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Abstract 

      The solar energy is the major source of power for the future and an important source 

of renewable energy in Iraq and the world. Suitable climate conditions for solar energy 

are available in Iraq, especially the high temperature in the summer season which  

extends for more than six months in the year. Hence, the global solar radiation is 

abundant with high intensity, which is very essential in applicable models for 

researchers and solar applications. Therefore, nine first-order regression empirical 

equations of Angstrom-type correlations were used to estimate the more appropriate 

global solar radiation model for Baghdad city. Two equations were developed 

empirically in this work, using the most available and easy to get meteorological data, 

which is the temperature value in various forms. The results of the comparison between 

the real and calculated values showed reasonable agreement for most equations 

(including the development  of R
2
- at 99%) as well as the least values of types of errors 

RMSE and MBE. As an exception, two equations of models failed in this study because 

of inability to apply to such climate conditions of Baghdad city. 
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الذهري اليومي  تقدير الاشعاع الذمدي الكلي بمعدل تقييم ومقارنة النماذج المعتمدة على درجة الحرارة ل
 لمدينة بغداد ، العراق
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 الخلاصة
الطاقة الذسدية ىي السرجر الخئيدي للطاقة في السدتقبل ، وىي مرجر ميػ للطاقة الستججدة في العخاق      

ع درجة الحخارة في أشيخ والعالػ. بدبب العخوف السشاخية السشاسبة للطاقة الذسدية في العخاق ، خاصة ارتفا
الريف والتي تديج عؼ ستة أشيخ في الدشة ، لحلغ الإشعاع الذسدي العالسي وفيخ ذو شجة عالية ، حيث إنو مؼ 
الزخوري للغاية في الشساذج السطبقة للباحثيؼ و تطبيقات الطاقة الذسدية. لحلغ ، تػ استخجام تدعة معادلات مؼ 

ت تجخيبية مؼ نؽع أنجدتخوم لتقجرخ الإشعاع الذسدي العالسي الأثثخ ماءءمة الجرجة الأولى ذات انحجار كسعادلا
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لسجرشة بغجاد ، حيث تػ تطؽيخ معادلتيؼ تجخيبيا في ىحا العسل. استخجام بيانات الأرصاد الجؽية الستاحة والأثثخ 
نة بيؼ القيػ الحقيقية سيؽلة في الحرؽل علييا، وىي قيػ درجات الحخارة في أشكال مختلفة. أظيخت نتائج السقار 

 لأنؽاع ، وكحلغ اقل قيػ %99عشج  (R2) والقيػ السحدؽبة اتفاقًا معقؽلًا لسععػ السعادلات )بسا في ذلغ السطؽرة( لـ
بدبب عجم امكانية تطبيقيا على  باستثشاء معادلتيؼ مؼ الشساذج فذلت في ىحه الجراسة ،MBE و RMSE الأخطاء

 مجرشة بغجاد. شخوط مشاخ
INTRODUCTION 

     Calculating global solar radiation (GSR) using temperature as an independent variable is an important 

issue, especially for developing countries, for many reasons, such as the high cost of GSR data collection 

as well as the lack of maintenance for measurement equipment of GSR and the daily recording of GSR 

data. In another meaning, the limited coverage of the measurement of GSR indicates that there is a need to 

establish theoretical methods for estimating GSR. The applied methods include those based on empirical 

correlations using meteorological data to lower data requirement and computation cost. Thus, it is 

important to search for models to estimate the GSR using various meteorological data. 

     The focus of recent research has been on estimating GSR, such as the common meteorological data 

estimation in Spain reported by Javier ALMOROX [1]. Empirical models for estimating GSR were 

proposed by Besharat et al. as a review and case study in Iran [2] and in a review of solar models 

presented by Katiyar and Pandey in India [3]. Huashan et al. worked on a temperature –based model for 

estimating monthly average daily GSR in China [4], while by Okonkwo and Nwokoye estimated GSR 

from temperature data in Minna [5]. A new temperature-based model for estimating GSR in Nigeria was 

proposed by Akootu and Sanusi [6], while other reports described the temperature-based models for 

estimating GSR in India and Egypt in the same year [7,8]. 

     This paper presents first-order regression Angstrom-type correlations which used maximum and 

minimum temperatures as abundant data. In this work, two correlations were newly developed empirically 

along with the other seven well-known correlations. All of these correlations were performed in the form 

of mathematical equations that relate the clearness index as the dependent variable with maximum and 

minimum temperature as an independent variable, in addition to sunshine duration. The calculated data 

obtained were tested for errors using popular errors test methods, such as coefficient of determination (R
2
), 

root mean square error (RMSE) and mean bias error (MBE) errors to compare the measured with the 

calculated values. 

DATA AND METHODOLOGY 

     The temperature (So)and monthly average daily GSR data were obtained from the Meteorological 

Centre and Seismic Monitoring in Baghdad (MCSM) for a period of 25 years (2009-2015). In our work, 

Ho terrestrial radiation (W/m
2
) [9] was theoretically calculated depending on latitude and longitude for Ho 

use on monthly average daily values. 

     These nine first-order type linear regression equations were employed to calculate monthly average 

daily global solar radiations Hc using input available from maximum (Tmax) and minimum (Tmin) 

temperatures data and in 
o
C and So of the sunshine for Baghdad city in hours, as follows: 
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     Where a and b are constants and empirical coefficients for each equation,       
         

 
 is the 

monthly average daily, and ΔT is the monthly average daily for the difference between Tmax and Tmin, all in 

(
o
C). 

Equation (1) was based on the HS model [4]. 

Equation (2) was based on Pandey and Katiyar [3]. 

Equation (3), was based on Garcia model, while Equations (4and (5) depended on another method [6]. 

Equation (6) was based on a previous report [5]. 

Equations (7) and (8) were developed empirically in this work. 

Equation (9) was based on a previous report [10]. 

The empirically developed equations (7) and (8) are an adaptation of Angstrom-Prescott model given 

as 
  

  
    (

  

  
), where it relates the clearness index (

  

  
) and the ratio of the monthly average daily of 

temperature range to the monthly average daily of day length (
  

  
), which is the modification of the 

original Angstrom equation. Subsequently, it is possible to use (     ) and (    ) as a temperature range 

divided by (  ). The empirically developed equations (7) and (8) showed excellent matching between the 

measured and calculated values of monthly average daily of global solar radiation. In general, the 

developed models for this study were in a form of mathematical equations that relate the clearness index 

as the dependent variable with temperature as the independent variable [6]. 

RESULTS AND DISCUSSION 

     The first-order Angstrom-type regression linear equations were carried out between the monthly 

average daily of measured (real data) global solar radiation on horizontal surface (Hm)  (in w/m
2
) and the 

meteorological parameter (temperature, T) as the independent variables (in
 o

C). This was performed to 

obtain the values of empirical coefficients of the nine stated equations. (a and b) as listed in Table- 1, 

where the stations reported that the coefficients are site-dependent due to the use of local data bases, re-

applied to predicting the calculated values of global solar radiation (Hc) in w/m
2
. 

The coefficient of determination (R
2
) index was used to determine how well the regression linear 

approximates the real data points: 

     [
∑(       )

 

∑(              )
 ]                                           (10) 

     where the more perfect coefficients model is when R
2
 is close to1. The results in Table- 2 show that 

most of the selected equations give an R
2
 value that was higher than 95%, indicating a very good fitting 

between the measured monthly average daily global radiations (Hm) with the calculated values (Hc). 

 

   Table 1  

Model a B 

1 0.1394 0.0996 

2 -0.0304 0.6511 

3 -0.0473 0.6405 

4 0.0523 0.4294 

5 0.2386 -0.098 

6 0.003 0.5016 

7 0.0333 0.5256 

8 0.0434 0.5306 

9 0.1742 0.4969 
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Table 2 

Model R
2
 RMSE MBE 

1 0.99 0.75 -0.01 

2 0.99 2.67 -0.14 

3 0.97 4.28 -0.22 

4 0.89 17.04 -1.89 

5 0.67 46.80 -3.45 

6 0.99 0.65 -0.03 

7 0.99 2.61 -0.13 

8 0.99 1.67 -0.08 

9 0.99 1.94 -0.10 

                     

     The performance of developed Equations 7 and 8 (basically as an adaptation of the Angstrom-Prescott) 

and the other equations 1, 2, 3, 6, 9 were used to predict the global solar radiation on the horizontal 

surface (Hc). They showed a good agreement with the measured real data (Hm) values, except equations 4 

and 5 which showed not good performance. Comparisons were performed based on the root mean square 

error (RMSE) and mean bias error (MBE) indicators, presented in table 2, where, for a higher equation 

accuracy, RMSE and MBE indices should be closer to zero. 

     *
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     It was found that the RMSE values for all equations were in the range from 0.65 to 4.28, as in Table-2, 

while the MBE values for all equations were in the range from -0.01 to -0.22, showing mostly 

underestimated measured values (Hm) by these equations. 

     However, most equations generally produced acceptable RMSE and MBE errors as seen in Figures 1-3 

and 6-9, as compared to equations (4) and (5) which were not applicable for Baghdad city and  showed 

overestimated predicted values. This is reflected in table 2 where RMSE and MBE values are very high, 

while R
2
 values are above normal and unacceptable. As seen in Figures- 4 and 5, a high level of 

overestimation was observed throughout the months of the year and, therefore, they are considered as the 

lowest-efficient performance models in this work. 

      The new empirically developed equations 7 and 8, which were used in this work to estimate the 

monthly average daily global solar radiation on horizontal surface (Hc), can be successfully used for 

Baghdad city, as can be obviously observed in Fgures- 7 and 8 as well as in Table-2 for RMSE, MBE and 

R
2 
values. 

     Based on the statistical indicators presented in Table-2, all equations showed a good estimation of 

monthly average daily global solar radiation on a horizontal surface (Hc) for Baghdad city. Equations (1) 

to (3) and equations (6) to (9) are recommended for predicting the calculated values (Hc) for Baghdad city 

(Figures- 1-3 and 6-9). They had the best overall results of consistently and a good estimate when applied 

to the monthly average daily data for all months in the year, as well as elsewhere with similar climatic 

conditions. 

     It is clear that Figures- 1-3 and 6-9 show a good matching between measured and predicted global solar 

radiation data for most months. Figures- 1-3 showed overestimated values in the months of April to 

September and underestimated values in the other months. Figures- 6-9 demonstrated overestimated 

values in the months April, June and August and underestimated values in the other months. 

     The best overall agreement and excellent matching are seen in Figures-(1 and 6), where RMSE, MBE 

and R
2 

values are 0.75 & 0.65, -0.01&-0.03 and 99% for both, respectively. In addition, Figures- 8 and 9 

show agreement and matching values for RMSE, MBE and R
2 

values of 1.67 & 1.94, -0.08 & -0.10 and 

99% for both, respectively. Next, Figures –(2and7), then the last is Figure-3, see Table-2. 
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However, equations -4- and -5- are not recommended for predicting values of Hc for Baghdad city, as seen 

in Figures-(4 and 5).  

 
Figure 1-The monthly averages                                  Figure 2-The monthly averages daily values of             

daily values of Hm, Hc1and Hc2 for Baghdad city        Hm, Hc1and Hc2 for Baghdad city 

 
Figure 3-The monthly averages daily                           Figure 4-The monthly averages daily values    

values of Hm, Hc3and Hc4 for Baghdad city.                   of Hm, Hc3and Hc4 for Baghdad city. 

 
Figure 5-The monthly averages daily  values of Hm,  Figure 6-The monthly averages daily values of Hm, 

Hc5and Hc6 for Baghdad city.                                  Hc5and Hc6 for Baghdad city. 
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Figure 7- The monthly averages daily  values of  Hm   Figure 8- The monthly averages daily values of 

Hm, Hc7and Hc8 for Baghdad city.                                Hc7and Hc8 for Baghdad city. 

 

 
Figure 9-The monthly averages daily values of Hm and Hc9 for Baghdad city. 

 

CONCLUSIONS 

     The importance of meteorological data that are easily measured and obtained in Iraq is clear. Hence, 

temperature values used as a basis to estimate and predict the monthly average daily global solar radiation 

in Baghdad, using nine first-order Angstrom-type regression linear equations, are applicable and simple. 

The results show that the five models’ equations as well as the tow developed equations have a good 

agreement between the measured and calculated values. Hence, we recommend applying these equations 

for cities that have same weather conditions, except for tow equations which showed worst results and, 

hence, are not recommended for Baghdad cityin particular. 

     The values of empirical coefficients of nine stated equations (a and b), as listed in Table- 1 were re-

applied to calculate the predicted values. The comparison was made between measured and calculated 

values using well-known types of errors included in Table-2. Then the measured and calculated values 

were drawn in Figures-(1-9). Equations and their Figures-(1-3 and 6-9) provided a reasonable degree of 

best fitting between measured and predicted values for Baghdad city, but equations and their Figures-(4 
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,5) failed to show a good matching because they are applicable for cities of climate and weather conditions 

different from those of Baghdad. Therefore, they are not recommended for Baghdad city in particular. The 

scientific interest in the developed equations and their Figures-(7, 8), providing diversity in the use of 

temperature in various forms, can make use of the higher flexibility to use the mean temperature, thereby 

lowering the cost of data set by using the minimum temperature only. Thus, these equations can be 

adopted in the future for predicting global solar radiation as first-order Angstrom type regression linear 

equations. 

     The study was applied on data for 25 years (1990-2015), where the effect of weather changing is not 

sensible obviously. 

     The recommendation is to study the effects of global warming in climatological data as temperate and 

to calculate global solar radiation based on these climatological data.  
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