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Abstract. In this work we present experimental results fraegular laser remote
investigations of tropospheric aerosols and clo@snputed vertical profiles of the
aerosol backscattered coefficient are included aralyzed. The temporal evolution
and the spatial distribution of the observed atrhesp layers are visualized by 2D-
colormaps in height-time coordinates. The measunésneere performed by a new
three-channel lidar developéd the Laser Radar Lab, Institute of ElectronicheT
light source in the lidar is a powerful Q-switchigdquency-doubled Nd:YAG laser
(output pulse power: 1 J at 1064 nm; 100 mJ atrB82pulse duration 15 ns FWHM,;
repetition rate 2 Hz). The backscattering radiafrom the atmosphere is collected by
means of a big Cassegrain-type telescope (35 cmeté, 200 cm focal length). The
wavelength spectral separator consists of two aérosannels and one Raman-
channel. A simple, fast, and efficient receivingtsyn is based on newly developed
high sensitivity photo-receiving modules with vecgpmpact design and reliable
operation. The acquisition system is provided wjplecialized software, well adapted
to different lidar tasks, allowing for performingrmofortable detection, conversion,
and processing of lidar data. The good parametesd the laser, telescope, photo-
receiving modules and software make it possiblaHerdeveloped lidar to be utilized
for carrying out fast and accurate long-range renadmospheric measurements with
high spatial and temporal resolution. The presergedits illustrate the abilities of the
lidar for monitoring of the aerosol fields and disuin the troposphere and low
stratosphere.
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I ntroduction

Aerosols are some of the key components of the sihvere. They are liquid or
solid particles suspended in the air, with typid@meters ranging over four orders of
magnitude, and appear in a variety of compositanr shapes depending on their origin. A
large fraction of aerosols is natural in origim;lirding desert and soil dust, wildfire smoke,
sea salt particles, and volcanic ash (dasial., 2006; Kahn, 2009; Karaski et al., 2007;
Miller et al., 1998). At present, the quantity aftlaropogenic aerosols increases with
alarming speed because of rapid growth of the ingustransport, processes of
urbanization, etc. In recent years a particulagrzdt has been given to the investigation of
properties of atmospheric aerosols. The particlecentration is believed to have
significant impacts on the radiation balance oftiaglimate, air quality, human health, etc.
Problems related to atmospheric dispersion of faoilis, aerosol size evolution and many
others require as detailed as possible informaiiothe properties of atmospheric aerosols.
Atmospheric particles are distributed very uneveanlgpace and change in time. Sources,
transport processes, chemical evolution, dependemcehumidity and role in cloud
processes are factors influencing these changesiturmeasurements technique, while
giving detailed information on aerosol compositisgize spectrum, shape and other
properties, do not allow investigate spatial antgeral structure of aerosol fields over
large range of scales. Remote sensing of aerospkpies by optical techniques (LIDAR -
L 1ght DetectionAnd Ranging) plays then very important role in physichracterization
of aerosols. Lidar retrieval of the particle optigaofiles providesopportunity to find
various aerosol parameters, starting from macrpgmntes like total extinction coefficient
and its distribution in space to micro-parametenaracterizing the particles, like their
constitution, radius, shape, size distribution etdar measurements are characterized with
high spatial resolution, unique spectral resolytiarpossibility to probe rapidly altering
parameters and constituents of the atmospherer tags®mte sensing of the atmosphere in
Bulgaria has 30-year history (Ferdinandov, 198%e Taser Radar Lab is the only one in
Bulgaria, providing expertise and apparatus foroagaishing lidar measurements and
analysis. Until year 2002, only two elastic-back&ring aerosol lidars were operating in
the laboratory, which are based on relatively lawlsp power lasers — a copper-bromide-
vapour laser (pulse energy about 0.07mJ, repetitibe 6kHz) and a frequency-doubled
Nd:YAG laser (pulse energy 15mJ at wavelength 532repetition rate 12Hz). The
investigations of the aerosol optical propertiescbpventional elastic-backscattering lidar
suffer from the well-known problem, that two physiguantities (aerosol extinction and
backscatter coefficients) must be determined fraty one measured lidar signal (Russel
F. B. etal., 1979; Klett V. D., 1981; Fernald R, A984; Sasano et al., 1985; Herbert et al.,
1985). This is possible to be done only if a pragesumption concerning both the relation
between the aerosol coefficients (so-called “liddio”) and an estimate of reference value
of the measured coefficient is made. Therefore, lither ratio is needed as an input
parameter. Because it is usually height- and aktgpe-dependent and can only roughly
be estimated for individual measurements this d@lywor for deriving the vertical aerosol
profiles is rather qualitative than quantitativeeon

The abovementioned disadvantages of the laser eesestsing with pure aerosol
lidar could be overcome if the monitoring, whichbiased on elastic laser light scattering
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(Rayleigh and Mie), is combined with simultaneousnitoring based on inelastic Raman
light scattering. The most efficient way to do sdy using combined Raman-aerosol lidar.
As a rule this type system uses one transmittecel@agth, but two received channels. One
channel detects the elastic-backscatter signal,other one - the inelastic Raman light
scattered by reference atmospheric molecules hasgngtant density. Nitrogen is chosen
for such a reference because its concentratiomeirir is high and constant. In addition, the
density distribution and scattering cross-sectibnitmogen molecules are very well know.
The possibility to retrieve the aerosol optical fijes directly from Raman lidar data is
owing to the fact that the intensity of the RamaatKkscattered signal depends on the
aerosol extinction coefficient, but not on the tsEttered one. Laser remote sensing by
means of simultaneous detection of elastic anchstiel backscattered signals is a modern
approach for investigation of aerosol fields in #tenosphere (Ansmann et al., 1992a,b;
Michael et al., 1995; Hans et al, 1997; Rizi, 2000)

The development of a powerful combined Raman-aértidar is a strongly
motivating goal because various quantitative irigasibns of the atmosphere could be
implemented using such a lidar system. One of thsttopical among them is the possible
accomplishment of complex ecological monitoringté atmosphere. The pollution air
over the city of Sofia becomes a serious ecologicablem, provoked by considerable
decrease of lawns and green zones, the accelergtowgth of the population and the
number of cars. An evident need for a program émgierm ecological measurements
arises, requiring corresponding specialized apparatd analytical methods.

Principle of the laser remote sensing method. Description of the
developed Raman-aerosol lidar

Each lidar system is characterized with specifisigie solutions, specialized
apparatus, and parameters, in dependence on thesedr applications (Measures, 1984).
Nevertheless, all lidars have some common desigh fanctional features. Lidars are
complex multipart systems with three basic funaimubsystems — transmitting, receiving,
and acquisition. Principle of laser remote sensingd a typical generalized arrangement of
a lidar are presented in Fig. 1.

The transmitting block consists of a laser and ptical system. The laser pulse
passing trough the optical elements is sent tathmsphere. During its propagation trough
the air, laser photons interact with molecules aedosol particles by different elastic
(without wavelength changes - Rayleigh and Mie teciaig by molecules and aerosols
respectively) or non-elastic (with wavelength chesng Raman scattering etc.) processes.
As a result the laser radiation is scattered iarmlom way in all directions. A small part is
directed back to the lidar. This backscatteredrlesdiation represents the lidar signal (lidar
return; echo signal).

The receiving block comprises of a telescope, aelesngth analyzer, and photo-
detectors. The backscattered photons are receivtielielescope. Their spectrum contains
many wavelengths as a result of the interactiorcgsses mentioned above. In the optical
analyzer, the wavelengths of interest are separaibedsteered to corresponding photo-
detectors, while the others are maximally supprks3$de wavelength analyzer can be

28 Bulgarian Geophysical Journal, 2010, Vol. 36



A.Deleva, A. Slesar, S. Denisov:linvestigationthefaerosol fields and clouds....

single- or multi-channel one, depending on measargrpurposes. It usually comprises
specific combinations of beam splitters, dichroitcrars, narrowband interference filters,

edge filters, neutral densities, etc.. In photaedalrs, the selected optical signals are
transformed to electrical ones and amplified. Fentithey are converted to a digital form,

saved and stored by the acquisition system. The ipait of the latter is a high-speed

computer in which the stored lidar data are pramdsy means of specialized software
corresponding to the investigation.

Transmitting Block . A
Laser Radiation = 2

‘ Laser |—>‘ Colimator ~ E
«  Scattering -
« Medium >

Receiving Block Backscattering ve .’3

Spectrum || Receiving radiation Cg oY

Analyzer Telescope
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Photo-Detectors
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._. / Block

Fig. 1. Principle of the laser remote sensing.

Along with the laser beam propagation in the illoated atmospheric volume, the
light intensity decreases due to processes of ptignrand scattering. This change depends
on various parameters, dynamic conditions, and oaitipns of the transitory zone. Thus,
the lidar signals detected over the whole accessdnige (lidar profile) contain complex
information concerning the state and compositiothefprobing atmospheric volume. This
information can be revealed by solving the corresirg lidar equation, which represents
the intensity of received echo signal as a functibthe lidar technical parameters and the
optical properties of the sounding medium.

The optical arrangement of the developed Ramarsaklidar is shown in Fig. 2.
The light source of the lidar is a powerful freqogmloubled Nd:YAG laser (pulse energy:
1J at 1064 nm, 100 mJ at 532 nm; pulse duratidmslFWHM; repetition rate: 2 Hz)
provided with a single-pass optical amplifier. Thaar transmitter is equipped with a
prism-based auxiliary optics in order to direct theput laser beam to the atmosphere and
to adjust it precisely in order to achieve a gowdrtap between the beam and the receiving
telescope field of view. The lidar is mounted orradust metal coaxial construction
allowing reliable fixing and precise synchronizedtoal rotation of both the telescope and
output beam, without disturbing the beam alignmdmaser light backscattered by
atmospheric molecules and aerosols is received Ggssegrain-type telescope (aperture:
35 cm; focal distance: 200 cm). The light is foausato 8 mm-diameter diaphragm and re-
collimated to 10 mm diameter. The wavelength sépaconsists of three selective spectral
channels: two aerosol channels for elastic bacteseat signals at the laser wavelengths
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(1064nm and 532nm) and one Raman channel for tielzeckscattered signals at 607nm -
the Raman shift wavelength of nitrogen moleculeth wéspect to the one of the sounding
laser radiation at 532nm. All the three channeks fmarmed by means of narrowband
interference filters, band-pass filters, neutraingiiies, and photo-receiving modules
(PRM;, PRM,, PRM;). Each module consists of a photo-receiving deteein amplifier, a
high voltage power supply, a 14-bit 100 MHz ADC,dabSB-interface for computer
connection. Distinguishing features of the photoeireing modules are high sensitivity,
high amplification factor, low noise level, low pewconsumption, small dimensions and
weight. They differ only in photo-detectors usessuiting from the substantial differences
in wavelength and power of the received signals.

Telescope

Backscattering

Laser
Radiation

Wavelenght
Separator

PRM, O
1064nm PRM
607n1m
PRM,

532nm

Fig. 2. Raman-aerosol lidar optical arrangement.

The most intense signals at 1064 nm are detectedC®§956E-TC-model
avalanche photodiode. The module for detection @fienate-intensive signals at 532 nm is
based on a FEU-84 photomultiplier operated in alagamode. The module for detection
of very weak Raman signals comprises a FEU-140qphaitiplier operating in a photon-
counting mode. A drawback of this photomultiplier the considerable decrease of its
sensitivity behind 590 nm, limiting by this manrthie reachable distances for reliably-
detected Raman signals at 607 nm to several humdegers. That is why the long-distance
aerosol measurements are carried out at the twgAN8l:laser wavelengths and, at present,
the vertical profile of the aerosol backscatterfficient is retrieved by Fernald-method
(Fernald, 1984). The atmospheric sounding is chrdat at a slope angle of 32° with
respect to the horizon, as determined by the tidsposition.

Data acquisition software is aimed at lidar datséailiing and processing with
minimum man participation. It contains two main gmrams and several auxiliary ones. The
first main program is designed for real-time colitng of the lidar system during
measurements, reading information from the photeiving modules, displaying lidar
profiles at each laser pulse or after average, sawihg data. The second main program
provides input of lidar measurement data, pre-meee of raw data, writes received results
into a database, derivesrtical profile of the aerosol backscatter coédfit and determines
the error in the estimates.
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Deriving of aerosol extinction and backscatter profilesfrom elastic-
backscattered lidar signals

The simplest form of the lidar equation is valid foono-static single-wavelength
lidar, quasi-monochromatic emission of the lasestantaneous scattering of the photons,
and negligible multiple scattering. The echo-sigil,,z) elastic-scattered in the
atmospheric layer located at altiturand received at times given by:

PO 2)= RO Q) 22180y 3+ el HeXP-2[ (0,10 )+ oA )] G} 1)

where: Po(Ao) is the transmitted laser power at titgeq is the laser wavelength;
z=[c(t-to)/2]; C(Ao)=nAct/2 is the range independent system constant, whigardks on the
efficiency n of the lidar detector for the laser wavelengtle thceiving telescope arda
and the pulse width; c is the velocity of light;O(z) is the overlap function between the
laser beam and the field of view of the telesc@y€(zx1 - the overlap function is unity if
the transmitted laser beam is fully within the diedf view of the telescop&Bsedo,2),
Braf(A0,:Z) and @aeA0,2), arafAo,z) are the volume backscatter and extinction coefitsie
for aerosols and molecules; respectively.

Optical properties of the atmosphere in lidar eiquafl) are presented by the four
profiles: two, @,e(Ao,2) and LaeAo,2), characterize the light scattering on aerosolse(Mi
scattering) and twografAo,z) and SBraf4o,z), described the light scattering on gaseous
component (Rayleigh scattering). For atmospheridemudes relation betweetizay(Ao,z)
and fraflo,z) along the sounding path is constamgy= OrafA0,Z)|BrayfA0,2)=81/3),
because there is no stratification of scatteringcfion of air molecules in the atmosphere.
This relation is known as a lidar ratio. For aetesbe lidar ratidRye= Qael(A0,2)/BaedA0,2) iS
wavelength and height dependent because of stedidn of its scattering function (size,
refractive index, density distribution etc.).

The molecular part of the equation (1) can be tstizally determined from the
Rayleigh scattering law and knowledge of the atrhesp temperature and pressure
profiles over the observation site. Assuming thetesy calibration facto€(Ao) is know and
O(z)F1 only the aerosol terms remain as unknowns wbile signal £(Ao,z)) has been
measured at each height This clearly presents a mathematically unsolvgirieblem
unless certain assumptions are included in thaisolprocedure. Up to now, this problem
has been solved with great simplification. Vari@atution methods have been developed
over the years to overcome the under-determinatidhe elastic-scattering lidar equation
(). To solve it for one wavelength in the simplease of no absorption, it is necessary to
known the lidar ratioR,,. This is the most important problem since thistieh is not
known a priory, as it is in the case of air molecules. Mean vafi®,, for investigated
layer have been estimated and a lidar equation besn solved usually under the
assumption thaR,e, is constant along the sounding path. The detetiomaf Sse(Ao,2) (Or
(aedA0,2) from (1) requires the additional assumptions of anknown constant
(Po(10)C(Ag)), representing the height independent system paeas) and of so called
calibration (reference) valug,e(10,2%) (Or @selA0,2)) Which prescribed the aerosol
backscatter (extinction) in a certain heightThe distance, is chosen in the far end of the
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sounding path whetBkay(io.0)>> Bredho o), SO thatlrayio,z0)+ Bueilo,20)~Brafiio%). These
clear air conditions normally prevail in the upp@posphere. Calibration in heightgives
the system constaRy(Ao)C(Ag). Under these assumptions, the equation (153fg¢0,2) (or
Qqe(A0,2)) can be solved following Klett (1981), Fernald 849, Sasano et al. (1985). Let
X(z)=P(z)Z be the lidar signal corrected for range square.dfoneights whereg>z, the
solutions of equation (1) in terms of the aerostinetion and backscatter coefficients can
be presented as follows:

RXPEAR,~ R af) d] @

2D R [ X0er 2R, R, a)d ]
aaer(zo)+gyapay(%)

__Re
aaer(z)_—_a 3+
R, ra

X(2eXpE2(R, - Ry Bugll) €]
AeeE 2R~ o) 3)

Be(D ==Braf 9+
ﬂaer (ZO) + BRay( Z))

The molecular part in the upper expressions candétermined from actual
radiosonde data of temperature and pressure, ifable or from a standard atmosphere
model fitted to measured ground-level temperatace@essure. The numerical application
of (2) and (3) has been discussed in the literaageKlett-Fernald algorithm. Aerosol
extinction and backscatter profiles derived frora tastic-backscatter signals by using
these well-known and widely applied methods candrg erroneous due to large errors in
the input parameters, especially in the lidar rastimates (Russel, 1979; Sasano, 1985;
Herbert, 1985; Eugene, 1989).

X(2)  _op [ X()expE 2R, = Ry )| Brof ) 10t
7 £

Deriving of aerosol extinction and backscatter profilesfrom inelastic
Raman-backscattered lidar signals

The Raman lidar technique is used to make profé@asarements of atmospheric
aerosols (Goldsmith et al., 1998] Ferrare et aB8)9This method requires rep priori
information concerning the relationship between tagrosol optical coefficients. The
advantage of this type investigation is that theeieed echo-signal is sensitive only to the
particle attenuation properties and therefore almerenits the determination of the aerosol
extinction coefficient. With the combined Ramanesal lidar profiles of aerosol extinction
and backscatter coefficients can be derived witth ccuracy. In addition, from these
measurement data it is possible to retrieve theahgirofile of the lidar ratio. This is
important because the lidar ratio reveals seveiataphysical properties of aerosol and
cloud layers (size, shape etc.).

Raman scattering is an inelastic pure moleculattextiag with a shift of the
emitted laser wavelengthy to the scattered wavelengty,,, which depends only on the
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scattering molecule. Detecting the Raman scatteoin@ gas with known atmospheric
density like nitrogen or oxygen, the backscattesfiicient in the Raman lidar equation is
known and only the aerosol extinction and its wamgth dependence remain as unknowns.
Therefore the Raman equation is distinctly différeeom that for elastic-scattering returns
(2). The basic lidar equation for the nitrogen Raraaho-signal is:

P(A, 2= P(4) Q/‘o,/‘N)%/J’N(/‘Ny DEXPE[ [0,ols )+ oo 1 0 A WSV A (EVBEY (4)

where: P(in,2) is the power of the received Raman lidar signalmfralistancez;
B (A .2) = NN(Z)M is the nitrogen backscatter coefficie; (2) and 99: () are
dQ d

the molecule number density in the atmospherethadifferential backscattering cross-
section for the nitrogen, respectivelj corresponding to the Raman-shift wavelength of
nitrogen molecules with respect to the one of thending laser radiatiodo; amoi(40,2),
OmolliAn,Z) and aaed10,2), cae(An,Z) are the molecular and aerosol extinction coeffitsefor
the laser wavelength and the Raman wavelengthecgsply.

In equation (4), quantities independent on the eéangre the laser output power
P(Ao), system characterizing coefficient(AgAy), and differential backscattering cross-
section of the nitrogen. Several attempts have Ipegte to determine the particle optical
coefficients directly from the measured Raman esigoals (Melfi, 1972; Mitev et al.,
1990; Ansman et al., 1990; Ansman et al., 1992)aThe data evaluation starts with the
derivation of the aerosol extinction profile frotnet nitrogen Raman lidar profile. After
taking logarithm of both sides of (4) and diffefiating it with respect ok for ranges
satisfying the conditio®(z)=1 one can obtain

d . N2
@R, 92

amol(/‘O’Z)-i-aaer(/]O’ Z)+amol(/] N? z)+aaer(/] N 3:

(5)

In lidar practice, the so-called “angstrom lamgs(4) = A" is adopted for defining
the dependence of the aerosol extinction coefficm the wavelength, whenme=1 is
assumed for small aerosol particles and water dtephe dimensions of which are of the
same order of magnitude as the laser wavelengthnafidfor larger particles and ice
crystals. According to that law, the following egpsion can be written

o 2)+ 001 D= o, 0 2 ®)

N

From (5) and (6), having absorption neglected,Rlaman lidar equation (4) can
be solved for the wanted aerosol extinction coifficat the emitted laser wavelength

E(m NN(Z)

dz° R, 22

) - amol (/]0’ Z) - amol(/] N? Z)

a,, (A, 2)= 7
1+ (o v

N
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Again the molecular extinction is well known fromayeig-scattering low and
standard atmospheric density profiles.

The combined Ramaaerosol lidar allows the measurement of reliableos
backscatter profile. The particle backscatter coieffit S..(lo, Z) can be determined by
using both elastically and non-elastically backsrasignals. Two measured power pairs
P(o,2z) and P(ly,z) at heightz and at a reference height are needed. From two lidar
equations (1) for the elastic-backscatter sigraf&,z) and P(1,,%2) and two Raman
equations (4) foP(in,z) andP(in, %), the determination of aerosol backscatter propeit
derived from the ratio

P4y, 2Py, %) (8)
P(Ay, 2,)P(Ay, 2

The solution foiB.e(z) is obtained by inserting the respective lidar ¢igua in (8)
and rearranging the resulting equation

P4, 2 Ay, 2) N (2

ﬁaer(/]O’ Z) = _ﬂmOI(AO’ Z)+ [ﬂaer(AO’ Z)) +l[;m0|(/]0’ %)] P(/] Zo) F{/] 3 I\L( g)

xXP- [ [0 (A, ) + 0 (A, )1
Z

X

9)

XP{= [ [0 (Ao, €) + (Ao, €)1}
z

Here, the only input parameter is the particle Baaker coefficienfB,.(z) at a
specific distancet, where fBno(40,20)>> Saed2020) @Nd Bnol(h0:20)+ Laed0,:20)~BmollA0:20) s
previously mentioned. Molecular extinction and suektering profiles are calculated from
radiosonde data or from a standard atmosphere mbBaellly, the height profile of the
lidar ratio R,y can be obtained from profiles af,e(40,2) and Bae0,2) Therefore,
simultaneous detection of elastic and inelastickbeattered signals with a combined
Raman-aerosol lidar allows independent quantitatheasurements of both the aerosol
extinction and backscatter profiles and the actwafile of the aerosol lidar ratio without
necessity to assume any relation between the tkoawn particle optical coefficients.

Experimental results

During the last decade many studies have been cteutlin the world in order to
understand and characterize aerosol propertiestaildThe largest active aerosol research
project in Europe is EARLINET-ASOS (European Aelostesearch Lidar Network:
Advanced Sustainable Observation System). The géh of the project is to establish a
comprehensive statistically representative datao$ehe aerosol field distribution over
Europe. The described Raman-aerosol lidar is iraratpd in this network (Grigorov et al.,
2007). Presented results are derived from reguasorements from 2006 to 2009. Lidar
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data are obtained after sunset, under low backgroanditions.

The troposphere is the lowest and thickest portibrEarth’s atmosphere. Its
average depth is approximately 9 km at the polesttockness 16 km in equatorial regions.
At the top of the troposphere the temperature eanlr -75° at the equator and -45° near the
poles. The lowest part of the troposphere above Bheh's surface is the planetary
boundary layer. The border between the troposplasm@ stratosphere is called the
tropopause. The troposphere contains more thancf@be atmosphere’s mass and 99% of
its water vapor and aerosols. The components ancepses in the troposphere influence
directly on the Earth’s life. The good parametefsttee developed lidar allow obtain
continuous coverage of the atmosphere from thengrdo about 16 km of altitude with a
15 m spatial resolution.

In Fig. 3 vertical profiles of the backscatter dméént are presented, obtained
during the monitoring reaching altitudes up to I#.Krhe observed high-dense layers
situated in the altitude range from 6 km to thetmause top most probably are cirrus
clouds. Cirrus clouds are form in the upper lewdghe troposphere and are composed
primarily of ice crystals, reflecting the extremeld at this height. These high-altitude
clouds have been identified as one important reégulzf the radiance balance of the earth-
atmosphere system, for they can result in a warming cooling effect according to their
characteristics. Laser remote observation of cirimisimportant lidar application to
characterize the properties of this type clouds asgkss their influence on weather and
climate.
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Fig. 3. Cirrus layers situated in the altitude range 6«i¥
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Aerosols are originally released at the surfaca asnsequence of anthropogenic
activities, biomass burning, soil mobilization, .€tthey are vertically transported into free
troposphere where involve in interactions with laititude clouds. Later on aerosols may
be transported downwards back into planetary bayntieyer and contribute to surface
pollution levels at distant places. The continutamporal coverage that lidars offer allows
the dynamic of an aerosol fields to be monitored analyzed. If considerable amounts of
aerosols are present in the air, they serve asarsafor observation and analysis of
atmospheric temporal phenomena. For example, in4~the 2D-colormap in height-time
coordinates shows the temporal dynamics of thdcatratmospheric processes, observed
on 26 March 2009. Twelve consecutive measuremeatsaried out in 1-hour time period
with integral time 5 min (accumulation of data W06&different profiles, received by every
laser impulse). The intensive vertical changedefaerosol layer during measurements are
illustrated also with two calculated profiles.
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Fig. 4. Temporal dynamics of an aerosol field situatethaaltitude range 5-12 km, 26 March 2009.
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Fig. 5 illustrates lidar detection of the differemrosol layers situated from the
planetary boundary layer to about 8 km of altitude.
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Fig. 7. Aerosol layers situated from the ground to 8 Kraltitude.

Summarizing, we describe the optical arrangementhefdeveloped combined
Raman-aerosol lidar and present some results ofather remote investigations of the
atmosphere, carried out in the period 2006-2009oRed results demonstrate the abilities
of the lidar for conducting reliable measurememisvarious atmospheric phenomena and
processes in a wide range of altitudes in the sppere and lower stratosphere.
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H3cneaBaHusi Ha aepo30JIHU TojeTa M odsanu B Tpomocepara ¢ PamaH-aepo3sou
Juaap

A. Jlenesa, A. Cnecap, C. Jleancon

Pe3rome. B Tasu pabora mpeacraBsMe EKCIEPHUMEHTAJIHH pe3yiTaTH OT PperyJsspHU
JIa3epHU JIOKAIIMOHHH HM3CIEBAHUS HA aepo3oiu M o0jauu B Tpomocdepara. V3uucneHu
BEPTUKAITHH MPOPUIA HA aepO30JIHUS Koe(DUIIMEHT Ha 00paTHO pa3ceiBaHe ca MPUIIOKEHHU
U aHaNM3upaHu. BpemeBara €BONIONMS W IPOCTPAHCTBEHOTO pas3lpelelieHue Ha
HaOmofaBaHuTe arMochepHH CloeBe ca Bu3yalm3upaHu ¢ 2D-nBeTHa Kapra.
W3mepBaHusiTa ca M3BBPIICHH C HOB TpU-KAHAJIEH JHMAap, pa3paboreH B saboparopus
“Jlazepna nokanws’, MHCTUTYT MO €JEKTPOHWKA. VI3TOUHWUKBT Ha CBETIMHA B JUAapa €
morned Q-momyimpan jazep Ha Nd:YAG xpucran (u3xomHa umiryicHa eneprus: 1 JHa
IbokrHa Ha Bbarata 1064 nm; 100 mdia 532 nm; monymupuHa Ha mmmysica 15 ns;
yectota Ha remepamms 2 Hz). I'omsm Kacarpen-teneckon (35 cm muamersp, 200 cm
(OKYyCHO pa3cTosHHe) ChOMpa OOpaTHO pa3CesHOTO JIBYEHHE OT arMmocdepara.
CrnextpaiaHusaT OJOK 3a pa3lielisiHe Ha NPUETUTE NBDKUHM Ha BBJIHATA C€ ChCTOM OT JIBa
aepo3oyiHM KaHanma W enuH PamaHoB kaHan. EdexTnBHaTa Obp3a mpueMHa cucTeMa e
paspaboTeHa Ha 0a3aTa Ha HOBU BHCOKO YYBCTBHTEITHH (OTO-TIPUEMHH MOIYIH, KOUTO
UMAaT KOMIIaKTHa KOHCTPYKIMS W HalexaHa pabora. Cucremara 3a perucrpanus e
obe3redeHa ChC CreraIn3upan copryep, KOWTO € afanTUpaH 3a pellaBaHe Ha Pa3IuyHU
nuaapHA 3agaud. Toil MO3BOJNsIBA JIECHO Ja CE 3alicBaT, KOHBEpPTHUpAT W oOpaboTBaT
nuaapHuTe qanHu. JloOpuTe napamerpu Ha Jiazepa, Tejieckona, GOTo-MPUEMHHUTE MOIYIIN U
codTyepa maBaT BB3MOXKHOCT C pa3pabOTeHUus jumap Obp30 W TOYHO N1a C€ W3BBPIIBAT
JUCTaHIMOHHA HW3MEpBaHMS Ha arMmocdepara Ha TOJIEMH pa3CTOSIHUSL U C BHCOKA
NPOCTPAaHCTBEHA M BpeMeBa pasjenuTesnHa cnocobHoct. IlpeactaBeHuTe pesynratu
WIIIOCTPHUPAT BH3MOKHOCTHTE Ha JIMapa 32 MOHUTOPUHT Ha aepO30JIHH T0JIeTa U 00JIaly B
Tporocdepara U HIUCKaTa cTparocdepa.
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