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Table 1- M odels of solar radiation estimation

Abbreviations. g ,lais ! Cudle

Equation .4slxe

El R.=R,(@a+ bﬂ)
N
n n,n
E2 R.=R,|(@+b—)+(c+d—)—
s a|:( N) ( N) N}
E3 R, = Ra[a+ b£+c(£)2}
N N
E4 R, = Ra[a+ AR +d(£)3}
N N N
E5 R, = Ra(a)exp(b%)
E6 Rs = Ra(a)‘\/ Tmax _Tmin
E7 R, =R,(@yT o — Trin + D)
8 R, = R, (@)L~ exp{~ (T, —~Tpin)°)]
E9 R,=R,@+byT, o —Tmn +c%)
E10 R,=R,(@+bT ., + c%)
E11 R, = Ra[a+ b(T, o — Trin) +c%}
E12 R, =R, (@+byT o = Trin +CT e + d%)
E13 R, = Ra[(a+ DT — Tour +c%) +(d+eyT o — Ty +f %)H
E14 R, = Ra[(a)Ln(Tmax i b(%)c + d}
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Table 2- Used equationsfor evaluating the results

adlze adlze
Equation Equation
m 05
(Xi _yi)2 .
RMSE = .Zﬂ: Z(Xi _yi)
m MD it
m
m 05 m 05
Z(xi _Xm)2 Z(y| _ym)2
SD,, = = 00000 SD, = =000
m m
Z(Xi _Xm)(yi _ym)
SB=(Xm—ym)2 i=1
_ m
SD, SD,

SDSD = (SD, -SD,,)?
MSD =SB + SDSD + LCS

LCS=2SD.SD,, (1-R)
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Table 3- The coefficients of equations E1 to E14 in yearly time step

Equation .dslee  a b c d e f R?
El 0.25 0.53 0.63
E2 025 019 081 -011 0.88
E3 025 062 -011 0.88
E4 026 054 010 -0.13 0.88
E5 024 126 0.54
E6 0.16 0.31
E7 0.16 0.03 0.31
ES8 071 003 1.60 0.79
E9 0.18 002 049 0.63

E10 023 000 052 0.63
El1 023 000 050 0.63
E12 019 002 0.00 050 0.63
E13 -024 018 048 038 -0.20 0.27 0.89
El4 008 043 095 0.10 0.88
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Table 4- The M SD values of equations E1 to E14 in monthly and yearly time steps

ablxo e bl 5wl Ol Yl
Equation Spring Summer Autumn Winter Annua
El 23.95 17.29 3.93 1465 1453
E2 22.73 16.98 3.78 1403 1424
E3 22.76 17.00 3.77 1406  14.27
E4 22.88 17.03 3.78 1420 1440
E5 28.03 17.32 454 19.10 16.68
E6 24.75 19.87 5.02 2003 17.38
E7 25.65 19.23 5.01 17.76  17.63
E8 22.92 20.54 4.66 19.89 17.19
E9 23.52 17.58 3.92 1529  15.00
E10 23.97 36.66 3.70 1543 14.89
E11 29.21 17.40 381 1542  14.62
E12 22.07 34.65 3.64 1588 15.23
E13 22.34 17.14 3.67 1586 15.04
E14 23.47 17.12 3.85 1510 1448
ke o116 2042 408 1619 1540

Average
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Table5- The mean M SD valuesfor all family equationsin monthly and yearly time steps

a3lgild o sbralsleo
Family equation

Ll el 4 atuly
Based on sunshine hours
oo (slod & azly
Based on air temperature
lga (slod ¢ b Clelo 4 diunly
Based on sunshine hours and air temperature

M ol el e AVl
Spring Summer Autumn  Winter Annual
24.07 17.12 3.96 15.21 14.82
24.44 19.88 4.90 19.23 17.40
24.10 23.43 3.77 15.50 14.88
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Table 6- The best equation for solar radiation estimation in Shiraz region in autumn and yearly time steps

Sy S8 Cuwlio ddlro
Time step Appropriate equation
s R, = Ra[0.14+ 0.02)T . T, + 0.491}
Autumn N

Wk R o= Ra[(0.25+ 019-1)+(081-0.11.") ﬂ}
Annual N N_N
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Introduction: Solar radiation on the earth surface has a wide range of applications in hydrology, agriculture
and meteorology. Solar radiation is an important parameter of estimated models of reference crop potential
evapotranspiration such as the Penman—Monteith equation. Also, total sunshine hours are one of the most
important factors affecting climate and environment, and its long-term variation is of much concern in climate
studies. Reference crop potential evapotranspiration is one of the most important parts of water cycle in the
nature but, direct measurement of this crop parameter is so difficult and not practical. Therefore, equations that
can estimate the value of evapotranspiration only by using meteorological data are necessary. As mentioned
before, the Penman—Monteith equation can be used for estimating reference crop potential evapotranspiration,
however this equation needs solar radiation data, and the measurement of solar radiation is done in a limited
numbers of weather stations in Iran, and also in Fars province, south of Iran. Since, the measurement of solar
radiation is expensive, therefore many models have been derived for its estimation in different climates of the
world., Many investigators also have been tried to estimate solar radiation for different locations of the world
based on more simple measured weather data such as air temperature (minimum, maximum or mean) and
sunshine hours. Hence, the derived equations for estimating solar radiation based on other weather data can be
used for estimating reference crop potential evapotranspiration with the Penman—Monteith equation.

Materials and Methods: In this study, solar radiation was estimated in Shiraz, central part of the Fars
province in south of Iran. For this purpose, the daily measured of solar radiation data in Shiraz synoptic station
were used. Also, other needed weather data were used. All available data was for the years 2006 to 2010.
Measured data of years 2006 to 2008 were used for calibrating fourteen estimated models of solar radiation in
seasonally and annual time steps and the measured data of years 2009 and 2010 were used for evaluating the
obtained results. The equations were used in this study divided into three groups contains: 1) The equations
based on only sunshine hours. 2) The equations based on only air temperature. 3) The equations based on
sunshine hours and air temperature together. On the other hand, statistical comparison must be done to select the
best equation for estimating solar radiation in seasonally and annual time steps. For this purpose, in validation
stage the combination of statistical equations and linear correlation was used, and then the value of mean square
deviation (MSD) was calculated to evaluate the different models for estimating solar radiation in mentioned time
steps.

Results and Discussion: The mean values of mean square deviation (MSD) of fourteen models for
estimating solar radiation were equal to 24.16, 20.42, 4.08 and 16.19 for spring to winter respectively, and 15.40
in annual time step. Therefore, the results showed that using the equations for autumn enjoyed high accuracy,
however for other seasons had low accuracy. So, using the equations for annual time step were appropriate more
than the equations for seasonally time steps. Also, the mean values of mean square deviation (MSD) of the
equations based on only sunshine hours, the equations based on only air temperature, and the equations based on
the combination of sunshine hours and air temperature for estimating solar radiation were equal to 14.82, 17.40
and 14.88, respectively. Therefore, the results indicated that the models based on only air temperature were the
worst conditions for estimating solar radiation in Shiraz region, and therefore, using the sunshine hours for
estimating solar radiation is necessary.

Conclusions: In this study for estimating solar radiation in seasonally and annual time steps in Shiraz
region, three groups of equations were used (1: based on only sunshine hours. 2: based on only air temperature,
and 3: based on sunshine hours and air temperature). Final results of this study for estimating solar radiation in
Shiraz region were: 1) For autumn season the best equation was based on the extraterrestrial radiation, the ratio
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of daily actual sunshine hours to daily maximum sunshine hours, and minimum and maximum air temperatures.
2) For annual time step the best equation was based on the extraterrestrial radiation and the ratio of daily actual
sunshine hours to daily maximum sunshine hours.
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