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Abstract. Monthly mean vertical profiles of aerosol type occurrences are determined from multiwavelength
Raman and polarization lidar measurements above Haifa, Israel, in 2017. This contribution presents the applied
methods and threshold values. The results are discussed for one example, May 2017. This month shows more
often large, non-spherical particles in lofted layers than within the planetary boundary layer. Small particles are
observed at higher altitudes only when they are observed in lower altitudes, too.

1 Introduction

Israel is often affected by dust that is transported towards
the country, mainly from the deserts around it as investi-
gated by Israelevich et al. [1]. These dust events are re-
lated to distinguished weather patterns as explored for ex-
ample by Dayan et al. [2]. But these investigations often
base on measurements at ground only. To determine the
whole vertical extend of the dust events height-resolved
remote measurements are very suitable.

The sources of mineral dust layers are usually deserts
or dried lakes etc. The dust is uplifted within the plan-
etary boundary layer (PBL) and advected to neighboring
sites. Coastal sites act as interfaces between the typically
thicker daytime PBL above land and the thinner daytime
PBL over sea. The advection of particle loaded airmasses
may therefore cause parts of the continental PBL to slide
above the marine PBL. This might be one reason for parti-
cle layers in the free troposphere. Furthermore, large cities
are often located close to the coastline, which causes addi-
tionally vertical mixing of urban particles at coastal sites.

The question arises, whether there are advected par-
ticle layers that are only in the free troposphere above
coastal sites? And, in case of there are particle layers, what
particle types are present in the lofted particle layers?

Technion - Israel Institute of Technology and Leibniz
Institute for Tropospheric Research (TROPOS) cooperate
in the frame of the project "3D Widefield Sky Scatterer
Tomography by Lidar Anchor". This project is funded by
the German-Israeli Foundation for Scientific Research and
Development (GIF) from 2015 until the end of 2018 and
aims at the observation of dust layers by different instru-
ments and thus different techniques. The project includes
also continuous (24/7) height-resolved measurements of
the vertical aerosol structure above the coastal site Haifa,
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Israel, by a multiwavelength Raman and polarization lidar
PollyXT.

The next chapter refers to the measurement site, the
utilized lidar, and describes the data retrieval methods and
outputs. Chapter 3 deals with observed aerosol types and
lists those intensive particle properties that are used for the
aerosol type characterization. The monthly mean vertical
profile from May 2017 will be presented as an example in
chapter 4. A summary concludes the paper.

2 Measurement site, measurement
system, and for data retrieval methods

The multiwavelength Raman and polarization lidar
PollyXT [3, 4] was installed in Haifa in March 2017. The
measurement site is located at N32.8◦, E35.0◦and has a
height above sea level of 230 m. Since Haifa is a coastal
site, the closest distance to the sea is about 4 to 5 km. Fig-
ure 1 shows the lidar system on the platform as well as the
sun photometer on the right top of the safety fence around
the system.

Figure 1. Measurement site with multiwavelength lidar PollyXT

at the rooftop of the Electrical Engineering building of Technion.
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The lidar emits laser pulses at 1064, 532, and 355 nm
wavelengths (λ). It has 2 receivers: one for near–range
and one for far–range detection. The far–range detec-
tion receiver consists of eight channels, as follows. Three
channels measure the elastic signals at the 355, 532, and
1064 nm wavelengths. Two channels measure inelas-
tic signals at 387 and 607 nm wavelengths, which cor-
respond to vibrational-rotational Raman scattering by N2
molecules of light at 355 and 532 nm wavelength, respec-
tively. Two channels measure the cross–polarized signals
at 355 and 532 nm wavelengths, and one channel measures
the vibrational-rotational Raman inelastic signal from wa-
ter vapor at 407 nm wavelength. The near-range receiver
has four detectors for the measurement of the elastic and
inelastic (N2) signals in the visible and ultra–violet ranges.

The extensive particle quantities, the backscatter co-
efficient βpar(λ) and the extinction coefficient αpar(λ),
are determined from the data of these 12 chan-
nels. For this study, the following interesting inten-
sive quantities are obtained: the lidar ratio at 532 and
355 nm wavelengths S par(532) and S par(355), the par-
ticle depolarization ratio at 532 and 355 nm wave-
lengths δpar(532) and δpar(355), the ratios of the parti-
cle backscatter coefficient at different wavelengths, and
the backscatter-related Ångström exponent Åpar,β,532,1064 =

ln(βpar(532)/βpar(1064))/ln(1064/532) [5, 6]. Baars et al.
[7] introduced the "quasi" particle backscatter coefficient
quasiβpar(λ) in neglecting the particle attenuation in the re-
trieval algorithms. This first guess is possible for aerosol
optical thicknesses that are smaller than 0.2 [8]. For such
low aerosol optical thicknesses, the "quasi"-quantities
(quasiβpar(1064), δpar(532), Åpar,β,532,1064) are equal within
the errors to their respective ("non-quasi") quantities.

3 Aerosol type characterization

Atmospheric particles differ in their properties as they ori-
gin from different sources. Seinfeld and Pandis [9] distin-
guish between the following ambient aerosol types: urban,
marine, rural continental, remote continental, free tropo-
sphere, polar, and desert aerosols. These types have differ-
ent micro-physical and optical properties.

Recent developments of height-resolved measuring
aerosol lidar techniques allow new insights into atmo-
spheric particle layers. Applications show, that the quan-
tities and the ranges for the threshold values need further
improvements.

Burton et al. [10] used lidar data from airborne
measurement campaigns at the North-American continent
with partly known origin, especially the four intensive
quantities δpar(532), S par(532), βpar(532)/βpar(1064), and
δpar(1064)/δpar(532). They spanned a 4-dimensional space
to distinguish between eight aerosol types: smoke, fresh
smoke, urban, polluted maritime, maritime, dusty mix,
pure dust, and ice. Groß et al. [11] used data with known
origin. These data were taken in Europe and Africa. By
this, they could derive the ranges of δpar(532), S par(532),
and βpar(532)/βpar(1064) for the atmospheric particles of
the following types: Saharan dust, Canadian biomass
burning aerosol (aged), anthropogenic pollution, mixed

Table 1. Applied criteria for particle type characterization [7].

Aerosol type Parameter Value
small quasiβpar(1064) > 2x10−7m−1sr−1

(urban) quasiδpar(532) < 0.07
quasiÅpar,β,532,1064 ≥ 0.75

large, quasiβpar(1064) > 2x10−7m−1sr−1

spherical quasiδpar(532) < 0.07
(marine) quasiÅpar,β,532,1064 < 0.75
mixture, partly quasiβpar(1064) > 2x10−7m−1sr−1

non-spherical quasiδpar(532) ≥ 0.07, < 0.20
large, quasiβpar(1064) > 2x10−7m−1sr−1

non-spherical quasiδpar(532) ≥ 0.20
(dust)

Saharan dust, African biomass burning mix, and marine
aerosol. More publications on this issue were published,
all related to a certain region of the globe. But so far,
the aerosol types in Israel have not been investigated by
remote-sensing multiwavelengths Raman and polarization
lidar systems.

Before reaching Haifa, the pathways of air parcel
transports are often over-crossing deserts. The metropo-
lis Haifa is itself a city with a lot of industrial activities.
Hence, it is expected that the main aerosol types are ma-
rine, dust, urban aerosol, and consequently also mixtures
of them. Especially the definition of a mixture by us-
ing phenomenological, observable quantities needs more
investigations with different approaches and methods for
new locations. As a first guess, the practical threshold
values of Baars et al. [7] had been used for βpar(1064),
δpar(532), and Åpar,β,532,1064 to distinguish between the dif-
ferent particle types and are listed in Table 1.

4 Example: Vertical profile of particles
types during May 2017

The retrieval of the atmospheric data from the lidar mea-
surements underwent several steps. First, a cloud screen-
ing was done to avoid cloud contaminated results. Sec-
ondly, only Raman measurements were used to ensure
good data quality and less/no influence of the incomplete
overlap between the divergence and angle of the emitted
beam and the receiver field of view. It has to be noted that
only nighttime measurements are used for the May data by
this procedure.

Aerosol layers are easily identified from lidar profiles.
The heights of those layers were determined by the largest
gradients of the range-corrected-signal profile in the re-
spective range. The layers above the PBL are numbered
consecutively as they occur: Layer 1, Layer 2, Layer3.
During May, 16 times at least one layer has been observed
above the PBL. Out of these 16 times, there appeared a
second layer above the PBL in 10 instances. Out of these
10 times, a third layer above the PBL was detected in 6
instances. The height ranges for these layers are shown in
Fig. 2. The ranges of the lofted layers may overlap due
to the retrieval procedure. The layer height ranges show
that the first layer above the PBL was always below 5 km
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Figure 2. Height ranges of aerosol layers during May 2017. The
red box indicates the range for 25% to 75% of all layers of the
respective layer combination.

height and that the highest layers were observed mostly
when lower layers were present.

The aerosol type occurrences were counted in vertical
intervals of 500 m to get the monthly mean profile of the
frequency of occurrence of the aerosol types. These 500 m
interval steps are well above 247 m, which is the vertical
smoothing length within the lidar retrieval algorithm. On
the other hand, these 500 m interval steps are not related
to the vertical air density profile or the height of the PBL.
Often, the height of the PBL was < 500 m. It took place,
that the first layer above the PBL ranged from a height of
250 m to a height of 1400 m. In such a case, the aerosol
type of this (first) layer was attributed to (counted in) the
height intervals < 500 m, < 1000 m, and < 1500 m. Hence
the aerosol type of the PBL and the aerosol type of the first
layer are both counted in the height interval < 500 m. This
yields for the interval < 500 m that the resulting number
of aerosol types is larger than the number of profiles.

In May 2017, 16 vertical profiles were retrieved af-
ter the cloud screening. Out of this 16 profiles, in height
ranges < 500 m an aerosol type was identified 24 times
since 8 times also the first layer above the PBL ranged
below < 500 m. This maximum number of aerosol type
identifications was used to normalize the vertical profiles
of the height-dependent frequency of aerosol type occur-
rences. Figure 3 shows the resulting vertical profile of the
frequency of aerosol type occurrences.

The profile shows that above 1500 m height the fre-
quency of occurrence of any aerosol type is 50 % or
less compared to the number of aerosol type observations
< 500 m. Looking at the height ranges between 3000 m
and 3500 m, 80% of all observations indicate large, non-
spherical particles above Haifa. It is also obvious, that the
aerosol type "large, non-spherical" is observed more times
in lofted layers than in the height ranges < 500 m. The
aerosol type "small" is only observed in lofted layers if
the lofted layers existed in heights < 500 m. This is rea-
sonable when having in mind the vertical mixing either by
turbulence before the measurements or by advection from
other (possibly neighboring) sites. During May 2017 the
aerosol type "large, spherical" (likely marine) was not ob-
served although the wind pattern showed westerly winds
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Figure 3. Height-dependent occurrence of aerosol types during
May 2017.

during which this aerosol type is normally expected. Fur-
ther studies are needed to understand this observations.

5 Summary

For the first time, continuous (24/7) height-resolved mea-
surements of the vertical aerosol structure were taken
above the coastal site Haifa, Israel, by a multiwavelength
Raman and polarization lidar. The measured intensive op-
tical particle properties were used to identify the different
particle types. It is shown that there are lofted layers in the
free troposphere above this coastal site and that those lay-
ers contain either large, non-spherical particles or a mix-
ture of those with other particles.

As an example, the monthly mean aerosol type
occurrence profile of May 2017 is presented. The
most abundant particle type is that of "mixture, partly
non-spherical". But this is a very generalized aerosol
type, which is of course also caused by the selection of
the threshold values. A next step in this investigation
would be to use more specific threshold values and/ or to
introduce additional intensive properties. This might yield
to a more specific particle type characterization in future.
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