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What is a dust storm?

The World Meteorological Organization (WMO) definition: “The result of surface 
winds raising large quantities of dust into the air and reducing visibility at eye 
level (1.8 m) to less than 1000 m (McTainsh and Pitblado 1987).”

Definitions of the particle size of mineral dust vary, but here the range of <1 – 63 
microns is used as a guide, which is approximately equivalent to the silt (2 – 63 
microns) plus clay (<2 microns) size fractions in soils and sediments. 

The majority of particles transported more than 100 km from the source are <20 
microns in diameter

As a guide, sand size particles are larger than about 0.06 mm (60 microns). 
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Factors related to 
dust storms

Different scales: Fronts, Jet streams, Convection

West Africa and Sahel:

● Africa Easterly Jet (AEJ)
● Monsoon convection
● Flat/ arid area (Bodelle Depression)
● Strong winds capable of picking up dust 

and debris from bare, dry erodible soil

(Knippertz et al. 2007)Video of a sand storm in the Sahara desert

(ScioU, 2018)

Convective/Monsoon



Dust storm Impacts ● Strong winds mid level easterly flow transport 
dust across the Atlantic toward the Caribbean and 
the US.

● The dust particles from SAL impact solar radiation 
(intensity) and affect tropical cyclones.

○ The minerals in the dust particles also heat 
the atmosphere which increases the rate 
of evaporation. This affects cloud lifetime, 
causing clouds to last longer.

● An estimated average of 500 million tonnes of 
minerals, nutrients, organic matter, and inorganic 
materials are transported to the oceans by sand 
and dust storms.

○ The nutrients from the sand storm fertilizes 
algal blooms.

■ They’ve been linked to the extensive 
blooming of Sargassum across the 
Atlantic ocean.(Edwards, Charlotte, July 14  2020)

Video showing ‘Godzilla’ dust storm come from North Africa to the US

Saharan Air Layer (SAL)



Research Question

(Marty, 2020)

(Duns, Aug 2022)

What are the meteorological variables 
that are important to predict monthly 
counts of sandstorms in the Sahel and 

West African Region?



Focus Regions

● Agreed to narrow down to regions by the Sahel 
Belt and Western Africa 

● More climatology trends are potent in these 
areas.

● Using the ERA5 database to identify variables that 
will help to highlight the tendencies of Sandstorms



Focus Regions

(Goudie and Middleton, n.d, pg 91)

(OGIMET)

Source of dust and the relative trajectory of it’s 
transport 

● Finding the correlation between 
variables in the source region and 
dust accounts in the local region

source

sourceWest 
Africa 
Local Sahel Local

17 N - 20 N, 9 E- 21 
E 

22 N - 27 N, 0 E- 7.5 
E 



Bodélé Depression    (located in Chad)

● A small, unvegetated depression (500 km 
long, 150 km wide and around 160 m 
deep)

● Considered to be responsible for half of 
the mineral aerosols produced from the 
Sahara.

Source of dust



Databases



The Standardised Precipitation-
Evapotranspiration Index

(SPEI) 

SPEI draws data from two indices: 
PDSI and SPI

The Palmer Drought Severity 
Index (PDSI)

● Wetness→ posiঞve values  
Dryness→ negaঞve values

● Incorporates precip, moisture supply, 
runoff and evaporation at the 
surface 

● Assumption made is that temp is 
negligible due to it not having much 
temporal trend

Multi-scalar drought indices: the 
Standardised Precipitation Index 
(SPI)

● Focuses on usable water resources
● Extremely sensitive to data collection due 

to accumulation at a specific time frame

(Begueria,Latorre et al. ,SPEI)

https://spei.csic.es/spei_database/#map_name=spei01#map_position=1451



Wet 

Dry 

Data stretches back from 1901 to 2021



ECMWF Reanalysis v5 (ERA5)
● Covers from 1940-Present

● Created by Copernicus Climate Change 
Service (ECMWF)

● ERA5 uses sophisticated modeling to 
incorporate enormous amounts of historical 
observations into hourly global estimations.

● Provides estimates for oceanic climate, 
atmospheric, and land variables.



Variables



Local Region

Source



Local Region



Inter-Tropical Discontinuity Line

Next slide graphics created by: Dr. Lazarus









700hpa high dust months wind roses 

At the 700mb level the winds does 
not change. They are the same for 
each region 



10 m wind roses

1 2 3 4



850 hpa wind roses
(1,500 m)

1 2 3 4



700 hpa wind roses
(2,350 to 3,150 meters)

1 2 3 4



Senou, Mali N’Djamena, Chad

Monthly 15 °C Dew Point Latitude Difference from Source 
Region

(Sourced from ERA5)



Senou, Mali N’Djamena, Chad

Monthly Precipitation from Source Region

(Sourced from ERA5)



Senou, Mali N’Djamena, Chad

Monthly Dew Point Anomaly from Source Region

(Sourced from ERA5)







In dustier years, the AEJ is farther east and 
stronger, rotates clockwise, and has larger zonal 
and vertical shears. In wetter years, the AEJ is 
farther north, has a shorter zonal extent, and has 
larger meridional shear.



More Dust

Less  Dust



Ideas

● Mention what is going on with the model.
○ Why it is behaving the way it does 
○ Why it doesn’t work for other places 
○ What we need to improve on

● One model to describe both regions 
○ Story on why it didn’t work efficiently as we thought
○ Graphs of the predicted and the true 
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Roadblocks 

Scarcity of climate data

● Africa approximately has ⅛ of the amount of weather 
stations recommended by the World Meteorological 
Organization (The Washington Post, 2021)

● Organizations like the South African Weather service 
believes that they should be able to sell their data as 
they see fit (Nature.com, 2019)

○ They contain data from 48 countries
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