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14 - 15 June 2017, Rome, Italy

Understanding the physical and biogeochemical
interactions and feedbacks between the ocean
and atmosphere is a vital component of environ-
mental research. Indeed, our ability to predict
and respond to future environmental change
(e.g. climate) relies on a detailed understanding
of these processes. SOLAS has grown in recent
years to accommodate this need for better pro-
cess understanding to include more disciplines,
from the natural sciences to computing and soci-
oeconomics, as well as a diversity of stakehold-
ers. However, the SOLAS research community
has recognised that greater efforts are needed to
increase interaction between natural scientists
and social scientists — especially because many
of the changes in the Earth system are anthro-
pogenic (Bréviere et al., 2016).

Overview of integrated research topics

SOLAS science and society, kickoff meeting, 26 -
27 October 2016, Brussels, Belgium

To this end, in October 2016, 25 social and natu-
ral scientists participated in a community work-
shop in Brussels (Fig. 1). The meeting focused
on bridging the gap between SOLAS science and
the societal realm by identifying research topics
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Figure 1: Participants of the SOLAS Science and Society workshop in Brussels, October 2016.
Back row from left: Silvina Carou, Hanna Campen, Sonja Endres, Frances Hopkins, Erik van Doorn,

Pradeep Singh, Monica Martensson.

Middle row from left: Emilio Cocco, Helen Czerski, Andrew Peters, David Turner, Billent Acma, Martin

Johnson, Helmuth Thomas, Kate Houghton.

Front row from left: Shang Chen, Christa Marandino, Natasha McDonald, Mary Oloyede, Nathalie Hilmi,
Frank Maes, Birgit Quack; Not pictured: Johannes Oeffner.

© Helmuth Thomas.

within the following three themes: the economics
of ocean carbon storage, policy across the air-
sea interface, and the impact of shipping on bio-
geochemical cycling. The workshop consisted of
both plenary and breakout sessions. The plena-
ries focused on the broader context of SOLAS,
Future Earth, and the challenges facing interdis-
ciplinary research. The breakout sessions were
designed to brainstorm around the three identi-
fied topics. Each session was moderated by one
social scientist and one natural scientist (one
moderator of each topic is highlighted in the fol-
lowing research profiles). Approximately eight
people attended each of the three topical
breakout discussion sessions. The number of
participants was chosen to be large enough to
have a diversity of viewpoints, but small enough
to allow for full participation in discussion. The ra-
tio of social and natural scientists among partici-
pants was 30% to 70%. The group was mixed
geographically, with representation from North
America, Europe, Africa, and Asia, as well as by
stage of career, ranging from postgraduate stu-
dents to full professors. The specific goal of the
workshop was to have at least three concrete
outcomes that are to be finalised in the following

year through continuing work among the group
members (e.g. paper in peer-reviewed journal or
research proposals). Two follow up meetings
have already taken place: 1) The carbon group
met in Monaco in March, 2017 (Fig. 2); 2) The
policy group met in Rome in June, 2017 (Fig. 3).
There is an upcoming meeting on shipping in
Gothenburg in October, 2017, that will expand on
the group included in the Brussels meeting.

Valuing carbon in the ocean, follow up meeting,
30-31 March 2017, Monaco

The ocean system takes up carbon from the at-
mosphere by a series of physical and biological
mechanisms. The physical uptake of carbon di-
oxide (CO,) by the oceans has increased in re-
sponse to anthropogenic carbon input to the at-
mosphere, but this has potentially negative con-
sequences through ocean acidification. While
there have been extensive, ongoing discussions
in the scientific community about roles and vul-
nerabilities of the physical, biological and micro-
bial carbon pumps in regulating CO, uptake from
the atmosphere, we rather consider manageable
options to enhance the shallow ocean’s carbon
uptake. The related trade-offs between seques-
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Figure 2: At Monaco harbour during the March 2017 meeting.
Back row from left: Alain Safa, Martin Johnson, Erik van Doorn, Helmuth Thomas.
Front row from left: Laura Recuero Virto, Christa Marandino, Mary Oloyede, Nathalie

Hilmi, Denis Allemand, Yasser Kadmiri.
© Eric Beraud

tration benefits and negative consequences were
discussed.

For the purpose of this workshop, we considered
any carbon stored in the marine realm by pro-
cesses whose absence would lead eventually to
an equivalent quantity of carbon being released
to the atmosphere. We also account for the bal-
ance of the associated uptake or emission of
other climate-active agents. Explicitly, this defini-
tion excludes natural carbon storage mecha-
nisms, rather it focused on manageable options,
which either enhance, i.e., go beyond the natural
carbon storage, or which intentionally prevent
loss of natural carbon stocks. As compared to
the terrestrial realm, the oceans are subjected to
water movement and, accordingly, points of dis-
cussion of the working group has been on the
geopolitical attribution and valuation of measures
to enhanced carbon storage in coastal waters.
Positive or detrimental effects might be seen in
territorial waters; however, depending on the
ocean current systems along the coast, such ef-
fects might materialise in waters of neighboring
countries. Active measures to enhance carbon

storage are crucial for any international agree-
ments or assessments of carbon storage initia-
tives, while approaches that attribute and value
effects of circulation patterns simply describe
natural background conditions (e.g. Canu et al.,
2015), which should not be counted as an asset
or mismanagement of individual countries. A fur-
ther point of discussion was devoted to the time-
scale of carbon storage. The baseline is the
(former) long-term geological storage of fossil
fuels in the Earth system, while at the opposing
end are the annual or multi annual time-scales of
economic budgeting and valuation or election
frequency. The underlying key question is: what
carbon storage time scale is applied to carbon
stocks? Given the variability in coastal oceans
and the natural decay of plant material alterna-
tively, or possibly even more importantly, en-
hanced carbon storage might also considered as
a (local?) measure to mitigate effects of ocean
acidification.

Air-sea interaction and policy, follow up meeting,
14 - 15 June 2017, Rome, ltaly
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Figure 3: At the top of the American University of Rome during the June 2017 meeting.
Back row from left: Emilio Cocco, Silvina Carou, Erik van Doorn.
Front row from left: Christa Marandino, Hanna Campen, Andrew Peters.

© Christa Marandino

This topic was the broadest of the three, and as
a consequence, most of the discussion was
spent on framing possible questions on which to
focus. The first question the participants dis-
cussed was if the interaction between the lower
atmosphere and the upper layer of the ocean is
sufficiently considered in regulation. They came
to the conclusion that regulations do not need to
target the air-sea interface directly, because reg-
ulating the source of pollution (e.g. atmospheric
sources at the national level) or designated pro-
tected areas would be more effective. The ra-
tionale behind this conclusion is the recognition
that, although there is a general obligation under
international law for states to prevent, reduce
and control pollution of the marine environment
from or through the atmosphere, the regulation of
activities on land or ships (i.e. the cause of at-
mospheric pollution) is mostly a sovereign act of
states, which is exercised pursuant to their na-
tional policies. The second question discussed
was if the air-sea interface should be considered
for its process implications (e.g. Steinacher et al.,
2013). If the answer is yes, then how do we
prove that air-sea interaction is important without

overstating the effect? Air-sea exchange is an
important process in biogeochemical cycling and
environmental issues, but rarely the defining fea-
ture that requires regulation. The ocean uptake
of mercury, a highly toxic substance, serves as
an example. For carbon dioxide, regulation was
an evolutionary process and started only with a
focus on its warming influence. Policy considera-
tion of CO, crossing the air-sea interface came
only after its confirmed role as a pathway to that
leads to lower pH (i.e. ocean acidification.).

The group found that there is no general answer
to the question of how law deals with an uncer-
tain future, but were able to identify the existence
of many examples where international law in-
creasingly strives to require states to act collec-
tively through international or regional organisa-
tions, or to adopt measures at a regional or na-
tional level as agreed in binding agreements
(hard law) or voluntary instruments (soft law).
This include measures to address airborne pollu-
tants, dumping at sea, trace metals, nitrogen,
sewage, emissions from ships and land-based
sources e.g. sulfur/nitrogen oxides, red tides, as
well as general requirements to conduct envi-




ronmental impact assessment prior to conducting
harmful activities and the prerogative to establish
marine protected areas.

Nevertheless, the challenges that arise from the
lack of implementation, compliance and en-
forcement were acknowledged as impediments
to achieve the desired outcomes.

Upcoming: SOLAS science and the shipping in-
dustry, follow up meeting, 25-26 October 2017,
Gothenburg, Sweden

As shipping traffic continues to increase, there is
growing concern about the marine environmental
impacts, ranging from species-level to ecosys-
tem services. Today, commercial shipping mainly
uses low-cost heavy fuel oil, emitting significant
amounts of sulphur, nitrogen, metals, organic
compounds and aerosols to the atmosphere dur-
ing combustion (Eyring et al. 2005). As most of
these compounds have a limited residence time
in the atmosphere, they are deposited relatively
close to the source and dissolve or are sus-
pended in the surface ocean. During the meet-
ing, the expert group started with an assessment
of known effects of sulphur emissions on marine
biogeochemistry and identified scientific know-
ledge gaps. Several abatement techniques exist
for achieving the required emission limits, such
as novel engine technologies, exhaust gas recir-
culation or fuel emulsifiers etc. Open-loop ex-
haust gas cleaning systems (‘scrubbers’) belong
to the commonly used technologies as an alter-
native to low-sulphur fuel oil (LSFO) for shipping
companies. The increased costs associated with
the high-quality LSFO is shaping scrubber tech-
nology to be an attractive and viable alternative
for shipping companies. However, it is not clear
what the consequences of scrubber implementa-
tion will be on the marine systems.

The ability to accurately forecast scrubber efflu-
ents using models in combination with the ship
traffic data and data from shipping companies
requires further modelling efforts combining eco-
nomic and natural science. Besides scrubbers,
there are several alternative technologies for
complying with requirements for fuel sulphur con-

tent, such as fuel conversion or fuel switching
(Johansson et al. 2013), which should be con-
sidered in further research efforts. Legal regula-
tions of air pollution from ships and wash water
discharge from scrubbers need to be considered
as well.

The usage of new technologies in the shipping
industry, such as scrubbers, can benefit the envi-
ronment by significantly reducing ship emissions
to the atmosphere and surface ocean. However,
the use of scrubbers may lead to other, yet un-
ascertained and unqguantified negative impacts
on the marine environment. During the work-
shop, several interdisciplinary research priorities
were identified which help to improve our under-
standing of these potential impacts and the de-
velopment of a sustainable shipping industry.

Outlook

Despite prominent examples of successful inter-
disciplinary, integrated research over recent
years, the participants in Brussels noted that
some challenges remain. As a result of sharing
experiences, the workshop attendees found that
one major challenge is communication, in partic-
ular the lack of a common language and the fre-
quent use of jargon. It was highlighted that it is
important to forge relationships across disci-
plines in order to obtain insights into the various
research styles. Some hurdles that need to be
overcome were identified during the workshop.
Perhaps the most problematic of these is to find
an appropriate balance between curiosity-driven
fundamental research and the perceived need to
co-design science jointly as a product of scien-
tists and stakeholders. In addition, it was clear
that more social scientists, covering a broader
array of fields within the social sciences, need
better representation in future workshops and
projects. All groups identified the need for a re-
view paper on their chosen questions, for which
further workshops have been conducted and are
planned. The outcome of these reviews will high-
light the gaps in knowledge that could be ad-
dressed through joint research. Appropriate fund-



ing sources to support these types of interdisci-
plinary initiatives will be explored.

Main organisers:

Christa Marandino, GEOMAR, Kiel, Germany
(cmarandino@geomar.de)

Erik van Doorn, CAU, Kiel, Germany
(edoorn@wsi.uni-kiel.de)

The outcomes of this workshop contribute to ad-
vance our knowledge of the Cross-Cutting
Theme “Science and Society” of the SOLAS
2015-2025: Science Plan and Organisation.
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Coral reefs management and decision making tools
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The importance of coral reefs in terms of shore
line protection, as hosts for marine habitat and
biodiversity, as well as a tourism attraction has
been well documented. Coral reefs are known to
support to create jobs and are as such, the liveli-
hood of millions of people around the world by
the supplying nutrition and healthy food (Cinner
et al., 2012). The protection and conservation of
coral reefs and their biodiversity is of primary im-
portance at the local, regional and national lev-
els.

Policymakers in coral reef regions around the
world have to make management decisions that
take the positive effects or benefits, such as tour-
ism revenues into account. However, also the
negative effects or exploitation costs, such as
natural resource destruction, have to be taken in-
to account in order to avoid a tragedy of the
commons. The biologist Garret Hardin put forth
his “tragedy of the commons” idea in 1968. He
described a situation in which multiple individu-
als, acting independently and rationally based on
their own self-interest, will ultimately deplete a

shared limited resource (Hardin, 1968). Elinor
Ostrom believed that if users decide to cooperate
with one another, monitoring each other’s use of
the resource and enforcing rules for managing it,
they can avoid such tragedy (1990). For Ostrom,
social control mechanisms and collective actions
regulated the use of the commons and she
demonstrated that informal approaches for man-
aging common property resources are superior
to government-enforced ones. Hardin revised his
theory and called it ultimately “tragedy of the un-
managed commons” (Hardin 1968, 1994, and
1998). Cooperative behaviour is the key to suc-
cess when commons are used as a framework
for solving environmental problems (e.g. Bailey
et al.,, 2010). For worldwide problems such as
global warming, decisions have to be taken at
many different levels, including global, regional,
national, and local ones. In particular for coral
reefs and related resources, stakeholders are
manifold (Burke et al., 2002). Policymakers could
be unable to act when it comes to management
and benefit/cost analysis of common resources,



as they have to elaborate strategies within the
boundaries of a solitary game. These strategies,
including their uncertainty in the exploitation of a
common-property resource, are being discussed
(e.g. Antoniadou et al., 2013). Our paper focuses
on one particular common property resource:
coral reefs (Hilmi et al., 2017). Our examples, us-
ing previous estimations on net benefits, give
guidelines on how to form public policy and
management strategies.
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“Common Oceans?” Fluid ontologies, conflicting representations and the

social construction of the high-sea

Cocco, E.
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The anthropologist Stefan Helmreich claims that
“The sea has disappeared into our heads”, alt-
hough the greatest share of international trade
depends on thousands of giant cargo ships
crossing the ocean every day and tons of miner-
als being extracted from the depth of the high
sea bed for energy supply (Baldacchino, 2015).
Over 10% of the world’s population lives on is-
lands, and 60% of the world's population live

along or near the coast (Sielen, 2008). The
oceans are vast, and most of them fall outside
state control, these are Marine Areas beyond Na-
tional Jurisdiction for which no nation has sole
responsibility for management (Fig. 4). The
common oceans make up 40% of the surface of
our planet, comprising 64% of the surface of the
oceans and nearly 95% of its volume. In contrast,
about 80% of all marine pollution originates on

230 FLAG STATES

All countries have free
access to navigation
and resources in the
high seas although
these rights are

also associated

with conditions and
obligations.

649%

of marine waters are in
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jurisdiction.
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there is no single
overarching body.

Figure 4: Seas and oceans cover 71% of our planet, and are fundamental for food, trade, energy and global environ-
mental services. International Ocean Governance by the European Commission, Maritime Affairs and Fisheries, Inter-
national ocean governance: an agenda for the future of our oceans.
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land and not necessarily only from coastal states.
As a result of these facts, a growing number of
people are directly affected by the use and abuse
of the ocean’s resources, but only a small per-
centage of the world’s population has a direct ex-
perience of the ocean’s materiality (Helmreich,
2009).

The property of the ocean is a controversial issue
with serious political and ecological implications.
This is mostly true when we think of the high
seas, which is the water lying more than 200 nau-
tical miles offshore. As a matter of fact, the prob-
lem is that the preservation of the ocean has a
tremendous impact on everybody’s life every-
where on our planet, from climate change, trade,
medical research, and food consumption. Howev-

( a) MULTILATERAL
DIALOGUE

JURISDICTION

w
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7™

MANAGEMENT
OF RESOURCES

DISPUTE SETTLEMENT
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around a country.
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er, only a few people have direct contact with the
high seas and the access to its common re-
sources are difficult.

Accordingly, the portion of the seabed lying be-
yond the continental shelf, named according to
the United Nation convention on the Law of the
Sea, The Area, is considered a common heritage
of mankind (Fig. 5). However, the question of
who is in charge of taking care of The Area and
what one can or cannot do there, remains unset-
tled. This issue is not just a matter of property
and commodification which involves frictions and
clashes between states, corporate actors, scien-
tists, and non-governmental organisations. It is
also a question of the nature of the sea, i.e. of
cultural representations and ontological assump-
SEABED

RESOURCES

UNDERWATER
INFRASTRUCTURES

ENVIRONMENTAL
PROTECTION

POLLUTION

HIGH SEAS
Marine areas beyond any national jurisdiction.
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Figure 5: United Nations Convention on the Law of the Sea (UNCLOS) framework.
a) Overview of UNCLOS. b) The framework created by UNCLOS is based on delimiting different maritime areas. European
Commission, Maritime Affairs and Fisheries, International ocean governance: an agenda for the future of our oceans.




tions about the ocean. Thus, as scholars are ea-
ger to rethink nature through the lens of bioge-
netic and bioengineering in the age of biotech-
nology, one should follow this lead to reassess
the nature of seawater.

In my current research activities | am exploring:
1) the way current scientific, legal and political
accounts contribute to the social construction of
the common oceans, 2) conflicts between com-
peting sectors, and 3) the role played by cultural
differences on a global scale. As a matter of fact,
Western reconstructions of the sea’s nature as a
fluid and a protean, or as another world (...) with-
out human culture, in contrast to the grounded
culture of land, are not universal. However, these
constructions remain powerful, perhaps nowhere
as much as in views of ocean resources as
common by nature (Raban 1993, Davis 1997).
On the contrary, the experimentation with new
forms of sovereignty and legal stewardship such
as the Exclusive Economic Zones and the Large
Maritime Protected Areas in the ocean marks
ownerships and responsibilities a complicated is-
sue, as fish, ship, pollution, and bacteria tend to
not stop at a border but bridge those.
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Sonja Endres started her doctoral project at the Alfred-Wegener-

Institute Bremerhaven, Germany, in 2009 focussing on the impact
of ocean acidification on microbial cycling of organic matter. Since
2011, she is working at GEOMAR Helmholtz Centre for Ocean
Research Kiel, Germany. In 2014, she received her own postdoc
project to investigate the biological cycling of climate-active trace
gases in the surface ocean.

How ship effluents from exhaust gas cleaning systems may affect marine

microbial ecosystems

Endres, S.* and Engel, A.

GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany

* sendres@geomar.de

Commercial shipping uses cheap, low-quality
fuels that contribute significant emissions of sul-
phur (SOx), nitrogen (NOXx), metals, organic
compounds and aerosols to the atmosphere dur-
ing combustion (Eyring et al.,2005). These com-
pounds are deposited relatively close to the
source and dissolve or are suspended in the sur-
face ocean as most of them have a limited resi-
dence time in the atmosphere. In order to reduce
marine pollution from ship emissions, regulations
on the sulphur-content of ship fuel have been
implemented through MARPOL Annex VI and EU
Sulphur Directive EU 2012/35. Since shifting to
high-quality fuel with the required low sulphur
levels is amplifying transport costs, it has be-
come attractive to use exhaust gas cleaning sys-
tems, so-called scrubbers, instead. However, lit-
tle is known about the chemical composition of
the scrubber effluent and its consequences for
marine microorganism and biogeochemical pro-
cesses.

The wash water obtained from the scrubbing
process has a very low pH value (>pH 3) and el-
evated temperatures (Buhaug et al., 2006). Fol-
lowing the 2015 Guidelines for Exhaust Gas
Cleaning Systems (MEPC.259(68)), wash water
is diluted with fresh seawater or amended with
sodium hydroxide before discharge to ensure a

pH of no less than 6.5 in a distance of four me-
tres from the discharge point. The pH of an unin-
fluenced marine environment ranges between
7.8 and 8.4. Depending on depth and the sea-
son, extreme pH fluctuations occur already local-
ly. On a global scale, climate change has already
caused a pH decrease of 0.1 compared to the
pre-industrial era. A further decrease of 0.3 is
expected until the end of this century (Feely et al.
2009). Ocean acidification is supposed to have a
variety of consequences for marine carbon and
nutrient cycles. Several studies in the recent
years argue that primary production, bacterial ac-
tivities and community composition will be affect-
ed by ocean acidification in the future (e.g.
Hutchins et al., 2009, Piontek et al., 2010). In this
context, direct effects of pH on cell physiology,
enzyme activities, and organic matter accessibil-
ity have to be considered. Decreasing pH stimu-
lated hydrolytic enzyme activities in ocean acidi-
fication studies thus enhancing the microbial
turnover and the recycling of nutrients from or-
ganic matter (e.g. Cunha et al., 2010, Unger et
al., 2013, Endres et al., 2014).

Model calculations of global ship traffic revealed
that ship emissions of SOx and NOx in heavily
trafficked waters may lead to regional pH reduc-
tions of the same order of magnitude as the CO,-
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Figure 6: Calculated surface water pH changes for August arising from shipping-derived inputs of sulphur

(SOx) and nitrogen (NOx) (from Hassellov et al., 2013)

driven acidification (Hassellév et al., 2013) - not
considering acidification related to scrubber wash
water (Fig. 6). A lowering of the pH in seawater
by scrubber effluents occurs in the upper water
column, may contribute to ship-derived acidifica-
tion and accelerate the expected consequences
of climate change. Furthermore, local and tem-
poral restricted addition (‘pulse’) of low pH wash
water may affect both, metabolism and density of

the microbial communities, while long term,
gradual decrease in pH (related to ocean acidifi-
cation) allows the community to adapt. Besides
the decrease in pH, scrubber wash water may
lead to temperature and nutrient increase, tur-
bidity and introduction of pollutants from combus-
tion residues and additives (Fig. 7). Contami-
nants include PAHs and heavy metals but also
increased nitrate concentrations (Buhaug et al.,
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Figure 7: Simplified overview on a plankton community in the surface microlayer and the up-
per mixed layer and potential impact (red arrows) of ships’ effluent (CO, carbon monoxide;
CO,, carbon dioxide; PM, particulate matter; SOx, sulphur; NOx, nitrogen) on microbial pro-
cesses biogeochemistry due to release of nutrients, organic matter (DOM, dissolved organic
matter; POM, Particulate organic matter), heavy metals, pollutants and inorganic acids.

2006, Hansen 2012)
as scrubber technolo-
gy does not remove
any NOx, or only to a
very small degree,
from the exhaust. In
areas of low seawater
alkalinity and tempera-
ture, e.g. North-
Eastern Baltic Sea,
the buffering capacity
and therefore cleaning
performance of sea-
water is reduced lead-
ing to increasing re-
quirements of wash
water or addition of
buffering substances.
The expected signifi-
cant increase of use of
scrubbers  will likely
have a substantial en-
vironmental impact on




the ecologically sensitive areas in the Baltic Sea
and other marine environments.

Due the small number of previously conducted
studies, there is a great need for further research
on this topic. To date, there are only very few
guantitative and qualitative measurements on the
amount and composition of ship effluents and
their biological impact in the marine environ-
ments. The consequences of ship emissions for
marine chemistry, organic matter cycling and bi-
odiversity are highly relevant to the development
of shipping as sustainable transport medium.
Profound scientific data will be valuable for sub-
sequent policy recommendations and remove
operational and investment uncertainty for ship-
ping industry.
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