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Dust Definitions 
Aeolian dust is characterized (in Kuwait, see next slide 
for other definitions) using combinations of wind speed 
and visibility into three types:  
1. Dust Storms (visibility ≤1,000 m and wind speed ≥8 

m/s) 
2. Rising or blowing dust (visibility ≥1,000 m and wind 

speed ≥8 m/s) 
3. Suspended or dust haze (visibility ≤5,000 m and 

wind speed ≤8 m/s) 
Dust storms are further subdivided into three 

categories:  
1. Severe dust storm (visibility: 0–200 m) 
2. Moderate dust storm (visibility: 200–600 m) 
3. Minimum dust storm (visibility: 600–1,000 m). 



Dust Definitions 
Visibility (m) Wind Speed 

(m/s) PM10 (μg/m3) 
 

Source 

Dusty air (DA) > 2000 – 50–200   
Hoffmann et al., 
2008a,b 

Light dust storm (DS1) < 2000 – 200–500 
Dust storm (DS2) < 1000 > 17 500–2000 

Strong dust storm (DS3) < 200 > 20 2000–5000 
Serious strong DS (DS4) < 50 > 25 > 5000 

Dust storm 
The result of turbulent winds raising large 

quantities of dust into the air and reducing 
visibility to less than 1000 m. 

 
McTainsh and Pitblado, 

1987 
Blowing Dust 

Raised by winds to moderate heights above 
the ground reducing visibility at eye level (1.8 
m), but not to less than 1000 m. 

Dust Haze 
Produced by dust particles in suspended 

transport which have been raised from the 
ground by a dust storm prior to the time of 
observation. 

Dust storm or sandstorm 
An ensemble of particles of dust or sand 

energetically lifted to great heights by a strong 
and turbulent wind. 

 
World International 
Organizational (WMO) 
- International Cloud 
Atlas.  
https://cloudatlas.wmo.i
nt/en/drifting-and-
blowing-dust-or-
sand.html 

Drifting and blowing  
dust or sand 

An ensemble of particles of dust or sand 
raised, at or near the observation site, from the 
ground to small or moderate heights by a 
sufficiently strong and turbulent wind. 

Dust Haze 

A suspension in the air of dust or small sand 
particles, raised from the ground prior to the 
time of observation by a dust storm or 
sandstorm. The dust storm or sandstorm may 
have occurred either at or near the observation 
site or far from it. 

https://cloudatlas.wmo.int/en/dust-storm-or-sandstorm.html
https://cloudatlas.wmo.int/en/dust-storm-or-sandstorm.html


1. Sources and Transport Pathways  
over Arabian Peninsula 

Presenter
Presentation Notes
 On Sunday morning, March 18, 2012, the MODIS instrument on the Terra satellite identified an immense DS that blew from western Iraq (Al-Ramadi Province, the largest province in Iraq) and moved eastward, covering south of Baghdad and crossing the Iraqi border into Kuwait and westernmost Iran (Figure 2). Northwestern wind blew the DS from western Iran to the northern part of the Arabian/Persian Gulf. The DS also curved toward the south and southwest over Saudi Arabia, and carried more aerosol particles from the large Al-Dahna Desert located in the eastern-central division of the Arabian Desert, hovering over Bahrain, Qatar, and Riyadh. The intensive DS moved further south into the Empty Quarter (Rub' Al-Khali) and was eventually blocked by Jabal Ru'yan mountain, south of Najran, alongside the borders of Saudi Arabia and Yemen. The 48-h backward trajectories are shown with dust depositions in the Empty Quarter. 
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2. Sources and Transport Pathways  
over Kuwait 

Presenter
Presentation Notes
   The image interpretation using MODIS resolution of 250 m/pxl allowed us to clearly delineate the boundary of the source-bared soil area from its surrounded vegetations  The contoured area was measured using ArcGIS 10.5 A white dust stream extended from the "hot spot" and was carried by the northwestern wind toward Kuwait  The Salmi and Managish stations measured the lowest visibilities and wind speed Salmi was affected by another storm source, which appeared in the dust plume adjacent to the left of the station The "minus" dust storm (visibility = 1,000 m) with a near-gale wind (14.7 m/s) was detected at Mutribah station 
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2. Sources and Transport Pathways  
over Kuwait 

Salmi, Kuwait (26-30 July 2018)  

Presenter
Presentation Notes
 The Salmi and Managish stations measured the lowest visibilities and wind speed Salmi was affected by another storm source, which appeared in the dust plume adjacent to the left of the station; this was also apparent from the two days preceding the dust storm day where average visibility and wind speed were 480 m and 14.7 m/s (from noon – 7 pm) on the first day, and 200 m and 15.1 m/s (from 9 am-7 pm) on the second day
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2. Sources and Transport Pathways  
over Kuwait 

Presenter
Presentation Notes
 Thick clouds of dust blew from the "hot spot" and obscured half of Kuwait and stretched down to the southern Gulf coast  Another dark brown dust plume is shown to the right, which originated from the fertile agricultural land between Tigris and Euphrates Rivers A bluish color of dust clouds wrapped over most of Kuwait islands A severe dust storm with very high wind speed (>16 m/s) and low visibility (100 m) was detected at two stations (Jal Al liyah and Sabriya)  The Salmi station also recorded extremely low visibility (200 m), but with near-gale wind speed (14.1 m/s). 
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2. Sources and Transport Pathways  
over Kuwait 

Jal Al liyah, Kuwait (3-7 July 2012)  

Presenter
Presentation Notes
 Diurnal variations recorded at the Jal Al liyah station showed the highest records of poor visibility and high wind speed. Poor visibility was recorded from 8 am until 7 pm (12 hours) with the lowest visibility at noon (100 m) The wind speed recorded at 8 am was 17.3 m/s, reached the maximum (20 m/s) at 1 pm and was reduced gradually to 12.9 m/s at 7 pm Poor visibility and high wind speed also lasted for two days following the day of the dust storm event The two days following the dust storm day are considered "rising / blowing dust" days because the average visibilities and wind speed were ≥1,000 m and ≥8 m/s, respectively. 
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2. Sources and Transport Pathways  
over Kuwait 

Presenter
Presentation Notes
 MODIS on Aqua satellite identified two dust plumes that blew southeastward through Iraq toward Kuwait. These plumes resulted from the northwesterly 'Al-Shamal' wind The two dust plumes vary in color from white to dark brown. The white dust plume originated from the "hot spot" and ran across Kuwait and covered half of the country, especially the most populated urban areas The second dark brown dust plume to the east of the first one originated from the agricultural fertile area alongside of the Tigris River (bordered by the Tigris and Euphrates Rivers) and stretched down toward the Gulf and in proximity to Buobyan Island  The Kuwait airport station showed that the lowest visibilities and the highest wind speeds were recorded on the day of the event (June 30, 2011)  Jal Al liyah station also showed a similar trend as the Airport station; however, the recorded maximum wind speed at noon (20.4 m/s) was classified as a 'storm' (>16 m/s) 
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2. Sources and Transport Pathways  
over Kuwait 



 
Site visit and sample collection 

Presenter
Presentation Notes
 ‘Hot spot’ area has the largest monthly fallen dust weights ranging from 200.1 to 250 g/m2/month 
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Site visit and sample collection 
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Site visit and sample collection 
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Site visit and sample collection 

Presenter
Presentation Notes
 The most common types of sand dunes in the area are of crescent-shaped Barchans  Samples were taken during a one-week field visit (April 20–26, 2019) The samples were taken from seven locations within the sand dunes and sand sheets areas The grain size classification procedure was based on particle size analysis of soils The highest mud (clay and silt) fractions were measured on the 'surface sample' area (14%)  (S4) - The mud distribution demonstrated that clay constitutes 24% of S4, while the remaining 76% is associated  S4 contains more of fine particles, and wide grain distribution. S5 natural dunes had negligible silt and clay fractions (1–3%) and coarse particles (8–10%); , and mostly fine sand (89%) S7 Sawa lake - coarse sand was more apparent (85%) which explains why dust storm jets from this area does not reach far distances toward Kuwait due to the relatively heavy particles to be airborne over long distances
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‘Dust Storm Trajectory’ publications 
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‘Dust Storm Trajectory’ publications 
ations 
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Al-Raudhatain oil field (Aug 2008) 

3. Dust Storms Impact on Kuwait 
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Wafra oil field (Sept 2018)  
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Minagish oil field (July 2008) 

3. Dust Storms Impact on Kuwait 
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3. Dust Storms Impact on Kuwait 



Wafra Road (June 2015) 

3. Dust Storms Impact on Kuwait 



 
Wafra - Mina Abdallah Road (June 2017) 

 

3. Dust Storms Impact on Kuwait 
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‘Impact’ Publication  
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4. Health Impact – WHO AirQ+ 

  Estimating the BOD and DALYs 
associated with exposure to: 
  PM2.5 
  PM10 
  O3 
  NO2 

 

• Long-term exposure 
• Short-term exposure 

 

Mortality,     
All Causes 

• IHD, Stroke 
• Lung cancer 
• COPD, ALRI 

Specific-
Cause 

Mortality 

• Respiratory 
• CVD Hospital 

Admissions 



 
  

• Over a span of a four-year period (2014–2017), the annual PM2.5 concentration 
levels ranged from 38.0 μg/m3 to 75.2 μg/m3 
 

• Higher PM2.5 levels recorded during rush hours (early morning and early 
evening), weekends (particularly Saturdays), and summer (i.e., August and 
September) 
 

• PM2.5: Highest number of excess cases and attributable proportions of premature 
mortalities were related to ischemic heart disease and stroke 
 

• PM2.5 : Respiratory diseases showed a higher number of excess cases and 
attributable proportions than cardiovascular diseases 
 

• ELR showed that 30- and 65-year-old persons would gain 2.34 years and 1.93 
years, respectively if the current PM2.5 exposure levels were reduced to the 
WHO interim targets (IT-1 = 35 μg/m3) 

 
• Newborns and 1-year old children may live 79.81 and 78.94 years, respectively 

with an increase in average life expectancy of 2.65 years if the WHO PM10 
interim targets were met (IT-1 = 70 μg/m3) 

 
 

 
 

4. Health Impact – WHO AirQ+ 
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Health publications 
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Health publications 
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