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ABSTRACT: 
During the 2002 summer the VELETA2002 field campaign has been carried 

out at the Sierra Nevada Massif, close to Granada in South-Eastern Spain. This 
field campaign has been developed to obtain experimental data of elevation and 
aerosol effects on the solar ultraviolet irradiance. For this purpose different 
radiometer and spectroradiometer has been installed at both slopes of Sierra 
Nevada Massif (from 0 m a.m.s.l till 3400 m a.m.s.l ). In this paper we present a 
general overview of the campaign with special emphasis on the procedures 
followed in the atmospheric aerosol properties retrieval. 
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RESUMEN: 

 
Durante el verano de 2002 se desarrolló la campaña experimental VELETA2002 
en el macizo montañoso de Sierra Nevada, en las proximidades de Granada en el 
Sureste de España. El objetivo de la campaña experimental era obtener datos 
experimentales sobre los efectos de la elevación y el aerosol sobre la radiación 
ultravioleta. Para tal fin se instalaron una serie de radiómetros y 
espectrorradiómetros en ambas laderas de Sierra Nevada (desde el nivel del mar 
hasta 3400 m ). En este artículo hacemos una presentación general de la campaña 
con especial énfasis en los procedimientos seguidos en la determinación de las 
propiedades del aerosol atmosférico. 
 

Palabras clave: Campaña de campo, propiedades del aerosol, fotómetros.  



 

Opt. Pur. y Apl., Vol. 37, núm. 3, - 2004  Autor: Alados-Arboledas et alt. - 3273 -

1.- Introduction. 
        In recent years there has been a substantial 
increase in attempts to model the UV irradiance. 
Depletion of the Earth's ozone layer is considered 
responsible of an increase in the solar ultraviolet 
irradiance incoming at surface level. For this reason, 
it is important to know the amount of ultraviolet 
radiation received by plants and animal organisms to 
evaluate the potential impact of increased UV 
radiation on biological systems. UV irradiance 
incoming at surface level is a result of the combined 
effects of solar zenith angle, surface elevation, cloud 
cover aerosol loading and optical properties, surface 
albedo and vertical profile of ozone.  Cloud and 
aerosol characteristics are important input variables 
for the radiation transfer models but unfortunately 
they are seldom known, being the observations 
network, especially for the aerosols, rather sparse. 
For this purpose it is interesting the development of 
experiments where detailed information on the UV 
irradiance field, spectrally resolved, is combined 
with detailed information on the aerosol 
characteristics. For describing aerosol physical 
properties, extensive sets of both in situ and remote 
measurements are required. Direct monitoring of the 
aerosols from ground-based measurements acquired 
as part of intensive field measurement campaigns or 
as planned in the development of radiometer 
networks, provides access to more key parameters 
than can be retrieved from satellite imagery.  This 
paper presents the field campaign VELETA2002 
(eValuation of the Effects of eLevation and aErosols 
on the ultravioleT rAdiation), developed during the 
month of July 2002 in the area of Sierra Nevada 
(Spain). This field campaign was designed to obtain 
experimental data on elevation and atmospheric 
aerosol effects on the solar ultraviolet irradiance.  
 
2.- Experimental site. 
        During the experimental campaign a set of 
radiometers and spectroradiometers have been 
installed at both slopes of Sierra Nevada Massif, 
from coastal to inland locations. The field stations 
include Motril, a coastal location at sea level, Pitres 
(1200 m a.s.l.) located in the South slope of Sierra 
Nevada Massif, the Veleta Peak (3398 m a.s.l.), Las 
Sabinas (2200 m a.s.l.) located on the north slope of 
the mountain range and Armilla (680 m a.s.l.) 
located in the valley. The principal feature of the 
locations is that they provide a strong altitudinal 
gradient considering that the greater horizontal 
separation from the Veleta Peak does not exceed 40 
km. An additional feature is the proximity to the 
Mediterranean Sea and to Northern Africa. 
Concerning this last aspect it is interesting to note 
that at the end of the campaign a Saharan outbreak 
was detected. 
 

3.- Instrumentation. 
        At each station a Yankee UVB-1 radiometer 
was operated, similar to those operated in the 
Spanish UVB radiation network.  Additionally, UV 
spectral measurements were performed using 
different spectroradiometers including Brewer, 
Bentham DM150, Optronic 754, Mechelle 900 and 
Oriel instruments. All these radiometers and 
spectroradiometers were previously intercalibrated 
in the reference station of Armilla, during the week 
previous to the experimental campaign. In order to 
acquire additional information concerning the 
aerosol characteristics over each one of the stations 
CIMEL C318 robotic photometers has been operated 
at four locations (excluding the Veleta Peak, 3398 m 
a.s.l.). These instruments were calibrated at a high 
altitude location in the Sierra Nevada Massif (2100 
m a.s.l.) during the week previous to the field 
campaign. LICOR LI-1800 spectroradiometers 
equipped with collimator devices has obtained a 
complete coverage of the aerosol load at each one of 
the stations from direct solar radiation extinction 
measurements. At two stations, Armilla (680 m 
a.s.l.) and Las Sabinas (2200 m), additional 
instrumentation has been operated. This is the case 
of the Telephotometer from the University of 
Vienna1 designed to measure the horizontal 
extinction at given wavelengths. In situ aerosol 
measurements have been additionally performed 
using filter systems. At Armilla, reference station, a 
single wavelength nephelometer was operated. 
CIEMAT and IST teams operated two sets of 
LIDAR instrument. Because both instruments are 
portable, vertical measurements have been 
performed at different locations during the field 
campaign. During the period of the campaign daily 
ozone soundings have been done at the reference 
station close to noon, while thermodynamic 
soundings have been done in the early morning. At 
each station standard meteorological recordings has 
been also included. The Spanish Meteorological 
Service, INM, provided synoptic charts and back-
trajectories analyses during the whole campaign. 
        The measuring protocol includes half hourly 
measurements of global UV spectra, coincident with 
total optical depth retrieved by LICOR LI-1800 
spectroradiometers. The Yankee UVB-1 radiometers 
have been operated in one-minute basis. 
        During the campaign first week 
intercomparison and calibration of the different sets 
of instruments have been done. In the case of the 
CIMEL CE318 radiometer, Langley plots have been 
performed using measurements recorded at a 
mountain site (Ahí de cara, 2100 m a.m.s.l) located 
on the North Slope of Sierra Nevada. Additional 
radiance calibration has been done at the University 
of Granada facilities using an integrating lamp. 
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4.- Retrieval of aerosol properties by 
means of CIMEL CE318. 
        During the campaign VELETA2002 CIMEL 
CE 318 robotic radiometer2 has been one of the key 
instruments in the characterization of the 
atmospheric aerosol columnar properties. Due to 
different reasons the station of Armilla (680 m 
a.m.s.l), used as the main station along the field 
campaign, includes a greater amount of CIMEL CE 
318 measurements that is complemented with a great 
variety of additional measurements including other 
in-situ and columnar observations of the 
atmospheric aerosol. In this paper we present a 
general overview of the campaign, with special 
reference to the evolution of the atmospheric aerosol 
columnar properties followed at Armilla that has 
been the main station during the whole field 
campaign. Solar transmission measurements carried 
out at 340, 380, 440, 670, 870, 940 and 1020 nm by 
means of a CIMEL CE 318 robotic radiometer, has 
been used to compute the aerosol optical depth at 
these wavelengths and the spectral dependence of 
this parameter in terms of the well-known Ångström 
exponent. These data have been screened for clouds, 
following the methodology of Smirnov et al.3. 
Figure 1 shows the aerosol optical depth series at 
Armilla and Las Sabinas. Temporal evolution of the 
aerosol optical depth at different wavelength 
together with the Ångström exponent evidences the 
marked changes in the atmospheric aerosol along the 
campaign. This columnar information is directly 
related to the columnar size distributions retrieved 
by inversion of solar direct transmission and sky 
radiance measurements4.  
 

 
Figure.1.-  Aerosol optical depth at 670 nm temporal 
evolution at two stations in Sierra Nevada North Slope. 

  
The algorithm used in this study4 is based on 
spherical particle assumption. However, for the 
accurate retrieval of aerosol properties from sky 
radiation measurements, it is important to consider 
the influences of nonspherical particles, especially of 
desert dust particles because retrieved results seem 
to show unrealistic spectral dependence in the real 
part of the refractive index and artificially increased 
fine particle mode5,6. The retrieved phase function 

 
Figure.2.-  Angström exponent temporal evolution at two 
stations in Sierra Nevada North Slope. 
 

 
 
Figure.3.-  Morning aerosol volume size distribution 
retrieved at Armilla (680 m a.m.s.l) along the campaign. 
 
also exhibits significant differences when spherical 
particles are assumed, but not to a degree to 
significantly alter single scattering albedo5,6. By 
contrast, our results do not show such an artificially 
increased fine mode, according to Kim et al.7 those 
discrepancies may be due to the independent 
algorithm for the AERONET or invariant complex 
refractive index with wavelength in the algorithm 
used in this study. Nonetheless influences of 
nonsphericity are better to be included for improving 
the retrieval qualities for large dust particles 
        Back-trajectories were calculated daily with the 
HYSPLIT model8 in order to interpret the different 
source regions of the air masses reaching the study 
area. To this end, 5 day isentropic back trajectories 
at three different altitudes (1500, 3000 and 4500 m 
a.g.l.) were obtained for each day of the campaign. 
By 18th July back trajectories analyses reveals the 
arrival of a Saharan air mass that produces a sharp 
change in the aerosol load over our study region. 
This is evident in aerosol optical depth and 
Angström exponent as can be seen in fig.1 and 2. 
The last parameter present a reduction in its 
magnitude directly related with the retrieved volume 
size distribution that presents a bimodal shape with a 
relevant contribution of particles with radii greater 
than 0.5 µm, during the days affected by the Saharan 
dust outbreak. 
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        These size distributions have been fitted to a 
bimodal log-normal distribution function model9.  
This non-linear fitting procedure was used to obtain 
the mode (geometric mean) radius, its standard 
deviation and the volume concentrations for sub 
micrometric (r<0.5µm) and micrometric (r>0.5µm) 
particles. These parameters offer the opportunity to 
look for correlation between size distributions and 
less elaborated information like aerosol optical depth 
or Ångström exponent. In this sense, fig. 4 shows 
the correlation between ratio of the particle volume 
concentration for micrometric, Vm2, and sub 
micrometric particles, Vm1, and the Angström 
exponent. Apparently there are two possible 
correlations between these two parameters: one 
applies for cases that evidence a Saharan dust 
influence, according backward trajectories and 
additional analyses, while the other one correspond 
to those cases where there is not such influence.  
 
 

 
Figure.4.-  Relationship between Modal Volume ratios  
and Angström exponent. The line corresponds to the linear 
fit obtained for non-Saharan dust cases.  
 
        The CIMEL Sunphotometers has been operated 
following the instrument-programmed protocol, 
which provides total optical depth measurements 
together with almucantar or principal plane radiance 
measurements at selected wavelengths. These 
measurements were used to retrieve aerosol 
properties relevant for the aerosol radiative forcing 
like single scattering albedo or scattering phase 
function. 
        Some test over the retrieval algorithm used7 
revealed that it tends to underestimate the single 
scattering albedo, however, the difference between 
given value and retrieved single scattering albedo 
seems to be minimal if aerosols are thick or solar 
zenith angle is large. In this sense we have limited 
our computation to solar zenith angle larger than 
50º. In this sense fig. 5 shows the single scattering 
albedo at 440 nm along the field campaign. The 
magnitude of the single scattering albedo evidences 
that during the field campaign different agricultural 
fires affected the area and in fact by 17th July a 
tobacco store has burn in the proximity of Armilla.  

 
 
Figure.5.-  Temporal evolution of Single scattering albedo 
(440 nm) at Armilla (680 m a.s.l.). 
 
The spectral dependence of the single scattering 
albedo is presented in fig. 6 for two days 
representative of rather different conditions 17th 
July, previous to the arrival of Saharan dust, and 18th 
July when the Saharan air mass arrived our study 
area. The differences in the slopes are according to 
results obtained in other studies9,10, 5. 
 

 
Figure.6.-  Single scattering albedo spectral dependence 
for cases with (18/07/02) and without (17/07/02) Saharan 
dust influence. 
 
Conclusions. 
        In this paper we present a general description of 
the campaign VELETA2002, including detailed 
information about the instrumentation used and the 
procedures followed. A general description of the 
study area and environmental conditions during the 
campaign has been also included. Some preliminary 
results on the analyses performed over the CIMEL 
CE318 measurements are also presented.  
        The variety of air masses arriving to the study 
area along the field campaign offered the possibility 
to explore the correlations between columnar 
properties like the size distributions and other 
aerosol optical properties with the aerosol optical 
depth. In this sense there are evidences of the 
changes introduced by the arrival of Saharan air 
masses to the study area. 
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