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ABSTRACT 
Since 2007, IFAC’s automatic depolarization LIDAR  
(532 nm) has provided  continuous monitoring of 
tropospheric clouds and aerosols. As a by-product, 
Saharan dust and wildfire events are easily detected 
due to their depolarization signatures. In this study, 
we examine a particular case in which  a mixing of 
wildfire aerosols and  Saharan dust occurred for the 
days of 23-24 July 2009. LIDAR observations were 
interpreted with the aid of satellite and in-situ aerosol 
data measured by means of DMPS and Optical 
counters at  the Mt. Cimone  station (MTC, 2165 m 
asl), which is  located 50 km away from the IFAC 
LIDAR site. Ozone (O3), carbon monoxide (CO) and 
black carbon (BC) data from MTC were also used in 
this study. Compared with the surrounding Saharan 
dust, the wildfire plumes produced in dramatic 2009 
wildfires in Sardinia (I) and Corsica (F)  showed a 
much lower depolarization (δ<5%), a higher 
scattering ratio (R>2), and a more marked spatial and 
temporal variability. Wildfire aerosols, were found to 
be associated with  enhanced  MTC concentrations of  
fine (<1 μm AED) particles, BC and CO.  Clouds 
composed of both aerosol types were also observed 
as the result of   N-africa wildfires that occurred in 
presence of southern, dry winds. 

1 INTRODUCTION 
Saharan dust is frequently observed in the 
Mediterranean troposphere, and valid statistics of the 
optical characteristics of dust clouds, that have been  
obtained by means of LIDARs and other optical and 
in-situ instruments are already available [1]. 
Unfortunately, wildfires are also common events in 
the Mediterranean environment [2]. Supported by 
exceptionally high temperatures, violent wildfires 
occurred in  Catalunya (ES), Provence (F) and North-
Algeria  on 22-23 July and on the islands of  Corsica 
(F) and Sardinia (I) on 23-24 July 2009. The ash 
plumes of the latter fires were visible to the naked 
eye on 24 July even at IFAC, at  distances of  250 km 
and 450 km, respectively,  from the two islands. The 
plume was also observed by means of the IFAC 

LIDAR that same day.  The ash plumes combined 
with a pre-existing Saharan dust layer, thus providing 
an uncommon experiment in aerosol science. The 
aerosol layers observed extended up to the altitude of 
3000 meters. In this study, we have taken advantage 
of the relative vicinity of two permanent monitoring 
stations: the first, which is at sea level, is located at 
the IFAC CNR Institute in Florence, and is equipped 
with an automated  tropospheric LIDAR. The other is  
the “O.Vittori” ISAC CNR Station (MTC), which is 
located  on the top of Mount Cimone at an altitude of 
2165 m, the highest peak of the  northern Apennines. 
It is  equipped with in-situ aerosol sizers, O3, BC, CO 
analyzers.  The combined use of LIDAR and in-situ 
instruments made  possible an unambiguous 
distinction between the different aerosol  types. The 
LIDAR data corresponding to the altitude of the 
MTC were compared with MTC in-situ aerosol and 
gas data. The wildfire clouds showed a markedly 
lower depolarization (<5%) than  the one for the 
Saharan dust (>10%), a higher scattering ratio (R>2), 
and high concentrations of  O3, BC and CO.   

2 METHODS 
2.1 IFAC Lidar and Video-recording 
The LIDAR is an automatic, all-weather 
depolarization instrument that operates at 532 nm 
through a glass window of the roof of  the IFAC 
building. The vertical resolution is 7.5 m, with a 
minimum valid range of 50 meters, and a 10-cm 
refractive telescope is used.  A time resolution of 5 
minutes was chosen for routine measurements. In this 
study, LIDAR processing was limited to retrieving  
the  volume backscatter βp [m-1 sr-1] and the 
depolarization (δ=βs/βp [%]). The polarizing 
beamsplitter at the receiver consisted of a series of 
two polarizing beamsplitters in order to minimize the 
crosstalk between the channels. The intercalibration 
of the two polarized channels was obtained by 
inserting a λ/2 plate at the laser output in order to 
rotate 45° the laser polarization, and by taking two 
complete LIDAR measurements, the first one as 



 

usual, and the second  by  carefully exchanging the 
two sensor+acquisition chains at the receiver outputs. 
In this particular study, the LIDAR data were 
normalized to a molecular atmosphere at an altitude 
of 1500 m. Due to  deteriorated power, the 
backscatter profile was noisy above 4000 meters on 
the testing days, making  any absolute backscatter 
normalization above the aerosol layers difficult. 
LIDAR backscatter profiles were used semi-
qualitatively in this particular work.  
The IFAC station is equipped with a MINTRON 
MTV-12V6HC-EX stellar-light camera that is used  
in averaging mode for  the 24h/day monitoring of sky 
conditions. The camera provides  time-lapse videos of 
the sky, one frame after each LIDAR measurement. 
In this study, the videos were used together with the 
humidity from GRIB data and from the local PTU 
sounding in order to exclude the presence of  ordinary 
water clouds, which might have been confused with  
wildfire ash clouds due to the low depolarization 
shown by both cloud types.  
 
2.2   MTC observations: aerosol and trace gases 
The Mt. Cimone station  (MTC) is equipped with a 
Grimm optical particle counter (OPC) for monitoring  
aerosol size distribution along the 0.3-20 micron 
diameter range, and with a DMPS (Vienna type DMA 
+ TSI 3010 CPC) for the 0.01-0.5 micron diameter 
range. BC concentration is monitored by means of a 
multi-angle absorption photometer (MAAP 5012, 
Thermo). Within the GAW-WMO program, surface 
O3 and CO are determined by means of a UV-
absorption analyzer (Dasibi 1108) and  a gas 
chromatograph equipped with a reduction gas 
detector (Trace Analytical RGD2), respectively. 
 
2.3 Satellite Imagery and Wildfire Maps 
 NOAA-HYSPLIT backtrajectories are routinely 
calculated every 6 hours as a support to LIDAR data 
interpretation.  US Navy Aerosol Analysis and 
Prediction System (NAAPS) aerosol maps, 
METEOSAT-9 (EUMETSAT) maps,  MODIS maps 
(LP DAAC, USGS Earth Resources Observation and 
Science EROS), European Forest Fire Information 
System (EFFIS) maps,  and GRIB data  are also 
obtained and recorded routinely at IFAC. 
METEOSAT-9 VIS maps were used together with 
NAAPS dust plots  for tracking the wildfire  plumes 
after the wildfires. PTU sounding from S.Pietro 
Capofiume (95 km NE from MTC) were used to 
estimate the relative humidity of air-masses 
downwind of the measurement sites. 
 
 

RESULTS 
Fig.1 summarizes the information obtained using 
different techniques for the days of 23-24 July 2009. 
LIDAR and MTC gas and aerosol data are shown. 
The presence of Saharan dust at an altitude above 
1500 m on 23 July is pointed out by the relatively 
high depolarization, which reaches 12-15% [3]. The 
event agrees with HYSPLIT trajectories for  06 to 18 
UTC (which showed the African origin of airmasses) 
and with the  enhancement observed at MTC of the 
concentration of  1-2 um coarse aerosols 
(characteristic of desert dust at MTC [4]) from 10:00 
to 24:00, on July 23. From ground level up to 1500 m, 
the diurnal development  of the summertime PBL 
above IFAC is evident up to 2000 m altitude after 10 
UTC in the depolarization plot. The advection of PBL 
polluted aerosols at MTC is suggested by the 
enhancement of 20-50 nm aerosols on the afternoon 
of 23 July. Between 20 and 24 UTC (23 July) a cloud 
composed of a mixture of Saharan dust  and wildfire 
smoke proceeding from N-Africa and, possibly, from 
Sardinia/Corsica was detected by LIDAR. The 
depolarization was approx 15%, in  agreement with 
[1] and [3]. MTC  data showed the enhanced  
presence of coarse particles (up to 0.9 cm-3) coupled 
with  high CO (up to 120 ppb) and BC (up to 994 ng 
m-3).  After midnight, the LIDAR showed the 
presence of aerosol  clouds between 2000 and 3000 
meters. The clouds were composed of particles with 
sizes of between 50 and 200 nm, with only a few 
coarse, mineral particles (less than 0.3 cm-3). 
Moreover, the high concentrations of BC (up to 1100 
ng m-3) and CO  (up to 136 ppb) confirm the 
influence of biomass burning emissions [5] also 
influencing the high values of O3 (up to  77 ppb). Due 
to the low relative humidity at this time (until the 
afternoon of 24 July), and to the absence of  visible 
cloud structures in the stellar-light videos, these 
layers are to be considered  genuine biomass burning 
layers. These layers showed a low depolarization (less 
then 7%), in agreement with other forest fire LIDAR 
measurements [6],  and a scattering ratio R=β/βmol ≅2, 
which is  higher than that of the surrounding  Saharan 
dust. The clouds originated from the wildfires in 
Sardinia  and Corsica, and were located upwind with 
respect to the two stations. The EUMETSAT visible 
image for 6 UTC showed the spatial redistribution of 
the Sardinia and Corsica  smoke plumes over Italy at 
that time. Later on 24 July,  the circulation slowly 
changed, and Atlantic airmasses started reaching the 
area above an altitude of 1000 m.  At that time, desert 
dust almost disappeared in the 1500-3000 m layer, 
and this led  to a much lower depolarization (5-8 %).  
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Figure 1.  Plots of  IFAC LIDAR backscatter and depolarization,  in-situ  MTC  aerosol size distribution and gas data. White lines 
mark the  MTC altitude±100 m 
 
 
 
5.    CONCLUSIONS 
   This study confirmed the usefulness of the synergic 
use of an ordinary depolarization LIDAR, satellite 
imagery and in-situ  measurements from a close  
mountain station for the interpretation of an otherwise 
confused tropospheric aerosol event. The interpretation  
of this complex event would have been much   trickier if 

we had relied on LIDAR data or  in-situ markers alone. 
As confirmed by this case study, the Mediterranean 
basin can be strongly impacted not only by 
anthropogenic emissions but also by mineral dust from 
Sahara as well as biomass burning, thus confirming this 
area to be a major crossroad of different air mass 
transport processes. The combined efforts at IFAC and 



 

MTC stations can provide useful information for better 
evaluating the role of different transport processes in 
modifying the tropospheric background conditions in 
this crucial area. Since the two IFAC and MTC  stations 
are permanent monitoring stations, they provide the  
possibility of running this method at almost no cost and  
for an unlimited period of time. 
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