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ABSTRACT: 
In this work, we analyse the performance of three methods based on 

broadband solar irradiance measurements in the estimation of β. The evaluation 
of the performance of the models was undertaken by graphical and statistical 
means. The data sets used in this study comprise measurements of broadband 
solar irradiance from SURFRAD and aerosol optical thickness from AERONET 
at Bondville (USA). The effect of thin cloud interference on turbidity levels and 
on the performance of the turbidity algorithms is examined. The performance of 
the turbidity algorithms using sunphotometric values of the wavelength exponent 
is also discussed. 
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RESUMEN: 
En este trabajo analizamos el comportamiento de tres métodos basados en 

medidas de irradiancia solar en banda ancha para la estimación del coeficiente de 
turbiedad de Ångström, β. La evaluación de los modelos se llevó a cabo tanto de 
forma gráfica como analizando los resultados estadísticos de las correspondientes 
estimaciones. Los conjuntos de datos utilizados comprenden medidas de 
irradiancia solar en banda ancha pertenecientes a la red SURFRAD y medidas del 
espesor óptico de los aerosoles de la red AERONET, ambos en Bondville 
(EE.UU.). Se examina el efecto que tiene la presencia de finas capas de nubes en 
los niveles de turbiedad y en el comportamiento de los algoritmos de turbiedad. 
También se evalúa la influencia que tiene sobre las estimaciones de los 
algoritmos el utilizar medidas del exponente de longitud de onda. 
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1.- Introduction. 
 Atmospheric turbidity is an important 
parameter for assessing the air pollution in local 
areas as well as being the main parameter 
controlling the attenuation of solar radiation 
reaching the Earth’s surface under cloudless sky 
conditions. Atmospheric turbidity is associated with 
atmospheric aerosols load. Aerosols are solid and 
liquid particles suspended in the atmosphere, 
ranging in size from 10-3 µm to several tens of 
microns.  
 Due to the relationship existing between 
aerosols and attenuation of solar radiation reaching 
the Earth’s surface, different turbidity factors based 
on radiometric methods have been defined to 
evaluate the atmospheric turbidity. Among them, 
Ångström turbidity parameters are commonly used. 
They were defined by Ångström (1929)1 through the 
relation 

 αβλλτ −=)(a , (1) 

where τa(λ) is the aerosol optical thickness (AOT) at 
wavelength λ (µm), β the turbidity coefficient –
defined at 1 µm-, and α the wavelengh exponent. 
 
 If spectral measurements are not available, 
several models can be used to estimate β from 
broadband measurements of direct irradiance. In this 

work, we evaluate the performance of three of such 
models, which were proposed by Dogniaux (1974)2, 
Louche et al. (1987)3 and Gueymard and Vignola 
(1998)4, respectively. The evaluation was 
undertaken by comparing their estimates (βD, βL and 
βG, respectively) again those experimental values of 
the turbidity coefficient obtained from 
sunphotometric measurements, βsunphot. 

 
2.- Experimental data. 
 A data set including AOT at 0.440, 0.500, 0.640 
and 0.870 µm were extracted from the automated 
Cimel CE-318 belonging to the AERONET and 
located at the Bondville’s radiometric station (USA, 
40.06º N, 88.37º W, 213 m a.m.s.l.). We used data 
corresponding to the quality assured level (Level 
2.0) provided by the AERONET5 from year 1996 
through year 1999. Assuming α is constant 
throughout a given wavelength range, values of 
αsunphot and βsunphot were derived by linear fit from 
the four AOT values taking in Eq. (1) natural 
logarithm. 
 
 Measurements of the three components of the 
broadband solar radiation along with measurements 
of temperature and relative humidity were available 
from the radiometric station belonging to the Surface 
Radiation budget network –SURFRAD- at Bondville 
as well6. Since several measurements an hour are 
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available, hourly averaged values were obtained for 
all variables. To assure a totally cloud-free data set, 
we performed a visual inspection on the daily 
evolution of the broadband direct, diffuse and global 
irradiances recorded every 3 minutes, screening out 
those suspected hours. 
 
3.- Description of the models. 
 For the sake of clarity, the selected models are 
described briefly in the following segment. 
Hereafter, we refer to each model by the name of the 
first author. 
 
3.a.- Dogniaux’s algorithm. 
 Dogniaux2 derived an empirical relation for 
estimating the Linke’s turbidity factor TL from solar 
elevation h, precipitable water content w, and 
Ångström turbidity coefficient β. Since TL is 
calculated from measurements of direct irradiance Ib, 
β  may be expressed as:  

 ),,( whIf bD =β . (2) 

3.b.- Louche’s algorithm. 
 The expression for the Ångström turbidity 
coefficient obtained by Louche et al.3, βL, was 
derived from the parametric model C by Iqbal7, for 
calculating broadband direct irradiance, and from the 
transmittance due to aerosol attenuation8 –a function 
on α and β-. The model C is a function on the 
transmittances by Rayleigh scattering, ozone, 
uniformly mixed gases and water vapor, which need 
solar altitude, precipitable water content and ozone 
content uo (that may be calculated from latitude and 
longitude of the location9). Then it follows that:  

 ),,,,( αβ obL uwhIf= . (3) 

A value of α equal to 1.3 is often assumed if 
measurements are not available. 
 
3.c.- Gueymard’s algorithm. 
 Gueymard and Vignola4 proposed a method for 
estimating coefficient β using measurements of 
global Ig (or diffuse) and direct irradiance based on 
the spectral code SMARTS210. The equation 
obtained is a function of the following variables:  

 ),,,,,,( zuwhIIf obgG ρβ = , (4) 

where ρ is the surface albedo and z the altitude of 
the site. Eq. (4) is valid for values βG ≤ 0.4. It is 
interesting to note that this parameterisation of β is 
based on a fixed value of α equal to 1.3. Thus, this 
algorithm would at first be useful only for those 
locations with those aerosol characteristics. 

 
3.- Results. 

 Dogniaux’s algorithm presents the higher 
spread and deviation regard to βsunphot as the RMSE 
and MBE values prove. Both Louche’s and 
Gueymard’s models improve the estimates, reducing 
the RMSE around 14 % and increasing the 
coefficient of determination around 17 %. Moreover, 
these latter models provide a lower deviation. In this 
regard, Gueymard’s algorithm underestimates values 
of βsunphot around –14 % whereas Louche’s algorithm 
exhibits the opposite tendency with an 
overestimation of about 17 %.  
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Figure.1.- Hourly turbidity estimates by using Dogniaux’s 
(a), Louche’s (b) and Gueymard’s (c) algorithms versus 
turbidity values derived from sunphotometric 
measurements. (β

L
 was calculated employing values of a 

obtained from sunphotometric measurements).   
 
 It is important to note that values of βL were 
calculated using hourly records of a from 
AERONET measurements -βL(αsunphot)- instead of a 
mean value equal to 1.3 -βL(α=1.3)-. This is the 
reason for the improvement of the Louche’s 
algorithm performance with respect to Dogniaux’s 
one. If α is set to 1.3, the RMSE and MBE values 



 

Opt. Pur. y Apl., Vol. 37, núm. 3 - 2004  Autor: G. López and F.J. Batlles - 3130 -

corresponding to Louche’s algorithm are 44 % and 
26 % respectively, whereas if α = 1.7 (the more 
frequent value of αsunphot at Bondville for the 
selected period) then RMSE = 32  % and MBE = 11 
%, being r2 = 0.73 in both cases. 
 
In Figure 2 we can see the differences in using 
experimental or fixed values of α on the Louche’s 
model. In addition, it is observed that Gueymard’s 
algorithm perform good even if αsunphot is far from 
the fixed value 1.3 used to develop this model. The 
wavelength exponent plays thus an important role in 
the performance of the Louche’s algorithm, leading 
to improve the estimates against those by 
Gueymard’s algorithm by using a proper value of α. 
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Figure.2.- Time evolution of αsunphot (top) and β (down). 
Time evolution of the three broadband components of  
solar radiation is also included. 
 
Moreover, since the statistical results for the 
performance of the Gueymard’s algorithm are 
similar to those for the performance of the Louche’s 
algorithm using sunphotometric values of the 
wavelength exponent, it is derived that the 
Gueymard’s algorithm is less sensitive to variations 
on the wavelength exponent, even being based on a 
fixed value of 1.3. Nevertheless, this result should be 
studied using data from other sites and with different 
climatic conditions. 
 
It is also noted from Figure 2 that several anomalous 
high values of βsunphot (and low αsunphot) are found. 
This behaviour is due to the thin clouds interference, 
in such a way that these data were not removed by 
the automatic cloud-screening performed by 
AERONET. This situation was also founded in other 
days. The broadband turbidity algorithms are able to 
match the sunphotometric values of β in such cases. 
 

On the other hand, it is usual to applay a radiometric 
criterion based on global irradiance measurements to 
select cloud-free skies, such as that proposed by 
Molineaux et al.11. However, some data may be 
erroneously included as a totally cloud-free 
atmosphere using this simple radiometric criterion. It 
is thus expected that this method does not detect for 
instance thin cloud covers as those due to cirrus 
clouds, which would have a little effect on the 
measured global irradiance. To analyse this 
influence, we used two hourly data sets: one 
corresponding to a totally cloud-free sky (the data 
set filtered by visual inspection -611 hours-), and the 
other one associated with only partly cloudy 
conditions. This latter data set was obtained by 
removing the above totally cloudless data from the 
data filtered by the radiometric criterion11.  
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Figure.3.- Average differences β

L
(α

sunphot
) - β

G
 vs. the 

hourly diffuse fraction k for both totally cloud-free and 
partly cloudy sky conditions. Percentage frequency 
distribution of k for the two types of sky conditions is also 
included.  
 
From Figure 3 it is observed that under totally 
cloudless conditions, differences are constants for 
every value of k. As cloud interferences exist, values 
of both turbidity and diffuse fraction tend to 
increase. Under these conditions, Louche’s 
algorithm appears to be less sensitive such as it is 
derived from the reduction of the differences for k < 
0.15 with regard to the above constant trend and the 
notable increasing deviation of the differences as 
diffuse fraction is increased. 
 
Conclusions. 
 If totally cloud-free measurements of broadband 
solar radiation are available, we have found that 
Gueymard’s algorithm provides the more accurate 
estimates of β. If real values of α are available or 
data are not totally cloud-free, then Louche’s 
algorithm appears to be the best option. 
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