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ABSTRACT 
Urmia Lake is one of the largest permanent hypersaline lakes in the world. In order to study the effects of aridity 

of Urmia Lake in northwestern Iran on local air quality, the Hybrid Single- Particle Lagrangian Integrated 

Trajectory (HYSPLIT) model is used to model the dispersion of remained sea-salt particles on the basin. Due to 

determine the possible affected areas at periphery of Urmia Lake and estimate the aerosol concentration in these 

areas, 24 hour dispersion has been modeled under various wind directions. Wind directions have been chosen 

regarded to prevailing wind in the area which is northeast-southwest. The maximum number of affected areas of 

sea-salt particles dispersion will be under 240 degree wind while the highest concentration of 6400 µg/m
3  

will 

occur under 90 degree wind. 
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I. INTRODUCTION 

Lake Urmia in the northwestern Iran is one 

of the largest permanent hypersaline lakes in the 

world ([1], [2], [3]). The decline of lake’s surface area 

is generally blamed on a combination of drought, 

increased water diversion for irrigated agriculture 

within the lake’s watershed and mismanagement ([1], 

[2], [4], [5]). In addition, a causeway has been built 

across the lake with only a 1500 m gap for water to 

move between the northern and southern halves of the 

lake ([4]).  It has been suggested that this has 

decreased circulation within the lake and altered the 

pattern of water chemistry; however evidence 

suggests that the impact of the causeway on the 

uniformity of water chemistry in the lake has been 

minimal ([4], [5], [6], [7]).  

A study based on the modeling of the relative 

influence of various factors on the decline of Lake 

Urmia found that 65% of the decline was from 

changes in inflow caused by recent global climate 

change and diversion of surface water for upstream 

use, with the remaining balance due to construction of 

dams (25%) and decreased precipitation over the lake 

itself (10%)  ([2]). As the lake levels decline, the 

exposed lakebed is left with a covering of salts, 

primarily sodium chloride, making a great salty desert 

(Figure1).  These salt flats are detrimental to 

agriculture and inhibit growth of most natural 

vegetation. The salts are also susceptible to blowing 

and will likely create “salt-storms”. Sea-salt aerosols, 

together with wind-blown mineral dust, and naturally 

occurring chloride and organic compounds, are part of 

natural tropospheric aerosols. Tropospheric aerosols 

are a concern to health, with consequences for the 

respiratory tract ([8]); moreover, they affect 

ecosystems by reducing photosynthetic activity, and 

manufactured items by contributing to corrosion ([9]). 

Aerosols also represent a climate issue ([10]), because 

they modify radiative forcing, heat distribution within 

the atmosphere (and thus atmospheric circulation), 

and cloud formation and as a result hydrological cycle 

([11]). People around the lake fear a fate similar to 

that of the population surrounding the nearby Aral 

Sea, which dried up over the past several decades. 

Disappearance of the Aral Sea has been an 

environmental disaster affecting people throughout the 

region with windblown salt-storms. The population 

surrounding Lake Urmia is much denser setting more 

people at risk of impact. The objective of this study 

was to estimate the effect of aridity of Lake Urmia on 

local air quality. Many different dust storm models 

have been developed to study regional and/or global 

dust storm properties ([12], [13], [14], [15], [16], [17], 

[18]). A new windblown dust emission algorithm was 

developed by  Draxler et al. (2010) matching the 

frequency of high AOD events derived from the 

MODIS Deep Blue algorithm with the frequency of 

friction velocities derived from NCEP’s North 

American Mesoscale (NAM) forecast model. The 

threshold friction velocity has been defined as the 

friction velocity that has the same frequency of 

occurrence as the 0.75-AOD which is derived from 

the result of a five-year climatology analysis of the 

MODIS AODs ([19]).  

Urmia Lake is continuing to dry out and yet 

no detailed study has been carried out on the effects of 
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its aridity on local air quality. Comparing the 

situations of Urmia Lake and Aral Sea (Figure2) and 

considering the AOD of Aral Sea (figure3) which is 

obtained from the NASA-operated GIOVANNI portal 

(http://disc.sci.gsfc.nasa.gov/giovanni), came to this 

conclusion that the AOD of Urmia Lake will reach 

0.75 and the new algorithm ([20]) can be used for 

modeling the dispersion of sea salt aerosols of dried 

Urmia Lake. For this work, the last revision of the 

Hybrid Single-Particle Lagrangian Integrated 

Trajectory (HYSPLIT) model ([21]) has been used. 

 
Fig.1. Satellite image showing the entire Lake Urmia 

with the Exposed lakebed in the shore line and also 

around the islands in the southern part of the lake 

covered by salt 

 
Fig.2. (a) Urmia Lake (b) Aral Sea 

 

 
Fig.3. Terra MODIS satellite image shows the 

difference between deep blue AOD of Urmia Lake 

and Aral Sea. The increase of AOD suggests the 

higher possibility of dust storm occurrence 

 

II. Materials and Methods 
2.1. Meteorological data 

In order to determine the effects of 

meteorological parameters on sea-salt particle 

concentration, the dispersion of aerosols has been 

modeled under constant wind speed. The wind speed 

distribution of 2010 in Tabriz and Urmia, as two 

major cities at periphery of the Lake has been shown 

in table 1 and table 2.The prevailing wind at periphery 

of the Lake is northeast-southwest and based on the 

data mentioned in tables 1 and 2, the wind speeds of 

1-3 m/s have the most frequency.  

 

 

http://disc.sci.gsfc.nasa.gov/giovanni
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Tab. 1.  Wind speed distribution in Tabriz 

Wind Speed Distribution (hours) Fastest Wind 

Month 1 to 3 

m/s 

4 to 6 

m/s 

7 to 

10 

m/s 

11 to 

16 

m/s 

17 to 

21 

m/s 

22 to 

27 

m/s 

28 to 

33  

m/s 

34 to 

42  

m/s 

42 more Direction Speed day 

January 161 43 16 6 0 0 0 0 0 220 20 4 

February 157 36 11 2 0 0 0 0 0 240 20 22 

March 108 79 32 15 0 0 0 0 0 230 22 31 

April 122 74 18 7 0 0 0 0 0 240 16 13 

May 126 79 28 2 0 0 0 0 0 250 18 15 

June 106 85 36 5 0 0 0 0 0 360 17 20 

July 65 109 67 3 0 0 0 0 0 50 14 20 

August 87 99 51 2 0 0 0 0 0 320 16 26 

September 125 75 30 0 0 0 0 0 0 350 17 23 

October 156 56 23 1 0 0 0 0 0 220 18 10 

November 199 23 0 0 0 0 0 0 0 260 6 9 

December 181 44 2 0 0 0 0 0 0 260 13 13 

Year 1593 802 314 43 0 0 0 0 0 230 22 31 

 

Tab. 1.  Wind speed distribution in Urmia 

Wind Speed Distribution (hours) Fastest Wind 

Month 1 to 3 

m/s 

4 to 6 

m/s 

7 to 

10 

m/s 

11 to 

16 

m/s 

17 to 

21 

m/s 

22 to 

27 

m/s 

28 to 

33  

m/s 

34 to 

42  

m/s 

42 more Direction Speed day 

January 178 24 7 2 0 0 0 0 0 230 13 4 

February 172 23 4 0 0 0 0 0 0 210 9 16 

March 160 45 15 7 0 0 0 0 0 180 18 15 

April 163 48 8 1 0 0 0 0 0 250 13 13 

May 194 38 5 1 0 0 0 0 0 230 12 23 

June 188 39 4 1 0 0 0 0 0 270 12 15 

July 189 46 2 0 0 0 0 0 0 350 7 17 

August 195 40 0 0 0 0 0 0 0 270 12 26 

September 192 37 2 0 0 0 0 0 0 240 10 14 

October 180 49 8 0 0 0 0 0 0 250 11 2 

November 204 9 0 0 0 0 0 0 0 60 5 1 

December 215 12 1 0 0 0 0 0 0 240 8 18 

Year 2230 410 45 12 0 0 0 0 0 180 18 15 

 

2.2. HYSPLIT Model 

The HYSPLIT model is a complete system 

for computing trajectories, complex dispersion, and 

deposition simulations using either puff or particle  

Approaches ([21]). The model was first 

applied to simulate desert sand and dust storms to 

estimate PM10 concentrations in Iraq, Kuwait and 

Saudi Arabia ([22]). Subsequently, a more 

generalized and simple dust emission formulation 

was incorporated into HYSPLIT for application to 

regions without detailed digital soil characteristics 

and was tested in the North African regions ([23]). 

Recently, the HYSPLIT dust model has been 

improved for application over the Western United 

States with a new empirically derived approach based 

on MODIS (Moderate Resolution Imaging 

Spectroradiometer) AOD (Aerosol Optical Depth) 

values ([20]). The  

 

 

module for the emission of PM10 dust has been 

constructed using the concept of a threshold friction 

velocity which is dependent on surface roughness. 

Surface roughness was correlated with 

geomorphology or soil properties and a dust emission 

rate is computed where the local wind velocity 

exceeds the threshold velocity for the soil 

characteristics of that emission cell ([20]; [24])  

q =K f (u*)                                                     (1) 

f (u*) = u* - u*t                                             (2) 

 

To use the relationship between u* and K in 

a model simulation, the emission flux (Eq. 1) must be 

converted to the mass emitted over a grid cell by 

multiplying the flux by the area of each grid cell 

covered  by dust sources (Ad), so a grid cell’s total 

emission rate would be: 
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Q = q Ad                          (3) 

The total catchment area of the lake is about 51,876 

Km
2
 which is 3.15% of that of the entire country, and 

includes 7% of the total surface water in Iran. In 

order to consider the whole area of lake as the source, 

area is adjusted with each point so that the total area 

over all points represents the area of the lake. Lake 

Urmia, is one of the largest permanent hyper-saline 

lakes in the world and resembles the Great Salt Lake 

in the western USA in many respects of morphology, 

chemistry and sediments ([25]). Because of the 

similarity between Urmia Lake and Great Salt Lake, 

the dust density of soil as defined K, is considered to 

be 6.0E-04 ([20]). 

 

III. Results and discussion 
3.1 Threshold friction velocity 

Threshold friction velocity u*t  represents 

the capacity of an aeolian surface to resist wind 

erosion. At u* = u*t the aerodynamic forces just 

overcome the retarding forces and initialize the 

movement of soil particles. In reality, u*t is affected 

by a range of factors such as soil texture, soil 

moisture, soil salt content, surface crust, the 

distribution of vegetation, and roughness elements. 

Under ideal conditions, u*t can be expressed as a 

function of only particle size. Several theories for 

u*t(d) exist, derived for soils with uniform and 

spherical particles spread loosely over a dry and bare 

surface ([26],  [27], [28]). In this study an expression 

for calculating the wind erosion threshold friction 

velocity u*t for spherical particles loosely spread 

over a dry and bare surface was used. This 

expression takes into account the effect of inter 

particle cohesion on u*t but retains a simple 

functional form ([29]): 

u*t =[ AN(σp g d + γ/ρd)]
 0.5

                                      (4) 

With AN being around 0.0123 and γ being around 

3×10
-4

 Kgs
-2

. The key argument embedded in the 

new expression is that the inter particle cohesive 

force should be, in general, proportional to d
-1

. For 

d< 50 µm, the cohesive force is at least 100 times 

larger than the gravity force ([29]). So for PM10 

(particle with diameter of 10 µm and less), the 

threshold friction velocity will decrease with 

increasing the diameter of particle. In this study, in 

order to consider the critical situation to predict the 

emission of sea salt particles, the diameter of 10µm 

was considered for dry sea salt particles with density 

of 2.17 gcm
-3

.  

 

3.2.       Aerosol concentration  

The Model was run in order to portray the 

changes of average concentration of sea-salt particles 

under various wind speeds. Due to determine the 

effect of wind direction on aerosol concentration, the 

wind speed of 3 m/s has been considered constant. 

Figure 4 shows the daily average concentration under 

various wind directions. The directions have been 

chosen regarded to prevailing wind in the area.   

          
 

          

b a 

c d
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Fig.4.sea-salt dispersion under various wind direction (a)50˚ (b)60˚ (c)70˚ (d)80˚ (e)90˚ (f)230˚ (g)240˚ (h)250˚ 

(i) 260˚ (j)270˚ 

 

The model has been run to determine the 24 

hour average concentration under different speed 

directions (50˚, 60˚, 70˚, 80˚, 90˚, 230˚, 240˚, 250˚, 

260˚, 270˚).Figure 4 shows concentrations for each 

run. The concentration for each location which has 

been affected during 24 hour dispersion has been 

shown in figure 5. 

Based on the result, although the highest 

concentration will occur under 90 degree wind which 

will be 6400 µg/m
3
, but 60 degree and 240 degree  

 

winds will affect maximum number of locations. The 

highest concentration under 60 degree wind will be 

4900 µg/m
3 

in 37.95N, 45.15E and the highest 

concentration under 240 degree wind will be 5100 

µg/m
3
 in 38.05N, 45.35E.
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Fig.5. Concentration at affected areas under various wind direction 

 

IV. Conclusion 
The aridity of Urmia Lake as one of the 

largest permanent hyper-saline lakes in world is a 

major environmental concern, especially in the 

matter of its effects on air quality. Comparing the 

current situation of Urmia Lake and the situation of 

Aral Sea suggests the possibility of reaching current 

AOD to higher values and occurrence of dust storms 

at periphery of Urmia Lake. In this study, HYSPLIT 

is used for modeling the dispersion of sea-salt 

aerosols of dried Urmia Lake and determine the 

possible affected locations under different wind 

directions. Base on the results,60 degree and 240 

degree winds will affect the maximum number of 

locations in the vicinity of the lake. 
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