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Abstract: 
    Using sunshine duration, extraterrestal radiation and globle radiation as in put of some 

mathematical models, The average daily diffused solar radiation and atmospheric turbidity 

in various (16) placed around of Iraq are estimated by using a thirty years solar radiation 

data the period from    ( 1961 – 1991 ).The diffused solar radiation have a maximum values 

are appeared in the summer season ( April, may, Jun, July and August) were found to range 

from( 5 - 7.5 MJ. M
-2

 day
-1

 ) while the minimum values in the other months. The turbidity 

values were found to range from 0.233 to 0.313 and the overall average ( ) was 0.269. The 

minimum value in Al- Hai 0-233 and the maximum value was 0.313 in Zakho. The low 

values of ( ) indicate that the Iraqi sky has relatively small disturbance and pollutant in 

the atmosphere. The correlation between the ( ) and geographical coordination have been 

shown a weak relation between them.  
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      الخلاصة :
اسرؼًهد ساػاخ انسطىع والإشؼاع انشًسي انخارجي والإشؼاع انكهي كًدخلاخ في تؼض انًُاذج انرياضيح ,     

لإشؼاع انشًسي وحُسة يؼدل الإشؼاع انًُرشر وػكىرج انجى إنً سرح ػشر يىقؼاً ػراقياً يرغيراً تاسرخداو يؼطياخ ا

و (. انقيى انؼظًً نلإشؼاع انًُرشر ظهرخ في فصم انصيف نلأشهر 1661 – 1691إنً ثلاثيٍ ػاياً يٍ انفررج ) 

ييكا جىل  5.5 -5)َيساٌ ، آيار ، حسيراٌ ، ذًىز ، آب ( وكاٌ انًؼدل يٍ ) 
-2

. يىو 
-1

( تيًُا انقيى انصغري في 

(  أقم قيًح في يُطقح انحي  2.296( ويؼدنها انكهي حىاني )  2.313 – 2.233الأشهر الأخري أيا قيى يدي انؼكىرج ) 

(  إٌ انقيى انصغري ذشير إنً أٌ انجى في  2.313(  وأػهً قيًح في زاخى )  2.233) يحافظح واسط ( ويقدارها ) 

 وف انجغرافيح ضؼيف َسثياً.  ( وانظرانؼراق ذاخ ذىزيغ صغير َسثياً تانُسثح نهرهىز والارذثاط تيٍ انؼكىرج )
 

 

1. Introduction:  
The Sun is immense fusion reactor ( fusion) simply means that hydrogen atoms are combined 

to make helium. This occurs on the sun because it is very hot. The Sun's unclear fusion 

process converts 508 million tons of hydrogen into 504 million tons of helium every second. 

The remaining 4 million tons matter are converted to energy [1]. The solar radiation received 

at the top of the earth's atmospheric on horizontal surface is called the extraterrestrial solar 

radiation ( Ra) [2,3]. The Sun light reaching the ground is usually reduced by dirt such as 

dust, haze ,aerosol particles and water vapor[4]. Aerosols in atmospheric ( which include 

sulfate black carbon, organic carbon, mineral dust, sea – salt, volcanic ash, pollen, nitrate and 

ammonium) evolve in size and composition by homogenous and heterogeneous nucleation, 

condensation, coagulation as well as dry and wet deposition. On one hand, aerosol absorbed 

and scatter radiation, this parameter study by [5]. In South Africa estimate the monthly a 

verged atmospheric turbidity from surface climate data at eight location[6]. The relationship 

between the aerosol optical depth with relative humidity and wavelength studied by [7]. The 

atmospheric turbidity calculated and averaged for 29 places around the king dome of Saudi 
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Arabia, The turbidity values were found to rang from 0.1 to 0.4.[4] In the present work to 

calculate the turbidity coefficient ( ) for the sky of Iraq dependent on the solar radiation.  
           

2. Theory:  
The data includes the monthly mean of daily extraterrestrial radiation (Ra) for each day of 

year and for different latitude can be estimated from the solar constant, the solar declination 

and time of year.[2,3] 

Ra =24(60) Gsc dr [ ws sin ( ) sin( ) + cos ( ) cos ( ) sin ws]      (1) 

 

Ra=extraterrestrial radiation [ MJ. m
-2

. Day
-1

] 

Gsc = solar constant 0.082 [M J.m
-2

 –min 
-1

] 

dr = inverse related distance, Earth- Sun 

Ws = Sun set hour angle [ rad] 

 =latitude                     [ rad] 

 = solar declination        [ rad] 

The solar shortwave radiation (Rs) can be calculated with Angstrom formula with relates 

solar radiation to extraterrestrial radiation and relative sunshine duration as follow; 

                                                                                                  (2) 

 

 

Rs = solar  shortwave radiation [MJ. M
-2

. day
-1

]  

or global radiation. 

n= actual duration of sunshine [ hour] 

N= maximum possible duration of sunshine or daylight hour [hour] 

n /N = relative sunshine duration. 

as + bs  = fraction of Ra reaching the earth on clear day [N=n] 

Turbidity is used to quantity the attenuation by aerosols that is responsible for increasing the 

ratio of diffused to the total solar radiation as well as responsible changing the spectral 

composition. There are three types  of turbidity (1) link turbidity factor ( Tl ) the normal 

values varies from 0 to 10. Link turbidity factor refers to the whole spectrum, that is overall 

spectrally integrated attenuation, and account for presence of water vapor and aerosols in 

atmosphere. (II) Angstrom turbidity coefficient ( ) is obtained from spectral measurement. 

The index indicates only amount of aerosols present in atmosphere. The value of ( ) varies 

typically from 0 to 0.5.(III), illuminace turbidity factor (Ti), the concept of (Ti) is analogous 

to that (Ti) factor [8]. The turbidity ( ) dependent on the diffused solar radiation (Rd), the 

Rd calculated by [7]. 

Rd= Rs( 1.39 -4.027C + 5. 53 C
2
-3.108C

3 
)
 
                                     (3) 

Rd: diffused solar radiation 

 C =  Rs/ Ra    the clearness index. 

 The turbidity ( ) can be expression by  

 

         =                                                                                            (4)  

                           

Where 1.47 is the sea water ratio [Na
+
 + K

+
 + Mg

+
+ ca

+
 +So

=
 + HCo3 /Na

-
 ] [5]. 

 



Journal of Kerbala University , Vol. 6 No.3 Scientific. 2008 
 

 

 
121 

3.Results and Discussion: 
Iraq lies between latitudes 29  ْ . 5  ْ  and 37  ْ .22  ْ  north and between longitude 38  ْ   45  ْ  east 

and 48  ْ   45  ْ   east. The stations selected in our present study are. The Ra , Rs and sunshine 

duration data reported in this paper were supplied by relevant meteorological and solar 

radiation data were mainly taken from the Republic of Iraq Meteorological office ( RIMO). 

The measured values in a period (1961 – 1992) for all station this result obtained by using the 

equations ( 1 to 4). Ra and N were evaluated by the equation (1) and (2) , table (1,2) 

respectively. Here Rs represent the daily global radiation to estimate by equation (2), table(3). 

as and bs the constant coefficients which is believed to applicable at any where in world ( as = 

0.25, bs=0.5) [2]. Using the equation (3) to calculate the diffused solar radiation (Rd) table 

(4). The maximum values for all locations are observed in April, May, Jun, July, and August, 

while the minimum values appeared in January, February, November and December, this 

changing duo to turbidity factor and seasonal variation which dependent on the position of 

the sun. fig. (1) 

      The values of turbidity ( ) were in the range 0.233 to 0.313 for all selected locations. 

Table (5). 

The overall averaged of ( ) ( mean overage of all stations ) in Iraq was 0.296. Figs ( 

2,a,b,c,d) explained the variation of turbidity for all location with months, from Fig. (3) 

     Observed the maximum average value of ( ) in Zakho and Kirkuk Cities ( Northern of 

Iraq), 0.313 and 0.295 respectively, while the minimum ( ) in AL- Hai city ( Middle of 

Iraq) was 0.233. 

The high value of ( ) depend on the locations industrial city and nearest from the desert. 

From table (5) it is clearly seen that each station has it's own individual trend. The our results 

have shown the maximum values in the summer season. The turbidity of Iraq smaller than of 

( ) of Saudi Arabia which mean that the Iraq sky's has small amount of aerosol and sky 

pollution in atmosphere and the average range of ( ) is normally value table (6). 
 

4. conclusions:  
The study provides Models for calculation of radiation data(Ra ,   Rs , Rd ……) on daily base 

for any location in Iraq. The result show that the diffused solar radiation decreases in winter 

and increases in summer. The radiation intensity of (Rd) depends on the variable position of 

the sun, Rayleigh dispersion on pure air molecule extinction by vapor particle and albedo of 

ground. The values of the turbidity ( ) of the atmosphere are found vary with seasons and 

month, with difference further station. Turbidity in Iraq was found to be low compared with 

the Saudi Arabian. Over recent decades, turbidity has generally been stable at most stations in 

Iraq, but exceptions has been an increase in turbidity future. The low values of ( ) indicate 

that Iraq's sky has a relatively small pollutant and disturbance.             
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