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Clce2Clouds terms of reference

(TOR1) Synthesize key coupled biological and
chemical systems that drive atmospheric reactive

trace gas, aerosol, and cloud properties in polar C) (vcnouds
/ mixing

ocean environments.
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(TORZ2) To identify similarities and differences in gases Ze ae’°5°' ‘.P'eC'P' ation
controls on exchange processes between the Arctic g
and Antarctic ocean-ice-atmosphere (OIA) systems. “°‘” £ Rrocesses

(TOR3) To develop a conceptual model of exchange
processes in OIA systems, focusing on key reactive
trace gas and aerosol species prioritized in O1.

(TOR4) To develop interdisciplinary campaign
planning recommendations to guide future studies _ _
and address model and measurement gaps. How does the formation, evolution, and melt

of sea-ice and snow cover in the polar
(TORS5) To facilitate community and capacity building ~ ©c€ans impact emission and deposition of
opportunities for sustainable multidisciplinary science climatically and biogeochemically active
at the OIA interface. materials?




Meetings & major activities since August 2025:

e Final publication of 2 conceptual model and synthesis papers

e Development of a 3" conceptual model and synthesis synthesis

e Internal review of tutorial review and interdisciplinary
observation planning papers

e February 27 — March 10, 2026: Clce2Clouds — BEPSII —
CATCH joint Sea Ice School in Saroma, Hokkaido, Japan | Fesue n clements

e March 10 - 11, 2026: 4" Clce2Clouds workshop following the
Sea Ice School in Shiretoko, Hokkaido, Japan

e September 4, 2026: Clce2Clouds wrap-up online meeting



Key processes for primary
aerosol production at both
poles
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Key biotic and abiotic processes for
primary aerosol production and properties

J. Creamean, L.A. Miller et al., Elementa, 2026
https://doi.org/10.1525/elementa.2025.00065
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Sulfur cycle conceptual model and synthesis

Biogenic phase Gas phase Aqueous phase O i Highly uncertain processes

Key processes in the biogenic
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Sulfur cycle conceptual model and synthesis

Biogenic phase Gas phase | Aqueous phase O i Highly uncertain processes
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A Vision for Interdisciplinary Observations across the Polar

Ocean-lce-Snow-Atmosphere Interface

» Motivation for studying the OSIA interface

* Major challenges for interdisciplinary observations across the OISA interface
» A way forward: Interdisciplinary modeling and observational strategy

« Two focused examples drawing on Clce2Clouds synthesis papers
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Hot phase: The actual inter-
scope-of-work document

disciplinary OTSA field experiment =

Status:
Working session at 4" workshop in Shiretoko Ex. 1: The importance of episodic
Revision & internal review following Shiretoko ~ extreme volatile methylated sulfur
Target submission: September 2026 (VMS) emissions for polar aerosol

P.C. Zieger, M.D. Willis, L.A. Miller, J. Creamean, N. Steiner et al., in prep. for Elementa, 2026

Ex. 2: The potential of melt
ponds as sources of primary
aerosols



From Sea Ice to Clouds: Fundamental
Processes Underpinning Particle and Gas
Exchange between the Polar Oceans and
Atmospheres (L. A. Miller et al., in internal review)

* Tutorial: basics of atmospheric chemistry, sea-ice
biogeochemistry, and
oceanography needed for effective collaboration

* Introductory explanations & figures with
references to foundational papers and textbooks

* Co-written by atmospheric and ocean
scientists = interdisciplinary interpretation teams

% &\ Example Tutorial
» sy | Figure: Major currents
W | of the Arctic Ocean (a)
# / and the Southern
Ocean (b).

Status
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Saroma Sea Ice School 2026

BEPSII
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BIOGEOCHEMICAL EXCHANGE PROCESSES
AT SEA ICE INTERFACES

the Cryosphere and
ATmospheric CHemistry
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February 27 — March 10, 2026, Saroma, Hokkaido

Snapshot by the

numbers:

« 208 applications
from 45 countries

« 30 ECRs from 17
countries

* 19 lecturers

* 17 hours of
lectures on 11
topics

16 hoursin the
field

15 hoursin the lab

« 5 group capstone
presentations by
ECR teams

* 11 hours of poster
sessions and
networking



Elementa Special Feature

Selected articles, published & in preparation:

1.

Steiner & Willis, Coupling of ocean-ice-atmosphere processes: from sea-Ice

biogeochemistry to aerosols and Clouds (Clce2Clouds) — Introductory article / in prep.
. Ishino et al., The biogenic sulfur cycle in a coupled ocean-sea ice-atmosphere

system — review/synthesis article / published

Creamean et al., Overview of primary aerosol sources and processes at the ocean-
Sea ice-snow-atmosphere interfaces in polar regions — review article / published
Miller et al., From sea ice to clouds: Fundamental processes underpinning patrticle
and gas exchange between the polar oceans and atmospheres — tutorial-style review
article / in internal review

Zieger, Willis et al., A Vision for Interdisciplinary Observations across the Polar
Ocean-Ice-Atmosphere Interface — synthesis article/white paper / in internal review
Haddon, Steiner et al., Future Arctic DMS production and emissions from a regional

sea ice and ocean biogeochemical model | published

Frey, Delille et al., Uncertainties in the polar nitrogen cycle — commentary / final
drafting stage

Clce2Clouds Special
Feature in Elementa




Closing perspectives on SCOR WG #163: Clce2Clouds

We are grateful for the support & opportunity from SCOR. (&
% ‘ A > "
The interdisciplinary synthesis work would not have e § l ‘; QV’

2022: Cape Town, South

been possible otherwise: Africa

» We successfully developed coupled conceptual
models across disciplines

* The collaboration opened additional opportunities for
scientific collaboration, and additional collaborative
papers have emerged because of the working group

 We entrained additional collaborators, e.g. through B e A ,,‘
CATCH & BEPSII email lists and hosting open T e ”f ﬁf
community meetings | e s

« 3 years is challenging for interdisciplinary work;
flexibility in extending this group was extremely helpful
and valued by all working group members

« We appreciated that we could support travel for
associate members, which allowed some leadership to
emerge from the associate membership (incl. ECRs)

« SCOR support facilitated developing and funding the
Sea Ice School, a major accomplishment for
international capacity building (TORS).

W 2023: Grenoble, France

2024: Goa, India

S8 2026: Shiretoko, Japan
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