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Motivation
By scattering and absorbing radiation, clouds are the
primary mediator of the Earth’s energy budget, cov-
ering about 70 % of the planet at any given moment.
The representation of clouds within weather and cli-
mate models is typically evaluated against their optical
or microphysical properties, such as optical depth or
droplet concentration. As models achieve resolutions
that can resolve individual clouds, it also becomes im-
portant to determine if those models are accurately
representing the shape of clouds.

Clouds are believed to be fractal, meaning that they
have the same shape across a range of scales. The ‘frac-
tal dimension’ measures the efficiency with which a
shape fills space and can be thought of as an indication
of the roughness of a boundary. Previous studies [1–4]
have evaluated the fractal dimension of cloud in nadir-
pointing visible imagery, finding values of 1.18 – 1.68.
Their median, 1.37, agrees reasonably with models.

This presentation provides the first quantification of
the fractal dimension of vertical cross-sections of ice
cloud by analysing the combined radar-lidar products
of the ACTRIS network. Understanding the shape of
cloud top could help constrain modelling of entrain-
ment processes.

Data and Methods
Images of the vertical cross-section of clouds were
taken from the Aerosol, Clouds and Trace Gases Re-
search Infrastructure (ACTRIS) Cloudnet data portal.
Cloud data across 4 sites [Chilbolton, Galati, Munich,
and Lundenberg; 5, 6] were extracted for 1 May 1999
to 31 March 2024. ERA5 reanalysis [7] provided wind
speeds and directions to convert observation time into
physical length. An example is shown below.

The target classification field was used to identify ice
clouds, with liquid clouds neglected because their top
is often poorly sensed due to attenuation of the lidar
beam. Clouds that spanned multiple dats were filtered
out of this preliminary analysis of daily files, as were
precipitating clouds since the precipitation obscures
the cloud base.

This study follows [4] in filtering clouds with a pixel
area less than 24 due to insufficient resolution to ac-
curately assess the fractal dimension and in using the
area-perimeter relationship to quantify the fractal di-
mension D of a boundary drawn in 2-D space,

perimeter ∝ areaD/2.

The above reproduces Fig. 1(a) of [4], showing the rela-
tionship between perimeter and area for clouds identi-
fied in Himawari imagery for which D = 1.40.

Cloud Edge Detection with openCV

Green borders denote cloud edges detected in the Cloudnet classification field (fill colours) by a contour detection
method. We’d be interested to hear your opinion on how to tell the difference between two clouds that are very
close together and a single cloud with a narrow neck, such as that at 16:00.

Quality Control and Data Filtering

Above highlights the three main reasons for a cloud to be rejected, as outlined in red: being adjacent to precipita-
tion (around 04:00), having a small area (around 21:00), or crossing midnight (right edge).

Unresolved Issues

Above, a cloud has been rejected due to low-level at-
tenuation causing breaks in the image. While these
could be filled in, the dataset is large enough that it
was felt safest to omit such data. Note also the neglect
of cavities within the cloud around 11:00. Below high-
lights how small clouds are identified around the top
of deep clouds, but are unlikely to be independent.

Aggregated Results
Below is a histogram of cloud area against perime-
ter (log-log) for all quality-controlled clouds assessed,
with a best-fit of D = 1.26. There is greater scatter in
this relation than reported in earlier studies, particual-
rly for smaller clouds, consistent with [2]. On closer
examination, these appear to be small features around
the top of deep clouds (see right). We hope that a more
complex filter would reduce this spread.

Above is a histogram of cloud fractal dimension
against wind speed at cloud centre, highlighting that
fractal dimensions were seen in the range 1.20 – 1.35.
There is a suggestion that D may increase with wind
speed but the sensitivity of these calculations to re-
analysis and measurement resolution would need to
be investigated to be conclusive. The few instances of
D > 1.35 appear to be clumps of small clouds cate-
gorised as one. Watershed segmentation was not suc-
cessful in resolving this issue.

Take-Away Messages
• ACTRIS Cloudnet data indicates D = 1.20−1.35,

with a median of 1.26, which is smaller than pre-
vious studies. This may be because,

– This study only considered ice clouds while
previous work will have been been domi-
nated by the lowest level of cloud;

– Cloud base may have different fractal prop-
erties to the edges.

• If you have large-eddy simulations and would
like to compare against our data, we’d love to
hear from you!
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