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Report for the year 2023 and future activities

SOLAS Canada
compiled by: Rachel Chang

This report has two parts:

- Part 1: reporting of activities in the period of January 2023 - Feb/Mar 2024
- Part 2: reporting on planned activities for 2024 and 2025.

The information provided will be used for reporting, fundraising, networking, strategic development
and updating of the live web-based implementation plan. As much as possible, please indicate the
specific SOLAS 2015-2025 Science Plan Themes addressed by each activity or specify an overlap
between Core Themes or Cross-Cutting Themes.

Core Theme 1. Greenhouse gases and the oceans;

Core Theme 2: Air-sea interfaces and fluxes of mass and energy;

Core Theme 3: Atmospheric deposition and ocean biogeochemistry;

Core Theme 4: Interconnections between aerosols, clouds, and marine ecosystems;

Core Theme 5: Ocean biogeochemical control on atmospheric chemistry;

Cross-Cutting Theme: Integrated studies of high sensitivity systems (upwelling systems,

Indian Ocean, polar oceans and sea ice);

Cross-Cutting Theme: Climate intervention;

Cross-Cutting Theme: Science and society.

IMPORTANT: This report should reflect the efforts of the SOLAS community in the entire country or
region you are representing (all universities, institutes, lab, units, groups, cities).

First things first...Please tell us what the IPO may do to help you in your current and future
SOLAS activities. ?
The Canadian community thanks the members of the SOLAS IPO for their continued efforts in

serving the SSC and the SOLAS community at large as well as in communicating SOLAS-related
research.

PART 1 - Activities from January 2023 to Feb/Mar 2024

1. Scientific highlight

Distinguishing Physical and Biological Controls on the Carbon Dynamics in a High-Arctic Outlet Strait




The water mass assembly of Nares Strait is variable, owing to fluctuating wind forcings over the
central Arctic Basin, and irregular northward flows from the West Greenland Current (WGC) in Baffin
Bay. Here we characterize the physico-chemical properties of the water masses entering Nares Strait
in August 2014. We employ an extended optimum multi-parameter (OMP) analysis to estimate the
mixing fractions of predefined source water masses, and to distinguish the role of physical and
biological processes in governing the distribution of dissolved inorganic carbon (DIC) in Nares Strait.
We show the first documented evidence of Siberian shelf waters arriving in Nares Strait, along with a
diluted upper halocline layer of partial Pacific-origin. These mixed-origin water masses appear to
play an important role in driving a modest phytoplankton bloom in Kane Basin, leading to decreased
surface pCO; concentrations in Nares Strait. Although inorganic nitrogen was already limited near
the surface in northern Nares Strait, the rather shallow upper halocline layer and the shoaling
bathymetry in Kane Basin facilitated upwelling of nutrients to the surface. Our observations suggest
that the positioning of the Transpolar Drift, and hence the balance of Atlantic and Pacific water
delivered to Nares Strait, may play an important role in regional biological productivity and carbon
uptake from the atmosphere. We also observed water masses from the WGC transported as far
north as Kane Basin, contributing to relatively high pCO, and low pH in the intermediate and deep

water column of southern Nares Strait and northern Baffin Bay.
Fsim

Depth [m]
Depth [m]

Depth [m]
Depth [m]

&
=3
)

77°N 78°N 79°N 80°N 81°N

F. SPMW

200

Depth [m]
Depth [m]

400 |

77°N 78°N 79°N 80°N 81°N

~
g
H
k)
Q
77°N 78°N 79°N 80°N 81°N
L J L J L F X J
Northern Smith Kane Kennedy
Baffin Bay Sound Basin Channel

Caption: Calculated source water mass fractions along the Nares Strait transect (transect location
shown in bottom left map). Freshwater sources are sea-ice melt (SIM) and river runoff (RR), note the
depth scale is reduced to the upper 60 m for freshwater panels. Source water masses are: Baffin Bay
Polar water (BBPW), Subpolar Mode water (SPMW), Polar Mode water (PMW), Upper Halocline
water (UHW), and Canada Basin Atlantic water (CBAW). Note the different color scales on all panels.
Figure was created using Ocean Data View software (Schlitzer, 2020) with bathymetry contours from
IBCAO version 3 (Jakobsson et al., 2012).



https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022JC019393#jgrc25396-bib-0091
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022JC019393#jgrc25396-bib-0047

Citation: TM Burgers, LA Miller, S Rysgaard, J Mortensen, B Else, JE Tremblay,et al., (2022)
Distinguishing Physical and Biological Controls on the Carbon Dynamics in a High-Arctic
Outlet Strait. Journal of Geophysical Research: Oceans 128 (3), €2022JC019393
https://doi.org/10.1029/2022JC019393

Arctic warming by abundant fine sea salt aerosol from blowing snow

The Arctic warms nearly four times faster than the global average, and aerosols play an increasingly
important role in Arctic climate change. In the Arctic, sea salt is a major aerosol component in terms
of mass concentration during winter and spring. However, the mechanisms of sea salt aerosol
production remain unclear. Sea salt aerosols are typically thought to be relatively large in size but
low in number concentration, implying that their influence on cloud condensation nuclei population
and cloud properties is generally minor. Here we present observational evidence of abundant sea
salt aerosol production from blowing snow in the central Arctic. Blowing snow was observed more
than 20% of the time from November to April. The sublimation of blowing snow generates high
concentrations of fine-mode sea salt aerosol (diameter below 300 nm), enhancing cloud
condensation nuclei concentrations up to tenfold above background levels. Using a global chemical
transport model, we estimate that from November to April north of 70° N, sea salt aerosol produced
from blowing snow accounts for about 27.6% of the total particle number, and the sea salt aerosol
increases the longwave emissivity of clouds, leading to a calculated surface warming of +2.30 W m™
under cloudy sky conditions.

Solar radiation % Eefie) callay

radiation o ¢ -o (4 ', ° . °
PS R ki
® e * ] Downwelling longwave ./ ‘\ . \,
P * radiation ¥ ‘\f .
.
~ L] K
.‘: e gi Long-range transported aerosol 1 l l l Sea-salt aerosol + Y
o it th, Lt y )
'0.. . Precipitation other aerosol types Surface

radiation

Secondary aerosol
Sea-spray aerosol

T~

.o. .0’ :\Subllmauon
-ﬂR . RH,..<100%

/\.
A Blowing snow layer (~10-100 m)
ta ~
_ RH,,=-100%
4 *ﬁé % ﬁlg Saltation layer (~0.1m)
Snow layer

Upward migration

of sea salt Sea ice layer

@ Seasaltaerosol @ Organics © Secondary aerosol @ Black carbon @ Biomass-burning aerosol

Citation: X. Gong, J. Zhang, B. Croft, X. Yang, M.M. Frey, N. Bergner, R.Y.-W. Chang, J.M.
Creamean, C. Kuang, R.V. Martin, A. Ranjithkumar, A.J. Sedlacek, J. Uln, S. Willmes, M.A.
Zawadowicz, J.R. Pierce, M.D. Shupe, J. Schmale, J. Wang, (2023) Arctic warming by
abundant fine sea salt aerosol from blowing snow, Nature Geoscience, 16, 768-774,
https://doi.org/10.1038/s41561-023-01254-8

lodine emission from the reactive uptake of ozone to simulated seawater

The heterogeneous reaction of ozone and iodide is both an important source of atmospheric iodine
and dry deposition pathway of ozone in marine environments. While the iodine generated from this
reaction is primarily in the form of HOI and I, there is also evidence of volatile organoiodide
compound emissions in the presence of organics without biological activity occurring. In this study,
we evaluate our fundamental understanding of the ozonolysis of iodide which leads to gas-phase
iodine emissions. To do this, we compare experimental measurements of ozone-driven gas-phase I,
formation in a flow tube to predictions made with the kinetic multilayer model for surface and bulk
chemistry (KM-SUB). The KM-SUB model uses literature rate coefficients used in current
atmospheric chemistry models to predict lxg formation in pH-buffered solutions of marine



https://doi.org/10.1029/2022JC019393
https://doi.org/10.1038/s41561-023-01254-8

composition containing chloride, bromide, and iodide compared to solutions containing only iodide.
Experimentally, l.g formation was found to be suppressed in solutions containing seawater levels of
chloride compared to solutions containing only iodide, but the model does not predict this effect
using literature rate constants. However, the model is able to predict this trend upon adjustment of
two specific reaction rate constants. To more closely represent true oceanic conditions, we add an
organic component to the proxy seawater solutions using material generated from Thalassiosira
pseudonana phytoplankton cultures. Whereas the rate of ozone deposition is unaffected, the
formation rate of Iz is strongly suppressed in the presence of biological organic material, indicative
of a sink or reduction of reactive iodine formed during the oxidation process.
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Citation: S. Schneider, P. Lakey, M. Shiraiwa, J. Abbatt (2023) lodine emission from the
reactive uptake of ozone to simulated seawater, RSC Env. Sci. Proc. Impacts, 25, 254-263,
https://doi.org/10.1039/d2em00111j

2. Activities/main accomplishments in 2023 (e.g., projects; field campaigns; workshops and
conferences; model and data intercomparisons; capacity building; international
collaborations; contributions to int. assessments such as IPCC; collaborations with social
sciences, humanities, medicine, economics and/or arts; interactions with policy makers,
companies, and/or journalists and media).

- Co-chair BEPSII meeting in La Jolla California: updates on sea-ice bgc work, discussions on
polar components of the SOLAS science plan, SOLAS seminar organization as part of the
BEPSII meeting

- Co-chair CICe2Clouds meeting in Grenoble, active work on the development of 3 synthesis
papers and one tutorial paper, discussion on missing ice-ocean-atmosphere processes in



https://www-webofscience-com.myaccess.library.utoronto.ca/wos/woscc/full-record/WOS:000825687100001
https://www-webofscience-com.myaccess.library.utoronto.ca/wos/woscc/full-record/WOS:000825687100001
https://doi.org/10.1039/d2em00111j

ESMs
- Model evaluations of the Canadian carbon sink (Laenger et al , in prep.)

- Model evaluations of the evolution of sea-ice algae in a future climate, including a set of
diagnostics (Haddon et al. 2024 , accepted)

- Model evaluations of the evolution of DMS emissions in a future climate, including a set of
diagnostics (Haddon et al., in prep)

- Contributions to the H2020 CRICES project — sea-ice gas exchange workshop, model
advancements

- lce Algae Model Intercomparison Project (IAMIP2) — regular meetings and discussions,
publication in preparation

- Evaluation of CMIP6 models for climate -related stressors on ecosystems, including
acidification an, sea ice, oxygen (Steiner et al, submitted)

- Fog and turbulence interactions in the marine atmosphere (FATIMA) research cruise in the
Yellow Sea

- Observations to estimate marine sector greenhouse gas emissions (with a focus on N20) in
Halifax harbour (a port city) from anthropogenic sources as well as harbour waters impacted
by human activity and climate change

- Characterizing changes in oceanwater properties during a multi-year ocean alkalinity
experiment in Halifax harbour

3. Publications in 2023 (only PUBLISHED articles) and if any, weblinks to models, datasets,
products, etc. )
TM Burgers, LA Miller, S Rysgaard, J Mortensen, B Else, JE Tremblay,et al., (2022)

Distinguishing Physical and Biological Controls on the Carbon Dynamics in a High-Arctic
Outlet Strait. Journal of Geophysical Research: Oceans 128 (3), €2022JC019393
https://doi.org/10.1029/2022JC019393

P. Duplessis, L. Karlsson, A. Baccarini, M. Wheeler, W.R. Leaitch, B. Svenningsson, C.
Leck, J. Schmale, P. Zieger, R.Y.-W. Chang, (2024) Highly Hygroscopic Aerosols Facilitate
Summer and Early-Autumn Cloud Formation at Extremely Low Concentrations over the
Central Arctic Ocean. Journal of Geophysical Research: Atmosphere, 129(2),
€2023JD039159 https://doi.org/10.1029/2023JD039159

X. Gong, J. Zhang, B. Croft, X. Yang, M.M. Frey, N. Bergner, R.Y.-W. Chang, J.M.
Creamean, C. Kuang, R.V. Martin, A. Ranjithkumar, A.J. Sedlacek, J. Uln, S. Willmes, M.A.
Zawadowicz, J.R. Pierce, M.D. Shupe, J. Schmale, J. Wang, (2023) Arctic warming by
abundant fine sea salt aerosol from blowing snow, Nature Geoscience, 16, 768-774,
https://doi.org/10.1038/s41561-023-01254-8

Kangyu Zhang, Biao Zhang, William Perrie (2023) Assessment of Thermal Noise Effect on
Wind Speed Retrieval Accuracy Using Sentinel-1 Cross-polarized TOPSAR Images. |IEEE
TGRL doi:10.1109/TGRS.2023.3323260

Z Long, W Perrie, M Zhang, & Y Liu (2024). Responses of Atlantic water inflow through
Fram Strait to Arctic storms. Geophysical Research Letters, 51, e2023GL107777.
https://doi.org/10.1029/ 2023GL107777

S. Schneider, P. Lakey, M. Shiraiwa, J. Abbatt (2023) lodine emission from the reactive
uptake of ozone to simulated seawater, RSC Env. Sci. Proc. Impacts, 25, 254-263,
https://doi.org/10.1039/d2em00111j

L. Tinel, J. Abbatt, E. Saltzman, A. Engel, R. Fernandez, QY Li, A.S. Mahajan, M.
Nicewonger, G. Novack, A. Saiz-Lopez, S. Schneider, SS Wang, Impacts of ocean



https://doi.org/10.1029/2022JC019393
https://doi.org/10.1029/2023JD039159
https://doi.org/10.1038/s41561-023-01254-8
https://ieeexplore.ieee.org/document/10274704?source=authoralert
https://doi.org/10.1029/
https://www-webofscience-com.myaccess.library.utoronto.ca/wos/woscc/full-record/WOS:000825687100001
https://www-webofscience-com.myaccess.library.utoronto.ca/wos/woscc/full-record/WOS:000825687100001
https://doi.org/10.1039/d2em00111j

biogeochemistry on atmospheric chemistry (2023) Elementa, 11,
10.1525/elementa.2023.00032.

MD Willis, D Lannuzel, B Else, et al. (2023). Polar oceans and sea ice in a changing
climate. Elem. Sci. Anth., 11(1), 00056. https://doi.org/10.1525/elementa.2023.00056

Li Zhao, Xie Tao, W. Perrie, J.S. Yang (2023) Deep-Learning-Based Sea Ice Classification
With Sentinel-1 and AMSR-2 Data. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing (JSTARS) DOI: 10.1109/JSTARS.2023.3285857

4. Did you engage any stakeholders/societal partners/external research users in order to co-
produce knowledge in 20237 If yes, who? How did you engage?

Contribution to Arctic Monitoring and Assessment Program — climate change updates: ocean
acidification section

PART 2 - Planned activities for 2024 and 2025

1. Planned major national and international field studies and collaborative laboratory and
modelling studies (incl. all information possible, dates, locations, teams, work, etc.).

Continuation of the Ice Algae Model Intercomparison (IAMIP2)

2. Events like conferences, workshops, meetings, summer schools, capacity building etc.
(incl. all information possible).
-BEPSII meeting — online development of new science plan

-Cice2Clouds meeting November 2024, Goa (in connection with SOLAS OSC) — progress on
synthesis papers and campaign planning

-IPY planning meeting, November 2024 France — development of white paper on SOLAS science
in the polar regions in preparation for IPY2032

3. Funded national and international projects/activities underway.

Contribution to CRICES Climate Relevant interactions and feedbacks: the key role of

sea ice and Snow in the polar and global climate system through NSERC-NFRF (Else, Miller,
Steiner)

Transforming Climate Action — a collaborative project between Université Laval, Université de
Québec a Rimouski, Dalhousie University, and Memorial University studying carbon transfer
between the atmosphere, terrestrial, ocean, sea-ice, and sediment systems

4. Plans / ideas for future national or international projects, programmes, proposals, etc.
(please indicate the funding agencies and potential submission dates).



https://doi.org/10.1525/elementa.2023.00056
https://ieeexplore.ieee.org/document/10149502?source=authoralert
https://ieeexplore.ieee.org/document/10149502?source=authoralert

Potential contributions to NorgeForce -through NSERC-NSRF

5. Engagements with other international projects, organisations, programmes, etc.
BEPSII (Biogeochemical Exchange Processes at Sea-Ice Interfaces) - SC members
Clce2Clouds (SCOR WG) co-chair & associate members

Comments




