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Abstract. Continuous vertically resolved aerosol measurements using lidar were performed in Tehran, Iran.
Lidar results has been used in combination with particulate matter monitoring, synoptic meteorology observa-
tion as well as satellite-based measurements. The aerosol types are classified by their optical properties. The
volume linear depolarization ratio (VLDR) at 532 nm lies mostly between 0.05-0.10. These results show that
mostly urban pollution mixed with particles are present in the atmosphere above Tehran. During dust events,
the VLDR at 532 nm lies between 0.20-0.35.

1 Introduction

Dust aerosols play a crucial role in the global and regional
climate. Dust is a major contributor to the global aerosol
loading, influencing atmospheric radiation balance and de-
creasing visibility [1, 2]. The Iran Plateau (∼26◦-36◦ N,
∼45◦-61◦ E) is part of the dust belt and strongly affected by
dust storms. It is also has known as source of dust storm in
the mentioned region [3–5]. Mesopotamia and the Arabian
Peninsula can be considered as main external sources that
have considerable impacts on dust loading into the atmo-
sphere above the Iran Plateau. In this regard, some stud-
ies have shown that the Mesopotamian region accounts for
more than 80% of observed dust events in Northwest Iran
[6–8]. There are also several dust sources inside the Iran
Plateau which are mainly located in the vicinity of dried
and seasonal lakes [4, 9]. Therefore, aerosol observations
are extremely valuable within this region. Its results can be
used to characterize dust and understand its regional trans-
port pattern.
This research includes vertically resolved depolarized li-
dar measurements as well as synoptic meteorology and
in-situ particulate matter concentration measurements in
Tehran (∼ 35.5◦-35.8◦N, ∼ 51.1◦-51.6◦ E), the capital and
most populated city of Iran. As shown in Fig. 1, Tehran
is a mountainside city and its elevation ranges from 900
m amsl (above mean sea level) in south to 1800 m amsl in
the northern part. The city is suffering from atmospheric
urban pollution arising from rapid urbanization during the
last decades. Urban pollution and polluted dust are the
dominant contributors to the atmospheric aerosol burden
most of the time, especially during the cold season. Dust
particles are the dominant atmospheric aerosol fraction
during the warm season [13]. The number of occurrence
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of episodes characterizes by horizontal visibility less than
10 km in Tehran for the period 2006-2009 has been inves-
tigated [14]. They found that there was a significant num-
ber of cases when horizontal visibility is between 3 and
10 km. Eventually they claimed that the city of Tehran is
repeatedly impacted by dust storms.

Figure 1. Topographic map of North Iran provided by SRTM
(Shuttle Radar Topography Mission) with the location of AQCC
stations distributed over the city of Tehran.

This type of studies which has been using in- situ measure-
ments, has revealed valuable information about the parti-
cle type and concentrations at ground level. However, the
depolarization lidar is a very powerful remote sensing tool
to characterize the distribution profile of the atmospheric
particulate matters as well as their type. The technique
permits the discrimination of desert dust or polluted dust
from other aerosols such as biomass-burning smoke, ma-
rine aerosol particles, and urban haze [15–18].
This article introduces lidar measurements in Tehran that
are focused on the recorded dust event on 22 April 2015.
The time-height series of VLDR, backward trajectories,
results from meteorological model and satellite data are
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also presented. In Sect. 2 of this article, the measure-
ment site, the lidar system, and the used auxiliary data are
described. In Sect. 3, results obtained from the lidar ob-
servation are discussed in detail. The conclsion comes in
Sect. 4.

2 Instruments and Methods

The lidar measurement site was located at 35.7669◦ N,
51.3118◦ E, at an altitude 1430 m amsl in Northwest
Tehran and inside an urban area (Fig. 1). A depolariza-
tion lidar is used for continuous lidar measurements from
11 November 2014 until 11 March 2016 [13]. The sys-
tem emits linearly polarized light at 532 nm, and 1064
nm wavelength generated by a Nd:YAG laser and 2nd har-
monic generators. The lidar data were acquired with ver-
tical and temporal resolution of 15 m and 30 s respec-
tively. The attenuated backscatter coefficient (abbreviated
as ABC), and volume linear depolarization ratio (VLDR)
at 532 nm have been calculated from the lidar recordings
for monitoring the atmospheric particulate matters [19].
Additionally, regular synoptic and upper air measure-
ments were carried out at Mehrabad station (Fig. 1). At
the same time, hourly averaged PM2.5 and PM10 con-
centration were obtained from Tehran Air Quality Con-
trol Company (AQCC). During the measurement period,
AQCC had 21 automated air monitoring stations over
the city. The regional distribution of dust aerosols (mo-
bilization and transport) is described using complemen-
tary satellite products. Aerosol Optical Depth (AOD)
at 550 nm taken from the Moderate Resolution Imag-
ing Spectroradiometer (MODIS) Deep Blue collection
(MOD08, MYD08) available from the Giovanni Web por-
tal (http://disc.sci.gsfc.nasa.gov/giovanni). The data used
here were re-gridded onto a 1◦×1◦ grid and available at
daily resolution.
Information on synoptic scale meteorological conditions
were taken from 6-hourly ECMWF (European Centre for
Medium-Range Weather Forecasts) reanalysis of horizon-
tal winds at the surface and 500 hPa. Wind speeds can
provide valuable information regarding the potential acti-
vation of given dust sources at the regional scale.

3 Results

The time-height series of volume depolarization ra-
tio at 532 nm wavelength recorded in Tehran between
20:30 UTC on 21 April 2015 and 11:50 UTC on 22 April
2015 are presented in Fig. 2a. The increase in value
of VLDR indicates that a dust layer arrived around
02:00 UTC on 22 April at an altitude of 2-3 km agl (above
ground level) over the lidar station. After that time, the
dust layer dropped down during passing over the lidar
measurement site. Fig. 2b depicts the time-series of sur-
face wind speed, PM10 concentration and horizontal visi-
bility with hourly resolution. The figure clearly illustrates
that by arrival of the dust storm over the city, the concen-
tration level of PM10 increased to the values higher than
200 µgm−3. The surface wind speed also went up to 8 m/s

and as a consequence, the horizontal visibility dropped
down to lower than 4 km at Mehrabad station.

Figure 2. a) Time evolution of volume depolarization ratio be-
tween 20:30 UTC on 21 April 2015 and 11:50 UTC on 22 April
2015. b) Time-series of ground based measurements with hourly
resolution, based on Mehrabad synoptic and reports from AQCC
stations.

The HYSPLIT backward trajectories in Fig. 3a and
the EUMETSAT supplementary movie are indicating that
the observed dust plume at 02:00 UTC in Fig. 2a, is
transported to Tehran from the region in south of the
Mesopotamia and north of the Arabian Peninsula. The
HYSPLIT backward trajectories started on 22 April 2015
at altitudes of 2500 m agl and 2000 m agl are return-
ing back to the Arabian Peninsula and south of the
Mesopotamia respectively (Fig. 3a).

Figure 3. a) 24 h HYSPLIT backward trajectories arriving at
Tehran at 02:00 UTC on 22 April 2015 at 2.5 and 2 km height.
b) ECMWF reanalysis of horizontal wind speed (color) and di-
rection (arrows) on 06:00 UTC 21 May 2015 at 10 m above the
surface.

ECMWF reanalysis for 06:00 UTC on 21 April 2015
(Fig. 3b) show that a very strong surface wind had blown
over Al-Nefud desert located along northern border of
Saudi Arabia with Iraq. The winds speed reached almost
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(Fig. 3b) show that a very strong surface wind had blown
over Al-Nefud desert located along northern border of
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up to 14 m/s and had the potential to activate dust sources.
The wind fields at 500 hPa (not shown) clearly confirms
that the lofted dust layer can pass over the Zagross moun-
tains (crest line 3500 m agl) and subsequently reach to the
central part of Iran.
This is corroborated by the MODIS derived AOD on 21
and 22 April 2015. Dialy MODIS Aqua and Terra Deep
blue AODs are shown in Fig. 4a and 4b for the mentioned
dates. The areas with AOD >1 in Fig. 4a are mostly in
North Saudi Arabia and South Iraq. Fig. 4b also shows
that the dust activity is quite intensified over the Peninsula
and the AOD is considerably increased over north an cen-
tral parts of Iran.

Figure 4. MODIS Terra daily AOD at 550 nm for (a) 21 April
2015 and (b) 22 April 2015. Deep blue AOD for land surfaces,
MODIS black target AOD for sea surfaces.

The ABC and depolarization ratio from nighttime
CALIOP measurements on 21 April 2015 are shown in
Fig. 5a and Fig. 5b respectively. The figures reveal
that a lofted dust layer (up to 5 km altitude) is present
over North Saudi Arabia and south of Iraq (∼28◦ N-32◦ N).
Fig. 5b shows that the CALIOP recordings are in good
consistence with VLDR measured by our lidar station
(0.20 < VLDR < 0.35). It also corroborates the large
AOD values observed with MODIS over Iraq and Saudi
Arabia.

4 Summary and Conclusion

For the first time, continuous depolarization lidar obser-
vations were performed over a long-term period in the
highly polluted atmosphere over Tehran, Iran. In addi-
tion to the urban pollution, frequent dust storms also in-
fluence the atmosphere of the city. Here we have reported
a long range transport of dust particles from the Arabian
Peninsula and south of Mesopotamia toward Tehran that
happened on 22 April 2015. The records of our lidar
station show that the VLDR for these dust particles are
about 0.35 when the layer is at altitude of 2.5 km agl
high above the boundary layer, but as it is descending
and mixing with the urban pollution the VLDR decreases
down to 0.2 which still quite larger than the correspond-
ing value for anthropogenic particles. CALIOP recordings
and MODIS deep blue AODs also confirm the formation
of a dense dust plume on 21 and 22 April 2015 in the north
of the Arabian Peninsula and HYSPLIT back trajectories
demonstrate how the plume may be transported to the Iran
Plateau.

Figure 5. Vertical cross section of CALIOP recoding (at 532 nm)
around 22:49 UTC on 21 April 2015. a) Total attenuated
backscatter. b) Depolarization ratio.
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