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Comparison of Total Horizontal Solar
Radiation Measurements with Some

Existing Models for Turkey

MUSTAFA GÜNEŞ

Department of Mechanical Engineering
University of Balikesir
Cagis Campus
Balikesir, Turkey

Three models developed for calculating the monthly average daily total horizontal
solar radiation anywhere in Turkey have been comparatively studied with monthly
averages of the values measured via pyranometer in 11 stations. Comparison study
has been done according to the values of mean quadratic error, mean absolute error,
and correlation coef� cient. In the statistical tests, it has been seen that the most
successful model belongs to one developed by Ogelman et al. It has been established
that new models could be investigated on a basis of the data collected through 11
stations.

Keywords solar radiation, total horizontal radiation, pyranometer, correlation
models, Turkey

Introduction

In Turkey, horizontal solar radiation measurements are conducted by the Turkish State
Meteorological Service (DMI), the Scienti� c and Technical Research Council of Turkey,
the Electrical Works Research Directorate (EIEI), and by some universities’ stations.
Some researchers using these measurement values investigated relations in the form of
the Angstrom equation for horizontal solar radiation. Kilic and Ozturk (1983) developed
correlations of total and direct horizontal solar radiation by making use of measurements
conducted via metallic actinographs in DMI stations. Ogelman et al. (1984) � tted a
curve in quadratic form to the pyranometer measurements of 2 cities possessing diverse
geographical and climatological features and maintained that the equations could be
valid for Turkey. Aksoy (1997) analyzed the pyranometer measurements made in 5 DMI
stations and proposed another correlation in quadratic form for Turkey on a basis of these
measurements. Sahin et al. (2001) studied the monthly clearness index values of Turkey.
Simple models of solar radiation data for the northwestern part of Turkey have been
studied by Sen and Tan (2001). Some other researchers (Tiris et al., 1996; Kaygusuz and
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Ayhan, 1999; Togrul and Onat, 1999) developed the correlations valid for a single city
center in Turkey.

In recent studies (Ertekin and Yaldiz, 1999; Kaygusuz, 1999; Togrul and Onat, 2000),
the comparison of estimated and measured values of solar radiation in a single city center
has been done. In this study, models developed for calculating the monthly average daily
total horizontal solar radiation anywhere in Turkey have been comparatively analyzed with
monthly averages of the values gathered through pyranometers in 11 stations located in
9 cities.

Existing Models

Best-known models developed for calculating the monthly average daily total horizontal
solar radiation anywhere in Turkey have been given as follows:

Kilic and Ozturk’s model (1983)

H

H0
D 0:103 C 0:000017Z C 0:198 cos.Á ¡ ±/ C [0:533 ¡ 0:165 cos.Á ¡ ±/]

s

S
; (1)

Ogelman et al.’s model (1984)

H

H0
D 0:195 C 0:676

s

S
¡ 0:142

³s

S

2́
; (2)

Aksoy’s model (1997)

H

H0
D 0:148 C 0:668

s

S
¡ 0:079

³s

S

2́
: (3)

In these equations, H is the monthly average daily total radiation, H0 is the monthly
average daily extraterrestrial radiation, s is the monthly average daily hours of bright
sunshine, S is the monthly average day length, Z is the altitude, Á is the latitude, and
± is the solar declination.

To determine the H0 and S values, the following equations were used (Duffy and
Beckman, 1974).

The monthly average daily extraterrestrial radiation H0 can be calculated by

H0 D
24 ´ 3600 ´ GSC

¼

³
1 C 0:033 cos

360n

365

´

´
³

cos Á cos ± sin !s C
2¼!S

360
sin Á sin ±

´
;

(4)

where Gsc is the solar constant (D 1367 W/m2), n is the day of year starting from the
� rst of January, and !S is sunrise hour angle. The declination ± is calculated using

± D 23:45 sin[360.284 C n/=365]; (5)



Total Horizontal Solar Radiation Measurements 737

and !S can be found from the following equation:

!S D cos¡1.¡ tan Á tan ±/: (6)

It also follows that the S is given by

S D
2!S

15
: (7)

Measurement Data and Comparison

Stations where horizontal solar radiation data collected via pyranometer will be studied
and some other information regarding these stations are given in Table 1. It is seen
that both DMI and EIEI stations are in Ankara and Antalya. In DMI stations the time
interval of measurements for Ankara is 42 months and for the rest it is 36 months. The
measurement data period in EIEI stations for Isparta is 24 months and for Izmir it is
73 months, for Adana, Ankara, Antalya, and Aydin it is 48, 56, 57, and 51 months,
respectively. Detailed analysis of the data can be found in the other study (Güneş, 2001).

In order to compare the measurement values with existing models given in Equations
(1)–(3), 3 statistical test values were used: mean quadratic error (MQE), mean absolute
error (MAE), and correlation coef� cients (R2). They are de� ned as follows:

MQEi D
³ S .HM ¡ HC /2

ki

´1=2

; (8)

MAE D S jHM ¡ HC j
k

; (9)

R2 D
k S HMHC ¡ . S HM /.S HC /

{[k S H 2
M ¡ .S HM /2][k S H 2

C ¡ .S HC /2]}1=2
; (10)

Table 1
Some geographical features of the stations

Latitude Longitude Elevation
Name Code (N) (E) (m)

DMI stations Ankara S1 39.6 32.5 890
Antalya S2 36.5 36.5 51
Konya S3 37.6 32.5 1031
Samsun S4 41.2 36.2 4
Urfa S5 37.1 38.8 549

EIEI stations Adana S6 36.6 35.3 20
Ankara S7 39.6 32.5 890
Antalya S8 36.5 36.5 51
Aydin S9 37.9 27.8 56
Isparta S10 37.4 30.5 997
Izmir S11 38.2 27.1 29
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(a)

Figure 1. Monthly variation of MQE values of the models: (a) DMI stations (C: Equation (1);
o: Equation (2); x: Equation (3)).

where Hm is the measured value, Hc is the calculated value, and k is the data number.
Subscript i in Equation (8) shows the month.

Variation of MQE values according to months in DMI and EIEI stations are shown
in Figure 1. It is observed that MQE changing in DMI stations are irregular and changing
in EIEI stations are regular. When numerical values of the axis are analyzed, the MQE
values of DMI stations apart from Samsun (S4) are lower than those of EIEI stations. In
all the stations the curves have maximum values in summer months. The MQE values
calculated through Equation (1) in 4 DMI stations are higher than the other 2 equations.
The MQE values of Equation (2) in EIEI stations are lower than the other 2 equations.

The MAE values obtained from Equation (9) are shown in Figure 2. In DMI stations
the MAE values calculated through Equation (3) and in EIEI stations the MAE values
obtained for Equation (2) are smaller. The numerical values of EIEI stations are higher
than values of DMI stations.



Total Horizontal Solar Radiation Measurements 739

(b)

Figure 1. Monthly variation of MQE values of the models: (b) EIEI stations (C: Equation (1);
o: Equation (2); x: Equation (3)).

Changing of the R2 values calculated via Equation (10) in DMI and EIEI stations
are given in Figure 3. In DMI stations the highest R2 values are observed in Konya (S3)
and the lowest R2 values are seen in Samsun (S4). In EIEI stations, on the other hand,
in Isparta (S10) the highest and in Antalya (S8) the lowest R2 values are calculated.
In DMI stations, the R2 values calculated for Equation (2) and in EIEI stations the R2
values calculated through Equation (1) possess the highest values.

Conclusion

According to the MQE values, the most compatible model with the measurement values
of EIEI stations is the model belonging to Ogelman et al. (1984). In 3 of the DMI stations
Aksoy’s model and in 2 of the DMI stations Ogelman et al.’s model are better. In respect
to the MAE values, Aksoy’s model in DMI stations and Ogelman et al.’s model in EIEI
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Figure 2. Comparison of the MAE values of the models: (a) DMI stations, (b) EIEI stations
( : Equation (1); Equation (2); : Equation (3)).

Figure 3. Comparison of the R2 values between models and measured values: (a) DMI stations,
(b) EIEI stations ( : Equation (1); Equation (2); : Equation (3)).
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stations is more compatible with measured data. The most compatible model with the
measurement values regarding the R2 values in DMI stations is Ogelman et al.’s model,
and in EIEI stations it is Kilic and Ozturk’s model.

Ogelman et al.’s model appears to be the most successful in all statistical tests. But
these researchers derived their model by making use of only 2 cities’ measurement data.
In later study, new models could be investigated on a basis of the data collected through
11 stations whose measurement data were analyzed in this study.
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Nomenclature

Gsc solar constant (D 1367 W/m2)
H monthly average daily total radiation
H0 monthly average daily extraterrestrial radiation
k data number
n day of year starting from the � rst of January
s monthly average daily hours of bright sunshine
S monthly average day length
Z altitude
± solar declination
Á latitude
!S sunrise hour angle

Subscripts

c calculated value
i month of the year
m measured value

Abbreviations

DMI Turkish State Meteorological Service
EIEI Electrical Works Research Directorate
MAE mean absolute error
MQE mean quadratic error
R2 correlation coef� cients
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