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Dust Impacts 

•  Direct and indirect climate forcing 

•  Regional impacts on temperature and hydrological cycle 

•  Dust as micro-nutrient fertilises marine and terrestrial 
ecosystems 

•  Neutralisation of ‘acid rain’, atmospheric chemistry 

•  Transport medium for bacteria, fungi, and pesticides 
•  ‘Coral bleaching’ 

•  Human health 

•  Economy 
•  Reduced visibility (aviation, ground transport, solar energy, ...) 

•  Limited reliability of electronic devices 
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Atmospheric Dust Cycle 

[www.geo.cornell.edu ] 

Emission 

Transport 

Deposition 



Dust Mobilisation 

•  Transport of momentum from the atmosphere to soil 
surface 

•  Soil moisture, vegetation, and surface texture affect 
aeolian errosion (threshold problem) 

 
 
•  Size distribution of 

mobilized dust particles 
depend on cohesion and 
gravitation 

•  Mobilisation of small 
particles for long-range 
transport by saltation cohesion 

gravitation 



Dust – Climate Interactions 

Dust Emission 

Dust in suspension, 
Mauritania 

[www.lmfa.ec-lyon.fr] 
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Towards understanding the Role of Dust in 
Climate Change 

•  Describe the amounts and geographic distribution of 
mineral dust fluxes (models/remote sensing). 

•  Quantify the direct radiative forcing effects of a realistic 
dust field and the resulting impacts on climate. 

•  Assess the impact of increased dust input on marine 
productivity. 
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Energy Balance 

IPCC report, 2007 



Radiative Forcing 

•  ‘Greenhouse gases’ as 
carbon dioxide warm the 
atmosphere by efficiently 
absorbing thermal infrared 
radiation emitted by the 
Earth’s surface 

•  Backscattering of incoming 
sunlight by aerosol particles 
partly offsets this warming 

•  Soil dust aerosol is a major 
part of the atmospheric 
aerosol load 

IPCC report, 2007 



Dust Radiative Forcing 

•  Extinction efficiency 
ð  Light absorption and scattering per particle 

•  Single scattering albedo 
ð  Ratio of light scattering to light extinction 

•  Asymmetry parameter 
ð  Fraction of forward scattered light 
 

Parameters depend on particle size, mineralogical 
composition, and particle shape ! 



Direct Radiative Forcing 



Direct Radiative Forcing 

Positive effect over 
bright surface 

Negative effect 
over dark surface 

Takemura et al., 2009 

Direct radiative forcing: difference in radiative budget between including and 
excluding dust aerosol within the same simulation 

Positive due to dust 
layer overriding low-
level maritime clouds 



Direct Radiative Forcing 

•  Change in temperature 
due to dust 

•  Negative feedback 
•  reduced surface winds 

•  enhanced atmospheric 
stability 

•  reduced dust emission 

•  Replicates dust radiative 
forcing patterns 

•  Indicates complex 
interactions 

DJF 

JJA 

GISS model simulation, I. Tegen 



Dust Radiative Forcing 

For individual cases: 

•  Reduction in surface temperature much stronger 
•  “Disturbed” diurnal cycle for surface temperature 

•  Strengthening of Saudi Arabian heat low 
•  Dust protects the heat low from its destruction due to cold, 

northwesterly winds 

•  Enhanced atmospheric stability 
•  “Dust layer as second heat source” 

•  Cooling below dust layer 
•  Effect on intensity of Somali jet 

•  Effect on diurnal cycle of sea breeze 

Tulet et al., 2008 

Δpot. temperature 



Indirect Dust Effect 

•  Dust, and aerosol particles at 
all, can interact with clouds – 
modify their properties and 
ultimately their radiative effect 

•  “polluted” clouds tend to show 
higher ice-phase particle 
concentration 

SeaWiFS 



Aerosol – Cloud Interactions 

IPCC report, 2007 

Indirect effect: aerosol-cloud effect 



Aerosol Invigoration Effect 

MODIS data over the Indian Ocean during winter. Over the
same region, Massie et al. [2007] found little change in ice
particle size with increase in aerosol loading. By combining
MODIS ice cloud particle size, Aura carbon monoxide
content (a proxy of aerosols), and TRMM precipitation,
Jiang et al. [2008] found that the influence of aerosols on ice
clouds is contingent upon moisture content, which is some-
what similar to the finding of Yuan et al. [2008] for warm
clouds. In a dry environment, aerosols tend to reduce ice
crystal size and suppress precipitation; they have little
impact on ice crystal size and precipitation in a wet envi-
ronment. On the basis of this finding, ice particle effective
size was parameterized as a function of ice water content and
aerosol optical depth for different geographic regions [Jiang
et al., 2011].
[40] TRMM data were used to infer the presence of non-

precipitating supercooled liquid water near the cloud top due
to over-seeding from smoke over Indonesia [Rosenfeld,
1999] and urban pollution over Australia [Rosenfeld,
2000]. Aircraft measurements have also provided evidence
of sustained supercooled liquid water (down to !37.5"C) in
continental mixed-phase convective clouds [Rosenfeld and
Woodley, 2000]. These findings further suggest that conti-
nental aerosols reduce the mean size of cloud droplets,
suppressing coalescence and warm-rain processes, permit-
ting more freezing of cloud droplets and associated latent

heat release above the 0"C isotherm, and enhancing the
growth of large hail and cold-rain processes [Rosenfeld and
Woodley, 2000]. This is now known as the aerosol invigo-
ration effect [Andreae et al., 2004, Rosenfeld et al., 2008].
Figure 11 illustrates the effect for two deep convective cloud
systems that developed under clean and dirty atmospheric
conditions. Owing to the aerosol invigoration effect, the
cloud in a dirty atmosphere tends to grow higher and
becomes a stronger thunderstorm than it would under
cleaner atmospheric conditions.
[41] Andreae et al. [2004] analyzed in situ observations

made during the LBA-SMOCC campaign. They found that
increases in smoke and surface heat due to biomass burning
tend to lead to higher cloud top heights and the enhancement
of cold-rain processes over the Amazon basin. This is shown
in Figure 12 with in situ measurements made over the
Amazon and Thailand. The “blue” and “green” cases in
Figure 12 represent clean clouds over the ocean and the
Amazon, respectively. The two “pyro” cases are the most
extreme forms of smoky clouds. All other cases except for
the two “Thai” cases are clouds with moderate concentra-
tions of smoke. Substantial differences in the cloud drop
size, DL, are evident. Observations made in Thailand on
2 May 1998 show that cloud bases had to exceed 6400 m to
produce warm rain under smoky conditions. Once these
clouds extended above the freezing level, they become quite

Figure 11. Schematic illustrating the aerosol invigoration effect. The plots correspond to (top) clean
and (bottom) dirty environments. Adapted from Rosenfeld et al. [2008]. Copyright AAAS. Reprinted
with permission.
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Clouds in polluted atmosphere tend to grow higher and become stronger 
thunderstorms than it would under pristine conditions. 

Clean air 

Polluted air 

Tao et al., 2012 



Aerosol – Cloud Interactions 

Hoose et al., 2008 



Aerosol – Cloud Interactions 

Hoose et al., 2008 



Dust triggering Droplet Freezing 

•  Droplet freezing at -38°C < T < 0°C 

•  Main mechanism: 

•  Importance of indirect dust-cloud effect is still unclear! 

liquid 
particle 

solid 
particle 

mixed 
particle 

ice 
particles 

homogeneous 
freezing 

deposition 
freezing 

Immersion 
freezing 

image: http://www2.chem.ubc.ca 



Towards understanding the Role of Dust in 
Climate Change 

•  Describe the amounts and geographic distribution of 
mineral dust fluxes (models/remote sensing). 

•  Quantify the direct radiative forcing effects of a realistic 
dust field and the resulting impacts on climate. 

•  Assess the impact of increased dust input on marine 
productivity. 



Marine Bio-Productivity: Chlorophyll 

http://earthobservatory.nasa.gov 

chlorophyll concentration (mg/m³) 

0.01 0.1 1 10 20 



Dust Effect on Marine Ecosystem 

“Iron Hypothesis” 

•  Even at high levels of nutrients (e.g. 
Nitrate, phosphate) certain ocean 
areas show less bio-productivity, i.e. 
Phytoplankton growth [Martin et al., 1988] 

•  Iron can be a controlling factor for 
marine live in high-nutrient low 
chlorophyll (HNLC) regions 

•  Iron contained in desert dust blown 
over ocean regions can contribute to 
iron supply in such regions, increasing 
bio-productivity and ultimately Co2 
uptake 

NASA 



Dust Effect on Marine 
Ecosystem 

WHOI 



Marine Ecology:  
Iron Fertilization Experiment 

Natural plankton 
bloom 

Plankton bloom after 
artificial addition of 

iron (LOHAFEX 
experiment) 



Coral Bleaching 

Coral Bleaching:  ”loss of intracellular endosymbionts due to 
expulsion or loss of algal population” [wikipedia] 

•  Related to pathogens transported on dust [Shinn et al., 2000] 

 

http://earthobservatory.nasa.gov, Shinn et al. 

bleached branch 

normal branch 



Summary 

•  Distribution of airborne dust particles depends on 
atmospheric parameters, such as surface winds, vertical 
mixing, precipitation, vegetation cover 

•  Dust, however, impacts on climate in various ways 
•  Direct radiative forcing by dust leading to surface cooling is its 

best understood climate effect 

•  Indirect dust effects on cloud properties or the marine 
ecosystem are suspected to be important, but remain 
unquantified so far. 


