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Abstract. Atmospheric particles (aerosols) and mainly mihelsst particles affect
life on Earth in several ways. Key parameters fetethining the impacts of aerosols
to climate forcing and the ecological state of #mvironment are their optical
parameters (backscatter and extinction coefficjents well as their spatial
distribution. In this study, the results are anatyof the vertical remote sounding of
several Saharan dust outbreaks above Sofia. Tlstigations were carried out by a
aerosol LIDAR [lght Detection And Ranging) based on a Nd:YAG laser. The
examples presented illustrate that the detectedsakdust layers differ in their
altitude, density, thickness and height stratifaat Some of the results show that
aerosols can reach up to and persist in the unustiim altitude region in the
troposphere. Experimental data are presented mstef atmospheric backscatter
coefficient profiles and 2D-color maps of the aefasdratification time evolution. The
DREAM (Dust REgional Atmospheric Model) forecasts and HYSPLITHYbrid
Sngle-Particle Lagrangiarnntegratedirajectory) backward trajectories for the days of
measurements were employed to draw conclusionst aheuatmospheric aerosol’s
origin.
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I ntroduction

Dust plumes, both of natural and anthropogenicimrifrequently cover huge
areas of the Earth and represent one of the mostipent and commonly visible features
in satellite imagery (Yoram J. Kaufman et al., 20@2ust (mineral aerosols) is one of the
major components of the atmospheric aerosol loa@dure, R., 1995; Maria Raffaella
Vuolo et al., 2009; Ina Tegen, 2003). The main sesirof dust are the large arid areas of
the world. Dust is transported in suspension afdewange of heights above the surface
and can rapidly cover considerable distances. alkaerosol types, dust particles can alter
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the Earth radiation budget directly by scattering absorption or indirectly by modifying
the formation and properties of clouds (J. E. Peetel., 2001; Natalie M. Mahowald et
al., 2003; U. Pdschl, 2005; R. L. Miller and I. Beg 1998). Also, they affect the air
quality, reduce visibility, and pose risks to hunfealth (Perez L. et al., 2008; U. Pdschl,
2005). These effects of dust/aerosols on the emwiemt strongly depend on their optical
properties, altitude of location in the atmosphemd the vertical repartition of the particles
(E. Hamonou et al., 1999; P. Kishcha, 2005; F. lemahd O. Schrems, 2003; Gian Paolo
Gobbi et al. 2000; De Tomasi F. et all., 2003). Tdieer is transport dependent. Indeed,
during the transport the vertical structure may rhedified by mechanisms such as
convective erosion of the dust layer and gravitetisetting of particles.

North Africa, especially Sahara desert, is the datgsource of dust of natural
origin (Prospero M. Joseph, 1999; Vukmitoi. M. et al., 2004). The desert aerosols
captured by the wind at the surface are raisedottsiderable altitudes by the strong
convective processes that develop over the demdrtunder certain weather conditions,
they can reach the European, Asian and Americatineants (Albert Ansmanet al., 2003;
Albert Ansmannet al., 2009; Joseph M. Prospero, 1999; A.S. Gouh@l; Alpert P.,
1993; Yoram J. Kaufman, 2005; J. Barkan, 2008; @#la J., 1997). The Mediterranean
region, and particularly the Balkan Peninsula, hbeeen under the influence of Saharan
dust transport and deposition over millennia. Ewgegr huge amounts [200-500 million
tons (De Tomasi F. et all., 2003; Mitsakou C., 20@8 Saharan dust are transported over
the Mediterranean Sea to most of Europe.

In recent years, a number of studies have beenséacwn understanding the
different phases of the Saharan dust process (ixatiin, transport, deposition and climate
interactions) over Europe based on lidar monitgriilg situ measurements, satellite
imaging; these have often been organized as oligmrah networks (L. Mona,2012; 1.
Mattis, 2008).

The lidar techniques for atmospheric studies ategeized as the most powerful
tools for investigating the vertical structure bé&tatmosphere through its major advantage
of real-time observation with high resolution baihtime and space. Lidars have attained a
high degree of reliability and have been used lgyoreal networks to produce long-term
and well-calibrated measurements of aerosol prigseriThese include the European
Aerosol Research Lidar Network (EARLINET), a fedama of 27 European lidar research
groups (http://www.earlinet.ofjgThe aim of EARLINET is to establish a quantitetdata
base of both horizontal and vertical distributioofs aerosols on a continental scale.
Systematic observations of Saharan dust transperite over Europe began in May 2000
by EARLINET (A. Papayanis, 2005; A. Papayanis, 2@@&payannis A., 2008).

The only lidar station in Bulgaria is located irethaser Radar Laboratory of the
Institute of Electronics of the Bulgarian AcademySriences. Since March 2003, it has
been involved in systematic measurements on a aedudsis— three times per week
according to the schedule of the EARLINET. When&ah dust presence is forecast, more
observations are conducted in view of obtaininfulisas possible an image of the Saharan
dust transport event.

Lidar measurements described below are obtainettinwithe frame of the
EARLINET. A large database is created accumulating aerosol backscatter profiles
which are uploaded on the common EARLINET-serveBarmany.
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In this study we present some results selected fhemmegular lidar investigations
of the atmosphere. The backscatter profiles anghitwime color maps included illustrate
laser remote observations on the vertical massllision of relatively stable aerosol layers
situated at different altitudes. The lidar measwets were conducted on Saharan-dust-
affected days; we therefore infer that desert domtlings in the air above Sofia were
detected.

Equipment and data processing

The results presented in this paper are based @surements by an aerosol
elastic backscatter lidar located in the Laser Raddoratory, IE-BAS (A. Deleva, 2010;
Atanaska D. Deleva, 2008). It is configured in @anmstatic biaxial alignment pointing at
a maximum slope angle of 32° with respect to thézbo, as determined by its position in
the lab. Thus, despite that signals from as faraa30-km distance are recorded, the
maximum sounding height is limited to 16.4 .km

The lidar transmitter is based on a high-power Md3Ylaser providing output
pulse energy of up to 600 mJ at 1064 nm and 80trB32Z nm, with a pulse duration of
15 ns FWHM at a repetition rate of 2 Hz. The lageam divergence is 2.2 mrad. The
receiver's optical part consists of a Cassegrgie-tyelescope (aperture 35 cm; focal
distance 200 cm) and a spectrum-analyzer basedroowband interference filters (1-3 nm
FWHM). The electronic part of the lidar receivingstem is formed by compact photo-
electronic modules, each comprising a photo-deteetd0-MHz 14-bit analog-to-digital
converter (ADC), a high-voltage power supply, andtoolling electronics. The receiving
modules are connected to a PC via high-speed U8B. dde received signals are digitized
every 100 ns by an ADC, resulting in a 15-m rangsolution (about a 7.5-m altitude
resolution). Thus, the lidar measures the tempevalution of the atmospheric aerosol
backscatter with high time and range resolutiorfe &cquisition system is equipped with
specialized software for accumulation, storage, pimatessing of lidar data. The vertical
atmospheric backscatter coefficient profiles ateéeeed using the Klett-Fernald inversion
algorithm (J. D. Klett, 1981; F. G. Fernald, 1988ince the magnitude of the backscatter
coefficient value is proportional to the aerosohslty, the changes in the calculated lidar
profiles in time and space illustrate the tempaablution and the stratification of the
aerosol field observed. Usually, each lidar measer# lasts for 1-3 hours. The lidar signal
is accumulated for 5-10 min (corresponding to @atzumulation of 600-1200 different raw
profiles received at each laser pulse). The paemnedf the laser, telescope, photo-
receiving modules and software make it possiblaterlidar to be utilized for carrying out
fast remote measurements of the atmosphere fromni3fbove ground level (AGL)
(approximately 700 m above sea level, ASL) to tbpdpause.

To draw conclusions about the type and origin efdkrosol layers detected by the
lidar, we use additional information provided by BA&M-forecast maps of dust load and
concentration in the atmosphere for the Euro-Mediteean zone. Such maps are prepared
by the Forecast system of Barcelona Supercomp@érger, Spain, and are accessible via
Internet (http://www.bsc.es/projects/earthscien&#BM/. DREAM-maps give an image
of the wind direction and magnitude of dust loadh@ atmosphere above North Africa and
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Europe. An additional source of information abdw& origin of the aerosol layers is offered
be the HYSPLIT model (Draxler R. R., 2010; Rolph B., 2011). It can be run
interactively on the web through the READY system the site of the Air Resource
Laboratory of NOAA (National Oceanic and AtmospheAdministration), USA. The
calculations of backward air mass trajectoriesdyi@lplot of the path that the air mass
travelled for a chosen time period before arrivéghe lidar station.

Experimental data and comments

Using the lidar described above, studies of theoaphere over Sofia during
Saharan dust incursions have been conducted foe than ten years. A large data base
was acquired, systematized and analyzed. The sedeihonstrated that Saharan dust can
be present within the entire troposphere, withdbparate incursion events differing in the
height of dust transport, the vertical mass distidn, as well as in the frequency of
observation of events with similar spatial stratifion. The following basic conclusions
were drawn: 1). Saharan dust was most often detemter Sofia to a height of 5-6 km,
with the dust aerosol being found either within iatidct layer above the atmospheric
boundary layer (ABL), or having penetrated the ABam the ground up to the height
quoted. 2). Very seldom, Saharan dust was traregposimultaneously in two separate
layers above the ABL, or within the entire trposght the extreme heights of 12-14 km.
These conclusions will be illustrated by the lidaperiments described below.

We present the results mainly in terms of vertiaéinospheric backscatter
coefficient profiles (thex-axis representing the value of the calculated apheric
backscatter coefficient; thgaxis, the altitude. The measurement date and dhading
laser wavelength are cited over the respective [iafile plot. Also, 2D-colormaps of the
aerosol stratification time evolution are constedcfor some separate measurementsxthe
axis representing the time interval of the measergnthey-axis, the altitude). For each of
the experiments, a DREAM-map is enclosed demoirsgrathat the Barcelona
Supercomputing Center has forecast a Saharanrdasport over Bulgaria, whose location
is indicated by a black circle. It should be notedt the HYSPLIT model allows one to
depict up to three trajectories on a single mayis ®hwhy, of all trajectories calculated for
the time interval of a particular measurement, lenrespective HYSPLIT map we include
those three of them that end over Sofia at heifgilimg within characteristic sections of
the recovered atmospheric backscatter coefficienfilp. Such a choice assists one in
explaining the results. As was mentioned abovejritfegmation provided by the DREAM
and HYSPLIT is used to draw conclusions concerrilng origin of the particles in the
aerosol layers registered. However, when drawingh su conclusion, one should always
bear in mind that, since aerosols are transportesd mng distances in the atmosphere,
mixing between aerosol populations from differepurse regions and with different
composition can take place (for example, mixingMaein desert dust, continental aerosols
and maritime particles). Thus, the particles dewdiy the lidar are the final result of the
mixture of Saharan dust with different types ofosels, partially coated by water.

As examples of observing Saharan dust in a distmgtr above the ABL, we
describe in more detail the experiments performedyril 3, 2009, and November 4, 2010
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(Fig. 1). For these dates, the DREAM model hascse dust transport over Bulgaria
(Sofia) (Fig.1 e, f).
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Fig.1. Lidar observations of Saharan dust above Sofiamii 3, 2009 and November 4, 2010: a, b).
retrieved vertical atmospheric backscatter coeffitprofiles; c, d). time evolution maps of the mas

spatial distribution; e, f). DREAM forecast map®wing Saharan dust transport over Bulgaria; j, h).
HYSPLIT model backward trajectories.

The lidar profile (Fig.1 a) and the 2D-map (Fig)lshow that the layer above the
ABL, registered on April 3, 2009, was located witlhe height interval of 2-3 km with a
mass center at about 2.5 km. Further, the profiteecreveals an atypical increase with the
height of the aerosol concentration in the ABL,haét maximal value at a height of about
1.8 km. The HYSPLIT backward trajectories calcudater the height range of 1.5-3 km,
three of which are presented in Fig.1.j, reveal, thafore reaching Sofia, the air masses in
this range have moved low above the surface ofr@aNorth Africa) and passed through
the heavily dusted space over the Mediterranean &eseen in the DREAM map. Fig.1.j
presents the trajectories terminating above Sofiheaheights of 1.8, 2.2 and 2.8 km. These
were selected purposefully, since their ends cdewiith characteristic regions in the curve
of the retrieved lidar profile of the atmospheriackscatter coefficient. In this particular
case, at the height of 1.8 km we determined thkdsigatmospheric backscatter coefficient
value, while the heights of 2.2 and 2.8 km areltiveer and the higher boundaries of the
layer above the ABL. We thus concluded that thesdrlayer within the range 2-3 km
contained mainly Saharan dust. We further assurhedptesence of large amount of
Saharan dust in the ABL is the cause of the anamsaincrease with the height of the
aerosol mass concentration, its largest value batiig8 km.

The lidar data acquired on November 4, 2010, aesepted in Fig.1.b,d. One can
see that a temporally stable layer was detectedeathe ABL, with the center of mass near
a height 3.5 km and well delineated boundarieskahZnd 4 km. One can also see that in
the ABL the aerosol concentration was maximal atkin, while further up to about 3 km it
varies negligibly. The calculated HYSPLIT traje@ds; which during the measurements
terminated in the 2.8-4.3 km range, have startechnfarther south over Sahara and passed
through vast dusted spaces before reaching Safid. k presents the one ending at 3.5 km,
where the center of mass of the layer above the MBk. The black-and-white image in
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the HYSPLIT map necessitates the explanation thiatis the trajectory beginning over
Sahara and passing for a considerable distancéneight of about 1 km above the desert
surface. The calculated HYSPLIT trajectories befo# km originate and traverse a dusted
space over the Mediterranean Sea. Of these, theshmaps the ones that end above Sofia at
the heights of 1.5 km and 2.3 km, thus fallinghe bove-mentioned specific sections of
the lidar profile below 3 km. The main conclusiooirged to by the experimental data is
that the aerosols detected in the 3-4 km range wares-boundary transport of Saharan
dust. The lower calculated trajectories give issogato assume that desert dust was also
present in the ABL, where it was mixed with anthogenic aerosols generated in the city.
Judging from the curve of the lidar profile showvilne aerosol pollution of the air above
Sofia was the largest at heights of 1-1.5 km.

We will now briefly present another example of @&t of a distinct Saharan
dust layer above the ABL (Fig.2). The monitoringsvearried out on June 28, 2012. On the
time-height map (Fig.2), constructed from a series of 26 lidar profilese can see a dense
thin aerosol layer with boundaries at about 4.5 &nhdm. These heights remained
unchanged during the monitoring, so that the laok loe assumed of dynamic processes in
the atmosphere during the experiment. The anabfdise calculated HYSPLIT trajectories
strongly suggest that the aerosol layer registésetie result of a direct transfer of dust
from Sahara. The trajectories in Fig.2 b show thatair masses above Sofia in the 4.3-6
km during the experiment originate from Sahara.cgpeattention should be paid to the
trajectories that terminate over Sofia at 5 km, since five days before these have started
immediately above the desert surface (the two dtajees on the right-hand side of the
map).
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Fig.2. Lidar observations of Saharan dust above Sofidunie 28, 2012: a). time evolution maps of
the mass spatial distribution; b). HYSPLIT modethwaard trajectories.
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In contrast with the observations described abthee|idar data in Fig.3 and Fig.4
illustrate Saharan dust transport within a widgetaThe data further demonstrate that the
separate transport events are characterized byvidiodi specific vertical mass
stratification. This is exemplified by the resutibtained on May 29, 2013, and May 12,
2009, and presented below (Fig.3 a, b).

Bulgarian Geophysical Journal, 2014, Vol. 40 39



A. Deleva: [IDAR registration of the vertical stratification of Saharan dust incursions over Sofia

Altitude AGL,km

BSC-DREAMSD v2.0 Dust Load (g/m®) and 3000m Wind
24h forecast for 12UTC 29 May 2013

BSC/DREAM Dusi Leading (a/m~2) and 3000m Wind
18h forecast for 06z 12 MAY 09

29 May 2013 12 May 2009
61 61
F 5]
44 £ 4
9
34 < 34
[0}
el
24 2 24
< 1064 nm
14 14
1064 nm
0 T T T , 0 : T 1
00  40x107 80x10" 12x10° 16x10° 0,0 6,0x107  12x10°  1,8x10°
Backscatter coefficient [m™.sr”] Backscatter coefficient [m™.sr”]
c d

Sofia, 20 May 2013, wavelenght 1064 nm B3

10

3=10B64nm Date: 120509 Start time: 1017 UTC Stop time: 1116 UTC

8
!
£ —
= £ B
3 5y
¢ =@
= 3
2
1
2:05 9:35 10:05 10:35 1021 1026 1031 1036 1041 1046
Tirme UTC, hh:mm Time [UTC]
e f
40 Bulgarian Geophysical Journal, 2014, Vol. 40



A. Deleva: IIDAR registration of the vertical stratification of Saharan dust incursions over Sofia
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Fig.3. Lidar observations of Saharan dust above Sofislay 12, 2009 and May 29, 2013: a, b).
DREAM forecasts showing Saharan dust transport Buégaria; c, d). retrieved vertical atmospheric

backscatter coefficient profiles; e, f). time exaa maps of the mass spatial distribution; j, h).
HYSPLIT model backward trajectories.

The profile curves (Fig.3.c, d) and the time-heigtaps (Fig.3.e, f) show that in
both cases aerosols were registered above the ABLo heights of 4.5 and 5.5 km,
respectively. On May, 2013, a dense aerosol layesr present with boundaries at about 3
and 4.5 km and a well-expressed center of massbakr8. Below this layer, the aerosol
concentration was smoothly decreasing down to tg &fter which the lidar profile
followed the typical aerosol distribution in the ABThis mass stratification from the
ground up to 4.5 km is revealed better by the faogince the black-and-white image in the
map (Fig.3.e) hinders strongly the presentatiotheffiner graphical details. The calculated
HYSPLIT trajectories, which during the measuremesrtsled in the 2-5 km range of
heights, originated above Sahara surface. Figi8gemts those that terminated at heights of
2, 3 and 4.3 km above Sofia. The trajectory stgrtm western Sahara, whose path has
passed a long distance immediately above the syrfaesents the route of the air masses
above the lidar station at about 3 km, where tlyerla center of mass was determined.
These facts led us to the conclusion that the atmetected in the 2-4.5 km range of
heights was dust transferred directly from the spabove Sahara desert, with the
predominant part of its mass being concentratedlayer with boundaries ati34.5 km.

An example for Saharan dust indirectly transpotteBulgaria is presented by the
results obtained on May 12, 2009. The lidar prdfiigy.3.d) and the 2D map (Fig.3.f) show
the existence of aerosols up to 5.5 km above S@fiee can also see a well-expressed
inhomogeneous vertical stratification of the pdecconcentration, namely, it was larger at
heights of about 2, 3 and 5 km. In contrast with tase described above, none of the
HYSPLIT trajectories calculated for May 12, 200@r&td and passed over North Africa
prior to this measurement (Fig.3.h). However, thmiths cross a dense cloud of Saharan
dust located above vast regions of Europe (Fig.Bhbg to this complex aerosol condition
of the atmosphere over Europe, one can assuméhendidar data included here (Fig.3.d
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and Fig.3.f) represent aerosols of different origint among them there certainly was a
considerable amount of Saharan dust particles.

Fig. 4 includes lidar results (Fig.4.c, d) acquiad May 14, 2009, and June 8,
2011, in order to visualize the events of Saharest ttansport most often detected, namely,
when the transport takes place within the entieesgdrom the ground up to a height of 5-6
km, while the aerosol concentration varies insigaifitly with the height. The monitoring
of May 14, 2009, was chosen because it was condljies¢ two days following the one of
May 12, 2009, and described above. Undoubtedly difference between the lidar data
(Fig.3.d and Fig.4.c) and the HYSPLIT trajectoriedluded (Fig. 3.h and Fig.4.e) for the
two days is due to the continuous dynamic chanfiélseoatmosphere, this being its basic

property.
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Fig.4. Lidar registrations of Saharan dust above SofiMay 14, 2009 and June 8, 2011: a, b).
DREAM forecasts showing Saharan dust transport Buéaria; c, d). retrieved vertical atmospheric
backscatter coefficient profiles; e, f). HYSPLIT dab backward trajectories.

The results of the lidar measurements performeMaw 14, 2009, and on June 8,
2011, do not differ significantly. During these twdays, the aerosol load had a higher
boundary at about 5 km, the center of mass washigway 2-2.5 km, the concentration of
particles above it gradually decreased with theliteiand the border with the ABL was
expressed weakly. The corresponding DREAM maps4Fgb) show that dense Saharan
dust covered Bulgaria’s territory. For the daysnowdasurement, the HYSPLIT backward
trajectories were calculated in the height rang&.6¢5.5 km. It is not necessary to describe
them in detail, because it is obvious that theyspgaser Northern Africa/Sahara desert and
across the highly dusted space over Mediterraneanb®&fore the end point above Sofia
(Fig.4.e, f). This is the reason why we assumeufipgse that the air masses in the range
1.5-5.5 km during the measurements were desersalsraransported to a long distance
from North Africa.

The next results demonstrate that Saharan dusbedransported simultaneously
in two separate layers located above the ABL (Figbthrough the entire troposphere up
to the tropopause (Fig.6). As we already notedh duansport events are detected very
rarely.

The data acquired on June 29, 2006 are presentedy.fh. On this day, a dense
dust cloud was located in the atmosphere over Nifriha and Europe (Fig.5.c). The lidar
data (Fig.5.a and Fig.5.b) indicate the existerfaeoosols over Sofia up to a height of 4.5-
5 km. The lidar profile shows that they were dmited mainly in the ABL up to 1 km, and
in two layers above the ABL in the 1-2 km and 3B kanges. In the first two ranges, the
particles concentration was the highest at abdukfh and 1.5 km, while in the top layer
the concentration was lower and did not vary sigaiftly with the height.
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Fig.5. Lidar monitoring of Saharan dust above Sofia ameJ20, 2006: a). retrieved vertical
atmospheric backscatter coefficient profile; bg time evolution map of the mass spatial
distribution; c). DREAM map showings Saharan drestgport over Bulgaria; d). HYSPLIT
backward trajectories.

The HYSPLIT trajectories calculated for the 0.5abhige reveal that the air masses above
Sofia up to 5 km have crossed dusted atmosphereNor¢gh Africa, the Mediterranean Sea
and Europe. Fig.5.d. shows three of those, with poidts above the city at 0.7, 2 and
4.5 km. The one originating the farthest in thetBetn part of Sahara ended during the
measurements at 4.5 km above Sofia; the one gjdttither to the west, at 0.7 km; and the
third one, at 2 km. Our analysis led us to belitha the aerosol loading of the air above
Sofia from the ground to a height of 5 km was iis ttese the result of a direct transfer of
desert dust from North Africa; in the free troposphit was transported simultaneously in
two separate layers.
We will finally describe the results obtained dgrithe monitoring conducted on

April 15, 2009, (Fig.6), when we observed a unigwent of aerosol loading of the free
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troposphere up to 12-14 km.
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Fig.6. Lidar monitoring of Saharan dust above Sofia onil&®%, 2009: a). retrieved vertical
atmospheric backscatter coefficient profile; b time evolution map of the mass spatial
distribution; c,d). HYSPLIT-backward trajectoriey; DREAM forecast map of Saharan dust
transport.

Specific features of the mass stratification of therosol layer in the free
troposphere (Fig.6.a, b) are its well-expressecetdwoundary with the ABL at a height of
2 km, a higher particles concentration at heights3km (a well-expressed center of
mass), after which the concentration falls smootlflyto about 6 km; it varies weakly
further up to 11 km, after which it decreases againto a height of 14 km. This
extraordinary aerosol loading as a function ofhk&ht necessitated that we calculate and
analyze HYSPLIT backward trajectories within theéirentroposphere. Some of these, up to
5 km, are presented in Fig.6.c, while some in thege of 7-13 km, in Fig.6.d. The
trajectories included demonstrate that no air nsabsee reached Sofia directly from the
space above North Africa. However, all air mass@gehmoved over regions where the
atmosphere has been loaded with Saharan dust @jig.6
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Among the trajectories presented in Fig.6.c, weukhasingle out the one
originating from the most heavily dusted south-wastterritories and having an almost
horizontal path over the ground until reachingeisl point above Sofia. It describes the
motion of the air masses that during the measuresmwegre present in the ABL at a height
of 1 km, and where, according to the lidar profileve, the aerosol concentration was the
highest. Such a trajectory path gave us reasorssunae that a considerable amount of
Saharan dust, mixed with the usual aerosols getbiatthe city, was present in the ABL
above Sofia. A brief clarification is needed heomaerning the trajectories in Fig.6.d. The
one starting low above the Atlantic Ocean ended &edia at a height of 7 km. The other
ones originated from and passed through stronglstedu atmosphere above Europe,
especially the one which at one point reaches S@lekt Africa. Thus, assisted by the
information provided by the HYSPLIT and DREAM moslelve believe that on April 15,
2009, we registered a unique in terms of its hefgptto 12-14 km) aerosol loading of the
atmosphere over Sofia, which was mainly due to Gahdust transported to the Balkans
from dusted regions over Europe.

Conclusions

We reported on several lidar investigations of afph@ric aerosol loading during
Saharan dust intrusions over Sofia. These sounelkagnples were selected among data
systematically acquired within the EARLINET projectderosol layers related to desert
dust were observed in the whoteoposphere up to a height of 14 km. The lidar
observations revealed a multilayering of the dushdport. The internal structure of the
dust plumes registered varied from homogenous tbswatified.

We should further emphasize that the results redanere not only illustrate the
exceptional possibilities offered by lidars conéegnremote sounding of the atmosphere,
but also the good technical performance of ourrlglstem, which permits us to observe
the whole troposphere with high spatial and temip@solutions.
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JlupapHa pernmcrpanmusi Ha BepTHKAaIHaTa crpatHdukanusa Ha Caxapcku mpax 1o
Bpeme Ha TpaHcnopT Hax Codus

A. llenesa

Pe3iome: ATMocheprure dwacTuinu (aepo30JIUTE) W TIABHO MHHEPATHHAT TIpax
BB3JICHCTBAT HAa XMUBOTA HA 3eMATa 4Upe3 pa3IMYHU HauuHHU. Hal-BaXHUTE mMapaMeTpH 3a
OTIpeNieNIsTHe Ha BIMSHUETO HA aepPO30JINTE BBPXY KIMMaTa U €KOJOTMYHOTO CHCTOSHHUE Ha
OKOJTHATa Cpefla ca TeXHUTE ONTHYHU MapaMeTpu (KoeQHIMEeHT Ha o0paTHO pasceiiBaHe H
Ha eKCTHHKIMS) KaKTO W TSAXHOTO paslpeielieHne B MPOCTPAaHCTBOTO. B Tasu pabora ca
AQHANTM3UPAHU pE3yNTaTH, TOIYYEHH OT BEPTHUKAIHO IUCTAHIIMOHHO COHIWMpaHE Ha
atMocepata o BpeMe Ha HAKONKO HaxmyBaHus Ha Caxapcku npax Hax Codwus.
UscnenBanusara ca HanpaBenun ¢ aeposonen JIMIAP (Llght Detection And Ranging),
6asupan Ha Nd:YAG nazep. OnucaHuTe eKCIIEPUMEHTH WITIOCTPUPAT, Y€ PETUCTPUPAHNUTE C
JHAapa aepo30JHU/TIPAXOBU CIOCBE CEe pasiMdaBar 10 BHCOYHMHA, IUTBTHOCT, JeOCIHHA H
cTpaTrduKanus M0 BUCOYMHA. HSIKOM OT pe3ynTaTWTe IMOKa3BaT, Y€ aepo30JIMTe MOTaT Ja
JOCTHTAT U Ja MPHUCHCTBAT B Tporocdepara 10 U3KIOUYHTENHAaTa Bucounna 14 km.B Tasu
paboTa IMOapHUTE MaHHW Ca TPEACTABEHH KaTO WM3YMCICHH BEPTHKAIHU Npoduianm Ha
aTMocepHUsT KOCPHUIIMEHT Ha OoO0paTHO pa3celiBaHe W IBETHH KapTH Ha BHCOYMHHO-
BpEMeBaTa €BONIIONNMS Ha PETUCTPUPAHUTE aepO30JHH MoJieTa B aTMocdepata. [Ipu anammsa
Ha eKCIIEPMMEHTAIHUTE JaHHU ca m3moj3Banu nporuosure Ha HYSPLIT (HYbrid Single-
Particle Lagrangian Integrated TrajectonyDREAM (Dust REgional Atmospheric Model)
MOJIEIUTEe 3a AHUTE Ha HM3MEpBaHUATA, 3a Ja Ce HAmpaBsIT HW3BOAM 3a MpPOHM3XOpa Ha
peTuCTpUpaHHTEe aepO30JIH BHB Bb3IyXa.
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