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Abstract

Background: The Baltic Sea ecosystems supply many benefits to society, termed ecosystem services. These depend
upon a healthy marine environment requiring marine and relevant land-based policies integrated with public health
policies. Until recently marine environment protection policies have largely focussed on human impacts on the
environment and have not taken into account impacts of ecosystems on human health beyond the direct impacts
of hazardous substances, such as those present in seafood. Whilst endeavours have been made to integrate human
health and well-being into marine policies, interviews with key stakeholders through a participatory process revealed
that the linkages were not sufficiently strong to inform policymaking. The existing evidence base urgently needs to
be identified and synthesised to support relevant policy updates of the Marine Strategy Framework Directive (MSFD)
2008/56/EC and the Baltic Sea Action Plan (BSAP) (2007) as well as to help direct future research priorities.

Method: The protocol is based on the primary question, “What linkages have been researched between Baltic Sea eco-
systems and the positive and negative impacts to human health and well-being?" Using systematic mapping, this study
will identify and map the state and the geographical distribution of the existing research evidence linking human
health and well-being with the Baltic Sea ecosystems. The types of ecosystem services supplied by the Baltic Sea and
the associated health and well-being impacts will be categorised and presented in a graphical matrix, illustrating eco-
system service type and the types of health and well-being outcomes. The systematic mapping procedure will result
in a narrative report published with a searchable database, which will contain a descriptive summary of the informa-
tion from all of the eligible studies. The systematic map and database will be displayed on the website of the Finnish
Environment Institute (SYKE).

Keywords: Evidence synthesis, Participatory approach, Systematic map, Policy relevance, HELCOM region, Ecosystem
services, Marine and coastal

Background

Recently there has been an upsurge of interest in the
impacts on human health and well-being and the role
played by the marine environment [1, 12, 21]. Health
and well-being definitions can range from the functional
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approach where life expectancy is considered a proxy to
a more holistic understanding that includes multiple fac-
tors. We will reflect the broadest interpretation of health
and well-being possible using McKinnon et al’s domains
and definitions (see Table 1).

There is a call for greater clarity in describing how the
marine environment impacts health and well-being [25].
The BONUS-ROSEMARIE project: “Blue health and
wealth from the Baltic Sea—a participatory systematic
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Table 1 Domains and definitions of human well-being outcomes [28]

Domain

Code definition

Economic living standards
Material living standards

Health

Education

Social relations
Security and safety
Governance (and empowerment)

Subjective well-being
Culture and spirituality

Freedom of choice and action

Income, employment, employment opportunities, wealth, poverty, savings, payments, loans

Assets owned, access and availability of food, fibre and fuel basic infrastructure (electricity, water, telecommunica-
tions and transportation), shelter

Physical health, nutrition, longevity/life expectancy, maternal health, child health, access to health care, occurrence
of diseases, mental health

Education infrastructure (access to school, access to training, quality of education); informal education (transfer
of knowledge and skills includes livelihood skills, traditional knowledge and skills); formal education (degrees
awarded, students enrolled)

Interactions between individuals, within and/or between groups (communities, stakeholders, ethnic groups, gen-
der); conflict, relationships, connectedness, ability to work together, ability to help others, and trust

Physical security (personal safety and security), resource security; tenure security; human rights; vulnerability,
resilience and adaptive capacity

Structures and processes for decision making including both formal and informal rules; includes participation and
control in decision making, accountability, justice, transparency and governance skills

Measures of happiness, quality of life, satisfactions supported by some value of ecosystem(s) and/or resources

Cultural, societal and traditional values of natural resources and nature to the community; sense of home; cultural
identity and heritage; spiritual or religious beliefs and/or values

Ability to pursue what you value doing and being

review for smart decisions” arose from a call from the
BONUS secretariat (the legal management organisa-
tion of BONUS—joint Baltic Sea research and develop-
ment programme) [6] to address these challenges. This
synthesis focuses on the existing knowledge of the Bal-
tic Sea ecosystems impacts on human health and well-
being and seeks to make this an accessible resource for
policymakers.

Health and well-being is a multidimensional con-
cept that goes beyond a lack of disease and infirmity.
It includes access to various supportive resources and
networks to enable individuals to function well in soci-
ety [35]. While investigations are ongoing to investigate
health and well-being in European oceans generally, none
are specifically focussed on the unique environment of
the Baltic Sea nor to connect them to ecosystem services.

A limited number of review articles have explicitly con-
nected ecosystem services to human health and well-
being [26, 35, 36]. Martin et al. [26], for example, cover
a wide geographical scope but restricted to marine and
coastal cultural ecosystem services topics. Summers et al.
[36] propose elaborating different well-being categories,
such as basic needs, economic needs, environmental
needs and subjective well-being and their interactions
with ecosystem services. It is one of the few review
papers which has tried to disentangle the multidimen-
sional nature of the well-being concept and its relation-
ship to ecosystem services [26, 35].

Based on a comprehensive (non-systematic) literature
assessment, Sandifer et al. [35] explore the links between
nature, biodiversity, ecosystem services and human
health as well as other well-being parameters. They

conclude that since the health benefits from the ecosys-
tem services are only just beginning to be appreciated,
the evidence in the literature is limited; therefore, more
in-depth research is needed to explore these linkages,
including coastal and marine ecosystem services.

Globally, further systematic reviews on the topic have
been conducted recently. Blythe et al. [5] present a sys-
tematic review and synthesis of 50 articles between 2008
and 2018 on coastal well-being and ecosystem services.
One of their conclusions is that there is a degree of
uncertainty about well-being outcomes and that “there
is limited empirical evidence linking particular manage-
ment institutions to different bundles of ecosystem ser-
vices and well-being” (p. 8). Ban et al. [3], based on a
systematic review and synthesis of 118 articles of marine
protected areas (MPAs), found that positive and negative
well-being outcomes were divided half-half, and most
studies focused on economic and governance aspects,
while social, cultural and health domains were under-
studied (p. 524). A similar review studying the Marine
Protected Areas (MPA) well-being links by Rasheed [33]
(n=63 articles) concludes that only a few aspects of well-
being are studied, and calls for a more systematic and
integrative framework to capture these aspects.

The Baltic Sea supplies a unique ecosystem as the larg-
est brackish water environment for a total of almost
149 million people from the European Union countries
(see Table 2). Flows from the North Sea are low and
therefore it depends on freshwater inflows for oxygena-
tion. Biodiversity within is low but highly fragile. The
Baltic Sea is governed under the Baltic Sea Action Plan
by HELCOM (Baltic Marine Environment Protection
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Table 2 Populations of EU countries bordering the Baltic
Sea

Eurostat data: populations of EU countries surrounding the Baltic
Sea 1stJan 2019 [11]

Denmark 5,806,081
Germany 83,019,214
Estonia 1,324,820
Latvia 1,919,968
Lithuania 2,794,184
Poland 37,972,812
Finland 5517919
Sweden 10,230,185
Total 148,585,183

Commission—Helsinki Commission) and the contracting
parties are Denmark, Estonia, Finland, Germany, Latvia,
Lithuania, Poland, Russia, Sweden and the EU.

HELCOM works with a wide range of sectors and
themes that have an influence on the environmental
quality of the Baltic Sea and these include agriculture,
fisheries, industrial and municipal releases, marine litter
and noise pollution, marine protected areas, maritime
spatial planning, monitoring and assessment, response to
spills, species and biotopes and shipping [19]. This wide-
ranging work has a potential impact on a variety of issues
concerning health and well-being.

HELCOM adopted the Baltic Sea Action Plan (BSAP)
in 2007 with the aim to restore the Baltic Sea to Good
Environmental Status (GES) by 2021. As the current
period is due to end soon, HELCOM are undergoing a
review of their aims and objectives with a greater empha-
sis on economic and social benefits. This synthesis was
conducted in conjunction with participatory input from
members of the HELCOM GEAR group and therefore
the information found will be of use to the stakeholders.

The relationships between the environmental interven-
tions and the impacts on human health and well-being
remains unclear with the information scattered across
disciplines and inconsistent indices used to measure the
impacts [25, 28]. This scattered information from multiple
sources is inaccessible to policy and decisionmakers, as it
requires interpretation to confirm the linkages between
human health and well-being outcomes and the intentions
of the interventions [25]. These linkages are not often sim-
ple relationships, therefore, there is a need to understand
the trade-offs and synergies between different interven-
tions in meeting specific health and well-being targets and
be based on the best available evidence [25, 31].

The Baltic Sea ecosystems supply many unique benefits
to society [2, 16, 34]. The benefits from the sea contribute
to the health and well-being of individuals and communi-
ties through provisioning services such as food, medicines,
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fertilisers; regulatory services such as the regulation of
harmful substances and clean water; and finally cultural
services such as the traditional activities like ice-sea fish-
ing or the spiritual/religious beliefs associated with the
Baltic Sea maritime and coastal ecosystems. These services
depend upon a healthy environment and the Baltic Sea
countries have worked towards an integration of marine
policies to ensure the health of the Baltic Sea ecosystems.
Until recently, however, these policies have not taken into
account the impact of the ecosystem services on human
health and well-being, they have largely focussed on the
impact of human activities on the environment [29].

This synthesis, therefore, aims to identify relationships
and pathways between the exposure (ecosystem ser-
vices) and the outcomes (human health and well-being)
of the Baltic Sea domain. The theory of change flowchart
(Fig. 1) will essentially provide a simplified framework
showing the linkages that will be explored and where pre-
sent, documented, in the evidence base.

The health synthesis will gather evidence from a variety
of sources, both academic and grey literature that dem-
onstrate an impact of an ecosystem service on health and
well-being of people exposed to the Baltic Sea marine
and coastal ecosystems through the effects of the Baltic
Sea Ecosystem Services (BSES). These will then be pre-
sented to the key stakeholders and policymakers in an
understandable format.

Stakeholder engagement

From the outset, we have taken a transdisciplinary
approach, with plans to involve stakeholders at the differ-
ent phases of the review process [13, 22, 23]. The aim is
to gain insight into the policy relevance of emerging risks
and benefits to public health from ecosystem services sup-
plied by the Baltic Sea and how decision-makers could be
supported in developing appropriate evidence-based poli-
cies. Five stakeholder interviews were conducted with the
aim to define the review question, identify relevant top-
ics and to validate the search criteria. Further workshops
and outreach to additional stakeholders suggested by the
initial interviewees will be conducted. Whilst endeavours
have been made to integrate human health and well-being
with ecosystem services into marine policies, interviews
with key stakeholders in HELCOM and the HELCOM
GEAR Group (Group on the Implementation of the Eco-
system Approach), revealed that the linkages were neither
sufficiently strong nor well-known to inform policymak-
ing. A synthesis is therefore required to provide informa-
tion on what is known and highlight the knowledge gaps.
An open dialogue with the stakeholders is enabled by
sending updates of the review progress to the key stake-
holders (e.g. HELCOM GEAR working group).
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Fig. 1 A conceptual theory of change chart illustrating the health synthesis, i.e. a systematic mapping of the Baltic Sea ecosystem effects on human
health and well-being (in bold), and showing the linkages to the larger socio-economic policies and ecosystem conditions framework

Objective of the review

Objective

This systematic map aims to bring together existing research
evidence linking the health and well-being of coastal popu-
lations and those exposed to the ecosystem services in the
Baltic Sea region. A systematic mapping review examining
the linkages between all European marine environments
and human health has been initiated by Cox et al. [9], but
this does not focus on the Baltic Sea nor explicitly examines
ecosystem services. Our search will therefore include infor-
mation about studies linked to the following:

The outcome will consist of the health benefits and
threats from the marine ecosystems evident from the
systematic search of the studies. The map’s geographi-
cal scope will be limited to the Baltic Sea, its sub-basins,
and its coastal areas in accordance with the geographical
scope defined by the funding call [6].

Primary question: What linkages have been researched
between the Baltic Sea ecosystems and their services, and
the positive and negative impacts to human health and
well-being?

Systematic mapping has been developed to collate,
describe and catalogue literature across multiple disci-
plines [20]. We will use a more open, emerging format of
the primary question (i.e. PEO) because we will conduct
a map (i.e. not a review) [4], p. 3.

Population: Health and well-being studies linked to the
human populations within the marine and coastal envi-
ronment of the Baltic Sea region.

Exposure: Exposure to the Baltic Sea ecosystems and
their services.

Outcome measures: Aspects of human health and
well-being.

Methods
Our focus is on Baltic Sea ecosystems and their services
in relation to human health and well-being. An initial
scoping exercise was carried out to examine the marine
polices and reports related to the Baltic Sea ecosystem,
such as the Marine Strategy Framework Directive and the
work of HELCOM. These set the context for ecosystems
present in the Baltic Sea and their governance. However,
currently little mention is made of ecosystem services and
the impacts on health and well-being, and its relevance
to policymaking. The linkages therefore need to be made
explicit. The map will, therefore, first categorise the eco-
system services according to the Common International
Classification of Ecosystem Services (CICES) typology,
which are relevant to the Baltic Sea ecosystems with
impacts on human health and well-being [15, 17, 18]. The
health and well-being categories will be broadly defined
and adapted from McKinnon et al’s domains and defini-
tions. The mapping exercise will focus on the health and
well-being of individuals, households or communities
impacted by the ecosystem services within the Baltic Sea.
Throughout the process the evidence mapping will be
guided by partners in the BONUS ROSEMARIE project,
in consultation with stakeholders and the advisory board
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of the project. The systematic map follows the CEE guide-
lines [32] and ROSES protocol [14] (Additional file 1).

Searches

Through the searches we will aim to capture all of the
available scientific evidence to answer the question.
No restrictions considering the publication date of lit-
erature will be applied. Different sources of information
will be searched to maximise the coverage of the results
including:

« Electronic bibliographic databases;

+ Website searches, including Government and rel-
evant third sector websites;

+ Backwards and forwards citation searching of
included references, and using other relevant system-
atic maps and reviews.

Search strategy

We aim to capture all relevant scientific studies and rele-
vant material from the grey-literature. For this, a scoping
exercise was undertaken that included an initial review of
the grey literature relevant to the Baltic Sea ecosystems at
different levels (UN, EU, Baltic Sea Region, HELCOM see
Additional file 2: Search strategy and, Additional file 3:
Risks and benefits related to MSFD). This set the context
for the article search strategy, highlighting the role that
the relevant governance organisations played in manag-
ing the Baltic Sea ecosystem. Stakeholders and experts
in ecosystem services were consulted to understand the
needs of the organisations for evidence to incorporate
into the search strategy and the ecosystem services rel-
evant to the Baltic Sea. The CEE journal was also checked
for related protocols, those determined as most relevant
included McKinnon et al. [28] for health and well-being
search terms and Liquete et al. [24] for ecosystem ser-
vices search terms. In the event the database does not
support a complex enquiry, the search string will be
modified accordingly.

Search string
The search string is divided into the following parts

Geographical keywords

#1 "Aland sea” OR "Archipelago sea” OR "Arkona basin” OR “Baltic
proper” OR “Baltic sea” OR “Bay of Mecklenburg”OR “Belt sea”
OR"Bornholm basin”OR “Bothnian bay” OR “Bothnian sea”
OR“Gdansk basin” OR “Gdansk bay” OR “Gdansk gulf” OR
“Gotland basin”OR “Great Belt” OR “Gulf of Bothnia” OR “Gulf
of Finland” OR “Gulf of Riga” OR Kattegat OR “Kiel bay” OR
Kvarken OR "Mecklenburg bay” OR “Vistula bayf OR “Vistula
lagoon”
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#2 Baltic OR Danish OR Denmark OR Estonia* OR Finland OR Finn-
ish OR German* OR Kaliningrad OR Latvia* OR Lithuania*
OR Neva OR Poland OR Polish OR “Saint-Petersburg” OR “St.
Petersburg” OR Sweden OR Swedish

#3 archipelago OR beach* OR “blue space”OR coast* OR estuary
OR harbour OR island* OR jetty OR lagoon OR marine OR
port OR quay OR saltmarsh OR seaboard* OR seacoast* OR
“sea-coast*” OR seafront* OR seascape* OR seashore* OR
seaside OR shore* OR waterfront*

Human qualifier keywords

#4 children OR collaborative OR fisher* OR household* OR
human* OR infan* OR “local communit*" OR matern* OR
people OR person* OR pregnan* OR societ*

Ecosystem keywords

#5 aesthet* OR"air quality” OR aquacultur* OR art OR assimilat*
OR attenuat* OR biodiversity OR biofilt* OR “biogeochemical
services”OR biomass OR bioremediation OR biosecurity OR
birdwatching OR buffer* OR catch OR “coastal protection” OR
cognitive OR conservat* OR control OR cultur* OR denitri-
ficat* OR deposit* OR detoxific* OR disease OR diversity OR
“ecosystem services” OR ecosystem* OR ecotouris* OR filter®
OR fish* OR habitat OR harvest* OR hunting OR identity OR
improve* OR informat* OR inspirat* OR leisure OR minerali*
OR mitigat* OR "non-consumptive use” OR nursery OR “nutri-
ent cycl*" OR “nutrient recycl*” OR pest OR photosynthesis
OR pollinat* OR prevention OR product* OR provision* OR
purificat* OR “quality maint*” OR "raw materials” OR recreat*
OR reduct* OR refug* OR regenerat* OR regulat* OR remov*
OR research OR resources OR retent* OR sequestrat* OR
stabilization OR storage OR touris* OR treatment OR uptake
OR“water quality” OR wildlife

Human well-being and health keywords

#6 accountability OR amenit* OR antibiotic* OR assets OR
attitude* OR "basic needs” OR beliefs OR capital* OR "clean
water” OR conflict* OR connectedness OR damage* OR “deci-
sion making” OR destruction* OR detriment* OR distress*
OR drown* OR “economic living standards” OR ecotoxic*

OR educat* OR employment OR “employment opportuni-
ties"OR empower* OR “endocrine disruptor*” OR equity

OR eutrophic* OR exposure* OR fatalit* OR fibre OR food

OR “freedom of action” OR “freedom of choice” OR fuel OR
governance OR happiness OR harm* OR hazard OR health
OR heritage OR “human rights”OR identity OR illness* OR
income OR infection* OR infrastructure OR injur* OR interac-
tion* OR intoxicat* OR job* OR justice OR knowledge OR
“life expectancy”OR livelihood* OR longevity OR loss* OR
“material living standards” OR microplastic* OR mortal* OR
neurotoxin®* OR nutrition* OR participation OR payments
OR perception* OR pharmaceutical* OR “physical health”
OR plastic or plastics OR poison* OR pollut* OR poverty OR
“quality of life” OR relationship* OR resilience* OR safety OR
satisfact® OR savings OR security OR “sense of home” OR skill*
OR“social relations” OR “societal values”OR “spiritual values”
OR spirituality OR stress* OR TEK OR toxic* OR toxin* OR "tra-
ditional knowledge” OR “traditional values”OR transparency
OR trust OR utilit* OR values OR wealth OR “well being” OR
wellbeing OR well-being OR vulnerability OR “basic needs”
OR“mental health” OR “physical health”

Final combination of the search groups
#7 (#1 OR (#2 AND #3)) AND #4 AND #5 AND #6

Test searches in the Web of Science (Core collec-
tion) revealed a problem with Web of Science Key-
words plus function (an artificial intelligence supported
search), this lead to many irrelevant articles. Due to
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pragmatic reasons of time and resource constraints, title
and abstract searches only were conducted, not topic
searches, to obtain the articles for the mapping exercise.
This removed the issue found with the Keywords plus
function.

Languages—Bibliographic: English

Languages—grey literature: The national MSFD
(Marine Strategy Framework Directive) reports as
well as the HELCOM HOLAS (Holistic Assessment
of the Ecosystem Health Of the Baltic Sea) reports I
and II will be screened in English, Swedish, Finnish,
Estonian, and German (representing the languages
spoken in the BONUS ROSEMARIE project consor-
tium).

Bibliographic databases
Searches will be carried out in English using the follow-
ing databases and platforms for relevant literature.

+ Web of Science (Core Collection + Medline): https://
www.webofknowledge.com

+ Scopus: https://www.scopus.com/

+ CAB Abstracts: https://www.cabi.org/

+ PubMed https://pubmed.ncbi.nlm.nih.gov/

« EMBASE: https://www.elsevier.com/solutions/embas
e-biomedical-research

« Libris: http://libris.kb.se/

+ Melinda: https://melinda.kansalliskirjasto.fi/

« Ester: https://www.ester.ee/search~S1

+ DNL-online: http://www.dnl-online.de/

+ GEO-LEO-portal: https://geo-leo.de/

+ German National Library: https://www.dnb.de/EN/
Kataloge/kataloge_node.html

+ Central Geographical Library (GZB): https://www.
ifl-leipzig.de/en/library.html

In the case that the database does not support complex
strings, they will be amended as necessary

Web-based search engines

Focussed internet searches will also be carried out in
order to capture relevant grey literature such as govern-
ment reports, organisation reports, consultant reports,
theses and so on. In accordance with Haddaway et al.
[14], the first 300 results will be included for screening.

+ Bielefeld Academic Search Engine (BASE): https://
www.base-search.net/

+ CORE: https://core.ac.uk/

+ 1FINDR: https://1findr.1science.com/home

+ Directory of Open Access Journals:
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+ Google: https://www.google.com/
+ Google Scholar: https://scholar.google.com/

Organisational websites

Manual screening of Baltic Sea ecosystems related
organisations will be carried out. The first 20 results will
be taken and screened for relevance. The results will
then be combined with the other search results. These
searches will also be carried out in English language, as
well as Swedish, Finnish, Estonian and German where
applicable.

+ Baltic Environmental Forum: http://bef.ee/en/truki
sed/

+ Coalition Baltic Sea: https://ccb.se/

+ Estonian Ministry of Environment https://www.envir
.eef/en

+ Finnish Environment Library Collections: http://kirja
sto.ymparisto.fi/syke/en/search_yha.htm

+ German Environment Agency (Umweltbundesamt):
https://www.umweltbundesamt.de/en

+ HELCOM: http://www.helcom.fi/

+ Institutional Repository of Finnish ministries (Valto):
https://julkaisut.valtioneuvosto.fi/

+ Swedish Ministry of the Environment: https://www.
government.se/government-of-sweden/ministry-of-
the-environment/

Estimating the comprehensiveness of the search
Seven publications of known relevance to health and
well-being in the Baltic Sea ecosystems were chosen as a
benchmark list (see Additional file 4) to test the relevance
of the search procedure. The articles for the benchmark
list were selected from various reports issued by HEL-
COM, to cover the various aspects of health and well-
being and related to Baltic Sea ecosystem services, as
considered in this synthesis and in consultation with rel-
evant experts. In establishing the benchmark list, we have
worked in consultation with our advisory board, and our
initial scoping review of the policy documents related to
the Baltic Sea (e.g. Baltic Sea status report by HELCOM).
Additionally, we will screen the reference lists for all rel-
evant existing review articles to detect applicable empiri-
cal research for our synthesis.

Article screening and study eligibility criteria
Screening strategy

Studies will be screened according to predefined screen-
ing criteria at title, abstract and keyword level. Full text
screening will be performed using pre-defined categories
(see Additional file 5) derived from health and well-being
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keywords [7-9, 28] and ecosystem services keywords
[24]. However we propose to map all the literature on the
health and well-being impacts from the Baltic Sea ecosys-
tems and their services without narrowing the scope of
the study based on study design [8].

Demonstrating procedural independence

In cases where studies occur in our sample which are
co-authored by any of the synthesis team members, the
respective team member will not screen, code or be
involved in other steps of the systematic mapping process
for that study. We will seek support from other project
team members in such cases.

Consistency checking

A consistency check will be undertaken at the abstract/
title stage on a random selection of articles from a pre-
liminary literature search. Fifty articles will be assessed
by three screeners using pre-defined inclusion criteria.
Any potential disagreements will be solved via discussion
(if necessary, with the whole synthesis team) and inclu-
sion criteria will be amended accordingly. The consist-
ency check will be carried out until a kappa result of 0.7
or above is achieved [27]. After the initial screening has
been undertaken and there is consistency two screen-
ers continue the check at title and abstract level with
a further random subset of materials (5% of the total
records) being screened by both to guarantee that deci-
sions regarding inclusion/exclusion criteria are applied
consistently.

Full text screening consistency check will be carried
out on 5% of the articles that fulfil the inclusion criteria
and can be accessed, with two screeners working inde-
pendently to produce a final set of articles for the data
extraction process.

A double data coding strategy by two coders will be
then be used for the data extraction process, with the
research team meeting regularly to discuss any ambigu-
ous or unresolved articles [28]. The online systematic
mapping tool CADIMA [37] will be used and a 5% con-
sistency check will be applied to the data coding process.

Inclusion criteria

Geographical

Only evidence from Baltic Sea marine and coastal ecosys-
tems will be included.

Population

The study addresses health and well-being factors of
human populations including individuals, households or
communities within the coastal or marine ecosystem of
the Baltic Sea countries identified in the literature review
and during the consultation process.
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Exposure

The study involves the impacts of exposure to Baltic
Sea ecosystem services (service categories according
to CICES typology), which has a link to defined human
health and well-being factors. See Additional file 3: Risks
and benefits related to MSED.

Outcome

The study assesses the positive or negative effects of
ecosystem services on multi-dimensional health and
well-being status of the human population.

Study validity assessment

According to the CEE guidelines, study validity assess-
ments are not necessary for systematic maps [32].
Additionally, we will not attempt any critical appraisal
of individual studies, nor will we attempt to quantify or
validate the health and well-being impacts. The aim is
to begin to examine how the linkages between the eco-
system services supplied by the Baltic Sea and health
and well-being outcomes have been made in the litera-
ture and synthesise them. Moreover, the intention is to
stimulate the debate and encourage the scientific and
marine planning communities to think widely about the
policy implications on health and well-being and pro-
vide them with the available evidence as a summary.
It is anticipated that this will enable policymakers to
strengthen their efforts in working towards good envi-
ronmental status as directed in the European Union’s
Marine Strategy Framework Directive through the
justification of health and well-being impacts. It will
also increase awareness of the trade-offs and benefits
of reaching good environmental status on health and
well-being.

Data coding strategy
A minimum of two screeners will extract and code rel-
evant meta-data characteristics (e.g. country, study loca-
tion, methods used and bibliographic information) as
well as data on specific variables which are of topical
interest for this synthesis (e.g. health and well-being out-
comes, factors contributing to these outcomes, including
policy measures as reported in the studies. The coding
strategy (Additional file 5) is based on McKinnon et al’s
[28] domains and definitions, Good Environmental Sta-
tus indicators and the relevant policies linked to our
study, such as BSAP (Baltic Sea Action Plan). Coding will
be applied to all studies that passed the initial screening
levels and are available as full texts.

Variables of interest include the following blocks
(details in Coding strategy, Additional file 5):
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+ Bibliographic information (e.g. source, title).

« Study description (e.g. language, publication type)
and location (e.g. case study country).

+ Research methods, incl. outcome measurement
methods.

+ Exposure description (e.g. ecosystem services’ clas-
sification concepts, service groups).

+ Human health and wellbeing outcomes (e.g. living
standards, health aspects, culture).

+ Policy relevance (e.g. BSAP goals, MSED descrip-
tors).

Study mapping and presentation
For the mapping, we plan to combine techniques from
two approaches: framework synthesis [30] and critical
interpretive synthesis [10]. Framework synthesis and crit-
ical interpretive synthesis were chosen because both can
handle qualitative, quantitative and mixed data. Frame-
work synthesis departs from a more realist epistemology,
i.e. considers some pre-defined aspects (e.g. a defined
research question, plus a pre-defined general framework)
and has a more aggregative approach to data analysis,
while critical interpretive synthesis relies on a more open
and constructionist perspective. Based on the aggregated
information from our article search we will develop the
framework derived from our initial review of the back-
ground literature and our theory of change: i.e. (a) the
various types of health and wellbeing outcomes (b)
related to the Baltic Sea and its ecosystem services, and
(c) with the policies (Marine Strategy Framework Direc-
tive 2008 and Baltic Sea Action plan 2007) affecting the
provision of the services at the background (Fig. 1). Via
this process, we aim to create a revised framework of the
health and wellbeing outcome types, which specifically
focuses on the Baltic Sea—as this has not been systemati-
cally synthesized yet—and linked to ecosystem services
to inform Baltic Sea policies.

We will also aim to produce heat maps which com-
pare variables pairwise to indicate the extent of evidence
available.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513750-020-00189-6.

Additional file 1. ROSES form.

Additional file 2. Search strategy.

Additional file 3. Risks and benefits related to MSFD.
Additional file 4. Benchmark articles.

Additional file 5. Coding strategy.
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