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Abstract
The micro-physical and optical properties, and the radiative impact of dust in the Atmosphere/Earth coupled system, are crucial for climate and environmental studies. This study highlights the
radiative effects in Rome area of the recently characterized compositional end-members of local mineral dust, such as calcite-rich rocks (travertine) and silicate-rich rocks (volcanics) [7]. The
micro-physical properties considered for radiative effects analysis are the size distribution and the refractive index. The optical properties and radiative effects of the local mineral dust have been
simulated by using the 6SV (Second Simulation of a Satellite Signal in the Solar Spectrum) atmospheric radiative transfer code [4, 9]. Previously, the 6SV has been used to study the impact of
the aerosol types on the radiative field applied to remote sensing data [1]. Results indicate that the direct radiative effects of calcite-rich materials are higher than those enriched in silicates.

natural dust component of aerosol is contributed either by desert dust (long-range
transported) and by mineral dust from local geological areas, produced by topsoil resuspension. Figure 1 (right) shows that in Rome the number of events of local wind speed
exceeding the 2 − 4m/s threshold (circles) can be comparable with the number of desert
dust intrusions at ground (arrows). Wind speed above this threshold may trigger the local
re-suspension of mineral dust [6]. The Rome area has large variability of outcropping rocks
([8]), ranging from calcite-dominated (travertine and limestones) to silicate-dominated (sandstones and volcanics), Figure 1 (left). Depending on the wind direction thus the local natural
dust may vary greatly in the mineral composition.
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The patterns of the phase function show
a difference in the backward scattering.
The angular distribution of the
backward scattered solar radiation is
higher for calcitic than for silicatic aerosol.
Consequently, the diffuse component of
the scattered radiation caused by calcite is greater than by silicates.
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Results of the radiative impact

6SV is used for BOA (Bottom Of Atmosphere) radiative modeling with the optical properties retrieved for atmosphere composed by each end-member of local mineral dust,
separately. The simulations have been performed for the geographic coordinates of Rome,
with high insolation given by low solar zenith angle. The atmospheric parameters have been
constrained for 6SV runs as indicated: the aerosol optical thickness at 550nm, τ550, to 0.7, the
columnar contents of water vapor to 1.33cm, and the columnar content of ozone to 283DU .
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Figure 2: Log-normal density function.
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Refractive Index
The refractive index is assumed from [10]
on the basis of the mineral compositions of
both the resuspended materials, travertine
and volcanics. Furthermore the calciterich aerosol is assumed non-absorbing in
the solar spectral domain as reported in
[2].
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The spectral integration of irradiance over the solar domain leads to the BOA downward radiative flux. The Table highlights how mineral dust composition differences contribute to the
BOA downward flux: the calcitic aerosol increases the flux more than silicatic.
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Atmosphere composition BOA downward radiative FLUX
(W att/m2)
No Aerosol
609.11
Calcite-rich
527.50
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449.86
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4. Conclusion
study illustrates a comprehensive pattern of mineral dust characterization of the Rome
area: 1. elemental composition, morphology, and mineralogical identity; 2. micro-physical
properties (size distribution and PDF); 3. optical properties; 4. radiative quantities (BOA Solar
Irradiance and downward flux). The results highlights that the radiative budget is sensitive to
the mineral composition of local natural dust.
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2.2 Optical properties
optical properties are retrieved by applying the Mie Theory implemented in the atmospheric radiative transfer code, the 6SV - Second Simulation of a Satellite Signal in the
Solar Spectrum [10, 3]. The optical modeling provides the properties of the mineral dust in
Rome area. Single-scattering albedo, phase function, and extinction coefficient have been
retrieved over the entire solar spectral domain.
Single Scattering Albedo − SSA
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Single-Scattering Albedo
The silicatic aerosol absorbs the solar radiation principally in the VISible
(VIS) spectral domain.
The calcitic
aerosol is non-absorbing. Consequently,
the absorbed radiation caused by silicates will be greater than by calcite.
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Figure 3: Real and Imaginary parts of refractive index.
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Figure 7: BOA solar irradiance (left), ratio IC /I0 and IS /I0 (right).
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Probability Density Function, PDF
Size distribution of resuspended materials from travertine and volcanics were obtained experimentally from SEM-EDS microanalysis. This was done after collecting dust particles at sources, selecting
sizes below 10µm a.d., determining the
individual-particle morphology and composition, and grouping under main mineral
sub-groups. The size distribution is used to
retrieve the PDF of the two end-members.
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Figure 7 (left) shows the BOA solar irradiance simulated for an atmosphere without aerosol,
I0, and with calcitic, IC , or silicatic aerosol, IS , separately. To evaluate the direct radiative
effects on the solar radiation, the Figure 7 (right) shows the ratio between the irradiance
simulated for an atmosphere with and without mineral dust. In the VIS spectral domain, the
irradiance is equally sensitive to the two mineral dust; in the first part of the NIR domain the
irradiance is more sensitive to calcite and in the second part of the NIR, the irradiance is
much more sensitive to silicates.
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Figure 1: Geological domains (left) and trend of wind speed (right) of Rome area.
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Asymmetry Parameter
Figure 5 shows that the asymmetry parameter of the silicatic aerosol is consistent with the typical measurements obtained during dust events [5].
Conversely, the calcitic aerosol shows an opposite spectral behaviour in the NearInfraRed (NIR) spectral domain.
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[10] E. F. V ERMOTE , D. TANR É , D EUZ É , M. H ERMAN , J. J. M ORCRETTE , AND S. Y. KOTCHENOVA, Second Simulation of a Satellite Signal in the Solar Spectrum
- Vector (6SV), http://6s.ltdri.org, November 2006. 6S User Guide Version 3.

Calcitic
Silicatic
500

1000
1500
Wavelength (nm)

7th International Workshop on Sand/Duststorms and Associated Dustfall 2-4 December 2013, Frascati (Rome), Italy

2000

