BAMS

Advancing Our Understanding of Cloud
Processes and Their Role in the Earth System
through Cloud Object Tracking

Sean W. Freeman®, Kelcy Brunner®, William K. Jones®, Julia Kukulies®, Fabian Senfe,
Philip Stier®, and Susan C. van den Heever

KEYWORDS: Oxford Cloud Tracking Workshop

Algorithms; What: 172 scientists from around the world met in a hybrid format to assess the status
Cloud tracking/ and application of cloud tracking algorithms and discuss the current and future
cloud motion winds development of these analysis methods.

When: 17-19 April 2023
Where: Oxford, United Kingdom

https://doi.org/10.1175/BAMS-D-23-0204.1
Corresponding author: Sean W. Freeman, sean.freeman@uah.edu
In final form 1 August 2023

© 2024 American Meteorological Society. This published article is licensed under the terms of the default AMS reuse license. For information regarding reuse
of this content and general copyright information, consult the AMS Copyright Policy (www.ametsoc.org/PUBSReuseLicenses).

AMERICAN METEOROLOGICAL SOCIETY BAMS Unauthenticatéﬁ‘Nluﬁtﬁ/yng@agd%d 0@9]/24 05:35 PM UTC


https://orcid.org/0000-0002-7398-1597
https://orcid.org/0000-0003-3938-0963
https://orcid.org/0000-0001-9786-3723
https://orcid.org/0000-0001-6084-0069
https://orcid.org/0000-0003-1685-2657
https://orcid.org/0000-0002-1191-0128
https://orcid.org/0000-0001-9843-3864
mailto:sean.freeman@uah.edu
http://www.ametsoc.org/PUBSReuseLicenses

AFFILIATIONS: Freeman*—Department of Atmospheric and Earth Science, The University of Alabama
in Huntsville, Huntsville, Alabama; Brunner*—Department of Geosciences, Atmospheric Science Group,
Texas Technical University, Lubbock, Texas; Jones* and Stier—Atmospheric, Oceanic and Planetary Physics,
Department of Physics, University of Oxford, Oxford, United Kingdom; Kukulies*—Regional Climate
Group, Department of Earth Sciences, University of Gothenburg, Gothenburg, Sweden; Senf—Leibniz
Institute of Tropospheric Research, Leipzig, Germany; van den Heever—Department of Atmospheric
Science, Colorado State University, Fort Collins, Colorado

* These authors contributed equally.

lgorithms to detect and track clouds through space and time are used in both research

and forecasting for a wide range of weather systems. The Oxford Cloud Tracking

Workshop was held to bring together the international research community working
on the scientific applications and technical development of cloud object tracking. Although
cloud tracking approaches have existed since the early 1980s (e.g., Maddox 1980; Dixon and
Wiener 1993), the development and utilization of tracking tools has recently accelerated rapidly
around understanding big data and scientific interest in cloud processes and life cycles. The
Oxford Cloud Tracking workshop represents the first known community workshop dedicated
to the development and scientific applications of object-based, automated cloud tracking.

Workshop themes
The workshop was arranged around four primary themes pertinent to current and future
cloud research:

Morphology and life cycle of mesoscale convective systems (MCSs). Understanding
the spatial and temporal patterns of clouds, especially large-scale organized systems like
MCSs, is vital to studying their impacts on rainfall, extreme weather, and climate. MCSs
are typically well captured by cloud tracking algorithms, enabling new research in MCS
dynamics and patterns.

Dynamical processes and convective organization. Improved knowledge of in-cloud
dynamics, storm life cycle, and how storms organize upscale is crucial in understanding
their response to local environments and their variations in changing climates. The work-
shop attendees discussed that using multiscale and multivariate tracking (i.e., tracking on
multiple variables simultaneously) is a promising way forward to link the impact of local
environmental factors and large-scale synoptic factors to the behavior of convective systems.

Microphysical cloud processes. Microphysical processes represent a major uncertainty
in convection-permitting simulations as their scales dictate that such processes are
parameterized as opposed to explicitly resolved. The ability to examine the complete cloud
life cycle using tracking techniques enables better studies of evolution and importance of
microphysical processes.

Upcoming satellite missions. Cloud tracking plays a major role in the formulation, algo-
rithm development, and analysis of the observation datasets in a number of upcoming
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satellite missions, including NASA’s INvestigation of Convective UpdraftS (INCUS) mission,
ESA’s EarthCARE mission, and NASA’s Atmosphere Observing System (AOS). The potential
of high-temporal-resolution datasets are significant, in particular, in the context of the emer-
gence of global kilometer-scale climate models with nearly matching spatial resolution.
Many workshop attendees felt that when building next-generation datasets useful for cloud
tracking, such as Georing and the International Satellite Cloud Climatology Project-Next
Generation (ISCCP-NG), spatial and temporal consistency is of the greatest importance.

Conclusions

The Oxford Cloud Tracking Workshop brought together the international cloud tracking
community and helped to shape our vision for future work and collaborations. A primary
conclusion of the workshop was the need to enhance our development of tracking algorithms
that facilitate multivariate and multiscale tracking of clouds and other geophysical objects
within multiple datasets to better understand atmospheric processes and interactions. New
satellite missions and kilometer-scale convective-resolving models require cloud tracking
algorithms, as manual tracking is not feasible on such large datasets. An intercomparison of
available cloud tracking algorithms is also needed to understand the sensitivity of scientific
conclusions reached using different tracking approaches. Finally, we should promote the
use of open-source tracking algorithms and datasets in order to support reproducible and
transparent science, as well as ensure constructive future development of such analytical
tools and avoiding unnecessary duplication of efforts.
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