Impacts of aerosols to the Earth system 

General

Aerosols play an important role in the global climate balance, and therefore they could be important in climate change. Aerosol effects are considered by IPCC as one of most uncertain in the climate assessments. Natural variations of aerosols are a factor that alters the Earth's radiation balance and thus tends to cause a global temperature change. In addition, anthropogenic generated aerosol (industrial and traffic pollution, biomass burning) affect the Earth climate system as well. 

Aerosol particles can locally either intensify or moderate the effects of the greenhouse gases through the scattering or absorption of both incoming solar radiation and thermal radiation emitted from Earth’s surface. Aerosols also act as cloud condensation nuclei (CCN) and thereby modify the radiative properties of clouds.
Aerosols force climate generally in two ways: 

· direct radiative forcing through the scattering of solar radiation and the absorption/emission of terrestrial radiation. thereby altering the radiative balance of the Earth-atmosphere system

· indirect radiative forcing, mainly by effects of aerosols on cloud properties. The indirect effect is the mechanism by which aerosols modify the microphysical and hence the radiative properties, amount and lifetime of clouds.

Major aerosol components are: mineral dust, sulfates, carbonaceous materials, sea salt, and organic compounds

Mineral dust 

Dust Process

Mineral dust in the atmosphere is an important component of the climate system but still poorly quantified. A large amount of mineral dust is mobilized over arid regions and injected into the atmosphere under favorable weather conditions. Deserts are the main sources of soil-derived aerosol. Once injected to the air, dust aerosol is driven by the atmospheric model variables: by turbulence in the early stage of the process when dust is lifted from the ground to the upper levels; by winds in the later phases of the process when dust travels away from the sources; and finally, by thermodynamic processes and rainfall of the atmospheric model and land cover features which provide wet and dry deposition of dust over the Earth surface.
Dust and radiation
Once in the atmosphere, dust particles interact with solar and thermal radiation, modulating the Earth radiation balance, and causing large uncertainties in assessing climate forcing by atmospheric aerosols. Absorption and reflection by dust may substantially affect the thermal structure and thus the atmospheric circulation at synoptic timescales. Dust may drop for several degrees the temperature over sources during intense dust storms. 
Dust in ocean

Dust deposition influences the biochemical cycles of both oceanic and terrestrial ecosystems. The atmospheric input of chemicals to the ocean is closely related to a number of important global change issues. The increasing input to much of the ocean of atmospheric anthropogenic nitrogen species, may cause a low level fertilization of the ocean that could result in an increase in marine 'new' productivity of up to ~3%. This in turn could cause a possible sequestering of atmospheric CO2 in the ocean, which would affect the radiative properties of the atmosphere and thus climate (Duce et al., 2008).  

In addition, the recognition that much of the oceanic iron, which is a limiting nutrient in many areas of the ocean, originates from the atmospheric input of minerals as a result of the long-range transport of dust. The transport of mineral dust and iron affects the large areas of the global ocean where iron is the limiting nutrient. There is also a close connection with climate here, since marine productivity process generates dimethyl sulfide, one of the agents for cloud formation, and in turn it provides a climate feedback. 
Dust and clouds

Furthermore, dust aerosol cloud-active fraction modifies the size distribution and the phase of cloud particles by acting as cloud condensation nuclei (CCN) and as ice nuclei. It has been known that dust represents a best ice nuclei agent, and especially dust mineralogical composition plays important role in formation of cold clouds. This may in turn affect indirectly the atmospheric radiative balance and thus weather and climate (IPCC, 2007), as well as the development of precipitation. 

Dust and mineral composition

Composition of dust minerals plays an important role in various processes in which mineral aerosol affects the environment and human health. The process of ocean bioproductivity caused by mineral dust deposited from the atmosphere over remote ocean regions after long-term dust aerosol atmospheric transport could be important nutrient for the marine life. Iron, phosphorus and silica minerals carried by dust are considered as important potential micronutrients for ecosystems in remote oceans. 
Another important role of dust aerosol on climate and environment is its impact on the heterogeneous ice nucleation. Klein et al. (2010) found out that mineral dust is always a dominant constituent of ice nucleating aerosols over remote continental regions during major dust long range intrusions. The number of active ice nuclei of insoluble aerosol is proportional to the total surface area of its aerosol particles. In the ice nucleation process, mineralogical structure of dust plays important role. Clay minerals in dust are agents for ice nucleation process of the highest efficiency. In the direct dust effects to radiation process, variability of dust mineral composition substantially modulates the dust radiative forcing in both solar and infrared spectra
Sea Salt

Like dust emissions, sea-salt aerosol emissions are highly dependent on surface wind speed. Because the whole ocean surface area acts as source for sea-salt aerosol all the time, the sea-salt concentrations above the ocean surface are much less variable in space and time than, say, dust aerosol concentrations. As the salt particles have short lifetimes, their concentrations are directly related to the surface wind speed.  On a wave-roughened, white-capped sea surface, processes in the near-surface air mirror processes in the near-surface water. Both fluids are multiphase. Above the interface, the air hosts spray droplets; below the interface, the water is filled with air bubbles.
Most of the aerosol mass is in a few sea-salt particles larger than 1 
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m. Yet intermediate-size aerosols between about 0.08 and 1 m diameter are the most relevant to the radiative forcing of climate because they efficiently scatter solar radiation and also serve as cloud nuclei. Sea salt is the dominant aerosol species (by mass) above the oceans. In addition to being important light scatterers and contributors to cloud condensation nuclei, sea-salt particles also provide large surface areas for heterogeneous atmospheric reactions.
Sulfate aerosol and Carbonaceous Aerosols

Sulfate particles are the main cooling agents among aerosols; in the remote oceanic atmosphere a significant fraction is aggregated with soot, a material that can diminish the cooling effect of sulfate. Sulfates are thought to be the most important scatterers of solar radiation on a global scale, producing a net cooling at Earth’s surface, whereas soot tends to be a major absorber of the solar radiation and so has a net warming effect. 

The aerosol species from biomass burning sources (wood fuel, charcoal burning, charcoal production, agricultural fires, savannah, and forest burning) and fossil fuel sources 
Dust and weather

There is growing scientific evidence that there are different and significant impacts of the atmospheric chemical composition to the weather/climate thermodynamics. Current weather forecasting systems often treat the interaction between the atmosphere and ozone, aerosol, greenhouse and reactive gases in a rather simplistic way, e.g., using uniformly mixed CO2, climatological ozone, and accounting for aerosol simply with a reduced solar constant. 

In response to requests to integrate chemistry and meteorology data and models, several projects have recently been initiated. There are several initiatives that involve NWP research that will eventually integrate chemical data as essential weather and climate variables on one side, and forecast models on the other side, thus improving the NWP dynamics. In the field of dust storm prediction, several models already exist that provide semi-operational sand/dust forecasts. For example, several recent studies suggest that the inclusion of mineral dust radiative effects would improve the radiation balance of numerical weather prediction models and thus increase overall accuracy of the weather prediction itself. [e.g. Nickovic et al., 2004; Perez et al., 2006].
Aerosols in regional climate models: research issues and questions for discussion
· Aerosol models – online (embedded) or offline driven by the atmospheric model?

· Mineralogy – how much it can influence a climate in a region? 

· Dust aerosol sources in models: the origin of still large uncertainties 

· Relative role of 

· direct and indirect aerosol effects 

· different aerosol components

· Data assimilation – a way to improve aerosol reanalyses 
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