Atmos. Meas. Tech. Discuss., 6, 5923-5957, 2013 Atmospheric ¢
www.atmos-meas-tech-discuss.net/6/5923/2013/ Measurement >
doi:10.5194/amtd-6-5923-2013 3

; ]
© Author(s) 2013. CC Attribution 3.0 License. M @

Discussions

Assessment of aerosol’s mass
concentrations from measured linear
particle depolarization ratio (vertically
resolved) and simulations

A. Nemuc, J. Vasilescu, C. Talianu, L. Belegante, and D. Nicolae
National Institute of R & D for Optoelectronics, Magurele, lifov, Romania

Received: 30 April 2013 — Accepted: 17 June 2013 — Published: 27 June 2013
Correspondence to: D. Nicolae (nnicol@inoe.ro)

Published by Copernicus Publications on behalf of the European Geosciences Union.

5923

AMTD
6, 5923-5957, 2013

Assessment of
aerosol’s mass
concentrations

A. Nemuc et al.

L

Title Page
Abstract Introduction
Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Il



http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/6/5923/2013/amtd-6-5923-2013-print.pdf
http://www.atmos-meas-tech-discuss.net/6/5923/2013/amtd-6-5923-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

Abstract

Multiwavelength depolarization Raman lidar measurements from Magurele, Romania
are used in this study along with simulated mass-extinction efficiencies to calculate
the mass concentrations profiles of different atmospheric components, due to their dif-
ferent depolarization contribution to the 532 nm backscatter coefficient. Linear particle
depolarization ratio (6pa") was computed using the relative amplification factor and
the system-dependent molecular depolarization. The low depolarizing component was
considered as urban/smoke, with a mean 6P2" of 3%, while for the high depolarizing
component (mineral dust) a mean 6°" of 35 % was assumed.

For this study 11 months of lidar measurements were analyzed. Two study cases are
presented in details: one for a typical Saharan dust aerosol intrusion, 10 June 2012 and
one for 12 July 2012 when a lofted layer consisting of biomass burning smoke extended
from 3 to 4.5 km height.

Optical Properties of Aerosols and Clouds software package (OPAC) classification
and conversion factors were used to calculate mass concentrations. We found that cal-
ibrated depolarization measurements are critical to distinguish between smoke-reach
aerosol during the winter and dust-reach aerosol during the summer, as well as be-
tween elevated aerosol layers having different origins. Good agreement was found
between lidar retrievals and DREAM- Dust REgional Atmospheric Model forecasts
in cases of Saharan dust. Our method was also compared against LIRIC (The Li-
dar/Radiometer Inversion Code) and very small differences were observed.

1 Introduction

In recent years, there has been a substantial increase in studying the influence of
aerosols on the climate through both direct and indirect radiative effects. The major
natural aerosol components are sea salt, dust, natural sulphates, volcanic aerosols,
and those generated by natural forest fires. Aerosols can have an infinite variety of
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shapes, composition, sizes and other properties that influence their optical character-
istics and thus the radiative impact (Satheesh et al., 2005).

Lidar is a laser-based instrument which provides real-time measurements of the at-
mospheric features such as clouds, wind, ozone but also aerosol layers. The principle
is based on the detection of the emerging light which results from the interactions of
the laser beam with the atmospheric components. The backscattered light contains
information on the properties of the atmospheric components. Methods to retrieve the
optical properties of aerosols from elastic backscatter, Raman and multiwavelength li-
dars are largely described in the literature (Fernald et al., 1972; Klett, 1981; Kovalev
and Eichinger, 2004)

An important advance in the remote sensing of aerosols is the development of
continental-scale lidar networks, which provide quality assured optical profiles on a
large temporal and spatial scale. EARLINET, the European Aerosol Research Lidar
Network (Pappalardo et al., 2013) data are relevant for climatology, but also for special
events: Saharan dust outbreaks, forest-fire smoke plumes transported over large areas,
photochemical smog and volcano eruptions (e.g. Papayannis et al., 2008; Amiridis et
al.,, 2009, 2011; Ansmann et al., 2009). The multi-wavelength Raman lidar systems
equipped with depolarization channel (the so called 3 + 2 + § lidar systems) are nowa-
days the most advanced systems providing extended datasest of aerosol optical pa-
rameters for aerosol characterization (Mona et al., 2012), using complex retrieval algo-
rithms (Chaikovski et al., 2004; Pappalardo et al., 2004; Mamouri et al., 2012).

Many studies in the recent literature have been especially dedicated to the volcanic
eruptions (e.g. Hervo et al., 2012; Hogan et al., 2013). Gasteiger et al. (2011), show-
ing that the consideration of the non-sphericity of the ash particles is necessary be-
cause the relevant optical properties are shape-dependent, particularly in case of lidar
measurements. Moreover, particle volume tends to extinct more light with increasing
non-sphericity. Thus, the assumption of spherical particles in a retrieval would lead to
an overestimation of the volume and the mass of ash particles, or other kind of non-
spherical particles. Several techniques have also been developed to separate the fine
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(biomass burning smoke, urban haze) and coarse (sea salt, desert dust) aerosol pro-
files (Tesche et al., 2009a,b and references within), with the scope of retrieving the
mass concentration. Some of these methods also separate the coarse mode in coarse
spherical and coarse non-spherical particles.

The Lidar/Radiometer Inversion Code (LIRIC) combines the multiwavelength lidar
technique with sun-sky photometry and retrieves vertical profiles of particle optical and
microphysical properties, along with mass concentrations, separately for fine-mode and
coarse-mode particles. Based on the assumption that non-spherical particles have a
spheroidal shape, LIRIC uses photometer-derived volume-specific backscatter and ex-
tinction coefficients for spherical as well as non-spherical particles for both fine and
coarse modes (Wagner et al., 2013).

The depolarization products (Sassen, 2005; Ansmann et al., 2012) obtained from
lidar proved to distinguish between spherical (low depolarization ratios) and non-
spherical particles (high depolarization ratios). Veselovskii et al. (2010) used a modified
data inversion algorithm (Veselovskii et al., 2002) for the retrieval of dust microphysical
parameters from a set of lidar optical data (backscatter coefficients at 3 wavelengths,
extinction coefficients at 2 wavelengths) including the depolarization ratio at one wave-
length. The data set described a mixed Saharan dust/continental haze plume observed
over Southwest Germany in summer 2007 and showed the utility of depolarization ratio
in the retrievals. Heese and Wiegner (2008) showed the importance of linear particle
depolarization ratio (6°*") measurements for discriminating between dust (6°*" about
25 %) and biomass burning aerosols (6°*" below 10 %).

Several studies (e.g. Shin et al., 2013; Ansmann et al., 2003; Freudenthaler et al.,
2009; Sassen, 2007) presented results related to a single-type of aerosol, i.e. mineral
dust. Nevertheless, the atmosphere is generally composed of a mixture of different
aerosol types, having completely different scattering and absorption properties (Gobbi,
1998). Sugimoto et al. (2006) developed a simple two-component theory considering
two types of aerosol (dust and spherical aerosols) and applied to the observed data.
Ansmann et al. (2012) presented an extended review of recent measurements of mass
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extinction efficiencies (defined as the ratio of aerosol mass concentration to extinc-

tion coefficient) for Saharan and volcanic dust. Such specific extinction coefficients are AMTD
rqulred to convert measured particle optical properties into mass concentration infor- 6. 50235957, 2013
mation.

Tesche et al. (2009a) used the 532 nm particle depolarization ratio to quantitatively
separate dust and non-dust contributions to the 532 nm backscatter coefficient. They Assessment of
used as inputs the measured aerosol backscatter coefficient and linear particle depo- aerosol’s mass
larization, as well as assumed mean values of linear particle depolarization for the pure concentrations

dust and pure smoke. Their method can be applied for any mixture of low and high-

depolarizing aerosols, with a priori knowledge of the mean optical characteristics of e NI i

the two assumed aerosol components. The method requires high accuracy input data
(i.e. calibrated backscatter and depolarization), as well as complementary information
on the type of components.

Our approach is similar but further we used modelled data (mass extinction efficien- Abstract
cies from OPAC) to calculate mass concentration profiles. The principle is presented
in Sect. 2 along with the instrument. Mass concentration profiles for two cases (long-
range transported Saharan dust and Biomass Burning Aerosol) are presented and dis- Tables
cussed in Sect. 3. Typical profiles for cold and hot season are also shown. Discussions
and conclusions are at the end of the paper.
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emitting at 1064, 532 and 355 nm, with a total 330 mJ/9 ns laser pulse. The 400 mm
diamete /4047 mm focal length Cassegrain telescope collects the backscattered light
and distributes it to the optical chain. The dynamic range is limited in the lower part by
the overlap of the laser beam and the field of view of the telescope, but in the same
time is limited in the higher part by the level of the signal-to-noise ratio. The size of
the primary optics (in this case the diameter of the main mirror of the telescope) is an
important factor in determining the effectiveness of a lidar system, which decreases
with range. A larger primary optics collect a larger fraction of the scattered light and
thus increase the signal measured by the lidar, but increase also the background radi-
ation and thus the noise. To minimize the noise, the laser beam has a low divergence
1.085mrad @ 1064nm, 1.124mrad @ 532nm, 1.57 mrad @ 355nm), and the tele-
scope’s field of view is optimized at 1.7 mrad. This is a good compromise in order to
obtain a proper dynamic range, which includes the higher layers of the PBL (> 0.8 km)
and the whole troposphere (< 15 km).

After collection by the primary optics, the light is processed before it is directed to
the detector system. This processing is based on wavelength, polarization and range,
in order to produce a record of the measured intensity as a function of altitude, on
various channels. The system has 12 channels (Fig. 1), recording the backscattered
light at 1064, 532p (parallel polarized), 532 s (cross polarized), 355, 607, 387 and
408 nm, using analog and photon counting detection for almost all channels (except
1064 nm — only analog, and 408 nm — only photon counting).

Light is converted into an electrical current pulse by the photodetectors and recorded
either as counts (photon counting), either as average current (analog). The most appro-
priate method for recording depends on the rate at which the photodetector produces
output pulses, which is proportional to the intensity of the incident light. At high rates,
photon counting detection is not recommended because the recorder is overwhelmed
and cannot distinguish between simultaneous photons, thus underestimating the re-
ceived signal. At low rates, the signal-to-noise ratio decreases significantly, thus the
analog detection becomes ineffective. For our system, the received signal is recorded
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by a transient recorder Licel TR-40, which has the advantage to combine the analog
part of the acquisition and photon counting part. It is comprised of a fast transient dig-
itizer with on board signal averaging, a discriminator for single photon detection and
a multichannel scaler combined with preamplifiers for both systems. In analog detec-
tion the signal is amplified according to the input range selected and digitized by a
12-Bit-20/40 MHz A/D converter.

At the same time, the signal part in the high frequency domain is amplified and a
250 MHz fast discriminator detects single photon events above the selected threshold
voltage. 64 different discriminator levels and two different settings of the preamplifier
can be selected by using the acquisition software. The photon counting signal is written
to a 16 Bit wide summation RAM which allows averaging of up to 4094 acquisition
cycles.

The signal inversion implies the use of the combined Raman-Mie procedure (Ans-
mann et al., 1992) in order to retrieve the aerosols optical parameters. Even though
the backscatter and extinction coefficients profiles can be derived relatively without as-
sumptions for Raman lidars (Pappalardo et al., 2004; Béckmann et al., 2005, 2012;
Mamouri et al., 2012), the linear particle depolarization ratio depends on the accu-
racy of calibration and assumption of instrument’s parameters. The calibration method
used by RALI deploys consecutive measurements at +45° angles between polarization
plane of the laser beam and incident plane of the polarizing beam-splitter cube (PBC)
(Freudenthaler et al., 2009). This method is used to assess for contributions of the de-
tection chain to the final particle depolarization ratio profile. Measurements performed
at exactly 90° difference compensate each other for possible errors in the estimation
of the angle. The 90° difference between these measurements can be achieved with
high accuracy by means of using a polarizing sheet filter in front of the PBC, motorized
rotation mount or mechanical limit stops. The multi-wavelength Raman lidar uses a
mechanical mount which allows the rotation of the PBC at +45° in respect to the usual
measuring position (0°) with an accuracy of less than 0.1°.
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When retrieving 67" with a non-ideal lidar system, several sources of systematic er-
rors have to be considered: laser beam purity (i.e. polarization), influence of the emit-
ting optics to the state of polarization of the emitted beam, imperfect separation of
the two polarization components in the detection chain, filter performances (i.e. band-
widths, stability vs. temperature, angle of incidence) and also imperfection of the optical
path (i.e. optical misalignments) (Behrendt and Nakamura, 2002). Calibration of the de-
polarization channels also has the role of correcting some of these limitations. Biele et
al. (2000), Reichardt et al. (2003), Alvarez et al. (2006) and Freudenthaler et al. (2009)
showed how accurate depolarization observations can be realized using several cali-
bration methods and corrections. The 6°*" is estimated using the system dependent
molecular-depolarization, estimated for a aerosol free region and used for the entire
profile (Behrendt and Nakamura, 2002).

2.1.2 Sun photometer

Worldwide sun photometers, part of AERONET (Aerosol Robotic Network) detect di-
rect sun, aureole, and sky radiance (Holben et al., 1998). Bucharest site is active since
2007 and direct sun radiation is measured in eight channels from 340 to 1640 nm. Sky
radiation is obtained in four bands from 440 to 1020 nm. From direct sun measurements
the AOD (Aerosol Optical Depth) can be derived along with the Angstrém exponent.
The inversion of sky radiance measurements within AERONET to obtain microphysical
aerosol properties is described in details by several papers (e.g. Dubovik and King,
2000; Dubovik et al., 2006). The method also accounts for non-spherical particles by
use of a spheroidal particle model and distinguishes fine-mode and coarse-mode par-
ticle fractions. Besides microphysical particle products, column values of the volume
specific backscatter and extinction coefficients of the particles can be estimated. These
volume-specific backscatter and extinction values are important input data for LIRIC
(Wagner et al., 2013).
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2.2 Assessment of mass concentration

Real aerosol in the atmosphere is a mixture of different components which result from
different sources and processes. The number of combinations is unlimited, as both
the chemical composition, and the proportion vary in time and space. Nevertheless,
certain classifications are possible and the following four general aerosol classes are
associated with different sources and are expected to have different optical properties
(Chaikovsky et al., 2004): (i) continental (polluted) aerosol from fossil fuel combustion,
(ii) biomass burning aerosol produced by forest and grass fires, (iii) desert dust blown
into the atmosphere by wind and (iv) aerosol of marine origin. For each of these, sub-
types can be defined.

In this study the multiwavelength depolarization Raman lidar measurements were
used to derive the backscatter coefficient profile without any assumption on the lidar
ratio (LR). The particle depolarization profile was used to separate the high and low de-
polarizing particles‘contribution to the total backscatter (Tesche et al., 2009a). In order
to separate the contribution of spherical and the non-spherical one using this method
(described in details by Tesche et al. 2009a) is necessary to further assume an aver-
age sPan specific for each component. The high depolarizing component, which can be
desert or volcanic dust, has linear depolarization ratios varying between 25 and 35 %
(Mona et al., 2012; Burton et al., 2012; Shin et al., 2013). The low depolarizing compo-
nent, usually smoke or urban aerosol, has linear depolarization ratios between 3—10 %
(e.g. Burton et al., 2012). In this study we used 3 % linear particle depolarization for
urban/smoke component and 35 % respectively for dust.

The extinction profiles of each component are calculated using the separated
backscatter contribution and measured LR profile. Further we consider OPAC-Optical
Properties of Aerosols and Clouds software package (Hess et al., 1998) to obtain an
estimation of characteristic optical properties (mass extinction efficiencies, Angstrém
coefficients) at different humidity’s levels for each aerosol type. Most of the times in
the atmosphere there is a mixture of particles of different origin. To describe the possi-
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ble mixtures, the aerosol particles are considered made of different components, each
related to a certain origin.

OPAC offers a database of microphysical and optical properties of 10 aerosol com-
ponents (e.g. in Fig. 2 mass extinction efficiencies and Angstrbm exponents (AE) at
70 % relative humidity), both in the solar and terrestrial spectral range, and for 8 rel-
ative humidity conditions (i.e.: 0, 50, 70, 80, 90, 95, 98, 99 %) in the case of those
aerosol components that are able to take up water. The optical properties of aerosols
particles are modeled by OPAC under the assumption of sphericity.

Simulation and theoretical studies provide some reference values for different
aerosol types also as a function of relative humidity (Veselovskii et al., 2010; Pahlow et
al., 2006). The observed behaviour, dependent upon aerosol composition, may range
from hygrophobic (e.g. mineral dust) to strongly hygroscopic (e.g. smoke).

Properties of the mineral dust are much less sensitive to increasing humidity than
those of the smoke and volcanic dust aerosols (Nicolae et al., 2012). We modeled
mineral dust transported by adding a variable proportion of mineral transported com-
ponent to the OPAC’s default mineral dust aerosol. To simulate volcanic dust aerosols,
we added a variable proportion of sulfates to the default OPAC’s type mineral dust.
Mineral aerosol particles (desert) are assumed not to enlarge with increasing relative
humidity. Nevertheless, a small proprotion of sulfates added to the mineral dust leads
to an increase of the hygroscopic properties.

There is no particular aerosol type in OPAC which corresponds to biomass burning
aerosols, the closest in terms of optical properties being the urban type. Urban aerosols
contain a significant proportion of soot, used to represent absorbing black carbon, as-
sumed not to grow with increasing relative humidity (Hess et al., 1998). Compared to
urban aerosol, smoke is characterized by a high content of organics, other than soot,
which are highly soluble. Therefore the smoke was simulated by adding an increasing
proportion of water soluble to the original urban aerosol. Values obtained with OPAC
simulations are similar with the ones reported in the literature. In a review related to
Lidar measurements of dust, Mona et al. (2012) presents Angstrém exponents (extinc-
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tion related) between 0 and 0.5 while Ansmann et al. (2003) focused on long range
transported dust in the northern European regions and measured values close to 0.5.
Papayannis et al. (2008) studied EARLINET dust climatology and found highly vari-
able dust layers over Europe and mixed in different proportions with local, but AE typ-
ical 0.5—1. Ansmann et al. (2012) got AE of 0.29 for a case of Saharan dust observed
over Leipzig.

Several measurements related to biomass burning aerosol are described in details in
Nicolae et al. (2013) (and references within). For the confirmed biomass burning cases
in this study, the Angstrém exponents vary between 0.8 and 2 (Fig. 10 in Nicolae et al.,
2013).

Clarke et al. (2004) found a typical mass scattering efficiency (a major component of
the mass-extinction efficiency) for fine and coarse-mode dust ~ 0.3 m? g'1, and a mass
absorption efficiency ~ 0.009 m? g‘1, in measurements related to projects TRACE-P
and ACE-Asia. Hand and Malm (2007) showed that the mass-scattering efficiency,
varied from 1.2+0.3 to 0.9 +0.8 m? g’1 from theoretical and experimental methods.
Smoke mass extinction efficiencies between 2.2 to 4.0 m? g_1 (at 633nm) were re-
ported by Mulholland and Mountain (1999).

In this study we used the OPAC results at an average relative humidity of 70 %,
when the average mass extinction efficiency for low-depolarizing component (smoke)
is 3.14+£0.43m g_1 and 0.62 + 0.04 m? g_1 for high-depolarizing component (mineral
dust). Another exemple is described in the paper by Nicolae et al. (2012).

3 Results

3.1 Case studies

The method developed for the retrieval of the partial and total mass concentration pro-
files is useful to study special cases such as Saharan dust outbreaks and biomass
burning events, and also to study seasonal variability of local aerosol.
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Figure 3 presents the results of almost two months of measurements during June—
July 2012. Measurements considered have been first cleared for clouds. On the mea-
sured signal at 532 nm we used a Haar wavelet algorithm and set a threshold for sep-
arating the generally sharper cloud edges from the less pronounced aerosol feature
boundaries in each lidar profile (Talianu et al., 2006; Belegante et al., 2013). Profiles
with low clouds (below 5km) were excluded from the average. Each vertical profile
represents the average of one hour measurements, separated on the two components.
Smoke to total mass concentration ratio profile (ry) and dust to total mass concentra-
tion ratio profile (ry) have been calculated for each profile in order to observe the dom-
inance of each aerosol type. Figure 3 shows the mean values of r4 and rg (average of
each profile) from 8 June to 30 July 2012. The error bars represents the uncertainties
propagated through the algorithm.

Angstrém exponents derived from sunphotometer measurements during the same
period are plotted in red. Two cases have been highlighted in grey: 10 June and 12 July.
High dust concentrations and Angstrém values below 1 are the characteristics for the
first case, while smoke and high Angstrém values (1.5—1.7) dominates during the sec-
ond one.

For the first case study, Fig. 4 presents times series of the RCS (Range corrected
signal, left panel) and linear volume depolarization ratio (right panel) obtained for
10 June 2012, when dense and persistent Saharan dust air masses were present
above the lidar station, below 5km. A cirrus cloud is also visible above 10 km.

Backtrajectory analysis using the online HYSPLIT tool from the NOAA Air Re-
sources Laboratory READY website (Draxler and Rolph, 2013) (http://ready.arl.noaa.
gov/HYSPLIT.php) show that layers at 2, 3 and 4 km were originating from NW Sa-
hara regions four days before (Fig. 5, left panel). DREAM (Dust REgional Atmospheric
Model) forecast (Basart et al., 2012) shows a forecast of dust intrusion over Romania
on 10 June (Fig. 5, right panel).
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With this confirmation, we assume that the high-depolarizing component of the mixed
aerosol is typical mineral dust (Fig. 6a and b), and using the mass-extinction efficiency
for this aerosol type, we obtained the mass concentration profiles (Fig. 6¢).

Total backscatter coefficient and its separation due to different depolarization (smoke
and dust) along with extinction related Angstrém exponent and linear particle depolar-
ization ratio for 10 June 2012 are presented in Fig. 6a and b respectively. Values of the
extinction-related Angstrém exponent are less than 0.5 between 2 and 4 km (similar to
the value measured by sun photometer, Fig. 3), while 6”" is about 20 % in the same
altitude range, consistent with characteristics of mineral dust transported.

In Fig. 6¢ it can be seen that up to 1.1 km and above 5 km, the mass concentration of
smoke and dust are almost equal. In the 2—-4.5 km range, dust is predominant. With a
peak between 2 and 4, DREAM is not capturing the correct limits and the substructure
of the layer (not shown), but vertical profiles of coarse spheroids and fine spherical
derived using LIRIC algorithm (Fig. 6d) agree well (both the shape and the values) with
the retrievals from our algorithm (Fig. 6c¢).

The second study case is presented in Fig. 7. Times series of the RCS (left panel)
and linear volume depolarization ratio (right panel) obtained for 12 July 2012, depict a
layer between 3 and 4 km.

The air mass back-trajectory analysis (Fig. 8, left panel) indicated that the air masses
sampled at 1 and 3.5 km heights passed over regions with high biomass burning events
identified as hot-spot areas by MODIS on board the Terra and Aqua satellites over a
10 day period of Fire data between 9—-18 July 2012 (Fig. 8, right panel), during the
three days prior to reaching Bucharest observational site.

Lidar measurements in the identified layer between 3—4 km height (Fig. 9a) found
high Angstrém values (1.5-2.0) and linear depolarization ratios values between 3—4 %
(Fig. 9b) indicating the presence of smoke but mixed with small urban polluted particles,
as similarly observed by Miiller et al. (2007), Amiridis et al. (2009), and Tesche et
al. (2011). Mass concentrations retrieved for this particular case reached a maximum
of about 50 ug m™° for the aerosol classified as smoke, while dust component is down
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to less than 10 g m™3 (Fig. 9c). These results are similar to the ones obtained by

using LIRIC algorithm for 12 July 2012 (Fig. 9d). Even though small differences can be
observed, the results can be considered comparable knowing the high complexity of
these different methods but both using optical data from lidar.

Depolarization values measured by us correspond with aerosol types from previous
studies. Burton et al. (2012) classified measurements from 2006 to 2012 made by high
spectral resolution lidar and considered depolarization ratio for dusty mix 13-20 %, for
pure dust 30—-35 %, while for smoke 4-9 %. Murayama et al. (2004) measured Siberian
smoke over Japan and found 6°" 5-8%. Results from Shin et al. (2013) indicate
for pure Asian dust depolarization ratio of 27 %, mixed dust 16 %, while Ansmann et
al. (2012) observed Saharan dust over Leipzig with depolarization ratio of 30 %.

3.2 Seasonal variability of local aerosol

We applied the described method to calculate mass concentration profiles (each from
one hour averaged measurements) for several datasets collected during winter and
summer. Data were collected at Magurele, Romania (26.029° E, 44.048° N, 93 ma.s.l.).
The measurement site is a typical continental polluted, influenced mainly by traffic and
construction industry, and combined with agricultural activities. Long-range transport
generally occurs from East and North East Europe during winters and South and West
Europe during summers.

Lidar measurements between June 2012 and April 2013 were used to retrieve mass
concentration profiles, considering urban/smoke as low-depolarizing component, and
mineral dust as high-depolarizing component. One hour averaged profiles are shown
in Fig. 10.

An increased of the total mass concentration during summer time is observed at
all altitudes even though this increase is more pronounced at altitudes higher than
2 km. Both in summer and winter mineral dust is mixed with urban/smoke, although the
proportions are variable.
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Long-range transported mineral dust is often present at 2.5 to 5km during the hot
season, when the general air mass circulation is predominant from Southern regions,
collecting mineral dust particles either directly from North Africa, either indirectly from
South-East or South-West Europe (e.g. Nicolae et al., 2008; Papayanis et al., 2008).
Increased mineral dust mass concentration is nevertheless noticed during summer at
all altitudes, including in the boundary layer. This is due to increased traffic combined
with the heating of the ground surfaces, generating turbulent fluxes which lift small dust
particles from the soil. The construction sites nearby are also more active during the
hot season, as well as the agricultural activities. Generally, soil dust consists of min-
eral particles with a small fraction of organic matter. In contrast to desert soil, which is
low in organic content, agricultural land use is concentrated on fertile soils with much
larger organic matter contents. Air movements preferentially transport small soil parti-
cles, which carry above average loads of biological residues (Hoffmann et al., 2008).
Therefore, the dust aerosol considered in our study is in fact a mixture of mineral and
soil dust, with potential different properties. It is, for example, known that small amounts
of biological residues can greatly enhance the number of ice nucleation sites of the soil
dust. The soil in the measurement region is characterized by small organic matter con-
tent (Avram, 2011). As such, we considered that the assumptions made for the mineral
dust are still valid.

The situation is different in winter, when the ratio of dust to the total mass concentra-
tion decreases. Combustion products from heating contribute significantly to the smoke
component, which becomes the major component of the aerosols (Fig. 10, right panel
and Fig. 11). Precipitation and snow cover also contribute to the decrease of the dust
component.

Figure 11 shows the monthly mean of the dust (and smoke)-to-mass concentration
ratios (blue and cyan, respectively) during June 2012—-April 2013. In December 2012
smoke starts to be the dominant component due to the pronounced increase in house
heating in Magurele, but also due to heavy precipitations. Circulation patterns over

5937

AMTD
6, 5923-5957, 2013

Assessment of
aerosol’s mass
concentrations

A. Nemuc et al.

Title Page

L

Abstract Introduction

Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Il



http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/6/5923/2013/amtd-6-5923-2013-print.pdf
http://www.atmos-meas-tech-discuss.net/6/5923/2013/amtd-6-5923-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

Europe during December 2012—April 2013 suppressed transport of dust over long dis-
tances.

4 Discussions and conclusions

Mass concentration profiles for mixed aerosols have been calculated from multiwave-
length depolarization Raman measurements, by considering low and high depolarizing
components along with OPAC data. The mixture consists of two components with sig-
nificantly different depolarization properties, e.g. urban/smoke and mineral dust. Varia-
tions of the proportions of the internally mixed components for different aerosol classes
and their effect on the mass-extinction ratio and Angstrom coefficient were calculated
in OPAC at 70 % relative humidity. Simulations showed that the mass-extinction ratio
for urban/smoke-type aerosol is 3.14 £ 0.43 m? g‘1 and for dust mineral transported is
0.62+0.04m?g™".

Two study cases are presented. Mass concentration profiles were retrieved for a Sa-
haran dust intrusion event and long range transported smoke. Clear separation of low
and high depolarizing particle concentrations were obtained using Lidar-OPAC algo-
rithm. Similar results were found using the LIRIC algorithm.

The analysis highlighted also the seasonal variability of local aerosol. The mineral
dust dominates over the anthropogenic/smoke aerosols during summer while during
winter the mineral dust proportion is much less. An increased of the total mass con-
centration during summer time is observed at all altitudes. For all cases, the method
was able to separate between highly depolarizing and low depolarizing particles, and
to provide the total mass concentration, based on a combination of measured and
modeled parameters.

This study shows that the retrieval of mass concentration profiles from multiwave-
length depolarization Raman lidar measurements is possible with sufficient accuracy,
but dependent on an appropriate calibration of the depolarization and careful selection
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of the mass-extinction efficiencies in OPAC. Main advantage of this method is that is
simple and fast, providing sufficient information for real time assessment.
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Fig. 4. Temporal evolution of the lidar range corrected signal at 532 nm (left panel) and lin-
ear volume depolarization ratio at 532nm (right panel) for 10 June 2012, 16:42—-19:07 UTC,

measured at Magurele lidar station.
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Fig. 10. Total mass concentration profiles during summer (gray lines left panel) and winter
(grey lines right panel); black lines in both panels represent the mean seasonal representative
profile; blue line (left panel) is the mean dust to total mass concentration ratio for hot season,
while cyan line (right panel) is the mean smoke to total mass concentration for cold season.
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