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Abstract. The Urmia Lake is suffering from a severe drought scenario that started in recent decades. The lake
has lost almost 88% of its surface area in comparison to its value in 1995. This has left a bed of salt around
the lake, that has the potential to disperse a significant amount of aerosols (dust and salt) into the atmosphere.
We use the recordings of the CALIPSO satellite to investigate the optical parameters of atmospheric aerosols
over the Urmia Lake. For this purpose, the aerosol optical depth (AOD) and the particulate depolarization
ratio (PDR) at 532 nm have been selected from the whole available recordings of the CALIPSO. To distinguish
between the atmospheric particles which are originating from the lake bed and those that are transported from
the surrounding sources to the lake area, the PDR has been categorized for two altitude ranges, i.e., from the
ground level up to 2 km above the mean sea level (amsl) and above 3 km amsl. Investigating the variations of
the PDR at these two altitude ranges, provides information about the type of atmospheric particles at different
times of the year. Although it is not easy to distinguish between the transported dust layers and atmospheric
particles from the lake bed, it seems that the Urmia Lake is mostly active in the driest times of the year, i.e., June
to October. Also, it seems that the particles which are originating from the lake, are mostly dry salt particles,
where their corresponding PDR is 0.16 ± 0.05.

1 Introduction

The Urmia Lake (UL) in Northwest Iran (37.62◦N,
45.41◦E) is one of the most hypersaline lakes in the world
[1]. The UL is located in a semi-arid region and its basin is
surrounded by mountainous lands with several vast plains
in the valleys and around the lake. The elevation of the
UL water catchment is changing from 1260 m above the
mean sea level (amsl) at the deepest point of the lake bed
up to 3710 m at Sahand mountains [2]. In recent decades,
the UL has experienced a serious drying challenge. The
average water level of the lake has been dropped signif-
icantly and in such a way that its surface area has been
shrunk to just 12% of its value in 1995 [3]. Many reasons
have been mentioned for the drought of the lake, includ-
ing climate change [4, 5] and human factors like building
dams, digging too many wells and excessive use of wa-
ter resources in the catchment area of the lake for agri-
cultural irrigation [3, 6–8]. Dry up of the UL has turned
it to an active source of salt particles which has given it
the potential to produce salt storms when strong winds
are blowing over the lake [9]. In addition, neighboring
dust sources like the Mesopotamia and Syrian desert and
even the Turkmenistan region have considerable impacts
on Northwest Iran [10–13] as well as the UL region. Also
it is expected that large cities and different industries inside
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the water catchment region of the lake, produce consider-
able amounts of urban-industrial particles. The existence
of such type of particles is impacting on the atmospheric
horizontal visibility during the cold months of the year
when atmospheric inversion is happening. In this work,
we use the level 2 products of the Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations (CALIPSO) to
investigate the optical parameters of atmospheric aerosols
over the lake and its surroundings. For this purpose,
columnar aerosol optical depth (AOD) and columnar par-
ticulate depolarization ratio (PDR) at 532 nm, have been
selected from the whole available data set. To distinguish
between the particles which are originating from the lake
bed, transported dust particles and other local atmospheric
aerosols, the PDR has been monitored at two different al-
titude ranges, which are dictated by the orography of the
region. The variations of the PDR at these two ranges in
comparison to each other provide information about the
type of particles that are emitted by the lake as well as its
seasonal activities as a source of atmospheric aerosols.

2 The investigated area, data set and
methodology

Fig. 1 shows an orography map of the investigated region.
It should be noted that the considerable large cities like
Urmia (>750,000 inhabitants) and Tabriz (>1.5 million in-
habitants) and few smaller ones like Maragheh, Salmas
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Nighttime tracks

Figure 1. CALIPSO nighttime ground tracks over the Urmia
Lake region. M, is partly passing over the UL, and W (E) from
its west (east) side. Parts of the tracks between the black and
yellow (red) lines are labeled with U (D).

and Khoy are inside the water catchment area of the lake.
Different industries of different sizes are also active in
this region. The lake region is also under the influence
of neighboring dust sources like the Tigris and Euphrates
basin [10, 11]. Therefore it is expected that dust, salt
and anthropogenic particles would contaminate the atmo-
sphere in this region. Fig. 1 also depicts segments of three
nighttime CALIPSO ground tracks. For simplification, the
middle track that is partly passing over the UL is labeled
by M and the one that is passing from its east (west) side
is labeled with E (W). To study the effect of the lake over
the atmospheric particles in the region each track has been
divided into two parts, up, U, and down, D, where U (D)
is corresponding to the region between the black and yel-
low (red) lines in Fig. 1. The CALIPSO level 2 aerosol
products have been used to extract AOD and PDR for the
mentioned track segments (WU, MU, EU, WD, MD, and
ED) during June 2006 to December 2017. The AOD is
a measure of the extinction of light by particles in a col-
umn of air and is determined by the columnar integration
of extinction coefficient σa(z) over the atmospheric col-
umn, where CALIPSO is measuring from the top of the
atmosphere, ztop, down to the ground level, zbase [14],

AOD =
∫ zbase

ztop

σa(z) dz (1)

AOD has been calculated and averaged along each of
the 6 segments (Fig. 1) for all cloud free overpasses of the
satellite for the whole data set.

PDR (δ) is defined as ratio of the layer integrated per-
pendicular to parallel polarization components of particu-
late backscatter coefficients at a given altitude z [15],

δ =
β⊥,p(z)
β‖,p(z)

(2)

Here β⊥,p and β‖,p are perpendicular and parallel com-
ponents of the particulate backscatter coefficient at 532
nm, respectively.

Since the crest lines of the mountains which are sur-
rounding the UL are ∼ 3000 m amsl, to distinguish be-
tween the transported dust particles to the region and the
particles which are originating from the local sources in-
cluding the lake, δ has been calculated for two altitude
ranges. For the ground track MU, δl (δh) corresponds to
averaged PDR over the track segment for altitudes from
the ground level up to 2 km (higher than 3 km) amsl.

3 Results and discussion

The seasonal average of AOD at 532 nm for segments WU,
MU and EU (WD, MD, and ED) are shown in Fig. 2a
(2b). Looking at Figs. 2a and 2b one can find that almost
during the whole length of the year, the AOD is higher in
the regions in the south of the lake which are out of the
water catchment region. Comparing this result with pre-
vious works [9–13, 16] it can be concluded that dust out-
breaks which are originating from sources in the west side
of the lake, like the Mesopotamia, Syrian desert and even
African sources and those which are located on its east side
are impacting the whole area. Lower values of AOD in the
UL water catchment region can be due to the act of high al-
titude mountains as barriers to dust layers around the lake.
Fig. 2a also shows that for almost all times of the year the
atmosphere above the UL is experiencing higher values of
aerosol loadings in comparison to its west and east sides
especially in the driest seasons of the year, i.e., summer
and autumn. From this behavior, one can conclude that
the lake is a substantial atmospheric particle source in this
region.

Fig. 3 displays the variations of δl versus δh for the
whole available data subject to the condition τa > 0.04.
Fig. 3a shows that most of the aerosol loadings into the at-
mosphere happen from June to October but there are many
cases where δl and δh are different from 0.27 to 0.35 cor-
responding to the depolarization ratio for clean dust [17].
It has been already reported that depolarized lidar signals
from dry salt particles have δ ∼ 0.15 [18]. For few cases δl
> δh and at the same time 0.15 < δl < 2. It is expected that
such cases would correspond to particle loading from the
lake bed into the atmosphere which the CALIPSO algo-
rithm takes them as polluted dust [19, 20]. To detect such
cases, we looked at all CALIPSO time series were show-
ing a dust plum in contact with the lake bed subject to the
condition that 0.1 < δl < 0.25 to eliminate dust and urban
industrial particles. The blue dots in Fig. 3b are results
of such calculations. Yellow and black circles in Fig. 3b
are corresponding to dust events and urban-industrial par-
ticles respectively. Considering the blue circles that have
been shown in Fig. 3b, one can find that δl = 0.16 ± 0.05.
It should be mentioned that for most cases it is not easy
to distinguish between the particles from the lake bed and
dust layers which have been transported high above the
mountains and reached the UL basin.

Fig. 4 is a typical CALIPSO total attenuated backscat-
tering time series at 532 nm. Its corresponding event is
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Figure 1. CALIPSO nighttime ground tracks over the Urmia
Lake region. M, is partly passing over the UL, and W (E) from
its west (east) side. Parts of the tracks between the black and
yellow (red) lines are labeled with U (D).
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also shown by a red asterisk (*) in Figs. 3a and 3b. It
shows a dust layer that is in contact with the lake bed in
MU region. The 48-hour HYSPLIT backward trajectories
in Fig. 5 are indicating for a stable atmosphere in the vicin-
ity of the surface at the time of this event. For this case, δl
(δh) is obtained as 0.18 (0.20). The back trajectory that is
starting at 3.5 km amsl shows that the dust layer which is
extended up to 4 km may originated from the Syrian desert
and north of the Mesopotamian region.

4 Conclusion

Referring to the recorded data on CALIPSO satellite we
have found that the Urmia Lake in Northwest Iran has the
potential to load salt particles into the atmosphere mostly
in dry months of the year, June to October. The strength
of this source is much lower than intense and widespread
neighboring sources like the Mesopotamian region. There-
fore it is not possible to distinguish clearly between par-
ticles which are originating from the lake and polluted
dust particles which are transported from the neighboring

Figure 4. Total attenuated backscatter profile of CALIPSO’s li-
dar at 532 nm around 23:00 UTC on 27 June 2017.

sources. Referring to few cases from CALIPSO time se-
ries where the aerosol layer is in contact with the lake bed,
we have concluded that the particulate depolarization ra-
tios (δl) for these particles are 0.16 ± 0.05 which are in
agreement with corresponding reported values for dry salt
particles [18]. We also believe that the CALIPSO algo-
rithm can’t detect such salt particles and for many cases,
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Figure 5. HYSPLIT-derived 48 h backward trajectories ending
in the middle of the MU segment at 2300 UTC on 27 June 2017
at three levels 0, 1 and 3.5 km above the ground level (AGL).

they are reported as polluted dust. To confirm these re-
sults, ground-based measurements are required. For the
moment our team is preparing for them, but still we don’t
have trustworthy results to be reported.
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