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Glossary

BSAP

BWMC

Contracting Parties

EA
GHG

HELCOM

HELCOM Ministerial
Declaration

HELCOM Nutrient reduction

scheme

HELCOM Recommendations

IMO

MARPOL

MPA

MSFD

MSP
NIS

UN SDGs

Baltic Sea Action Plan. A comprehensive regional
programme of measures and actions to improve
the state of the Baltic Sea. The first action plan
was adopted in 2007 and the updated BSAP was
adopted in October 2021.

Ballast Water Management Convention

Refers to the signatories to the Helsinki
Convention, i.e. the nine countries bordering the
Baltic Sea and the EU.

Ecosystem approach
Greenhouse gases

Helsinki Commission. Governing body of the
“Convention on the Protection of the Marine
Environment of the Baltic Sea Area,” also known as
the Helsinki Convention.

Political declarations in which Contracting Parties
commit to taking further action to protect the
marine environment of the Baltic Sea.

The HELCOM Nutrient Reduction Scheme is
aregional approach to sharing the burden of
nutrient reductions to achieve the goal of a Baltic
Sea unaffected by eutrophication as agreed by the
Baltic Sea countries.

Adopted by the Helsinki Commission, HELCOM
Recommendations focus on measures to address
certain pollution sources or areas of concern.

The Recommendations are to be implemented
by the Contracting Parties through their national
legislation.

International Maritime Organization

International Convention for the Prevention of
Pollution from Ships

Marine protected area

Marine Strategy Framework Directive of the
European Union

Maritime spatial planning
Non-indigenous species

United Nations Sustainable Development Goals



Background

About HELCOM

The Baltic Marine Environment Protection Commission - also known
as the Helsinki Commission (HELCOM) - is an intergovernmental
organization based on a regional sea convention for the Baltic Sea
area. HELCOM consists of ten members: the nine Baltic Sea countries
Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia
and Sweden, and the European Union. A platform for environmental
policy making at the regional level, HELCOM works for a healthy
Baltic Sea.

The Helsinki Convention

The Helsinki Convention was signed in 1974 by the Baltic Sea coastal
states to address the increasing environmental challenges that were
having a severe impact on the region’s marine environment. The
Helsinki Convention contains an obligation to protect the Baltic Sea
from all sources of pollution from land, air and sea. It also obliges the
signatories to taking measures to conserve habitats and biological
diversity and to ensuring the sustainable use of marine resources.

The Baltic Sea Action Plan

To help reach its environmental objectives, HELCOM adopted the
Baltic Sea Action Plan (BSAP) in 2007. The BSAP is HELCOM’s stra-
tegic programme of measure and actions to achieve a good status
of the Baltic Sea’s environment. The BSAP was updated in 2021, to
adjust the current actions and to widen its scope with regard to issues
such as climate change, marine litter, disturbance to the seabed and
underwater noise.

The HELCOM Science Agenda has been prepared to support theimple-
mentation of the BSAP and other HELCOM agreements. It highlights
knowledge needs that must be met within the upcoming 10 years.
The Science Agenda aims at communicating HELCOM science needs
to funding agencies, to inform and inspire scientists to direct their
interest towards closing the knowledge gaps required for HELCOM
work, and to increase the interaction between science and policy.
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HELCOM has set ambitious goals, objectives and agreements to
protect and improve the state of the Baltic Sea. The implemen-
tation of these commitments involves the application of recent
science-based knowledge in wide areas of marine research and
related topics. HELCOM commitments include, for example, the
development of common targets for the reduction of pressures,
joint guidelines for sustainable use of resources, the implemen-
tation of measures, analyses of economic and social aspects of
marine management, and assessing the state of the environment.
The preparation of syntheses of available knowledge is often
needed to initiate the work and in some cases research projects
are required to supply new knowledge for achieving an effective
implementation.

This Science Agenda is foremost developed to highlight
identified knowledge and science needs to realize existing HELCOM
agreements and strategies, such as:

— The Baltic Sea Action Plan - the joint environmental
policy programme of HELCOM countries for reaching good
environmental status of the Baltic Sea, as updated in 2021 and
to be implemented by 2030;

— HELCOM Recommendations - agreements on measures to
address certain pollution sources or areas of concern in the
Baltic Sea;

— Tasks assigned to HELCOM expert groups - including the
development of common management guidelines, indicators,
proposals for new measures;

— Regular assessments - evaluating the state of the Baltic Sea,
identifying pressures from land-based and seabed sources,
following-up of management measures.

While HELCOM work and decision-making processes are based
on and guided by the best available science, HELCOM itself is
not a scientific body and largely depends on advice from a wider
scientific community. The main aim of the Science Agenda is
therefore to communicate HELCOM science needs to external
funding agencies, to inform and inspire scientists to direct their
interest and apply for funds towards meeting the knowledge needs
in HELCOM, and to increase the interaction between science and
policy. The main target audience for the Science Agenda is thus

the national authorities engaged in HELCOM work and marine
policies in general, national and international science funding
bodies, and the scientific community.

Formulating a HELCOM Science Agenda generates added value

by concentrating research efforts towards bottle-neck knowledge
gaps preventing the achievement of good environmental status in
the Baltic Sea. Further, it should stimulate joint regional projects,
thereby also increasing potential gains by sharing experience and
knowledge transfer between countries. The HELCOM Science
Agendais also linked to the UN Decade of Ocean Science and the
implementation of the Science Agenda can contribute to building
the knowledge needed to reach the UN Sustainable Development
Goals by 2030 (see Annex 2).
It is worth noting that the Science Agenda does not address data
needs or monitoring programmes as such. These are two key activ-
ities of HELCOM work that are governed by the HELCOM ‘Data and
Information Strategy’ and ‘Monitoring and Assessment Strategy’.
These Strategies are implemented through regular activities and
updates of HELCOM monitoring programmes.

How the Science Agenda was developed

The first step in developing this Science Agenda was a request
to HELCOM Expert Groups, networks and Working Groups to
identify the knowledge and research needs that are necessary
to implement HELCOM agreements in their respective areas of
work. This survey generated nearly 200 contributions which,
once collated and organised, formed the core of a comprehen-
sive and detailed inventory of HELCOM knowledge and research
needs. Throughout the process of developing the Science Agenda
additional content was added. This inventory is provided as
supplementary material to this report (Attachment 1) and will
remain a living document where emerging needs may be added
based on periodical review.

A Task Group with national representatives was established to
prepare a consolidated Science Agenda using the survey results
as a basis. The Task Group has drawn information from the survey
contributions but also complemented them, including the identi-
fication of knowledge needs with a more overarching perspective
directed towards the implementation of the ecosystem approach,
a fundamental principle of HELCOM work.



Introduction

HELCOM Science Agenda

HOLISTIC APPROACHES

Figure 1. Conceptual overview of linkages across topics and chapters.

How to read the Science Agenda

Chapters 1-3 highlight principal HELCOM knowledge and research
needs that must be met to support the implementation of the
updated BSAP by 2030, as well as other HELCOM agreements, and
is structured around priority topics for HELCOM work.

Chapter 1, which focuses on the theme of ‘Biodiversity’, presents
the knowledge needed to better understand and develop methods
to assess the status of and impacts on the Baltic Sea species and
habitats and the development of measures that can improve
their status.

Chapter 2 on the ‘Human dimension’ describes science needs
related to human activities and the resulting pressures on the
Baltic Sea ecosystem and the development of measures to reduce
theirimpact.

Chapter 3 on ‘Holistic approaches’ addresses overarching
approaches that can support the goal of reaching a good
environmental status, such as the ecosystem approach.

While the Science Agenda is organized by topics, the outlined
knowledge needs are interlinked and will all contribute to the
implementation of the ecosystem approach in the Baltic Sea.

Finally, Chapter 4 includes a reflection on how theimplementation
of the Science Agenda can be realized.

The annexes provide associated information regarding the
highlighted knowledge needs. They aim to specify in more detail
the type of knowledge that is needed, the HELCOM agreements
that will benefit from the knowledge, and how the new knowledge
can contribute to the implementation of other ocean-related goals.
Some of the identified knowledge needs can likely be met through
short-term desktop studies and syntheses while others will require
longer-term research projects.



1. Biodiversity

The Baltic Sea is known for its unique biodiversity, featuring both
freshwater and marine species that have adapted to the brackish
environment, although the diversity in terms of number of species
is relatively low compared to other sea areas. The prevalence
of species and communities is largely governed by strong gra-
dients in salinity from north-to-south, coastal-to-offshore, and
surface-to-bottom in sub-basins where a halocline prevails. In
addition, seasonal changes in temperature as well as temporary
and permanent oxygen deficits influence the occurrence and
composition of species. Benthic habitats and biotopes are also
influenced by substrate composition, morphology, exposure,
water exchange and depth. When combining these factors in the
comparatively small geographic area of the Baltic Sea the result is
a mosaic of varied biotopes exhibiting great diversity in function
and structure. The Baltic Sea biodiversity is thus dynamic in time
and variable in space. This also influences the management of
human activities.

The species and communities provide many goods and ser-
vices to the Baltic Sea countries such as food and plant-based
resources, but they also regulate biological and chemical processes.
Biodiversity in good status contributes to ecological resilience, i.e.
the capacity of an ecosystem to respond to and recover from distur-
bances. The composition of species and communities also dictates
the structure and function of food webs, another key component
determining resilience. The genetic diversity furthermore caters
for adaptation to more long-term changes in the environment, a
capacity that may be essential considering the projected changes
in climate in the Baltic Sea area.

Since the beginning of the 1900s the Baltic Sea has been
impacted by a high and increasing number of pressures stemming
from human activities, as indicated in chapter 2 of this report.
Through the Helsinki Convention the Baltic Sea countries have
agreed to take all necessary measures to protect the natural hab-
itats, natural processes and biological diversity in the marine and
coastal environment of the Baltic Sea area. The protection and
mitigation of impacts on biodiversity is a key component of joint
HELCOM work, including the common goal of having an ecologically
coherent and well-managed network of marine protected areas in
the Baltic Sea. However, the most recent HELCOM Red List assess-
ments from 2013 indicate 145 species and 17 biotopes or biotope
complexes as threatened (HELCOM 2013). The HELCOM State of
the Baltic Sea Report from 2018 also shows that many species
groups and communities are not in a good status (HELCOM 2018a).

This chapter focuses on knowledge needs that should be
addressed to properly assess the status of the Baltic Sea biodi-
versity, to understand the effect of pressures on different bio-
logical components, and the development and evaluation of
management measures that are required to protect and restore
biodiversity and food webs. Measures to reduce pressure on the
Baltic Sea ecosystem are primarily addressed in Chapter 2 on the
‘Human dimension’.
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1.1. Species

Species from across all flora and fauna in the Baltic Sea have
been impacted by human-induced changes in the ecosystem.
While the status has improved for several species as a result
of well-targeted measures to alleviate these pressures, there
are still many species threatened or even at risk of extinction
(HELCOM 2013) or having unfavourable living conditions. Baltic
Sea populations are disturbed by human activities both directly,
e.g. through habitat deterioration via physical disturbance, and
indirectly via contaminants and eutrophication, noise as well as
the introduction of non-indigenous species. Bycatch in various
types of fishing gear, hunting and fishing are main causes of
human-induced mortality of marine animals. Awareness is also
emerging of marine litter, including microplastics, as a pressure
on most of the species, while relatively little is known about the
impact on specific species and communities. Dedicated research
efforts are needed to better understand the dynamics and distri-
bution of the Baltic Sea species and communities, and the impact
of human activities. This is needed both to ensure that human
activities can be managed at sustainable levels and to establish
effective protection and conservation measures for Baltic Sea
species and species communities, ultimately securing good status
of the environment.

The outlined knowledge needs are relevant for the implemen-
tation of numerous HELCOM recommendations! related to the
protection of threatened species in general as well the specific
protection of seals, harbour porpoises and birds.

Highlighted science needs

Species distribution

1.1.1 Better knowledge of species distribution, population sizes
and ecology and habitat selection to support precise status
assessments and establish how to best direct management
measures.

Indicators and impact of pressures

1.1.2 Development and optimization of methodology for the
assessment:
— age and size distribution in coastal fish populations;
— water bird reproductive success, which accounts for
various species groups and provides ecologically relevant
information on status across groups;

1 Forexample Recommendation (Rec.) 17/2 Protection Of Harbour Porpoise In
The Baltic Sea Area; Rec. 27/28-2 Conservation Of Seals In The Baltic Sea Area;
Rec. 34¢e/1 Safeguarding Important Bird Habitats And Migration Routes In The
Baltic Sea From Negative Effects Of Wind And Wave Energy Production At Sea;
Rec. 37/2 Conservation Of Baltic Sea Species Categorized As Threatened Accord-
ing To The 2013 Helcom Red List.

— abundance and distribution of harbour porpoises
throughout the full range of the species;

— health aspects that account for spatial and inherent
variation between species for seals and harbour
porpoises, inclusive of the impact of hazardous
substances.

1.1.3 Research on the impact of impulsive and continuous under-
water noise on marine mammals, fish populations and
benthic communities; in particular, long-term consequences
of masking, disturbance and hearing loss on survival and
reproduction of marine mammals, and population-level
consequences of impact at different life stages in species
with pelagic larvae;

1.1.4 Research ontheimpact of macrolitter and microplastics on
species and communities;

1.1.5 Evaluation of population level impacts of bycatch of all
relevant species.

Conservation plans

1.1.6 Better knowledge for the development of effective species
conservation plans, in particular for marine mammal, bird
and fish populations;

1.1.7 Development of approaches to quantifying the effectiveness
of specific conservation measures for species;

1.1.8 Research to define precautionary approach levels for seals
in their management units.




-

Marine habitats can largely be divided into water column (pelagic)
and seabed (benthic) habitats. While these represent two seem-
ingly very different features of the environment, they are closely
interlinked, especially in the shallow Baltic Sea. Inadequate status
of species and communities is closely related to changes in their
physical habitats, since they need intact feeding, resting, and repro-
duction and nursery areas. For benthic communities and biotopes
anthropogenic pressures resulting in loss and disturbance to the
seabed, as well as eutrophication, have a strong impact. For the
pelagic habitats eutrophication, rising temperatures, potentially
enhanced salinity stratification and concomitant higher primary
production lead to plankton regime shifts. All this may lead to
oxygen depletion in deeper areas. This in turn will cause changesin
both pelagic and benthic biotopes and overall food web dynamics.

For the implementation of the BSAP and HELCOM Recom-
mendations?, improved knowledge about interactions between
pressures, habitat structures and ecosystem functions is needed.
In addition there is a need for further development of methods to
restore habitats which are already deteriorated, or which have been
lost. Tracking of status as well as of the efficiency of conservation
efforts furthermore requires the development of harmonized
monitoring and mapping techniques and standardized assess-
ment methods.

12. Habitats

Highlighted science needs

Habitat mapping

1.2.1. Development and testing of criteria for regionally coordi-
nated mapping of habitats/biotopes, taking into consid-
eration the relevant assessment needs, to facilitate data
exchange and support national and regional assessments
and reporting as well as Maritime Spatial Planning (MSP);

1.2.2. Development of widely applicable methods and tools to
decrease the resource requirement and increase efficiency
of habitat mapping.

Pressure-impact assessment

1.2.3. Investigations on pressure-response relationships in
benthic ecology, such as recovery time of benthic habi-
tats after disturbance, to understand adverse effects of
pressures on benthic habitats and to support the defi-
nition of threshold values and conservation measures;

2 For example Rcommendation (Rec.) 40/1 Conservation And Protection Of
Marine And Coastal Biotopes, Habitats And Biotope Complexes Categorized As
Threatened According To The Helcom Red Lists; Rec. 28e/9 Development Of
Broad-Scale Marine Spatial Planning Principles In The Baltic Sea Area; Rec. 35/1
System Of Coastal And Marine Baltic Sea Protected Areas (HELCOM MPAs, former
HELCOM BSPAs).

1.2.4. Analysis of historical age and/or size distribution of long-lived
species to establish an ecologically relevant baseline to sup-
port the setting of appropriate threshold values to indicate
where pressures adversely affect benthic communities.

Ecosystem functions

1.2.5. Research on links between pelagic and benthic habitats/
biotopes and ecosystem functions to better understand
the role of benthic and pelagic components in ecosystem
functioning, with a view to strengthening the ecological
relevance of both assessments and management measures;

1.2.6. Development of criteria for estimating the contribution
of pelagic and benthic habitats to ecosystem services to
evaluate the benefit of healthy habitats to human wellbeing;

1.2.7. Analyses of the role of traits for the functioning of pelagic
and benthic habitats/biotopes, including the link to food
webs, with special focus on a changing climate and oxygen
depletion, with a view to improving the holistic aspect of
assessments and the causal link between pressures, impact
and state.

Habitat restoration

1.2.8. Identification of areas, as well as development and improve-
ment of methods, for the restoration of benthic habitats/
biotopes, e.g. habitat-forming species such as seagrass
beds, macrophyte stands and reefs, along with improving
the understanding of the wider synergistic effects of habitat
restoration efforts, to support effective measures to improve
biodiversity and nature based-solutions for tackling climate
change and its impacts.




13. Food webs

Species diversity is known to be low in the Baltic Sea due to its
character as a young brackish sea with a prehistory as a freshwater
lake. A consequence of low species diversity are relatively short
food chains, which are more sensitive to disturbance and can be
permanently altered by the disappearance of individual species.

The open sea food web in the Baltic is characterized by a low
number of food web interactions driven by a few key species,
while the coastal food webs are comparatively more complex and
diverse. Functionally diverse marine food webs are the basis of a
healthy ecosystem, and also indicate the status of biodiversity.

Food webs in the Baltic Sea as well as their components - species
of flora and fauna - are impacted by various types of pressures
either induced directly or indirectly by human activities, e.g. by
climate change. At present, the status of the Baltic Sea food webs
isinadequate and they are deteriorating despite management and
governance measures (HELCOM 2018a). Both upper and lower
levels of food webs need to be considered when assessing changes
in predator-prey interactions as well as the larger scale variations
of ecosystem functioning.

To improve the management of human activities and conser-
vation efforts in the Baltic Sea, the need to understand processes
between elements of the food webs is noted in several HELCOM
reports and planning documents and reflected as an identified
science need.

Highlighted science needs

Knowledge to support food web assessments

1.3.1. Improved understanding of key food-web states and pro-
cesses which underlie critical and complex ecosystem
dynamics to support assessment of the status of food webs;

1.3.2. Improved understanding of changes in trophic relationships,
age categories and species composition of fish caused by
fishery activities;

1.3.3. Better knowledge on benthic-pelagic coupling and associ-
ated food web implications from changes in benthic con-
ditions caused by e.g. climate change.

Models to support development of measures

1.3.4. Development of dynamic food web models, including all
relevant food web components (e.g. fish, mammals and
birds), for detection of horizontal (plankton-benthos) and
vertical (lower levels- upper levels) interactions, to guide the
development of conservation and management measures.
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L1.4. Marine protected areas

Baltic Sea marine protected areas (HELCOM MPAs) are located
where the conservation need is most urgent and where the poten-
tial benefitis highest. Especially a well-managed and ecologically
coherent network is an important tool for fulfilling HELCOM ambi-
tions for a healthy Baltic Sea. Such a network would potentially
help to improve the resilience of the entire ecosystem to external
threats such as eutrophication and climate change by protecting
biodiversity. Large no-use zones are important aspects of such a
network. However, despite considerable advances in the spatial
coverage of MPAs in the Baltic Sea, there is still a lack in imple-
mentation of effective conservation measures, partly due to the
inadequate understanding of complex ecosystem interactions.

The current HELCOM MPA network is neither complete, nor does
it fulfil the requirements for coherence or proper management
(HELCOM 2016). In order to fulfil the ambition of HELCOM work on
MPAs, as well as the potential of the MPA network to help secure
good environmental status, common methods for assessments of
management effectiveness need to be developed, as does support
to help guide the strategic expansion of the network to improve
its ecological coherence.

Meeting the identified science needs would contribute directly to
the implementation of the HELCOM Recommendation on System
of Coastal and Marine Baltic Sea Protected Areas (HELCOM MPAS?).

Highlighted science needs

Evaluation of spatial protection measures

1.4.1. Development of scientific criteria to be used to identify
potential no-take zones, with the aim of limiting the pres-
sure stemming from fishing efforts and improving the state
of biodiversity;

1.4.2. Quantifying the effectiveness of spatial conservation mea-
sures, especially the link between measures and change in
state, to help guide conservation efforts;

1.4.3. Development of suitable scientific tools for a regular assess-
ment of the effectiveness of spatial protection measures, i.e.
how effective an area or network of areas is, e.g. through its
location and extent, proximity to other areas, the species/
diversity it hosts, its contribution to ecosystem services etc;

1.4.4. Establishment of criteria to assess management effective-
ness, both for individual MPAs and the network as a whole,
respectively, with the aim of identifying gaps in existing
management efforts and improving management both in
individual MPAs and across the network.

3 Former HELCOM BSPAs.

Ecological coherence

1.4.5. Establishment of science-based criteria and targets to be
used for the HELCOM coherence assessment methodology;

1.4.6. Identifying parameters which justify the designation of
new or expansion of existing MPAs in order to achieve and
maintain coherence of the MPA network in relation to cli-
mate change;

1.4.7. Investigating the impact of climate change on protected
areas, including modelling benthic habitats/biotopes and
species distribution maps for the entire Baltic Sea region
under different climate change scenarios, to use as one basis
for planning and optimizing the MPA network and ensure
coherence in the long term.




2. Human dimension

Humans are inextricably linked to the Baltic Sea ecosystem, on the
one hand through the benefits they derive from its resources and,
on the other, through the impacts of human activities on its state.
Historic records of cod catches show a viable fishery dating back
to the late 1500s although intense cod fishery started only in the
1950s. The onset of eutrophication in some coastal areas of the
Baltic Sea dates back to approximately 1800 CE. During the last
century the increasing human population and associated resource
demand and the growing development of economic activities have,
despite an increasing awareness and environmental regulations,
resulted in an unsustainable use of the Baltic Sea as reflected in
its current state (HELCOM 2018a).

Many sources of pollutants are land-based and the Baltic Sea,
with its slow water exchange with the North Sea (approximately
40-50 years), large human population in the catchment area and
proximity to intensive agriculture and industrialized regions, is
heavily loaded by nutrients and a broad range of chemical pol-
lutants, as well as litter. Sea-based activities are also contributing
significantly to the pressures on the sea. Fisheries are the primary
cause of human induced mortality of species in the Baltic, including
for non-target species such as seals and birds. Shipping s an activity
that contributes to many types of pressures, including specific
pressures such as the introduction of non-indigenous species (NIS)
through ballast water and the release of hazardous substances
that are associated with shipping activities, including oil spills.

For the Baltic Sea, the Helsinki Convention forms the basis for
joint protection of the sea from human activities and the HELCOM
Contracting Parties have agreed on many measures to jointly curb
and mitigate the impact of human activities on the environment. An
example is the large number of joint HELCOM Recommendations,
including for example limit values for the release of substances,
guidelines on best available techniques (BAT) and best environ-
mental practices (BEP), agreements on spatial restrictions for
certain activities, and many others. While some activities and
pressures have been studied for a long time in the Baltic Sea, the
HELCOM Recommendations and other commitments still need
continuous updates based on the latest scientific findings. For
pressures such as marine litter and underwater noise, that have
been given attention more recently, basic knowledge on sources
and development of management measures is still needed.

This chapter focuses on research needs that need to be met to
quantify the sources and levels of pressures as needed, define a
sustainable use of marine resources, and to develop and eval-
uate measures to manage human activities. Better knowledge
on expected changes in climate is central since it will need to be
considered in the management of all aspects of the Baltic Sea,
including adapting policies and taking measures to mitigate the
anticipated long-term changes.



21. Climate change

Climate change has, and will have, a majorimpact on the marine
environment and it poses a growing risk owing to the accelerated
pace of change and interactions with other pressures. In the Baltic
Sea region climate change will most likely result in increased
temperatures and significant changes in other meteorological
parameters such as precipitation, wind forcing and cloud cover.
This will cause changes in hydrography and circulation in the sea,
and the most likely changes are increased water temperature and
decrease in ice cover. Furthermore, global sea level rise will affect
the Baltic Sea coasts as well as the water exchange with the North
Sea. Future salinities are uncertain although more evidence points
toward a decrease than an increase, associated with a potential
change in stratification. With increasing CO2 concentration in
the atmosphere acidification of the Sea is expected to increase
over time.

These changes will most likely result in significant alterations of
all components of the food chain from increased primary produc-
tion due to faster surface water regeneration to seal population
changes due to diminishing sea ice. Changing salinity, most prob-
ably decreasing, would have drastic effects on species distribution
in the Baltic Sea.

Socioeconomic development is occurring concurrently and,
in some cases, in response to climate change. Recently, results
showed that with regard to eutrophication the global and regional
socioeconomic development can be as important as climate
change itself in shaping the future Baltic Sea environment.

The ultimate aim of HELCOM work with regard to climate change
is to increase and ensure the resilience of the Baltic Sea ecosystem
to limit theimpacts of a changing climate. The challenges presented
by marine climate change are by their nature of international con-
cern and the topic is cross-cutting, covering aspects from science
to high-level policy. To achieve the aim set out under HELCOM
the climate change work within the organization focuses on a
long-term, multi-disciplinary approach to both understand and
communicate the implications of climate change for the marine
and coastal environment as well as to ensure that the information
is integrated in HELCOM policies.

Highlighted science needs

2.1.1. Further development of regionalized scenarios of climate
change effects on the marine physical environment (hydrog-
raphy and circulation, sea level, sea ice, morphology) of
the Baltic Sea as a basis for a wide range of scientific and
managerial assessments, for example investigations of cli-
mate change impacts on the ecosystem and development
of coastal adaptation strategies;

2.1.2. Further development of scenarios that illustrate the impact
of multiple global and regional drivers (both socioeconomic
development and climate change) on activities and result-
ing pressures in the Baltic Sea. One example would be to
investigate how changing global food demand together with
changed climate influence agriculture in the catchment and
the subsequent leakage of nutrients to the Sea;

2.1.3. Development of ways to incorporate climate change aspects
in the HELCOM Nutrient Reduction Scheme to ensure that
BSAP eutrophication objectives can be reached also under
conditions of climate change;

2.1.4. Research onthe expected response of biota, biodiversity and
ecosystem functioning to climate-induced changes of the
physical and chemical environment, including responses to
water temperature increase and changes to other relevant
parameters, for example, salinity, oxygen, sea level and pH.




2. Human dimension

HELCOM Science Agenda

Due to the cumulative effect of a century of high anthropogenic
nutrient inputs the water quality of almost the entire Baltic Sea
is severely impaired to a level that has strongly altered the eco-
system and caused significant benthic habitat loss. The status
has not yet improved substantially despite long-term and partly
successful efforts to reduce nutrient inputs. Continued reductions
of nutrient inputs are needed to reach the ultimate target: a Baltic
Sea unaffected by eutrophication.

Management of Baltic Sea eutrophication is complicated due
to the slow response of the system manifested by up to decadal
delays from the implementation of measures to improved open
sea water quality. For this purpose, HELCOM uses results from
mathematical models to estimate Maximum Allowable Inputs
that are consistent with good environmental status as agreed in
HELCOM. As a basis for the estimates there are several studies
available on the combined effect of changes in nutrient input
and climate change. Less studied on a Baltic Sea scale is the delay
and efficiency of implementation of measures targeting diffuse
sources in the catchment on the reduction of nutrient inputs via
rivers. Increased knowledge on the effects of climate change on
eutrophication processes are needed, both in the catchment area
and the sea.

There are still demands for the development and implemen-
tation of additional measures to reduce the nutrient inputs from
wastewater, agriculture, shipping and other sources. However,
thereis also still a lack of knowledge to optimally plan the measures
needed to not only achieve reductions of nutrientinputs but also to
cost-effectively improve the eutrophication status of the Baltic Sea.

Highlighted science needs

Input of nutrients:

2.2.1. Improved and harmonized catchment modelling to deter-
mine the sources of nutrient inputs. The selection of appro-
priate measures to reduce the total nutrient inputs to the
Baltic Sea basins can then be supported by quantification
of the various anthropogenic sources versus the natural
background.

Measures to reduce nutrient input:

2.2.2. Improved understanding and quantification of nutrient
sources that lead to inputs to the sea and quantification
of efficiency of measures that can curb these sources. This
should result in estimations of reduction potential from
different areas and sectors of the countries situated in the
catchment area of the Baltic Sea;

2.2.3. Development of novel, efficient and environmentally sustain-
able techniques and practices to improve nutrient recycling
and to minimize nutrient loads from diffuse sources.

Nutrient cycling processes:

2.2.4. Investigating the obstacles preventing the decrease of nutri-
ent concentrations and contraction of hypoxic/anoxic areas
in the sea. This encompasses improving the understanding
of how the complex nutrient dynamics, including feedbacks
with oxygen conditions, control the legacy of nutrients and
whether there is potential in sea-based measures to accel-
erate recovery;

2.2.5. Improved understanding of the relationships between
coastal and offshore eutrophication problems ensuring a
solid scientific basis for optimal joint management of coastal
and offshore eutrophication. This includes quantification of
coastal retention/filter, and understanding and modelling
of interactions between the coast and the open Baltic Sea.




23. Hazardous Substances

The hazardous substances that enter the Baltic Sea originate
from various anthropogenic sources, especially from industries,
consumer products, urban areas, submerged munition, agriculture
and animal husbandry, as well as maritime activities. Just a small
fraction of the chemicals that are emitted by society are monitored
or screened. Consequently, the chemical composition in the Baltic
Sea is not well characterized.

The most recent status assessment addressing hazardous sub-
stances indicates that status is not good overall and that due to
the persistent nature of several of these substances it is likely that
contamination will remain a significant pressure for an extended
period. The majority of the chemicals used as indicators are leg-
acy pollutants which are strictly regulated at the regional and/or
global level and have been substituted by other less well-known
compounds. In addition to comprehending the overall pool of
potentially harmful substances entering the Baltic Sea, further
efforts are warranted to assess the biological effect of the total
chemicalload on human health and ecosystems, including trans-
formation products and in combination with other stressors. More
knowledge regarding sources, emissions and dominant transport
processes are needed to develop efficient measures that can
reduce chemical pollution.

There are over 30 HELCOM Recommendations aimed at reduc-
ing the input of hazardous substances from land- and sea-based
sources. In addition, HELCOM has developed an overview and
analysis of the HELCOM framework and regional policy for haz-
ardous substances. The overview includes recommendations
forimproving the framework as well as the strategic approach to
HELCOM’s work on hazardous substances

Highlighted science needs

Input of and measures to reduce hazardous substances:

2.3.1. Improved knowledge on the use patterns and emissions
of hazardous substances from various sources, both land-
and sea-based, and modelling of the relative importance
of different transport routes to support the development
of efficient measures targeting chemical contamination of
the Baltic Sea in general, such as advanced wastewater-
and storm water treatment, and identification of specific
substance groups of concern;

2.3.2. Retrospective temporal trend analysis of emissions and
environmental concentrations, e.g. through historic depo-
sition in sediments or samples in biota banks, to assess the
efficiency of implemented measures and interactions with
multiple pressures and stressors - both legacy contaminants
and contaminants of emerging concern;

2.3.3. Improved knowledge on submerged munition and histori-
cally dumped waste and its integrity (e.g. status of corrosion,
leakage of the hazardous substances) per location including
development of a risk assessment approach for marine envi-
ronment (e.g. in biota, if applicable in sediment and water).

Status and effects of contaminants:

2.3.4. Development and harmonization of monitoring methods
based on biological effects, including bioassays for different
endpoints at various levels and species targeting specific
modes of action, that capture the impact of the total chem-
ical mixture in the marine environment;

2.3.5. Development of methods that can link observed effects with
causing agents (i.e. substances/mixtures) and/or trace to
human activities causing release of contaminants associated
with the effects observed in the environment;

2.3.6. Research on fate and transport of chemical contaminants in
the marine environment under impact by multiple stressors,
including eutrophication and climate change, and the effect
that chemical contaminants (individual or mixtures) exert on
key biological functions such as biogeochemical processes
governing carbon and nutrient cycling.
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2. Marine litter

Pollution of the marine environment by litter, and in particular
plastics, is a global problem that was recognized already in the early
1970s while research in the Baltic started in early 2000s. Studies
on the amount, types and distribution of macro- and microlitter
are ongoing, including sampling of water, bottom sediments and
on the coastline and beaches. To support comparability of data
across the region common guidelines for beach litter surveys have
been agreed in HELCOM. However, due to varying methodologies
in water and sediment sampling, sample processing and laboratory
analyses applied in different research institutes, the collected data
especially for microlitter are not yet fully comparable. In addition,
indicator species need to be defined in order to monitor and assess
harm caused by marine litter, especially with regard to ingestion
and entanglement.

HELCOM has adopted a Regional Action Plan on marine litter,
with the overall commitment to significantly reduce marine litter
by 2025 compared to 2015. Due to the relatively short period of
monitoring in the Baltic Sea there are not enough reliable data
on the scale of the problem and understanding of the most effi-
cient ways of its mitigation. Consequently, there is still a need for
further research. This includes improving knowledge concerning
the sources of litter as well as to how to sample and assess the
presence and impact of litter.

Highlighted science needs

Development of monitoring:

2.4.1. Development of harmonized cost-efficient methodologies for
monitoring microplastics in different matrices, including field
sampling, sample pre-treatment and plastics identification
in laboratory, to support the establishment of a regional
monitoring programme;

2.4.2. Development of a monitoring system for microplastics in
biological organisms: identification of microplastics in the
Baltic Sea food chain - from zooplankton to marine mammals
and birds and humans.

Input, impact and fate of litter:

2.4.3. Further identification and quantification of land- and sea-
based sources and pathways of macro- and mesolitter and
microplastics;

2.4.4. Better understanding of the degradation and fragmentation
processes of macro- to meso- and microplastics to under-
stand the importance of the formation of secondary micro-
plastics and potentially nanoplastics and related releases of
additives into the marine environment and biota;

2.4.5. Research on the interactions of environmental conditions
and natural factors like currents, winds, bottom topography,
transfer in biota, river runoff, etc. and their influence on
marine litter distribution;

2.4.6. Quantification of socioeconomic effects including human
health implications from marine litter.

Mitigation measures:

2.4.7. Evaluation of effectiveness and adaptation to regional needs
of management actions, e.g. bans of plastics, improved
wastewater treatment to remove microplastics, improved
coastal waste management, application of Extended
Producer Responsibility schemes, social awareness pro-
grammes and education, etc.




25. Underwater noise

Sound propagates effectively in water and various marine animals
rely strongly on sound for communication, orientation and forag-
ing. Noise from anthropogenic activities can also propagate far
away from the source and affect communication (masking) and
behaviour of animals, and if intense enough, even cause hearing
loss and tissue damage. In the worst case, it can lead to death.
Anthropogenic underwater noise is grouped into impulsive noise
from e.g. explosions, seismic surveys, pile driving and sonars, and
continuous noise, from ships and marine infrastructure (oil and
gas platforms, offshore wind turbines etc.). Because the sources
are well known less uncertainty relates to the pressure on the
ecosystem, whereas the largest uncertainties relate to the impact.
Assessing impact requires knowledge of how anthropogenic noise
affects animals in their natural habitat, knowledge of the actual
noise exposure of the animals, and knowledge of their abundance
and spatiotemporal distribution. As a prerequisite to assessing
impacts, it is also necessary to have proper knowledge of the
spatiotemporal distribution of anthropogenic sources and their
acoustic properties. In cases, where an impact is evident, there is
a subsequent need for development and testing the effectiveness
of mitigation measures as well as the assessment of their potential
negative side effects.

Science needs related to impacts on animals - individuals as well
as populations - are addressed in detail in the section on “Species”.
Science needs related to mitigating noise emissions from com-
mercial shipping are addressed in the section on “Shipping”. This
section focuses on the noise itself, as a pressure factor and source
of impact on marine ecosystems. The science needs closely reflect
the needs arising from the measures committed to in the HELCOM
Regional Action Plan for underwater noise.

Highlighted science needs

Impact of impulsive noise:

2.5.1. Improved knowledge of pressures from sources currently
not monitored, such as recreational activities/vessels,
echosounders, sonars and sub-bottom profilers, to support
assessment of impact both on small scale (EIAs on specific
projects) and large scale (sub-basin scale);

2.5.2. Development and refinement of methods to quantify impact
from impulsive noise sources on animal populations, mov-
ing away from interim risk-based indicators to true impact
indicators.

Sources and impact of continuous low frequency noise:

2.5.3. Improvement of methods for long-term acoustic moni-
toring, including modelling in shallow waters, taking into
consideration work done in relevant fora;

2.5.4. Development or adaptation of methods to include contri-
butions from smaller recreational vessels and static sources
in modelling;

2.5.5. Expansion of knowledge of metabolic and physiological
consequences of disturbances caused by vessel noise;

2.5.6. Development and refinement of methods to quantify impact
from continuous noise sources on animal populations,
moving away from interim risk-based indicators to true
impact indicators;

2.5.7. Encouraging studies on the impact of climate change on
the underwater soundscapes (direct and indirect effects
of changes in sea level, hydrography and ice conditions)
in order to improve the precision of forecasted scenarios
involving underwater noise sources.

Mitigation measures for impulsive sound:

2.5.8. Development or adaptation of effective noise abatement
methods applicable to underwater explosions and/or alter-
natives to detonation;

2.5.9. Development and testing of technical and operational mea-
sures to reduce impact from other impulsive sources.




2.6. Non-indigenous species

The spread of non-indigenous species (NIS) is a global problem
that affects most ecosystems and is among the greatest threats to
biodiversity. The damage to biodiversity caused by the spread of
NISis often irreversible as aquatic NIS are impossible to eradicate
after they have established themselves in the ecosystem. The Baltic
Sea is shallow, young, semi-enclosed and brackish, which results
in low species diversity and consequently incomplete occupancy
of niches. This, in combination with the intense marine traffic,
makes the Baltic Sea especially prone to the introduction and
settlement of NIS.

Marine NIS most often enter the Baltic Sea with the ballast water
of ships or as biofouling on the ships’ hulls and harbours and ports
are therefore hotspots for the introduction of non-indigenous
species. The main vectors for freshwater NIS are canals, shipping
and aquaculture.

The introduction of NIS through shipping is addressed in the
dedicated section on ‘Shipping’ while this section is focused on the
general needs to improve knowledge for the purpose of assessing
theintroduction and status of NIS and the impacts of NIS on other
ecosystem components.

Highlighted science needs

Assessment of NIS:

2.6.1. Development of reliable species identification methods,
including molecular methods such as eDNA and devel-
opment of DNA barcodes for Baltic Sea NIS, which would
improve monitoring efforts;

2.6.2. Comprehensive understanding of the dynamics of spread
for NIS in the Baltic Sea, to support the assessment of abun-
dance, spatial distribution, and establishment, and, where
necessary, the implementation of preventative measures.

Impacts of NIS:

2.6.3. Better understanding of the effects of small NIS taxa such as
protozoa, bacteria, and viruses. They remain unrecognized,
undetected and are not prioritized in surveying of NIS, and
knowledge on theirimpact is thus limited,;

2.6.4. Development of methodologies to quantify the impact of
NIS on ecosystem functioning, including for communities,
biological processes and habitats, and on the ecosystem’s
carrying capacity and resilience. Improved knowledge would
support the development of an indicator on adverse effects
by NIS;

2.6.5. Research on the impacts of NIS on ecosystem services, health
and other socio-economic aspects.




21. Shipping

During the last decades, the number and size of ships sailing the
Baltic Sea have continuously increased and thereby their potential
pressures on marine environment and atmosphere are becoming
more intense.

Impacts of shipping are caused e.g. by air emissions, sewage,
introductions of non-indigenous species (NIS), underwater noise
and accidental or illegal discharges of oil. In addition, shipping
accidents may occur, which can lead to significant environmental
threats. In order to minimize environmental harm, many regulations
have been adopted and partially already entered into force. Given
the unique and sensitive environmental conditions of the Baltic
Sea, it is designated by the IMO as a Special Area under MARPOL
Annexes |, IV andV, and as a sulphur oxides (SOx) and nitrous oxides
(NOx) emission control area under MARPOL Annex VI. Thus, it is
provided with a higher level of protection than other sea areas.

Some of the pressures have already been addressed, others
require the development and implementation of new measures.
With regard to shipping, HELCOM aims at ensuring efficient and
harmonized regional implementation of IMO regulations (e.g.
MARPOL and BWMC). In addition, initiatives supporting the work at
theinternational level are regionally developed. Further research
activities are essential to advance and improve environmental
standards, monitoring and assessment, as well as to evaluate the
effectiveness of potential mitigation measures and to develop
innovative sustainable technologies.

Highlighted science needs

Pressures and impacts from shipping

2.7.1. Quantification of hazardous substances like PAHs and heavy
metals from discharge water from Exhaust Gas Cleaning
Systems (EGCS) to assess the need for more stringent
regulation;

2.7.2. Development of tools for real-time information and smart
monitoring of underwater noise emission;

2.7.3. Quantification of the amount of oil released into the Baltic
Sea from small but continuous emissions of mineral oils
and assessment of the environmental effects to assess the
need for more stringent regulation;

2.7.4. Evaluation of effects and consequences of sewage discharges
from cargo vessels;

2.7.5. Evaluation and estimation of volumes of discharges of harm-
ful cargo residues into the Baltic Sea;

2.7.6. Research on the impact and management of food waste
from ships in the Baltic Sea;

2.7.7. Evaluation of effects on the marine environment of discharge
water from Exhaust Gas Cleaning Systems (EGCS).

Development of measures to reduce pressures from shipping

2.7.8. Development of technical- and management options and
evaluation of impacts of grey water discharges from vessels,
in particular from passenger and cruise ships;
2.7.9. Identification and feasibility assessment of Best Available
Techniques (BAT) and Best Environmental Practice (BEP)
for underwater noise reduction;
2.7.10. Research and development activities in the context of the
IMO “sinitial strategy to reduce greenhouse gas emissions;

2.7.11. Development of risk assessment and standards with respect
to in-water cleaning (IWC) of commercial ships and leisure
boats.

Implementation and enforcement of measures to reduce pres-

sures from shipping

2.7.12. Research on indicative sampling of ballast water for BWMC
D-2 compliance monitoring in the context of the IMO BWM
Experience Building Phase;

2.7.13. Mapping of future needs of oil combatting capacity with a
view to ensuring operational functionality of oil combatting
operations regardless of season;

2.7.14. Better understanding and consideration of the human
factor in the maritime traffic risk forecasting system to
make it more reliable;

2.7.15.Research on the importance of electronic failures,
human-machine interaction, and the autonomous ship
concept.




28. Fisheries

The Baltic Sea hosts a unique combination of marine and freshwa-
ter species and habitats, and sustains diverse fisheries targeting a
variety of species. The largest share belongs to herring, sprat, and
cod. The ecosystem is characterized by a poor conservation status
of several fish stocks, resulting in low catch quotas. Moreover, gill-
net fisheries generate considerable amounts of bycatch, including
endangered species, and bottom trawling causes disturbance to
sensitive benthic habitats. A large proportion of the fleet in the
Baltic Sea consists of small-scale fisheries.

There are currently too few data available to quantitatively assess
the impacts of fisheries on the Baltic Sea. Improved reporting as
well as research on fisheries impacts and mitigation measures are
needed to improve fisheries management so that, in combination
with mitigation of other factors which impact the fish stocks, a
good status of habitats and species and achieving ecologically
sustainable fisheries can be reached.

Research on the characteristics of fish populations, impact of
fisheries, and conservation measures that can counteract impacts
of fisheries are also addressed in Chapter 1 on Biodiversity.

HELCOM has develop the HELCOM Roadmap on fisheries data,
which aims to target the gaps in data needed for quantitative
assessments of fisheries impacts on the ecosystem.

Highlighted science needs

Impacts of fishing and other pressures affecting fish stocks:

2.8.1. Intensified research on bycaught species of all métiers to
assess bycatch rates of seabirds, marine mammals and
protected fish species;

2.8.2. Applied research on alternative methods for assessing and
managing commercial fish stocks for their sustainable use;

2.8.3. Research on monitoring methods and management of
coastal fisheries and fish species with little or no economic
value, including freshwater populations, to preserve local
fish stocks;

2.8.4. Analysis of non-fisheries related pressures affecting fish
stocks in order to identify complementary measures.

Bycatch mitigation measures:

2.8.5. Intensified research on bycaught species of all métiers in
order to advance bycatch mitigation measures;

2.8.6. Development of new technical measures, alternative gear
and modifications to existing gear to decrease bycatch of
seabirds, marine mammals and protected fish species.

Evaluation of the effectiveness of measures:

2.8.7. Analysis and determination of the recovery process of ben-
thic habitats and species in areas closed for fishing to assess
management effectiveness;

2.8.8. Calculation/modelling of socio-economic aspects of fisheries
affecting benthic habitats and fisheries management options
throughout different métiers, performance of cost-benefit
analyses;

2.8.9. Evaluation of management measures (e.g. spatial-tempo-
ral closures of fisheries, No-take areas) to avoid or reduce
bycatch of threatened and declining species.




3. Holistic approaches

The previous chapters have focused on the knowledge and research
needs related to specific species, communities, pressures and
activities. In the context of this document these topics have been
presented separately, while in reality they are interlinked and
successful management requires the consideration of all of these
aspects in a holistic way.

HELCOM work is based on the ‘ecosystem approach’ (EA), a con-
cept originally developed under the UN Convention on Biological
Diversity. HELCOM furthermore promotes ‘ecosystem-based man-
agement’ (EBM) of human activities, which incorporates the entire
ecosystem, including humans, into management with the aim of
achieving long term sustainable use of the ecosystem and required
protection of the marine environment. Essential information for
implementing these holistic approaches includes knowledge on
the distribution and magnitude of pressures and their impacts
on the ecosystem. Economic and social analyses provide a link
between the ecosystem and the human dimension, for example
through analyses of the benefits in terms of ecosystem services
and revenues from economic sectors. The implementation of
the EA and EBM furthermore requires that that the concepts are
translated into practice. For this purpose, maritime spatial planning
(MSP) can provide a tool for arranging and integrating different
uses of the sea.

Management according to EA principles is still very much devel-
oping and evaluations of its realization and achievements is largely
missing, in the Baltic Sea region and worldwide.

This chapters captures knowledge and research needs that are
specifically linked to holistic approaches while highlighted science
needs of an integrated nature are also represented under the other
chapters, for example Food webs and Climate change.
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3.1. Ecosystem approach

At their Joint Ministerial Meeting 2003 in Bremen, Germany,
HELCOM and OSPAR agreed on the following common definition
of the Ecosystem Approach for their convention areas: “The com-
prehensive integrated management of human activities based on
the best available scientific knowledge about the ecosystem and its
dynamics, in order to identify and take action on influences which
are critical to the health of marine ecosystems, thereby achieving
sustainable use of ecosystem goods and services and maintenance
of ecosystem integrity”. This includes the application of the pre-
cautionary principle. The ecosystem approach (EA) is advanced
in HELCOM through the implementation of the Baltic Sea Action
Plan and other HELCOM commitments.

Although the EAis a frequently used term and many principles
for its implementation have been developed, there are many
unresolved issues that require in-depth scientific investigation,
in particular for the marine environment. The broad vertical and
horizontal scope of EA has proven to be one of the main barriers
to improved implementation, necessitating better cross-sectoral
integration, cooperation and coherence at the international,
regional, national and local levels. Improved communication,
knowledge and capacity building on EA and the consequent
ecosystem-based management (EBM), at all levels and involving
stakeholders, are needed to increase understanding, including
through improved science-practice collaboration. EBM imple-
mentation requires a holistic approach, based on holistic scientific
advice. Currently, scientific input to policies tends to concentrate
on the biophysical system and on environmental questions rather
than the management of activities.

Highlighted science needs

3.1.1. Evaluation of in what way and how far the EA, i.e. the man-
agement of human activities in the Baltic Sea Region, has
been implemented;

3.1.2. Establishing rules of procedure and approaches for imple-
mentation of the precautionary principle in the EA, ensuring
that such procedures and approaches are compatible with
those used under other assessments;

3.1.3. Investigating how the provisions of the Paris Agreement,
adopted under the United Nations Framework Convention
on Climate as a response to the threat of climate change,
can be incorporated into the EA concept for the Baltic Sea;

3.1.4. Evaluation of approaches, measures and instruments to
improve the state of the Baltic Sea towards good environ-
mental status through application of the EA;

3.1.5. Development and improvement of Decision Support Tools
that can perform qualitative and quantitative analysis to
supportimplementation of the EA to management of human
activities.




3.2. Maritime spatial planning

In 2010, the ecosystem approach was incorporated into 10 com-
mon maritime spatial planning (MSP) principles by HELCOM and
Vision and Strategies Around the Baltic Sea (VASAB), where the EA
is considered as an overarching principle. In 2016 a HELCOM and
VASAB Guideline was developed to address the implementation
of an ecosystem-based approach in maritime spatial planningin
the Baltic Sea area. In recent years the implementation of the EA
in MSP has been further developed through joint regional projects.

MSP in the Baltic Sea countries applies the EA on a general level,
asis required in the HELCOM MSP roadmap 2013-2020 and in the
EU Directive on MSP (2014/89/EU), but none of the countries can
be said to have taken the EA as the cornerstone of their MSP. A
factor that remains to be developed, despite significant progress
in research and conceptual aspects of the ecosystem approach
in the Maritime Spatial Planning field, are fully-fledged test cases
of the EA in the MSP. Such test cases should be supported by
strong, multidisciplinary research to facilitate future practical
implementation of the EA. Such research would also support the
implementation of the updated HELCOM MSP Roadmap, which
has a strong emphasis on the EA.

Highlighted science needs

3.2.1. Identifying an appropriate collection of transparent spatial
planning tools for a comprehensive consideration of eco-
system components;

3.2.2. Investigating how maritime spatial planning, applying the
guiding principles of the EA, can incorporate independent
sectoral plans into a regional and holistic plan that is fully
aligned with conservation and good status objectives in the
Baltic Sea region;

3.2.3. Establishment of processes with the ultimate goal of com-
prehensive marine, ecosystem-oriented planning for the
Baltic Sea area;

3.2.4. Identify how MSP can support conservation and sustainable
use in an equitable way reflecting marine protected areas
(MPAs) and possible Other Effective Area-based Conservation
Measures (OECMs) or other areas of high natural values in
maritime spatial plans in order to steer harmful activites
away from such areas;

3.2.5. Identify possibilities for MSP to support the BSAP targets
related to protected areas as well as national and regional
strategies.




Human activities in the Baltic Sea and its catchment area create a
variety of pressures, potentially leading to negative impacts on the
environment. If each of the pressures is considered individually,
they may appear to occur at levels that do not cause harm to the
environment. However, when considering their spatial and tempo-
ral distribution, their relation to specific ecosystem components,
or in a cumulative manner, their impact may be considerable.
Spatial pressure and impact assessments can be used as a tool for
implementing holistic environmental management and to support
sustainable development. Thus, they can help identify the spatial
and temporal distribution of pressures and impacts, whether a
pressure affecting an area is direct or indirect, the proportional
contribution of a pressure to the impact on a particular site or
feature, as well as provide a link back to the activity or activities the
pressure originally stems from. This in turn can be used to inform
the planning and implementation of measures, prioritise manage-
ment activities, support the use of the precautionary approach
and as a risk assessment tool. It also provides a good platform
for regional cooperation and transboundary work, including for
spatial planning efforts.

The HELCOM Ministers agreed in their Brussels Ministerial
Declaration 2018 to improve the understanding of impacts of
human activities (HELCOM 2018b), including the cumulative effects,
on the ecosystem and to use this information for strengthening
theimplementation of ecosystem-based management. For spatial
pressure and impact assessment to reach its full potential there is
a need forimproved understanding of the links between activities,
pressures and impacts, in particular the sensitivities of various
ecosystem components to these pressures, but also for technical
development for how to generate and make accessible the results
of such assessments.

Highlighted science needs

3.3.1. Improved spatial modelling of activities, pressures and
ecosystem components underlying the impact assessment
to enable improved resolution of the pressure and impact
maps, thus increasing their usability for management;

3.3.2. Development of a reliable method for the validation of
the results of a pressure or impact assessment to improve
the confidence of the assessments and by extension their
applicability in management;

3.3.3. Improved understanding of the sensitivity of ecosystem
components to various pressures, thus strengthening the
link between pressure and change in state, with a view to
supporting assessment, management actions and the setting
of realistic conservation targets;

3.3.4. Improved understanding of the accumulation and synergistic
or antagonistic effects of several pressures overlapping in
space and time, to better guide management measures and
provide context to results of other assessments.
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Economic and social analyses are needed to fully apply the EA
in the Baltic Sea and to support the sustainable use of marine
resources. They provide a set of tools for examining the interlink-
ages between the ecosystem and the economic and social systems,
and contribute to ecosystem-based marine management, mari-
time spatial planning, pollution mitigation, and integration and
implementation of effective measures and policies. The concept
of ecosystem services includes measurable benefits that people
can obtain from ecosystems and is therefore used as a tool in the
economic and social analyses. The identification and valuation
of ecosystem services provide an option to quantify the impacts
of ecosystems on human welfare. They can thus be used to find
the gaps and to contribute to the information pool necessary for
sustainable use of these services. As a part of the World Ocean,
the Baltic Sea supplies numerous ecosystem services that provide
benefits for economic activities and existence.

Although the process of employing economic and social anal-
ysis in HELCOM assessments has already started, research is still
needed forimplementing relevant HELCOM decisions such as the
Ministerial Declaration 2018 (HELCOM 2018b) the Roadmap for
HELCOM work on economic and social analyses .

Highlighted science needs

3.4.1. Gaining a better understanding of how the status of the
marine environment is related to changes in economic
activities and how these are distributed spatially to support
ecosystem-based management of human activities and
maritime spatial planning;

3.4.2. Evaluation of the costs, effects and benefits of measures
and policies to support the development of effective new
measures and policies, e.g. the BSAP;

3.4.3. Research on the linkage of marine state components to
ecosystem services, related values and benefits to provide
information on the welfare impacts of ecosystem changes
and support the development of effective policies, e.g.
the BSAP;

3.4.4. Development of approaches for the integrated assessment of
ecosystem services to provide more information on the links
between the ecosystem and the social-economic system to
support theimplementation of the EA and marine policies;

3.4.5. Development and application of quantitative criteria to
describe ecosystem services to improve knowledge on the
extent of ecosystem services in the Baltic Sea and their
changes;

3.4.6. Development and testing of approaches and tools for marine
ecosystem accounting to provide additional information on
the linkages between the ecosystem and economic system
and improve the consideration of ecosystem values in deci-
sion-making, to support more effective policies;

3.4.7. Research on obstacles for the implementation of HELCOM
agreements, including aspects related to governance, actors,
sector activities and factors that influence the behaviour of
private citizens, reflecting the diversity in geographic and
socioeconomic characteristics across the region, with the
aim to generate tools to support transformative change.




4. How the HELCOM Science Agenda

can be implemented

Direct involvement of HELCOM

The majority of knowledge-enhancing activities takes place in
the scientific institutions and universities in the HELCOM coun-
tries. HELCOM, does, however, have some possibilities for direct
involvement in science-based projects through external funding
mechanisms. Thus, HELCOM can act as the coordinator of projects
with partners from the Contracting Parties, an approach that has
been taken in a number of projects financed by the EU through
calls linked to the Marine Strategy Framework Directive (MSFD). On
anumber of occasions HELCOM has furthermore acted as a partner
in regionally coordinated projects that have been financed through
EU Interreg programmes. When carrying out joint assessments or
in order to take forward key issues, such as the development of
indicators or pollution load compilations, HELCOM can also initiate
projects based on funding by the HELCOM countries.

The Science Agenda provides a tool for prioritizing internal
activities and for directing efforts towards the development of
applications with HELCOM as a coordinator or partner. The pos-
sibilities for HELCOM to be directly involved in science projects is,
however, limited in terms of the possibility to apply, administer
and coordinate projects.

External initiatives

Since the implementation of the major part of the Science Agenda
will depend on external funding resources and the participation of
experts from the Member countries, it is primarily a way of com-
municating HELCOM science needs to bodies external to HELCOM.
The Science Agenda therefore aims at:

— encouraging scientists to apply for research projects linked to
the highlighted knowledge needs,

— inviting external funding bodies to consider HELCOM knowledge
and science needs in their planning of calls for application,
including:

— national authorities and agencies and private foundations
that are funding research in the field of environment and
sustainable development,

— organizations responsible for regional funding programmes
focusing on the marine environment, such as the European
Commission and JPI Oceans;

— increasing interaction between policy and science.

HELCOM will also provide the Science Agenda as a contribution
to the UN Decade of Ocean Science, which will run from 2021-
2030. The aim of the UN initiative is to create a common ocean
science framework that can support countries in achieving the
UN Sustainable Development Goals and turn scientific knowledge
and understanding into effective actions to support a sustainable
development. In Annex 2 to this report the links between the

knowledge needs highlighted in this report and the strategic objec-
tives of the Decade of Ocean Science can be found. By supporting
the UN Decade of Ocean Science, Baltic Sea countries can provide
the necessary scientific underpinnings for future HELCOM work,
including the implementation of the updated BSAP and the UN
Sustainable Development Goals.

Many of the HELCOM knowledge and science needs are linked to
the development of common approaches and a common basis for
developing new and implementing existing HELCOM agreements.
Funding programmes that support regional projects are therefore
essential since they give scientists from various Baltic Sea countries
the opportunity to work together already in the formulation phase
of projects, in theirimplementation, as well as in the communica-
tion with stakeholders such as HELCOM.

The joint Baltic Sea research and development programme
BONUS, funded by the EU and research funding institutes of the
eight EU Member States of the Baltic Rea region, significantly
boosted knowledge on the Baltic Sea social-ecological system
during itsimplementation (2011-2017). The ongoing project ‘The
Baltic and North Sea Coordination and Support Action BANOS,,
is developing the foundation for a new research and innovation
programme with similar funding mechanisms but now geared
towards both Baltic Sea and North Sea. If realized, the identi-
fied objectives of the new programme could support part of the
HELCOM Science Agenda, in particular the more research-intensive
knowledge needs. A funding programme oriented towards both
Baltic Sea and North Sea will also support further joint studies and
development work between the two regional seas, activities that
are strongly encouraged by the Commissions of the respective
marine convention.



Proposed further reading
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Annex 1.
Countries and HELCOM subsidiary
bodies that have contributed

The Science Agendais largely based on a survey that was distributed to
all HELCOM expert networks, task groups and expert projects in spring
and autumn 2019. Contributions were received according to the list
below. The survey results have also been discussed at HELCOM Working
Group meetings with the opportunity to complement the proposals.

— Expert network work on benthic species and habitats (EN Benthic),
— Expert network on economic and social aspects (EN ESA), prepared
by the chair, Finland, Estonia, Latvia, Lithuania and Germany,
— HELCOM-OSPAR-ICES Joint Working Group on seabirds (JWG Birds),
prepared by the chair and with input from Germany and Sweden,

— Expert network on Underwater Noise (EN Noise), prepared by the
chair, based on the implementation of the draft HELCOM roadmap
on underwater noise,

— Expert Group on Marine Mammals (EG MAMA),

— Reduction Scheme Core Drafting Group/ Pollution Load
Compilations (RedCoreDG/PLC),

— Expertnetwork on hazardous substances (EN Hazardous substances),

— Intersessional network on eutrophication (IN EUTRO)

— Project for Baltic-wide assessment of coastal fish communities
(FISH-PRO project).

— Denmark with regard to non-indigenous species and marine litter,

— Germany (BfN), focusing on monitoring and nature conservation,
with additional input from Germany related to non-indigenous
species from shipping,

— Poland, with regard to agriculture,

— Finland, with regard to MPAs.



Annex 2.

Links to HELCOM agreements
and UN commitments

The examples given in this annex include mapping of the knowl-
edge and science needs vs:

— type of knowledge needs (e.g. if they are related to indicators,
pressure targets, development of measures, models etc),

— link to HELCOM agreements and activities,

— link to the DAPSIM concept,

— link to the UN Decade of Ocean Science and UN Sustainable
development goals.

The aimis to provide more information to scientists that may have
aninterest in applying for funds related to the Science Agenda but
also for further HELCOM work by linking the Science Agenda to
current concepts and ongoing activities. This mapping is carried
out against the level of highlighted science needs as presented
in the main report.

Terms used in the mapping

On top of each the link to the agreed objectives of the BSAP,
adopted in 2021, are listed, including ecological objectives and
management objectives.

BSAP segment colour codes

B — Biodiversity

B — Eutrophication

I — Hazardous substances and litter
— Sea-based activities

HELCOM commitments

This column indicates selected HELCOM commitments whose
implementation will benefit if the identified knowledge need is
resolved.

— Rec: HELCOM Recommendations (in full at: https://helcom.fi/
helcom-at-work/recommendations/)

— MD2018: HELCOM 2018 Ministerial Declaration (in full at: https://
helcom.fi/helcom-at-work/ministerial-meetings/2018-brussels/)

— BSAP: where appropriate, specific BSAP 2021 actions supported
by or linked to the identified science need, are indicated. The
BSAP actions are specified by a letter and a number which are
associated to specific actions in BSAP 2021.

— General longstanding commitments by HELCOM, e.g. develop-
ment of indicators, monitoring, assessments etc.

DAPSIM

Foruse in HELCOM the DPSIR scheme the term “Activities (A)” has
been added and the Response (R) has been modified to Measures
(M) to as these are relevant aspect for purpose of HELCOM work
while underlying “Drivers” are currently an emerging topic in
HELCOMs work. The designations in the tables are linked to the
type of knowledge/research while in a broader sense the knowledge
needs may be linked to additional aspects of the DAPSIM scheme.

0"]&

Drivers
e.g. population
ﬁﬁﬁ changes '.-
Activity Measures
e.g. changes in e.g. response or
agriculture (scale or action taken
practices)
AR
ANAN
Pressures Impact
e.g. inputs e.g. on society or
Wo‘ human welfare
a well-being
State
e.g. concentrations or
biotic components
D — Drivers
A — Activities
P — Pressures
S — State

S/l — Impacts on state components

| — Social impacts (here also including development and imple-
mentation of social and economic analyses to support marine
management)

M — Measure (measures, adaption to changes, here also including
development, implementation and evaluation of management


https://helcom.fi/helcom-at-work/recommendations/
https://helcom.fi/helcom-at-work/recommendations/
https://helcom.fi/helcom-at-work/ministerial-meetings/2018-brussels/
https://helcom.fi/helcom-at-work/ministerial-meetings/2018-brussels/

Objectives UN Decade of Ocean Science
The link to the UN Decade of Ocean Science is made to the level
of “objectives” that have been identified.

— A clean ocean where sources of pollution are identified and
removed

— A healthy and resilient ocean where marine ecosystems are
mapped and protected

— Apredictable ocean where society has the capacity to understand
current and future ocean conditions

— Asafe ocean where people are protected from ocean hazards

— Asustainably harvested ocean ensuring the provision of food
supply

— Atransparent ocean with open access to data, information and
technologies

UN Sustainable Development Goals (UN SDGs)
Targets of the UN SDGs with animmediate link to the Science Agenda
are listed below. The full list of SDGs can be found at https://www.

un.org/sustainabledevelopment/sustainable-development-goals/

— 9.4 By2030, upgrade infrastructure and retrofit industries to
make them sustainable, with increased resource-use efficiency
and greater adoption of clean and environmentally sound
technologies and industrial processes, with all countries taking
action in accordance with their respective capabilities

— 12.4 By 2020, achieve the environmentally sound manage-
ment of chemicals and all wastes throughout their life cycle,
in accordance with agreed international frameworks, and sig-
nificantly reduce their release to air, water and soil in order

to minimize their adverse impacts on human health and the
environment

12.5 By 2030, substantially reduce waste generation through
prevention, reduction, recycling and reuse

13.1 Strengthenresilience and adaptive capacity to climate-re-
lated hazards and natural disasters in all countries

13.2 Integrate climate change measures into national policies,
strategies and planning

14.1 By 2025, prevent and significantly reduce marine pol-
lution of all kinds, in particular from land-based activities,
including marine debris and nutrient pollution

14.2 By 2020, sustainably manage and protect marine and
coastal ecosystems to avoid significant adverse impacts, includ-
ing by strengthening their resilience, and take action for their
restoration in order to achieve healthy and productive oceans
14.3 Minimize and address the impacts of ocean acidification,
including through enhanced scientific cooperation at all levels
14.4 By 2020, effectively regulate harvesting and end overfish-
ing, illegal, unreported and unregulated fishing and destructive
fishing practices and implement science-based management
plans, in order to restore fish stocks in the shortest time feasible,
at least to levels that can produce maximum sustainable yield
as determined by their biological characteristics

14.5 By 2020, conserve at least 10 per cent of coastal and
marine areas, consistent with national and international law
and based on the best available scientific information

14c Enhance the conservation and sustainable use of
oceans and their resources by implementing international law
as reflected in UNCLOS, which provides the legal framework
for the conservation and sustainable use of oceans and their
resources, as recalled in paragraph 158 of The Future We Want


https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/

Annex 2 - Links to HELCOM agreements and UN commitments

1.1 Species

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
I Viable populations of all native species
B Natural distribution and occurrence of plants and animals
Bl Marine life is healthy
Bl No harm to marine life from litter
No or minimal harm to marine life from man-made noise
No or minimal disturbance to biodiversity and the ecosystem
— Management objectives:

Bl Minimize disturbance of species, their habitats and migration routes from human activities
B Human induced mortality, including hunting, fishing, and incidental by-catch, does not threaten the viability of marine life
B Effective and coordinated conservation plans and measures for threatened species, habitats, biotopes, and biotope complexes

Minimize noise to levels that do not adversely affect marine life
Ensure sustainable use of the marine resources

Highlighted knowledge needs

111  Better knowledge of species distribution, population sizes
and ecology and habitat selection to support precise status
assessments and establish how best to direct management
measures.

112  Developmentand optimization of methodology for the
assessment of:

— age and size distribution in coastal fish populations;

— water bird reproductive success, which accounts for
various species groups and provides ecologically relevant
information on status across groups;

— abundance and distribution of harbour porpoises
throughout the full range of the species.

— health aspects that account for spatial and inherent vari-
ation between species for seals and harbour porpoises,
inclusive of the impact of hazardous substances.

1.1.3  Research ontheimpact of impulsive and continuous
underwater noise on marine mammals, fish populations and
benthic communities; in particular, long-term consequences
of masking, disturbance and hearing loss on survival and
reproduction of marine mammals, and population-level
consequences of impact at different life stages in species with
pelagic larvae.

1.14  Research ontheimpact of macrolitter and microplastics on
species and communities.

Type

Distribution, species
attributes

Indicators, status

Impacts, status

Impacts, status

HELCOM commitments

Rec 17/2 (Harbour Porpoise), Rec
27/28-2 (Seals), Rec 34E/1 (Bird Hab-
itats), Rec 37/2 (threatened species),
BSAP B8, BSAP B11, BSAP B12, BSAP
B13, BSAP B22, BSAP B33

Indicator development, assessments,
Rec 17/2 (Harbour Porpoise), Rec
27/28-2 (Seals). BSAP B8, BSAP B15,
BSAP B33 BSAP B35, BSAP S49, BSAP
S52

Indicator development, assessment,
Rec 17/2 (Harbour Porpoise), Rec
27/28-2 (Seals), Regional Action Plan
on Underwater Noise, BSAP B8, BSAP
B15, BSAP B22, BSAP S57, BSAP S58,
BSAP S59, BSAP S62, BSAP S63

Indicator development, assessment.
HELCOM Regional Action Plan on
Marine Litter (RAP ML), BSAP B22,
BSAP HL31

DAPSIM
S

P, S/I

P, S/I

HELCOM Science Agenda

UN Decade of Ocean Science

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A clean ocean where sources of pollution are identified and
reduced or removed.

UN SDG
142,145

14.2,14.5

14.2

14.2



Annex 2 - Links to HELCOM agreements and UN commitments

Evaluation of population level impacts of bycatch of all
relevant species.

Better knowledge for the development of effective species
conservation plans, in particular for marine mammal, bird
and fish populations.

Development of approaches to quantifying the effectiveness
of specific conservation measures for species.

Research to define precautionary approach levels for seals in
their management units.

Impacts, status

Measures, develop-
ment

Measures, evaluation

Conservation,
threshold value

Indicator development, assessment, P,S/I
Rec 17/2 (Harbour Porpoise), Rec

27/28-2 (Seals), Rec 37/2 (Threatened
species), BSAP B8, BSAP B14, BSAP

B21, BSAP $43, BSAP S44, BSAP S45,

BSAP S46, BSAP S48, BSAP S49

Rec 17/2 (Harbour Porpoise), Rec M
27/28-2 (Seals), Rec 34E/1 (Bird Hab-

itats), Rec 37/2 (Threatened species),

MD 2018: para 44, BSAP B8, BSAP B11,
BSAP B9, BSAP B14, BSAP B15, BSAP

B16, BSAP B19, BSAP B20, BSAP B21,

BSAP B22,

Rec 17/2 (Harbour Porpoise), Rec M
27/28-2 (Seals), Rec 34E/1 (Bird Hab-

itats), Rec 37/2 (threatened species),

MD 2018: para 44, BSAP B8, BSAP B11,
BSAP B9, BSAP B14, BSAP B15, BSAP

B16, BSAP B17, BSAP B18, BSAP B19,

BSAP B20, BSAP B21, BSAP B22,

Rec 27/28-2 (Seals) S,M
BSAP B19, BSAP B20

HELCOM Science Agenda

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

14.2

14.2

14.2

14.2
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1.2 Habitats

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
B Natural distribution, occurrence and quality of habitats and associated communities

— Management objectives:
B Minimize disturbance of species, their habitats and migration routes from human activities
B Effective and coordinated conservation plans and measures for threatened species, habitats, biotopes, and biotope complexes

Minimize loss and disturbance to seabed habitats

Highlighted knowledge needs

121

122

123

124

125

1.2.6

1.2.7

Development and testing of criteria for regionally coordinat-
ed mapping of habitats/biotopes, taking into consideration
the relevant assessment needs, to facilitate data exchange
and support national and regional assessments and report-
ing as well as Maritime Spatial Planning (MSP).

Development of widely applicable methods and tools to
decrease the resource requirement and increase efficiency of
habitat mapping.

Investigations on pressure-response relationships in benthic
ecology, such as recovery time of benthic habitats after
disturbance, to understand adverse effects of pressures on
benthic habitats and to support the definition of threshold
values and conservation measures.

Analysis of historical age and/or size distribution of long-lived
species to establish an ecologically relevant baseline to sup-
port the setting of appropriate threshold values to indicate
where pressures adversely affect benthic communities.

Research on links between pelagic and benthic habitats/bio-
topes and ecosystem functions to better understand the role
of benthic and pelagic components in ecosystem functioning,
with a view to strengthening the ecological relevance of both
assessments and management measures.

Development of criteria for estimating the contribution of pe-
lagic and benthic habitats to ecosystem services to evaluate
the benefit of healthy habitats to human wellbeing.

Analyses of the role of traits for the functioning of pelagic
and benthic habitats/biotopes, including the link to food
webs, with special focus on a changing climate and oxygen
depletion, with a view to improving the holistic aspect of
assessments and the causal link between pressures, impact
and state.

Type

Mapping, methods

Mapping, methods

Impacts, status

Impacts, status
Species attributes

Ecosystem interac-
tions

Ecosystem services

Impacts, status
Functional traits,

Activities affecting seabed habitats do not threaten the viability of species’ populations and communities

HELCOM commitments

Rec 40/1 (Threatened habitats), as-
sessment, BSAP B32, BSAP HT9, BSAP
HT10, BSAP HT11,

Rec 40/1 (Threatened habitats), as-
sessment, BSAP B25, BSAP HT9, BSAP
HT10,BSAP HT11

Rec 40/1 (Threatened habitats),
indicator development, contribution
to ESA developments, BSAP B26,BSAP
B29, BSAP B33, BSAP S65, BSAP S67,
BSAP S68

Indicator development, BSAP B10,
BSAP B33, BSAP S65, BSAP S67, BSAP
S68

Rec 40/1 (Threatened habitats),
assessment, contribution to ESA
developments, BSAP B25

Contribution to ESA developments,
BSAP B25

Indicator development, assessment,
BSAP B10,

DAPSIM
S

P, S/I

P, S/I,S

(0

P, S/I,S

HELCOM Science Agenda

UN Decade of Ocean Science

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UNSDG
14.2

14.2

14.2

14.2

14.2

14.2

14.2
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1.2.8 Identification of areas, as well as development and improve- ~ Measures, develop- Rec 40/1 (Threatened habitats), M A healthy and resilient ocean where marine ecosystems are 14.2
ment of methods, for the restoration of benthic habitats/ ment contribution to ESA developments, understood, protected, restored and managed.
biotopes, e.g. habitat-forming species such as seagrass beds, BSAP B27

macrophyte stands and reefs, along with improving the
understanding of the wider synergistic effects of habitat res-
toration efforts, to support the effectiveness of measures to
improve biodiversity and nature based-solutions for tackling
climate change and its impacts.

*The knowledge need is not linked to social impacts per se but can contribute to the development of social economic impact analyses.
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1.3 Food webs

The knowledge will contribute to achieving BSAP:

— Ecological objectives:

B Functional, healthy and resilient food webs
— Management objectives:

Bl Reduce or prevent human pressures that lead to imbalance in the food web

Highlighted knowledge needs

131

13.2

133

134

Improved understanding of key food web states and process-

es which underlie critical and complex ecosystem dynamics
to support assessment of the status of food webs.

Improved understanding of changes in trophic relationships,
age categories and species composition of fish caused by
fishery activities.

Better knowledge on benthic-pelagic coupling and associat-

ed food web implications from changes in benthic conditions

caused by e.g. climate change.

Development of dynamic food web models, including all
relevant food web components (e.g. fish, mammals and
birds), for detection of horizontal (plankton-benthos) and
vertical (lower levels- upper levels) interactions, to guide the
development of conservation and management measures.

Type

Indicators, status

Impacts, fisheries

Impacts, interactions

Models

HELCOM commitment

Indicator development, assessment,
BSAP B33, BSAP B34

Indicator development, assessment,
BSAP B33, BSAP B34

Indicator development, assessment,
BSAP B33, BSAP B34

Indicator development, assessment,
BSAP B33, BSAP B34

DAPSIM

S

RS, S/l

PS5/l

S,M

HELCOM Science Agenda

UN Decade of Ocean Science

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A productive ocean supporting sustainable food supply and a

sustainable ocean economy.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A predicted ocean where society understands and can
respond to changing ocean conditions.

UN SDG

14.2

142,144,

14.2

14.2
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1.4 Marine protected areas

The knowledge will contribute to achieving BSAP:

— Management objectives:
B Effectively managed and ecologically coherent network of marine protected areas
Bl Minimize disturbance of species, their habitats and migration routes from human activities

Highlighted knowledge needs

141

14.2

143

144

145

14.6

147

Development of scientific criteria to be used to identify
potential no-take zones, with the aim of limiting the pressure
stemming from fishing efforts and improving the state of
biodiversity.

Quantifying the effectiveness of spatial conservation mea-
sures, especially the link between measures and change in
state, to help guide conservation efforts.

Development of suitable scientific tools for a regular assess-
ment of the effectiveness of spatial protection measures, i.e.
how effective an area or network of areas is, e.g. through its
location and extent, proximity to other areas, the species/
diversity it hosts, its contribution to ecosystem services etc.

Establishment of criteria to assess management effective-
ness, both for individual MPAs and the network as a whole,
respectively, with the aim of identifying gaps in existing
management efforts and improving management both in
individual MPAs and across the network.

Establishment of science-based criteria and targets to be
used for the HELCOM coherence assessment methodology.

Identifying parameters which justify the designation of

new or expansion of existing MPAs in order to achieve and
maintain coherence of the MPA network in relation to climate
change.

Investigating the impact of climate change on protected
areas, including modelling benthic habitats/biotopes and
species distribution maps for the entire Baltic Sea region
under different climate change scenarios, to use as one basis
for planning and optimizing the MPA network and ensure
coherence in the long term.

Type

Method development,
measures

Method development,
measures

Method development,
evaluation of measures

Method development,
evaluation of measures

Method development,
assessment

Measures, development

Impacts, climate change

HELCOM commitment
Rec 35/1 (MPAs), BSAP B1

Rec 35/1 (MPAs), BSAP B1, BSAP B2,
BSAP B3

Rec 35/1 (MPAs), BSAP B1, BSAP B2,
BSAP B3

Rec 35/1 (MPAs), BSAP B3

Rec 35/1 (MPAs), BSAP B1, BSAP B2,
BSAP B6

Rec 35/1 (MPAs), BSAP B6, BSAP B7,
BSAP HT1

Rec 35/1 (MPAs),
BSAP B1, BSAP B6, BSAP HT1

DAPSIM
M

P, S/I,M

HELCOM Science Agenda

UN Decade of Ocean Science

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UN SDG
142,145

14.2,14.5

142,145

142,145

142,145

142,145

14.2,14.5
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2.1 Climate change

The knowledge will contribute to achieving BSAP:
— Horizontal actions

Highlighted knowledge needs

211

Further development of regionalized scenarios of climate
change effects on the marine physical environment (hy-
drography and circulation, sea level, sea ice, morphology)

of the Baltic Sea as a basis for a wide range of scientific and
managerial assessments, for example investigations of
climate change impacts on the ecosystem and development
of coastal adaptation strategies.

Further development of scenarios that illustrate the impact
of multiple global and regional drivers (both socioeconomic
development and climate change) on activities and resulting
pressures in the Baltic Sea. One example would be to
investigate how changing global food demand together with
changed climate influence agriculture in the catchment and
the subsequent leakage of nutrients to the Sea.

Development of ways to incorporate climate change aspects
in the HELCOM Nutrient Reduction Scheme to ensure that
BSAP eutrophication objectives can be reached also under
conditions of climate change.

Research on the expected response of biota, biodiversity and
ecosystem functioning to climate-induced changes of the
physical and chemical environment, including responses to
water temperature increase and changes to other relevant
parameters, for example, salinity, oxygen, sea level and pH.

Type

Scenario development,
climate change

Scenario development,
cumulative pressures

Adaptation of policy

Response, ecosystem

HELCOM Commitment
BSAP HT1, BSAP HT2, BSAP HT5

BSAP HT1, BSAP HT2, BSAP HT4

BSAP HT2

BSAP HT1, HT2, BSAP HT5

DAPSIM
PM

D,A,R,S, |

P,M

P, S/I

HELCOM Science Agenda

UN Decade of Ocean Science

A predicted ocean where society understands and can
respond to changing ocean conditions.

A safe ocean where life and livelihoods are protected from
ocean-related hazards.

A predicted ocean where society understands and can
respond to changing ocean conditions.

A predicted ocean where society understands and can
respond to changing ocean conditions.

A predicted ocean where society understands and can
respond to changing ocean conditions.

UNSDG

13.2,13.2,
143

13,2,143

132,143

14.3
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2.2 Eutrophication

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
B Concentrations of nutrients close to natural levels
Bl Clear waters
B Natural level of algal blooms
B Natural distribution and occurrence of plants and animals
B Natural oxygen levels
— Management objectives:
B Minimize input of nutrients from human activities

Highlighted knowledge needs

221

222

223

224

225

Improved and harmonized catchment modelling to
determine the sources of nutrient inputs. The selection of
appropriate measures to reduce the total nutrient inputs to
the Baltic Sea basins can then be supported by quantifica-
tion of the various anthropogenic sources versus the natural
background.

Improved understanding and quantification of nutrient
sources that lead to inputs to the sea and quantification of ef-
ficiency of measures that can curb these sources. This should
result in estimations of reduction potential from different
areas and sectors of the countries situated in the catchment
area of the Baltic Sea.

Development of novel, efficient and environmentally sustain-
able techniques and practices to improve nutrient recycling
and to minimize nutrient loads from diffuse sources.

Investigating the obstacles preventing the decrease of nutri-
ent concentrations and contraction of hypoxic/anoxic areas
in the sea. This encompasses improving the understanding
of how the complex nutrient dynamics, including feedbacks
with oxygen conditions, control the legacy of nutrients and
whether there is potential in sea-based measures to acceler-
ate recovery.

Improved understanding of the relationships between
coastal and offshore eutrophication problems ensuring a
solid scientific basis for optimal joint management of coastal
and offshore eutrophication. This includes quantification of
coastal retention/filter, and understanding and modelling of
interactions between the coast and the open Baltic Sea.

Type
Models, input of
nutrients

Activity-pressure links

Measures, development

Models, ecosystem
response

Models, ecosystem
interactions

HELCOM commitment

HELCOM Nutrient reduction scheme,
BSAP E1, BSAP E2, BSAP E3, BSAP E4

HELCOM Nutrient reduction scheme

HELCOM Nutrient reduction scheme
HELCOM Nutrient recycling strategy,,
Rec 23/5-Rev.1 (Reduction of storm-
water discharges), BSAP E7, BSAPES,
BSAP E16,BSAP E19

HELCOM Nutrient reduction scheme
MD 2018: para 25, 26

HELCOM Nutrient reduction scheme

DAPSIM
)

AP

RS/l

S/l

HELCOM Science Agenda

UN Decade of Ocean Science

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A predicted ocean where society understands and can
respond to changing ocean conditions.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

UN SDG
141

14.1

14.1

14.1

14.1



Annex 2 - Links to HELCOM agreements and UN commitments

2.3 Hazardous substances

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
Bl Concentrations of hazardous substances close to natural levels
Ml All seafood safe to eat
Bl Healthy marine life

B Viable populations of all native species

B Functional, healthy and resilient food webs
— Management objectives:

Bl Minimize input and impact of hazardous substances from human activities

B Reduce or prevent human pressures that lead to imbalance in the food web

Highlighted knowledge needs

231

232

233

234

235

236

Improved knowledge on the use patterns and emissions of hazardous
substances from various sources, both land-and sea-based, and model-
ling of the relative importance of different transport routes to support the
development of efficient measures targeting chemical contamination of
the Baltic Sea in general, such as advanced wastewater- and storm water
treatment, and identification of specific substance groups of concern.

Retrospective temporal trend analysis of emissions and environmental
concentrations, e.g. through historic deposition in sediments or sam-
ples in biota banks, to assess the efficiency of implemented measures
and interactions with multiple pressures and stressors - both legacy
contaminants and contaminants of emerging concern.

Improved knowledge on submerged munition and historically dumped
waste and its integrity (e.g. status of corrosion, leakage of the hazardous
substances) per location including development of a risk assessment
approach for marine environment (e.g. in biota, if applicable in sedi-
ment and water).

Development and harmonization of monitoring methods based on
biological effects, including bioassays for different endpoints at various
levels and species targeting specific modes of action, that capture the
impact of the total chemical mixture in the marine environment.

Development of methods that can link observed effects with causing
agents (i.e. substances/mixtures) and/or trace to human activities
causing release of contaminants associated with the effects observed in
the environment.

Research on fate and transport of chemical contaminants in the marine
environment under impact by multiple stressors, including eutrophi-
cation and climate change, and the effect that chemical contaminants
(individual or mixtures) exert on key biological functions such as
biogeochemical processes governing carbon and nutrient cycling.

Type

Models, sources of
pressure

Level of pressure
Effectiveness of measures

Mapping, risk assessment

Impact on biota, method
development

Impact on biota, method
development, assessment

Impact on biogeochem-
ical processes. multiple
stressors,

HELCOM commitment

MD 2018: para 36
BSAP S31, BSAP S38, BSAP
HL3, BSAP HL6, BSAP HL9

MD 2018: para 35, BSAP
HL22

MD 2018: para 36
BSAP S34, BSAP S35

BSAP HL13, BSAP HL24,
BSAP HL28

BSAP HL10, BSP HL13,
BSAP HL22

BSAP HL13

DAPSIM
P,M

S/l

P, S/I

P, S/

HELCOM Science Agenda

UN Decade of Ocean Science

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A predicted ocean where society understands and can
respond to changing ocean conditions.

A clean ocean where sources of pollution are identified and
reduced or removed.

A predicted ocean where society understands and can
respond to changing ocean conditions.

UNSDG
124

124

124

124

124

124



Annex 2 - Links to HELCOM agreements and UN commitments

2.4 Marine litter

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
B No harm to marine life from litter

— Management objectives:
Bl Prevent generation of waste and its input to the sea, including microplastics
Bl Significantly reduce amounts of litter on shorelines and in the sea

Highlighted knowledge needs Type

241  Development of harmonized cost-efficient methodologies for  Method develop-
monitoring microplastics in different matrices, including field ~ ment, status
sampling, sample pre-treatment and plastics identification in
laboratory, to support the establishment of a regional moni-
toring programme.

242  Development of a monitoring system for microplastics in Method develop-
biological organisms: identification of microplastics in the ment, status
Baltic Sea food chain - from zooplankton to marine mammals
and birds and humans.

243  Furtheridentification and quantification of land- and sea- Input of pressure,
based sources and pathways of macro- and mesolitter and sources
microplastics.

244  Better understanding of the degradation and fragmentation Input of pressure,
processes of macro- to meso- and microplastics to under- sources
stand the importance of the formation of secondary micro-
plastics and potentially nanoplastics and related releases of
additives into the marine environment and biota.

245  Researchon theinteractions of environmental conditions Input of pressure,
and natural factors like currents, winds, bottom topography,  distribution
transfer in biota, river runoff, etc. and their influence on
marine litter distribution.

246  Quantification of socioeconomic effects including human Impacts, socio-eco-
health implications from marine litter. nomic

247  Evaluation of effectiveness and adaptation to regional needs ~ Measures
of management actions, e.g. bans of plastics, improved
wastewater treatment to remove microplastics, improved
coastal waste management, application of Extended Produc-
er Responsibility schemes, social awareness programmes
and education, etc.

HELCOM commitment

Regional Action Plan on Marine Litter,
BSAP HL32

Regional Action Plan on Marine Litter,
BSAP HL32

Regional Action Plan on Marine Litter,
BSAP HL32

Regional Action Plan on Marine Litter,
BSAP HL31

Regional Action Plan on Marine Litter,
BSAP HL31

Regional Action Plan on Marine Litter,
BSAP HL31

Regional Action Plan on Marine Litter,
MD 2018: para 33, 34, Rec 23/5-Rev.1
(Reduction of stormwater discharges),
BSAP HL31

DAPSIM
S

HELCOM Science Agenda

UN Decade of Ocean Science

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A predicted ocean where society understands and can
respond to changing ocean conditions.

UN SDG
12.5,

125

12.4,12.5,
14.1

12.4,12.5.
14.1

12.4,12.5,
14.1

12.4,12.5,
14.1

12.4,12.5,
14.1



Annex 2 - Links to HELCOM agreements and UN commitments

2.5 Underwater noise

The knowledge will contribute to achieving BSAP:

— Ecological objectives:

No harm to marine life from manmade noise

— Management objectives:

Minimize noise to levels that do not adversely affect marine life

B Minimize disturbance of species, their habitats and migration routes from human activities

Highlighted knowledge needs

251

252

253

254

255

256

2.5.7

258

259

Improved knowledge of pressures from sources currently
not monitored, such as recreational activities/vessels,
echosounders, sonars and sub-bottom profilers, to support
assessment of impact both on small scale (EIAs on specific
projects) and large scale (sub-basin scale).

Development and refinement of methods to quantify im-
pact from impulsive noise sources on animal populations,
moving away from interim risk-based indicators to true
impact indicators.

Improvement of methods for long-term acoustic monitoring,
including modelling in shallow waters, taking into consider-
ation work done in relevant fora.

Development or adaptation of methods to include contribu-
tions from smaller, recreational vessels and static sources in
modelling.

Expansion of knowledge of metabolic and physiological
consequences of disturbances caused by vessel noise.

Development and refinement of methods to quantify impact
from continuous noise sources on animal populations, mov-
ing away from interim risk-based indicators to true impact
indicators.

Encourage studies on the impact of climate change on the
underwater soundscapes (direct and indirect effects of
changes in sea level, hydrography and ice conditions) in order
to improve the precision of forecasted scenarios involving
underwater noise sources.

Development or adaptation of effective noise abatement
methods applicable to underwater explosions and/or alter-
natives to detonation.

Development and testing of technical and operational mea-
sures to reduce impact from other impulsive sources.

Type

Input of pressure,
sources

Impacts, status

Methods, monitoring

Modelling, sources

Impacts, status

Impacts, status

Impacts, climate
change

Measures,
development

Measures,
development

HELCOM commitments

Regional Action Plan on underwater
noise

Indicator development
MD 2018: para 38
BSAP S62

Regional Action Plan on underwater
noise, BSAP S57, BSAP S63

Regional Action Plan on underwater
noise, BSAP S63

Regional Action Plan on underwater
noise, BSAP S57

Regional Action Plan on underwater
noise, BSAP S58, BSAP S62

Regional Action Plan on underwater
noise

Regional Action Plan on underwater
noise, BSAP S59,BSAP S60, BSAP S61

Regional Action Plan on underwater
noise, BSAP S59, BSAP S60, BSAP S61

DAPSIM
P,S,S/1

RS, S/l

RS, S/1

RS, S/1

P,S,S/1

HELCOM Science Agenda

UN Decade of Ocean Science

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

UN SDG
14.2

14.2

14.2

14.2

14.2

14.2

14.2

14.2

14.2



Annex 2 - Links to HELCOM agreements and UN commitments

2.6 Non-indigenous species

The knowledge will contribute to achieving BSAP:

— Management objectives:

No introductions of non-indigenous species

Highlighted knowledge needs

26.1

26.2

26.3

26.4

265

Development of reliable species identification methods, in-
cluding molecular methods such as eDNA and development
of DNA barcodes for Baltic Sea NIS, which would improve
monitoring efforts.

Comprehensive understanding of the dynamics of spread
for NIS in the Baltic Sea, to support the assessment of abun-
dance, spatial distribution, and establishment, and, where
necessary, the implementation of preventative measures.

Better understanding of the effects of small NIS taxa such as
protozoa, bacteria, and viruses. They remain unrecognized,
undetected and are not prioritized in surveying of NIS, and
knowledge on theirimpact is thus limited.

Development of methodologies to quantify the impact of NIS
on ecosystem functioning, including for communities, biolog-
ical processes and habitats, and on the ecosystem’s carrying
capacity and resilience. Improved knowledge would support
the development of an indicator on adverse effects by NIS.

Research on the impacts of NIS on ecosystem services, health
and other socio-economic aspects.

Type

Method devel-
opment Level of
pressure

Distribution, pres-
sure

Impacts, on eco-
system

Impacts, on eco-
system

Impacts, socio-eco-
nomic

HELCOM commitments
MM 2018, BSAP S7,BSAP S11

Indicator

Proposed HELCOM Biofouling road-
map, MM 2018, BSAP S7, BSAP S8,
BSAP S11, BSAP S12

BSAP S11, BSAP S12

BSAP S10

BSAP S10,

DAPSIM
P,S

RS/l

P, S/I

HELCOM Science Agenda

UN Decade of Ocean Science

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UN SDG
14.2

14.2

14.2

14.2

14.2



Annex 2 - Links to HELCOM agreements and UN commitments

2.7 Shipping

The knowledge will contribute to achieving BSAP:

— Ecological objectives:

No or minimal disturbance to biodiversity and ecosystem

Activities affecting seabed habitats do not threaten the viability of species’ populations and communities

No harm to marine life from manmade noise

— Management objectives:

Minimize loss and disturbance to seabed habitats

Minimize noise to levels that do not adversely affect marine life

No introductions of non-indigenous species

Minimize the input of nutrients, hazardous substances and litter from sea-based activities

Enforce international regulations - no illegal discharges
Safe maritime traffic without accidental pollution
Effective emergency and response capabilities
Minimize harmful air emissions

Zero discharges from offshore platforms

Highlighted knowledge needs

271

272

2713

274

215

276

2717

278

279

Quantification of hazardous substances like PAHs and heavy
metals from discharge water from Exhaust Gas Cleaning Sys-
tems (EGCS) to assess the need for more stringent regulation.

Development of tools for real-time information and smart
monitoring of underwater noise emission.

Quantification of the amount of oil released into the Baltic
Sea from small but continuous emissions of mineral oils and
assessment of the environmental effects to assess the need
for more stringent regulation.

Evaluation of effects and consequences of sewage discharges
from cargo vessels.

Evaluation and estimation of volumes of discharges of harm-
ful cargo residues into the Baltic Sea.

Research on the impact and management of food waste from
ships in the Baltic Sea.

Evaluation of effects on the marine environment of discharge
water from Exhaust Gas Cleaning Systems (EGCS).

Development of technical- and management options and
evaluation of impacts of grey water discharges from vessels,
in particular from passenger and cruise ships.

Identification and feasibility assessment of Best Available
Techniques (BAT) and Best Environmental Practice (BEP) for
underwater noise reduction.

Type

Level of pressure

Level of pressure

Level of pressure

Impacts

Level of pressure

Impacts

Impacts

Impacts, Measures

Measures

HELCOM commitment
BSAP S22

BSAP S57, BSAP S58, BSAP S62,
BSAP 63

MM 2018: para 36

BSAP S14

BSAP S16

BSAP S18

BSAP S22

BSAP S15

BSAP S55, BSAP S57

DAPSIM
P

P, S/I

P, S/I

P, S/I

S/LR

HELCOM Science Agenda

UN Decade of Ocean Science

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and

reduced or removed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UN SDG
124

14.2

12.4,14.1

12.4,14.1

12.4,14.1

14.2
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2.7.10

2711

2712

2713

2.7.14

2.7.15

Research and development activities in the context of the
IMO “sinitial strategy to reduce greenhouse gas emissions.

Development of risk assessment and standards with respect
to in-water cleaning (IWC) of commercial ships and leisure
boats.

Research on indicative sampling of ballast water for BWMC
D-2 compliance monitoring in the context of the IMO BWM
Experience Building Phase.

Mapping of future needs of oil combatting capacity with a
view to ensuring operational functionality of oil combatting
operations regardless of season.

Better understanding and consideration of the human factor
in the maritime traffic risk forecasting system to make it more
reliable.

Research on the importance of electronic failures, hu-
man-machine interaction, and the autonomous ship concept.

Pressure

Risk assessment, IWC

Methods development,

pressure

Measures

Assessment

BSAP S25

BSAP S8, BSAP S9, BSAP S10,

BSAP S12

BSAP S12

BSAP S31, BSAP S32, BSAP S38

BSAP S5, BSAP S6

BSAP S6, BSAP S24, BSAP S26,
BSAP S29

HELCOM Science Agenda

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A safe ocean where life and livelihoods are protected from
ocean-related hazards.

A safe ocean where life and livelihoods are protected from
ocean-related hazards.

9.4,12.4,14.1

14.2,14c

14.2,14c
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2.8 Fisheries

The knowledge will contribute to achieving BSAP:

— Ecological objectives:
I Viable populations of all native species

No or minimal disturbance to biodiversity and ecosystem
Activities affecting seabed habitats do not threaten the viability of species’ populations and communities

— Management objectives:

Minimize loss and disturbance to seabed habitats
Ensure sustainable use of the marine resources

B Human induced mortality, including: hunting, fishing, and incidental bycatch, does not threaten the viability of marine life
B Effective and coordinated conservation plans and measures for threatened species, habitats, biotopes, and biotope complexes

Highlighted knowledge needs

281

282

283

284

285

2.86

287

Intensified research on bycaught species of all métiers to
assess bycatch rates of seabirds, marine mammals and
protected fish species.

Applied research on alternative methods for assessing and
managing commercial fish stocks for their sustainable use.

Research on monitoring methods and management of
coastal fisheries and fish species with little or no economic
value, including freshwater populations, to preserve local fish
stocks.

Analysis of non-fisheries related pressures affecting fish
stocks in order to identify complementary measures.

Intensified research on bycaught species of all métiers in
order to advance bycatch mitigation measures.

Development of new technical measures, alternative gear
and modifications to existing gear to decrease bycatch of
seabirds, marine mammals and protected fish species.

Analysis and determination of the recovery process of ben-
thic habitats and species in areas closed for fishing to assess
management effectiveness.

Type

Mapping and colla-
tion of information
on activity

Level of pressure

Management, meth-
ods development

Monitoring/Man-
agement, methods
development

Mapping
Measures,
evaluation

Measures

Measures, develop-
ment

Measures, evaluation

HELCOM commitments

HELCOM Roadmap on fisheries data,
BSAP S43, BSAP S44, BSAP S45, BSAP
S46, BSAP S48, BSAP S49

BSAP S40, BSAP S51,

BSAP S39, BSAP S40, BSAP S53

Roadmap on fisheries data, BSAP S43,
BSAP S44, BSAP S45, BSAP S46, BSAP
S48, BSAP S49

Rec 17/2 (Harbour Porpoise), Rec
27/28-2 (Seals), Rec 37/2 (Threatened
species), BSAP B8, BSAP B14, BSAP
B21, BSAP $43, BSAP S44, BSAP S45,
BSAP S46, BSAP S48, BSAP S49

Rec 17/2 (Harbour Porpoise), Rec
27/28-2 (Seals), Rec 37/2 (Threatened
species), BSAP S43, BSAP S44, BSAP
S46, BSAP S47

HELCOM Rec 35/1 (MPAs), BSAP S42,
BSAP S53

DAPSIM

AP

P, S/I,M

S/IL,M

P,M

PM

M

M

HELCOM Science Agenda

UN Decade of Ocean Science

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UNSDG

14.2

144,142

14.2

14.4,14.2

144,142

144,142

14.2,14.4
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288

289

Calculation/modelling of socio-economic aspects of fisheries
affecting benthic habitats and fisheries management options
throughout different métiers, performance of cost-benefit
analyses.

Evaluation of management measures (e.g. spatial-tempo-
ral closures of fisheries, No-take areas) to avoid or reduce
bycatch of threatened and declining species.

Socio-economic
impacts

Measures, evaluation

BSAP S43, BSAP S52, BSAP S53

HELCOM Rec 35/1 (MPAs), BSAP S41,
BSAP S43, BSAP S45, BSAP S46, BSAP
S47,BSAP S53,

M

HELCOM Science Agenda

A productive ocean supporting sustainable food supplyanda  14.2,14.4
sustainable ocean economy.

A healthy and resilient ocean where marine ecosystems are 14.2
understood, protected, restored and managed.
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3.1 Ecosystem approach

The knowledge will contribute to achieving BSAP:

— Ecological objectives: all
— Management objectives: all
— Horizontal actions

Highlighted knowledge needs

3.11

Evaluation of in what way and how far the EA, i.e. the man-
agement of human activities in the Baltic Sea Region, has
been implemented.

Establishing rules of procedure and approaches for imple-
mentation of the precautionary principle in the EA, ensuring
that such procedures and approaches are compatible with
those used under other assessments.

Investigating how the provisions of the Paris Agreement,
adopted under the United Nations Framework Convention
on Climate as a response to the threat of climate change, can
be incorporated into the EA concept for the Baltic Sea.

Evaluation of approaches, measures and instruments to im-
prove the state of the Baltic Sea towards good environmental
status through application of the EA.

Development and improvement of Decision Support Tools
that can perform qualitative and quantitative analysis to
support implementation of the EA to management of human
activities.

Type

Management, evaluation

Management, implemen-
tation

Management, implemen-
tation

Management tools,
evaluation

Management tools,
evaluations

HELCOM commitments
BSAP

BSAP

BSAP

BSAP

BSAP

DAPSIM
M

HELCOM Science Agenda

UN Decade of Ocean Science

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UNSDG
14.2

14.2

14.2

14.2
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3.2 Maritime spatial planning

The knowledge will contribute to achieving BSAP:
— Horizontal actions

Highlighted knowledge needs

321

322

323

3.24

325

Identifying an appropriate collection of transparent spatial
planning tools for a comprehensive consideration of ecosys-
tem components.

Investigating how maritime spatial planning (MSP), applying
the guiding principles of the EA, can incorporate independent
sectoral plans into a regional and holistic plan that is fully
aligned with conservation and good status objectives in the
Baltic Sea region.

Establishment of processes with the ultimate goal of compre-
hensive marine, ecosystem-oriented planning for the Baltic
Sea area.

Identify how MSP can support conservation and sustainable
use in an equitable way reflecting marine protected areas
(MPAs) and possible Other Effective Area-based Conservation
Measures (OECMs) or other areas of high natural values in
maritime spatial plans in order to steer harmful activites
away from such areas.

Identify possibilities for MSP to support the BSAP targets
related to protected areas as well as national and regional
strategies.

Type
Management tool

Management tools

Management, process

Management guidance
Protection of biotopes

Management tool Iden-
tification of high natural
values

HELCOM commitments

Regional MSP Baltic Roadmap
2021-2030

MSP roadmap, BSAP HT12

MSP roadmap, BSAP HT12

MSP roadmap, BSAP HT14

MSP roadmap

DAPSIM
M

HELCOM Science Agenda

UN Decade of Ocean Science

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

UNSDG
14.2

14.2

14.2

14.2

14.2
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3.3 Spatial pressure and impacts assessment

The knowledge will contribute to achieving BSAP:
— Ecological objectives: all
— Management objectives: all

Highlighted knowledge needs

331

332

333

334

Improved spatial modelling of activities, pressures and
ecosystem components underlying the impact assessment
to enable improved resolution of the pressure and impact
maps, thus increasing their usability for management.

Development of a reliable method for the validation of the
results of a pressure or impact assessment to improve the
confidence of the assessments and by extension their appli-
cability in management.

Improved understanding of the sensitivity of ecosystem
components to various pressures, thus strengthening the link
between pressure and change in state, with a view to sup-
porting assessment, management actions and the setting of
realistic conservation targets.

Improved understanding of the accumulation and synergistic
or antagonistic effects of several pressures overlapping in
space and time, to better guide management measures and
provide context to results of other assessments.

Type

Modelling, pressures and
impacts

Pressure and impacts
assessment, validation

Impacts, sensitivity of
ecosystem components

Cumulative impacts

HELCOM commitments

Assessment, BSAP B31

Assessment, BSAP B31

Assessment, BSAP B31

Assessment, BSAP B31

DAPSIM

P, S/I

P, S/I

P,S/I,S

RS/l

HELCOM Science Agenda

UN Decade of Ocean Science UN SDG

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.

A clean ocean where sources of pollution are identified and
reduced or removed.
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3.4 Economic and social analyses

The knowledge will contribute to achieving BSAP:
— Horizontal actions

Highlighted knowledge needs

34.1

34.2

343

344

345

346

347

Gaining a better understanding of how the status of the ma-
rine environment is related to changes in economic activities
and how these are distributed spatially to support ecosys-
tem-based management of human activities and maritime
spatial planning.

Evaluation of the costs, effects and benefits of measures
and policies to support the development of effective new
measures and policies, e.g. the BSAP.

Research on the linkage of marine state components to
ecosystem services, related values and benefits to provide in-
formation on the welfare impacts of ecosystem changes and
support the development of effective policies, e.g. the BSAP.

Development of approaches for the integrated assessment of
ecosystem services to provide more information on the links
between the ecosystem and the social-economic system to
support the implementation of the EA and marine policies.

Development and application of quantitative criteria to
describe ecosystem services to improve knowledge on the ex-
tent of ecosystem services in the Baltic Sea and their changes.

Development and testing of approaches and tools for marine
ecosystem accounting to provide additional information on
the linkages between the ecosystem and economic system
and improve the consideration of ecosystem values in deci-
sion-making, to support more effective policies.

Research on obstacles for the implementation of HELCOM
agreements, including aspects related to governance, actors,
sector activities and factors that influence the behaviour of
private citizens, reflecting the diversity in geographic and
socioeconomic characteristics across the region, with the aim
to generate tools to support transformative change.

Type
Link status-activity

Measures, evaluation

Link status-ecosystem
services

Methods development,
ecosystem services

Methods development,
ecosystem services

Methods development,
ecosystem accounting

Measures, implemen-
tation

HELCOM commitments

ESA Roadmap
MD 2018: para 50

ESA Roadmap, BSAP
MD 2018: para 51

ESA Roadmap
MD 2018: para 50

ESA Roadmap
MD 2018: para 50

ESA Roadmap
MD 2018: para 50

ESA Roadmap, BSAP
MD 2018: para 50

BSAP

*) The knowledge need is not linked to social impacts per se but can contribute to the development of social economic analyses.
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Ahealthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.
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A productive ocean supporting sustainable food supply and a
sustainable ocean economy.

A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A predicted ocean where society understands and can
respond to changing ocean conditions.
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A healthy and resilient ocean where marine ecosystems are
understood, protected, restored and managed.

A predicted ocean where society understands and can
respond to changing ocean conditions.
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