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Context 
Mineral dust is the second most abundant aerosol species by mass affecting the Earth climate in many ways, 
and in particular by scattering and absorbing solar and terrestrial radiations. The optical properties of mineral 
dust depend on their size, composition and shape that change during its atmospheric lifetime.  

Objectives / scientific questions 
The objective of the RED-DUST-sim project is to look at the modification of the optical properties of mineral 
dust during aging in the atmosphere. The project targets the complex refractive index (CRI =n-ik), linking the 
chemical composition and the optical properties of light scattering and absorption. The project aimed at 
answering the following questions: What is the CRI of mineral dust and how does it vary with the mineralogy of 
the originating soil? How does the CRI vary with wavelength? How does the CRI vary with physical processing, 
that is, with the loss of particles due to gravitational settling? How does the CRI vary with chemical processing 
that can occur during transport? 

Main results 

The project was based on the use of the 4.2 m3 stainless-steel CESAM simulation chamber at LISA (Wang et al., 
2011). Basic instrumentation comprises sensors to measure the temperature, pressure and relative humidity 
within the chamber. The particle size distribution is routinely measured by a combination of (i) a SMPS, (mobility 
diameter range 0.02–0.88 µm) (ii) a SkyGrimm optical particle counter (optical equivalent diameter range 0.25–
32 µm); and (iii) a WELAS optical particle counter (PALAS, model 2000, optical equivalent diameter range 0.5–
47 µm). The scattering, absorption and extinction coefficients are measured a nephelometer, an aethalometer, 
and two Cavity Attenuated Phase Shift Extinction. The extinction spectrum of dust aerosols in the longwave is 
measured by an in situ FTIR. The experiments were conducted at ambient temperature and at a relative 
humidity <2%. Dust aerosols were generated by mechanical shaking of parent soils, previously sieved to < 1000 
µm and dried at 100 °C for about 1 h to remove any residual humidity. Dust particles produced by mechanical 
shaking, mimicking the saltation processing that soils experience when eroded by strong winds, were injected 
in the chamber by flushing the flask with N2 whilst continuing shaking the soil. This generation system ensure 
the realism of the composition and the size distribution of the generated dust with respect to the properties of 
mineral dust in the atmosphere. 

The dust remained suspended in the chamber for approximately 120 min Background concentrations of 
aerosols in the chamber varied between 0.5 and 2.0 µg m-3. 

A first set of experiments was conducted to characterize the optical properties of the native mineral dust 
aerosols at emission, without processing, in order to establish their natural variability. Nineteen soil samples 
were selected for experiments from a collection of 137 soils from various source areas worldwide. Soils were 
grouped in the nine regions identified by Ginoux et al. (2012): Northern Africa, Sahel, Eastern Africa and Middle 
East, Central Asia, Eastern Asia, North America, South America, Southern Africa, and Australia. The choice of 
the soils to analyze was performed according to two criteria: 1) soils had to represent all major arid and semi-
arid regions, as depicted by Ginoux et al. (2012) and 2) their mineralogy should envelope the largest possible 
variability of the soil mineralogical composition at the global scale. The dust CRI at SW (0.37-0.95 µm) and LW 
(2-16 µm) wavelengths was obtained by an optical inversion based upon the measured extinction spectrum and 
size distribution.  
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The imaginary part of the refractive index (k), which represents particle’s absorption, largely varies from sample 
to sample due to the change in the particle composition. In the LW k varies between ~0.001 and 0.1 due to 
changes in the clays, quartz, and calcite content, whereas in the SW range k varies in the range ~0.002-0.030 at 
0.37 µm and 0.0005-0.005 at 0.95 µm in relation to changes of the iron dust content. The value of k varies both 
from region to region, as well as within the same region for varying sources. 

The comparison of our results and those in the literature is shown in Figure 1. A linear relationship between the 
magnitude of k at specific wavelengths and the mass concentration of minerals absorbing at these wavelengths 
was found. This opens the possibility of providing predictive relationships to estimate the spectral refractive 
index of dust at specific bands based on an assumed or predicted mineralogical composition, or conversely, to 
estimate the dust composition (even partially) from measurements of dust extinction at specific wavebands. 
This could have important implications for the representation of optical properties of dust in climate models.  

A second set of experiments was performed to look at the effect of processing by chemical reactions. We target 
the oxidation of mineral dust by SO2 and ozone, at high and low relative humidity, and in the presence or in the 
absence of light. The objective of these experiments was to test the possibility of generating a coating on the 
dust aerosol particles that could change their optical properties. The experimental set up was identical to that 
of the first set of experiments. However, the instrumental set was augmented by the C-ToF AMS (coll. 
IRCELYON) allowing to follow online the possible formation of sulfate coating during oxidation. Experiments 
were conducted on dust from 3 soils differing by mineralogical composition (Niger, Tunisia and China). In the 
dark, the formation of sulfate on the particle fraction larger than 500 nm was observed (Figure 2), and 
interpreted as a coating on larger particles. The quantity of formed sulfate is very small comparing with the pre-
existing aerosol mass, in accordance with what indicated by previous field observations in transport areas (Li-
Jones and Prospero, 1998). This explains why no simultaneous change in the optical properties of shortwave 
scattering and extinction was observed.  

 

 

 

 

Figure 1 (left). The mean imaginary part (k) of the CRI obtained in this study and its range of variability compared to data available in the 

literature. The upper panel shows results for shortwave (0.37-0.95 µm) and longwave (2-16 µm) wavelengths. 

Figure 2 (right). Upper panel: Formation of sulfate aerosols due to the progressive oxidation by SO2 and ozone as seen by a C-Tof AMS 

online on the CESAM chamber. The increase in sulfate concentrations corresponds to an increase in the aerosol mass measured by the 

GRIMM optical counter (lower panel) but not in that measured by the SMPS counter (middle panel). This suggests that the formed 

aerosols is present at sizes larger than 500 nm, henceforth likely as coating on the mineral dust particles. Lines indicate the occurrence 

of injections: water vapor (blue), mineral dust (yellow), ozone (green) and SO2 (violet). 




