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Figure 1: Group photo of the SOLAS Summer School 2026.

The tenth edition of the Surface Ocean-Lower
Atmosphere Study (SOLAS) Summer School
(5SS-26) was held from 9 to 27 March 2026 at
the Centre for Research and Conservation of
Marine  Biodiversity of the  Northeast
(CEPENE/ICMBIO) in Tamandaré, Pernambuco,
Brazil, marking the first time the SOLAS
international training programme was hosted in
South America. The school was officially
endorsed as an activity of the United Nations
Decade of Ocean Science for Sustainable
Development and served as one of the inaugural
events to implement the new SOLAS 3.0 science
plan (2026-2030) framework, "SOLAS Science
Towards Solutions", which bridges fundamental
research with the science-policy-society nexus.
This three-week residential event provided an
immersive environment designed to build
interdisciplinary knowledge, practical scientific
skills, and long-lasting international networks
among the next generation of SOLAS
researchers.

A total cohort of 56 early career scientists was
enrolled, though geopolitical circumstances and
travel barriers arising a few days before the event
ultimately limited in-person attendance to 46
students representing 22 nationalities, heavily
restricting the attendance of students from Asian

countries who were unable to travel. The
attending student body consisted mainly of early
PhD students but also included master's students
and junior postdoctoral researchers. Faculty
participation was similarly diverse, comprising 13
in-person lecturers and several remote presenters
and panellists from various countries and career
stages.

The educational curriculum was structured into
five distinct, consecutive sessions. Session 1
focused on fundamental SOLAS Sciences,
including physical oceanography, air-sea
interactions, atmospheric chemistry, and marine
biogeochemistry, delivered through lectures,
debates, hands-on practicals, and students'
poster presentations. This was followed by
Session 2 on Data Sciences, which introduced
students to satellite remote sensing, data
workshops, and discussions on artificial
intelligence. Session 3 provided professional
development through career panels, science
communication modules, and exercises
addressing positionality and privilege in research.
Session 4 introduced Science for Solutions,
exposing students to governance, climate
intervention frameworks, and science diplomacy.
Finally, Session 5 was dedicated to collaborative
student-led projects, allowing teams to integrate




Figure 2: Photo gallery of the SOLAS Summer School 2026.

scientific and societal perspectives learned

throughout the previous sessions.

The residential format (lodging and full board on
site) and geographic setting in a park by the
beach, significantly accelerated bonding and
community connection among the diverse cohort.
Peer connections were further deepened by
structured interactive exercises and an array of
cultural activities organised by the committee,
such as a traditional Brazilian Carnival dance
class, local drumming performances, a boat tour,
and collaborative student initiatives.

A central highlight of the training was the
extension of the school from a 2-week to a 3-week
format, allowing for extended time (4 days) for the
science and society session 4 and the introduction
of the student group project (session 5). Nine
student groups developed interdisciplinary
projects that integrated fundamental science with
public communication or policy briefs. The
resulting outputs covered a wide array of relevant
topics (see group projects abstracts below).
These projects successfully demonstrated how
scientific data and knowledge can be translated

into plain-English resources, policy briefs, or
teaching modules to address pressing
environmental and societal challenges.

Ultimately, the SSS-26 successfully fostered a
highly engaged global community, particularly in
introducing policy and governance concepts to
early career researchers, a majority of whom had
never received such ftraining at their home
institutions. By bringing the SOLAS Summer
School to Brazil, SOLAS lowered geographic
barriers for South American scientists and
reinforced a strong commitment to equity and
inclusion in the Global South. Looking forward,
SOLAS has initiated a pilot mentorship
programme to foster integration and engagement
of the SSS-26 cohort within the broader SOLAS
network.

Author

Julie Dinasquet, SSS director, Scripps Institution
of Oceanography, UC San Diego, USA.
jdinasquet@ucsd.edu
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"Low-Cost" sensor packages — like the OpenCTD
— present opportunities to open participation in
science up to 'Knowledge Seekers' worldwide.
This opportunity is especially interesting when
applied to developing countries, where new
Citizen Science projects can substantially
increase science literacy and, depending on
correct sensor calibrations, data availability. We
sought to investigate how accessible the
OpenCTD project is by assembling a provided kit
from scratch, utilising limited resources and low
prior knowledge/technical skills. We documented
our experience during the assembly process
thoroughly and attempted to compile constructive
feedback on the manual and to contribute to the
project’'s GitHub. Our experience suggests that
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the OpenCTD kit provides a fully functional
Conductivity, Temperature, and Depth (CTD),
feasibly assembled within 3 days, as suggested
by developers. At the same time, we experienced
that the kit's instructions understate the amount of
knowledge needed for assembly and that the
instructions were hard to follow at times. We
suggest that the target audience for OpenCTD be
undergraduate courses and science teachers with
prior electronics knowledge, because they have
the necessary background and could access the
equipment capability. Potentially, a costlier,
preassembled OpenCTD could be used to reach
a larger target audience. We hope that our
feedback makes the project more accessible while
easing the barrier to entry for the average person.

Figure 3: From assembly to
scientific deployment: the
openCTD was built from
scratch, tested, and
successfully deployed during
a small boat deployment in
Tamandaré Bay, where it
collected its first dataset and
produced preliminary
temperature profiles.




O|g2 roup projec

Young generations represent a critical
demographic for sustaining ocean-atmosphere
research, yet engagement with initiatives like
SOLAS remains low. This project presents a dual
outreach strategy targeting different age groups
through complementary approaches that foster
both immediate engagement and long-term
awareness. In the short term, we focus on young
adults (17-27 years) using targeted campaigns on
social media platforms. We designed the
#IAmSOLAS video campaign featuring diverse
early career researchers speaking plainly about
their project to inspire the viewer to engage with
SOLAS. This low-cost, scalable approach

SOLAS youth engagement strategy
Authors (left to right on the group picture)

Barbosa, M.', Cioffi, E.2, Ricetti, L.3, Friden, E.4
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demonstrates social media's potential to convert
passive awareness into active involvement
through user-generated content. In the long term,
for younger audiences (6-16 years), school-
based workshops use various art mediums as
translators for learning about complex climate
research. By sparking curiosity at a young age, we
aim to build lasting environmental awareness for
the next generation of SOLAS researchers. By
combining the immediate reach of social media
with the transformative power of art-based
education, this model offers a replicable
framework for SOLAS outreach.

YOUTH BRIDGE

SHORT-TERM

AGE 17-27

DIGITAL ENGAGEMENT

VISUAL TRANSLATION/
AESTHETIC CONTENT

ACTIVE ENGAGEMENT

LONG-TERM

AGE 6-16

SEA-AIR EDUCATION

CREATIVE EXPLORATION/
WORKSHOPS

HUMANIZING SCIENCE

Figure 4: The YOUTH BRIDGE outreach framework illustrates short-term and long-term strategies for engaging younger

audiences with SOLAS research.




An interdisciplinary approach for an
equitable and sustainable path towards
climate interventions: insights from
SOLAS 3.0

Authors (left to right on the group picture)
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4 Université de Liége, Belgium
5 Servicio de Hidrografia Naval, Argentina

As humanity faces increasing pressures from
anthropogenic climate change, it is clear that
reductions in greenhouse gas emissions alone will
not be sufficient to meet the Paris Agreement's
1.5°C. As such, climate intervention (ClI)
strategies have been widely regarded as a
necessity to achieve this target. This has driven
substantial investment from governments and
private companies despite a lack of scientific
consensus on the efficacy, feasibility and
ecological risks of these Cls. The SOLAS
community, an interdisciplinary network of ocean,
atmospheric and social scientists, shares
increasing concerns on the implementation of
these strategies and believes that investment
decisions are currently outpacing the science
needed to responsibly evaluate them. While
SOLAS does not endorse a specific Cl strategy,
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we believe investments should prioritise
independent scientific research. Where private
investment proceeds, it should favour companies
transparent in their methods, data, ethics and
environmental monitoring. Lastly, we urge the
implementation of regulatory oversight prior to any
large-scale Cl deployment. We suggest that, at
London Climate Action Week 2026, SOLAS host
an open event bringing together scientists, policy
makers, non-governmental organizations
(NGOs), and industry members to facilitate critical
dialogue around investments into Cl strategies. To
support this discussion, we present a policy brief
outlining recommendation for responsible CI
investment and governance, aimed at bridging the
current gap between scientific evidence and
decision-making.

Figure 5: As climate change
intensifies, investment in the climate
intervention industry is growing, yet
this does not necessarily translate
into deeper scientific understanding.
To address this, we suggest
convening a roundtable of cross-
disciplinary experts to discuss
strategies for redirecting these funds
toward closing existing knowledge

gaps.
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Sea surface microlayer

Authors (left to right on the group picture)
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The Sea Surface Microlayer (SML), a boundary

less than 1 mm thick, is a critical, yet often
overlooked, interface regulating ocean-
atmosphere interactions. This  dynamic

environment directly influences global climate
processes and acts as a chemical and biological
hotspot by accumulating pollutants, including
organic material and microplastics. To investigate
this layer, we sampled seawater both from the
SML and the layer below, measuring the
fluorescence of each. Our findings demonstrate a
clear distinction between the SML and subsurface
water, with the SML exhibiting high particle
abundance, Vvisible organic material, and
biological activity, all of which were minimal in the
subsurface layer. We also examined a slick in the
North Sea from July 2024 using a combination of

1. Experiments ATMOSPHERE

y \/ s

SEA SURFM:E MIWOLAYB! (SML

~ Ll Take water samples
from the ocean

Sample SML with
Glass-Plate-Method |

INCREASING THE VISIBILITY OF THE
SEA SURFACE MICROLAYER

2. Modelling & Remote Sensing
Detect SML
% on satellites

Sentinel-1 Synthetic Aperture Radar (SAR) to
locate the slick based on surface roughness and
chlorophyll-a (chl-a) concentration (mg m) from
National Aeronautics and Space Administration's
Plankton, Aerosol, Cloud, ocean Ecosystem
(PACE) satellite to see if the slick was linked to a
change in phytoplankton. No change was
observed, suggesting the slick was not caused by
an algal bloom. Furthermore, we propose a
conceptual parameterisation framework for
incorporating the SML in Earth System Models
(ESMs), using variables already available in
atmospheric, ocean, and biogeochemical model
components. These various approaches help give
us a more holistic picture of a hard-to-visualise but
essential part of the global ocean.

Figure 6: Overview of
approaches undertaken in the
project for increasing
knowledge and awareness
about the sea surface
microlayer (SML). The
combination of field sampling,
data analysis, modelling, and

Collect environmental
data from slick events

Measure florescense

of SLM and bulk water
Check enrichmennt
under the microscope

A

teaching experiment design
paints a picture of the SML

Model Air-Sea Flux

Parametrize SML for

The slick did
not correlate

with a bloom

Jacotte Monroe, Sina Acksen, Daniel Lizarbe, Cheng Yi, Evangelica Boza, Christiaan van Niekerk, Matthew Romm
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Observing temporal changes in ocean
colour in polar zones using satellite data

e, *‘ , o Authors (left to right on the group picture)

Climate change has led to increased melting of
polar ice over the summer months and the
additional influx of freshwater is contributing to
rising sea levels. The melting of Greenland's ice
sheet is approximately four times larger than it
was in 2003 and has contributed roughly 20% to
sea level rise. Ice sheets contain sediments,
coloured dissolved organic matter (CDOM) and
nutrients, and upon melting, they are released into
the ocean. Satellite data, specifically ocean
colour, was used to observe the melt period at
Ingolf Fjord in 2021, which was a record-breaking
melt year. The ocean colour is determined by the

Jansen van Vuuren, L.", Thistlethwaite, 1.2, Keppens,
M.3 Jibaja Valderrama, O.*

" Instituto de Ciencias del Mar, Spain

2 University of York, UK

3 Ghent University and the Flanders Marine Institute,
Belgium

4 Leibniz Institute for Tropospheric Research, Germany

presence of phytoplankton, mineral particles and
CDOM. The major sea ice melt at Ingolf fjord
occurred between 13" and 28™ July 2021, with an
increase in chlorophyll-a observed around the
edges of the sea ice prior to the major melt and an
overall increase after the melt. In addition to this,
ocean colour and satellite data are powerful tools
to communicate complex marine phenomena in a
simple, visual manner. A series of interactive
outreach activities has been developed, using
ocean colour, in order to make science more
tangible and less daunting for school kids aged 6
to 16.

Summary Figure

Greenland

*
Ice

Winter .?,‘;’3.’{ flord __Summet

e

15th March 2021

sea level rise

I

Ocean colour

Visual output

Figure 7: Greenland's ice sheet releases sediments and coloured dissolved organic matter into Ingolf Fjord, detectable via
satellite ocean colour as coloured dissolved matter (CDM) and algal pigmentation, linking ice loss to sea level rise and marine

biogeochemistry.
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Wildfire impact on the

Wildfire impact on the ocean and human
health
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The January 2025 Los Angeles wildfire (7-12 Jan)
burnt ~55,000 acres, significantly degrading air
quality and posing risks to human health and
marine ecosystems. This study investigates
wildfire driven aerosol emission, transport, and
impacts using a multi-approach framework.
Ground-based Particulate Matter < 2.5 pm
(PM,.5), Particulate Matter < 10 ym (PM,,), and
aerosol optical depth (AOD) are analysed together
with air mass trajectories to evaluate aerosol
anomalies and transport pathways. Second,
satellite-derived chl-a is used to evaluate impacts
on ocean primary productivity. Finally, laboratory
experiments and field measurements at CEPENE
Brazil, examine aerosol deposition effects on
phytoplankton growth and potential human health
implications. The aerosol and chlorophyll

SMOKE IMPACT
ON THE OCEAN.
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anomalies show the impact of smoke on the air
quality and phytoplankton concentration. During
the fire event, a significant rise in PM matter
reaches a human health hazardous level and
disrupts the fluorescence signals. Results from lab
experiment and field measurement shows that
while initial smoke exposure enhances
fluorescence, prolonged incubation (16—28 hours)
leads to a significant decline, particularly for
plastic and paper-derived emissions, whereas
biomass (dry leaves) shows partial recovery.
Health risk assessment using the average daily
dose (ADD) indicates that total suspended
particles (TSP) and biomass burning emissions
pose elevated inhalation risks compared to PM,.5
and PMy,.

Figure 8: Multi-platform
data used to assess the
impact of January 2025
Los Angeles wildfire
smoke on ocean
chlorophyll (right panel).
Laboratory incubation
experiment testing the
effects of smoke from
different burning materials
on human health and
chlorophyll  signal  (left
panel).
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Harmful algal blooms (HABs) are increasing in
frequency and intensity in coastal ecosystems
worldwide, risking human health and local
economies. However, the species involved and
conditions leading to human symptoms remain
poorly studied in many coastal regions, including
Tamandaré, Brazil. During January—February
2024, a bloom was reported in Tamandaré, with
more than 300 intoxication cases documented.
Here, we investigate this event to identify potential
drivers of HAB occurrence. We analysed physical
and biogeochemical variables derived from
atmospheric reanalysis (ERA5, MERRA2) and
ocean model outputs (MERCATOR). Daily chl-a
variability in 2024 near Tamandaré shows peak
values between May and July, with no increase

A

-Different pigments related to diinoflagellates

arbing
mutmiio
" Improve community outreach

for effective HAB monitoring
and response.

Parameters - Chl-a ?

-Remote sensing may miss coastal HABs
-More in situ studies are needed to fully understand this event for

\}Possible Drivers: SST, nutrient inputs.

Tamandaré: Harmful algal blooms drivers
and health issue

Authors (left to right on the group picture)
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2 Universidad de Concepcion, Chile

% Universidad Nacional de La Plata, Argentina
4 Stockholm University, Sweden

during the reported bloom. This supports previous
studies suggesting that HABs can be highly
patchy and that intoxication events may result
from increased toxicity rather than higher cell
concentrations. However, more studies are
needed to fully understand this event. We further
examined the annual variability of multiple
environmental  variables  associated  with
phytoplankton dynamics, identifying coherent
relationships, particularly between chlorophyll-a,
precipitation, wind speed, and nutrients. These
findings highlight the limitations of remote sensing
for detecting localised blooms and emphasise the
need for in situ sampling, species identification,
and improved community outreach for effective
HAB monitoring and response.

~

Figure 9: An integrated
approach combining
remote sensing, in situ
observations, and species
identification is essential
understanding and
monitoring harmful algal
blooms (HABs). Including
the social dimension
enhances risk prevention,
public awareness, and
effective response
strategies.

-In Situ Samples Samples

-
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— Effects of harmful algal blooms in Tampa
Bay, Florida

Effects of Harmful Algal
Blooms in Tampa Bay, Florid
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HABs are a subset of algal blooms characterised peak in the mass concentration of many
by the production of toxins, such as brevetoxins, taxonomic groups co-incident with the identified
which can have fatal effects on fish and bloom. Using in-situ observations from local

detrimental impacts on human health. HABs have monitoring  sites, the average aerosol
been reported along the Florida coastline for the concentration during the bloom phase was similar
past century; however, their frequency has to the observations during the non-bloom phase.
increased in the past decade due to climate Only isolated patterns of intensity in the bloom
change and anthropogenic activities. Satellite chl- could be identified in the aerosol data. Building on
a data and media reports were used to identify a the success of the monitoring approach in Florida,
bloom period in the Tampa Bay area in Florida future work will extend this system to the
between October-December 2024. Satellite Tamandaré region in Brazil, deploying low-cost
phytoplankton functional type data indicated a sensors at vulnerable coastal locations.

Healthy Environment Harmful Algal Bloom

2l
5I° o

Figure 10: Hazardous algal blooms, caused by anthropogenic or natural factors, pose a serious threat to coastal areas and
are difficult to assess without comprehensive scientific monitoring. Algal blooms release toxins which endanger the food web
dependent on them (including humans) and can also act as potential precursors for aerosols, thereby affecting air quality in
the affected region.
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Photosynthetic Response to the 2020
“Godzilla” dust event

Godzilla: Saharan deposition event in the
Atlantic
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Atmospheric dust transport links distant regions of
the Earth system and can influence marine
productivity. Saharan dust, rich in nutrients such
as iron and phosphorus, has been shown to
stimulate microbial activity and fertilise surface-
depleted waters, while also degrading air quality
and affecting human health. Previous studies of
the June 2020 "Godzilla" dust event reported
enhanced nutrient availability, yet its impact on
surface chl-a, a proxy for phytoplankton biomass,
remained unexplored. This study investigated
whether the Godzilla event triggered a detectable
chl-a response in the Tropical Atlantic and
whether a single, visible event could help
communicate these connections. We analysed
satellite-derived dust and chl-a data before,
during, and after the dust event. Anomalies were

computed relative to a one-week pre-event
baseline and compared to a 5-year climatology,
excluding coastal upwelling regions to isolate
open-ocean signals. A chl-a increase was
observed following the dust peak, consistent with
dust fertilisation. However, the response was
delayed, persisted beyond the main dust passage,
and showed limited spatial overlap with dust,
suggesting influences from biogeochemical and
physical processes. Understanding these
regionally variable impacts is essential for

informing policies on fisheries, air quality, and
environmental risk, particularly as desert dust
transport is expected to intensify under ongoing
anthropogenic pressures such as deforestation
and desertification.

Phytoplankton
P’ bloom (Chl a)

Figure 11: Saharan dust contains trace metals that can be used by phytoplankton to create large-scale blooms, which could

be tracked using satellite observations.
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