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Motivation
* Southern Oceans (SO) one of cloudiest regions on Earth

* Earth’s climate sensitive to representation of SO clouds

—Impact on global energy budget , simulated global cloud feedbacks &
carbon-cycle feedbacks on climate change
— Location of tropical rainfall belts

— S0 surrounds Antarctic & interacts with ice shelves whose stability to
climate change is unknown

* Remoteness from anthropogenic & natural continental aerosol
sources makes SO unique testbed for understanding cloud-
aerosol interactions in liquid & ice clouds

* One of largest uncertainties in determining aerosol indirect effects for
climate models is poor understanding of what is pre-industrial state



Climate model biases & observational knowledge gaps
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Climate model biases & observational knowledge gaps
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Southern Ocean Research Themes




Southern Ocean Research Themes

Theme 1: Documenting the synoptically-varying vertical
structure of SO boundary layers and clouds

Theme 4: Retrieving the properties of mixed-phase clouds




SOCRATES/CAPRICORN/MICRE/MARCUS Coordinated Observations
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SOCRATES/CAPRICORN/MICRE/MARCUS Coordinated Observations
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SOCRATES/CAPRICORN/MICRE/MARCUS Coordinated Observations
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SOCRATES/CAPRICORN/MICRE/MARCUS Coordinated Observations
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SOCRATES/CAPRICORN/MICRE/MARCUS Coordinated Observations
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Campaign Advantages

MICRE: Long seasonal sample

CAPRICORN: More detailed
oceanographic, aerosols &
surface flux measurements

MARCUS: Seasonal cycles
poleward of 60°S

SOCRATES: Process studies and
remote sensing evaluation



What was done to prepare for collaborations?

 March 2014 (Seattle, WA): Workshop on Clouds, Aerosols,
Radiation and Air-Sea Interface of Southern Ocean:
Establishing Directions for Future Research

— 60 scientists (grad students, postdocs, senior researchers) from US
and foreign universities and government labs attended

— |dentify state of knowledge over SO

— ldentify strategies for reducing uncertainties in global/regional
models

— Overview presentations and breakout sessions
— Deliverable: White paper

— Microsoft Word - SOCRATES white paper Final Sep29 2014.docx
(uw.edu)



https://atmos.uw.edu/~roj/nobackup/Southern_Ocean_Workshop_2014/Southern_Ocean_Workshop_2014_White_Paper.pdf
https://atmos.uw.edu/~roj/nobackup/Southern_Ocean_Workshop_2014/Southern_Ocean_Workshop_2014_White_Paper.pdf

What was done to prepare for collaborations?

e July 2014: Summary of SOCRATES plans presented to US
CLIVAR

* October 2014: Visits to funding agencies including NSF, DOE
and NASA to inform of project (McFarquhar & Bretherton)

* Similar visits took place in Australia

* Proposals written to agencies

— Key was that proposal to each agency had to be “stand-alone” and
not rely on contributions from other agencies

— Synergy came from fact that all projects ended up being together,
but that could not be used to sell the projects



How were differences in sampling methods
and model currencies coordinated?

* Each project was a separate effort, and no formal steering
committee coordinated the projects

* Many investigators served on advisory board of several of the
projects and there was much collaboration between
campaigns.

* There was one integrated planning workshop (2017 Boulder)
for all projects where participants discussed optimal ways to
work together



How was analysis synthesized among campaigns?

* Two integrated data workshops were held after completion of
projects (2018 Boulder, 2019 Hobart)

« Data have been freely exchanged among participants, and a
special collection of papers in the Journal of Geophysical
Research/ Geophysical Research Letters covering all four
projects has been established and currently contains 39 papers

* Many investigators are using observations from several of the
campaigns in their study

— E.g., NSF-funded investigators must use SOCRATES data in their
funded projects but can also use results from other campaigns

— Many authors combined data and model simulations



Lessons Learned

» Coordination is difficult from funding perspective, but with
dedicated science team this can be overcome

» Collaboration was essential to maximize projects impacts

— QOverflights of NSF G-V over both R/V Investigator and ARM
Ground site
* Synergistically data provide best available measurements of
BL and Free troposphere structure, together with vertical
distribution of liquid and mixed-phase clouds over cold waters
of SO where SLW and mixed-phase clouds frequent



Lessons Learned

* Future measurements needed over SO and with data we
collected we learned what should be done in future cmpaigns

— Lagrangian rather than Eulerian Experiment (track air masses
coming off Antarctic ice sheet to see evolution of aerosols, CCN,
cloud & precipitation properties)

— Observations closer to Antarctic (southern of 62°S to examine
where errors in model are largest)

— More comprehensive data on aerosol composition
— Shipborne measurements less contaminated by ship stack



Future Efforts

e PICCAASOQO’s mission is to amplify scientific
discovery of the many upcoming projects
occurring in the Antarctic and Southern Ocean
by facilitating global collaboration &
coordination.

e PICCASSQO'’s specific focus is on scientific
qguestions surrounding link between
biogeochemistry & atmospheric processes

e Paper describing PICASSO published in
Elementa, Mallett et al. Untangling the
influence of Antarctic and Southern Ocean life
on clouds




Future Efforts

e PICASSO sponsors regular online meetings and
meetings of opportunities at international
conferences (e.g., at recent IUGG/IAMAS
Conference in Berlin)
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Future Efforts
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ARISTOTLE: Aerosols, Radiation, cloud, SouThern
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ARISTOTLE studies aerosol-cloud-
precipitation interactions in pristine low
clouds over the Antarctic, Marginal Ice
Zone (MIZ) and Southern Ocean (SO) from
process-oriented perspective in order to

| resolve prominent Earth System Model
Reflected shortwave radiation (ESM) biases south of 62°S
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ARISTOTLE Overview

Two 6-week deployment of NASA P-3, from
McMurdo Station (Christchurch 2"d option)
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ARISTOTLE Science Themes
. Aerosol formation/growth processes
. How aerosol/dynamics modulate gradients in cloud/precipitation properties

. Evaluation of satellite remote sensing of ocean biogeochemical, aerosol &
clouds

. Address unconstrained model representations of ocean-ice-atmosphere
interactions



