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Temporal & spatial variability of aeolian dust events

• Frequency increases with increasing desertification.  

• Wide temporal and spatial variability.  Two of the largest 
sources of globally transported dust are the Sahara and Gobi 
deserts.

• Millions of tons of dust are carried each year from the Sahara 
and Sahel regions of Africa to the Caribbean and Southeastern 
United States. 

• A similar and larger system transports dust from the Gobi Desert 
in Western China across the Northern Pacific and sometimes 
into the Pacific Northwest and beyond. 





















• Scattering coefficient (ssp) defines the amount of aerosol-induced cooling.
• Absorption coefficient (sab) defines the amount of aerosol-induced warming.
• Single scattering albedo: 

ϖ ≡
σ sp

σ sp +σ ab

w Ambient light ssp had a mean value 50 ± 23 Mm–1.  
w ssp values as high as 5000 Mm–1 were encountered during dust events.
w The average calculated 𝜛 for the total period was 0.89, with lower 

and upper limits of 0.74 and 0.98.

These properties were investigated in Greece and Turkey during a 
severe Saharan dust event in April 2000. (Vrekoussis et al. 2005).

Aeolian dust optical properties



• Radiative forcing efficiency (RFE) is the amount of the radiative 
forcing that increases the optical thickness by one unit.

• Vrekoussis et al. (2005) calculated RFE using the following 
equation (Haywood et al. 1995):
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where S  is the solar constant 1370 W m–2,  D the daylight fraction,
Ac  the mean fractional cloud, T  the atmospheric transmissivity (0.76),
RS the surface albedo (0.07 for sea and 0.34 for land), β b( )  the average
upscatter fraction derived from the backscatter ratio (~ 13%).

Aeolian dust optical properties



• RFE is irreversibly correlated to 𝜛 and thus positively 
correlated to absorption.  

• RFE mean summer minimum of –73 W m–2 was multiplied by 
the aerosol optical thickness* to obtain the RFE at the top of the 
atmosphere: –12.6 W m–2.

• This value is up to five times greater (but opposite in sign) than 
the forcing induced by greenhouse gases, estimated to be 
2.4 W m–2 (Vrekoussis et al. 1995, Houghton et al. 1995)

*Provided by NASA’s AERONET (AErosol RObotic NETwork) program 

Aeolian dust optical properties



Analysis of 1994 Saharan dust regional transport with the ETA
model (Vukmirović et al. 2003).

• Sampling was performed by an automatic wet/dry collector.

• Determination of trace metal content was performed in a “clean room” 
by differential pulse stripping voltammetry. 

• Determination of morphology, size distribution and semi-quantitative 
chemical composition, was performed with a scanning electron 
microscope. The adjusted range of electron microscope analysis 
was 0.1–100 µm. 

• Samples were covered with thin AuPd film and observed at 
magnification ranging between 600 and 2000. The composition of 
particles was determined by X-ray analysis.

Transport and coagulation



• Initially “clean” particles absorbed and adsorbed toxic matter after 
passing over heavily polluted areas.

• Turbulent flow enhanced the coagulation process of Saharan dust with 
lead (Pb) and Cadmium (Cd).

• The coagulation and scavenging processes below and in clouds 
increased deposition rates of Pb and Cd.

• Pb concentration of 312 µg L–1 was found in a weekly wet-sample 
collected in Belgrade during the episode.

• Cd dry deposition rate of 17 µg m–2 d–1 was measured two weeks after 
the episode. (Vukmirović et al. 2003) 

Transport and coagulation



• The efficiency of coagulation in turbulent flow is 
significant for radius >1 µm. 

• The mean diameter of Saharan dust transported to 
Belgrade was 3.7 µm and the 98 percentile reached 
9.8 µm, indicating a high probability of coagulation 
processes in the Saharan air mass with small 
particles (< 1 µm) transported 1000 km away from 
sources.  (Vukmirović et al. 2003)

(Vukmirović et al. 2003)

Transport and coagulation









• Changes in global climate, regional meteorological conditions, 
and land use in northern and western Africa resulted in severe 
droughts in the Sahara and Sahel of Africa starting in the 1970s. 

• Hundreds of millions of tons of African dust are transported 
annually from the Sahara and Sahel to the Caribbean and 
southeastern U.S. 

• Although these global atmospheric systems have been 
transporting fine soil particles for hundreds of thousands of 
years, the quantities of dust vary annually as a result of global 
climate, local meteorology, geomorphology of source areas, and 
human activities (Prospero and Nees 1986).

Implications for the environment



• Dust composition is a function of human-related changes in the source 
regions and areas over which the dust travels: 
w burning of biomass and waste
w use of antibiotics, pharmaceuticals, and pesticides
w increased industrialization

• Various peaks in the dust record in the western Atlantic coincide with 
benchmark events on reefs throughout the Caribbean.

• Saharan dust has been implicated as an efficient substrate for 
transporting disease-spreading spores that can cause Caribbean-wide 
epidemics that diminish coral reef vitality (Shinn et al. 2000).

Effects of globally transported dust on coral reefs



• Overall increase in African dust reaching the Caribbean island of 
Barbados since 1965. 

• Dust deposition peak years were 1983 and 1987. These were also years 
of extensive environmental change on Caribbean coral reefs 
(Prospero and Nees 1986)

(Shinn et al. 2000)

Effects of globally transported dust on coral reefs



• African Dust is composed of clay minerals that are aggregated and held 
together by iron oxide.  Toxic particles in the atmosphere readily 
coagulate with this dust.

• In dust, the mercury levels are four to a thousand-times higher than as in 
normal background in soils in the Southeastern United States. 

(Shinn et al. 2000)

Implications for human health



Saharan dust modifies short-wave solar radiation transmitted through to the 
Earth’s surface and long-wave IR radiation emitted to space. 

The balance between these two tendencies determines whether this creates 
cooling or warming, and this in turn, depends in part upon such variables as 
the size distribution of dust particles and their chemical composition. 

Figure 1. The July 2003 monthly mean for (a) OLRMet7, (b) OLRmodel, and (c) OLRmodel –
OLRMet7. The monthly mean consists of the average of the monthly mean of the OLR 
diagnosed at 0000 UTC, 6000 UTC, 1200 UTC, and 1800 UTC. Units are Wm–2.

Can desert dust explain the outgoing longwave 
radiation anomaly over the Sahara during July 2003?

(Haywood et al. 1995)

Aerosol-climate interactions



• Fouquart et al. (1987) found that either warming or cooling could take place in a 
Saharan dust event largely dependent upon the number/size distribution of the mineral 
particle population. 

• Other important factors in this equation are cloud cover and the albedo of the 
underlying surface (Nicholson 2000). In the case of clouds, their altitude and optical 
depth are important determinants of the direct radiative impact of dust (Goudie 2001).

(Goudie 2001)

Aerosol-climate interactions



Fouquart, Y. et al., 1987: Observations of Saharan aerosols: Results of ECLATS field experiment. Part I: Optical
thicknesses and aerosol size distributions. Journal of Applied Meteorology and Climatology, 26,
pp.28–37.

Goudie, A.S. and Middleton, N.J., 2001: Saharan dust storms: nature and consequences. Earth-science reviews,
56, pp.179–204.

Haywood, J.M. et al., 2005: Can desert dust explain the outgoing longwave radiation anomaly over the Sahara
during July 2003?. Journal of Geophysical Research: Atmospheres, 110.

Houghton, J.T. ed., 1995: Climate change 1994: radiative forcing of climate change and an evaluation of the 
IPCC 1992 IS92 emission scenarios. Cambridge University Press.

Nicholson, S., 2000. Land surface processes and Sahel climate. Reviews of Geophysics, 38, pp.117–139.

Prospero, J.M. and Nees, R.T., 1986: Impact of the North African drought and El Nino on mineral dust in the
Barbados trade winds. Nature, 320, pp.735–738.

Shinn, E.A. et al., 2000: African dust and the demise of Caribbean coral reefs. Geophysical Research Letters,
27, pp.3029–3032.

Vrekoussis, M. et al., 2005: Seasonal variability of optical properties of aerosols in the Eastern Mediterranean.
Atmospheric Environment, 39, pp.7083–7094.

Vukmirović, Z. et al., 2004: Analysis of the Saharan dust regional transport. Meteorology and Atmospheric 
Physics, 85, pp.265–273.

References


