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Abstract: This study aims to determine the reasons for the increase in the frequency of sand and dust
storms in the Middle East and to identify their sources and mitigate them. A set of climatic data from
60 years (1960-2022) was analyzed. Sand storms in Iraq are a silty sand mature arkose composed
of 72.7% sand, 25.1% silt, and 2.19% clay; the clay fraction in dust storms constitutes 70%, with a
small amount of silt (20.6%) and sand (9.4%). Dust and sand storms (%) are composed of quartz
(49.2, 67.1), feldspar (4.9, 20.9), calcite (38, 5), gypsum (4.8, 0.4), dolomite (0.8, 1.0), and heavy minerals
(3.2, 6.6). Increasing temperatures in Iraq, by an average of 2 °C for sixty years, have contributed
to an increase in the number of dust storms from 75 to 200 times annually. North African storms
affect the Middle East, with a monthly average exceeding 300 g/ m? in peak dust seasons. To reduce
the negative impacts on public health, property, and infrastructure, the study suggests solutions to
mitigate them, including reducing carbon dioxide gas emissions to prevent the expansion of drought
and the afforestation of the desert with plants adapted to drought using advanced techniques and
avoiding land overuse.

Keywords: sand and dust storm; adaption; mitigation; aerosol; afforestation; air quality

1. Introduction

Sand and dust storms (SDSs) are natural phenomena that occur on a large scale all
over the world. They are active in drylands, which constitute about half of the world’s
land area. These phenomena are not recent or coincidental. Some dust storms (DS) contain
airborne dust particles (ADPs) that are microscopic [1,2] and nanoscopic in nature and
are added to the atmosphere due to human activities (mining, quarrying, blasting, coal
dust, crystalline silica dust, etc.), or natural events (volcanoes, DSs, forest burning, and
sea spray). These minute sizes cause lung diseases that may lead to the loss of life due to
the accumulation of inhalable dust pollutants (100 p) in the lungs [3]. The total suspended
particles (TSPs) or airborne dust particles (ADPs) include the sum of >PM10 + PM10 +
PM2.5 and are called deposited dust when settled out of the air. A study on the depths of
the seas and the deposition of glaciers documented sandstorms that blew before the end of
the Cretaceous period (70 million years ago) [4]. As documented by a Chinese study, dust
storms that occurred in 351 AD caused the collapse of some houses, with human, animal,
and agricultural losses [1]. Globally, about 24% of green lands and 41% of grazing lands
are subject to moderate to severe wind erosion [5]. Subtropical desert areas and semi-arid
and semi-humid regions are the main sources of dust generation at present, as dry soil
is exposed to strong winds at certain times of the year. The dust-blowing regions of the
world are concentrated in the northern hemisphere, specifically arid and semi-arid deserts
extending from West Africa to northern China [6]. The Middle East and North Africa
(MENA) are the most dust-prone regions in the world [7,8]. The Sahara is considered the
main source of dust, generating between 61 and 366 million tons annually, and more than
100 million tons of dust fly westward over the Atlantic Ocean annually [9]. In dry areas,
vegetation may not adequately protect the soil, the soil surface may be disturbed in response
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to inappropriate management practices, and climate plays an important role in soil surface
stability. At present, SDSs are frequent. The frequency of storms has increased; for instance,
they increased from 5 times in the 1950s to 20 times in the 1990s [10]. For example, apparent
wind erosion in China in the semi-arid region is due to human grazing and tillage practices
that have been carried out since the early twentieth century [11]. Storms have buried
about 210,000 hectares of productive land in China due to wind erosion [12]. SDSs have
been classified as meteorological and hydrological hazards [13]. Modeling studies have
indicated that drought rates have significantly increased in semi-arid regions, especially
the Northern Hemisphere, including Asia [14-17]. The MENA, South West Asia, and North
East Asia are the regions with the highest SDS frequencies [18]. Iraq is one of the Asian
countries that is exposed to drought and is significantly affected by climatic changes [19,20].
SDSs in Asia, including Iraq, are natural phenomena typically characterized by arid and
semi-arid climates. The frequency, intensity, and geographical scope of SDSs have increased
in recent decades, severely affecting the global economy, forcing airports and schools to
close, and halting most public activities, in addition to agricultural production destruction
and health consequences. ADPs can travel long distances, bringing pathogens and harmful
substances with them and causing acute and chronic respiratory problems. DSs contribute
to desertification, drought, and soil salinity, reduce water supplies, and impede the use
of renewable energy sources [21]. SDSs have environmental, health, social, and economic
impacts. As severe natural SDSs frequently occur in arid and semi-arid regions, they often
cause extreme conditions across Iraq. The steady increase in the number of storms that
have hit Iraq is well-noted. In April 2022, a single storm left 5000 people in hospitals and at
least one person died [22,23]. A month later, another storm left 4000 people in hospitals,
and Baghdad became one of the dustiest cities in the world as the city was covered in
about 60 tons of dust on the same day [23]. Experts expect that Iraq will turn into a “dust
bowl”, with around 300 SDSs per year by 2050. This study highlights climatic influences
as a trigger for SDSs, their environmental, health, and socioeconomic impacts, and how
to mitigate their intensity. This study also highlights the relationship between climatic
changes and SDSs.

2. Data Collection, Methods, and Landforms

Since this study is a comprehensive review paper, part of the information has been
derived from published research and studies and data from some specialized centers.
Climatic data covering 60 years, from 1960 to 2020, and SDSs were frequently collected from
the General Authority for Meteorological and Seismic Monitoring in Iraq. Carbon dioxide
data were collected for the period from 1927 to 2020 from the Global Carbon Project. The
Statistical Package for the Social Sciences (SPSS) computer application was used to analyze
these data and give data analysis for descriptive and bivariate statistics, numerical result
predictions, and predictions for identifying groups. As heavy minerals were separated
using bromoform by [24,25] and identified using a reflected light microscope, the grain
sizes and mineralogy of the SDSs were obtained from [26], which is based on [27]. The
light minerals were petrographically identified and coupled with the XRD technique. Iraq
is located in western Asia in the Middle East (Figure 1). The climate is heavily influenced
by the topography, as Iraq has four main physiographic features—a mountain in the north,
a desert in the west, a flood plain in the center that extends to the south containing marshes
and wetlands, and a coastal environment near the Arabian Gulf delta [28]. Iraq has a varied
topography, with the ground hardly rising above sea level in the extreme south and reaching
3600 m in the north. The physiographic landscape can be roughly divided into a rocky
desert (west and southwest), a folded zone and steppes (north and northeastern) along the
borders of Turkey and Iran, hills and plains (middle to south), and the marshy lowlands and
delta of the Tigris and Euphrates (south) where the rivers drain into the Arabian Gulf. The
Western and Southwestern Deserts are dry areas and part of the Syrian Desert [29], which
also covers large parts of Syria, Jordan, and Saudi Arabia and is characterized by poor
vegetation [30,31]. In the summer, Iraq’s climate is dry and hot, with daytime temperatures
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above 40 °C, with some days reaching 50 °C, and the relative humidity increases towards
the Arabian Gulf [28]. Near-freezing temperatures are experienced. Dusty desert winds can
blow for days throughout spring and summer and can even reach neighboring areas. Most
precipitation occurs as rain or snow between November and April in the mountainous
regions of the north and northeast. Winter temperatures here decline below 0 °C. The
landscape becomes increasingly flat in the south, represented by the Tigris and Euphrates
river delta [28]. The area is distinguished by its fertility, and flora is spread around the
Tigris and Euphrates Rivers [32].
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Figure 1. The location of Iraq (red color) and the MENA (brown color) in the world.

3. Results
3.1. Particle Size and Composition of SDSs

The components of SDSs vary both minerally and chemically according to the source
region and wind energy. The energy of the transport factor represented by the wind
determines the size and weight of the particles transferred from the source area to the
deposition area. The heavy particles are initially deposited, while the lighter particles are
suspended and have a longer transmission distance. The residence time depends on the
wind energy and the weight and shape of the particles. It is necessary to delve into the
issues of mineralogical composition and grain size because of their close relationship with
human health. SDSs have a large discrepancy in the distribution of grain sizes among
sand, silt, and clay (Figure 2). The danger of dust storms (DSs) lies in the fact that they
contain more fine particles, as they consist of 70% clay, while sand storms (SSs) contain
only 2.1% of this particle size. Table 1 shows the mineral composition and grain size of
selected samples from storms that have hit Iraq. Quartz and feldspar predominated in SSs
and constituted an average of about 87% of the total mineral composition, while quartz,
carbonates (calcite and dolomite), and gypsum predominated in dust storms, accounting
for nearly 92%. There was also a share of heavy metals, which contributed 6.6% and 3.2%
to SSs and DSs, respectively, including quartz (67.1, 49.2%), feldspar (20.9, 4.9%), calcite
(5%, 38%), gypsum (0.4, 4.8%), dolomite (1.0, 0.8%), and heavy minerals (6.6, 3.2%).
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Figure 2. Grain size analyses of the SDSs in Iraq.

Table 1. Size and mineralogical analyses of SDSs in Iraq [21].

Storm Stat Size Fractions (%) * Light Minerals (%) * Heavy Minerals (%)
Sand Silt Clay Qtz  Fel Cal Gyp Dol Zi Py Ho Ch Ma To Ga
Min. 66 21 1.0 51 10 1.8 0.1 0.1
Av. 727 251 22 65 23 5.0 0.4 1.0
55 Max. 78 32 40 72 30 12 11 20 66
SD SD 6.1 5.5 1.5 10. 102 52 051
Min. 6.0 17 68 33 3.3 25 22 0.5
Av. 94 206 70 49 5.0 36 5.0 2.4
DSS Max. 13 23 72 55 79 57 81 12 3.2
SD 3.5 3.0 2.0 113 23 162 3.0 0.9

* Qtz = quartz; Fel = feldspar; Cal = calcite; Zi = zircon; Py = pyroxene; Ho = Hornblende; Ch = chlorite;
Ma = magnetite; To = tourmaline; Ga = garnet.

3.2. Effect of Temperature on SDS Blowing

The world is witnessing climate change, as temperatures have begun to increase in
most countries of the world. Since Iraq is a semi-dryland country, it is exposed more
often to SDSs, as the warming trends over drylands are twice as great as those over humid
regions [33,34]. Climatic information shows that temperatures are steadily increasing in Iraq.
The linear regressive curve shows an increase of 2 °C on average over sixty years, from 1960
to 2020 (Figure 3). The rise in temperature is associated with the emissions of carbon dioxide,
with a direct relationship, and the results show the direct impact of each of these two
variables (emissions of carbon dioxide and increase in warming) on the frequency of dust
storms over Iraq. Accordingly, the number of dust storms increased from 75 to 200 times
per year over 62 years (1960 to 2022), as shown in Figure 3. According to the CDIAC data,
carbon dioxide is released from several sources, such as cement manufacturing, flaring,
and the combustion of fossil fuels (solid, liquid, and gas). Burning liquid fuel produced
the maximum carbon dioxide emissions between 1957 and 2007, while burning gas and
operating cement plants produced the least. One of the causes of global warming is carbon
dioxide, which is known to be massively emitted all over the world [28]. The annual carbon
dioxide emission levels in Iraq for nearly a century from 1927 to 2020 are displayed in
Figure 4a, and the per capita emissions are displayed in Figure 4b. These emissions are
consistent with population growth, as the population of Iraq was 2,968,054 individuals in
1927, 4,816,185 in 1947, 6,536,109 in 1957, 8,261,527 in 1967, 11,479,000 in 1977, 16,335,199
in 1987, almost 20 million in 1997, and the population of Iraq now exceeds 35 million [35].
Various source types of fuel participate in CO, emissions, and they are mostly emitted from
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oil, flaring, gas, cement, and coal for 93 years from 1927 to 2020, according to the analysis

(Figure 4c).
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Figure 3. The annual mean temperature in Iraq for 1960-2020.
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Figure 4. (a), Annual CO; emissions in Iraq from fossil fuels and industry (1927-2020), land use
changes are not included; (b), cumulative CO, emissions show the total sum of CO, produced from
fossil fuels and cement since 1950, land use changes are not included; (c), carbon dioxide emitted
from fuel in Iraq.
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3.3. Precipitation, Wind Speed, and DSSs

The countries of Asia vary in climatic terms; Figure 5 shows the amount of rain in
each country. Precipitation is concentrated in the southeastern part of Asia and decreases
towards the west. The United Nations Food and Agriculture Organization (FAO) estimates
that Iraq receives between 100 and 250 mm of precipitation yearly. A long-term prediction
model predicted monthly rainfall rates and how the effect of SDSs in Iraq has resulted
in lower rainfall in recent years compared to long-term means. Comparing the rainfall
rate with the dusty days in Iraq for the long term, from 1960 to 2021, showed a significant
negative correlation between increasing the frequency of SDSs with a decrease in rainfall
over the past 61 years (1960-2021) (Figures 6 and 7). The monthly model analysis for
60 years (1960-2020) displays how the suspended dust is correlated to the various climatic
elements represented by rainfall, temperature, evaporation, and wind speed (Figure 8).
A noticeable increase in wind speed rates was recorded from February to August, which
is closely related to the frequency of DSs. Several physical factors are key influences on
wind erosion [36]. Soil type particle composition, density, soil moisture, vegetation cover
and its distribution, and landforms such as slope, roughness, and ridges are key factors in
soil weathering and dust emissions [37,38]. The monthly wind speed averages in Iraq from
1960 to 2020, along with the wind direction, are illustrated in Figure 9. The direction of the
wind indicates the source of SDSs [26,38-40]. The prevailing trend inferred from the 60-year
wind speed analysis is from west to northwest. In applying remote sensing techniques,
important regional sources have been determined, such as the SDNA, the Syrian Desert,
the Turkish Anatolian plateau, and sites from the Arabian Peninsula, as well as local sites
within Iraq.

};‘
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Figure 5. Average annual precipitation (mm/year) in Asia, including Iraq (sourced from the FAO of
the United Nations via the World Bank); [41].



Atmosphere 2023, 14, 180

7 of 20

350 - - 300
—e—Rainfall (mm) —e—Suspended Dust
300 -
- 250
y =2.2021x + 67.996
R? = 0.3048
250 s
= \ - 200
£ \ ES
— V' aad Rt )
= 200 \ o PeE.E a
P AT S i
T2 I R B I AN snas 150 3
< Y
© 150 S
)
...................................................... =z
- 100
100 | f
%0 - 50
y =-0.2442x + 134.33
R? = 0.006
0 e 0
O v o o P PP PO DO DD
$ FESFF TS
Year
Figure 6. Total rainfall and number of SDSs from 1960 to 2021.
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Figure 7. Bar shape shows the increase in the frequency of DSs with a decrease in rainfall over the
past 61 years (1960-2021).
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Figure 9. Monthly wind speed averages in Iraq from 1960 to 2020, and a rose diagram showing that
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DSSs during the winter are associated with southeast winds due to synoptic low-
pressure systems and northwest winds after passing cold fronts. The latter wind is often
referred to as the north of winter. In the spring (April-June), Iraq transitions from winter
conditions to summer heat. Latitudinal cyclones are common in early spring but decrease
towards the end of the season. In summer (July—September), Iraq is under thermal influence
extending northwest of Pakistan and associated with the Asian summer monsoon. The
influences of the Mediterranean with the thermal dip over Pakistan lead to northwesterly
winds blowing over Iraq, referred to as the dry north. Typically, winds blow at 10-15 knots,
although they might reach 25 knots for numerous hours or even days. Storms of 40 to 50
knots are frequent during these persistent winds [42]. In the majority of Iraq’s regions,
there are frequent alterations in the wind strength throughout the day, with the nighttime
winds being generally less severe [42]. Winter conditions start to return in the fall (October
through December). The wind remains northwest but weakens, dropping to 5-10 knots.
Rainfall resumes, mainly in the form of showers, beginning in October and gradually
increasing during winter [42]. Dust sources are local and regional. Some dust source points
are within Iraq and others are in neighboring countries, such as Syria, the Anatolian Plateau
in Turkey, and countries as far away as the SDNA. The Western Desert, especially the
southern part of it, and the alluvial plains in Iraq, including the marshes, are sources of
dust. This indicates that northwesterly winds are particularly effective in generating DSs
over Iraq. It has been estimated that approximately 50% of ADPs in the troposphere are
composed of minerals mainly derived from deserts and their surroundings [43]. Bacteria
and heavy metals are both capable of long-distance transportation via ADPs. Aerosols,
particularly those carried by DSs, have the potential to be transported globally and could
significantly affect the ecosystem and climate [44]. Aerosols are essential in the transport
and deposition of atmospheric pollutants [45].

3.4. Dust Sources and Hot Spots

The MENA area is the dustiest place on earth. The Arabian Peninsula, Central Asia,
Western and Eastern China, North and South America, and Australia all contribute to the
total global output of SDSs. On the African continent, SDSs are a visible natural occur-
rence [46], supplying minerals to the Mediterranean and Black Seas via the Saharan DSs [47].
A global pattern of dust frequency is displayed in Figure 10a. The global atmospheric
dust load is of a heterogeneous distribution, as it shows hot spots sourced from Africa
(Figure 10b). Dust sources are of three origins—hydrologic, natural, and anthropogenic.
The hydrologic source is related to different water features; the natural source is the dust
that is released when less than 30% of the land is utilized; the anthropogenic sources are
when more than 30% of the land is used [48]. Around the world, natural sources of dust ac-
count for 75% of emissions, with anthropogenic sources producing the remaining 25% [48].
The global dust emissions consist of 55% from NA and only 8% from anthropogenic sources.
Worldwide, 31% of the sources of hydrologic dust are ephemeral water bodies, only 15%
are naturally occurring, and the remaining 85% are anthropogenic [49]. Figure 11 shows
the paths and hotspots of DSs in the MENA.
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Figure 11. Paths and point sources of the SDSs in the MENA [52].

The vast majority of DSs in the Middle East come from a complex mixture of both
natural and anthropogenic sources. The sources of dust sites in Saudi Arabia (site 9) are
strikingly clustered around dry riverbeds (Figure 12). Dust from the area between the Tigris
and Euphrates Rivers has a local natural source in Iraq, while in Syria, it is classified as
anthropogenic. Dust sources in Jordan are classified as anthropogenic and hydrological,
clustering along the Jordan River (site 10 in Figure 12). In Iran, lakes and large saline
deserts are among the most prominent natural dust foci, except for dust sources in the
northwestern part, which are anthropogenic.
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Figure 12. Distribution of day/year (%), with dust optical depth > 0.2 over the ME [53].

3.5. Environmental, Health, Social, and Economic Impacts of SDSs

The average cost of dust-related welfare losses in MENA is USD 150 billion, or more
than 2.5% of the gross domestic product, with an estimated global cost of USD 3.6 trillion.
SDSs in the MENA cause about USD 13 billion in lost gross domestic product annually.
In Iraq, vast lands have vanished with the intensification of desertification, and 122 DSs
and 283 dusty days were recorded in one year. Within the next decade, the number can
increase to about 300 dust events per year. SDSs deposited 6.9 million tons on Iraq’s land
on 11 April 2008 [26]. Approximately 8 million tons of fine soil particles leave Africa
annually to form DSs. For example, up to 330,000 tons of sand fell on the city of Beijing
in one night in 2006 [54]. One sandstorm deposited up to 10 million tons of dust particles
over Great Britain at once [55]. SDSs contribute to poor air quality, and seven million
people die according to estimates by the WHO. Up to 250,000 people contract potentially
fatal diseases each year in Central Africa, and it is thought that SDSs are to blame for the
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spread of the meningitis viruses there. SDSs harm food security by destroying agricultural
infrastructure, reducing the productivity of fertile topsoil, and directly affecting production.
SDSs affect household income sharply, as millions of people cannot get to work due to
a limit to their range of vision. They are risk factors for chronic diseases, such as lung
cancer, acute lower respiratory infections, and cardiovascular and respiratory diseases
that cause premature death [56]. Since 1900, Great Britain has experienced DS disasters
17 times. SDSs prevent coral reefs from receiving sunlight, and they spawn toxic algal
blooms due to adding fine particles to water. Both continental and maritime ecosystems can
obtain micronutrients from surface dust deposits. Dust transports of iron and phosphorus
are known for helping marine biomass production in areas of the oceans suffering from
a scarcity of these elements, and it is believed that SDNA dust fertilizes the Amazon
rainforest. Despite these advantages, the regional climatic extremes, including drought and
heat waves, are ecologically and economically relevant for agriculture and forestry [57-60].
Drought and heat affect plant health and productivity through the climatic challenge
faced by farmers and decision-makers [61]. These effects will be evident in the coming
decades because these two factors are related to the extreme weather events expected
in the context of global climate change [62]. Dust particle accumulation can stunt plant
development, dry up leaves, and harm harvests. It can block sunlight from reaching the
sea floor, impacting the marine life cycle. Dust also has several detrimental effects on
agriculture, including lowering crop yields by burying seedlings, causing plant tissue loss,
lowering photosynthetic activity, and accelerating soil erosion. A few indirect effects of
dust deposition include overflowing irrigation canals, blocking travel lanes, and degrading
the water quality of rivers and streams. SDSs have had a direct impact on the weather,
causing a 6 °C drop in temperature over the course of 8 h [26]. They have also been
particularly harmful to human respiratory systems, increasing the number of fatalities and
hospital admissions. According to [63], many suspended particulate matter components
are respiratory irritants and may contain contaminants, toxins, heavy metals, salt, sulfur,
pesticides, bacteria, and pollens; they provide poor air quality. Regarding DSs, they are 70%
clay and have a size of less than 0.0039 mm [26]. Because samples from DSs cannot establish
the presence of fibrous minerals, they are not carcinogenic. In addition, substances that are
adsorbed on the surface of ADPs or suspended particulate matter may include carcinogens
or mutagens [63]. PM2.5 stands for particle size categories that are likely to enter the lungs
after being inhaled [63]. As a result of its penetration into the lungs, the clay fraction is
harmful to human health. ADPs present significant risks to human health, and the size
of the dust particles is the main factor for potential risks to human health. The WHO has
determined that sizes >10 pum are not inhaled, but they are harmful to the skin and eyes
and can cause conjunctivitis. As for particles less than 10 pum in size, they are respirable,
and therefore, cause respiratory disorders such as asthma, tracheitis, pneumonia, allergic
rhinitis, and silicosis. On the other hand, fine particles can penetrate the respiratory system
and enter the bloodstream, causing cardiovascular disorders. Exposure to dust particles in
a 2014 case study caused the premature deaths of approximately 400,000 people [64]. ADPs
are fine solid particles that are added to the atmosphere due to human activities (mining,
quarrying, blasting, coal dust, crystalline silica dust, etc.), or natural events (volcanoes,
DSs, forest burning, and sea spray) [65]. These minute particles cause lung diseases that
may lead to the loss of life. Inhalable dust pollutants (100 p) accumulate in the lungs.
ADPs of PM10 form a visible dust that is considered to be the least harmful to the human
body due to self-cleaning mechanisms in the lungs, although some dust particles, such
as silica, are dangerous in this particle size category. PM10 can irritate your eyes, nose,
and throat. ADPs of PM 2.5 are invisible to the naked eye and enter the alveoli, reducing
the efficiency of the lungs to breathe. The data of annual PM100 concentration and deaths
per year in MENA countries is presented in Table 2. Dust particles with a size of less than
2.5 microns are more dangerous to health. They tend to lodge in the bronchi, bronchioles,
and alveoli and even enter the bloodstream, resulting in irreversible damage to the lungs,
which leads to lung cancer, silicosis, and black lung disease. Long-term exposure to fine
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particles severely affects public health, as it increases the proportion of deaths related to
cardiovascular diseases and exacerbates respiratory problems, such as asthma or chronic
bronchitis. As for its short-term health effects, it is represented by shortness of breath,
irritation of the membranes of the eyes, nose, and throat, and sneezing. They increase
environmental hazards. The effects of reduced vision brought on by ADPs also extend
to ground and air transportation. Poor visibility can cause landings to be diverted and
takeoffs to be delayed, which is dangerous for aircraft. Dust can also scour the surfaces
of aircraft and harm their engines. Solar power plants’ output can be affected by dust,
particularly those that depend on direct solar radiation. Solar panel dust buildup is a
major concern for plant operators. It takes time and effort to keep solar collectors dust-free
and prevent particulates from obstructing incoming energy. Dust affects the economy by
causing harm to facilities, including highways and infrastructures. Costs are associated
with removing sand from roads, cleaning up infiltrating dust within structures, accidents,
material loss, and airline and vehicle traffic delays. The effects of ADPs operate similarly
to global warming, as part of the solar radiation that enters the Earth’s atmosphere is
trapped and the rest is scattered, reducing the amount reaching the surface. Additionally,
they serve to scatter long-wave radiation in all directions by absorbing it from the surface.
The size, shape, mineral content, and chemical composition of the particles all play major
roles in how well ADPs can absorb solar energy. The MENA has some of the highest
average PM2.5 and PM10 concentrations worldwide [66]. Iraqi, Egyptian, and Pakistani
communities in the MENA experience disproportionately higher rates of premature death;
up to 30,000 deaths may be linked to poor air quality.

Table 2. Annual PM10 concentrations, deaths, and disability-adjusted life years (DALYs) in MENA
countries, according to Ostro [66].

Country Population Annual Urban Deaths per = DALYs */Capital
PMy Population Year per Year
Afghanistan 24,076 27 16 400 0.3
Egypt 71,550 136 32 15,500 2
Iran 68,669 68 42 9100 1
Iraq 27,456 167 58 10,300 6
Palestine 6574 53 80 1400 1.1
Jordan 5371 69 49 700 1.1
Kuwait 2617 129 74 300 1.1
Lebanon 3965 43 74 400 1.6
Libya 5799 121 85 1800 3
Morocco 30,152 27 37 900 0.2
Oman 2479 124 36 300 1.1
Pakistan 155,333 165 27 30,000 2
Qatar 764 57 65 <100 04
Saudi Arabia 23,047 91 40 2500 1.1
Syria 18,389 89 38 1800 0.9
Tunisia 9996 46 30 800 0.6
United Arab 3947 109 70 200 0.7
Emirates
Yemen 20,478 82 15 1100 0.7

3.6. Dust Reasons and Mitigation Methods

Natural and anthropogenic sources are the main reasons for induced dust. Wind
erosion is the main natural driver of SDSs, which is also dependent on other climate and
land characteristics [36]. SDSs have serious consequences for society, the economy, and
the environment at local, regional, and worldwide scales. They are caused by three major
factors: high winds, a lack of vegetation, and a lack of rainfall. The environmental and
health risks posed by such storms cannot be eliminated, but their influence can be mitigated
by implementing proper steps. In dry and semi-arid areas, DSs are a frequent meteoro-
logical hazard, typically brought on by cyclones or thunderstorms that have substantial
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pressure gradients that increase wind speed across large areas. The troposphere contains
40% of aerosols as wind-eroded dust [67]. The dry regions of Northern Africa, the Arabian
Peninsula, Central Asia, and China are the main suppliers of dust particles; South Africa,
Australia, and North America all contribute significantly too. Estimates of the annual
global emissions of dust primarily vary from one to three gigatons. The low-pressure
systems are primarily responsible for the DSs, and at least 13 pressure systems have af-
fected the development of DSs in the studied area [68]. Human-induced factors contribute
indirectly to SDSs, for instance, population increase, economic globalization, ecosystem
management failure, unsustainable policy, land overuse, agricultural land use changed
for urban development and waste disposal, using technology harmful to the atmosphere,
migration to fragile lands, climate change and global warming, war, and political disorder.
The Middle East region is predicted to be responsible for 24% of all worldwide dust emis-
sions [69]. Major events have the power to spread SDSs over enormous distances, often
crossing international borders, so that their effects spread beyond the regions from where
they originate. Consequently, the problem can only be solved by the concerted efforts
of several countries, not the state itself. It was found that carbon dioxide is a factor that
contributes to climate change, the frequency of dust storms, and the temperature, which
has increased in Iraq at a rate of about 5 °C every 45 years. [28]. By working to reduce
air pollution levels and using early warning systems, countries can reduce the risks of
strokes, heart disease, lung cancer, and asthma. Early warning systems allow people to
take cover, close doors, and clear the streets, reducing the number of traffic accidents. They
also allow farmers to bring in livestock and farm equipment and harvest all or part of
the crop before the storm hits. Regional and international cooperation among countries
is critical in tackling the underlying causes of SDSs and recovering ecosystems. When
dealing with health emergencies, policymakers can use data from improved monitoring
systems to assess whether illness outbreaks are the result of carried sand and dust or
human transit. During poor land management, wind erosion is exacerbated by human
activities that raise the soil, including tilling, grazing, and erosion. Poor land management
practices, in addition to periods of drought, lead to erosion of the topsoil and blow DSs
at a large scale. Such sources are possible to mitigate. If the dust is of natural origin, the
mitigation of naturally sourced SDSs is achievable by stabilizing the surface and placing
fences when blowing SDSs interfere with human operations. On a broad scale, however,
neither is practicable nor desirable. Globally, the possibility for source mitigation is limited,
making effect mitigation even more important. Mitigation requires monitoring, modeling,
forecasting, and early warning systems that facilitate actions that can be taken in the short
term. Forecasting DSs helps prepare for storms and reduces damage, such as providing
additional equipment for hospital emergency rooms related to the respiratory system,
determining when crops are planted and harvested, protecting livestock, arranging and
resetting solar energy generation schedules, and scheduling maintenance and cleaning
solar panels. Modeling and forecasting provide a good possibility for mitigating the effects
of SDSs and require a great effort to design more intelligent models that predict global
and regional dust. Dust models mimic the atmospheric dust cycle using mathematical and
numerical methodologies, including how dust is emitted, transported, and deposited and
how it interacts with solar radiation and clouds. Input parameters, such as the surface,
soil, and meteorological features, can be used to calculate DS forecasts. Whatever the case,
the input will be subject to some kind of error, including those related to spatio-temporal
variations. According to the previous models, the relationship between wind and dust
is non-linear and may lead to errors. The challenges ahead require the explicit treatment
of convection currents, which cause sand and dust to fly upwards in arid and semi-arid
regions. It is preferable to use numerical simulations of dust emissions in conjunction with
actual satellite aerosol data to obtain the best forecast performance.
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3.7. Desert Afforestation and Drought-Tolerant Plant Adaption

Annual global dust emissions have increased by 25 to 50% over the last century
due to a combination of land use and climate change [50]. Protective belts provide the
opportunity for soil stabilization in one country or between countries. Satellite information
on climatic conditions can be used to determine the locations of dry soil that are expected
to be sources of dust. One plan is to grow locally adapted plants with the development
of barriers made of trees and shrubs to protect the soil erosion. It is possible to resort to
advanced and quick strategies, such as employing the capabilities of drones to provide
up-to-date information on the state of the soil, and scattering seeds in areas to be planted,
with early monitoring through what is provided by the Regional Dust Center of the World
Meteorological Organization, as it predicts the concentration of dust and the direction of
its movements for 72 h. It is recommended to plant strong and attractive shrubs, which
are the best plants for erosion control because they have an effective root system for soil
stabilization. Many plant species are adapted to live in a desert environment and are
resistant to drought. Xerophytes are a group of plants that have adapted to surviving in
deserts” wide range of temperatures and need little water [70]. A common example of
a xerophyte is the Joshua tree, which belongs to the genus Yucca and is famous for its
ability to survive in the desert [71]. This shrub produces a thick resin from its glandular
trichomes that encase the leaves of the shrub, which helps prevent water loss by acting as
a sealing agent [72]. Cacti, like the prickly pear, have thick waxy skin with few stomata,
prevent water loss, and are an example of the adaptation of desert plants. Lamb’s ear
is a medium-sized ground-covering plant with leaves borne on a long stalk and purple
flowers that bloom in late spring, attracting butterflies, hummingbirds, bees, and other
pollinators. Soft hair covers its leaves, which helps it withstand drought. It can spread
seeds from the flowers, covering the ground more quickly. Silverberry (Elaeagnus pungent)
is a drought-tolerant shrub that grows very quickly at 8 cm per year, creating barriers and
windbreaks when it reaches a height of 30 cm [73]. The plant has small white flowers with
a pleasant fragrance. The desert bird of paradise (Caesalpinia gilliesii) is a desert plant
with red and yellow flowers that bring hummingbirds and pollinators, and it has a high
drought tolerance [74]. Heavenly bamboo is a drought-tolerant plant that gives a stunning
view through all seasons. The leaves of this plant change colors in every season of the year
and do not fall in the fall season. Rosemary is a strong shrub that is grown as a ground
cover and prefers to live in the high desert [75]. It tolerates drought and gives elegance
to the place, as it has light blue fragrant flowers. Copying ancient techniques for desert
restoration is very attractive and sustainable, such as using water from the air instead of
expensive electricity and energy.

4. Conclusions
The findings of the current study can be summarized as follows:

1. There has been a noticeable rise in annual global dust emissions due to a combination
of changes in land use and climate over the past century. The production of SDSs
worldwide is influenced by the SDNA, South Africa, Arabia, Central Asia, West and
East China, North and South America, and Australia.

2. Massive regional dust plumes originate from the SDNA, which is the dustiest region
in the world, east of the Syrian Desert, Anatolia in Turkey, the Arabian Peninsula, and
some local point sources within Iraq.

3.  These sand and dust loads are characterized by clay-sized particles that make up only
2% of the components of SSs, but up to 70% of those of DSs, which consist mainly
of quartz, followed by feldspar, calcite, dolomite, and gypsum. In comparison, DSs
consist mainly of calcite, followed by feldspar, gypsum, and dolomite. SSs contain
more heavy minerals than DSs.

4. The regions that are the most common sources of DSs in the ME are the SDNA, and
the dry lands of Saudi Arabia, Syria, and Jordan, as indicated by the heavy mineral
groups and satellite images.
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5. The frequency of blowing DSs is related to the wind speed and its direction, as the
prevailing wind directions indicate that most of the dust sources come from the west
and northwest, which indicates the major role of the African continent in supplying
the Middle East with dust. Drought in Iraq has created a suitable atmosphere for DSs.
The dust frequency in Iraq increased during the period from 1960 to 2022 from 75
to 200 times per year and was associated with the temperature, which increased by
2 °C in response to carbon dioxide emissions, which were less than 50 tons in 1960
and reached more than 220 million tons in 2022. On the other hand, the decrease in
rainfall over the past 61 years (1960 to 2021) indicates a negative relationship with the
increasing frequency of SDSs.

6. Land degradation caused by human activity and natural causes leads to wind erosion,
which contributes to the increased frequency of SDSs [76]. Soil stabilization is one of
the most important measures to mitigate the negative health and environmental and
economic impacts of SDSs, which are mediated by afforestation by planting plants
that adapt to the environment and resist drought in the desert.

7. Advanced strategies should be adopted, including a drone technology strategy, which
is an ideal method for agriculture, as seeds can be sown over vast areas within a
short time, and cities fenced with tree belts. These strategies should be applied in
conjunction with addressing the causes of drought, such as reducing carbon emissions
and taking care of land uses according to a satisfactory environmental system that
prevents the encroachment of agricultural lands, reducing green lands.

8. Ultimately, this paper recommends a detailed study of the dust vertical profile in the
atmosphere and clarifies how each scale affects public health and the environment.
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