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Excutive
Summary

1

This

report focuses on dust classification that affects the UAE in terms of the sources. This
sources either a natural source or sources that result of human and industrial activities.
Dust and sand storms which affect the UAE originated from different regions, these regions are classified
to regional and local sources. The regional sources include three areas, the first area includes Iraq (central
and southern parts), in addition to several border areas between Iraq and neighboring countries, the
second area is the border area between Afghanistan, Pakistan and Iran, and the third area is the Nufoodh
and Dahna deserts and the Empty Quarter in the Saudi Arabia.While the local source includes industrial
and human activities and different natural weather conditions that produces dust and causes raising dust
which affect the UAE. Statistics of suspended dust which originated from the regions mentioned above
and affected some parts of the UAE, showed that the percentage of such cases is about 60% from Iraq
area, 25% from the border region between Afghanistan, Pakistan and Iran, 15% from the Empty Quarter
in Saudi Arabia. Satellite images were used to monitor the origin places of the dust, its density and
direction of movement in the atmosphere over an area of interest. Synoptic situation that played a role
in dust events at various different sources had been clarified. Also, dust cloud thickness which is called
(Aerosol Optical Thickness) had been determined, as well as determining the size of dust particles in
some cases by using the Angstrom coefficient, through measurements network over the UAE, which is
part of global system called the Aerosol Robotic network (AERONET). AERONET is based on satellite
property of remote sensing in addition to ground monitoring stations to study aerosols and some of its
properties. The impact of the cloud dust on the thermal inversion in the atmospheric boundary layer for
two different situations of dust storms had been clarified. It had been focused also on the methods used to
monitor and control the dust storms and their predictability. Results of air quality monitoring around the
clock at several stations were presented using a network of stations dedicated to monitor air pollutants
in order to determine the level air purity guide. Activities that affected by dust had been listed and some
ways of reducing the incidence of dust storms from these sources had been displayed.
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2

Introduction

2

Dust

storms are considered as one of the common weather phenomena in regions of dry
climate and desert, especially in sub-tropical latitude regions that causing severe
damage to the natural environment and human life because of their direct impact on land and air
transport and health. Dust and sand storms have a significant effect on weather and climate, where
dust that exists in the atmosphere plays a direct role on the amount of solar radiation that reaches the
Earth's surface, is also working on a rebound during the terrestrial radiation cooling at night. Some of
the good factors that predispose a particular area to a dust storms and increase the intensity of the high
surface temperature and the lack of rainfall and the strong surface winds considered as an extreme
factor involve, this strong surface winds might occur by a cold front that produce large thermal and
pressure gradient. Also dust might occur due to the vertical movement of air either up or down in the
desert areas well known with its light dust that can be spread over large scale of landscape vertically
and horizontally. The previous scientific studies have shown that a large proportion of cases of dust
storms caused by small measurement vertical weather phenomena (Mesoscale convection system).
The impact of these phenomena is not only over its source or areas beneath but extends to areas located
thousands of kilometers away from those sources moves from one country to another, and there are
some cases that support it, Sassen 2002 found that the dust has spread and transported from Asia to
America across the Pacific. The necessity of the dust storms and sand storms study in their negative
effects on the various elements of the ecosystem, and the damage or distraction that might happen
on the agriculture, all kinds of transportation and various human activities. The massive increase of
desertification considered to be the primary cause of frequent increasing raising dust in the world, the
Arabian desert located in a one of the main five deserts belts of the globe, this belt extends from the
Atlantic Ocean to China and contains the deserts of Africa, the Arabian desert, the desert of India, and
the desert of Juba in Mongolia and China. Desertification is the case of biological and environmental
change of the soil and a decline in fertility due to changing climatic and ecological conditions of that
spot or exploitation of natural resources by man. The United Nations report confirms that during the
last century the rate of transformation of land to desert estimated by 50,000 square kilometers per year.

Introduction
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The indicator that shows the extent of desertification of any region can be obtained by studying the
amount of rainfall divided by the rate of evaporation and transpiration in a particular area, the increase
in evaporation and transpiration rates of the amount of rainfall with the absence of irrigation makes
the soil dry which increases the value of solar radiation reflected from the surface of the earth (albedo
= 35%), while the value of radiation reflected on vegetation areas is few (albedo = 15%)
Desertification causes divided to:
Natural factors
The most important natural factors is the noticeable climate change, as well as the geological change
of the land, which led to the emergence of the current divisions and the terrain or the emergence of the
deserts. The most important indicators of desertification are: 1. Repeated periods of drought.
2. Large disparity in the amount of annual rainfall on particular area.
3. Growing range of daily temperature and high variation in daily temperature range between one
region and another.
Human factors
Factors resulting from human activity, such as increasing human exploitation of the land due to the
increasing demand for raw materials which is unplanned and deliberated, as well as a result of oppressive
investment and irresponsible use of natural resources, wars also directly or indirectly lead to the dry
land, hence it undoubtedly lead to desertification.
The following sources of air pollution affect the UAE:
• The first source results from the movement of the atmosphere and its various systems (natural source),
which cause raising dust from the surface of the dry and semi-arid lands, that occupies more than 40%
of the land around the world.
• The second source by the (human), and this type is produced by the various activities of the human on
Earth surface, such as factories, crushing quarries and the rehabilitation of land and other activities, this
source results dust, carbon monoxide, sulfur dioxide, surface ozone and nitrogen dioxide.

12
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Geographical distribution of dry areas
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3

Sources
of air masses
over the UAE

In

a previous study (UAE Air Chemistry), rates of flow of air masses over the UAE and its sources
have been identified, those which can lead to determine the nature of pollutants transported to
the State and the extent of their impact. The flow of air masses tracks have been identified during the
summer (July) and winter (January) years 2001 and 2002 separately at levels 1000, 700 and 500 hPa.
In winter obviously seen that the greatest frequent cases of flow towards UAE come from Iran that
represents 43%, followed by air masses flowing from Saudi Arabia by 21%, then from Iraq by 14%,
where the air of Siberian high pressure prevailing at the surface in winter. While during summer and as
a result of Siberian high weakening the advancing of high pressure of Indian Ocean from the south will
boost air masses from the southwest towards UAE that leads to change rates of frequency of these winds
from its sources.
At the level of the 700 hPa, parts of the Saudi Arabia, Iran and the Arabian Gulf considered as the
prevailed sources (40% in winter and 71% in summer) also flowing air masses of different sources, at
rates estimated at 9% from Egypt and 24% of Sudan and 4% of Ethiopia and 5% across the Mediterranean
Sea in winter and 7% from Pakistan and 4 percent of Afghanistan in the summer.
- Figure 2 Shows the rates of air masses flow recurrence from different sources toward the UAE at the
level of 1000 hPa during the month of July as representative of summer.
- Figure 3 Such as Figure 2 for January, as representative of winter.
- Figure 4 Shows the rates of air masses flow recurrence from different sources toward the UAE at the
level of 700 hPa during the month of July as representative of summer.
- Figure 5 Such as Figure 4 for January, as representative of winter.
- Figure 6 Shows the rates of air masses flow recurrence from different sources toward the UAE at the
level of 500 hPa during the month of July as representative of summer.
Figure 7 Such as Figure 6 but for the month of January a representative of the winter.
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Figure 3

Figure 2

ﻧﺴﺐ ﺗﻜﺮﺍﺭ ﺗﺪﻓﻖ ﺍﻟﻜﺘﻞ ﺍﻟﻬﻮﺍﺋﻴﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﻤﺼﺎﺩﺭ ﻧﺤﻮ ﺩﻭﻟﺔ ﺍﻹﻣﺎﺭﺍﺕ
ﻋﻨﺪ ﻣﺴﺘﻮﻯ  1000ﻣﻠﻴﺒﺎﺭ ﺧﻼﻝ ﺷﻬﺮ ﻳﻮﻟﻴﻮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺼﻴﻒ

Figure 4

ﻣﺜﻞ ﺷﻜﻞ  2ﻭﻟﻜﻦ ﻟﺸﻬﺮ ﻳﻨﺎﻳﺮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺸﺘﺎء.

Figure 5

ﻧﺴﺐ ﺗﻜﺮﺍﺭ ﺗﺪﻓﻖ ﺍﻟﻜﺘﻞ ﺍﻟﻬﻮﺍﺋﻴﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﻤﺼﺎﺩﺭ ﻧﺤﻮ ﺩﻭﻟﺔ ﻹﻣﺎﺭﺍﺕ
ﻋﻨﺪ ﻣﺴﺘﻮﻯ  700ﻣﻠﻴﺒﺎﺭ ﺧﻼﻝ ﺷﻬﺮ ﻳﻮﻟﻴﻮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺼﻴﻒ.

Figure 6

ﻣﺜﻞ ﺷﻜﻞ  4ﻭﻟﻜﻦ ﻟﺸﻬﺮ ﻳﻨﺎﻳﺮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺸﺘﺎء.

Figure 7

ﻧﺴﺐ ﺗﻜﺮﺍﺭ ﺗﺪﻓﻖ ﺍﻟﻜﺘﻞ ﺍﻟﻬﻮﺍﺋﻴﻪ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﻤﺼﺎﺩﺭ ﻧﺤﻮ ﺩﻭﻟﺔ ﺍﻹﻣﺎﺭﺍﺕ
ﻋﻨﺪ ﻣﺴﺘﻮﻯ  500ﻣﻠﻴﺒﺎﺭ ﺧﻼﻝ ﺷﻬﺮ ﻳﻮﻟﻴﻮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺼﻴﻒ.

ﻣﺜﻞ ﺷﻜﻞ  6ﻭﻟﻜﻦ ﻟﺸﻬﺮ ﻳﻨﺎﻳﺮ ﻣﻤﺜﻼ ﻟﻔﺼﻞ ﺍﻟﺸﺘﺎء.

Figure 7 Such as Figure 6 but for the month of January a representative of the winter.
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Difinitions

Sand

/dust storm a weather phenomenon, represents a confluence of dust particles brought
by turbulent and strong wind, (22 knots or more) to higher altitudes to affects severely
the visibility, in particular it affect the horizontal visibility to be less than 1000 meter, these storms often
generated over land covered with dust (not coherent sand) as they might appear over lands not covered
with (dust / sand) as a result of storm movement from the generated areas to other areas, the front of the
storm may take a form of high and wide (dust / sand) wall with a relatively rapid movement known as
(Dust wall), figure 8. The Dust wall might accompanied with cumulonimbus clouds and not associated
with kind of cloud along the cold front. This phenomenon is called (Drifting dust) when the wind speed
is less than 22 knots or horizontal visibility is greater than 1 km.

Figure 8 front dust storm,
which appear in the form of
a sand wall.
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4.2 Rising Sand
A weather phenomenon of dust particle concentrations is caused by strong winds turbulent (7 – 20 knots)
to the relatively high altitudes and affecting the horizontal visibility to reduce below than 2 km and also
greatly affects the vertical visibility.
4.3 Dust haze
A weather phenomenon occurs over dry lands as a result of suspended tiny dust particles, either raised
by wind aloft from the ground surface or by dust storm that occurred in the vicinity.

4.4 Dust devil (whirl)
A weather phenomenon occurrs on arid areas and especially in clear sky and warm days that raising aloft
dust and sand or any non-coherent objects on the ground surface, causing the cloud of dust spins rapidly
in the form of small-diameter cylinder vortex in clockwise or counter-clockwise (Figure 9) and continue
for a short time and sometimes last for several hours. The vortex diameter ranges from several meters to
tens of meters while the height varies between 1000 meters to 2000 meters.

Figure 9 spiral cylinder

Difinitions
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5

The main
types of duststorms
that affect the UAE

Although

the dust storms can take various shapes and forms, there are three main
types of dust storms form on the region of Iraq and the border region
between Afghanistan and Pakistan, Iran and the Empty Quarter, that can affect the UAE in the form of
suspended dust or can be generated within the country, and these storms composed by: northerly winds,
fronts, convection, and the most common type in all parts of the Middle East is the northerly wind.
5.1-Northerly winds storms
North refers to the direction of prevailing winds (Middleton, 1986), that results dust storms around parts
of Iraq, Kuwait and the Arabian Peninsula, which generate a huge amount of dust in the air. There is
variation in northerly winds, which occur in the interior parts of Iran that located in the vicinity of Lot
and Margo deserts. While the transient winds from the central and southern Iraq picking up most of the
dust and carry it from source areas located in southern part of Iraq between the Tigris and Euphrates
rivers moving across the Arabian Gulf to the UAE.
There are two types of northerly winds:
5.1.1-Summer Northerly winds
These winds, known as "120 days" and blowing almost every day during the summer season
beginning from June to September and is called “ Samoom winds” in Kuwait (Middleton, 1986).
The synoptic features that create northerly winds is a region of convergence (Convergence area)
between the extension of similarity tropical high to the north of the Arabian Peninsula and Iraq
on the side of Mediterranean with the seasonal low across south of Iran and southern Arabian
Peninsula. The dust storms of the northern summer winds move to the area as a giant wall of dust.
5.1.2-Winter Northerly winds
There are a large number of dust storms cases due to northerly winds in the winter that occurs by

18
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crossing the cold fronts over Iraq regions, there are a few northerly winds which are not associated
with frontal system during winter, but generated from the influx of very cold air from Turkey or
Syria toward south east (the valley of the Tigris and Euphrates in Iraq and the Arabian Gulf) to
dust ahead. These systems occur in the same way in autumn, as the cold air masses descending
from above and the adiabatic heating is negligible, temperature of descending air masses rises
relatively to the surrounding temperature that results a narrow tongue of cold and dry winds with
hints of the wind.
5.2-The front storms
Dust storms caused by fronts are within large standard scope, and is a term of be a dynamical Synoptic
systems, raising the dust from earth’s surface and mix it with air then carry it to long distances. In
the region of Iraq, these systems start with the entrance of low pressure into source region with the
existence of high pressure persist and centered on Saudi Arabia or on the slope of the Zagros mountains
in Iran generate strong winds, also merge ( approach) the polar jet stream impelled down European
continent and located behind the front with the Tropical jet stream that impelled to the top of southern
Arabian Peninsula that located ahead the front, one jet stream create very active weather that increase
wind speed, especially the Northerly winds reaching 90 km / h, that increases the power of lifting and
blowing dust. There are some cases of intensive dust and sand storms that occur during spring season as
a result of the strong northwesterly winds (north wind) that characterize the weather during the transition
between winter and spring seasons.

Figure 10, Dust storm accompanying a cold front
The main types of dust storms
that affect the UAE
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5.3 Convection currents storms
Convection currents Occur on the narrow standard scope that lead to prediction difficulty, for example
the (Dust Devils) that generated and formed in dry climates when there is a deep temperature lapse rate
change with height accompanied with significant increase of surface temperature. This phenomenon is
picking up the dust and sand from the non-coherent soil and falling down intermittently in the desert,
with diameter ranging from a few feet to hundreds feet while the height ranges between 3000-6000 feet.

20
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The necessary
conditions to
lift up the dust
from the ground

Dust

6

and before its ability to rise aloft into air, specific standards and certain criteria must be
met in the atmosphere (Kalu, 1979), these standards are: -

6.1 the threshold adjustment (horizontal) for dust particles
To move dust particle on ground surface horizontal wind flow must be exist (a laminar flow) with a
velocity not below the threshold of the settlement, which is the necessary speed to start the particle
to move horizontally, most studies have concluded that the threshold is required to start moving dust
or sand particle with diameter ranging from 80-100 microns, accompanied with a wind speed ranging
between 9.6-26 knots

6.2 The threshold of dust particles
The flow of horizontal wind alone will not lift the dust above, there should be a vertical or upward air
movement either by convection or synoptic front style where a kind of air disturbance is necessary
to separate dust particles away from the surface of the source. When these conditions are fulfilled,
required increasing vertical wind speeds greater than the threshold for dust particles in a certain area.
The threshold rising of dust particles is the speed of the wind that required and capable to lift the dust
particles of a certain size in the air. The required amount of upward ascending speed depends on entirely
on the size of the particles. Studies show that the upward vertical velocity estimated at 1.3 meter/ second
has the ability to keep particles with a diameter of 150 micron suspended in the air.

The necessary conditions to
lift up the dust from the ground
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6.3-Earth’s surface cover
Earth’s surface or the ground must be dry enough, that reduces the specific gravity of the dust particles,
and with less vegetation, also the source region must covered with a layer of non-coherent sediment that
consisting of flood sediment such as silt and fine sand and marsh sediment of mud and salts that light
enough to be easy carried by the wind.

6.4-Dust particles size
The different size of dust particles play an important role in both the horizontal motion and lifting
threshold during wind flow, moreover the horizontal threshold depends mainly on the effect of gravity
and the stability of the atmosphere. The compounds of soil particle diameter were Classified in terms as
follows: -

22
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Particle type

Clay

Silt

Sand / gravel

Diameter length

Less than 2 micron

2 – 74 microns

Larger than 74
microns
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Pressure
systems that
cause disrupted
dust

7

which transported to the UAE

Geographical

location of the UAE is affected by different and diverse
pressure systems, from many sources. It is affected by
systems extended from the east, west, north or south, and these systems are single or in combination
with each other at the same time which make the processes of weather forecasts difficult in this region,
especially in transition periods of the year due to successive and rapid changes, and by a previous study
on the region, it was found that the number of surface systems that affect the United Arab Emirates are
12 pressure systems (Abdullah Almandos 2004 ). This report will address only the systems that cause
the rising of dust or sand within the country (local) or carried from a neighboring country in the direction
of the UAE.
7.1 High pressure Extension (Siberian) from the northeast along with
extension of low pressure from the east
UAE is affected by combined system with a
common high-frequency, in the surface layer of
the atmosphere between the extension of the high
pressure from north-east (Siberian High-SH)
along with low pressure extension from the East
(Eastern Trough-ET, where the strong gradient
generated in the pressure activate surface winds
and raise dust on the border between Iran and
Afghanistan and sometimes occur on Sistan
basin in Iran.
Figure 11 Wall of dust released from Afghanistan and
Iran.

Pressure systems that cause disrubted
dust which transported to UAE

Dust-E.indd 23

23

5/7/2012 12:09:16 PM

Figure 12 Shows the joint surface pressure system (ET + SH)

Figure 13 Wind at 1000 hPa on February 21,
2008.

24

Dust-E.indd 24

Figure 14 Such as Figure 13 but for geopotential
height

Pressure systems that cause disrubted
dust which transported to UAE

5/7/2012 12:09:16 PM

7.2 Extension of high pressure (Siberian) from the north along with extension
of low pressure from the east
Sometimes (few times) during the year a pressure gradient occurs between the low pressure coming from
the East (Eastern Trough-ET) over Iran, Pakistan and the high pressure (Siberian High-SH) extending
from the north over Jordan and western Iraq and northern Saudi Arabia. This joint pressure system
results an active northerly and northwesterly, raising the dust and sand from Iraq and northern Saudi
Arabia, this wind is called, in local language, “Shamal". These winds carry dust and sand to affect the
southeastern Arabian Gulf (east of the Kingdom of Saudi Arabia, Bahrain, Qatar, UAE, Oman through
Kuwait) and lead to a lower horizontal visibility over those areas.

Figure 15 Wall of dust released from Iraq.

Pressure systems that cause disrubted
dust which transported to UAE
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In some cases the deviation occurs for the air mass, which loaded with dust and sand in the middle of
the Arabian Gulf to move in the direction of the south-west, to affect the central and south-west Saudi
Arabia, Yemen and the south-west of Oman (Salalah area). The reason for deviation of the air mass is
the decline in Siberian high pressure to the north, allowing the progress of low pressure to the south-west
accompanied by easterly and the northeasterly winds which push the air mass loaded with dust in the
direction of the West (case of 25 to 27 March 2011).
In some cases, the air mass which loaded with dust and sand scattered before it reaches the UAE because
of the divergence in the pressure gradient in Arabian Gulf area, which leads to the decline and dispersion
of wind in the direction of southwest
and east, causing them dispersion
the dust in both of these directions.
UAE is usually affected by this
system in the first and second
transition period and then in the
winter. These cases reinforced if it is
associated in the lower and middle
layers (850 and 700 hPa) with
extension of depression coming
from the east where amounts of dust
or sand carried at these levels and
then falling on the area by gravity.
Figure 16 Shows the joint surface pressure system (SH + ET).

Figure 17 Wind at the level of 1000 hPa on
April 18, 2008.
26
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Figure 18 Surface pressure system represented
by geopotential height.
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7.3-Extension of Thermal Low along with Extension of Indian High (TL-IH)
UAE is also affected by extension of surface thermal low pressure situated over the Empty Quarter,
where the temperature increases, and combined with extension of Indian high. This situation generates
a tight pressure gradient over Empty Quarter and creates southerly-southwesterly wind (Suhaili wind),
lifting the dust and sand and, on its peak, driving the sand dunes. In some cases, dust reaches the western
coast of the UAE, which leads to reduce horizontal visibility over the UAE, particularly over southern
and western areas.

Figure 19 Dust originated from UAE by thermal low at 10 Oct.2007.

Pressure systems that cause disrubted
dust which transported to UAE
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Figure 20 joint surface pressure system (H+TL).

Figure 21 pressure distribution at Mean Sea
Level for 15 May 2011 at 1200UTC.
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Figure 22 wind speed at 10 meters for 15 May
2011 at 1200UTC.
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7.4 Thermal Low (TL)
This type of depressions develops due to the high insulations of solar radiation over the interior regions
of the Arabian Peninsula.
Sometimes (few times), TL forms over the Empty Quarter and moves toward the east, and because of
nature of that geographical area, where the mountain chain extend from south-eastern parts of Oman
(Al Hjer Mountain) to the north east of the UAE. These mountains deepen the thermal low west of
the mountain chain and accelerate the southerly and southwesterly wind over the western regions of
that mountain chain, and over Empty Quarter or west of Oman. This active wind carries dust and sand
towards the UAE, which cause low horizontal visibility and movement of sand dunes, especially over
the south west of UAE.

Figure 23 Dust originated from UAE by thermal low at 28 Feb 2009

Pressure systems that cause disrubted
dust which transported to UAE
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Figure 24 joint surface pressure systems (H+TL+L).

Figure 25 surface Wind speed at 10m at
1200UTC, 28 Feb 2009
30

Dust-E.indd 30

Figure 26 pressure distribution at Mean sea
level for same time.
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7.5-Extension of Red Sea Trough (RST)
UAE is affected by extension of the Sudan Tropical depression which crossed over the Red Sea, figure
28. In some cases; the RST move toward the north-east of the UAE and associated with high pressure
over the Indian Ocean.
This joint synoptic situation cause a pressure gradient inside the trough, which leads to accelerate
the associated southerly and south-westerly wind over the western region and some other parts of the
UAE. This active wind raises dust and reduces the horizontal visibility. RST is associated with unstable
weather conditions, especially when accompanied with an extension of low pressure from west in upper
air (levels, 850hPa, 700hPa and 500hPa).

Figure 27 Dust originated from UAE by RST.
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Figure 28 synoptic chart of RST over Arabian Peninsula.

Figure 29 Geopotentialheight at 1000hPa for
time 0600UTC, 9Jan 2008
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Figure 30 Wind speed at 1000hPa for time
1200UTC, 9 Jan 2008
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Thermal
inversion
by dust clouds

8

The

Impact of dust clouds on the vertical distribution of temperature and the occurrence of
thermal inversion is because of high ability of dust particles at different sizes to absorb the
short-wave solar radiation scattered by atmosphere’s gases, and also because of direct solar radiation
during the day, and then re-emitted it again in form of long-wave thermal radiation towards the outer
atmosphere. DejanVinkovic, 2006, shown that, the temperature of the top layer of dust cloud is high and
increasing with increasing the optical depth of dust cloud, on the other side of dust cloud, the temperature
decreasing, this leads to temperature inversion inside the dust cloud. He showed also, the temperature of
dust cloud change with the size of dust grains. IlanKoren, 2003, shown that, the impact of dust on the
atmosphere is in twofold, first is balance of radiation energy to thermodynamic stability by the impact of
the vertical distribution of dust on divergence of radiation flux, second is dust particles could change the
size distribution of cloud droplets to become more stable and reduce the probability of rainfall.

8.1 Dust storm case (26-28 March 2011)
This dust storm originated in the south-east borders of Iraq with Kuwait on March 25, 2011, and has
reached speed of 90 km / h in Iraq and 57 km / hour at Kuwait airport.
This strong wind has brought a huge amount of dust over Kuwait in form of a dust wall, causing the
deaths of at least twenty people, and with the continuation of the northerly and north-westerly wind,
dust has reached to the UAE on March 26, passing through the Kingdom of Bahrain, Qatar and the east
of the Kingdom of Saudi Arabia, and with the turning direction of the wind to be northeasterly, dust
has reached south-west Saudi Arabia and North Yemen. Horizontal visibility at Abu Dhabi airport has
decreased to 800 meters, at 1100UTC, 26March.
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Figure 31 Shows the movement direction of the
dust to the south-west on March 26, 2011.

Figure 32 Height and wind speed at 350 hPa,
0000UTC, 27 March 2011.

A joint depression on the southwest region of Saudi Arabia along with a high pressure over the Indian
Ocean south of the coast of Oman, has caused raising dust into the upper air layers and then carried by
the north-easterly wind to the upper air layers where it moved in the opposite direction (north-east) in
a form of cloud of dust to cover the UAE all the day on March 27. (Some people thought it is a rainy
cloud, where the National Centre for Meteorology and Seismology has received many calls on that day).
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Figure 33 represents the vertical distribution of temperature on 26 March at 0000 UTC, Figure 34
represents the vertical distribution of temperature on March 26, 1200 UTC, and Figure 35 represents
the vertical distribution of temperature on 27 March at 0000 UTC.
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It is noticed that thermal inversion in Figure 33 for the time of 00 UTC on March 26, due to varying
relative humidity in the lower layers of atmosphere while in Figure 34 for the time 1200 UTC on March
26, with the beginning of the dust entering the upper layers of atmosphere, we note the presence of two
thermal inversions, the first is a result of the wide variation in the relative humidity and the other is a
result of cloud dust. With the increasing amount of dust and moving aloft, it shows the influence of dust
in the upper temperature inversion, figure 35, for 0000 UTC on March 27. As time passage, dust impact
on vertical distribution of temperature decreases, figure 36, which represents the time at 1200 UTC on
March 27, the dust cloud descents and reaches a height of 800 meters instead of 1,400 meters due to
gravity,

36
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Figure 36 represents the vertical distribution of temperature on 27 March at 1200 UTC, Figure 37
represents the vertical distribution of temperature on March 28, 0000 UTC, and Figure 38 represents
the vertical distribution of temperature on 28 March at 1200 UTC.

This is illustrated in figure 37, which represents the time 0000 UTC on March 28. With the decay of
the dust cloud in the upper layers of atmosphere, the thermal inversion has vanished on March 28, 1200
UTC, Figure 38, which represents the time in 1200 UTC on March 28.
It is known that the stability of a layer of the atmosphere lead to resist the upward movement and the
layer of thermal inversion is a layer of high stability and winds in it are weak or static, and dust particles
can move within this layer, but is limited to below a certain level (Burean Met.). Previous studies have
shown that the thermal inversion resulting from dust works to keep the dust rising from the ground layer
within the inversion layer and it does not dissipate to the higher layers (Allen B White & Clinton); the
thermal inversion also helps to preserve the movement ability of the wind.
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8.2 Dust wall over Kuwait on April 15, 2008

Figure 39 Wind at 1000 hPa on April 15 with the
beginning of dust storm.

Figure 40 Wall dusty on April 18,
2008.

Figure 39 Shows the wind at 1000 hPa at the beginning of the storm, where north-westerly wind speed
exceeds 25 knots in the middle of Iraq, Figure 40 shows the place of the dust wall after its movement
towards the south-east where the dust clouds covered middle of the Arabian Gulf, Bahrain, Qatar and
the southern part of the Kingdom of Saudi Arabia on 18, April 2008.

Figure 41 Vertical distribution of temperature at a weather station at Kuwait airport on 15th April 1200
UTC. Figure 42 Such as Figure 38 but on April 16
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Figure 43 shows the Vertical distribution of temperature for the 1200 UTC on 17 April, at a weather
station at Kuwait airport. Figure 44 Such as Figure 43 but for April 18.

By following the vertical distribution of air temperature from 15 to 18 April, it is noticed that the dust
cloud had resulted a thermal inversion at height 250 meters above Earth surface on April 16, and it’s effect
had increased on April 17, where the dust cloud absorb and disperse the short-wave of solar radiation
and then returned it again to above in the form of long wave radiation, leading to a rise in temperature
over the dust cloud starting from height 250 meters to 350 meters during the 16 and 17 April. We also
noticed that temperatures dropped in the layer of the atmosphere below the level of 250 meters.
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9

Aerosol

Over

the past decade the consideration of studying the effects of aerosols as a significant
factor in climate disruption (Charlson, 1990; penner et al., 1992), and it has been shown
that the effect of aerosol is in two ways, directly by deflecting solar radiation, and indirectly by changing
the physical processes for clouds. Aerosol is solid or liquid particles suspended in the atmosphere, and
enter the atmosphere either through nature or human activity. Aerosols also formed in the atmosphere by
turning gas to molecules.

9.1Aerosol Optical Depth (AOD)
Radius ranging between 0.1μm and 20μm, aerosol optical depth (AOD) depends on each of: the total
optical path of aerosols in the atmospheric column and the distribution size of aerosols in a fixed size.
Dust is one of the most important sources of aerosols in the atmosphere (Senifeld&Pandis, 1998), and
it intervenes in many important processes of earth climate (Miller. Et.al 2004, Yoshioka et.al, 2007),
when strong winds blowing on the arid regions or desert, the dust particles rise above the ground and
suspend in the air and move with the atmosphere. In some cases, the particles move in the atmosphere for
long distances away from the primary source and during the movement, it could change their physical
properties, so these aerosols have different effects on environment along the track. In order to observe
movement and path of these aerosols from its sources till they reach the surface of the earth, they
monitored by several stations in the country “within a global network, in Aerosol Robotic network system
(AERONET), a system based on remote sensing, in addition to ground stations to monitor the aerosol.
These measurements provide a new understanding of the quantity of suspended dust in the atmosphere
and some of its physical properties. Dust can be also followed-up in the stations of neighboring countries
through the network of AERONET. The properties of aerosols can be also estimated according to the
source ‘local, regional’, and classify the suspended dust in the atmosphere in terms of the size of its
molecules.
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Figure 45 Distribution of ground measurement stations of aerosols in the UAE.

Figure 46 Image of Dhadna station, one of the aerosol measurement stations, where the Sunphotometer
device is placed.

Aerosol
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The National Centre of Meteorology and Seismology in cooperation with the U.S. space agency, had
made different measurements of aerosols on various parts of the UAE, where the observed data are
collected during the period of the sunshine only at amount of 9 light Beams in the wavelengths of
following 340nm, 380nm, 440nm, 500nm , 670nm, 870nm, 940nm and 1020nm, where light Beam
940nm measure the amount of water in the column of the atmosphere (precipitable water) and after
recording directly, the data sent to The National Aeronautics and Space Administration (NASA) via
satellite, to process it. Light Beam 440nm measures the amount of dust in the air column.

9.2 Angstrom coefficient for dust particles size classification
Angstrom coefficient is known as the value of the spectral dependence of the optical thickness of aerosol
between two wavelengths of light. The coefficient shows the particles size, where its value increased
whenever the radius of aerosol particle decreases and vice versa. In its calculation, Angstrom coefficient
depends on the measurement of optical depth (AOD) values of aerosol at two different wave lengths.
Angstrom coefficient is often used as an accurate evidence of aerosol particles size. The effect of dust
on the solar radiation at the surface of the earth can be described as linearly between the net radiation
at the surface and optical depth (AOD) of the dust. When an optical depth of a unit is at the amount
of optical wavelength of 450nm, we find that the amount of radiation decrease by 140w/m2, while
long-wave radiation increase by 70w/m2 (T.stanelle. Et al, 2010). The relationship between Angstrom
coefficient and aerosol particles radius which affect the aerosol absorption and solar radiation scattering
is an inverse relationship, where the coefficient increases when the radius decreases and vice versa.

9.3 optical depth and Angstrom coefficient for some cases of dust carried
to UAE
• December 13, 2003
UAE may be affected by dust that originated in other areas outside the UAE, by carrying the dust with
the prevailing winds at that time. Figure 47 Shows the optical depth for dust on the Abu Dhabi station
during the month of December 2003. It is noticed from the figure the increasing of optical depth for
aerosol measured during the Dec. 14, the maximum value was 1.9, as a result of increasing the amount
of dust that came from Afghanistan and Pakistan, where the storm originated on December 13, 2003 and
carry dust with the wind until it reached to the UAE on 13 and 14 December, 2003.
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Figure 47 shows the aerosol optical depth during the month of December 2003 at Abu Dhabi station.

Figure 48 shows Angstrom coefficient of light beam for dust during the period 12 to 15December,
2003.
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Figure 48 Shows that values of Angstrom coefficient during Dec 13 were high and ranged from 1.6 to
1.7, this indicates that the particle size aerosol was accurate, while the values of Angstrom in the previous
day, ranged between 0 and 0.2 and this confirms that the size of particles of aerosols was large, taking
into account that optical depth of dust was too small and has increased with the beginning of December
13 as a result of entering a cloud of dust coming from Afghanistan and Iran to the UAE.

Figure 49 Dust source and path on December 13, 2003.

Figure 50 shows the optical depth at Mazirah station during 1 to 18December
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• March 5, 2010
In March 2010, the UAE affected by a regionall dust coming from Iraq during 5 to 7March, 2010, also
its shows from the path of air masses coming to the UAE at various levels, where different air masses
pass through Iraq during the dust eruption as shown in figure 52

Figure 51 Dust carried to the UAE through the Arabian Gulf on March 5, 2010.

Figure 52 The path of air masses that arrived to the UAE over several levels starting from February 28,
2010.
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Figure 53, aerosol optical depth at Mazirah station in the UAE during March 2010, an increase in aerosol
optical depth had noticed during 5-7 March, Figure 54 Angstrom coefficient during the same period,
where it appears that the size of dust particles in that period was large compared to the previous dustcase,
and the value of Angstrom coefficient decreased in that period. This indicates that the dust transported to
the UAE from neighbouring countries is often tiny particle.

Figure 53 Represents the aerosol optical depth at Mussafah station in Abu Dhabi during March 2010.

Figure 54 Represents Angstrom coefficient of aerosol at Mussafah station in Abu Dhabi during March
2010.
44

Dust-E.indd 44

Aerosol

5/7/2012 12:09:22 PM

Air Quality
Guide

10

Monitoring

the UAE surrounding air quality is one of the priorities that have
been taken into account; due to what air pollution can cause to
human health and the environment. An international guide (index) had been set to identify the degree of
purity of the air around the clock, and the health effects associated with this degree of purity, that you
may experience within a few hours or days after breathing polluted air, in order to determine the level of
air pollution and to take necessary actions when it is above the international standards.

10.1 Network of measuring stations and the elements of measurement to
calculate the index
Because there are many sources of air pollution, so the air quality changes from day to day or from hour
to hour. The National Centre of Meteorology and Seismology makes the outdoor air quality information
available to the public, and for that several pollutants are measured by a network of stations designated
for that purpose,
The public can follow the real values of the purity of the air indicator around them through the site:
http://www.uae-airquality.com.
Figure 55, Air quality components measurement stations in the UAE, with values represent air quality
degree during an observation (for example).
Air quality elements are measured by monitoring devices that record the concentrations of major pollutants
around the clock, and then convert these basic measurements to air purity or quality values guide by
using standard formulas set by the Environmental Protection Agency based on the recommendations
organized by the Clean Air act. The major pollutants are:

Air Quality Guide
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1. Earth service Ozone,
2. Polluted particles (also known as aerosols),
3. Carbon monoxide,
4. Sulphur dioxide,
5. Nitrogen dioxide.

10.2 Air quality scale
Air quality scales had been set and ranging from 0 to 500 units, when the value is less than 50, this
represents good air quality, and when air purity values guide between 51 and 100, air quality is satisfactory.
When the values of air purity above 100, the quality of air is un healthy for a particular group of people,
and for all when you higher values recorded. The air quality guide is divided into five measurement
categories (five colors) each category represents a different level of health concern ranging from good
to dangerous. The air quality guide is a national index, so the values and colors used to show local air
quality and levels of health concern are the same every where over the UAE.

Figure 55. The measurement network
covers the most populated areas in the UAE.
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Also figure 56 illustrates the total monthly dust cases that occurred during the period 2001-2010, where
the horizontal visibility was less than 5000 meters at different Airports in the country (Dubai - Abu Dhabi
- Sharjah - Al Ain - Ras Al Khaimah - Fujairah), it is also been illustrated by the monthly distribution
that the maximum number of dust cases occurs during the summer season then followed by spring, and
the maximum occurrences have been recorded at Al Ain International Airport, followed by Abu Dhabi
Airport then Dubai Airport

Figure 56 Total monthly cases of horizontal visibility
deteriorated to less than 5000 meters over some airports in
the UAE, during the period 2001-2010

Figure 57 Total annual dust cases at Abu Dhabi International Airport
during the period 2001-2010, and the trend is polynomial, which
indicates the presence of an increasing tendency in the occurrence
of dust over the years.
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Figure 58: Total annual
cases of dust over Dubai
International Airport
during the period 20012010, also it shows the
direction of polynomial
inclination trend, which
shows the presence of an
increasing tendency in the
occurrence of dust over
the years.
Figure 59: Total
annual cases of dust
over Sharjah Airport
during the period 20012010, also it shows the
direction of polynomial
inclination trend, which
shows the presence of an
increasing tendency in the
occurrence of dust over
the years.
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Figure 60: Total annual
cases of dust over Ras
Al Khaimah Airport
during the period 20012010, also it shows the
direction of polynomial
inclination trend, which
shows the presence of an
increasing tendency in the
occurrence of dust over
the years.
Figure 61: Total annual
cases of dust over Fujirah
Airport during the
period 2001-2010, also
it shows the direction of
polynomial inclination
trend, which shows
the presence of an
increasing tendency in the
occurrence of dust over
the years.

Statistics of dust cases
over the country

5/7/2012 12:09:25 PM

Sources
of dust over the
UAE

12

12.1.1 - The first source: Iraq region
This region includes several sources of dust, central Iraq and the border region between Iraq and
Syria, Jordan and the Northeast Kingdom of Saudi Arabia, Kuwait and the southwestern part of
Iran located to the north of Persian Gulf, which represents the low basin region extends towards
north-west to south-east, and the sediment surface for this area consist of sand deposits and various
sizes disassembled easily carried by wind. There are several reasons increase the frequency of dust
storms to the region of Iraq (Kuwait report -2010), namely:
1- Drying the marshes in southern Iraq since the nineties in the past century (Al-Hurban,

2003) which led to the lowering the groundwater in the region and dry the upper part of the
soil and alluvial mud, making it easy to erode with the wind blow.
2- Create high dams on the rivers and valleys that originate in Iran in the past few year,
which led to decrease the amount of flowing water to Iraq, consequently drying large areas
of soil and vegetation (Al-Awadhi, 2008 &Misak 2009)
 Iraq topography

Iraq is divided into three distinct regions: desert in the west and south-west, is a high region between
Damascus in Syria and up to the wetlands in Iraq, with altitudes ranging between 600 to 900 meters, and
sloping down gradually toward the Euphrates River and the highlands in the north-east of the country,
which rises to 3000 meters or more, as well as the plains located between the Sahara desert and the
highlands.
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Figure 62: Dust released from the Iraq region

Figure 63 Shows the dust raise region, which includes Iraq and its border region with Syria and Jordan
and northern Saudi Arabia, Kuwait, and west of Iran located north of Arabian Gulf.

 The nature of the Iraq-geo
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Dissert region: covered with new sediments mostly sandy and fragmentation resulting from weathering
of the surrounding rock, which it is dry and open region considered as the origin of the dust and sand
storms.
Plains region: is a basin area of the Tigris and Euphrates, contains latest flood sediments when back to
the modern age, where the cultivated areas are increasing, this region is considered as an area of the dust
and sand storms.
Highlands (mountains): an extension of the Zagros Mountains in Iran and Anatolia in the south of
Turkey, considered as one of the newest Figures of the mountains due to plate collision between the Arab
plate and the Eurasian plate, mostly consists of limestone and salt.
 The nature of Iraq-climate

Dust and sand storms are problems prevailing in Iraq, where more prevalent during the spring and
summer seasons, the summer months are featured with two types of wind, the first type is the South and
South East dry winds, which raise dust, with gusty wind could reach 80 km / hours at times, pushing
huge amounts of dust in the atmosphere. The second type of wind is the north wind blowing from the
north and north-west, accompanied with dust could raise the dust to several thousands of meters, causing
a risk to flight conditions.
The climate of Iraq is considered as dry, the average monthly temperatures in Iraq is 32 degrees Celsius.
And the maximum temperature reaches 48 ° C at times, the minimum temperature reaches below freezing
in January. Most rain occurs during the period from December to April, and the highest rainfall amount
is recording over the mountain areas, may reach up to 1000 mm per year at some of these places.
 Dust vortices in Iraq, on May 3, 2005

The synoptic situation: - on 3 May 2005, Iraq was under the influence of two pressure systems, the first
was the western low surface pressure approached from the south-eastern Turkey and the other system
was the high pressure centered to the west of Iran,
With the movement of the low pressure towards the south eastern side, it had been noticed a decrease in
the Geopotential Height at 1000 hPa to reach 10 meters, on 5th of May at 1800Z
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Figure 65 Shows the Geopotential Height for the same day at 1800 UTC.
This low pressure was accompanied with hot air came from the south (Figure 69) resulting strong pressure
and temperature gradient over southeastern region of Iraq, convergence area accelerated the surface wind
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and initiated an area of air confluence, this caused vertical movement aloft (Upward motion), which led
to the escalation of an enormous amount of dust in the shape of a spiral, moving on the next day towards
the Arabian Gulf and the eastern part of the Kingdom of Saudi Arabia. It is shown from the maps, the
vertical movement of air (Omega) at 1000 and 500 hPa on May 4, where there are two adjacent areas
of air rise and subside, led to increase the carried amount of dust, it is well known that the subside area,
caused the fine dust to rise up and spread horizontally and vertically to sediment over the surrounding
areas.

Figure 66 shows the Geopotential Height at
1000 hPa on May 4 at 1200 UTC.

Figure 67 Geopotential height at the 500 level
hPa, also shows temperature distribution on
May 4,existence
1200 UTC.
Dynamic situation: It is noted from the 500 hPa map, the significant
of basin extension

(Trough) from the north coming from the west Figure 67, and the value of Vorticity Advection at 500
level hPa was positive (figure not shown),
The value of creeping vorticity at the level of 1000 hPa was positive in the area of raising dust, that
confirms the vertical movement of air in this region. The presence of a strong jet stream in the layer
between 150-300 hPa Figure No. 73 shows the jet stream at the level of 200 hPa, it makes the kinetic
energy value (Kinetic Energy) is greatest in this layer of the atmosphere. This kinetic energy is divided
into transverse kinetic energy in the direction of the latitude (Zonal kinetic energy) and spiral kinetic
energy (Eddy kinetic energy) that increase the rotational speed of the wind in the air column, even
through low levels of the boundary layer in the atmosphere.
It is clear from previous studies of this type of thermal depressions that caused dust swirling, that one
reason they occur, is the fluctuation of the semi fixed front (Quasi-stationary), which separates the cold
air coming from the south-east Europe and the hot desert air coming from the south-eastern Iraq and
North East of Saudi Arabia Kingdom, these depressions are in a small synoptic scale.
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Figure 68: the value of vortices at 1000 hPa at
1200 UTC on 4th of May, 2005.

Figure 69: Shows the surface temperature
distribution on 3rd of May 0600 UTC with the
beginning of a dust storm.

Figure 70: Represents the vertical velocity at
1000 hPa level at 0600 UTC on 4th of May,
2005.

Figure71: Represents the vertical velocity at
500 hPa level for the same time.
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Figure 72 Represents the jet stream at the
level of 250 hPa 1200 UTC 3rd of May 2005

Figure 73 Represents the jet stream at 200
hPa at same time.

From the above it is clear that the causes of the dust swirl on Iraq are: 1. the front of air between the cold air coming from the South-East of Europe and the hot air from

the south east of Iraq and northern Saudi Arabia, resulting temperature and pressure gradient led
the wind to accelerate.
2. Existence of up and down air regions adjacent to desert known with light soil causing raised and

spread of dust vertically and horizontally.
3. North westerly cool air penetrates the upper atmosphere, which led to increase the pressure

and temperature gradient between the upper levels, in addition to vertical intensity as well as
the activity of jet stream in the upper atmosphere, where accompanied by a jet stream on both
levels of 250 hPa and 200 hPa, where the maximum wind speed was 100 knots and 130 knots
respectively.
 The dusty wall over Kuwait (April 13, 2011)

Dense dust storm spread over north east of the Kingdom of Saudi Arabia and over southeastern Iraq and
Kuwait as well as western Iran, most dust of this storm had been moved to the southeastern parts, as a
fraction of this dust move towards the north-east to cross Iraq to the Caspian Sea,
It is noted that Kuwait was completely covered with dust on April 13. The storm began on April 12,
when a cold front brought in, accompanied by low pressure system moving across southern Turkey, with
a very strong westerly winds on Syria, that pushed massive amounts of choking dust.
The recorded wind speed in Damascus at eleven am on April 12, was 37 miles per hour, while the wind
gust speed has reached 52 miles per hour with the passage of this cold front. Due to the continuation of
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this cold front passage towards the south-east and towards Iraq, it pushed more desert dust to the air, hit
the city of Baghdad at seven o'clock pm on 12th of April and deteriorated the horizontal visibility to 50
meters.
Figure 74: Represents the wind speed and direction at the height of 10 meters above the surface at

0900 UTC on April 12, 2011.

Figure 75: Shows the dusty wall over Iraq region on April 13, 2011.
 North winds (29 July - 2 August 2009)
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This case of the dust storms have resulted from the northerly winds during summer period, has been
extended for a period of five consecutive days (beginning from July 29 until August 2) , the origin of
this dust storm was Iraq region that spread to reach Bahrain, Qatar and the UAE. Where the dominant
pressure system was the easterly trough (over the Pakistan and southern Iran) combined with a high
pressure to the west of the Arabian Peninsula (over Egypt and northern Sudan), and with the retard back
of this low pressure to the east and slowly extension of high pressure, the wind carried the dust from
central Iraq to reach southwestern region of the UAE and the Strait of Hormuz in the Arabian Gulf.
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Figures 76-77-78: show the origin of the storm
in the central Iraq region, then carried the
dust by the north-westerly winds to completely
cover the Arabian Gulf on July 30 and reach
the coast of the UAE.
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Figures 79-80-81: show the direction of dust cloud movement to the east over the Arabian Gulf on July
31 with the beginning of bleaching dust in the northern Gulf. On 1st and 2nd August, the movement of
dust cloud toward the south-east were noted, where the north and west of the Gulf devoid full of dust
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Figure 82: Shows the place of the dust cloud on August 2, 2009.
Figure 83: Shows the wind speed and direction at 1000 hPa at 1200 UTC on July 30, 2009.
Figure 84: represents the Geopotential Height for the same level and time.
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Some dust cases originate from Iraq region

Figure 85: Shows the origin of the dust storm
on July 1, 2008.

Figure 86: Shows the dust cloud and the
direction of motion on June 23, 2010.

12.1.2 The second source: Iran, Afghanistan and Pakistan region
the border area between the three countries, which include the areas of Sistan and Bloch Stan in Iran,
and the southern part of Afghanistan and northwestern region of Pakistan, are considered as one of
the most eruption areas for the dust and sand storms in Asia continent throughout the year, they have
their greater frequency in spring and summer seasons, most dust storms cases are during the day, due to
increase of convection currents (Convective processes) in the boundary layer of the atmosphere, because
of the heating surface. There are also major factors causing the activity of the dust in this region, which
are the wind speed and dryness of the area as well as the high temperature, these factors combined with
the physical conditions of the soil that increases the number of heavy dust storm cases in the region.
Study of dust cases (Jamalizadeh 2008) conducted on the Lake Hmun adjacent to the border with
Afghanistan,there is a steady increase shown in the number of the dusty days, where the average number
of the days during the period 1995-1999 was 12 days, while the average number was 70 days during the
period 2000-2004 each year. The increased frequency of dust storms is an indicator of the desertification
process or degradation of the vegetation cover of the land.
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Figure 87: Shows the source of dust at the border area between Iran, Afghanistan and Pakistan

 Topography of the dust source in Iran and Afghanistan region

The mostly desert region in Iran know as Sistan Basin, extending in the neighboring countries, particularly
Afghanistan and Pakistan, this desert lies in the Iranian interior plateau, which is surrounded by Alborz
mountain in the North, by the Zagros Mountains in the west, which is one of the largest deserts in Central
Asia, salt marshes are abound in this desert. The Most components infested soil is loose sand mixed with
salts surrounded with many sand dunes, in addition to the space occupied by soft deposits, making it
one of the most appropriate area to erupt up the dust. The instability atmosphere in the boundary layer
helps to further sand and dust eruption, resulting from very high surface temperatures of the earth, which
is considered as one of the hottest regions of the world, in late August 2008 it was recorded 63 degrees
Celsius, and has recorded 71 degrees Celsius by one of the satellites of the national Aeronautics and
Space Administration NASA (NASA) (the highest recorded temperature on the earth in this region).
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Figure 88: Shows the case of dust wall in February 21, 2008, that came from Iran and Afghanistan

 Climate of Iran

The climate of Iran is variable in general and dry, there are two main regions of the dust in Iran, the
first region is the north of Arabian Gulf with the borders of Iraq, the second region is the Sistan area in
Iran, where the dry low Hamun (Lake) in the eastern side of Iran, in this low area it is spread with large
deposits amounts of loose and dry minute sands, easily carried by the wind. The average annual rainfall
amount at the Sistan basin is 50 mm, which is very small when compared to the north-west areas, and
the range of wind speed 6-7 m/s, cause the dust to erupt.
Temperatures are relatively mild during spring and autumn seasons, while in summer it is dry and hot.
Mild winter in the South and very hot in summer, with an average daily temperature in July is greater
than 38 degrees Celsius.
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 Climate of Afghanistan

The climate of Afghanistan is a Figure of arid climates or semi-arid, with cold winters and dry summers.
Northerly winds blow towards the western and southern regions, known as the "wind of 120 days,"
during the summer months from June to September. And the wind is usually accompanied by intense
heat, drought, and dust and sand storms. Dust storms occur frequently during the summer months on
the flat areas in the southern part of the country. Dusty wind often occur in the middle of the day or
afternoon, preceded by strong wind with mean speeds between 97 and 177 km/h, enable to raise a dust
cloud to high level or in a shape of a dust wall
 Climate of Pakistan

Arid and semi-arid land represents high percentage of Pakistan territory, concentrated mostly in the
northern and north-western border adjacent to both Afghanistan and Iran. Drought and lack of rainfall in
this region in addition to high temperature, makes it good source for the dust storms, especially with the
entrance of surface cold fronts. The study of dust storms on Pakistan during the period from 1961 - 1990
when compared to the period 1991-2000, show that there is a tendency for an increase in dust storms
frequency, that estimated at 29% (Ata Hussain, 2005).

Figure 89: Shows the wind speed and direction
at the height of 10 meters above the surface
on February 21, 2008.

Figure 90: Shows the mean sea surface
pressure distribution on February 21, 2008.

from the Figure 90: a severe pressure gradient noticed between Iran and Afghanistan region, due to the
existence of two different pressure systems, resulting an increase of wind acceleration that pushed a
huge amount of dust towards the south-east.
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Some cases of dust storms

Figure 91: Shows the source and the track
of dust storm on December 5, 2010, which
came from the border area between the
south of Afghanistan and northwestern
Pakistan. The dust cloud has crossed Oman
Sea towards the southwest direction.

Figure 92: Shows the source and the track
of dust storm on February 8, 2010, the origin was from the South west of Afghanistan and the northwestern part of Pakistan
and southeastern Iran. The storm moved
towards the south and southwest to cross
the Arabian Gulf and the Gulf of Oman
to reach Sultanate Oman and the UAE on
February 11.
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Figure 93: Shows the dust storm on July
12, 2010, which originated in the border
region between Afghanistan and Pakistan.

Figure 94: Shows the dust storm on December 12, 2003 has emerged in the border region between Afghanistan and Pakistan and Iran.
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12.1.3 The third source: Saudi Arabia
 Topography of the Kingdom of Saudi Arabia

The Arabian Peninsula Contains different figures of terrain, the Red Sea mountain ranges is the most
notably , which extends in the direction to the north-west - south-east, these mountains is characterized
by a narrow North and South edges, does not exceed a few tens of kilometers, while the central region
of broad stretches a few hundred kilometers towards the east, and characterized by the tendency of these
mountains gradually in the direction to the east, where meets the central plateau (Najd plateau), and the
desert of Alnofoud to the north, and the Empty Quarter to the south, then ends in the far east coast of
Arabian Gulf.

Figure 95: Shows the area of raising dust in the Arabian Peninsula
The Kingdom of Saudi Arabia terrain can be divided in terms of dust sources into the following sections:
1.

the coastal plain of the Arabian Gulf , located to the eastern region along the coast of Arabian
Gulf, these plains have a wide extension and contains a lot of salt deposits and salt marshes,
in addition to the spread of some sand dunes. Some sand dunes has a white color due to
figuration mainly from the remains of limestone of sea shells, these dunes figured due to
decline water for a period in the Arabian Gulf in bulstosen era, where the eastern wind played
a role to transfer calcareous sediments available in Arabian Gulf and assembled in the figure
of sand dunes mainly from limestone.
2. Areas of windy sandy desert, includes the Dahna desert to the north and Alnofoud in the

center, and the Empty Quarter in the south. This sand figured as a result of erosion and
weathering of the Arabian Shield mountains, that transported by the wind to figure the windy
sand dunes.
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3. The western region mountains (mountain ranges of the eastern Red Sea or the Eastern Arabian

Shield Mountains) play to block the north and north-east wind, which leads the movement of
dust in the direction parallel to the eastern edge.

 The climate of the Kingdom of Saudi Arabia

Due to the high variability in topography of the Saudi Arabia, there are several different climates in Saudi
Arabia, it has been noted (AlMarzui, 2009) that there are significant variations in the annual temperature
distribution on different areas of the Kingdom of Saudi Arabia. In general most areas of the Kingdom
can be classified as arid or semi-arid (Shmida, 1985), and is characterized by extreme temperature during
the day and a sharp decline temperature during the night. Also the country is characterized by irregular
rainfall amount and frequency. In the late spring and early summer, the wind is northwesterly to Northerly,
strong over the north-eastern region of the Kingdom, where is the soil surface is loose, resulting from
the blowing wind dust / sand storms, may move towards the southeast to affect the Kingdom of Bahrain
and Qatar as well as the United Arab Emirates.
 Causes of dust over the Kingdom of Saudi Arabia
1. The northerly wind passing over Iraq region and the west coast of the Arabian Gulf, where

the coastal plain contains qualities of loosen soil, appropriate for the dust storms to occur,
moving from the surface to the atmosphere.
2. Extension of Indian monsoon low, which brings huge amounts of dust from Tucker area in

Sudan, and continue in movement towards the east to reach the Arabian Gulf (the case of
March 11, 2009)
3. Thermal Red Sea trough passing the Empty Quarter and reaching the west and central parts

of United Arab Emirates.

• The Red Sea trough case
Low pressure over south-central part of Iraq and to the north
of Saudi Arabia (extension of the Red Sea pressure), which
pushed a huge amount of dust from Tucker in Sudan to the
west of Saudi Arabia and then pushed this dust towards the
northeast, covering Qatar and the central Arabian Gulf.

Figure 96: Shows the escaping dust from the
west to the east at 1000 UTC.
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Figure 97: Geopotential Height at the level of 1000 hPa at 18:00 UTC on 11th of March 2009

Figure 98: Wind at 1000 hPa at 18:00 UTC on
11th of March 2009.
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Figure 99: Jet stream at 250 hPa at the same time
and date (Maximum wind speed was 130 knot)
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Some dust cases originated from Saudi Arabia

Figure 100: Dust status from the east of the Kingdom
of Saudi Arabia and central Arabian Gulf on August 5,
2003

Figure 101: Dust arising from
the Empty Quarter, oving
towards the north-eastern
region on February 17, 2007.
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12.2 local source of dust (from the UAE)
 United Arab Emirates Topography

Several elements influence the formation of sand dunes in the UAE, this formation can be attributed
mainly to wind speed, wind direction, and sediments of soil particles. Shape characteristic of these
dunes can vary from being huge in size (from few hundred meters to few kilometers in height) to a
smaller few meters. These variations can be easily observed clearly in the UAE deserts. And due to the
difference in formation and wind direction any seasonal and Occasionalchanges in shift in the direction
of wind can introduce new elements in the general formation of sand dunes. Sand dunes cover a vast area
between the southern of the Arabian Gulf coast towards the Empty Quarter over Liwa area, most of this
area is covered by sand except of some few rocky terrain which can be observed clearly.
Rocks can be observed as well between Traif to Jabal al Thanna and shuwaihat dating back to the musini
era.
Marine Carbon rocks can be observed over the coastal area at Silla dating back to 16 million years ago.
Sand deserts covers the whole of UAE extending from the south by the Arabian gulf coast stretching to
the vast empty quarter and towards the east of al hasba plain adjacent by Al hijer mountains.
According to the geological point of view these deserts are considerably recent phenomena due to the
nature corrosion and erosion in dry environment above earth surface along passing eras.
• Location and Climate of the UAE
The UAE is located to the south west of Asia, east of the Arabian Peninsula. Sea figure (102) Oman Sea
is located to the east of the UAE’s eastern coastal area which is extending for 70 kilometers. The total
area of the UAE is 77,700 square kilometers. The UAE lies between 22°29' and 26°4' north latitude and
between 51°5’ and 56°23 east longitude. The Tropic of Cancergoes through the southern territories of the
UAE causing a longer exposure to sun light leading to a dramatic increase in temperatures throughout
the year reaching its maximum high by June to August, which is considered to be the hottest months in
the year. The average temperature in the UAE is 35 °C. Temperature decreases to 18 °C by December
to February. The location has influenced the climatic characteristics of the UAE. The climate of UAE
and the location as a high pressure zone can be characterized to be dry. The climate of UAE is influenced
by some environmental factors, making it arid and unique in humidity, temperature, and rain quantity
characteristics compared to other arid climate. These environmental
Factors are geographical location, area topography, water cover, pressure distribution points, and air
masses.
The UAE is influenced by transported dust from the three regional areas mentioned before or can be
initiated locally by one of these three factors which are thermal lows, unstable conditions, or finally by
human activities (anthropogenic).
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Figure 102: Topography of the United Arab Emirates
12.2.1 Natural sources
Includes natural influences that distribute the spread of dust over the United Arab Emirates, Wind
movement and weather Pressure distributions are the two main natural causes which differ accordingly.

12.2.1.1 Thermal lows

Figure 103: Dust Originated
from within the country, and
its movement on February 28,
200
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Figure 104: Prevailing south easterly wind direction on February 28

Figure 105: Prevailing winds at 10 meters
height above the surface by 0021 UTC on 28
February
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Figure 106: Pressure distribution at sea level,
at the same time and date.
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Figure 107: Dust moving
from the UAE toward the
Arabian Gulf on 25th of
February 2010

Figure 108: Dust moving from
the UAE toward the Arabian
Gulf on 2nd of March 2010
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12.2.1.2 Weather instability conditions
 Local thunderstorms (Small scale)

Cloud accumulation by afternoon hours over the mountains of Oman was the result’s from the coincide
of the rushing moist air mass griped by the Indian Monsoon trough , the seasonal surface north-westerly
winds associated with upper moist easterly trough, and due to the presence of these mountains along the
eastern region of the country. These clouds were detected by NCMS weather radar network specifically
observed over al ahramia and mehathna areas in Oman. With the help of mountains located in these areas
the clouds evolved to be cumulonimbus clouds leading to heavy thundery rain at Sharm Valley over
the Sultanate of Oman moving to the west towards the country’s eastern areas between Al Ain and Al
Shuwaib accompanied with moderate to heavy showers of rain over al faqaa area recording the highest
rain accumulation of 34.8 mm. By evening time, cells of rainy towering clouds starts to take shape on the
east of Al Ain moving toward neighboring areas and was accompanied by rain showers extending to the
interior areas. This weather that affected the country was accompanied by surface winds exceeding 55
km per hour leading to rising of dust and sand deteriorating horizontal visibility to less than100-meter on
different areas especially between the extending area from Abu Dhabi to Dubai and the area extending
between Abu Dhabi to Al Ain.

Figure 109: Cumulus clouds on July 30, 2008 by 1340 UTC
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Figure 110: Such as Figure 109 for 15:10
UTC,these Cumulonimbus clouds was
associated with sand storm resulting
in a decreased horizontal visibility to
about 1500 m fallowed by rain fall over
al Ain area. Maximum gusty wind was
recorded to about 52 knots.

Figure 111: Cumulonimbus clouds on
July 24, 2005,1040 UTC.
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Figure 112: Cumulonimbus clouds was
associated with sand storm reducing
horizontal visibility to about 900 m
followed by rain fall over Al Ain area.
Maximum gusty wind was recorded to
about 34 knots.

12.2.1.3 Cold air mass entering from the north
By the 2nd of March 2009 a decrease in temperature with strong winds and raising sand was the result
of low surface pressure over Iran accompanied by upper air trough at the level of 500mb. The advected
Cold wind at this layer, the 850 hPa, and the surface layer was moving toward the country from the
north. A significant contrast in temperature was observed resulting in the formation of cumulonimbus
clouds by the 1st of March 2009 accompanied by light rain over Abu Dhabi and Sharjah on 2nd of March
early morning and was moving toward the south east as a result of high pressure build up to the west. A
fresh dusty north westerly wind transported from Iraq was detected by NCMS satellite receiving station
moving over the Arabian Gulf. This strong Wind was exceeding 75 km/hr over the country raising the
sand resulting in deterioration in the horizontal visibility specifically over western regions, significant
fall in temperatures in about 8-10 C, and an increase of wave heights to about 10 – 14 feet off shore.
12.2.2 Industrial sources
Human activities such as roads constructions, land cultivation, excavations, and quarries are the main
factor in the artificial dust distribution.
Air quality station in the UAE takes precise measurements of very fine particles (less than 10 mm) which
may have adverse effect on human health.
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Figure 113,114: Daily measurements between 1st of January to 30th of June 2008, at Al Jeer air quality
station in Ras al khaimah

Figure 115: Daily measurements between 1st of January to 30th of June 2008, at Liwa air quality
station.
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Figure 116: Illustrating transported dust from Iraq region by 8th of June 2008.

Figure 117: Daily mean dust over Al Ain station by June 2008 illustrating the increasing value of the
dust that began on June 9 for up to a maximum value through the 10th of the month (549 μg/m3 ), and
then decreases sharply to a near-average, then increases gradually with the beginning of June 17 to
reach its maximum value(619 μg/m3 ) on the 21st . Due to the presence of time intervals between the
dust clouds transported to the UAE.
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Figure 118: Transported dust over the UAE by 19th of June 2008.

Figure 119: Tracking Kinematic motion for the air mass over the different layer of air over Missafa
station from 13th to 19th of June from the surface to 500 hPa.
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Figure 120: Transported dust over the UAE by 20th of June 2008.

Figure 121: Tracking Kinematic motion for the air mass over the different layer of air over mussafa
station from 15th to 21th of June from the surface to 500 hPa.

82

Dust-E.indd 82

Sources of dust
over the UAE

5/7/2012 12:09:38 PM

The negative
effects of dust

13

 Health adverse effects

It is scientifically proven that the presence of dust in the atmosphere results in a lot of adverse consequences on human and animal health, and can cause a lot of negative impacts economically and socially.
The main problem of dust that it can be transported from the region where it was generated from by
wind to impacts neighboring countries, so it is imperative that there should be cooperation between the
countries affected by it to help lower its adverse effects. Studies indicate that the adverse effects of dust
on human health are reflected in the increased rates of asthma, respiratory problems, and heart attacks.
Adverse effects of dust on economy and socially can be summaries in an increasing in road accidents
rates, disruptions to Aviation, and the accumulation of sand on vital facilities. The effect of dust can
reach aquatic environmental life as well. The impact of dust on human health can be attributed to three
factors which are dust particle concentration, its chemical composition, and finally to the duration of
exposure. (Kuwait region dust storm report 2010)

 Agricultural adverse effects

The dust has an adverse effect on the plants, especially trees and field of crops over exposed areas
.Agricultural production is compromised causing economic losses. Sand and dust can have an adverse
effect on the process of respiration, the process of photosynthesis, and can form a mask over plants
which increase its temperature and causes burns on the leaves. As for fruits and flowers, sever wind
speeds and dust can cause a severe shortage in production and significant economic losses. Exposing
the plants to dust can cause it to dry leading to growing needs of extra irrigation water. Strong wind
can cause damage to plants by uprooting some plants from its place and in some cases tend to destroy
leaves and fruits, resulting in the destruction of almost all of the crops in the affected areas just like what
happened in Saudi Arabia ( 2007) five years ago. Agricultural pests can be carried as well resulting in
the spread of plant diseases from one farm to another, which may lead to the loss of the entire crop.
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 Adverse effects on transportation (marine, land, and aviation)

Dust storms have adverse effects on land, aviation, and marine transportation. Horizontal visibility is
significantly decreased in the presence of dust hindering the movement of aviation, land, and marine
transportation as well as airport closures and aviation root closure. Similarly happened in Kuwait airport
when being struck by dust storm reducing the horizontal visibility to lower than 200 m in 2010 causing
the airport to close and bear significant economical loses.
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 Monitoring dust storms
1. Remote Sensing

Remote sensing is the latest technological breakthrough in monitoring and tracking dust and sand particles
at the national and international meteorological centers. Based on Eumet sat MSG satellite receiving
station which has 12 channels (visible, infra-red, and water vapor…etc). By mixing these frequencies
in infrared range spectrum, dust phenomena can be color code and detected. The color coded contrast
can be Cleary monitored over water cover. The satellite pictures can be received every 15 min interval.

Figure 122: Illustrating dust particles concentration over the border between Pakistan, Afghanistan,
and southern Iran.
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2. Meteorological synoptic stations

The science of meteorology Depends mainly on observations. Dust storms and sand storms can be
monitored throughout the routine observations of meteorological stations. The meteorological centers
receive global observations from the global communications network exchange system (GTS).
The observations have full description of the state of the weather and based on weather observation
and weather maps, accurate weather forecasts can be produced. Illustrated in figure 9 surface synoptic
weather stations enable neighboring countries to receive accurate data 24 hr per day consisting of wind
speed, wind direction, horizontal visibility, and temperatures. These variables can be taken into account
and put in weather maps produced every 3 hours to accurately help in analyzing weather situation and
accurately predicting sand and dust storms. It has to be noted that a scares in these synoptic stations is
apparent in the Middle East region making it a challenge to predict such weather phenomena.

 Dust storm forecasting

Different meteorological centers use COSMO numerical prediction model to predict dust storm events. In
the UAE this model is being developed by the NCMS in cooperation with meteorology and climatology
institute of Karslo University in Germany. The dust forecast produced by this model gives us accurate
forecasts up to three days. This Model is run twice per day on 00 and 12 UTC. The model takes in to
account all of the accurate observations received by the synoptic stations as well as the vegetation and
landscape distribution in addition to the type of soil (including 12 types of soil) over the predictable
region to produce the forecasts. The three dynamical equations are processing the dust particles from 1.5,
6.7, and 14.2 mm in the computational process to get the track and movement prediction as well as dust
effect. These predictions are demonstrated accurately in prognostic maps.

Figure 123: Dust concentration particles
using satellite images by the 31st of May
2011 at 0900 UTC demonstrating wind
speed and direction over the forecasted
region.
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Figure 124: Image of dust concentration from the satellite (EUMETSAT)
showing dust raised in the area between the border of Afghanistan and
Pakistan.

Figure 125: Image showing dust source
by 31st of May 2011 at 0600 UTC.

Numerical weather predictions can be used by decision makers to take what is necessary to avoid any
adverse effects caused by dust storms.
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How to reduce
sand/dust storms

Inspite

of strong difficulty in controlling the sand / dust storms due to the spread of deserts
and sand dunes in the country, and the surrounding areas, as well as most dust is
carried to the country from neighboring areas, but there are some procedures (mostly in the origin of
dust coming from the neighboring regions) which may limit the spread volume and the number of sand
and dust storms frequency:
 Improve the usage and utilization of natural resources, and conserving the natural resources , the

rehabilitation of degraded areas and to improve productivity through the application of appropriate
programs (a forestation -Securing sand dunes)
 Stabilize origin areas of sand dunes, including several methods: (Taher Abdul Kabir,2011)
o

Prevent the plowing, planting grains and others in fragile land.

o

Find and provide alternatives to the use of plants as firewood and fuel.

o

Use chemicals for soil stabilization.

o

Mechanical protection, represented in appropriate cradle secure and land adequate through
the :
 Digging trenches, accompanied with soil embankments.
 Building longitudinal soil dams perpendicular to wind vectors of the sand grains.
 Establishment of shields in the form of boxes, this technology related to areas with

strong wind with variable direction. This can be done through installing small
obstacles in the form of a patch with different dimensions from one location to
another. And it can cover the entire sand dunes or some of them to form intersecting
stripes with different dimensions vary from one location to another, depending on
the intensity and speed of sand as well as the quality of the materials available in
those areas
o
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The vital protection or biological, which called the biological or ultimate way. They are
more effective and permanence and do not have an impact on the environment, the ocean,
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human and animal’s health, this involve to:
 Regulation to prevent grazing and exploitation of the lands that have been protected

by different means mentioned previously in order to be cultured, including natural
plants they contain, also introducing some plant species that shown utility in
similar areas.
 Planting shrubs (with certain specifications) to stabilize the moving sand.
 Improving the performance of numerical models to predict the desertification conditions and the

dust storms movement, through the latest data of the Earth's surface specifications in terms of
vegetation, soil types, and others.
 Developing the use of remote sensing techniques to monitor desertification
 Taking a leading measures to strengthen national capacities to develop programs of action against

desertification in the region through:
o

Strengthen scientific research in the field of environmental conservation systems

o

Cooperation and partnership need to prevent desertification

o

Implementation of action programs at the local and regional level at affected areas by
supporting the role of non-governmental organizations and other structural programs to
prevent desertification and sand dune stabilization.
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