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UNIONE EUROPEA REGIONE BASILICATA

Mineral dust

Atmospheric mineral dust affects the Earth's radiation budget.
Aerosols force climate in two ways;

-direct radiative forcing: the scattering of incoming shortwave radiation solar

radiation and the absorption/emission of the outgoing longwave terrestrial
radiation.

-indirect radiative forcing, mainly by effects of aerosols on cloud properties.
(A minor indirect effect involves the heterogeneous chemistry of greenhouse

gases: these gases may react at the surface of an aerosol and therefore
change radiative properties)

Aerosol radiative forcing depends upon its mineral composition (different
minerals absorb and reflect different proportions of solar radiation), size and
shape. For example, cylindrically shaped dust particles absorb more solar
energy than spherical objects of equal mass.

Dataset and approach

The following data collected from 2009 to 2013 at CIAO (CNR-IMAA Atmospheric

Observatory - www.ciao.imaa.cnr.it) have been considered:

1. EARLINET multi-wavelength Raman lidars measuring in clear sky about five times per
week (aerosol optical properties);

2. CIMEL sun photometer measurements and retrievals (aerosol radiances, aerosol

optical depth, Angstrom coefficient, and radiative forcing estimation) provided by
AERONET (aeronet.gsfc.nasa,gov).
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Figure 1: Left panel, time series of the range corrected signal at 1064 nm measured on the 31 May 2013 with MUSA lidar at CNR-IMAA
Atmospheric Observatory (15.72E, 40.60N , 760 m a.s.l., Potenza, Italy); right panel, “3+2” analysis (including linear particle depolarization
ratio) performed in the time range within 23:32 and 00:39 UTC on the same day.
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Radiative Forcing BOA (W/m?)

Study of the impact of mineral dust on the

solar irradiance using ground-based remote sensors
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Aerosol and Solar Energy Tools

A quantitative characterization of the impact of climate variability at the regional scale is
needed to increase the efficiency and sustainability of the energy system.

Aerosol and clouds effect on the radiation budget needs to be assessed for any solar
application.

Both direct and diffuse components of the solar radiation needs to characterized

In particular, diffuse radiation is approximately 25% of the incident radiation when the
sun is high in the sky, depending on the amount of dust and haze in the atmosphere.

...and new

About two-thirds of the sky radiation ultimately reaches the earth as diffuse sky
technologies like
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OSCAR project

OSCAR is a project funded under the FESR 2007-2013 program
Specific objectives of the project are:

» Design and of a low-cost prototype-station able to provide integrated

measurements for the quantification of the impact of climate variability on surface
radiation;

» Development of a simplified methodology for the estimation of the impact of
climate variability on surface radiation using a low number of measured variables as
those measured by the OSCAR prototype;

» Study of correlation between the surface radiation, precipitation, aerosol and
cloud properties using historical advanced data available at CIAO (CNR-IMAA
Atmospheric Observatory- 40.60N, 15.72E, 760 m a.s.l.) running Potenza, Italy.

Partners: CNR-IMAA, FMI

End of the project: December 2015

Results

Aerosol optical properties and radiative forcing
The radiative forcing (RF) at the bottom of the atmosphere (BOA) as calculated by AERONET has been studied as a function of:
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CONCLUSIONS

AODs with respect to the other

Half angle aperture (degrees)

OUTLOOK

1. Mineral dust RF at BOA is typically larger than -20 W/m?2 , while for other aerosol types RF may have lower values. a. Comparison with radiation measurements performed with a surface radiation station (BRSN-like);
= 2. Mineral dust show more negative values of the RFs at lower AODs with respect to the other aerosol types. b. Correlate the statistics with the altitude of the aerosol layers in the free troposphere;
i 3. RFs shows a quasi-bilinear correlation with the at BOA and the AOD is observed for all the aerosol types. c. Enlarge the statistics by typing aerosol particles using only data from transport models, including the
The design of next generation of solar tools might consider the outcome of these kinds statistics to increase their efficiency products provided by MACC-II (https://www.gmes-atmosphere.eu/services/sr/).
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