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Introduction
This poster outlines ongoing work to quantify the
variation of cloud effective radius (CER) and cloud
albedo (ALB) as a function of aerosol index (AI) by
using localised aerosol sources, such as volcanoes, as
a natural laboratory. Satellite retrievals by the Optimal
Retrieval of Aerosol and Cloud (ORAC) are provided
by the recently completed cloud and aerosol Climate
Change Initiative (CCI) datasets, which can be down-
loaded from http://cci.esa.int. Further details
on the datasets can be found in [1, 2].

ORAC [3, 4] is a generalised optimal estimation
scheme [5] to retrieve cloud, aerosol, and surface
properties from satellite-based visible and/or infrared
measurements. It is open-source software developed
by a world-wide community of researchers within a
version control system managed by the British Atmo-
spheric Data Group (BADC). The Fortran 90 source
code can be obtained from http://proj.badc.
rl.ac.uk/orac and processes observations from
(A)ATSR, AVHRR, MODIS, and SEVIRI (with other
sensors easily added) to retrieve:

• aerosol optical thickness (AOT) and effective ra-
dius with surface reflectance (at 550 nm);

• aerosol optical thickness, effective radius, and
layer height with sea surface temperature;

• cloud optical thickness (COT), effective radius,
and top pressure with surface temperature; or

• volcanic ash optical thickness, effective radius,
and plume top pressure.

Localised aerosol sources
The example below shows (a) a false-colour image
from AATSR over Hawaii on 9 Sep 2008 and (b) the
ORAC retrieval from that image at 1 km resolution,
with the wind vector shown by an arrow. A plume of
aerosol is evident downwind due to passive degassing
from Mt. Kilauea and is intermingled with cloud.
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Following [6], if the downwind aerosol is domi-
nated by these volcanic emissions, rotating the im-
age into the direction of the wind (shown below,
with the wind blowing from left to right) allows
large volumes of data to be averaged. The result
is aerosol and cloud properties as a function of dis-
tance and bearing from the source. For a remote
site such as this, both clean and polluted conditions
will be sampled, mapping cloud to aerosol properties.
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There are many confounding variables, evident in the
first figure from the enhanced aerosol optical depth
(AOD) around cloud. To mitigate these effects, all
aerosol retrievals within 7 km of a cloud has been ex-
cluded to avoid contamination [7] and pixels have
been classified as wet/dry and un/stable based on the
free tropospheric humidity and lower tropospheric
stability reported by ERA-Interim. Averages were tab-
ulated for aerosol and cloud optical depths and effec-
tive radii along with cloud albedo, cloud top height,
and short and long-wave top-of-atmosphere fluxes.

Dominance of the sources
This technique was applied to
77 natural and anthropogenic
aerosol sources alongside 11
controls, sampling a variety of
aerosol types (shown opposite).
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Volcanoes were selected based on regular degassing.
Frequent flaring was used to identify industrial ar-
eas. The CMIP6 inventory highlighted isolated areas
of large or highly variable emissions. To assess the
dominance of these sources, the plots below show the
difference between aerosol index (AI) downwind and
upwind of the source, normalised by it’s variability, as
a function of (a) absolute distance from the source and
(b) days of advection at the modal wind speed.
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The controls and sites with no dominant aerosol type
(‘Various’) show little change in aerosol enhancement
with distance, indicating these sites are not dominant.
Other classes affect the AI for about 200 km or 10 days.

Long-term averages
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These show variation around Kilauea in 2002–2012 av-
erages for stable and unstable humid atmospheres.
While the aerosol is broadly similar, the cloud re-
sponds to both the presence of aerosol and the stability
(note the narrow, downwind ‘plume’ in cloud albedo).

Retrievals before and after source compared to non-emitting islands
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The above plots show that the in-
fluence of volcanic aerosol on the
cloud environment is more a shift
in the edges of the distribution
rather than a large-scale jump.
The histograms opposite plot var-
ious cloud properties as a func-
tion of AI for each pixel around
the 13 volcanoes studied (red:
median, blue: median, quartiles,
and percentiles of the control dis-
tribution). Changes in radius are
evident in the controls and are
stronger when moist, while an in-
crease in albedo with AI is only
seen for the perturbed clouds.

Variation for different aerosol types
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Next steps and references
The data from anthropogenic sites needs better filter-
ing. Ideally, the analysis would be repeated with more
classes of humidity/stability to their local mean and
would normalise distance by wind speed. A paper is
in preparation for JGR.
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