 2002). Information of local solar
radiation is essential for analysis and assessment of solar radiation potential of the given region,
architectural design, solar energy systems and design. For many developing countries, solar radiation
measurements are not easily available due to the cost and maintenance and calibration requirements
of the measuring equipment. Therefore, it is important to elaborate methods to estimate the solar
radiation based on readily available meteorological data.

Angstrom (Angstrom, 1924) proposed the first theoretical model for estimating global solar radiation
based on sunshine duration (Jain,1986). Page (Page,1961) and Prescott (Prescott, 1940) reconsidered
this model in order to make it possible to calculate monthly average of the daily global
radiation (MJ/m?day) on a horizontal surface from monthly average daily total insolation on an
extraterrestrial horizontal surface as per the following relation. The monthly average daily global
radiation on horizontal surface:

H U35, @)

H,- the monthly average daily extraterrestrial radiation on horizontal surface can be computed from

the model of Duffies and Beckman (1991), which is cast as (Garba, 2016):
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S - monthly average of daily sunshine duration.

S, - the monthly average of the maximum possible daily solar radiation (day lenght) (Duffies,1991):
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Parameters a and b are the regression coefficients. Page
Gsc- the solar constant
G, = 1367 W 49212 M
5¢ m2 m2h
6 - solar declination (Duffies, 1991):
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n - the day of year starting from first January.
Mean sunshine hour angle:

- 360°>
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@ - the latitude of location .
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In this stady we have used models of Global Sunshine Radiation based on air temperature and
compared this models with models based on sunshine duration.The performances of both sunshine and
air temperature dependent models for the estimation of global solar radiation (GSR) over Sarajevo
area were evaluated and a comparison assessment of the models was carried out using measured GSR
at Sarajevo Centre: Elevation~ 500 m above sea level and Meteorological station: Bjelave ~ 630 m
above sea level. Figure 4 shows the minimum, maximum and average annual temperature in Sarajevo

by months.
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Figure 4: Minimum, maximum and average temperature in Sarajevo

Models based on air temperature
Model 1: Hagreaves and Samani model (HS)
Model 2: Bristow and Champbell model (BC)
Model 3: Allen model
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Models based on sunshine duration
Model 1: Dogniaux and Lemoine linear monthly dependent model
Model 2: Rietveld linear monthly dependent model
Model 3: Rietveld linear monthly independent model

3.1 Models based on air temperature

Several empirical methods have been proposed to estimate solar radiation from daily maximum and
minimum air temperature, especially for locations where the air daily temperature is the only available
meteorological data.

Model 1: Hargreaves and Samani (1982) recommended simple equation to estimate solar radiation
using only maximum and minimum temperature; the expression can be seen in equation (Hargraves,
1982):

Ty — Ty )08 7
H a (max mm) ()
0

Tmax can be taken as the daily maximum air temperature and Tmin is the daily minimum air
temperature. H is the daily total global solar radiation. Ho is a theoretical value and calculated by Eq.
(2) for the location of interest and is depends upon the latitude of the location, hour angle and
declination angle. The coefficient ‘a’ must be derived at a site where data measurements are available
(Almorox et al., 2011). The suggested value of ‘a’ was 0.16 for the interior region and 0.19 for the
coastal region.
Model 2: Bristow and Campbell (1984) suggested a relationship between daily solar radiation as a
function of daily extraterrestrial radiation and the difference between maximum and minimum air
temperatures. The relationship can be seen in equation and “a”, “b” and “c” are the empirical
coefficients:

H —_

B
The empirical coefficients a ,b ¢ have some physical explanation. The coefficient a represents the
maximum value of atmospheric transmission coefficient, is characteristic of a study area, and depends
on pollution content of the air and elevation. The coefficients b and ¢ determine the effect of
increments in the temperature term difference on the maximum value of atmospheric transmission.
They will differ, for example, from humid to arid environments (Almorox, 2009). The values of a, b
and ¢ in Bristow and Campbell’s model were taken to be 0.7, 0.004-0.01, and 2.4, respectively.
Model 3: Allen (1997) reported a self-calibrating model to estimate mean monthly global solar
radiation, which is the function of the mean monthly maximum and minimum temperatures. The
model can be seen in equation (Allen, 1997):

a - [1 — expil(—bAT®)] 8)

i:[( (T. —T.. )05 9
H r (max mm) ()
0

Also, “Kro is an empirical coefficient, and it has been suggested as a mathematical expression, which
is the function ratio of the atmospheric pressure at site and at sea level (po= 101.3 kPa) in literature.
Allen proposed an estimator for a the mathematical expression: Kr = Kra * (p/ po )exp 0.5, where p
and po are the average atmospheric pressures at the altitude of the place and at sea level (po= 101.3
kPa), respectively. Kra value can be taken 0.17 for interior regions, and 0.20 for coastal regions.The
introduction of p/p0 was to account for elevation effects on the volumetric heat capacity of the
atmosphere. However, Kr = Kra * (p/ po )exp 0.5 does not function well at elevations > 1 500 m and
is therefore no longer recommended (Allen, 1997).
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These models assume that daily maximum air temperature will decrease with reduced transmissivity
(increased cloud cover), whilst minimum air temperature will increase due to the cloud emissivity.
Conversely, clear skies will increase maximum air temperature due to higher short wave radiation
input, and minimum air temperature will decrease due to higher transmissivity. These models have
substantial potential for application due to the greater availability of air temperature data, but do
require some observed solar radiation data for parameter optimisation. Therefore, an important
restriction is the ability to interpolate parameter values to locations without solar radiation data
(Rivington, 2005).

3.2 Sunshine based models

Sunshine based models are employed for estimation global solar radiation for a location. The
correlation equations given in this work will enable the solar energy researcher to use the estimated
data with trust because of its fine agreement with the observed data.

3.2.1 Prediction of global solar radiation using three sunshine-based models

Most empirical models used to predict global solar radiation are based on the Angstrom-Prescott
model. The aim of this paper is to assess the suitability of both sunshine and temperature dependent
empirical models for the estimation of global solar radiation in Sarajevo area. We evaluated three
models based on sunshine duration and compare with three model based on air temperature..

Model 1. Dogniaux and Lemoine linear monthly dependent model (Dogniaux,1983). The model is
based on data from 116 meteorological stations northern latitude (4°52° - 60°8") for January-
December:

January S
H = Hy{(—0,00301¢ + 0,34507) + (0,00495¢ + O 34572) (10)

February 5
H = Hy{(—0,00255¢ + 0,33459) + (0,00495¢ + 0,34572) — z (11)

0

March _ S
A =H, {( 0,00303¢ + 0,36690) + (0,00466¢ + 0,36377) T} (12)

0

April — S
H = Hy{(—0,00334¢ + 0,38557) + (0,00456¢ + 0,35802) — (13)

0

May S
H = H,{(~0,00245¢ + 0,35057) + (0,00485¢ + 0,33550) — (14)

0

June S
A =H, {( 0,00327¢ + 0,39890) + (0,00578¢ + 0,27292) T} (15)

0

July S
H = Hy{(~0,00369¢ + 0,41234) + (0,00568¢ + 0,27004) — (16)

0

August S
H = Hy{(—0,00269¢ + 0,36243) + (0,00412¢ + 0,33162) = a7

0

September S
H = H,{(—0,00338¢ + 0,39467) + (0,00564¢ + 0,27125) — (18)

0

October S
H = Hy{(—0,00317¢ + 0,36213) + (0,00504¢ + 0 31790) T (19)
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November _ S
H = Hy4(—0,00350¢ + 0,36680) + (0,00523¢ + 0,31467) ST (20)
0

December _ S
H = Hy4(—0,00350¢ + 0,36262) + (0,00559¢ + 0,30675) ST (21)
0

Model 2: Rietveld linear monthly dependent model. Measurement based on 100 European
meteorological stations for January-December (Rietveld, 1978):

January S

H = Ho|018+066 (22)
February _

H=H,(020+ 0,60 (23)

March _ S
A =H, <o,22 +0,58 T> (24)

0

April _ S
H=H,(020+062~ (25)

0

Ma _ S
Y A =H, <0,24 +0,52 T> (26)

0

June S
A=, <0,24 +0,53 T> (27)

0

Jul S

0

August S
H=H,(022+055~— (29)

0

September S
H=H,(020+059— (30)

0

October _ S
H=H,(019 + 0,60~ (31)

0

November _ S
i = Ho (017 +066 — (32)

So

December S
H=H, 018+065 (33)

So

Model 3: Rietveld linear monthly independent model. Measurement based on 100 European
meteorological stations (Rietveld, 1978). Rietveld examined several published values of a and b and
noted that a is related linearly and b hyperbolically to the mean value of S such that this equation is
believed to be applicable anywhere in the world and yields superior results for cloudy conditions, for S
<0.4:

_ S
A =8, <0,18 +0,62 ?) (34)
0

The performances of the predictions of each model as against the measured values of the
monthly means of daily solar radiations were assessed using fundamental error analysis schemes
described by Muzathiket al.(2011) and Maghrabi (2009).
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4. Data analysis techniques and methods of comparison

To compare solar radiation estimation equations, the most widely used statistical indicators are the

root mean square error (RMSE), the mean percentage error (MPE) and the mean bias error (MBE).
The root mean square error (RMSE) (Duffies,1991):

RMSE indicates the level of scatter in a model, providing a term-by-term comparation of the actual

deviation between the predicted and observed values. Lower RMSE values reflect a better model in

terms of its absolute deviation.

[
IIIIII {Hi.EJ?iﬁ1_H'i.?ﬂen3u+‘)E
RMSE = || = (35)

=t
(=]

1]

12

The mean bias error (MBE) (Bahel,1987):

12

E {H-i.s.zf.‘:m_Hi.mEnsur)

MBE = = B (36)

MBE presents the systematic error or bias and provides information on the long-term performance.
MBE provides a clue to whether a given model has a tendency to under- or over predict; positive value
of MBE shows an over-estimate and negative value gives an under-estimate by the model, with MBE
values closest to zero being desirable.

The calculated values were compared to the measured values in each regression relation through
correlation coefficients () (El-Sebaiia, 2003):

(%]

Z Hi.?nea.:f::?'_Hme-:p:ur)

1
‘=1

(Hi.eetim _Hesiziﬁ-t)'

—

= —
12 (37)

JEE

=

2

— 2
i.esti?n_Hestim) - (Hi,?nemeur_Hﬂteasu?')
1=1

The correlation coefficient r is a statistical measure of how calculated and measured values vary in
relation to each other and is defined as the ratio of the covariance to the product of the standard
deviations of the measured and calculated values.

The coefficient of determination R*:

2
_ Z(Hi,measur - Hi,estim)

Z(Hi,measur - Hmeasur )2
R? is a statistical measure of how well the regression line approximates the real dana points. The
coefficient of determination R measures how well forecast values predict trends in measured values
(Perez,2011).
H; measur - the measured values of global solar radiation on the day i,
H; oseim - the calculated values of global solar radiation calculation on the day i.
One drawback of this test is that over-estimation of an individual observation will cancel under-
estimation in a separate observation (Jamil, 2010). Low values of MBE are desirable but
overestimation of an individual data element will cancel underestimation in a separate observation. It
is possible to have large RMSE value at the same time a small MBE or vice versa (Birendra, 2017).

R2=1

(38)
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The estimation of radiation by the use of different models on the basis of statistical errors such as
RMSE and MBE is not sufficient to check to performance of models. In order to validate the applied
models it is equally essential to use MPE error, which gives more reliable result. The statistical error
which gives long term performance of examined regression equation is MPE, the average amount of
overestimation and underestimation in the calculated value are given by positive and negative value of
MPE.

The mean percentage error (MPE) (Maghrabi, 2009):

MPE = i(ﬁi,estiﬂ - Hi,measur > - 100% (39)
N Hi,measur

Values of MPE are calculated from the actual differences between calculated and measured values,
and give the percentage errors of the correlation. The MPE indicates the percentage deviation of the
predicted and measured monthly average daily global solar radiation data.

The equations with the highest values of and r and R? least values of MBE, RMSE, and MPE are
suitable for predicting global solar radiation (Muzathik, 2011, Maghrabi, 2009).

5. Results and Discussion

Table 1. shows the monthly average daily extraterrestrial radiation on horizontal surface, monthly
average of daily sunshine duration, monthly average of the maximum possible daily solar radiation
(day lenght) which are needed for estimating global solar radiation. Measured values and estimated
values based on six models of the monthly average daily global radiation are shown in Table 2.

Table 1. Extraterrestrial solar radiation, sunshine duration, maximum possible solar radiation

Hy/Mjm™2 S/h So/h

Months

Jan. 12,85 2,54 9,13
Feb. 18,30 3,61 10,29
Mar. 25,94 4,70 11,75
Apr. 33,63 5,14 13,24
May. 39,30 6,44 14,53
Jun. 41,76 7,72 15,22
Jul. 40,61 8,34 14,93
Aug. 36,07 7,76 13,84
Sep. 28,94 5,75 12,37
Oct. 21,11 4,84 10,88
Nov. 14,51 3,17 9,52
Dec. 11,45 2,02 8,79
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Table 2. Comparison of the estimated value of daily global solar radiation from various models
with the measured data

H measur H estim H estim H estim H estim H estim H estim

Months

Dogniaux Rietvel d Rietvelind HS BC Allen
Jan 4,75 5,65 4,67 4,53 4,69 4,04 5,50
Feb 6,80 8,52 7,53 7,28 7,28 7,62 8,54
Mar 12,13 12,52 11,53 11,11 11,48 14,12 13,45
Apr 15,73 16,09 14,66 14,14 15,97 20,68 18,71
May 18,54 19,55 18,56 17,86 19,37 25,31 22,70
Jun 21,92 21,72 21,49 20,65 20,79 27,17 24,37
Jul 22,75 21,85 22,28 21,37 21,05 27,28 24,66
Aug 20,30 19,44 19,85 19,04 18,98 24,45 22,24
Sep 14,00 14,62 14,09 13,55 13,94 18,14 16,33
Oct 9,79 10,52 10,00 9,62 9,53 11,95 11,17
Nov 5,47 6,66 53, 18) 5,60 5,83 6,23 6,84
Dec 3,78 4,84 3,80 3,69 3,89 2,76 4,55

The measured and calculated values of the daily global solar radiation, using the three models based

on air temperature and the three models based on sunshine duration are illustrated in Figure 5.
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Figure 5: Comparison between the measured GSR and the calculated GSR using our all
proposed models (calculated) (Sarajevo-Bjelave)
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Figure 6. Comparison of the estimated value of daily global solar radiation from two best models
with the measured data (Sarajevo-Bjelave)
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Figure 7: Comparison between the measured GSR and the calculated GSR using our all
proposed models (calculated)

24



European International Journal of Science and Technology \ol. 8 No. 11 December 2019

Sarajevo- Center

30
25
/--§~
~ 20 m
,§ Is /é \ === Hmeas
= /
T

/ \\ Rietvel ind
10 —
5 ) / \\ HS

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 8. The comparison of the estimated value of daily global solar radiation from two best
models with the measured data

As can be seen from the Figure 6 and Figure 8 the agreement between the values obtained from
Model 2 based on sunshine duration (Rietveld linear monthly independent model) and the values
obtained from Model 1 based on air temperature (Hagreaves and Samani model) and measured data
are good for all months, with the exception of summer months. Models indicate values that are
slightly below the measured data .

The values of quoted statistical indicators are regrouped in Table 3.

Table 3. Values of MBE (MJ/m?), RMSE (MJ/m?), r, R? and MPE (%)

Sarajevo - Center

MBE RMSE r R° MPE
Dogniaux 0,79 1,018 0,9972 0,9755 -11,31
Rietvel d 0,147 0,406 0,9983 0,9961 -2,18
Rietvel ind  -0,338 0,608 0,9984 0,9912 1,490
HS 0,025 0,667 0,9953 0,9893 -1,62
BC (0,6) 0,845 1,627 0,9932 0,9376 -1,050
BC (0,7) 3,104 4,016 0,9932 0,6861 -17,89
Allen 2,212 2,445 0,9953 0,8718 -19,07
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Table 4. Values of MBE (MJ/m?), RMSE (MJ/m?), r, R? and MPE (%)

Federal Hydrometeorological Institute - Bjelave

MBE RMSE r R® MPE
Dogniaux 0,499 0,918 0,9971 0,9809 -8,963
Rietvel d -0,144 0,484 0,9982 0,9946 -0,009
Rietvel ind  -0,629 0,899 0,9982 0,9817 3,5820
HS -0,266 0,794 0,9954 0,9856 0,545
BC (0,6) 2,813 3,696 0,9933 0,7361 -15,335
BC (0,7) 0,554 1,382 0,9933 0,956 1,141
Allen 1,921 2,132 0,9954 0,9044 -16,53

The above mentioned statistical indicators are used to examine the performance of the model of solar
radiation estimation (Table 3). In general, low values of RMSE, MBE and MPE are desirable. The
MBE provides a clue to whether a given model has a tendency to under- or over-prediction. The MBE
values is closest to zero, being desirable. The positive MBE shows the overestimation and the negative
MBE shows the underestimation of the radiation. Ideally coefficient of correlation (r) and coefficient
of determinant (R?) should be 1 for the best performance, a very good fit results in a value near 1 and a
very poor fit results in a value of R? close to zero (Triola, 1998).

5.1 Comparison of Correlation Models

The comparison between the computed and measured values of daily global solar radiation was
performed Dby using the statistical indicators cited above (R2, RMSE, MBE, and MPE).The mean
percentage error (MPE) is given in Table 3 for Sarajevo Center and Table 4 for Sarajevo Bjelave. The
best MPE results are seen in Model 2 based on sunshine duration (Rietvel independent model)
(MPE=1,49), and in Model 2 based on air temperature (Bristow and Campbell model) (MPE=-1,050
with modified clear sky transmission coefficient a=0,6 instead of 0,7).

Generally, correlation coefficients (0.9932 - 0.9982) are high for all the variables. This implies that,
there are statistically significant relationships between the clearness index, relative sunshine duration,
the relative humidity, the ratio of minimum to maximum daily temperature and the monthly average
daily temperature. This is further demonstrated by high values of coefficient of determination R
2(0.681 - 0.9946) across the variables (~ 1 desirable ).

For Sarajevo Center R? is close to 1 for the clearness index 0.6, while for Bjelave R? it is higher for
the clearness index 0.7, which is expected.

Air-temperature based model. Model 1: Hargreaves and Samani model is in very good agreement
with the measured values. Minimum deviation for Sarajevo (Bjelave): MBE=-0,266, MPE=0,545,
R?=0,9856. Sarajevo-Centre: MBE=0,025, MPE=-1,62 %, R’= 0,9893. Sunshine-based models.
Model 2: Rietveld linear monthly dependent model is in very good agreement with the values actually
measured specially for Bjelave. Minimum deviation for: Sarajevo (Bjelave): MBE=-0,144, MPE= -
0,009%, R°=0,9946. Sarajevo-Center: MBE=0,147, MPE= -2,18%, R?= 0,996.

The greatest deviation is shown by Model 1 based on sunshine duration (Dogniaux model) and Model
3, based on air temperature (Allen model). Proposed model using sunshine hours Rietveld linear
monthly dependent model and air temperature Hargreaves and Samani model is in a very good

26



European International Journal of Science and Technology \ol. 8 No. 11 December 2019

agreement for Bjelave. These models had the smallest values of MBE and MPE. Proposed model
based on sunshine duration Rietveld linear monthly independent model and air temperature Bristow
and Campbell (a=0,6) have the smallest values of MBE and MPE for Sarajevo Center.

7. Conclusion

Development of a solar energy research program must always start with a study of solar radiation data,
at a site or region of interest. For places where it is not directly measured, solar radiation can be
estimated by using models and empirical correlations. We propose two empirical models which also
use sunshine hours and temperature measurements from the study Sarajevo and its environment. The
temperature based model indicates that Hagreaves and Samani model has a good potential for use in
estimating values of monthly average global solar radiation in Sarajevo area where measurements of
the sunshine duration are not available. Bristow and Campbell model based on the temperature give
better data with transmision coefficient of atmosphere ~0,6 instead of ~0,7. Rietveld linear monthly
dependent model given in this study will enable the solar energy researches to use the estimated data
due to the fine agreement with the observed data. The results show that the models could predict very
well the variability of the measured monthly daily mean global solar radiation for the entire period of
the study. This could be attributed to the fact that the models used meteorological input data based on
sunshine hours and air temperatures that also respond to the variability in atmospheric conditions, such
as rainfall, cloud cover, and the seasonal changes that affect the amount of solar radiation reaching the
Earth’s surface. The amount of global solar radiation and its temporal distribution are the primary
variable for the use of solar energy. The data obtained from the model are used for testing and
simulating photovoltaic systems.
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