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Introduction

This poster outlines ongoing work to quantity the
variation of cloud effective radius (CER) and cloud
albedo (ALB) as a function of aerosol index (Al) by
using localised aerosol sources, such as volcanoes, as
a natural laboratory. The interaction between aerosols
and clouds has been described as the most uncertain
aspect of our climate by the IPCC and mapping their
relationship will help improve its representation in
weather and climate models.

Satellite retrievals by the Optimal Retrieval of Aerosol
and Cloud (ORAC) were used, provided by the Cli-
mate Change Initiative (CCI) datasets. The data can be
downloaded 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 that can be found at https:
//github.com/ORAC-CC/orac.

[L.ocalised 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 1km resolution,
with the wind vector shown by an arrow. A plume of
aerosol intermingled with cloud is evident downwind
due to passive degassing from Mt. Kilauea.
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Following [6], when
the downwind aero-
sol is dominated by
a single source, one
can combine large
volumes of data by
rotating the image
into the direction of the wind, as show above (with the
wind blowing from left to right). The result is aero-
sol and cloud properties as a function of distance and
bearing from the source. For a remote site such as this,
both clean and polluted conditions will be sampled,
mapping cloud properties to the aerosol conditions.
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Dominance of the sources

This technique considered 77
natural and anthropogenic
aerosol sources and 11 con- |,
trols, sampling a variety of
aerosol types (shown opposite).

Regularly degassing volcanoes were considered,
while frequent flaring identified industrial areas. The
CMIP6 inventory highlighted isolated areas of large
emissions. The plots below show the difference be-
tween aerosol index (Al) downwind and upwind of
the sources as a function of (a) absolute distance from
the source and (b) days of advection.
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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 atfect the Al for about 200 km or 10 days.
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The cloud-aerosol interactions at various volcanoes
are represented with these two-dimensional his-
tograms of cloud albedo against log AI, where each
pixel in the rotated field was treated as an indepen-
dent datum. The expectation that albedo increases
with Al is not always observed.
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Variation for different aerosol types
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index, liquid cloud etfective radius, cloud albedo, top-
of-atmosphere upwelling shortwave radiation, cloud
top pressure, and cloud optical depth. The median is
shown in blue over the histograms (right). Sharp vari-
ations in the centre are caused by the inconsistency of
land and sea retrievals and is being alleviated.

Distribution of the rate of change in CER (top) and
ALB (bottom) with Al, divided by meteorological con-
ditions (columns) and the dominant emitted aerosol
type (colour). Dust aerosols tend to have negative gra-
dients while sulphates tend to have positive.

A critical look at variation of cloud with aerosol index at Kilauea
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Larger Als are observed in unstable conditions than

2 107 stable, which may result from increased AOD in the
2 m —mmmmm—m=— presence of convection. Cloud effective radius and
s o Bans cloud top pressure decrease with increasing Al in un-
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7 200 dominated by the change in optical thickness or LWP.
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< 100 e _Elbah"!-!_'—— tropospheric humidity and lower tropospheric stability
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seen at the top of this poster and an updated version

7 of the retrieval algorithm utilised.
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