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Abstract  

Dust storms are some of the most extreme environmental hazards in the Middle East, given 

the arid climate and extensive desert areas, combined with the growing impacts of climate 

change and land degradation. This review is intended to provide an overview of the 

environmental impacts of dust storms by synthesizing recent scientific literature on the 

sources, transport, and impacts of dust storms on environmental and human systems. The 

reviewed studies indicate that dust storms have a significant impact on air quality due to the 

increase in PM2.5 and PM10, decrease in visibility, change in the balance of radiation in the 

atmosphere, and effect on regional climate. Dust deposition also adversely affects soil 

quality, water resources, agricultural productivity, biodiversity and stability of ecosystems. 

The literature also suggests an increasing public health burden associated with dust 

exposure, especially for respiratory and cardiovascular diseases in susceptible populations. 

Recent advances in remote sensing, Geographic Information Systems (GIS) and 

atmospheric modelling and satellite observations have greatly enhanced the ability to 

monitor, identify and forecast dust storms. "But these technological advances also highlight 

the critical need for sustainable land management practices, regional environmental 

cooperation and integrated early warning systems, especially as dust storms become more 

frequent and severe. The study concludes that the integration of environmental monitoring, 

geospatial technologies and climate adaptation strategies through multidisciplinary 

approaches is critical to mitigate the environmental and socioeconomic impacts of dust 

storms and support sustainability in the Middle East. 

Key Words: Dust Storms, Middle East, Environmental Impacts, Air Quality, Climate Change, 

Geographic Information Systems (GIS), Remote Sensing, Environmental Sustainability. 
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 الآثار البيئية للعواصف الترابية في الشرق الأوسط: مراجعة شاملة 
 

 
 

 المستخلص  

إلى المناخ الجاف، واتساع المساحات   المخاطر البيئية في منطقة الشرق الأوسط، نظرًا  الترابية من أشدّ  تُعَدّ العواصف 
الصحراوية، إلى جانب التأثيرات المتزايدة للتغير المناخي وتدهور الأراضي. وتهدف هذه المراجعة إلى تقديم نظرة شاملة 
للآثار البيئية للعواصف الترابية، من خلال توليف الأدبيات العلمية الحديثة المتعلقة بمصادرها وانتقالها وتأثيراتها في النظم 
البيئية والبشرية. وتشير الدراسات التي جرت مراجعتها إلى أن العواصف الترابية تؤثر بصورة كبيرة في جودة الهواء، نتيجة 

الدقيقة الجسيمات  تركيزات  الغلاف  PM10و PM2.5 ارتفاع  في  الإشعاعي  التوازن  واختلال  الرؤية،  مدى  وانخفاض   ،
ب الغبار سلبًا في جودة التربة، والموارد المائية، والإنتاجية الزراعية،   الجوي، والتأثير في المناخ الإقليمي. كما يؤثر ترسُّ
والتنوع الحيوي، واستقرار النظم البيئية. وتُظهر الأدبيات كذلك تزايد الأعباء الصحية العامة المرتبطة بالتعرض للغبار، ولا 
سيما أمراض الجهاز التنفسي وأمراض القلب والأوعية الدموية لدى الفئات الأكثر عرضة للخطر. وقد أسهمت التطورات 

، والنمذجة الجوية، والرصد بالأقمار الصناعية (GIS) الحديثة في تقنيات الاستشعار عن بُعد، ونظم المعلومات الجغرافية
في تعزيز القدرة على مراقبة العواصف الترابية وتحديدها والتنبؤ بها بدرجة كبيرة. غير أن هذه التطورات التقنية تُبرز أيضًا 
متكاملة  نظم  وتطوير  الإقليمي،  البيئي  التعاون  وتعزيز  الأراضي،  لإدارة  مستدامة  ممارسات  تطبيق  إلى  الملحّة  الحاجة 
البيئي،   الرصد  دمج  أن  إلى  الدراسة  وتخلص  وشدتها.  الترابية  العواصف  تواتر  تزايد  في ظل  المبكر، ولا سيما  للإنذار 
الأهمية  بالغ  أمرًا  يُعَدّ  التخصصات  متعددة  مناهج  المناخ ضمن  تغير  مع  التكيف  واستراتيجيات  الجيومكانية،  والتقنيات 

 .للتخفيف من الآثار البيئية والاجتماعية والاقتصادية للعواصف الترابية، ودعم الاستدامة في منطقة الشرق الأوسط 

العواصف الترابية، الشرق الأوسط، الآثار البيئية، جودة الهواء، التغير المناخي، نظم المعلومات :  الكلمات المفتاحية 

 .، الاستشعار عن بعُد، الاستدامة البيئية(GIS) الجغرافية
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1: Introduction 

Dust storms are one of the important environmental phenomena affecting the arid and semi-

arid areas in the world particularly in the Middle East. The large areas of desert, prolonged 

droughts, low cover of vegetation, and increasing degradation of the land lead to frequent dust 

events in the region. Such storms carry large amounts of mineral particles over large distances 

and thus affect the atmospheric composition, climate systems, the stability of ecosystems and 

human activities. In recent decades, dust storms have increased in frequency and severity due 

to climate variability and unsustainable land use practices, thus becoming an increasing 

environmental concern [1].Dust storms also have environmental impacts that go beyond 

effects on visibility or the short-term effects on air quality. Airborne dust particles affect the 

Earth's radiation balance, influence cloud formation, decrease the amount of solar radiation 

reaching the surface and change regional weather patterns. Dust deposition modifies soil 

characteristics, impacts nutrient cycling, pollutes water resources, and affects agricultural 

productivity. Therefore, dust storms have become a significant factor in environmental 

degradation and ecosystem disturbance across the Middle East [2,3].Dust storm events also 

significantly affect human health. Fine particulate matter, especially PM2.5 and PM10, can 

penetrate deep into the respiratory system and raise the incidence of asthma, chronic 

obstructive pulmonary disease, cardiovascular disorders, eye irritation, and premature death. 

Prolonged dust exposure is particularly dangerous for children, the elderly and those with pre-

existing respiratory diseases. A number of epidemiological studies have shown a strong 

correlation between dust storm episodes and rise in hospital admissions in many Middle 

Eastern countries [4].The Middle East is a major source of dust in the world and Iraq, Saudi 

Arabia, Syria, Iran, Jordan and Kuwait are often struck by severe dust storms. In recent years, 

the emission of dust has increased due to environmental degradation through desertification, 

reduced river flows, loss of vegetation and intensive human activities . These changes have 

resulted in enhanced transboundary movement of dust and dust storms have become an 

environmental problem demanding regional cooperation and sustainable management 

strategies [5].Advances in remote sensing, Geographic Information Systems (GIS), 

atmospheric modeling and satellite observations have greatly enhanced the monitoring and 

analysis of dust storm dynamics. These technologies provide useful information in dust 

source identification, transport pathways, spatial distribution and environmental impacts, 

enabling researchers and decision makers to develop more effective mitigation and early-

warning systems [6].Due to the increasing environmental and social importance of dust storm, 

many reviews have been made to address causes, transportation, environmental impacts and 

mitigation measures of dust storm. However, recent scientific findings are still scattered 

across disciplines and an updated and comprehensive synthesis is needed. Thus, this review 

attempts to provide an integrated overview of the environmental impacts of dust storms in the 

Middle East, their sources, climatic drivers, effects on air quality, ecosystems, water 

resources, agriculture, and public health, as well as current monitoring techniques and future 

research directions for sustainable environmental management. 

2: Literature Review 

The Middle East is facing some of the world’s most acute environmental problems, such as 

dust storms, exacerbated by the region’s arid climate, land degradation and the rapid impacts 

of climate change. There are many review studies on the sources, transport mechanisms, 

environmental impacts and health impacts of dust storms. The studies have shown the 

complex interactions between atmospheric dust, air quality, ecosystems, water resources and 

human health. Furthermore, recent reviews have stressed the significance of geospatial 

technologies, climate modeling and environmental management strategies in monitoring dust 
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storm events and mitigating their adverse effects . The table below provides a summary of the 

major review studies on the environmental impacts of dust storms in the Middle East, their 

objectives and key findings. 

Table 1. Summary of Previous Review Studies on the Environmental Impacts of Dust 

Storms in the Middle East 

Ref. Authors Year 
Research 

Focus 
Key Findings 

(7) 
Middleton, N. 

J. 
2017 

Global 

environmental 

impacts of 

desert dust 

Reviewed the environmental, climatic, 

and health impacts of desert dust, 

highlighting the Middle East as one of 

the world's major dust source regions. 

(8) Goudie, A. S. 2014 
Desert dust and 

human health 

Demonstrated that dust exposure 

increases respiratory and 

cardiovascular diseases and 

significantly degrades environmental 

quality. 

(9) Shao, Y. et al. 2011 
Global dust 

cycle 

Explained dust generation, atmospheric 

transport, deposition processes, and 

their influence on climate and 

ecosystems. 

(10) 
Ginoux, P. et 

al. 
2012 

Dust source 

identification 

Distinguished between natural and 

anthropogenic dust sources and 

assessed their contributions to regional 

air pollution. 

(11) 
Boloorani, A. 

D. et al. 
2021 

Dust sources in 

the Middle East 

Identified Iraq, Syria, Saudi Arabia, 

and Iran as the principal dust source 

areas affecting the region. 

(12) 

Alizadeh-

Choobari, O. 

et al. 

2016 
Dust storm 

climatology 

Reviewed the climatic drivers, 

frequency, and environmental 

consequences of dust storms across the 

Middle East. 

(13) 

Goudie, A. S. 

& Middleton, 

N. J. 

2006 
Desert dust 

processes 

Provided a comprehensive overview of 

dust formation, transport mechanisms, 

and global environmental impacts. 

(14) 
Hamidi, M. et 

al. 
2013 

Environmental 

effects of dust 

storms 

Reported significant impacts on soil 

degradation, vegetation loss, water 

resources, and ecosystem stability. 

(15) 
Querol, X. et 

al. 
2019 

Long-range 

dust transport 

Demonstrated that transboundary dust 

transport substantially reduces air 

quality and increases health risks. 
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(16) 

World 

Meteorological 

Organization 

(WMO) 

2021 

Monitoring and 

early warning 

systems 

Highlighted the importance of regional 

monitoring networks and early warning 

systems for reducing dust storm 

impacts. 

(17) 

United Nations 

Environment 

Programme 

(UNEP) 

2016 

Global 

assessment of 

sand and dust 

storms 

Reviewed the environmental, 

economic, and social impacts of dust 

storms and emphasized sustainable 

land management. 

(18) 

World Health 

Organization 

(WHO) 

2021 
Air quality and 

public health 

Confirmed that airborne particulate 

matter from dust storms poses serious 

health risks, particularly for vulnerable 

populations. 

(19) 
Prospero, J. M. 

et al. 
2020 

Global dust 

source 

characterization 

Summarized the spatial distribution of 

global dust sources and their effects on 

atmospheric and terrestrial 

environments. 

(20) 
Boloorani, A. 

D. et al. 
2022 

Dust transport 

and 

environmental 

impacts 

Reviewed dust transport pathways, 

climate interactions, and ecological 

impacts throughout the Middle East. 

3: Discussion 

The studies reviewed show that dust storms are considered one of the most important 

environmental problems in the Middle East. The increase in frequency and intensity of dust 

storm events is due to the arid climate of the region causing decreasing precipitation, 

increasing temperature, desertification and pervasive land degradation. These environmental 

changes led to an increase in dust source regions, especially in Iraq, Syria, Saudi Arabia and 

Iran, which resulted in increased atmospheric dust loading and transboundary transport to 

adjacent countries [22].The results also show that dust storms have a significant effect on 

environmental quality through multiple channels. High levels of suspended particulate matter 

(PM10 and PM2.5) deteriorate air quality, reduce visibility, influence the regional radiation 

balance and contribute to changes in local and regional climate conditions. Moreover, the 

continuous accumulation of dust affects the fertility of the soil, leads to land degradation, 

pollutes surface water resources and reduces agricultural productivity, thus threatening food 

security and the sustainability of the whole ecosystem of the region [23].Another important 

finding is the strong association between dust storm exposure and public health, as mentioned 

in earlier studies. High levels of airborne particulate matter have been linked to increased 

rates of respiratory, cardiovascular and allergic diseases, and to more hospital admissions, 

particularly among children, the elderly and those with chronic diseases. These health impacts 

contribute to the burden on health care systems and highlight the need for effective 

environmental monitoring and early-warning programs [24].Recent advances in satellite 

remote sensing, Geographic Information Systems (GIS), atmospheric transport models and 

climate simulations have greatly improved the monitoring and forecasting of dust storm 

events. These technologies enable accurate identification of dust source regions, transport 

pathways, and environmental hotspots, leading to more effective mitigation techniques and 

sustainable environmental management. More research is required to combine climate change 
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projections, land-use planning, and regional cooperation to reduce dust emissions and their 

environmental and socioeconomic impacts in the Middle East . 

4: Conclusion 

Dust storms are among the most significant environmental problems in the Middle East 

because of their extensive effects on air quality, climate, ecosystems, water resources, 

agriculture and public health. The literature review shows that the increasing frequency and 

intensity of dust storms in the region are mainly driven by climate change, desertification, 

land degradation and unsustainable land-use practices. Advances in remote sensing, 

geographic information systems (GIS) and atmospheric modeling over the past decade have 

significantly improved dust storm monitoring, forecasting and environmental assessment. 

However, the adverse impacts of dust storms require integrated regional cooperation, 

sustainable land management, continuous environmental monitoring and implementation of 

effective mitigation and early-warning strategies. Future research should aim at the 

development of climate-resilient environmental policies and improvement of interdisciplinary 

approaches for better understanding and management of dust storm hazards in the Middle 

East. 
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