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RESUMEN: 

La estación de El Arenosillo (Huelva, 37.1N, 6.7W) comenzó sus medidas dentro de la red 
PHOTONS/AERONET en febrero de 2000. Cuatro instrumentos Cimel han estado instalados 
consecutivamente en la estación. Se detectaron una serie de problemas relacionados con la 
calibración: valores negativos en el espesor óptico de aerosoles y un acusado ciclo diurno. Se ha 
desarrollado un método in situ, basado en la detección de ese ciclo diurno del AOD, que se 
deduce de la ley de Beer al introducir una constante de calibración errónea. El método permite 
detectar, evaluar y corregir en su caso este tipo de problemas de calibración. Este método ha sido 
aplicado con éxito a la serie de datos del Cimel en El Arenosillo, con una exactitud absoluta 
mejor que 0.005 en AOD, gracias a las excelentes condiciones de sol en la estación. 
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ABSTRACT: 

The PHOTONS/AERONET site El Arenosillo (Huelva, Spain, 37.1N, 6.7W) started its 
measurements in February 2000. Since then, four Cimel instruments have been deployed. 
Problems related to calibration, with negative values of the aerosol optical depth (AOD) and 
strong diurnal cycle, were detected in the data series. A new in situ method KCICLO, based on 
the detection of the fictitious AOD diurnal cycle, deduced from the Beer law when an erroneous 
calibration constant is used. The method allows to detect, evaluate and correct the possible 
calibration problems, and it has been successfully applied to El Arenosillo data series, with 
accuracy better than 0.005 in AOD, thanks to the excellent sunny conditions of the site. 
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1.- Introduction 
 The Group of Atmospheric Optics of 
Valladolid University, in collaboration with Instituto 
Nacional de Técnica Aeroespacial (INTA), operates 
the AERONET1 site El Arenosillo (37.1N, 6.7W, sea 
level). Direct sun and sky radiance measurements 
are carried out with a Cimel sunphotometer since 
February 2000. The Cimel was installed in 
collaboration with the Laboratoire d’Optique 
Atmospherique (LOA, Univ. of Lille2). 
 A second site of measurements, Palencia (42N, 
4W, elev. 750m) started in January 2003. This two 
stations provide continuous aerosol data in two 
different Spanish regions, representative of coastal 
and continental aerosols respectively. 
 At the moment a four years database is 
available at El Arenosillo, composed of AOD, 
Ångström alpha parameter, sky radiance and 
polarization measurements, with the corresponding 
retrievals and inversion products given by 
AERONET. The reliability of this data is based on 
the AERONET calibration procedure3, with 
calibration pre and post deployment for the 
instruments. 
 In addition, the Cimel automatic sequence, 
between airmasses 7 in the morning and in the 
evening, provides the possibility of daily Langley 
calibration or other in situ procedures, like the 
KCICLO method. This sequence is the key for the 

continuous monitoring and control of the Cimel sun 
calibration. 
 Although the standard AERONET processing 
for a Cimel instrument at a given station is carried 
out, if some problems are detected linked with 
calibration or related problems, a  post-processing or 
a parallel processing to AERONET may be required, 
in order to solve these problems and improve the 
existing data. 
 The calibration problem detected in one of the 
instruments, which showed a systematic AOD 
diurnal cycle, gave us the possibility of calibration 
control and correction via a new in situ method, 
called by us «KCICLO», as we show in this work. 
The application of the method is linked, of course, 
with the weather conditions of the site providing a 
sufficient number of clear and stable days. Both 
Spanish sites, El Arenosillo and Palencia, fit this 
weather requirement. 
 
2.- Sites of measurements 
 El Arenosillo-INTA station is located in the 
south west of Spain, in a coastal area. This area is 
very interesting for aerosol studies. Aerosols are 
mainly maritime, but the same maritime character 
may be different (Atlantic, tropical) and may be also 
influenced by air masses of different origin, mainly 
desert and continental. Desert dust events from 
Sahara are very frequent, about 15% per year 
according to our estimations but this is very variable 
depending on the year. Sunny conditions are 
excellent, with 3000 hours/year of sun (68%). 
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During these years the Cimel has made more than 
32000 free-of-clouds direct sun measurements. 
 The site Palencia is located in north-central 
Spain, on the central basin of the Iberian peninsula, 
about 750m a.m.s.l. This is a continental area, with 
agrarian activity but no industry. The dry continental 
climate in this area provides 2600 hours/year of sun 
(60%). Aerosols in this area are basically clean-
continental and very different than at El Arenosillo 
site, but desert dust events arrive up to Palencia in 
many occasions. 
 Following AERONET protocols, four Cimel 
instruments have been deployed consecutively at El 
Arenosillo up to May 2004: #48, #114, #45 and #50. 
All of them were calibrated before (precalibration) 
and after deployment (postcalibration) in the field 
station. A linear rate of change in time is assumed 
for the calibration coefficients and AOD is 
reprocessed (interpolation). Both Cimel #48 and #45 
were raised to level 2.0 –quality assured data– Cimel 
#50 has recently been replaced so its data still 
remain in level 1.5, just waiting for the 
postcalibration, but Cimel #114 data didn’t get level 
2.0 (see table I). The cause for this was the detection 
of serious problems related to calibration. At 
Palencia site two Cimel have been deployed: #243 
and #246. Data from #243 are waiting for 
postcalibration. 
 

TABLE I 

Instruments deployed at (a) El Arenosillo and (b) Palencia 
up to May 2004 and AERONET database level. 

(a) El Arenosillo 

Cimel Start Finish Data level 

#48 16/2/2000 9/7/2000 2.0 

#114 10/7/2000 30/7/2001 1.5 

#45 31/7/2001 27/1/03 2.0 

#50 27/1/03 12/5/04 1.5 

#45 12/5/04 Up to date 1.5 
 

(b) Palencia 

Cimel Start Finish Data level 

#243 23/1/2003 13/4/2004 1.5 

#246 13/4/204 Up to date 1.5 

 
 
3.- Detected problem in the AOD 
 During the time of operation of Cimel #114 at 
El Arenosillo, AOD negative values in 870nm and 
1020nm were detected. This happened around noon 
during low turbidity days, because data presented a 
clear diurnal cycle with a minimum at noon in these 
channels. This is shown in figure 1 for March 13th 
2001 in the 870nm filter. Simultaneously, the AOD 

at 440nm. presented a similar diurnal cycle but 
inverse, with a maximum at noon. This behaviour is 
not so easy to detect when AOD is not so much 
stable (see days 14th and 15th in fig. 1).  
 The calibration post-deployment (postcalibra-
tion) was realized on Feb. 12th 2002, that is, 966 
days after the precalibration –made on Jun.22nd 

1999. 
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Fig.1.- AOD diurnal cycle and negative values detected in 
filter 870 nm in Cimel #114 precalibration data. 
 
 Figure 2 shows the result of the AERONET 
processing with calibration coefficients interpolated 
between pre and post-calibration. Negative AOD 
values for the longer wavelengths were still present, 
as well as the diurnal cycle. We have added the 
measurements of AOD at 870nm around noon that 
were rejected applying the requirements of the 
AERONET cloud-screening algorithm (bad negative 
values day 13, fig. 2). Without these data –recovered 
from the raw K7 files– the diurnal cycle in 870nm is 
“hidden”. 
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Fig.2.- AOD diurnal cycle and negative values detected in 
Cimel #114 interpolated data after the post calibration. 
 
 Although the choice of days in figure 1-2, this 
behaviour in AOD during the day was also detected 
in measurements for other sunny periods of Cimel 
#114 and it has also been detected in other 
instruments and stations, as we detail in previous 
works4,5,6,7. For people involved in calibration 
procedures this effect is well known, produced by a 
wrong calibration coefficient, as we show in the 
following section, but this is not so familiar for 
many people involved with aerosol data. We have 
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found few bibliography referring to this effect as due 
to calibration, but often explained as due to 
atmospheric specific conditions8,9,12 . Then, special 
care must be taken to distinguish when AOD diurnal 
cycle is due to atmospheric conditions. The 
systematic appearance and remaining of this 
behaviour for different atmospheric conditions 
proves that this effect is due to calibration. 
Furthermore we demonstrate later that this effect can 
be deduced from the Beer law .  
 The solution provided by AERONET for this 
problems was to apply a Langley calibration to the 
whole data series of Cimel #114. This Langley 
calibration was calculated with measurements at El 
Arenosillo on days 29 Jan. 2001 and 17 Jun. 2001. 
Thus, the in situ Langley calibration applied is 
subject to possible errors of difficult evaluation8 and 
therefore data cannot be considered level 2.0. The 
result of this final AERONET processing for Cimel 
#114 is presented in figure 3, for the same days of 
figures 1 and 2. Negative AOD values disappeared 
but accused diurnal cycle with maximum at noon is 
observed instead. These are the definitive data in the 
AERONET database for Cimel #114 at El 
Arenosillo. 
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Fig.3.- AERONET final processing for Cimel #114, using 
in situ Langley calibration. 
 
 
4.- KCICLO method 
 A new processing for the Cimel #114 data has 
been developed, given that the different processings 
for Cimel#114 exposed in the previous section show 
defects like negative values or clear AOD diurnal 
cycle for some of the filters. The procedure is based 
in the realization of a new in situ correction method 
that we call KCICLO. The theoretical basis for this 
methodology is the Beer-Bouguer-Lambert law, and 
can be found in several works8,9,10,11, demonstrating 
that the AOD diurnal cycle present in Cimel #114 
data was not an atmospheric effect but a calibration 
problem. This method can be seen as a variation of 
the classical Langley procedure, as described by 
Forgan11 and Korotaev et al. 9 
 According to Romero and Cuevas10, we can 
define K as a ratio constant between the current 
calibration constant I0’, and the true calibration 

constant I0. This “K” ratio and the observed AOD 
diurnal cycle (ciclo in Spanish) give the name 
KCICLO to this method. 
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 where “m” is the airmass factor, and τR,τg the 
Rayleigh and absorbing gases optical depths. 
 Expression (2) shows τ’a (erroneous retrieved 
AOD) dependence on the airmass. This dependence 
gives the cosine o near parabolic shape of the false 
diurnal cycle observed on the AOD values if the true 
AOD value τa remains constant during the day. 
Obviously this requirement is hard in the atmosphere 
and this shape can be found more or less clear in the 
AOD data, as can be seen for example in fig. 1. 
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Fig.4.- (a) AOD for Cimel #114 on 30th Jan. 2001 and (b) 
KCICLO fit for morning data. 
 
 The absolute error added to the real AOD is 
modulated by 1/m, thus is higher at local noon (m 
near 1) and lower for high solar zenith angles. It will 
be positive if the ratio constant K is greater than 1 
(LnK>0), if the current calibration constant is 
overestimated. Then the AOD increases in the 
morning and decreases in the afternoon giving a 
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convex curve shape. If K is less than 1 (LnK<0) a 
concave curve shape can be observed for the day, 
and the calibration constant is underestimated. 
Therefore, an error in the calibration constant has the 
result of a fictitious AOD diurnal cycle. 
 This is the effect that we will use to detect and 
correct calibration problems. The equation (3) can 
be considered as a straight line between the 
measured AOD values (τ’a) and the inverse of the 
airmass, with the slope given by LnK and the 
intercept being τa. We can determine the slope by a 
linear regression, then K, and finally the true 
calibration constant I0 if the earlier I’0 was known. 
Figure 4 is an example of the application of 
KCICLO method. The AOD measurements on 30th 
January 2001 for all AOD filters are in fig. 4a. The 
corresponding KCICLO-fit for each filter are in 
figure 4b. 
 
 
5.- Results 
 From a sufficient number of clear-sky and 
stable days, a linear regression following expression 
(3) is applied to get a set of K values for each filter 
(figure 5). A priori the selection of these days is not 
easy because they must fulfill a set of requirements 
about air mass range, number of data points, 
standard deviation, etc., . Then, for the moment they 
were visually selected by the researcher. However 
an automatic procedure is being developed in order 
to improve this issue. “Stable“ day, when a 
calibration problem is present, means that the 
retrieved AOD shows a clear and perfect concave or 
convex diurnal behaviour. 
 

TABLE II 

K ratio, new calibration coefficients and associated errors. 
Cimel #114 El Arenosillo  

Filter CN’0 Pre. K 
±STD 

KCICLO 
new CN0 
(error%) 

Diff. 
Pre (%)

1020nm 16967.223 0.9494 
±0.0018 17872 (0.19) -5.3 

870nm 18390.122 0.9593 
±0.0015 19171 (0.16) -4.3 

670nm 19254.920 0.9956 
±0.0019 19341 (0.19) -0.4 

440nm 14655.182 1.032 
±0.005 14200 (0.46) 3.2 

 
 The error associated to one individual fit is 
much smaller than variability between days, in 
agreement with Kremser8, since small atmospheric 
variations in aerosol loading may result in different 
slope for the KCICLO fit. Then, an average K value  
for each filter was determined for the whole period 
of Cimel #114 measurements, and used for 
correcting its data series. Twenty three days were 
selected for applying the KCICLO method. 
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Fig.5.- K values (and standard deviation)of KCICLO fits 
for Cimel #114 at El Arenosillo for 23 selected days at (a) 
440nm. and (b) 870nm. filters. 
 
 The result of the KCICLO method applied to 
the Cimel #114 data is summarized in table II. In the 
precalibration there was a strong underestimation of 
the calibration coefficients in 870 (4%) and 1020nm 
(5%), responsible of the negative values. The 670nm 
filter is correctly calibrated (K close to 1) and the 
440nm. filter is 3% overestimated. The post-
calibration  presents a strong  underestimation  (from  
-5 to -7%, see table III), making interpolated data to 
be worse than pre-calibration data. 
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Fig.6.- AOD with KCICLO processing for Cimel #114 in 
440nm and 870nm. filters. 
 
 We can also compare the KCICLO results with 
the AERONET in situ Langley calibration. The 
calibration coefficients CN0 for the AERONET 
Langley are presented in table III, as well as the 
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relative difference between them and the KCICLO 
coefficients. The CN0 in all channels is 
overestimated in the AERONET final processing, as 
can be deduced from the convex diurnal depletion in 
AOD (fig. 3). 
 Finally we show the result given by the 
KCICLO correction method, in figure 6, which 
presents a flat behaviour in AOD, with no diurnal 
cycle. As a summary, fig. 7 shows a desert dust 
episode at El Arenosillo for 870nm, which shows 
from very low to very high AOD values. The AOD 
is computed with the pre calibration (concave 
shape), final AERONET in situ langley calibration 
(convex shape) and KCICLO method (flat 
behaviour). 
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Fig.7.- AOD with pre, AERONET langley and KCICLO 
processing for Cimel #114 in 870nm. filter. 
 
 

TABLE III 

AERONET Precal. and final Langley calibration for 
Cimel#114, KCICLO calibration coefficients and relative 

difference between AERONET Langley and KCICLO. 

Filter 
(nm) 

CN0 
Aeronet  

post 

CN0 
Aeronet 
Langley 

Diff.(%) 
Post-

Kciclo 

Diff.(%) 
Langley-
Kciclo 

1020 16646.405 18325.513 -7.10 2.5 
870 18027.009 19872.011 -6.15 3.6 
670 18294.959 20134.486 -5.56 4.0 
440 13304.502 14843.235 -6.51 4.4 

 The precision of the KCICLO ranges from 0.2-
0.5% (0.002-0.005 in AOD), an order of magnitude 
less than the correction we do on the calibration 
constant (Table II). In figure 6 the AOD corrected 
with KCICLO method is shown. The false diurnal 
cycle of the different AERONET processings has 
been corrected as well as the negative values 
produced for the concave shape (figs. 1 and 2). 
 
 
Conclusions 
 The two AERONET sites in Spain, El 
Arenosillo and Palencia, have been presented. 
Problems due to calibration were detected in 
Cimel#114 data at El Arenosillo and solved by 
development of a new correction method: KCICLO. 
The method takes profit of the AOD fictitious 
diurnal cycle detected in the data series and provides 
in situ correction for the calibration coefficients 
CN0. The same correction can be applied directly to 
the aerosol optical depth values, without knowledge 
of the original calibration coefficients.  
 The new processing achieved excellent results, 
showing that the method is a contribution for in situ 
control and detection of calibration problems, 
especially  for AERONET users. Only AOD data are 
necessary for this methodology, as well as good 
sunny weather in the site. 
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