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ABSTRACT: Lake Urmia is one of the most important salt lakes in the world and the largest in Iran. At present,
because of the recession of Lake Urmia and deposition of lacustrine sediments on the lake bed, a large part of the
surrounding areas has become flat with several playa surfaces. So far, there have been very few studies related to Lake
Urmia playa and its geomorphology. Therefore, the aim of this research was to field study of playa surfaces of Lake Urmia
in its eastern part and also to identify areas susceptible to wind erosion. In this study, different playa surfaces from the
northeast to the south of the lake were identified and mapped using satellite imagery. Then, boundaries of the mapped
surfaces were checked during field observations. Moreover, physical soil properties, such as texture, bulk density,
saturation percentage, resistancy, particle size distribution and soil aggregate stability, were determined. Next, the
correlation of the studied properties with each surface resistance to wind erosion was investigated, and finally the
geomorphic surfaces of Urmia Playa and their resistance to wind erosion were mapped using ARCGIS software. Based
on the results, the study area included agricultural lands, shrub-grass zones, sand and gravel zones, mud-clay salt flats,
sand-salt crusts, puffy grounds, delta-fans and wet zones. Results showed that approximately 25% of the surfaces had high
resistance to wind erosion and they are therefore stable surfaces with no potential for generating dust in the future. About
35% of the surfaces were strongly susceptible to wind erosion, highly prone to generate saline dusts and sand storms.
These areas were located in the east and southeast of the lake. Also, 40% of playa surfaces had moderate resistance to
wind erosion. These areas can become very sensitive to wind erosion if ground water depth or the roughness of the surface
changes. In conclusion, sandy-salt surfaces in the east and southeast of the lake are the most susceptible to wind erosion
with high potential for generating dust, sand, and salt storms, which can affect agricultural lands and human health in the
near future.
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Identifying saline lands, mapping them and properly
managing them are of great importance in arid and
semiarid regions. Secondary salinization of
agricultural lands due to salt spread by dust and
irrigation water reduces the productivity of soils in
arid regions every year and affects human health
(Chen et al., 2009; Middleton, 2017).

Lake Urmia is one of the most important salt lakes in
the world and the biggest in Iran and in fact in the
entire Middle East (Karbasi et al., 2010). Lake Urmia
is located in the northwest of Iran. The average altitude
of the lake is 1276 m and the salt content varies from
185 to 300 g/lit (Hoseinpour et al., 2010). Over the
past few years, as a result of Lake Urmia drying up,
the salinization of agricultural lands is spreading at a
fast rate (Hamzehpour and Bogaert, 2017). This is
happening due to a change in saline-non-saline
groundwater interface and also due to dust movement
from exposed salt surfaces that were once part of the

lake bed. As a population of almost six million is
directly and indirectly affected by the consequences of
Lake Urmia drying up (SEDAC, 2010), the threat of
salinization and thereafter desertification of
agricultural lands require careful attention and proper
action is needed to be promptly taken. For thousands
of years, the Urmia lowland has been under water, and
all kinds of sediments from the surrounding lands have
been washed into the lake bed, turning it to a
hypersaline lake with a salinity of more than 100 dS/m.
Over the past few decades, due to reduced amounts of
water flow to the lake and also due to decreased
precipitation, water depth and the lake’s surface area
has decreased dramatically (Shadkam et al., 2016;
Farokhnia and Morid, 2014; Kakahaji et al, 2013;
Hassanzadeh et al., 2012). Water withdrawal from the
lake shores has created vast barren areas around it.
Remote sensing studies of recent images of Lake
Urmia have shown that the Lake Urmia surface area
has decreased from 5433 km? in 1998 to the current
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1798 km?. This means that an area of almost 3600 km?
has been exposed in recent years.

By definition, playas are low flat areas in closed basins
in arid regions which were once underlain by
lacustrine sediments. Playas form during higher
precipitation/evaporation ratios than those prevailing
today, and they may contain shallow lakes, especially
during wet years. Considering the definition of the
playas and the current situation of Lake Urmia, this
lake, too, can be called a playa, the “’Urmia Playa”’,
because it meets these criteria, as it has been formed in
a closed basin and consists of lacustrine sediments.
These barren areas pose potential dangers to the area
as they can be the source of salty dust. Since around
2000, the frequency and the intensity of dust storms in
Iran, particularly in western and southwestern regions
of the country, have increased remarkably. Dust
storms occur with dryness and desertification as well
as droughts, which may be the result of the ongoing
global warming (Prospero et al., 2002). So far, dust
storms in Iran have originated from the neighboring
countries, like Iraq and Syria (Zarasvandi, 2009;
Moridnejad et al., 2015). Nevertheless, several dried
playas of central Iran are also capable of becoming
dust generating areas. Many studies have been
conducted on playas and their geomorphic surfaces in
arid and semi-arid areas. Quite a large number of
studies related to the identification of playa surfaces
and their properties have been conducted in the USA
alone. In the Mojave Desert, 20 playas have been
studied and classified based on their surface type
(Henley, 1987). These playas have been categorized
into two groups: playas with hard and dry surfaces and
those with soft and wet surfaces. The results of these
studies have revealed that wet saline puffy ground
surfaces are prone to generate dust (Goldstein ef al.,
2017; Rhichards et al., 2007). Reynolds et al. (2009)
studied the dust storms data gathered between 2005
and 2008 and their influence on the playa features of
the Franklin Playa, the Mojave Desert. Results showed
that the higher the dryness of the playa surfaces, the
higher the frequency of dust storms. Schreiber et al.,
(1972) studied Wilcox Playa, southeast of Arizona,
and identified such playa surfaces as fan deltas, wet
zones, clay flats and salt crusts. Studies in Owens Lake
(southeast of California) which is considered to be one
of the most important playas in the USA showed that
the Owens Playa is an important source of dust
generation in the USA (Gill and Cahill, 1992; Quick et
al., 2009; Halleaux and Rennd, 2017). Iran, which is
located in an arid to semiarid belt, has several playas
mostly in its central parts. There have been several
studies on playas. One of the earliest and greatest
studies ever conducted on Iran’s playas belongs to
Krinsley (1965-1970). He studied 60 playa surfaces of
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interior Iran. In his book, Krinsley describes the types
of Iran’s playa surfaces as salt crusts, clay flats, wet
zones, and fan deltas. Krinsley defined seven groups
of playas based on the prevailing geomorphic surfaces:
clay flat playas, wet clay flat playas, clay flat-salt crust
playas, wet dry flat salt crust playas and terminal lake
playas. These units were identified from aerial photos
(June 1955). Farpour et al., (2011) studied the
geomorphic surfaces in Sirjan Playa. They identified
different geomorphic surfaces of the Sirjan Playa and
described each surface characteristic: saline and non-
saline clay flats, puffy grounds and wet zones.
Raisolsadat et al. (2012), in a study of playa deposits
in Sahlabad plain, reported that clay flats and salt flats
were the most common playa surfaces. Soft and puffy
facies, plowed surfaces, clay flats, salt clay polygons
and Nabka areas were identified in the clay flat
surfaces. Salt flats included clay polygons facies, salt
polygons and salt facies. Rashki et al., (2012) studied
the changes in Lake Hamiin water and their influence
on dust storms between 1986- 2006, using images
from TOMS, MODIS, and MISR satellites and
meteorological observations. Results showed that the
Lake Hamuin water level witnessed many fluctuations
due to the changes in rainfall during the same years,
and these changes affected all the surrounding areas
during dust storms.

Although Lake Urmia has been drying for nearly a
decade, there have not been many studies related to the
Lake Urmia playa and its geomorphic surfaces.
Therefore, the aims of this research were to study and
detect several geomorphic surfaces of the Lake Urmia
playa and to identify their susceptibility to wind
erosion.

MATERIALS AND METHODS

Study area: Lake Urmia is located between 44°50’ to
46°10" E longitudes and 36°45' to 38°20" N latitudes in
the northwest of Iran. Its surface area used to cover an
area of approximately 5000 km? and even extended up
to 6000 km? during its largest expansion times. Over
the past decades, it has shrunk to less than 2000 km?
leaving behind vast barren areas all around it. The
study area includes all the lands in the north, northeast,
east, southeast and south of Lake Urmia, those which
were once part of the lake bed (areas shown in white
in Figure 1b). The mean annual precipitation of the
Lake Urmia basin is 350 mm. The mean annual
temperature varies between 6.5 °C at higher altitudes
to 13.5 °C at lower altitudes and annual evaporation
from the lake varies between 900 and 1170 mm (Iran
Ministry of Energy, 2014).
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Fig 1. (a): the location of Lake Urmia in the northwest of Iran; (b):
Lake Urmia surface area at present (blue) and in the past (white).

According to previous reports, soils in the study area
are mainly classified in five Soil Tazanomy Great
Groups including Calcixerepts, Haploxerepts,
Haploxeralfs, = Halaquepts and  Endoaquepts
(Hamzehpour et al., 2013).

Fig 2. Primary identification of geomorphic surfaces on a 2016
Landsat 8 color composite image and the locations of the sampling
points in the study area.
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Satellite image studies, field observations and
samplings: Landsat7 images of the study area were
acquired free of charge from
http://earthexplorer.usgs.gov/ for the study area. In
order to determine the initial surface area of the lake,
satellite images of Lake Urmia form 1998 (the year
with the largest expansion of Lake Urmia) were
chosen and were compared to those from 2016. In both
sets of images, the surface area of Lake Urmia was
determined and mapped. Then, by overlaying the
images, parts of Lake Urmia which are now uncovered
were identified and mapped using ARC GIS 10.4.1
software. ext, several geomorphic surfaces of the Lake
Urmia playa were recognized by observing the
variation in the gray spectrum using the panchromatic
band of Landsat 8 with a resolution of 15 m.

Afterwards, sampling points were chosen on the
satellite images by noting the variations in the surface
area of the geomorphic surfaces and their dominance
(Figure 2). Then, all determined surfaces were
checked and verified during field observations, and
soil samples were taken from 0-5 cm of the soil
surface. Then, certain physical properties of the
samples such as soil texture (hydrometer method),
bulk density, saturation percentage, soil color
(Munsell color book), soil consistency, soil aggregate
distribution, and soil stability (Nimmo and Perkins,
2002) were measured. Then, the correlations between
soil properties and each geomorphic surface resistance
to wind erosion were determined. Finally, the
boundaries between different geomorphic surfaces
were drawn and the map of the Lake Urmia playa
surfaces was prepared for the study area.

RESULTS AND DISCUSSION
Geomorphic surfaces identification and
nomenclature: In order to name the identified

geomorphic surfaces, five indices were used. In Table
1, a summary of the symbols representing the indices
used for the naming of the identified geomorphic
surfaces and their definitions are presented. In each
surface name, the first symbol represents the type of
the playa surface, the second represents the soil
texture, the third shows soil resistance to wind erosion,
the forth is representative of soil color, and the last
shows whether the surface was wet or dry at the time
of sampling.

Geomorphic Surfaces: The map of the studied playa
surfaces and their related textural classes are
represented in figure 6. Based on the field observations
and studies, six types of playa surfaces and abandoned
agricultural lands were identified
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These surfaces included sandy and gravel flats, clay-
salt clay flats, sandy-salt crusts, puffy grounds, delta
fans, and wet zones.

Agricultural lands and shrub-grass zones: Due to the
recent global drought, mismanagement of lands and
overgrazing of livestock in certain parts of the study
area, both native and cultivated vegetation cover has
been destroyed (Figures 3a and 3b). In a limited
number of places, remnants of vegetation cover were
observed, especially in water paths. The formation of
thin and fragile salt-silt crusts on the surface of
abandoned agricultural lands has turned them to
surfaces which can easily entrain by wind erosion.
Even in places with hard and stable crusts, livestock
grazing and crust destruction result in uncovered
remanence of sand-silt size subsoil with low organic
matter and high susceptibility to wind erosion.

Sandy and gravel flats: Sand and gravel flats were the
least common, and they were mostly seen at the playa
edges. Soil surfaces were erodible in these areas.
Nevertheless, because of the gravel cover, they have
become stable against wind erosion (Figure 3c).

Clay-Salt clay flats: Clay flats were seen in many parts
of the research area, especially in the east and
southeast of the lake (Figure 6). These surfaces had
low salt contents, fine-grained silt and clay sediments
with relatively hard surfaces and deep groundwater (>
5m) (Figure 3e). These areas are resistant against
wind. The major difference between the identified clay
flats was their salt contents and depth of the
groundwater. Clay flats in the east of Lake Urmia had
relatively high salt contents in comparison to the clay
flats in the south, but due to deep groundwater tables,
they were very stable surfaces. Field observations of
these areas over several years and in different seasons
verified the results.

In contrast, the clay flats in the southeast had lower
salt contents with shallower groundwater. During wet
seasons with heavy rainfalls, due to the recharge of the
groundwater, the depth of the groundwater decreases,
and during dry seasons, evaporation from near surface
saline groundwater produces soft surfaces which are
more susceptible to wind erosion.

Clay flats with mud cracks were mostly seen in the
south and southeast of the lake, especially around river
paths and on lowlands with gentle topography (Figure
3f). These surfaces, in general, were covered with
unstable saline sediments with broken surfaces where
the turned up edges of crusts can be mobilized.
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Puffy grounds: Puffy grounds were seen in the
northeast and south-southwest of the Lake Urmia
playa, where depth of groundwater was very shallow
(<1.5 m at the time of sampling). In such places,
fluctuating groundwater along with capillary
processes have kept the playa surface wet and
facilitated the precipitation of the low density salt with
fluffy structure and high erodibility (Figure 3d).
Several researchers have emphasized the importance
of fluffy playa surfaces, which are prone to wind
erosion (Buck et al., 2011; Joeckel and Ang Clement,
2005; Reynolds et al., 2007). Reynolds et al. (2007)
defined playas with sallow groundwater as wet playas
where the shallow depth of groundwater allows its
evaporation, leaving behind very soft surfaces. Studies
have shown that hard clay and silt-rich playas can
transform to puffy and soft playas due to capillary
movement of shallow groundwater (Adams and Sada,
2014). The Lake Urmia surface area and depth vary
seasonally. On the other hand, restoration programs
aiming at surface water and groundwater recharge
might affect hard clay flats close to brine pools,
turning them to soft puffy surfaces with high
susceptibility to wind erosion.

Sandy-Salt crusts: Sandy-salt crusts were mostly seen
in the north and east of the lake. They are formed of
loose sand and puffy salt layers with salt crust at the
top. In these places, sandy deposits were seen, and
these areas are very susceptible to wind erosion under
drought and high wind speed conditions. Based on the
results of this research, the sandy-salt surfaces were
the most erodible areas with high potential for
generating dust storms. However, salt crusts with a
finer soil texture and a thick layer of salt at their top
are very stable surfaces as long as the groundwater
table depth is deep and the deposited salt at the surface
stays firm as a result of water evaporation and salt
crystallization (Figure 3g).

Delta fans: Delta fans were seen at the northeast and
southeast boundaries of the lake. The surface of delta
fans in the southeast of the lake had fine-grained soil
with high water table levels. Once they lose their
humidity, they will be erodible and susceptible to wind
erosion.

Wet Zones: Wet zones were seen in the east and
southeast of the Lake Urmia playa (Figure 3h). Wet
zones in these areas were formed of coarse-grained
sandy and saline soil, which was stable against wind
erosion. The exceptions were the wet zones at the cast
margin of the lake, which were formed of beach sand
with less stability, and consisted of saline deposits
with high potential for generating dusts.
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Fig 3. The identified geomorphic surfaces of the Lake Urmia
playa. (a) abandoned agricultural land; (b) overgrazed zone; (c)
sandy and gravel flat; (d) pufty grounds; (e) clay-salt clay flats; (f)

clay flats with mud cracks (g) salt crust; (h) wet zone

Soil texture classes: The location of sampling points
on the soil texture triangle is presented in Figure 5.
According to soil texture classes, the studied surfaces
are divided into three textural groups: 1- loamy sand-
sandy loam group,

2- silt-loam group, and 3- clay and clay-loam group.

As seen in Figure 5, the study area included a wide
range of soil texture classes, from very fine to coarse
textures. In some places, where two soil samples were
taken (one from the surface and the other form the
subsurface of the soil), the surface samples had a
texture class of sandy loam, while the subsurface
samples, belonged to clay and silt textural classes.
Based on the results, approximately 35% of the soil
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surfaces in the study area had loam-sandy loam texture
with medium to coarse grain sizes, and about 50% of
the soil surfaces had silty loam textures with fine
grains. Also, approximately 15% of the surfaces had
clay and clay-loam textures with very fine grains. In
the south and southeast of the lake, deposits of sandy
loam and sands with medium to coarse grains were
found (Figure 4). These areas are mostly located along
the river streams, where the rivers finally enter the
playa. Fine grain sediments, like clay loam and silt
loam texture classes, were rarely seen in the south of
the lake, but in the northeast of the playa, they were
the most common texture classes. At playa margins,
coarse textures along with gravels and stones were
observed (Figure 4). These areas belong to Lake
Urmia’s old beach deposits during the largest
expansion times of the lake.

aes %

Fi 4. Sand and sandy loam soil texture dominant in the south
and southeast of the Lake Urmia playa

It can be concluded from Figure 6 that the clay-clay
loam soil textural group was the least common in the
study area and was associated with puffy grounds of
the northeast, and a small area of clay flat in the east
of the Lake Urmia playa. The silt-silt loam textural
group was the most commonly seen textural class in
the area, prevailing almost all around the lake, in the
northeast, east, south and southeast of the lake. As
saltation, which is one of the key processes in dust
emission, happens when particles are in silt size, on
condition of weak aggregate stability, these areas
could become major sources of dust in the area.
Studies in Owens Lake, California, which is one of the
most important dust generating playas in the USA,
have shown that dust emissions in the form of saltation
are the prominent phenomena (Cahill et al., 1996;
Gillette et al, 2004). The sandy and sandy loam
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textural class was also a common textural group and
was seen in the east, southeast and south of the lake.
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Fig 5. Texture triangle plotting the percentage of sand, silt and clay
of the geomorphic surfaces in the Lake Urmia playa.
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Fig 6. The map of the identified geomorphic surfaces of the Urmia
Playa and their related soil texture class

Physical and mechanical properties: A summary of
the physical and mechanical properties of the studied
geomorphic surfaces are presented in Table 2. Based
on these results, most of the soil samples in the study
area were weak against external factors and
susceptible to wind erosion. Some of the surfaces had
very high contents of water and salt. If these surfaces
become dry, they will simply change into erodible
surfaces.
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Soil aggregate stability and distribution: Results from
the soil aggregate size distribution and stability studies
of the Lake Urmia playa surfaces are presented in
Figures 7 and 8, respectively. Based on the major
geomorphic surfaces which are identified in the study
area (Figure 6), the aggregate stability and distribution
curves are presented in five different groups, with each
part in Figures 6 and 7 belonging to certain
geomorphic surfaces.

Group 1, salt crust (Figures 7 and 8, parts a): These
areas had fine to medium aggregate size classes with
relatively high stability, due to their high salt contents
observed in the field (Figure 3g).

Group 2, puffy grounds and wet zones (Figures 7 and
8, parts b): These areas had aggregates of fine to
medium size with medium to low stability (Figure 3d).
Group 3, clay flats (Figures 7 and 8, parts c): In clay
flat areas, soil aggregates had fine to medium sizes
with rather high stability due to the high clay contents
and their strong coherence to each other.

Group 4, delta fans, agricultural lands and lands with
gravel (Figures 7 and 8, parts d): Agricultural lands
which are now abandoned due to either water scarcity
or their secondary salinization with irrigation water or
groundwater are areas with low stability and high
susceptibility to wind erosion. In this group,
RSCL1YD is the eroded surface, which is now stable
due to the formation of desert pavement and gravel
cover over the surface of the area.

Group 5, delta fans, wet zones and agricultural lands
(Figures 7 and 8, parts e¢). These areas had very weak
stability and high erodibility potential in comparison
to group 4.

In Figure 8, the map of the surface stability of the
identified geomorphic surfaces is presented.
According to Figure 8, the most stable parts of the
study area are lands in the eastern parts of the Eslami
Island (east Lake Urmia) and a small area in the
southeast of Lake Urmia (shown with 1 in the Figure
8). Areas with medium stability are in the northeast,
south and southeast of the lake.

The least stable areas are in the south of Lake Urmia,
adjacent to the Miandoab Plain, which is the biggest
plain in the area. The presence of such susceptible
areas close to agricultural lands is a great threat to
sustainable agricultural production and also to the
health and economy of the great population whose
livelihood depends on agriculture. Sweeny et al.
(2016) reported that surfaces with aggregates of loose
sand size are capable of generating dust several times
higher in magnitude than playa surfaces, as aggregates
break apart during saltation.
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Fig 7. Aggregate size distribution curves for representative soil samples from several identified geomorphic surfaces in the Urmia Playa.
Each part represents soil samples’ aggregate size: a: salt crusts; b: puffy grounds and wet zones; c: clay flats; d: delta fans, agricultural lands

and areas with gravel; e: agricultural lands, wet zones and delta fans
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Fig 8. Aggregate stability curves for representative soil samples from several identified geomorphic surfaces in the Urmia Playa. Each part
represents soil samples’ aggregate stability: a: salt crusts; b: puffy grounds and wet zones; c: clay flats; d: delta fans, agricultural lands and
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Fig 9. The Urmia Playa surface stability map. Identical colors
represent geomorphic surfaces with similar stability.
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As sandy-sandy loam texture was observed in the east,
southeast and south of the Urmia playa (Figure 4 and
6), these areas pose potential dangers in the area. The
same study by Sweeny et al. (2016) showed that parts
of the Yellow Lake Playa in Texas, where shallow
groundwater with proper conditions for the
crystallization of efflorescent are available, are also
capable of dust emissions with high magnitudes.

These surfaces are reported to be highly susceptible to
dust emission in Franklin Lake, Soda Lake and West
Cronese Lake playas in the Mojave Desert in
California (Reynolds et al., 2007). Puffy grounds of
the northeast, east, south and southeast of the Urmia
playa with shallow groundwater could also become
dust sources in the area, especially where groundwater
tables fluctuate seasonally.

Conclusion: The results of this research showed that
although it is not long since the Lake Urmia recession
started, several geomorphic surfaces including sandy
and gravel flats, clay-salt clay flats, sandy-salt crusts,
delta fans and wet zones have developed along the
northern to the southern shores of the Lake Urmia
playa. In geomorphic surfaces adjacent to the northern
margins of the Lake Urmia playa, salt contents
increase and soil texture becomes coarser and more
unstable in comparison to clay flats.
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On the other hand, in the east and southeastern parts of
the playa, moving from the outer playa towards the
center of the playa, surfaces become more stable with
finer-grained soils and thicker clay flats or salt crusts
at the top. Soil aggregate size distribution curves
showed that most of the soil sample aggregate sizes
are between medium to fine, which could be well
explained by the texture classes of the samples, which
were mostly sandy-sandy loam. Due to the large size
of the particles, the inner forces which bind particles
together to make aggregates of lager sizes become
weak, and therefore the size of the aggregates becomes
small.

The soil aggregate stability results showed that most
of the samples had a medium to low stability, and if
winds blow, the soil surfaces will be erodible and will
have the potential of generating dusts. According to
the results of this research, about 35% of the
geomorphic surfaces of the Lake Urmia playa were
strongly susceptible to wind erosion with high
potential for generating saline dusts and sand storms.
These areas were located in the east and southeast of
the lake. Also, 40% of the playa surfaces with hard salt
crust-clay flats had moderate resistance to wind
erosion. However, these areas can transform to pufty
and soft surfaces due to capillary movements of
shallow groundwater. This can happen as a result of
the Lake Urmia surface area variations and surface
water and groundwater recharge, leading to the
instability of the formed hard salt crusts-clay flats. The
results also showed that about 25% of the surfaces had
a high resistance to wind erosion, and therefore they
do not have any potential for generating dust. In
conclusion, the sandy-salt surfaces in the east and
southeast of the lake are the most susceptible to wind
erosion with high potentials for generating dust, sand,
and salt storms, which can affect agricultural lands in
the near future. Therefore, their proper management
and stabilization should be of high priority.
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