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Introduction
Even moderately sized volcanic eruptions can inject many megatonnes of volcanic
ash into the atmosphere, following which the plume can be transported on inter-
national scales posing significant risk to aviation. The 2010 Eyjafjallökull eruption
injected approximately 380 Mt [1] of ash into the atmosphere and is estimated to
have cost the global economy US $ 5 bn [2] resulting from airspace closure. Accu-
rate remote sensing of atmospheric concentrations of ash is vital for aviation safety.
It is also essential to understanding plume dispersion dynamics.

The scattering and absorption of radiation produced by aerosol particles depend on
the particles’ size distribution, complex refractive index (CRI) and shape distribu-
tion [3]. A large component of the uncertainty in modelling the effect of volcanic on
atmospheric radiative transfer comes from uncertainty in assumptions about these
parameters and the untangling of their individual effect on bulk optical properties
such as the volume extinction coefficient and phase function; these uncertainties
propagate to uncertainties in remote sensing of volcanic ash.

Despite the importance of the optical properties of volcanic ash particles, laboratory
measurements are extremely limited. This poster presents initial results of mea-
surements performed at Rutherford Appleton Laboratory’s Molecular Spectroscopy
Facility of the spectral mass extinction coefficient (MEC), from 0.33 – 19µm, and
aerolized size distribution of ash samples collected from a wide range of volcanoes.

Experimental set-up and method
Experiments were performed at Rutherford Appleton Laboratory’s Molecular Spec-
troscopy Facility (RAL-MSF). The samples were dispersed into nitrogen gas and
passed into a 75 litre aerosol cell chamber. A Wright Dust Feeder (WDF) was used
to disperse aerosol into the gas flow. The WDF used a rotating blade to remove
a thin layer from the surface of a compacted ash sample into the gas flow before
passing through a Venturi nozzle to separate into individual particles.

Above is a horizontal cross sections of the aerosol cell. Inside the cell, the optical ex-
tinction of the aerosol was measured at infrared wavelengths using a Fourier trans-
form spectrometer, concurrent to ultraviolet and visible extinction measurements
made by two diffraction grating CCD spectrometers. In the infrared the optical
path was increased using a White cell. The full spectral range of measurements was
0.33 – 19µm.

The flow configuration leaving the aerosol cell is shown above. The size distribution
of particles was measured using a scanning mobility particle sizer (SMPS), covering
particle radii in the range 0.005< r < 0.44µm, and an optical particle counter (OPC),
covering 0.15 < r < 10µm. Filter samples suitable for SEM imaging and EPMA
analysis were taken (FH1 and FH2 above), allowing a full micro-physical analysis
of particles.

Data analysis
The aerosol transmittance, T (λ), was determined from measuring background ra-
diance spectra when the cell was empty, Lb (λ), and measurement radiance spectra
when the cell contained aerosol, Lm (λ). The aerosol transmittance is related to the
volume extinction coefficient, βext (units: m−1), according to:
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where x is the path length of the optical system (x = 3.52m for the FTS measure-
ments and x = 0.427m for the shortwave system). The mass extinction coefficient
(MEC), kext, is defined as:

kext (λ) =
βext (λ)

ρa
(2)

where ρa is the mass of aerosol per unit volume. The mass of aerosol per unit
volume was determined from a mass loading filter measurement as well as accurate
measurement of the gas flow.

MEC results
Below are the results for the mass extinction coefficient and size distribution of nine
volcanic ash samples. The upper left plot shows all of the MEC results over-plotted
and the upper right plot shows the in-cell size distributions. The lower plots show
individual MEC values with uncertainty (grey).

It can be seen that there is considerable variation in the spectral absorption feature
at ∼9.5µm, associated with asymmetric Si—O—Si vibrations; both the height and
width vary significantly. These differences are often attributed to differences in the
complex refractive index of particles, but differences in the shape distribution may
also play a significant role.

Future and other work
Results for quartz particles compared to Mie and non-spherical scattering models
will be published showing that non-spherical effects can be significant in the IR
depending on the strength of CRI features. Retrieving CRI from the MEC results,
including the possibility of using a non-spherical scattering model, will be investi-
gated. Results for the MEC of candidate geo-engineering particles will be presented
and used to model their potential radiative forcing effect. Please feel free to send
any questions to benjamin.reed@physics.ox.ac.uk.
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