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Abstract. Aerosols and clouds are of central importance dtbal climate,
atmospheric chemistry and physics, ecosystems ahlicphealth. In order to better
understand effects on the environment, knowleddheif vertical structure, including
parameters such as the thickness, location, tofpatidm height, is necessary. In this
work we present several examples of lidar monitpif clouds and aerosols layers
which are chosen from the measurements performeteirperiod 2006-2012. The
investigations are carried out with an aerosolrlidgguipped with Nd:YAG laser at
wavelengths 532 nm and 1064 nm. Lidar is locatethénlInstitute of Electronics of
Bulgarian Academy of Sciences. Experimental dagapaesented in terms of vertical
backscatter coefficient profiles and color mapshef atmospheric field stratification
evolution. The results of our atmospheric studi@gehdemonstrated that clouds could
be formed with widely differing thicknesses (in théerval 0.5-5 km) and could exist
at various heights (2-16 km) in the troposphere tapthe tropopause. Some
experiments illustrate simultaneously detectionclofuds and Saharan dust layers.
Also, here we include results of lidar detectionaothropogenic aerosol load over
Sofia city. We employed HYSPLIT (HYbrid Single-Fak¢ Lagrangian Integrated
Trajectory) backward trajectories and DREAM (Dugdional Atmospheric Model)
forecasts to make conclusions about atmospheri®saks origin. Depicted
measurements are extracted from regular lidar tigag®ns of the atmosphere within
the framework of the European Aerosol Researchrligawork (EARLINET).

Key words: lidar, aerosols, clouds, Saharan dust, tropogpher

Introduction

The atmosphere is a complex system with many coeqtsrinteracting through a
large number of processes on a wide range of scAl®sols and clouds participate in
determining the Earth’s radiative budget, climatel aveather (J.E. Penner et al., 2001;
Guibert, S. et al., 2005; Solomon, S. et al., 200fe changes in the energy fluxes of solar
radiation (maximum intensity in the visible spettragion) and terrestrial radiation
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(maximum intensity in the infrared spectral regiamYhe atmosphere induced by changes
of atmospheric compositions and/or surface progemre referred to as “radiative/climate
forcing”.

Aerosols are liquid or solid particles suspendedhia air. They come from a
variety of natural and human processes. On a gloasis, the bulk of aerosols originate
from natural sources, mainly sea salt, dust, valearand wildfires. Desert dust particles
represent a large fraction (of the order of 30-5@@ipn Paolo Gobbi et al., 2000) of the
naturally occurring tropospheric aerosols and thiergific community has made great
efforts to document and understand the interactiohamineral aerosols (dust) with
environment. The Saharan desert is the largestsafrdust and produces more aeolian
mineral particles than any other world desert (Peos M. Joseph, 1999; Vukmir@vZ.M.
et al., 2004; Perez L. et al., 2008). At preseatghantity of anthropogenic emissions in the
atmosphere increases because of rapid growth ofintthestry, transport, processes of
urbanization, etc. Human-produced particles cardtminant form of aerosol in highly
populated and industrialized regions, and in adfamtense agricultural burning. Urban
aerosols have been identified as important spediesncern due to their potential health
and environmental impacts (U. P6schl, 2005; d &&i et al., 2006; Atanaska Deleva et al.,
2010). Key parameters for determining the impadtsaerosols to climate forcing and
ecological state of the environment are their @btparameters (extinction and backscatter
coefficients), as well as their spatial distribatidAerosol effects on climate are generally
classified as direct or indirect with respect tdiative forcing of the climate system. The
direct aerosol impact is caused by scattering @oidiing sunlight, and absorbing and
emitting some terrestrial infrared radiation. Theifect effect is provoked by the aerosol
capability to act as cloud condensation nuclei.oABerosols alter warm, ice and mixed-
phase cloud formation processes by increasing eramimber concentrations and ice
particle concentrations. In this manner, aerosoffuénce cloud cover, cloud optical
properties and lifetime (Natalie M. Mahowald, 2003he effect of aerosols on the
radiative properties of Earth's cloud cover is miefi as indirect effect of aerosols, or
indirect climate forcing.

Clouds are groups of tiny water droplets or icestalg in the air and are formed
by different processes. They can come in all slresshapes, and can form near the ground
or high in the troposphere. Clouds contribute odfély to short-wave and long-wave
radiation depending on their type, altitude, thieks) structure, particle size, etc. On the one
hand, they act like greenhouse gases, absorbirgtiedl thermal radiation from the Earth
and trapping the heat in the lower atmosphere. l@nother hand, they reflect incoming
solar radiation back into space (albedo effectfeatively cooling the planet. The
information with respect to cloud vertical distrilan is required because light scattering
and absorption are altitude dependent, as are gmgerties (Ulrike Lohmann et al., 1995;
S. Veerabuthiran, 2004; L. L. Pan et al., 2011y. &@mple, the greenhouse effect is weak
for low altitude clouds, so their albedo effect doates. In contrast, cold high altitude
clouds (Cirrus clouds) may either cool or warm thimate depending of their geometrical
characteristics and location. These two opposirfgcef are an important difference
between Cirrus clouds and other hydrometeor laijeithe atmosphere. Most frequently
Cirrus clouds are thin and wispy. They are preskeateall latitudes and are formed in the
upper levels of the troposphere at heights grahater 6 km. Cirrus clouds are composed
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predominately or wholly of ice non-spherical crystaeflecting the extreme cold, and they
can take a variety of shapes and thickness. Asiargkrule, Cirrus clouds are thin enough
to be transparent or very close to it because hityriglow at such high altitudes.

Low-altitude clouds play an important role in glbbhmate forcing, weather, and
precipitation. In particular, low clouds often hdaege liquid water part and are involved in
interactions with anthropogenic aerosols in thengtary boundary layer. Therefore, it is a
significant challenge to accurately measure theifical and geometrical properties in order
to assimilate them into global climate model. Unioately, for satellite sensors with
visible and near-infrared channels, measuremeribwfand optically thin clouds from
space is very difficult due to their partial traaspncy, land surface emission, and fact that
they are relatively warm. On the other hand, lidat®AR-LIght Detection And Ranging)
are an excellent way to obtain high-resolution aeror cloud data to complement satellite
data. They are increasingly used because the igaest atmospheric parameters could be
retrieved with high spatial and temporal resolutibidar measurements can elucidate the
aerosol concentration, optical depth, cloud pasitiad thickness which are important for a
better understanding of the Earth-radiation budget climate. The largest active aerosol
research project in Europe EARLINET (European Aefdgesearch Lidar Network) can
provide an important contribution in the aerosaldst It is founded as a coordinated
network of lidar stations that uses advanced methfmi vertical profiling of the
atmosphere. EARLINET was the first very importatepsin our continent to unite the lidar
groups with the main goal of establishing a quatitie comprehensive statistical data base
of both horizontal and vertical aerosol distribation a continental scale. Additional more
specific measurements (on Saharan dust, volcahicfaest fire) are also included in the
project work program (Papayannis A. et al., 20@)lgarian lidar station at Sofia was
involved in systematic investigations on a regudase of three measurements per week
according to the schedule of the EARLINET projéeARLINET :http://www.earlinet.org).

In this work, we present results of laser remottect®n of aerosol layers and
clouds in the troposphere over Sofia. Some experiahexamples illustrate observations
of clouds during Saharan dust transport. We shenighasize that the results reported here
not only illustrate the exceptional opportuniticfeced by lidars concerning sounding of
the atmosphere, but also the good technical capebibf our lidar system, which permits
us to observe the whole troposphere with high apatid temporal resolution.

Technical equipment and data processing

The results presented here are based on measusewigntan elastic backscatter
Nd:YAG lidar. It is described in details elsewhéiganaska D. Deleva et al., 2008; A.
Deleva et al., 2010), and for that reason onlyflitéscription of its set-up is given below.
Lidar system is configured in a mono-static biaxdignment pointing at angle 32° with
respect to the horizon, as determined by its difpasn the lab. Therefore despite signals
from as far as 30 km distance are recorded the mari sounding height is limited to
16.4 km above ground level. A solid-state Q-swittlieequency-doubled Nd:YAG laser
(pulse energy: up to 600 mJ at 1064 nm, 80 mJ 2tn&y pulse duration 15 ns FWHM,
laser-beam divergence 3 mrad, fixed repetition 2attz) is utilized as a light source. Laser
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radiation backscattered by the atmosphere is redddy a Cassegrain telescope (aperture:
35 cm; focal distance: 200 cm). The output beanmfrihe telescope is passed to the
spectrum analyzer for separation of the incominticapsignals. Data acquisition system
includes hardware and software components. Thewsaied have been designed as an
integrated photo-receiver modules consisting oft@ieceiving sensor, controlled photo-
receiver power supply, amplifier, 14-bit analogdigital converter (ADC), and USB-
interface for computer connection. The data actjoisisoftware contains two main
programs. The first one is designed for real-tinmantml of the lidar system during
measurements. Received signals are digitized el@@yns with an ADC, resulting in a
15 m range resolution (about 7.5 m altitude resmh)t Thus, the lidar measures the
temporal evolution of atmospheric aerosol backscatith high time and range resolution.
The second main program is a package providing ctideulation of the atmospheric
backscatter coefficient and determination of theremn the estimates. The well known
Klett-Fernald-Sasano inversion algorithm is useth@se retrievals (J. D. Klet, 1981; F. G.
Fernald, 1984; Ya Sasano et al., 1985). The Nd:Yidar entered on operation in the
beginning of 2006, equipped with only one speattannel at wavelength 532 nm. At that
time the lidar was included in the EARLINET netwakd we started to perform regular
lidar measurements with accord to the project saleedn 2008 was put into operation the
second spectral channel for registration of lidgnals with wavelength 1064 nm and thus
we were able to perform atmospheric monitoring wlith first and second harmonic of the
laser radiation. The decision to use one or twerlagavelengths depends on the working
condition of the system and the weather. The daWestigations in sunny weather are
performed with the first harmonic (1064 nm) mosteofbecause the background of the
received signal is lower and there is no risk diusdion of the photo-receiver. Thus,
presented here backscatter coefficient profiles fa®06 till now are obtained by single- or
double wavelength monitoring of the atmosphere.

Lidar observations and comments

Lidar measurements described below are obtainettinwithe frame of the
EARLINET. A large database is created accumulatiregaerosol backscatter profiles until
now. The calculated data are uploaded on the comBARLINET-server in Germany.
During EARLINET project, DREAM (Dust REgional Atmpkeric Model) is used to make
conclusions about the type and the origin of theos@ layers, observed by the lidar
(DREAM:http://www.bsc.es/projects/earthscience/DREA DREAM-weather forecast
maps elaborated by Barcelona Supercomputing CéB®CE) give an image of the wind
direction and speed, position of clouds and mageitof dust load in the atmosphere above
North Africa and Europe. In this paper, the locataf Bulgaria on the DREAM-maps is
indicated by a black circleHYSPLIT (HYbrid Single-Particle Lagrangianlntegrated
Trajectory) model provides additional informatioroabthe origin of the detected aerosol
layers (Draxler R. et al.,, 2003; Rolph G., 2011).rdpresents a complete system for
computing simple air parcel trajectories to compiiéspersion and deposition simulations.
The calculations of backward air mass trajectogige a plot of the road that the air mass
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traversed for a chosen time period before to artavéhe location of lidar observations.
Both DREAM and HYSPLIT models are freely availablethe Web.

We analyze the results of the lidar atmosphericndmg calculating vertical
backscatter coefficient profiles and compiling tireeolution maps of these profiles or
maps of the range-corrected measurement signalS)R8ince the magnitude of the
atmospheric backscatter coefficient value is propoal to the aerosol density, the changes
of the calculated profiles in time and space ilaig the temporal evolution and the
stratification of the aerosol fields or clouds ovbe lidar station. RCS is produced by
subtracting the estimated background noise frommdtelidar signal and multiplying by the
square of the distance to the backscattering ath@sgpsample. We present here the results
mainly in terms of vertical atmospheric backscapefiles (x-axis represents the value of
the calculated atmospheric backscatter coefficigraxis — the altitude above sea level,
ASL). The measurement date and laser sounding eagtd are written over the lidar
profile plot. Also, in this work we conventionallgall the clouds observed “low” and
-high” depending on their location in the tropospheThe first group comprises clouds
situated roughly up to 6 km, the second one - dalwbve 6 km.

Figure 1 shows the results of simultaneous lidaeokations of the Saharan dust
load and low clouds. This is expected because akrparticles can act as cloud
condensation nuclei that form clouds (Sassen, Kallet 2003). The measurements are
performed on 31 March 2009 and 3 October 2012. iixgatal examples described below
illustrate Saharan dust transport over Sofia ifyespring and in the beginning of the
autumn. Saharan dust outbreaks over the easteritavtadean, including the Balkans,
occur predominantly during spring and early sumrbat,autumn can also be considered a
period with Saharan incursion&s a partner of EARLINET we participate in the 8&n-
dust-transport network activities (A. Deleva, 2010)

The measurement on 31 March 2009 was performetieénmorning (7:51-9:47
UTC, universal time coordinate). For this day DREAMdel (Fig.1 c) forecasted strong
Saharan dust load over Mediterranean Sea and Cé&nirape, including Bulgaria. The
lidar profile (Fig.1 a) outlines the registeredwdowith center of mass at 5.8 km (cloud’s
base and top 5.5 km and 6.5 km, respectively) dadatrosol layer just below it in the
range 3.5-5.5 km with center of mass at about 4n5 Resides that it is visible that the
atmosphere was aerosol loaded also below 3.5 kioelasv that altitude the concentration
of particles gradually increases. For the periodhef measurement we found HYSPLIT
backward trajectories (for 100 hrs duration) in #fttude range 1.5-6 km, which pass over
Northern Africa/Sahara desert and across the hidhbted space over Mediterranean Sea
before the end point above Sofia. This is a reas@uppose that the air masses in the range
1.5-6 km were transported desert aerosols fromcafrAs before mentioned, HYSPLIT
backward trajectories show how the air masses hatkdfor chosen period of time (here
100 hours) before they arrive over the lidar statia particular altitude (here the range 1.5-
6 km). In Fig.1b we include three of the calculat#dmass trajectories, two of which (4.5
km and 5.8 km) coincide with the abovementionedstanters of the detected layer and
cloud. The third trajectory (2 km) is in the ran28.5 km, where we most often register
Saharan dust layers above PBL (planetary boundargr). The high-altitude trajectory
originated from above the Atlantic Ocean, passest @ahara and, as seen in Fig.1b, has
kept the direction of their motion semi-constantilureaching Sofia. Probably, these
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quickly moving air streams brought humidity fromoak the Atlantic, which we observed
as a cloud. The lower trajectories display thatahmemasses at altitudes 4.5 km and 2 km
have been moving, accordingly very close above ®&haurface and Libyan dessert some
days before. It is certain that they have beersparting a large amount of African desert
dust. Based of the two models’ forecast, we draactinclusion that the aerosols registered
by us in the range 3.5-5.5 km were of Saharan rorigidditionally the image of the
trajectory on 2 km altitude supports our opinioattthe air under that layer contained not
only anthropogenic aerosols typical for PBL ovdy,cbut also long-distance transported
particles from Africa.
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Fig.1. Lidar observations of Saharan dust and cloudst)a),retrieved atmospheric backscatter
coefficient profiles; b), €) — HYSPLIT model backddrajectories and c), f) — DREAM forecast
maps showing Saharan dust transport over Bulg8o#ig) on 31 March 2009 and 3 October 2012.

On 3 October 2012 we also registered lolud during Saharan dust incursion
(Fig.1 d, e, and f). The investigation started @77UTC and ended at 8:52 UTC. We
registered a thin cloud with a mass center at aB@&ikm and an aerosol load over Sofia
reaching 4.5 km (Fig.1. d). It is interesting tavwoent on the DREAM-model forecast for
the time of the measurement (Fig.1 f). Accordingthis forecast, a narrow plume of
Saharan dust would be raised, be directed towandspé and reach the northern parts of
the continent. The dust should spread over Bulgawastern parts, where Sofia is located.
For the period of the measurement we calculate HYBRir mass backward trajectories
(for 140 hrs duration) in the altitude range 1.Erb. We should note in advance here that
the analysis of the corresponding HYSPLIT maps akack that the movement of the air
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flows in the range 3-5 km and of those in the lowémosphere up to 2.7 km differ
substantially. The difference is in the fact tha @ir masses in the shown higher range
have moved over Sahara, as the ones in the lower gfahe atmosphere the air flows were
kept and moved in closer to Bulgaria regions. Besithat in accordance with the DREAM
forecast the atmosphere over the most part of treggens was not loaded with Saharan
dust. The described till now is illustrated withetilYSPLIT map in Fig.1le where we
include three backward trajectories, which are tiedat altitude 2.6 km, 3 km and 3.8 km.
The black-and-white image makes hard distinguistiegtrajectories in altitude, so we will
clarify it in more detail. The trajectory which g&gover the Atlantic ocean and moves over
Sahara shows the movement of the air masses whiaigdthe investigation were over the
lidar station on height 3.8 km. They transportednltdity and desert dust which most
probably have participated in the creation of thgistered cloud over the lidar station. The
movement of the which during the investigation ame3 km over Sofia is shown with the
trajectory which starts from Sahara. On the lowert @f HYSPLIT-map is visible that
these air flows were moving close over the SahathMediterranean surface. That led us
to the conclusion that the upper part (3-4.5 km}hef observed aerosol layer contains
substantial amount of Saharan dust. Totally oppasibur conclusion for the origin of the
aerosols in the atmosphere up to 2.7 km altitudebéfore mentioned the analysis of the
HYSPLIT trajectories showed that the lower air flowere moving close to or directly
above Earth surface in regions close to BulgarfddSHLIT map shows the trajectory at 2.6
km). That's why above all the low air streams weagrying anthropogenic aerosols and
ones emitted by the Earth surface. The describet mow we can summarize as follows.
On 3 October 2006 we have registered an aerosbldbthe atmosphere above Sofia which
extended up to 4.5 km height. In the region 3-4rbtke aerosols had Saharan origin while
at lower levels prevailed anthropogenic and groemdtted aerosols. The measurement
described here is interesting because we havetesgiisSaharan dust event in the autumn,
which is possible, but rare. However that incursionld be expected because the weather
in the beginning of October 2012 was unusually wdomthe season (at places with
temperatures above 0° The reason for those summer temperatures was tretrpon
of hot air masses from Africa in Europe. On theidaéthe lidar results we could conclude
that the air currents from South have transportetsiderable amount of aerosols from the
Sahara desert.

On Fig.2.(a-c) we show some more examples of ladeservation of low clouds,
situated on different height and with differentsification.
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Safia, 26 March 2009, wavelenth 1064 nm

Altitude ASL km

19.36 1951 20008 20018 2034 2043 2104 2119 2134 2149
Time LT, hh:mm

d

Fig.2. Lidar observations of low clouds: a), b), c) +imted atmospheric backscatter coefficient
profiles; d) - RCS-color map of the spatial distition of cloud field over Sofia on 26 March 2009.

Figure 3 presents the results of several measutesneérCirrus clouds, located

above 6 km.
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Fig.3. Lidar observations of high altitude Cirrus clouds.

We conventionally call the Cirrus clouds lidar dséel “thin, typical and thick”
depending on their geometric thickness (the diffeeebetween the cloud’s top and base).
The first group comprises high clouds with thiclsagp to 0.5 km, the second, with
thickness 1-2 km, and the third, more than 3 kmloldng our proper data set of Cirrus
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cloud observations from 2006 till now, we could maé rough estimate concerning
registration frequency of different types of hidtitade clouds, as follows. In most of the
lidar observations we have observed typical Cialasids with thickness 1-2 km situated
within the range of heights 9-13 km (Fig.3 a, b)e Wegistered thin clouds at various
heights (Fig.3 b, ¢, d) very rarely. Thick cloudsig(3 e, f) exist in the atmosphere
predominantly in the cold winter months. The baseé #p of the Cirrus clouds observed
cover a large altitude range (5-16 km) in the upgpmsosphere.

Figure.4 illustrates simultaneous lidar observatioh clouds situated in the large
altitude range (4-13 km). The measurement was pagd over the lidar station on 6 April
2009.

Sofia, & April 2003, wavelength 1064 nm

Alitude ASL km

19:23 19:48 20:08 20:28 20:48 2110
Time LTC, hh:mm

Fig.4. RCS-map of the cloud field stratification measuoeds April 2009.

In Fig.5 we present the results of several lidaasneements performed on no-
Saharan-dust-affected days. The retrieved lidafilesofrom the observations carried out
on 6 July 2006, 23 June 2011, and 16 September @8play we detected aerosol layers
extended to 3.5 km and 5.5 km heights.
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Fig.5. Retrieved atmospheric backscatter coefficientilg®Ehowing considerable aerosol loading
over Sofia on no-Saharan dust affected days.

DREAM forecasts (Fig.6) for the days of lidar maonibhg show an atmosphere
free of desert dust over Balkans.
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Fig.6. Forecast maps of Saharan dust load in the atmosptrevided by Barcelona Supercomputer
Center (BSC) for the days of lidar measurements duly 6 2006; b). 23 June 2011; c). 16
September 2011.

The HYSPLIT trajectories (Fig.7) for the particdanheasurements are calculated
for 40 hrs duration. Their heights are chosen atingrto the lidar profile delineations.

NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 06 Jul 06 Backward trajectories ending at 1200 UTC 23 Jun 11 Backward trajectories ending at 1200 UTC 16 Sep 11
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Source % at 42.65N 23.38 E

Meters AGL
Weters AGL
Meters AGL

Fig.7. Backward air mass trajectories, calculated usiN@PILIT model: a). 6 July 6 2006; b). 23
June 2011; c). 16 September 2011. They show tgenaaind the way of air mass three days before
arrival over the lidar site.

HYSPLIT trajectories reveal that shortly before dtsival above Sofia, the air
masses on altitude 1.5 km (Fig.7 a, b) and 4 krg.{Fc) were moving just above the
ground of the continental regions close to Bulgaridaus they were transporting
considerable amounts of continental and anthropgogeerosols, which are characteristic
for the low troposphere above more densely popdila&gions. It's worth notice the
trajectory on 5 km, calculated on 16 September Z&id.7 c). Its beginning is somewhere
above the Mediterranean and moves almost horidgrtaits end above Sofia. That gives a
reason to conclude that the air in the higher phthe registered layer (3-5 km) where we
registered strong backscattered signals was wigieni humidity and contained small
watered aerosol particles. All other trajectoriafcalated for the three measurement days
have beginning over the continent and HYSPLIT baakirrajectories show that the air
masses at their heights pass over continentalnsgithere atmosphere was not loaded with
Saharan dust. Therefore we conclude that in the dithe described measurements the air
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above Sofia up to height of 3.5 km and 5 km comtaisubstantial amount of anthropogenic
aerosol.

Conclusions

The results presented in this paper are derivemh frolong term remote sensing
monitoring of the atmosphere above Sofia performitd Nd:YAG lidar. The experimental
examples described here emphasize on the detasftidouds and aerosol layers because
aerosols, clouds and aerosol-cloud interactionsea@gnized as the key factors influencing
the Earth’s radiative budget and the ecologicakstd the environmental. The analysis of
our results from 2006 till now shows that cloudsildobe formed with widely differing
thicknesses (in the interval 0.5-5 km) and couldteat various heights (2-16 km) in the
troposphere up to the tropopause. Some experiniargate detection of clouds during
Saharan dust transport over the lidar station. Alsere we include results of lidar
observation of aerosol loading over our city up4td km heights on no-Saharan dust
affected days. As neither other source of aerosalsdust transport from Sahara over the
Balkans was forecasted for the days of lidar ingasibns, our conclusion was that the
anthropogenic aerosols of human activities andid¢raf town caused the observed aerosol
stratification.
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JIngapeH MOHNTOPHHT Ha 00J1all U 2ePO30JIHH CJI0EBe

A. llenesa

Pe3tome.  Aepozonure M oOiamMTe CHIHO BIMAAT BBPXY INIOOANHMS KIUMAT W
€KOJIOTUYHOTO CBCTOSIHHE Ha OKOJIHaTa cpefa. 1oBa 3aBHCH MPEAM BCHYKO OT
JOKaJM3alMATa UM, OT TEXHUTE TeOMeTpUYHM (mebenmnHa) W onTWuHH (pasceliBaHe,
NOTTbIIaHe) TapaMeTpd. B Ta3u paborta ommcBame pe3yiTaTd OT Jla3epeH MUCTAHIMOHCH
MOHHUTOPHHT Ha 00J1ay 1 aepo3oiHu cioeBe Hax Codus, KOUTO ca JacT oT 0azaTa-JAaHHU
OT CHCTEMaTH4HW H3CJeIBaHUs Ha armocdepara, u3Bbpmienn ot 2006 mo 2012-..
Uscnenpanusata ca HampaBeHn ¢ NA:YAG-aepososieH numap ¢ AB/DKHHH Ha BbIIHATA
532 nmu 1064 nm.JIunapsr e pasnosioxkeH B naboparopus ,JlazepHa soxauus” Ha
Wucturyra mo  enekTpoHuka, bamrapckara  Axagemus Ha  Haykure. Tyk
EKCIIEpUMEHTATHUTE JIAaHHM Ca TPEJICTAaBeHW KaTO W3YHCICHW BEPTUKAIHH NMPOQIIN Ha
KoeuIMeHTa Ha OOpaTHO pa3celiBaHe W LBETHH KapTH Ha BHCOYMHHO-BpEMEBaTa
EBOJIIOLMS HA PETUCTPUPAHUTE aepO30JIHHU IT0JIeTa B aTMocdepara. PesynraTure oT Hamure
JTUJapHA HaAOJIONEHUS MOKa3BaT, ye o0januTe MoraT Ja MMaT CHJIHO pasjiMvaBallud ce
nebenuun (B uHTepBana 0.5—5 KMm)u Morart na chlecTBYBaT HA PasMYHUA BHCOYMHH (2-
16 km) B TpomocdepaTa yak A0 Tpomomay3ata. Hskoum OT OpHMEpHTEe HIIOCTPHPAT
€/IHOBPEMECHHA PETUCTpalisi Ha O0Jalmd M aepo30JIHU CJOEBE, ChIAbPXKALIM Ipax oOT
nyctuHsaTa Caxapa. CpIo Taka B Ta3u paboOTa CME BKIIIOUWIM PE3YJTaTH OT JHIapeH
MOHHUTOPHHI Ha aHTPOIIOTCHHU aepo3oiiu BBB Bb3ayxa Hax Codwusa. Ilpum ananmsa Ha
CKCIICPUMEHTAJIHUTE AaHHH HHE CcMe wm3mon3Bamu mporHosure Ha HYSPLIT (HYbrid
Single-Particle Lagrangian Integrated Trajectoryf)REAM (Dust REgional Atmospheric
Model) mozenure 3a qHUTE Ha U3MEpPBaHWsITA, 3a Ja HATNPABUM H3BOAM 3a MPOM3XOpa Ha
perucTpupaHuTe aepo30JI BbB Bb3ayxa. ONMUcaHUTe U3MEPBAHUS ca YacT OT PeryJsipHUTE
u3cieaBaHus Ha atMocdepaTa, kouTo ce m3pbpiBar ¢ Nd:YAG-nuaapa B M3MbIHCHUE Ha
paboTHaTa rporpamMa Ha eBpoIeHCKHs acpo3oiieH u3cienosarencku npoet EARLINET.
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