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ABSTRACT: 
Results from an intercalibration campaign, held at Torvergata, Rome in April 
2001, are presented in this work with the aim of defining the range over which 
aerosol optical and physical characteristics provided by a Cimel and a Prede sun-
sky radiometers can be compared. The intercomparison procedure between 
results has been divided into two parts: (i) comparison of aerosol products 
directly derived from the field measurements in terms of aerosol optical depth 
and Ångström coefficient, and (ii) comparison of the quantities retrieved from 
data by using the inversion models, i.e. the volume distribution, the complex 
refractive index and the single scattering albedo. 
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1.- Introduction. 

 Differences and interactions between the 
aerosol polydispersions suspended in the 
atmospheric column above two sites which are not 
very far one from the other, but present particles 
loadings from sources of different nature, can be 
studied appropriately if the instruments performance 
have been intercompared with accuracy, before and 
after the field measurements, by means of 
simultaneous measurements performed at the same 
site. In cases where this procedure cannot be 
followed rigorously, indirect comparison procedures 
are needed to define the range within which result, 
provided by the two instruments, can be compared 
correctly. 
 In the present study the intercalibration 
campaign was held at Torvergata, Rome,  in the 
period 2 to 18 April 2001, during which clear sky 
measurements were recorded on 11 days with both 
Cimel CE-318 and Prede Pom-01L instruments from 
the Institute of Atmospheric Science and Climate, of 
CNR. 
 The intercomparison procedure between results 
is divided into two parts:  
(i) the first part refers to aerosol products directly 
derived from the field measurements, in terms of 
aerosol optical depth and Ångström coefficient, and 
includes the mutual comparison of these results; 
(ii) the second part presents the quantities retrieved 
from data by using the inversion model, i.e. the 
volume distribution, the complex refractive index 
and the single scattering albedo, and includes the 
intercomparison results between the estimates of 
these quantities, as given by the two instruments. 
 
 

2.- Equipment and Method. 
 The Cimel CE-318 and the Prede Pom-01L are 
two scanning spectral radiometers taking 
measurements of direct and diffuse solar irradiance 
in the Almucantar and Principal Plane geometries 1at 
the following wavelengths, λ, : 380, 440, 532, 670, 
870, 936, and 1020 nm for the Cimel, and 315, 400, 
500, 870, 940, and 1020 nm for the Prede. The field 
of view of both the radiometers is 1.2° and 1° 
respectively for the Cimel and Prede, and the latter 
is equipped with a temperature controller system in 
order to keep constant the temperature inside the 
optic system.  

 The aerosol optical thickness, τA, retrieved 
from measurements performed with both the 
instruments is expressed by Eq.(1): 
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where m0 is the optical airmass, that is the inverse of 
the cosine of the solar zenith angle; F(λ) is the direct 
solar irradiance measurement; F0(λ) is the solar 
calibration constant and τR is the molecular optical 
thickness.  
Since the two radiometers are equipped with only 
two common wavelengths (870, and 1020 nm), to 
achieve estimates of τA at the other two 
wavelengths, Prede optical thickness, τP, was 
calculated at 440 and 530 nm by using Eq (2a) and 
Eq. (2b): 
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3.- Results. 
A first comparison was performed between the 

values of Cimel optical thickness, τC, calculated 
from Eq.(1) using F0 values and F raw data, both 
provided by NASA Goddard in January 2002. 
Concerning τP, it was calculated from Eq.(1) for the 
common wavelengths, using values of F0 retrieved 
by means of the improved Langley plot method 2, 
and from Eq.(2b) for the other wavelengths. A 
correction for the dependence of τC on  the 
temperature at 1020 nm was applied, as suggested 
by Nasa.  

The two sets of measurements were then 
compared using data taken on measurement times 
differing by no more than 4 min one from the other 
(Fig. 1). 
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Figure.1.- Comparison between the time-patterns of 

aerosol optical depth obtained from raw Cimel data and 
Prede data taken on April 2, 2001. The absolute difference 

τC – τP (on the right) is given by the red line. 
 

The absolute difference results to be rather 
high, as clearly shown in Fig.1 and out of the 
uncertainty interval error of ± 0.01 estimated for τC

3 
Considering that (i) the use of different solid view 
angles could not explain the differences, because 
optical thickness does not depends on the solid view 
angle and (ii) errors due to the Cimel sensitivity 
changes, caused by the external temperature 
variations, were appreciably lowered using the 
correction procedure for the thermal driving effects 
at 1020 nm wavelengths, so marked discrepancies 
such as those shown on Fig 1, can be reasonably 
explained as due to the use of inappropriate 
calibration constant values. 

The same comparison was performed using 
the Level 2 τC  data downloaded from the Aeronet 
web site4. Level 2 contains cloud screened and 
quality assured data calculated after pre- and post-
field calibration. The agreement turns out to be 
better, at the 530 and 870 nm wavelengths, (Fig.2 
and Table I) but does not improve appreciably at the 
other two wavelengths. In Fig.3 the scatter plot 
between τC and τP highlights a light overestimation 
of τC respect to τP decreasing with wavelengths.  

This result confirms that the most plausible 
explanation for the above difference between τC and 

τP has to be ascribed to the use of non homogeneous 
values of the calibration constants in analysing the 
two datasets. In fact Level 2 data was calculated 
after the second calibration of Cimel, made on 
March 10, 2002. Since the technique applied by 
Nasa is based on the assumption of linear time 
variations of the constants F0 between two 
subsequent calibration values, the right value of F0 
can be correctly derived, through extrapolation made 
over the whole period under investigation, only after 
the second calibration. Subsequently τC can be 
correctly recalculated. 

On the contrary, using the daily procedure 
followed for Prede calibration2, we can determine 
each day the calibration constants F0. Thus we can 
define exactly the period in which F0 begins to 
change and therefore we have the opportunity of 

using the most appropriate value of the calibration 
constant at each wavelength, these values being 
suitable for the realistic calculation of τP without 
needing to reanalyse the data after a second 
calibration. 
 

 
Figure.2.- As in Fig. 1 for the aerosol optical depth values 
obtained from Level 2 Cimel data and Prede data taken on  

2 April 2001. 
 

TABLE I 
Percentage difference between the estimates of τC  and τP , 

averaged over all the dataset, is shown for the four 
wavelengths and for both raw and level 2 data. 

 
Wavelength 

(nm) 

 
440   

 
530  

 
870 

 
1020 

Raw data  
% difference
 

Average τP 

 
Average τC 

 
9.3  

(6.2) 
 

0.16 
(0.06) 
0.17  

(0.07) 

 
18.0  
(7.0) 

 
0.12  

(0.05) 
0.15 

(0.05) 

 
15.7  

(12.2) 
 

0.06  
(0.02) 
0.06  

(0.02) 

 
11.3  

(10.5) 
 

0.05  
(0.02) 
0.05  

(0.02) 

Level2 data 
% difference

 
Average τP 

 
Average τC 

 
10.5 
(5.8) 

 
0.16  

(0.06) 
0.18  

(0.07) 

 
9.6  

(11.6) 
 

0.13  
(0.05) 
0.12  

(0.05) 

 
9.9  

(8.3) 
 

0.06  
(0.02) 
0.07 

(0.02) 

 
11.8  

(13.9) 
 

0.05  
(0.02) 
0.05  

(0.02) 
 

 
Figure.3.-. Scatter plot between the Level 2 Cimel values 
of aerosol optical depth (in ordinate) and those derived 

simultaneously from the Prede measurements (in 
abscissa). 
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 As pointed out above, the Cimel is not 
thermostated. Thus, in order to verify if a 
dependence of τC  and τP  exists on the external 
temperature, a correlation was calculated between 
the simultaneous evaluations of these two aerosol 
optical thickness and the measured external 
temperature, which yielded the very low values of 
correlation coefficients given in Tab II. 
 On the other hand it seems reasonable that 
some other dependence features of aerosol optical 
thickness on air temperature could affect the diurnal 
measurements. In fact, effects induced by the 
atmospheric warming of the ground layer by the sun, 
that can intensify the diurnal convective motions, 
generating new airborne particles and/or enhancing 
the vertical transport of particulate matter, could 
lead to an increase of aerosol optical thickness with 
ground temperature. But the low values of the 
correlation coefficient found at 1020 nm wavelength 
suggests that this kind of dependence should be of 
negligible weight. The differences found in the 
correlation coefficients at 440 and 870 nm 
wavelengths between Cimel and Prede suggest that 
slight effects due to the dependence of Cimel output 
voltages on air temperature cannot be excluded. 
 
 
 

 
TABLE II 

 
Correlation coefficients between τC ,τP and the external 

temperature 
 

Correlation 
coefficient 

440 
(nm)  

530  
(nm) 

870 
(nm) 

1020 
(nm) 

Cimel 0.14 0.08 0.18 0.06 
Prede 0.07 0.06 0.01 0.01 

 
 The dependence of the difference between τC 

and τP on the diurnal time, and then on the external 
temperature, is highlighted in Fig.4 for the four 
wavelengths. Marked differences can be noticed 
from 11 to 15 at 870 nm wavelength and from 6 to 
11 at 1020 nm. With regard to the 870 nm 
measurements, the lack of a temperature correction 
can explain the highest difference during the middle 
part of the day. On the other side, the large 
difference found at 1020 nm during the first period 
from 6 to 11 UTC cannot be easily explained, 
although the different fields of view of the two 
instruments could cause errors of different weight in 
τC and τP , due to the diffuse skylight entering the 
instruments for low solar elevation angles. 
 
 

 

 
 

 
Figure.4.- Absolute difference between Cimel and Prede  optical thickness versus the time of the day for all the data.
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A comparison between the estimates of 
Ångström coefficient α derived from Cimel and 
Prede measurements was also performed. The values 
of Cimel αC parameter were calculated using the 
aerosol optical thickness values determined at 440 , 
530, 870 and 1020 nm wavelengths while the Prede 
measurements at 400 500 870 1020 nm wavelengths 
were similarly examined to retrieve αP. In this way, 
the estimates of the Ångström coefficient were 
derived over very similar spectral interval and 
through the same procedure, guaranteeing the 
homogeneity of the results.  
A comparison was performed between data taken by 
the two instruments within time intervals of 4 
minutes. The average percentage differences 
between αC and αP  obtained in three time intervals, 
(Table III) indicate that the most marked 
discrepancies were found during the middle part of 
the day: in fact, due to the larger difference between 
the aerosol optical thickness estimates determined in 
the middle part of the day, the disagreement exceeds 
15% from 11 to 15 UTC. Generally the Prede 
Ångström coefficient overestimates the Cimel one 
from 11 until the sunset, presumably due to 
inhomogeneous values of the calibration constants 
that vary with wavelength, although the increasing 
behaviour of αP seems to be more reliable because 
we are in a site where emission from anthropogenic 
small-size particles should increase in the afternoon. 

 
TABLE III 

Percentage difference between αP and αC averaged over all 
data, for all the day (first row) and for three different hour 
ranges. 

% Dependence α 

total 8.6 ± 5.9 
6 ≤ h< 11 5.7 ± 4.4 

11 ≤ h< 15 15.6 ± 6.0 
h ≥ 15 10.4 ± 3.3 

 
The second step of the intercomparison is to 

match up to the main products of the inversion 
procedures, i.e. the volume distribution,  the 
complex refractive index and the single scattering 
albedo, which were inferred using the spherical 
inversion of Dubovik code5, and the Skyrad code 
version 46.  
Concerning the volume distribution, in most cases, 
comparing data taken mutually within 4 minutes, 
Dubovik and Skyrad 4 solutions were found with the 
same number of modes and very similar values of 
the modal radii, but with in general appreciably 
different values of the columnar particle volumes 
relative to the various modes (Fig. 5)  
 

 
Figure.5.- Volume size distribution curves retrieved from 
the Skyrad4 (green circles) and Dubovik (blue circles) 
inversions at different hours of April 3, 2001. The 
measurement time is given by the numbers in the lower 
part of each plot: green numbers refer to the Prede decimal 
hour and blue numbers to the Cimel decimal hour. 
 
In the comparison of the retrieved refractive index, 
results did not agree very well both because of the 
few number of common points available for the 
comparison, and because Skyrad 4 inversion 
algorithm looks more unstable than Dubovik model 
and with more temporal fluctuation. Figure 6 shows 
the results of only one day of measurements: the left 
part presents results obtained at 440 nm wavelength 
with the Dubovik inversion and those given at 400 
nm by the Skyrad 4 inversion method. Differences 
are particularly marked in the real part, while the 
comparison between the imaginary parts yields a 
better agreement during the whole day.   
 

 
Figure.6.- Time-patterns of the real and imaginary parts of 
refractive index, retrieved from Skyrad 4 (green circles ) 
and Dubovik (Bleu crosses) inversion at the 3 more 
similar window-wavelengths 
 
The last parameter analysed is the single scattering 
albedo, ω. The better agreement obtained above 
between the imaginary parts of the refractive indexes 
achieved with the two methods, leads to a good 
accordance between the single scattering albedo 
values, the difference resulting to be within 10 – 12 
% at all the three wavelengths used in the 
comparison (Tab.IV). 
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TABLE IV 

Percentage difference between ωC and ωP averaged over 
all data. 

 440 - 400 
nm 

870  
nm 

1020  
nm 

% 
dependence 9.9 ± 8.3 12.0 ±17.0 10.0 ± 14.0 

 
Conclusions. 
 The intercomparison procedure furnished 
the following conclusions: 

(i) Cimel and Prede aerosol optical depths are 
comparable between 10-12%, for optical thickness 
reference values of about  0.12 at 500 nm. 

(ii) The method applied to retrieve daily the solar 
calibration constant for the Prede instruments allows  

 
 
to use the most appropriate value of the calibration 
constant for the calculation of the optical thickness 
without needing to reanalyse the data after a  second 
calibration. 
The application of this method to Cimel instruments 
is actually under study.  

(iii) Ångström coefficient are comparable to within 
10 - 12 %; 

(iv) single scattering albedo estimates, retrieved by 
Skyrad 4 inversion and those provided by the 
Dubovik spherical retrieval, were found to be very 
similar, with differences to within 10 - 12 %;  

(v) the absolute values of volume distribution and 
refractive index obtained using the two codes can 
not be compared. Using version 4.2 of the Skyrad 
code should improve the comparison. 


