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Abstract. An overview is given of the remote sensing of the atmosphe
cesses over Sofia region by using lidars. Results obtaindideirnstitute of
Electronics in the frame of the European Aerosol ReseardarlNetwork are
presented and discussed.
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1 Introduction

LIDARs (LIght Detection And Ranging) are powerful tools fiaamote sensing
of the atmospheric aerosol processes with high spatialemgdral resolution,
high sensitivity and accuracy, covering large observai@as [1, 2]. Lidar data,
provided by a big variety of ground-based, air-borne, aratsghorne lidar sys-
tems spread all over the world, are in wide use in developimdyimproving
atmospheric models, following climate changes, and hglpiionitor air qual-
ity in global and regional scale. The investigations on tigyiag experimental
systems for laser remote sensing and monitoring of the athewe started in the
Institute of Electronics of the Bulgarian Academy of Sciesn¢lE-BAS) more
than 35 years ago.

EARLINET, the European Aerosol Research Lidar Networkhesfirst aerosol
lidar network, established in 2000, with the main goal tovjile a comprehen-
sive, quantitative, and statistically significant dataebfs the aerosol distribu-
tion on a continental scale [3]. At present, 27 stationgrithsted over Europe
are part of the network (http://www.earlinet.org). The @aiian Lidar station is
positioned in Sofia, in the Laser Radar Laboratory of thatlitstof Electronics
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(LRL-IE). The scientists from the LRL-IE actively particge in the joint lidar
research over the European continent within projects fioenRifth, Sixth and
Seventh Framework Programmes of the European Union.

In this paper we present some basic results achieved in [ERiluking the last
10-years systematic lidar monitoring of the atmospheriozgsses, such as un-
usually high concentrations of aerosols in the tropospfteresportation of min-
eral dust from Sahara desert over the Mediterranean Seartp&uvolcanic
eruptions, formation of smoke layers resulting from foressindustrial fires,
etc), originated from 3 continents - Europe, North Africa andticAmerica.

2 Laser Remote Sensing of Atmospheric Aerosol at Sofia Lidar
Station

LIDAR remote sensing of the atmosphere represents a coraptasity joining
together a variety of experimental equipments, measuretaehniques, ana-
lytical methods, theoretical approaches; Basic aerosol parameters derived
from lidar data are the aerosol backscattering and extinctbefficients. Theo-
retical models for retrieving their range profiles from rasal data are based on
solving the so-called lidar equation describing the refabetween the received
range-resolved backscattered optical radiation powersmdspheric and sys-
tem parameters [4—6].

The Sofia lidar station is equipped with two lidars, certifiedmeasurements in
the European Lidar Network: two-wavelength aerosol Lidsing CuBr vapour
laser (510.6 nm and 572.8 nm) and three-wavelength aeRmolan Nd:YAG

Lidar (532 nm, 1064 nm, and 607 nm) [7] (see Figure 1).

N = a

\

Figure 1: Photos of the CuBr-vapor laser (left) and Nd:YA&ela(right) aerosol
lidars at Earlinet Sofia Station.
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Figure 2: Time evolution of RCS measured at 532 nm (left) &d#Inm (right)
by the Nd:YAG lidar on 01.10.2012 - a Saharan dust layer se&®b&a3 km AGL.

Monitoring and characterization of the intercontinentat@spheric transport of
mineral aerosols (dust particles) from Sahara desert ovese is one of the
principal goals of the lidar observations in the frame of BBRLINET pro-
gram because of the strong impact of these aerosols on traspltreric pro-
cesses and the climate on regional and global scale. Syttem@asurements
of Saharan dust layers are carried out by the two lidars oStfea lidar station
during events of intrusions [8]. Along with characteripatbf the presence, dis-
tribution, and spatial-temporal dynamics of the dust layassessments on the
aerosol particle composition (in terms of type and size)adse performedia
lidar measurements at more than one wavelength. Informatioacerning the
particle size distribution and dominating size modes @gfivom two- or multi-
wavelength lidar measurements is important for helpingitooair quality, as
well as for estimating radiative and thermal propertiehefatmosphere, having
directimpact on the climatic changes. Based on multi-wexvgth measurement
particle size analysis, assumptions can be made aboutghetyd origin of the
aerosols. In Figure 2 evolutional colormap diagrams arsgimed of the atmo-
spheric aerosol distribution in terms of range-corredtiat Isignals (RCS) at al-
titudes of up to 12 km above ground level (AGL), for two houfsr@asurement
on 01.10.2012 in a period of considerable transfer of Sahdust over Sofia
region. Results are obtained by simultaneous two-wavétemgasurements,
by using the two aerosol channels of the Nd:YAG lidar. Samahast layer of
thickness of about 1.5 km can be seen in the altitude rang8 krb AGL, as
partially mixed with and overlaying the planetary boundiger (< 1.5-2 km
AGL). The aerosol fields emerging in the altitude range 10¢hlAGL are cir-
rus clouds. Due to the different wavelength-to-size setitsitthe left panel (at
532 nm) shows predominantly the distribution and evolutéthe molecular
atmospheric component and the fine-aerosol fractien8.6-0.6.:m), whereas
the right one (at 1064 nm) visualizes mainly the ones of eaesosol fractions
(> 1 um). The different patterns of the dust layer at the two wawgtles are
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clearly seen in Figure 2, mapping the layer parts dominagefine or coarse
particle modes. Further processing of the signals and sisaty the results at
the two wavelengths by calculating the backscatteringfimexiit (BC) profiles
and, subsequently, the backscatter-related Angstromnexys (BAE) and the
corresponding BAE frequency-distribution analysis [9ngrovide more de-
tails about the size distributions of the dust and generalsa¢ particles.

Along-range transportation of the forest fire originateshael masses is demon-
strated in Figure 3. During the period of measurements tii@bkve the lidar
station remained totally covered with clouds at altitudé km AGL. For a short
time interval between 18:20-18:40 UTC, a window opened ttfick cloud
cover and an additional aerosol layeraflO km was detected by the lidar. The
analysis of the backward HYSPLIT trajectories ending afitter measurement
place (see Figure 3, green trajectory) demonstrates thatasses from a big
Canadian forest fire reached Sofia at that time and are thg Bkarce of the
measured aerosol layer.

The lidar data presented in Figure 4 (left panel) demorestridte observation of
the volcanic dust over Sofia after the end of the Eyjafjakalbvolcanic eruption

in Iceland. Some days later the volcanic plume continueat@hover Europe,
going down (because of sedimentation) as shown by the akli&haviour of
the backward air mass trajectories (Figure 4, right panéle registered two
aerosol layers at 2 km and 3 km AGL with air mass originating over Iceland,
during the volcanic eruption.

Results of two-wavelengths lidar observations of atmosplagrosol dynamics
over a complex terrain, representing adjoining city, plaimd mountain zones in
Sofia region, are shown in Figure 5. Lidar measurements aredaut simulta-
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Figure 3: Time evolution of RCS at 510.6 nm (left) as measimgethe CuBr
lidar on 11.07.2013 and the corresponding backward HY SRiiiTass trajec-
tories (right).
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Figure 4: Time evolution of RCS at 510.6 nm (left) as measimgethe CuBr
lidar on 20.05.2010 and the corresponding backward HY SRiiiTass trajec-
tories (right).

neously at wavelengths 1064 nm and 532 nm [10]. Range profitbe normal-
ized standard deviation (NSD) of the range-corrected Kitgmals, characteriz-
ing the aerosol dynamics, are shown on the right panel. Maares of NSD
over the three orographic zones are presented in the inketNBD of range-
corrected lidar signals at 532 nm (corresponding to the riiloele aerosols) is
higher than the one at 1064 nm (corresponding to the coaoskraerosols)
over the most part of the measurement range. Over the city @or2 km dis-
tance from the lidar station), the NSD values for 1064 nm &8®irin have close
low values alternatively varying near 0.1, indicating losv@sol dynamics. Over
the plain zone (2.5-6 km distance) the NSD values increasstugily up to about
0.3 at 1064 nm and up to 0.4 at 532 nm. Over the mountain zorgeF&m dis-
tance), the increase of NSD values tends to saturationelimtimediate vicinity
of the mountain surface, the dynamics is more intense. Toagtst internal
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Figure 5: Schematic view of the lidar experiment over compderain (left) and
the time-averaged range profiles of NSD and space-timeg®énalues of NSD
over the three orographic zones (inset) for the two wavehengf measurement

(right).
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dynamics for the coarse-mode aerosol fractions is obsesvedthe plain-to-
mountain interface zone (about 6 km), whereas those of tkeenfinde aerosol
fractions appear close to the mountain surface. The obddxebavior of the
NSD at the two wavelengths is in good correlation with metéagical data at
the time of measurement.

3 Conclusions

In this work we briefly presented some of our results in the arfelidar sens-
ing of the atmosphere within the European Aerosol Reseaidhr INetwork.

As it is seen, the lidar research in the LRL-IE covers all thsib areas of ap-
plication of lidars in the atmospheric research on the Eeaopcontinent. The
further improvement of the available lidar technologiesn® of the most im-
portant tasks for the Lidar community and for the LRL of IE-BAs well. One
of the ways to improve the quality of the lidar output infotina and its sig-

nificance for the global and regional atmospheric monitpitnthe creation of
complex multispectral lidar systems in a synergy with othesting instruments
and networks such as the sun-photometer network, growedesitu aerosol
monitoring networks, satellite measurements (lidar andtispectral radiome-
ters), radars, etc. Such is the main purpose of the Europegecp ACTRIS

(Aerosols, Clouds, and Trace gases Research InfraSteubtetwork). It in-

tegrates the existing research infrastructures EARLINETSSAR, CLOUD-

NET, and a new trace gas network component into a single owaisdi frame-
work, with impact on the climate changes, air quality, amglkéerm transport
of pollutants. The future development of LRL of IE-BAS is Bgest in a close
cooperation with the Lidar Laboratories all over the Eunpeontinent.
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