
 

ABSTRACT 

This study is focused on study of atmospheric aerosol 
in an urban environment. During the ESTIO2005 (Ex-
perimental Study of the aTmospheric aerosol In urban 
envirOnment) field campaign, this task has been ap-
proached by means of a multidisciplinary point of view. 
Ground based active and passive remote sensing 
techniques have been combined with in situ observa-
tions in the surface boundary layer. Along the cam-
paign air masses coming from Europe and Northern 
Africa were advected over Granada. Differences in the 
behavior of atmospheric aerosol properties in the sur-
face boundary layer and in the vertical column have 
been evidenced by comparison of in situ and passive 
remote sensing retrievals. Active remote sensing by 
Lidar offers the hints to interpret this behavior.  

1. INTRODUCTION 

ESTIO2005 (Experimental Study of the aTmospheric 
aerosol In urban envirOnment), is a field campaign for 
the characterization of the atmospheric aerosol from a 
multidisciplinary point of view. It has been developed 
at the Andalusian Center for Environmental Studies 
(CEAMA), located in South-eastern Spain in the urban 
area of Granada, a non-industrialized medium size city 
(37.18ºN, 3.58ºW and 680 m a.m.s.l.).  

Granada, with a population of 300 000, 600 000 if the 
whole metropolitan area is considered, is situated in a 
natural basin surrounded by mountains. The continen-
tal conditions prevailing at this site are responsible for 
large seasonal temperature differences, providing cool 
winters and hot summers. The area also experiences 
periods of a low humidity regime. Most rainfall occurs 
during spring and wintertime. The summer is normally 
very dry, with few rainfall events in July and August. 
The study area is also at a short distance, about 200 
km away from the African continent and approximately 
50 km away from the western Mediterranean basin. 

The local aerosol sources are mainly the heavy traffic 
in the rather narrow streets of the city together with the 
re-suspension of material available on the ground, 
especially during the warm season when the reduced 
rainfall and dry terrain can increase the contribution of 
local mineral dust. Due to its location in the Mediterra-
nean basin, it is influenced by two major aerosol 
source regions: Europe as a major source of anthro-
pogenic pollutants and North Africa as principal source 
of natural dust.  

ESTIO2005 has developed from 8th to 15th September 
2005. Ground based active and passive remote sens-

ing techniques have been combined with in situ obser-
vations in the surface boundary layer.  

Temporal evolution of the different aerosol properties 
are presented and interpreted using additional infor-
mation on synoptic situations.  

2. INSTRUMENTATION AND METHODOLOGY 

During ESTIO2005 a widespread set of instruments 
has been used to characterize the atmospheric aero-
sol. The relevant instrumentation for this study is de-
scribed in the following lines. 

A Raman Lidar system based on a Nd:YAG laser 
source, has been used to derive profiles of several 
atmospheric aerosol properties. Column integrated 
properties of the atmospheric aerosol has been de-
rived by a CIMEL CE-318 radiometer. The University 
of Vienna Telephotometer has measured the mean 
horizontal aerosol extinction coefficient between the 
instrument and the target at wavelengths in the range 
366-700 nm.  

In situ characterization of the atmospheric aerosol has 
been accomplished by an integrating nephelometer, 
TSI-3563, that operates at 450, 550 and 700 nm with 
possibility to determine the backscattering coefficient. 
Aerosol absorption coefficient at 670 nm has been 
determined by means of a Multi Angle Absorption Pho-
tometer (MAAP). An Aerosol Particle Sizer APS-322 
(TSI) has been used to determine the aerosol size 
distribution in the diameter range 0.50-20 m. Sam-
pling of PM10 and PM2.5 were simultaneously per-
formed, to determine major and trace aerosol compo-
nents.  

The Raman Lidar system LR321D400 is based on a 
pulsed Nd:YAG laser emitting simultaneously at 1064, 
532 and 355 nm. The respective emitted output ener-
gies per pulse are 110, 65 and 60 mJ, at a repetition 
rate of 10 Hz. The receiver subsystem is a Cas-
segrainian telescope with a primary mirror of 400 mm 
diameter coupled to the Lidar signal multi-channel 
detection box. The backscattered radiation is collected 
at 1064, 532p (parallel polarized), 532s (cross polar-
ized), 355, 387 (stimulated Raman scattering by at-
mospheric N2) and 408 nm (stimulated Raman scatter-
ing by atmospheric H2O).  

To retrieve the aerosol extinction profiles, the well-
known Klett-Fernald-Sasano algorithm [1-6] has been 
used. The algorithm assumes a Lidar ratio (extinction-
to-backscatter ratio) value as input. A combination of 
Lidar and sun-photometric data has been used to se-
lect an appropriated value [7]. 
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The CIMEL CE 318-4 is a sun-photometer which per-
forms direct sun measurements with a 1.2º full field of 
view every 15 minutes at 440, 675, 870, 940, and 
1020 nm, taking around 8 seconds to scan all wave-
lengths using a filter wheel. Solar extinction measure-
ments are used to obtain aerosol optical depth at each 
wavelength except at 940 nm, which is used to re-
trieve total column water vapour. 

The aerosol optical depth is derived from the obtained 
total optical depth [8]. A cloud screening filtering is 
applied to the data [9]. Aerosol spectral dependence is 
derived from the Angström law [10]. After computing 
the aerosol optical depth by sun-photometry, an esti-
mation of Lidar ratio is feasible. The approach consists 
in computing Lidar profiles of extinction coefficient, 
using different values of Lidar ratio as input, and the 
associated aerosol optical depth. Thus, aerosol optical 
depths obtained by these two methods are compared, 
and a Lidar ratio value is selected when the differ-
ences are minimized [7]. 

The integrating TSI nephelometer measures scattering 
and hemispheric backscatter coefficients at 450, 550 
and 700 nm, at a sampling frequency of 1 Hz. These 
measurements have truncation error due to the block-
ing of scattered light at angles < 7º and > 170º. The 
non-lambertian error consists in the light intensity dis-
tribution provided by nephelometer diffuser is slightly 
deviated from cosine law. These errors can be cor-
rected by the Anderson and Ogren method [11], which 
is size-particle-dependent. The non-lambertian errors 
are more important for sub-micrometric particles, 
whereas truncation errors affect mainly to micrometric 
particles [11]. 

Particle size distribution and concentration measure-
ments were conducted by an aerodynamic aerosol 
sizer (APS-3222, TSI). This instrument is an optical 
particle counter that measures particle diameter and 
aerosol concentration, in real time, in 52 nominal size 
bins in the diameter range 0.50-20 m by determining 
the time-of-flight of individual particles in an accelerat-
ing flow field. The APS measures concentrations up to 
1000 particles/cm3 at 0.5 and 10 m with coincidence 
errors inferior to 5% and 10 %, respectively. For solid 
particles, counting efficiencies range from 85% to 99 
% [12]. Measurements with this instrument were made 
at 5 minute time intervals throughout the study period.  

3. RESULTS AND DISCUSSION 

During the campaign, air masses coming from the 
Atlantic Ocean and Northern Africa were advected 
over Granada. In some occasions the air masses pre-
sented some recirculation over the Iberian Peninsula. 
In particular we focus our study on the period 11 to 15 
September, when the situation evolves from Atlantic 
Ocean flow to recirculation over Iberian Peninsula and 
finally moves to Northern Africa flow.  

Figure 1 shows the time series of aerosol number 
densities of fine (submicrometric) and coarse (micro-
metric) particles registered at surface boundary layer 
by APS-3222. It is clearly evident that fine particles 
follow a similar pattern each day that is driven by the 
local sources, mainly traffic [13]. From 11th to 13th the 
pattern followed by the coarse particle number density 
is similar to that of fine and seems to be controlled by 

the local sources. Nevertheless, starting on the after-
noon of 14th September the coarse particles present 
an increasing trend that superposes over the daily 
cycle. On 15th September there is a sharp increase 
after the morning peak associated to the traffic rush 
hour. 
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Figure 1. Aerosol number density of submi-
crometric, NF, and micrometric, Nc, particles reg-
istered at the surface boundary layer by means 
of APS 3222. 

In spite of this daily cycle followed by the atmospheric 
aerosol at the surface boundary layer, the atmospheric 
aerosol properties retrieved for the whole atmospheric 
column present a rather different behaviour. Figure 2 
shows the temporal evolution of aerosol optical depth 
at 670 nm and Angström exponent, computed in the 
range 440-1020 nm, determined by means of the 
CIMEL CE-318 radiometer.  

 

0.0

0.1

0.2

0.3

0.4

11/9 12/9 13/9 14/9 15/9 16/9
0.0

0.5

1.0

1.5

2.0


a
(670 nm)

 

 a(6
7

0
 n

m
)

[440-1020 nm]

 
[4

40
-1

02
0 

n
m

]

Date  

Figure 2. Aerosol optical depth at 670 nm 
and Angström exponent by CIMEL CE-318 radi-
ometer. 

From Figure 2 it can be seen that neither the aerosol 
optical depth at 670 nm nor the Angström exponent 
present recurrent daily cycles. Furthermore, along 14th 
September there is a sharp increase in aerosol optical 
depth linked to a reduction on Angström exponent. 
During 15th September the aerosol optical depth pre-
sents rather large values with a decreasing trend 
along the day, while the Angström exponent presents 
rather low and constant values.  
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Figure 3.  Columnar volume size distributions 
retrieved from CIMEL CE-318 radiometer.  

Figure 3 shows the columnar volume size distribution 
retrieved from CIMEL CE-318 using the inversion code 
developed by [14] adapted for non-spherical particles 
by [15]. It is clear that along 14th September the mi-
crometric particles present in the atmospheric column 
suffer a sharp increase. 
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Figure 4. Single scattering albedo retrieved 
from CIMEL CE-318 radiometer.  

Other properties like the single scattering albedo evi-
dence changes along 14th September. In particular 
there is an increase in the single scattering albedo in 
the visible to near infrared spectral range with clear 
changes in its spectral dependence.  

Figure 5 shows the evolution of the backscatter coeffi-
cient at 532 nm derived from Lidar. During 11th Sep-
tember, under the influence of Atlantic advection the 
aerosol particles are located in the PBL. The recircula-
tion of the air masses over the Iberian Peninsula leads 
to a slight increase of aerosol particles in levels above 
3 km on 13th September. The situation tends to be 
more complex on 14th September, when lofted aerosol 
layer are evident in the free troposphere in coinci-
dence with the sharp increase in aerosol optical depth 
and decrease in Angström exponent shown in Figure 
2. 

According to Figure 3 and 5 the aerosol particles pre-
sent in the free troposphere are mainly micrometric 
particles that are the result of air masses advected 

from North Africa, according to backward trajectories 
analyses. 
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Figure 5.  Average backscatter profiles at 
532 nm retrieved by Lidar. The shadowed con-
tours indicate the standard deviation of the mean. 

 

The solar radiation absorption caused by several 
gases is important for atmospheric heating. SBDART 
code (http://arm.mrcsb.com/sbdart/) has been used to 
compute vertical distributions of heating rate for the 
different situations described in figure 4.  

SBDART radiative transfer computer code character-
izes aerosols using as input the spectral aerosol opti-
cal depth, the spectral single scattering albedo, and 
the spectral asymmetry parameter (derived from sun-
photometer). Other inputs required by the code in-
cludes the solar zenith angle (corresponding to the 
hour accordingly to measurement time), total ozone 
columnar content (retrieved from TOMS, 
http://toms.gsfc.nasa.gov/), selection of an atmos-
pheric model to prescribe the gaseous composition of 
the atmosphere (summer mid-latitude atmosphere in 
our case).  

Figure 6 shows the heating rate profile obtained. For 
13th and 15th September the computations have been 
done considering the local solar elevation at noon. In 
this sense it is evident that the presence of atmos-
pheric aerosol in the region between 2 and 5 km 
markedly increases the heating rate up to 4 ºC/day. 
For the day 14th September the computations have 
been done for a solar zenith angle representative of 
the period of the averaged profiles. In this sense, it is 
evident that in spite of the strong influence of the solar 
zenith angle on the heating rate profiles there is an 
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evident influence of the complex vertical structure of 
the atmospheric aerosol. Thus, the lack of knowledge 
of real aerosol vertical distribution implies relevant 
discrepancies in the vertical profile of heating rates. 
The heating rates computed under the consideration 
of the complex structure of atmospheric aerosol profile 
suggest heating of upper layers that can modify the 
vertical temperature profiles, leading to the set up of a 
stable layer, where the vertical exchanges were sup-
pressed. Thus, it is favored the trapping of aerosol 
particles bellow the stable layer suppression cloud 
development. 

  

 

Figure 6.  Heating rates estimated from the 
backscatter profiles and parameters derived by 
sunphotomer. 

     

4. CONCLUDING REMARKS 

The aim of ESTIO 2005 campaign (Experimental 
Study of the aTmospheric aerosol In urban envirOn-
ment) was to investigate atmospheric aerosol in an 
urban environment using both in situ monitoring of the 
surface boundary layer and ground based passive and 
active remote sensing. In spite of the daily cycle fol-
lowed by the atmospheric aerosol in the surface 
boundary layer, caused by local sources and atmos-
pheric dynamic, the properties integrated in the verti-
cal column do not show a repeated daily cycle. Long 
range transport effects are clearly evident in the verti-
cal column and detected at the surface with some de-
lay. Knowledge of the distribution of aerosol optical 
depth in different layers is important to perform radia-
tive forcing computations. In this sense, we can derive 
the contribution to aerosol optical depth of different 
layers both by means of the extinction or backscatter 
profiles. Knowledge of vertical distribution plays an 
important role in atmospheric computations of the 
heating rates. Our computations revealed that the lack 
of knowledge of the real aerosol vertical distribution 
implies an underestimation of heating rate in the free 
troposphere where long range transport of aerosol 
particles takes place.  
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