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ENGLISH SUMMARY

Human activities are one of the main sources of pressure on the environment
leading to global change — biodiversity loss, warming, sea level rise, and
acidification — impacting the overall capacity of our ‘blue planet’ to sustain life,
including human populations, the way it has done so far (IPBES 2022; Borja
2023). Maritime spatial planning (MSP) is a public, political decision-making
process increasingly employed across coastal countries around the world to
address ocean sustainability issues and concerns planning seeks to address on
land — increasing demand for resources, adverse impacts of unregulated industrial
development, growing levels of pollution and a speedy biodiversity loss (Kid and
Ellis 2012; Ehler et al. 2020; Ehler 2021). It is generally accepted that an MSP
process must therefore be ecosystem-based, cross-border — translate across land
and sea domains and national borders —as well as participatory and inclusive, that
is, considers all sectors, interests, and users associated with the place being
planned (UNESCO-IOC/European Commission 2021).

Planning is focused on the future and is loaded with uncertainty; therefore,
assessment of possible consequences of plans on ecosystems and society is an
essential part of the process (Pinarbasi et al., 2017; Quinio et al. 2023). As part
of impact outcome analysis, compatibility between different users, and users and
the environment must be considered to reduce conflict, support co-existence, and
synergistic use of space and resources (Bonnevie et al. 2021). Relatedly, the
impacts of drivers of change — human activities and the pressures they create —
on the ecosystem and human welfare must be analysed (Duinker and Greig 2007;
Hansen 2019; Hammar et al. 2020). Social-ecological system frameworks
structure analysis and facilitate the exchange of information and an ecosystem
services approach is often discussed as a key concept and framework supporting
MSP (Culhane, Robinson, and Lillebg 2020). The term ’services’ describes the
final outputs of an ecosystem, such as fish for food or a beautiful seascape and
waters safe for swimming (Culhane, Robinson, and Lillebg 2020). An ecosystem
services approach presents the relationship between the biophysical and the social
worlds as an ongoing process of ecosystem service supply and demand for
services driven by people seeking to fulfil their needs (Potchin-Young et al.
2018).

However, the integrative and transformative role of MSP has been questioned in
research (e.g., Flannery et al. 2020; Saunders et al. 2020). MSP is often found to
either be driven by ecosystem protection or sectoral development/economic
gains, simultaneously perpetuating existing unsustainable practices, power
imbalances, and injustices (Ehler et al. 2021). Conceptual framing to support
transformative MSP is missing — there are gaps in conceptualising and
systematically addressing social sustainability (Saunders et al. 2020).



Relatedly, while praised for supporting holistic analysis of the links between
ecosystem state and human wellbeing and seen as an instrument for estimating
social, economic, and environmental consequences of plans (von Thenen et al.,
2020; Robinson and Culhane 2020) as it stands, MSP is ill-equipped for
supporting analysis of procedural and distributional social sustainability, impacts
of decisions from multiple sustainability dimensions (Ntona and Morgera 2018)
and in practice often ends up focused on specific and well studies parts of social
and ecological systems and their values (Sharpe et al. 2020).

The objective of this PhD project is to contribute to the operationalisation of an
ecosystem services approach in a maritime spatial planning context so that MSP
can live up to its multi-dimensional sustainability potential. To achieve this, this
thesis addresses three research questions focused on ways in which i) social
sustainability is conceptualised as part of MSP, ii) ecosystem services can support
social sustainability in MSP, and iii) multiple ecosystem service supply can be
accessed and communicated across disciplines to improve analysis and tracking
of change in social-ecological systems.

Answers to these sub-questions and the discussion chapter addressing the central
research aim are based on eleven published papers, each one playing several
different roles supporting this thesis. The eleven studies contributing to this thesis
study different parts of a social-ecological system and employ different methods
for collecting and analysing empirical data (i.e., expert elicitation, geodata
analysis, semi-structured interviews, document, and scholarly literature analysis,
surveys, tool testing workshops, and case studies). They are brought together
under the umbrella of the overall conceptual framework of this thesis grounded
in social-ecological systems thinking. Specifically, an ecosystem services-based
‘butterfly’ framework for analysis of how people benefit from and impact
ecosystems, adapted to accommodate conceptual categories for the analysis of
social sustainability considerations in MSP (Saunders et al. 2020) and co-location
of different maritime uses (Bonnevie et al. 2019).

Answers to the first two research questions are based on studies the normative,
institutional MSP set-ups in different countries around the Baltic Sea through
documents, research, and experiences based on empirical data from interviews
with MSP actors. An academic literature review reveals strategies for advancing
social sustainability analysis in an MSP context, one of which is seen as the
adoption of an ecosystem services approach. To support the conceptualisation
and analysis of social sustainability three tangible outputs are described — a set of
principles for assessing coastal community participation in MSP to improve
inclusivity in MSP, and an approach for including aspects of spatial co-location
in recognition and representation analysis to spot challenges for new,
entrepreneurial blue economy sector development. Additionally, MSP-SA — a
framework for multi-dimensional ecosystem service-based impact analysis — is



presented as an example of how ES impact analysis may support social
sustainability considerations in MSP. MSP-SA can be used to structure analysis
of plan impacts on the ecosystem and people, that is, explore the flow of
ecosystem services and highlight issues of distributional justice through analysis
of benefit distribution (distribution of goods and bads) and engage stakeholders
that are (un)recognised, and (mis)represented.

To advance approaches for assessing multiple ecosystem service supply, a tool
for estimating relative change in the supply of a wide range of services is
introduced. A linkage frameworks approach served as the departure point and a
context-specific expert knowledge base was created to inform further
development and test the tool. As it stands, the tool supports a) analysis of relative
species and habitat contribution in ecosystem service supply, b) analysis of
change in service supply and ecosystem functioning, and c) graphical
representation of the results in maps and linkage web diagrams.

One of the main benefits of the tool designed and tested during this PhD project
is that the outputs are visual and spatial therefore can directly support MSP and
analysis can be done in various data availability circumstances. However, it is
important to keep in mind that social-ecological systems are complex, and while
useful for informing policy by highlighting spatial patterns, the model behind the
tool does not account for non-linear relationships, i.e., feedback loops or regime
shifts, therefore should be interpreted with a pinch of salt. At the same time, the
methods and approaches for fostering social sustainability in MSP should not be
seen as a replacement for top-down planning processes. Instead, they are
complementary and can embedded in any context.



DANSK RESUME

Menneskelig aktivitet er en af de vigtigste kilder til den miljgbelastning, som
medfgrer globale forandringer i form af tab af biodiversitet, opvarmning,
havniveaustigninger og forsuring, og som dermed pavirker vores 'bla planets'
evne til at opretholde liv, herunder menneskelige populationer pd samme made,
som den har gjort hidtil (IPBES 2022, Borja 2023). Havplanlaegning eller maritim
fysisk planlegning (MSP) er en offentlig, politisk beslutningsproces, som i
stigende grad — og over hele verden — vinder indpas i lande med saterritorier for
at kunne adressere de problemer og bekymringer angdende beeredygtigt hav, som
ogsé kendes fra planleegningen pd land — det veere sig stigende behov for
ressourcer, negative konsekvenser af ureguleret industriel udvikling, gget
forurening og et hastigt tab af biodiversitet (Kid og Ellis 2012; Ehler et al. 2020;
Ehler 2021). Det er generelt accepteret, at en MSP-proces derfor skal veere
gkosystembaseret, skal kunne anvendes pa tvers af land- og havomrader og
nationale graenser samt vaere deltagerorienteret og inkluderende, saledes at alle
sektorer, interesser og brugere med tilknytning til det sted der planlaegges, tages
i betragtning (UNESCO-IOC/EU-Kommissionen 2021).

Planlegning fokuserer pa fremtiden og er fyldt med usikkerhed, og vurdering af
planers mulige konsekvenser for gkosystemer og samfund er derfor en afggrende
del af processen (Pinarbasi et al. 2017; Quinio et al. 2023). Som del af en
pavirkningsanalyse skal kompatibilitet mellem forskellige brugere og miljget
medtenkes for at reducere konflikter, understatte sameksistens og sikre
helhedsorienteret anvendelse af arealer og ressourcer (Bonnevie et al. 2021). |
denne sammenhang skal pavirkningen fra drivkreefterne bag forandringerne
analyseres — dvs. menneskelige aktiviteter og den deraf falgende belastning af
gkosystemet og indvirkning pd menneskers velbefindende (Duinker og Greig
2007; Hansen 2019; Hammar et al. 2020). Social-gkologiske systemkoncepter
kan bidrage til at etablere en felles analyseramme og facilitere udveksling af
information, og en gkosystemtjenestetilgang diskuteres ofte som ngglebegreb og
forstaelsesramme, som understgtter MSP (Culhane, Robinson og Lillebg 2020).
Begrebet 'tjeneste' beskriver et gkosystems slutprodukter, sdsom fisk til fadevarer
eller en smuk havudsigt og vand, som er sikkert at svamme i (Culhane, Robinson
og Lillebg 2020). En gkosystemtjenestetilgang praesenterer forholdet mellem de
biofysiske og sociale verdener som en vedvarende proces med levering af
gkosystemtjenester og efterspargsel efter tjenester drevet af mennesker, som
forsgger at opfylde deres behov (Potchin-Young et al. 2018).

Flere forskere har dog sat spgrgsmalstegn ved MSP's integrative og
transformative rolle (f.eks. Flannery et al. 2020; Saunders et al. 2020). MSP ses
ofte som drevet enten af hensynet til gkosystembeskyttelse eller af
sektorudvikling og gkonomiske interesser, der samtidig opretholder eksisterede



ikke-baredygtige praksisser, magt-ubalancer og uretferdigheder (Ehler et al.
2020). Der savnes en begrebsramme til understattelse af transformativ MSP, idet
der savnes en yderligere konceptualisering og systematisk adressering af social
beaeredygtighed (Saunders et al. 2020).

Selvom MSP ligeledes roses for at understgtte en holistisk analyse af
forbindelserne mellem gkosystemtilstand og menneskers velbefindende og
betragtes som et redskab til estimering af sociale, gkonomiske og miljgmassige
konsekvenser af planer (von Thenen et al. 2020; Robinson and Culhane 2020),
savner MSP i sin nuvarende form veerktgjer til understattelse af analyser af
procedure- og fordelingsmaessig social baredygtighed, beslutningers virkninger
for flere baeredygtighedsdimensioner (Ntona og Morgera 2018) og ender i praksis
med at vaere fokuseret pa specifikke og velundersggte dele af sociale og
gkologiske systemer og disses vardier (Sharpe et al. 2020).

Malet med dette ph.d.-projekt er at bidrage til operationalisering af en
gkosystemtjenestetilgang i en marin fysisk planleegningskontekst, si MSP kan
leve op til sit multi-dimensionale baredygtighedspotentiale. Med henblik pé at
afdaekke dette er afhandlingen struktureret omkring tre forskningsspargsmal, som
fokuserer pa, hvordan i) social baredygtighed kan konceptualiseres som en del
af MSP, ii) gkosystemtjenester kan understgtte social bseredygtighed i MSP, og
iii) levering af gkosystemtjenester kan tilgds og kommunikeres tveerfagligt for at
forbedre analysen og sporingen af @ndringer i social-gkologiske systemer.

Svarene pa disse underspgrgsmal og diskussionen, som adresserer det centrale
forskningsformal, er baseret pa 11 publicerede artikler, som pa forskellig vis og i
forskelligt omfang bidrager til de i afhandlingen praesenterede resultater.
Forskellige aspekter af et social-gkologisk system er saledes blevet analyseret
under anvendelse af en kombination af metoder til indsamling og analyse af
empiriske data (ekspertvurderinger, analyse af geodata, semistrukturerede
interviews, analyser af dokumenter og videnskabelig litteratur,
spargeundersggelser, workshops med test af veerktajer og casestudier).

Overordnet tager ph.d.-projektet afset i social-gkosystemtenkning og en
gkosystemtjenesteorienteret konceptuel ramme baseret pa en viderebearbejdning
af sommerfuglemodellen (Gomez et al. 2016) til analyse af, hvordan mennesker
har gavn af og pavirker gkosystemer, er opstillet og tilpasset, sa den kan handtere
begrebsmaessige kategorier vedrgrende social baredygtighed i MSP (Saunders et
al. 2020) og samlokalisering af forskellige maritime anvendelser (Bonnevie et al.
2019).

Svarene pa de farste to forskningsspgrgsmal er baseret pa undersggelser af

normative, institutionelle MSP-strukturer i forskellige lande omkring @stersgen
baseret pa dokumenter, undersggelser og empiriske data fra interviews med MSP-
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aktarer. En gennemgang af den akademiske litteratur belyser strategier til fremme
af sociale baeredygtighedsanalyser i en MSP-kontekst, herunder én som specifikt
har fokus pa potentialet i en gkosystemtjenestetilgang. Konceptualiseringen og
analysen af social baredygtighed er udmgntet i tre konkrete resultater. For det
farste har der kunnet opstilles en reekke principper for bedgmmelse af kystnare
lokalsamfunds deltagelse i MSP med henblik pa at forbedre inklusionen i MSP.
Dernast har der kunnet anvises en fremgangsmade, hvor forskellige interesser
knyttet til fysisk samplacering af aktiviteter og gnsket om en innovativ udvikling
af den bld sektor i hgjere grad kan anerkendes og presenteres i
konsekvensanalyser. Derudover praesenteres MSP-SA i form af en ramme for
multi-dimensionel gkosystemtjenestebaseret analyse som et eksempel pa,
hvordan en  sddan  konsekvensnalyse  kan  understgtte  sociale
baeredygtighedsovervejelser i forbindelse med MSP. MSP-SA kan bruges til at
strukturere analyser af en plans indvirkning pa gkosystem og mennesker, hvilket
vil sige at undersgge strammen af gkosystemtjenester og belyse problemer med
hensyn til fordelingsmaessig retfeerdighed gennem analyse af fordeling af goder
(fordeling af fordele og ulemper) og inddragelse af interessenter, som er
(ikke)anerkendte og (ikke)reprasenterede.

For at videreudvikle tilgange til vurdering af multible gkosystemtjenesteydelser
preesenteres et vaerktgj til estimering af relative &ndringer i leveringen af en lang
reekke tjenester. Med afsaet i en integreret konceptuel forstéelse blev en
kontekstspecifik database med ekspertviden etableret med det formal at skabe
grundlag for yderligere udvikling og test af veerktgjet. | sin nuvaerende form
understotter veerktgjet a) analyse af relative arts- og habitatbidrag til
gkosystemtjenester, b) analyse af endringer vedrgrende levering af tjenester og
gkosystemfunktion og c) grafisk praesentation af resultaterne pé kort og links til
webdiagrammer.

En sarlig fordel ved det veerktgj, som er udviklet og afprevet under arbejdet med
dette ph.d.-projekt, er at resultaterne kan praesenteres visuelt og i en fysisk-
geografisk kontekst, som direkte understgtter MSP, ligesom analyserne kan
gennemfares under varierende betingelser i forhold til datatilgeengelighed.
Imidlertid er det vigtigt at holde sig for gje, at social-gkologiske systemer er
komplekse, og selvom vearktgjet kan bidrage til at belyse spatio-temporale
mgnstre og dermed understgtte planleegning og politisk beslutningstagning, vil
modellen bag ikke tage hgjde for ikke-lineeere sammenhaenge som feedback loops
eller regimeskift. Tilsvarende skal metoder og tilgange, som understgtter social
beaeredygtighed i havplanleegningsprocesserne, ikke ses som en erstatning for top-
down planlegning. Tvaertimod imod understgtter de to tilgange hinanden og kan
indga i enhver sammenhang.
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PREFACE
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Prof. Steve Fuller (twitter)
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CIA Cumulative Impacts Assessment

CICES The Common International Classification of Ecosystem Services

DG MARE The I_Europeaq Cor_nmlssmn s Directorate-General for Maritime
Affairs and Fisheries

DPSIR Driver-Pressure-State-Impact-Response

EBA Ecosystem-based approach

EBM Ecosystem-based management

EC European Commission

ES Ecosystem services

EU European Union

HELCOM The Baltic Manne_En_vnronme_nt _Protectlon Commission also
known as the Helsinki Commission
The Intergovernmental Oceanographic Commission of the United

I0C-UNESCO Nations Educational, Scientific and Cultural Organization

MPA Marine protected area

MSP Maritime Spatial Planning

MSPD European Union Maritime Spatial Planning Directive

SDST Spatial decision support tool




DEFINITIONS OF KEY TERMS

Term Definition
Frameworks Frameworks or models can be seen as “organisational” network
diagrams of variables or elements (Patricio et al. 2016).
The variability among living organisms and ecological complexes,
Biodiversity including diversity within species, between species, and
ecosystems (Potschin-Young et al. 2018).
An individual or a group of actors whose well-being and
Beneficiary livelihoods are changed (negatively or positively) by service
supply (Potschin-Young et al. 2018).
Positive change in human well-being as a result of ecosystem
Benefits service consumption and fulfilment of human needs and want

(Potschin-Young et al. 2018).

Cumulative impacts (of
pressures on ecosystem)

Impacts greater than the sum of its parts, which may change the
state of an ecosystem immediately or over a long period of time
(Reckermann et al. 2022).

Dis-benefits

Negative change in human wellbeing change in human well-being
as a result of service consumption (adapted from Potschin-Young
et al. 2018).

Decision-support tools

Computer programme applications or non-computer-based
techniques developed to support the decision-making process
(Pinarbasi et al. 2017; Gee et al. 2019).

Drivers

Demand from society to fulfil basic human needs (Patricio et al.
2016).

Ecosystem-based
management

An approach to management of natural resources and human
activities aiming to ensure healthy ecosystems and a sustainable
supply of ecosystem service s to people (adapted Leenhardt et al.
2015).

Ecosystems’ capacity for
an ecosystem service

The ability of a given ecosystem to sustainably generate specific
ecosystem services (Potchin — Young et al. 2018).

Ecosystem components

Species, habitats or structures that are contributors to maintaining
an ecosystem functioning (Potchin — Young et al. 2018).

Ecosystem functioning

Ecosystem functioning is the operating of an ecosystem or the
links between ecosystem components, processes, and biodiversity
that underpin services supply (Potchin — Young et al. 2018).

Ecosystem functions

Specific interactions between ecosystem components and
ecosystem processes that underpin the capacity of an ecosystem to
supply services (Potchin — Young et al. 2018).

Ecosystem services

‘The final output from ecosystems that are directly consumed,
used (actively or passively) or enjoyed by people’ (Culhane et al.
2020, p. 107)
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Ecosystem service
assessment

Analysis of current status and future trends in the capacity of an
ecosystem to supply ecosystem services in a specified geographic
area. Ecosystem service assessments aim to communicate how
services are ‘supplied’ to society, change in supply and value.
They require social and natural scientific knowledge as well as
triangulation of methods and approaches from various disciplines
(Potchin — Young et al. 2018).

Ecosystem service supply

The availability of a service (irrespective of its actual use) at a
specific time at a specific location, for instance in the present, past
or future (Potchin — Young et al., 2018).

Ecosystem service flow

The extent to which ecosystem services are accessed and
consumed in a specific area and time (Potchin — Young et al.,
2018).

Impacts on human
welfare

Changes in human livelihoods caused by changes in the ecosystem
state. For instance, change in supply of raw resources or food due
to decreased abundance of species (Patricio et al. 2016).

Impacts of pressures

Human activities create pressures that alter the state of ecosystems.
A single activity may be the cause of multiple different pressures
and result in cumulative impacts.

Marine governance

It is the sharing of policy making competences in a system of
negotiation between governmental institutions at several levels
(international, (supra and sub) national) and multiple actors (state
market and civil society) in order to govern activities at sea and
their consequences (van Tatenhove 2020).

Stakeholders

‘Individuals, groups or representatives of specific groups with an
interest or direct involvement in policy development or its direct
outcomes’ (IOC-UNESCO 2021, p.26).

Value

The worth, usefulness, importance measured by the improvement
of ‘well-being’ (human). Value is measured in willingness of
people to give up something to get or enjoy it (Potchin — Young et
al. 2018).

Zoning

A commonly used approach in planning whereby uses are
allocated a space based on the area’s suitability for those uses
(Potchin — Young et al. 2018).

Scenarios

‘A scenario is a coherent, internally consistent and plausible
description of a possible future state of the world. It is not a
forecast; rather, each scenario is one alternative image of how the
future can unfold” (Intergovernmental Panel on Climate Change
2001 cited in McGowan et al. 2019).
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1 Introduction and scope

The driving forces behind a worldwide interest in maritime spatial planning are the
need to manage pressures on the ecosystems and the increasing competition and need
for resources and space (Ehler et al. 2020). Understanding relationships between
human activities driven by needs and wants, and the marine ecosystem state and
processes is essential for addressing ocean sustainability problems (Schliter et al.
2019). These relationships are extremely complex and diverse, their study requires
knowledge from different disciplines to come together to collaboratively explore the
ways in which people and ecosystems interact (Briggs et al. 2022). An ecosystem
service approach is one of many lenses for exploring these relationships, and its
conceptualisation in a maritime planning context to ensure multidimensional — social,
economic, and environmental — sustainably is the central theme of this thesis.

The following section of this chapter outlines the thesis structure. It is then followed
by a more detailed introduction to the

research context and concepts, as well as the Chapter 1 Introduction

PhD project aims and objectives. Thesis structure

_ Research context
1.1 Thesis Structure

Chapter 2 Research design
Research aims and questions
Conceptual framework
Analysis design

This thesis consists of five chapters (Figure
1). The introduction provides the research
context, a description of the key concepts, as
well as an insight into the motivations
behind the research aims. The second
chapter is focused on research design — and
introduces the questions, conceptual
framing, and approaches taken to answer the

Chapter 3 Summary of papers

Chapter 4 Findings and

research questions. Chapter three is a _ discussion
summary of the scientific papers. In chapter Contributions to sub-research
four, the research questions are answered in questions and the central

a discussion format based on the findings research question
presented in the scientific papers. Chapter '

five concludes the thesis and is followed by Chapter 5 Conclusion

the collection of papers.
Literature lists and
collection of papers

Figure 1 Graphic representation of
thesis structure
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1.2 Research context

This thesis is concerned with the global advance in the planning of marine and coastal
waters under national jurisdiction through maritime/marine spatial planning
(henceforth: MSP). The following chapters provide an introduction to MSP, its role
in the wider governance system, and a social-ecological systems paradigm, which
acknowledges the interconnectedness of people and nature and is at the heart of an
ecosystem services approach, the sustainability concept, and MSP.

1.2.1 Maritime boundaries: legally defined division of waters

The United Nations Convention on the Law of the Sea divides the world’s oceans and
seas into three zones — territorial waters, the exclusive economic zone (EEZ), and sea
areas beyond national jurisdiction commonly known as” high seas”. Different
governance arrangements, legal structures, and management and planning instruments
are present to regulate human activities within these zones.

Territorial waters can stretch up to 12nm (22km) away from the shoreline, and from
a regulatory point of view are an extension of land territory (Soons 2004). Like land
territories, territorial waters are governed by domestic laws as well as regulations
negotiated between interests at national and international levels. For instance,
domestic strategic interests defined by democratic decision-making within the state as
well as requirements laid out at the regional level (i.e., EU-level directives or non-
legally binding regulations defined with the remits of sea basins OSPAR, HELCOM-
VASAB, and the Mediterranean Action Plan) and global level laws (e.g., the United
Nations (UN) Convention on the Law of the Sea, which defines the rights of nations
to marine resources and space, and responsibilities for protection of marine
ecosystems) or treaties (e.g., Convention on Biological Diversity (treaty dedicated to
sustainable development) laid out by international governance institutions such as the
UN International Maritime Organisation responsible for regulating shipping and
maritime safety. Beyond the territorial waters, there are the Sea Areas under
Functional Jurisdiction of a Coastal State, which are commonly referred to as the
Exclusive Economic Zone (EEZ; Soons 2004). In the EEZ, the coastal state has the
right to resources and can prescribe regulations but has limited power and authority
to enforce these rules. Lastly, there are the ‘high seas’, which are areas governed only
at the international level and no single nation has the responsibility for or authority
over them (Soons 2004). High seas make up a significant part — approximately two-
thirds — of the ocean space. The decreasing level of regulations and management of
human activities that comes with the increasing distance from the shoreline leaves the
high seas vulnerable to over-exploitation of resources and a space for crime and
piracy. While this is an increasingly important topic, it is outside the scope of this
research project (for further reading see Zaucha and Jay 2022). Instead, the focus of
this thesis is MSP waters under national jurisdiction.
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1.2.2 Guiding principles and stages of MSP

One of the most widely used definitions of MSP by I0C-UNESCO/ European
Commission states that MSP is a ‘public process of analysing and allocating the
spatial and temporal distribution of human activities in marine areas to achieve
ecological, economic and social objectives that have been specified through
a political process’ (Ehler and Douvere 2007). In the European context, MSP is a
‘policy tool” or ‘instrument’ for more integrated and cohesive planning (EC 2014).
Despite slight variations in the definitions from place to place, there is a shared
understanding that MSP should follow a set of principles and stages of an adaptive,
cyclical planning process (Ehler and Douvere 2009).

It is widely accepted that MSP must be participatory, ecosystem-based, consider and
integrate land and marine planning, and function across borders, boundaries, and leave
no stakeholders or interest unseen or behind (UNESCO-IOC/European Commission
2021; see Figure 2).

Guiding principles of maritime spatial planning
e Supports land and sea interaction — facilitates a coherent planning system, which
considers land to the coast and the marine realm.

e  Supports transboundary and cross-border cooperation between land and marine
planners, institutions involved in the planning process, regional, local, and national level
authorities as well as neighbouring countries. Key to preventing inconsistencies across
borders, e.g., shipping lanes, that do not align, and for fostering synergies and helping
attain common policy goals.

e  Follows an ecosystem-based approach (EBA) — recognises that people are part of the
ecosystem and there are environmental limits to be observed in development. The
application of EBA is anchored in the use of scientific evidence and knowledge of
ecosystem functioning and processes, including human pressures created by human
activities and cumulative impacts on ecosystems.

e Is participatory and inclusive — considers all sectors connected to the marine space
being planned. Identifying stakeholders and engaging with them through appropriate
channels meaningfully is a core element of transparent, legitimate, long-lasting, and
effective policymaking and a requirement in democratic governance. Stakeholder
mapping is an important process to ensure all necessary social groups are recognised
and invited to be part of the decision-making process. So an is effort to support
representation, especially of less powerful or influential groups. In the MSP context
stakeholders often include various government bodies and international organisations
(spanning across governance levels i.e., international, national, regional, and local) as
well as sectors and action groups. MSP must bring these actors and stakeholders
together to create a dialogue and facilitate negotiations between them aiming to resolve
existing conflicts and prevent future ones.

Figure 2 Guiding principles of maritime spatial planning based on UNESCO-IOC/European
Commission (2021).
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Ehler (2018) also argues that on top of being ecosystem-based, participatory, and
inclusive, effective MSP must also be place-based - focused on a specific relatable
location, adaptive — embody a ‘learning by doing’ approach to planning, and strategic
— focused on the long-term vision.

Broad steps or stages have been defined in guidelines and scholarly studies of MSP
processes to structure the planning process at different times (e.g., IOC-UNESCO
2021; Giacometti et al. 2020; Ehler and Douvere 2009). Some of these stages are
focused on objective setting (i.e., Scoping, Drafting, and Consulting; Figure 3).
Different places have different meanings and purposes to different actors, and through
negotiation and discussions, these are formulated into objectives and goals (Ehler et
al. 2019).

Data, k,,o“’

Scoping Drafting

Z
%
-
3
Consulting [~
Analysis of g
current and
future
conditions
Monitoring
&

Evaluation

Figure 3 Steps of a cyclical MSP process represented in a loop diagram adapted from
Giacometti et al. 2020, Ehler and Douvere 2009 and von Thenen et al. 2020.

The drafting and consulting stage is focused on analysing the potential consequences
of plans (Figure 3). This involves analysis of current and future conditions of the
ecosystem and society to explore possible futures through what-if scenario building
or trade-off analysis (Douvere and Ehler 2011; Gissi et al. 2019; von Thenen et al.
2020). For instance, several scenarios can be built to represent possible alternative
futures and be evaluated against each other and desired outcomes to provide an insight
into how specific actions or decisions may unfold in a desired or undesired fashion
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(McGowan et al., 2019) and may help define more effective measures and actions
(Pietetal. 2020; Douvere and Ehler 2011). Assessment of trade-offs between different
activities based on expected risks and gains may reveal the most spatially optimal
solutions or give an insight into compatibility between sectors (White et al. 2012) and
may take place as part of scenario analysis (McGowan et al. 2019).

Throughout the process planners continuously draw on different types of knowledge,
data, and involve stakeholders and citizens (Giacometti et al. 2020). In the marine
planning context knowledge, and data about ecosystem dynamics are particularly
important, as well as the interaction between people and ecosystems which can be
described qualitatively and quantitively (IOC-UNESCO 2021; Bednarek et al. 2018).

In the European Union for instance, the Maritime Spatial Planning Directive (MSPD)
was adopted in 2014 and made MSP a requirement for every EU coastal state (EC
2014). The implementation of MSPD is obligatory, however, member states are given
the freedom to decide on the way MSPD is adopted according to the states’ needs,
institutional and legal setup, and administrative and cultural practices (Hassler et al.
2019). This means that even within the EU across countries following the same
Directive, MSP practices vary to a great degree from country to country as the MSP
objectives and processes are shaped by international and national development targets
as well as ecosystem protection or conservation goals and planning culture and
arrangements.

1.2.3 A promise of multi-dimensional sustainability

Judging by global and EU-level aspirations, the multi-objective, cross-sectoral,
participatory nature of MSP makes it a well-rounded tool to support sustainable
development — a balance between economic, social, and environmental goals (Ntona
and Morgera 2018). Globally, MSP is seen as a mechanism for achieving the United
Nations Sustainable Development Goal (SDG) 14 — Life Below Water, and supports
the pursuit of social justice and equity i.e., no poverty (SDG 1) and hunger (SDG 2),
and improved human health (SDG 3) (Kirkfeldt and Frazdo Santos 2021; Ntona and
Morgera 2018).

At the EU level, the MSPD is a key instrument for the implementation of the
Integrated Maritime Policy (2007) framework focused on supporting blue, economic
growth in the region and the Marine Strategy Framework Directive (MSFD; EC 2008)
aimed at protecting the marine environment. When implementing the MSPD,
planning authorities must therefore find ways to address challenges and enhance
synergies between different users of marine space competing for resources, as well as
users and the environment as a result of increasing pressures on ecosystems due to
human activities (EC 2022). The possibility of addressing use-use and use-
environment conflicts as part of the same process is one of MSP’s key characteristics
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that makes it a beacon of hope for multi-dimensional sustainability (Ntona and
Morgera 2018).

However, there is a growing concern that much of the focus in MSP is on economic
growth or/and addressing environmental issues, whilst alarmingly little attention is
paid towards social sustainability (SS), that is, social justice (Saunders et al., 2020).
Research suggest that in most cases MSPs end up being focused on either:

a) takes an ecosystem based-approach focused on the conservation of the
environment and ecosystem (Ehler et al. 2020), thereby subscribing to a ‘hard
sustainability approach’ and a view that development is limited by the planetary
boundaries (Rockstrom et al. 2009); or

b) is driven to find solutions to conflicts between users and support the
development of a maritime economy (Rockstrom et al. 2009) thereby taking on
a “soft sustainability” approach — viewing human and natural capital on a par
with each other, and at times assuming that technological progress will
eventually resolve environmental problems (Pelenc, Ballet and Dedeurwaerdere
2015).

National MSP experiences suggest that social sustainability is assumed to follow
economic growth and good environmental status (Saunders et al. 2020; Ramirez-
Monsalve and Van Tatenhove 2020). Further, when considered as part of the MSP
process and engaged with by scholars, social sustainability is often limited to
stakeholder participation — questions of which social actors, why and when should be
engaged, and the format of participation is often restricted to a consultative rather than
dialogue-focused ways of engagement (Flannery et al. 2018; Tafon et al. 2022).

Strategic Environmental Assessments are a compulsory part of MSP and used
evaluate the environmental consequences of plans, yet do not consider social impacts
for the most part (Pinkau and Schiele 2021). Part of the challenge of engaging with
matters of social sustainability in MSP, Saunders et al. (2020) and others (e.g.,
McKinley et al. 2019) believe, is a lack of common, systematic ways of
conceptualising social sustainability in the marine context. To tackle sustainability
issues, there is a need for cross-sectoral and transdisciplinary approaches and methods
to strengthen and highlight the links between human activities and ecosystem state as
a single, interconnected system (Ntona and Morgera 2018).

1.2.4 A social-ecological systems approach to planning

The notion of ‘systems’ and ‘systems thinking’ is at the heart of the sustainability
discourse, and has played a significant role in shaping the current-day planning
process (Healey 2007). Central to systems thinking is an understanding that problems
can be solved through the analysis of interconnections between elements that
constitute a defined ‘system’, which are affected by each other, elements external to
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the system, and can create feedback loops (Healey 2007). One of the central roles of
systems thinking is to break down complex systems into bite-size pieces, their
component parts, and the interactions between them (Patricio et al., 2016; Healey
2007). Systems thinking, mainstreaming of the policy concept of ‘sustainable
development” and the discourse around it in the late 80s that drew attention to the
shortcomings of traditional, narrowly focused resource management practices (Healey
2007; Schliiter et al. 2012), resulted in a shift from an understanding that planning
primarily focused on physical design of spaces, to a view places and people as
interconnected, interdependent systems nested within and made of interactions
between actors and their environments (Healey 2007). The reimagining of the nature
and role of planning in society meant that planners and decision-makers began
engaging in analysis of how different ‘parts’ of systems are connected and interact,
analysing impacts of and trade-offs between decisions based on constructs
representing a version of an ‘objective reality’ (Healey 2007) and employing systems
thinking as an instrument ‘to dissect and harness complexity, rather than eliminate it’
(Ostrom 2009).

A social-ecological systems (SES) approach specifically implies that people are part
of the natural environment, and focuses on the complex and dynamic interactions
between people and ecosystems (Schliiter et al. 2019; Biggs et al. 2022). SES and the
wider systems worldview draw attention to the relational qualities and processes
between objects as key elements of reality (Preiser et al. 2022). Since the 1990s, the
SES approach has been important for understanding and addressing many
sustainability challenges that have no straightforward solutions, so-called ‘wicked
problems’ (Potchin-Young et al. 2018; Schliter et al. 2019). Common frameworks
have been developed to organise and guide SES analysis of social and ecological
element interaction with varying degrees of emphasis on non-linearity, feedback
loops, and scales, such as an ecosystem services approach and the ecosystem services
cascade framework (Briggs et al. 2022; Binder et al. 2013; Schliiter et al. 2019). The
DPSIR model was one of the first developed and used for the analysis of pressures
and impacts of human activities on ecosystems in the context of decision-making
(Binder et al. 2013; Gomez et al. 2016). DPSIR-type models, an ecosystem service
approach, and combinations of the two frameworks provide the theoretical
foundations for this project (further described in Chapter 2.2 Conceptual Framing)
and are unpacked next.

1.2.41 The DPSIR —type models

Over the years, many different variations of the DPSIR model have been developed
and used in environmental risk assessment and management contexts including the
marine (see Patricio et al. 2016 for a detailed description of the model development
timeline). The defining characteristic of DPSIR — type models their focus on pressures
and analysis of impact pathways, that is, how people affect the ecosystems (Sharpe et
al. 2020).
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In an in-depth study of the evolution of the DPSIR model, Patricio et al. (2016) present
that the most recent version of the DPSIR model applied in the marine context is the
Drivers-Activities-Pressures-State-Impact (on human Welfare)-Response (as
Measures) model or the DAPSI(W)R(M) (Figure 4).

Actlwtles Drivers
Drivers Response \
Pressures < Response
Pressures DPSIR \I DAPSI(W)R(M)  (as Measure)
Impacts
7
State State Impacts (on human/
TS~ Welfare)

Figure 4 Visualisation of the original DPSIR and its more recent adaptation — the
DAPSI(W)R(M) models.

Drivers are the basic human needs underlying human Activities, which result in
Pressures and a change in the state of the ecosystem (e.g., habitat composition)
(Patricio et al. 2016). A single activity can be a source of multiple pressures generating
stressors and in turn — cumulative impacts, which are greater than the sum of
individual parts — resulting in an immediate change in the ecosystem state or changes
that manifest over time (Reckermann et al. 2022; Directive 2008 /56/EC). Change in
the ecosystem impacts human welfare (Patricio et al., 2016), for instance, a decrease
in the abundance of some fish populations may have an effect on fish landings directly
impacting fishers’ wellbeing and others who may depend on fish as a food source.
Impacts are in many cases met by people with a management response, which may be
a measure or an action targeted at managing the drivers, activities, and impacts on
human welfare (Elliott and O’Higgins 2020).

1.2.4.2 An ecosystem services approach

In contrast to DPSIR, an ecosystem services approach shifts the focus from how
people affect ecosystems to also explore how society benefits from them aiming to
make the value of these benefits and the ecosystem more tangible (Sharpe et al., 2020).
Ecosystem services are the contribution of the ecosystem to human wellbeing and
livelihoods, or “the final output from ecosystems that are directly consumed, used
(actively or passively) or enjoyed by people” (Culhane et al. 2020, p. 107). The
ecosystem services cascade is one of the most widely used models to represent an
ecosystem service approach (Figure 5; La Notte et al. 2017).
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Figure 5 The ecosystem Services cascade model based on Potchin-Young 2018.

The cascade depicts the link between ecosystem components, species, and structures,
ecosystem functions that represent interconnections between ecosystem components
and ecosystem processes, and underpin the capacity of an ecosystem to supply
services (Potchin-Young 2018). Services are obtained by economic, social, and
cultural activities and provide benefits to people, which can be defined and measured
as changes in human wellbeing as a result of service consumption or experience and
fulfilment of needs and wants (Potchin-Young 2018). The value of a service or
benefits comes from a socially ascribed worth or importance of the change in
wellbeing (Potchin-Young 2018). The supply of ecosystem services, irrespective of
their use, is maintained by a well-functioning ecosystem through the interaction of its
ecosystem components more often than not under pressure as a result of various
human activities (Potchin-Young 2018).

A number of classification systems have been developed to support the analysis of
SES from an ecosystem services perspective (La Notte et al. 2017). Classification
systems serve an important role in facilitating service and benefit valuation studies.
One of the most widely used is the Common International Classification of Ecosystem
Services (CICES), which groups services into three main categories — provisioning,
cultural, regulating and maintenance. Some services have a much more direct link to
benefits than others, for instance, the connection between wild fish for food and
increased human wellbeing due to a supply of nutritious food and health benefits is
relatively obvious (Hyytidinen et al. 2014), while others are more closely related to
ecosystem functions and processes, and require a much deeper understanding of
ecological processes. Services such as retention of pollutants and nutrient regulation
are examples of regulating and maintenance services, which at times may be confused
with functions (Hyytidinen et al. 2014).

To increase the reliability of economic studies of benefits and benefit distribution and
lower the risk of mismanagement of natural resources, service supply assessment,
availability and value of benefits, and drivers of change rooted in human needs should
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go hand in hand with biophysical assessments of pressure impacts, change in
ecosystems and service supply (Bateman et al. 2011; Figure 5). Linking the two sides
— supply and demand — is a complex and resource-demanding process of bridging
social and natural sciences (Sharpe et al. 2020) and requires triangulation of methods
and approaches from various disciplines (Potchin — Young et al. 2018). Analysis that
stretches the two sides requires geospatial and biological information about ecosystem
component distribution or abundance, and knowledge of which functions they
perform. On top of this, a description of benefits and services includes an analysis of
their value, and distribution of costs and benefits often through engagement with the
beneficiaries and communities (Sharpe et al. 2020). Most ecosystem service
assessments, therefore, focus on either the supply or demand side, interconnections
between a select few elements say services supplied by one or two species at a time
(Sharpe et al. 2020), and even fewer assess the link between ecosystems services
supply and pressures (Heckwolf et al. 2021).

1.2.5 Ecosystem services in maritime spatial planning

This might be self-evident, but studying different parts of the cascade provides
insights into different parts of the systems, gives rise to different types of knowledge
and therefore inform the decision-making process differently. For instance, qualitative
supply assessments can depict contribution of ecosystems in service supply and are
useful in understanding service origins (Veidemane et al. 2017) say to determine areas
of high value and inform conservation measures. While analysis of benefits,
disbenefits, benefit distribution, socio-ecological consequences of trade-offs, as well
as labour or social costs involved in transforming services into benefits or goods can
create an better understanding of the social and economic consequences of decisions
(Berbés-Blazquez et al. 2016; Schroter et al. 2017) Consideration of the distributional
aspect of benefits is particularly important as they can reveal issues of access, fairness,
and inequity in society (Bateman et al. 2011). However, Ntona and Morgera (2018)
suggest that the links between ES and justice need further study.

The ES cascade can be linked directly to MSP at each analysis step (see Figure 5),
and importantly structure the evidence-gathering and analysis stages of the MSP
process (von Thenen et al. 2020). von Thenen argues that the different stages of an
integrated ecosystem service assessment (capacity, ecosystem service, benefits, and
value assessments) can have a role to play in the stock-taking and scenario analysis
spectrum of activities as current and future conditions (social, environmental and,
economic) are analysed during the MSP process.

1.2.6 Decision-support tools for MSP

Various spatial and non-spatial decision support tools, that is, computer programme
applications or non-computer-based techniques have been developed to support the
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MSP process, most of which support a single, specific type of analysis and MSP task
(Pinarbasi et al. 2017; Gee et al. 2019).

Digital tools have been developed to support participatory knowledge co-creation and
a collaborative decisions-making process. Participatory mapping techniques and tools
can help highlight problem areas and capture socio-culturally important spaces and
knowledge (Ntona and Morgera 2018). The Baltic Explorer (http://balticexplorer.eu/)
is an example of an open-source collaborative GIS online tool developed as part of
the BONUS BASMATI project (Koski et al. 2021b) for drawing shapes, and editing
maps loaded through a Web Map Service from a range of sources real-time on a shared
platform. The MSP challenge game is an example of spatial ‘serious game’ (digital
and as a board game) created to engage stakeholders and build a common
understanding of an MSP process (Abspoel et al. 2021).

Considerable efforts have also been made in the recent years to compute cumulative
impacts of pressures generated by human activities on ecosystems (Menegon et al.
2018). The Symphony tool for cumulative impact assessment and the MYTILUS
toolset for cumulative impact and co-location analysis have been developed for and
tested in a decision-making setting (Hansen 2019; Hammar et al. 2020). Both tools
have built in scenario analysis components, which allow adaptation of pressure levels
to assess changes in pressures and cumulative impacts for a specific area following
the Halpern et al. (2008) approach.

InVest (Integrated Valuation of Ecosystem Services and Trade-offs) is a widely used
ES supply assessment and mapping tool, that in some cases can be used to also identify
and value the benefits and compare alternative plans and trade-offs (Guerry et al.
2012). The AguaLinks tool is for analysing ecosystem services in the form of
weighted linkage web diagrams and linkage chains (see AQUACROSS project).

The interconnections between different elements of social-ecological systems can be
represented in linkage diagrams following a linkage framework approach (Ostrom
2009). Populated with indicators and data to reflect a SES at a specific time and place,
linkage web diagrams can be used as a tool for graphically representing multiple
linkage chains or pathways sustaining ecosystem service supply and giving an
overview of a SES as a whole — the elements and processes between them (Robinson
and Culhane 2020). The importance of a link between elements can be described
numerically and represented graphically through varying widths (Robinson and
Culhane 2020). Ultimately aiding communication between social and natural
scientists, as well as decision-makers involved in ecosystem service analysis
(Robinson and Culhane 2020).

Participatory, expert scoring has often been used to describe the links between

ecosystem components, functions, and services qualitatively and quantitatively
(Robinson and Culhane 2020; Campagne et al. 2017). One of the main advantages of
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an expert knowledge-based linkage framework approach is that it essentially
accommodates various types of data (Campagne et al. 2017). That is, while not ‘data
driven’, expert-filled matrices describing links between elements may be based on
field studies or modelling results. Therefore, certain downsides come with using
expert knowledge (e.g., poor transparency and reproducibility and no systematic way
of acknowledging uncertainties), an elicitation process can bring various data and
evidence sources together under one roof thereby enabling fuller social-ecological
system assessments where some element may be well studied while other areas — not
as data-rich (Robinson and Culhane 2020).
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2 Research design

The design of this research project was guided by an interest to embrace
methodological pluralism, and interdisciplinarity and explore the untapped potential
of ecosystem services in supporting MSP. While the central objective of this project
remained constant throughout, the formulation of sub-research questions and the
development of the analysis design was an iterative process different research strands
informed each other and shaped the understanding presented in this thesis. This
chapter is divided into three sections focused on the three key aspects of research
design — i) research aims driving the project, ii) conceptual framing, and, iii) analysis
design.

2.1 Research aims and the role of papers

The overarching aim of this thesis is to contribute to the way an ecosystem services
approach is conceptualised and employed in MSP, and answer the central research
guestion — How can an ecosystem services approach be operationalised to improve
integration in MSP? To answer this question, the following three sub-research
questions (SRQs) are investigated:

1. What are the gaps in the current conceptualisation of social sustainability in
MSP and how can they be addressed?

2.  What is the potential role of an ecosystem services approach in supporting
social sustainability conceptualisation in MSP?

3. How can multiple ecosystem service supply change be assessed to support
MSP?

SQR1 highlights some shortcomings of how social sustainability is currently studied
in MSP and provides some analytical approaches to support social sustainability
conceptualisation in a more systematic and place-based manner. SRQ2 is focused on
exploring the untapped potential of ES in supporting social sustainability
conceptualisation in MSP, specifically multidimensional impact analysis. To answer
SRQ3, a spatial decision-support tool, which supports quantitative, geospatial analysis
of multiple ecosystem service supply change following a linkage framework approach
is designed and tested.

Each question is answered separately and Chapter 4, and the discussion rounds up the
findings from all studies presented in this thesis to discuss how the findings may
improve operationalisation of an ecosystem services approach in MSP.

The findings presented in this thesis are published in authored and co-authored papers

(as illustrated in Figure 6. A schematic representation of the paper contribution). All
papers written during the project have varying degrees of empirical and theoretical
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focus and play different — key or supplementary — roles in answering the research
questions.

Paper 1. Armoskaite et al., 2020 Establishing
the links between marine ecosystem
components, functions, and services: An
ecosystem service assessment tool.

J '
| Social sustainability |
‘ conceptualisation in |
i MsP '
A '

Paper 2. Armoskaite et al., 2021a. Assessing
change in habitat composition, ecosystem
functioning and service supply in Latvian
protected stony reefs.

Paper 3. Armoskaite et al., 2023. Setting the
scene for a multi-map toolset supporting
maritime spatial planning - mapping pressures
and relative cumulative effects to ecosystem

Paper 4. Armoskaite et al., 2021b.
Considerations of Use-Use Interactions between
Macroalgae Cultivation and Other Maritime
Sectors: An Eastern Baltic MSP Case Study.
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Paper 5. Frederiksen et al., 2021. Proposing an
ecosystem services-based framework to assess
sustainability impacts of maritime spatial plans
(MSP-SA).

P s e seely

Paper 6. Gilek et al., 2021. In search of social
sustainability in marine spatial planning: A review
of scientific literature published 2005-2020.

Paper 7. von Thenen et al., 2021. The Future of
Marine Spatial Planning—Perspectives from Early
Career Researchers.

Paper 8 Tafon, et al., 2023. Mainstreaming
coastally just and equitable marine spatial
planning: Planner and stakeholder experiences
and perspectives on participation in Latvia.

- - — e —— -

Paper 9. Koski et al., 2021 User experiences of
using a spatial analysis tool in collaborative GIS

for maritime spatial planning. SRQ3

:
Spatial decision |

Paper 10. Pakalniete et al., 2021. Economic support tool design

Valuation of Ecosystem Service Benefits and
Welfare Impacts of Offshore Marine Protected

Paper 11. Bonnevie et al., 2022. Utilising P
MYTILUS for active learning to compare
cumulative impacts on the marine environment 4
in different planning scenarios.

Central research question

Contributions towards ecosystem service approach
operationalisation in MSP

Figure 6 Contributions from the papers to answering sub-research question (SRQs), including
key contributions to the thesis (in boxes; papers 1-7, and 8) as well as supplementary papers
(papers 7, 9-11). Strength of contribution is represented by the thickness of the line.
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2.2 Conceptual framing

To manage human activities in a way that tackles ocean sustainability issues,
adaptative, ecosystem-based MSP requires an overview of social-ecological systems
and the possibility of tracking change in the system (Culhane and Robinson 2020;
Briggs et al. 2022). This entails a relational understanding of the connections between
multiple different elements of systems simultaneously, which in an ideal world,
recognises the dynamic, adaptive, and ever-changing nature of systems that are
affected by external forces outside the artificial system boundaries, place and time
and, non-linearity within systems - cumulative impacts, feedback loops — that may
emerge as systems change and elements interact (Briggs et al. 2022; Potchin and
Young 2018).

Species and habitats perform various different ecosystem functions and contribute to
the supply of a wide range of services (Sharpe et al. 2020). However, literature
suggests that few ecosystem service studies embrace complexity and have so far
attempted to take on a more ‘holistic’ approach, that is, explore the links between
more than one or two ecosystem services and ecosystem components in the marine
context (Sharpe et al. 2020) and those that do follow a linkage frameworks approach
and assess interactions qualitatively (Robinson and Culhane 2020; Campagne et al.
2017). Numerical descriptions of multiple interactions between a whole range of
elements in a linkage diagram would advance the application of ecosystem services
in MSP by supporting analysis of change in the environment and human wellbeing
(Robinson and Culhane 2020). The effects of cumulative impacts on marine
ecosystem service supply have also been explored in a handful of studies using the
Halpern et al. (2008) approach (Hammar et al. 2020; Singh et al. 2020). Hammar et
al. (2020), for instance, assessed relative change in impact index values to explore the
consequences of different activities considered by the Swedish MSP. However,
comprehensive methods for analysing cumulative impacts on service supply remain
to be developed.

Requirements for SES analysis to consider cumulative impacts, assess the links
between multiple ecosystem components and services, and be communicated
numerically and visually — through linkage web diagrams and maps — to foster
communication with decision-makers, stakeholders, and across disciplines (Bateman
et al. 2011) set the foundations for the design of a spatial decision support tool to
assess multiple ecosystem service supply. The design of the tool further evolved
through interaction with experts and decision-makers throughout the project.

The overall conceptual framing of this thesis is based on the butterfly model (Gémez
et al. 2016; Elliot and O Higgins 2020), which combines elements of the ecosystems
services cascade and the DAPSI(W)R(M) model. The butterfly has two
interconnected sides representing the supply/ecological the demand/social
relationships of the social-ecological system, and the ‘impacts’ of the
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DAPSI(W)R(M) are seen synonymous with ‘ecosystem services’ of the ecosystem
services cascade (Gomez et al. 2016; Elliot and O’Higgins 2020; Atkins et al. 2021).

Figure 7 is a graphical re-interpretation of the further adapted butterfly model to
highlight central elements and focus areas of this thesis, and their interconnections.
Four elements have been added to the model (Figure 7; text in red). Firstly,
‘cumulative impacts of pressures’ on the ecosystem state have been added to the
supply/ ecological system side of the butterfly to elevate the importance of
considering multiple pressures and cumulative impacts in the analysis of ecosystem
service supply. The yellow arrows and text on the supply side indicate elements and
processes studied to develop a method and design a tool for assessing multiple
ecosystem service supply.
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Figure 7 A graphical representation of the conceptual framing of this project based on the
butterfly model (Gomez et al. 2016). Labels in red highlight new additions to the model.
Yellow arrows and labels indicate elements considered in the design and testing of the tool for
ecosystem service supply change analysis.

Three additional elements have also been introduced to the social system side of the
butterfly to emphasise the significance of distributional and procedural justice as part
of the benefit and social actors and process analysis (Figure 7). Literature suggests
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that the links between ES and justice need further study (e.g., Ntona and Morgera
2018), and the development of systematic approaches for analysis would be
advantageous for improved social sustainability and considerations in MSP (e.g.,
Saunders et al. 2020). To this end, three analytical categories are added to the butterfly
to cover aspects of distributional and procedural justice, as presented by Saunders et
al. (2020) based on Fraser’s (2008) theory of social justice:

e Recognition of the legitimacy of diverse identities and rights, needs,
livelihoods, lifestyles, and types of knowledge

e Representation — determinants participation, inclusion/exclusion in decision-
making.

o Distribution of goods and bads — sharing of impacts, risks, (dis)benefits, and
resources in MSP.

All three categories are interconnected, and together provide an insightful overview
of justice when applied in the evaluation or analysis of MSPs (Saunders et al. 2020).
Analysis of the spatial distribution of goods and bads over time and space may reveal
issues of environmental injustice (Bennet et al. 2023). At the same time, a claim to
space and a designated spot on the map is a direct consequence of being at least to
some extent part of the process of deliberation (Gimpel et al., 2018), therefore is not
only an indicator of access to resources, but also a manifestation of procedural
considerations recognition and representation. Spatial visibility on maps is
increasingly important for sector development as seas, especially coastal areas,
become more and more crowded (Przedrzymirska et al. 2019; Gimpel et al. 2018). At
the same time, traditional uses with existing claims over space may have an upper
hand making it challenging for new sectors to establish (Schultz-Zehden et al. 2018).
Co-location is a concept that has become increasingly popular in MSP and describes
an ambition to find synergies between uses and uses and the environment (Bonnevie
et al. 2019; Przedrzymirska et al. 2019). For establishing sustainable blue economy
sectors, such as low trophic aquaculture, spatial representation, and consideration as
part of the use-use combability, co-location analysis is a step in the right direction and
a start to streamlining regulations, licensing procedures and attracting attention from
investors (Stelzenmuiiller et al. 2017). Therefore, in the context of spatial planning,
spatial dimensions of all three categories need to be evaluated, and the spatial
distribution of benefits also needs to be addressed (Ntona and Morgera 2018).

Saunders et al., (2020) categories shaped the conceptual framing and the analysis of
empirical data in papers 4, 6, and 8 focused on social sustainability conceptualisation
and provided the conceptual understanding of the links between papers 4, 6, 8, and 5.
In paper 4, Bonnevie (2019) categories applied by Bonnevie in spatially explicit MSP
use-use, use-environment, and co-location and multi-use analysis (e.g., Bonnevie et
al. 2020) are introduced to complement the Saunders et al. (2020) analytical approach.
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2.3 Analysis design

Analysis of social-ecological systems, including ecosystem service supply and
demand, involves the study of the physical world governed by the laws of nature
which speak the language of mathematics, and the social world defined by continuous
processes of interaction, sensemaking, and discourses created at the individual and
broader system level (Andriessen 2008). SES research is therefore a space where
different disciplines and types of knowledge come together to collaboratively describe
various parts of SES, which also means that SES research accepts and embraces
methodological and epistemological pluralism — different ways of understanding what
constitutes knowledge, how it is produced and applied (Miller et al., 2008; Preiser et
al. 2022). In SES research, various methods may be employed to gather and analyse
data that is not only scientifically robust but also a meaningful interpretation of SES
made accessible to others to facilitate collaboration between researchers and engage
relevant stakeholders (Preiser et al. 2022).

The process-relational systems worldview focused on exploring interactions and
changing nature of social and ecological elements of the system, is on par with a
critical realism theoretical worldview which integrates ontological realism — says that
a ‘real’ objective world exists — and epistemological relativism — recognises the
significance of time, space and discourse created at an individual level (Preiser et al.
2022). This project too is rooted in critical realism and attempts to endorse
epistemological agility by combining different scientific fields of research and
methodological approaches for collecting and interpreting empirical evidence (Figure
8). The focus on improving the operationalisation of an ecosystem services framework
in a decision-making context set the precedent for a series of solution-based
investigations with an underlying intention to provide solutions to social and
management problems by creating knowledge and practical products, such as maps
and tools, through for instance collaborative design and action research (Baard et al.
2010; Arnott and Pervan 2005; Hevner et al. 2004; Figure 8).
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Figure 8 A graphical representation of the methodological framing and different sources of
knowledge contributing to each sub-research question. Numbers underneath methods indicate
the paper number and light grey colour, non-bold text — indirect input. Paper 7 is not included
as it is a commentary

To answer the research questions, this thesis engages with eleven studies that explore
different parts of the adapted butterfly, and follow different methodological
approaches but can be categorised into two groups of methods responding largely to
SRQ1 and 2, and SRQ3.

Firstly, the first two sub-research questions are focused on identifying and addressing
some of the gaps in conceptualising and analysing social sustainability (SQR1) and
ES (SQR2). SQR1 and SQR2 are answered with reference to papers 4 — 8 based on
studies of the normative, institutional MSP set-ups in different countries around the
Baltic Sea through documents, literature, geospatial analysis of marine spatial plans
and theories of social sustainability in research. Interview responses provided insight
into stakeholder/social actor experiences of planning processes (papers 5 & 8) and
experiences of researchers as insider participants of MSP (papers 4 & 7).

Secondly, to develop a method and design a spatial decision support tool for analysing
change in ecosystem service supply in response to SRQ3, on the other hand, a context-
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specific expert knowledge base was developed to inform tool development (presented
in paper 1), adapted and re-used as a secondary data source through the process for
the development of new functionalities and testing (papers 2 & 3). Ecological
geospatial data was also gathered from open sources, produced in collaboration with
experts, and informed the knowledge base and the case studies analysed to
demonstrate the tool.

The following sections of this chapter describe the key methods and materials — case
studies, the expert elicitation process, interviews, geodata sources, documents, and
analysis methods — in more detail. Empirical data was also collected through
observations at interactive workshops (paper 9), and through written feedback (paper
11) in quantitative surveys (10) in studies which indirectly contribute to answering
the research question. These methods are described in Chapter 3 Summary of papers
alongside the specific paper summaries.

2.3.1 Case studies

Case studies provide a form of empirical research to explore relationships (Yin 2003).
In several papers (1-5, 8, and 10) presented in this project, case studies with a
geographical location (all within the Baltic Sea region) complement other methods
based on the pragmatic need for context-specific knowledge. In papers 1-3 case
studies facilitate close-up analysis of various parts of SES in great detail and
relationships between tools and users, which define tool requirements central to the
design, testing, and demonstrating tool functionalities, and the results. In papers 4, 5,
8, and 10 case studies composed of gathering and analysis of empirical data ranging
from document analysis, interviews, participant observer knowledge, and geospatial
data, a nationally representative questionnaire, workshops, and ecosystem service
supply analysis.

2.3.2 Expert elicitation

As described previously, the use of various types of knowledge bases for the
development of linkage web diagrams and analysis of SES (Robinson and Culhane
2020; Campagne et al. 2017). Expert knowledge, however, is central to the process
and underpins the identification of elements of the SES and descriptions of most
connections (Robinson and Culhane 2020; Campagne et al. 2017) and was collected
through workshops and individual consultations to create a knowledge base for an
ecosystem service supply SDT design and testing (papers 1, 2 and 3).

To gather expert knowledge and develop a knowledge base for the spatial decision
support tool design and testing, five scientists with backgrounds in marine biology,
ecology, biogeochemistry, sociology, and economics participated in a total of three
semi-structured, iterative workshops and carried out independent reflective work
evaluating the links between species, habitats, the functions they perform, and
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function importance to society. Regional experience, technical knowledge, and an
understanding of an ecosystem services approach were the criteria used to select
participants (as proposed in Singh et al. 2017; Jacobs et al. 2015; Figure 9).

Sampling criteria

o Regional experience - experience in researching the territory of interest
in the field of social or environmental sciences.

e Technical knowledge — environmental scientists were to have an overall
understanding of ecosystem functioning, some more specific technical
knowledge, and complement each other.

e Understanding or a level of familiarity with an ecosystem services
approach and the ecosystem services cascade.

Figure 9 Sampling criteria based on Singh et al. 2017 and Jacobs et al. 2015.

During the expert elicitation process, the experts were asked to complete three tasks
and check the results several times (Figure 10). The first task was to list the context-
specific ecosystem components, functions, and services (Step 1 Figure 10). A
common international classification system for ecosystem service (CICES v.5.1) and
a widely used Baltic Sea, macroregional habitat (HELCOM HUB 2013) classification
systems, and maps depicting ecosystem components (HELCOM Map and data
service), as well national datasets such as national fisheries data (Latvian Fisheries
Yearbook, 2014) and monitoring observations from the Latvian National Monitoring
program (Latvian Institute of Aquatic Ecology, 2018) were consulted by the experts
and provided a reference point for listing habitats, ecosystem functions and services.
Habitats and species were listed to describe the ecosystem at different levels of detail,
and widen the range of geodata compatible with the analysis results so that they are
mappable and can support MSP.
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Figure 10 A flow chart depicting steps of expert elicitation taken as part of the decision-
support tool development process.

The identified elements were added to a matrix and scoring took place (Step 2, Figure
10), which was followed by the identification of ‘insignificant’ links — links ascribed
values under a specific threshold (Step 3, Figure 10) — and an overall result validity
check (Step 4, Figure 10). The experts were asked to reflect whether the results
represented the social-ecological system fairly, and if so, to describe their confidence
in scores on a scale of 1 (very low) to 5 (very high) based on a) the evidence or data
behind each score and b) consensus within the group (Step 5, Figure 10). Once the
scores were gathered and analysis was performed, the results of the assessment were
once again discussed with the experts to see if the final products of the analysis reflect
the experts’ understanding of the social-ecological system (Step 6 Figure 10).

2.3.3 Geodata sources and analysis methods

Papers 1- 4, 9, and 11 primarily sourced freely accessible geodata from the HELCOM
Map and Data service (with few acceptations) and employed open-source tools for the
analysis.

Geodata depicting maritime uses for Latvia, Estonia, and Poland were downloaded
from the HELCOM Map and Data and gathered from national authorities responsible
for developing the marine spatial plans to map the results of the co-location analysis
in paper 4. Various ecological component maps from the HELCOM Map and Data
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Service as well as national databases informed the expert-driven linkage web diagram
development process. LIAE in-house sediment and habitat maps classified according
to HELCOM HUB (2013) based on video observations informed papers 1 and 2.

Two tools were used in geospatial analysis in papers 1,2 and 3. MYTILUS — an open-
source cumulative impact assessment tool (Hansen 2019) and QGIS (an open-source
GIS software) for further analysis (e.g., overlay). The Halpern et al. (2008) CIA
method at the heart of MYTILUS CIA requires spatial data on ecosystem pressures
from human activities, ecosystem components, and non-spatial, expert-assigned
sensitivity scores of components to pressures. By design, MYTILUS runs Baltic Sea
scale CIA based on spatial data from the HELCOM Map and Data Service, and
sensitivity scores derived by HELCOM (more info HELCOM 2017). MYTILUS was
used to run the CIA in papers 3 and 11. In paper 3, the results depict per-cell
cumulative impact values and were exported in raster format for further analysis.
QGIS was used to work out the per-cell change in cumulative impact index values and
ecosystem service supply. In paper 11, MYTILUS was used in a teaching context by
students to do the following exercises for a selected area: i. view maps and data, ii.
calculate cumulative impacts and view the results (maps and statistics), iii. create an
alternative scenario by copying reference scenarios and adapting human activity
levels to see change cumulative impacts, and iv. explore spatial patterns in conflicts
and synergies between activities.

For paper 9, a spatial multi-criteria assessment function to analyse the presence of
habitats and species on the seafloor, and an interface to accompany the analysis —
select and view data, and parameters — were added to the Baltic Explorer (Koski et al.
2021b). The data for the multi-criteria analysis was point data on species presence
pre-processed for the users using inverse distance-weighted interpolation.

2.3.4 Documents and research analysis

Iterative content analysis is a systematic reading of a text to identify key themes,
which are further categorised or analysed for patterns, and used as empirical data (Hall
and Steiner 2019). In papers 4, 5, 6, and 8 documents were analysed to gather main
empirical evidence.

In paper 5, reports and records of the MSP process in Latvia, Sweden, Germany, and
Finland, MSP sustainability appraisals from Sweden and England, and frameworks,
(i.e., MSFD socio-economic analysis and the First Global Integrated Marine
Assessments) were reviewed to compare the sustainability criteria used in MSP
practice and theoretical sustainability principles found in literature. In paper 4,
Latvian, Polish, and Estonian MSPs and associated documents (e.g., consultation
protocols, pilot MSPs, aquaculture sector development strategies; 18 in total) were
reviewed for acknowledgments of macroalgae cultivation sector legitimacy and
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instances of representation in formal and informal capacity by stakeholders or the
planning authorities.

Paper 6 is a systematic review of 310 scholarly papers published between 2005- 2020,
which address at least one dimension of social sustainability in an MSP context and
were identified using a search string that included terms such as social, cultural,
societal, social inclusion, diversity, equity, justice, quality of life. In paper 8, critical
blue justice in MSP research was analysed to derive analytical principles for equity in
MSP participation analysis.

2.3.5 Semi-structured interviews

Semi-structured interviews were carried out as part of studies 5 and 9. In paper 5,
planners in the Baltic Sea region (Finland, Sweden, Denmark, Germany, and Latvia)
were interviewed by the authors to see if alternative outcome and impact analysis if
are part of the MSP process, and if and how are social sustainability aspects
considered.

In paper 8, 12 semi-structured interviews were carried out with 15 different Latvian
MSP stakeholders (a local planner, consultants involved in the MSP process, as well
as the Latvian MSP authority, Maritime Administration (responsible for navigation,
shipping, and safety), Cultural Heritage authority and nature conservation
organisation representatives, and a coastal fisher, resident and tourism entrepreneur,
and two environmental scientists). The interviews were a gateway into the experiences
of and opinions on the Latvian MSP process, especially with regard to participation.
They were conducted in 2020-2021, mostly online due to COVID-19 restrictions.
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3 Summary of papers

This section provides a brief paper-by-paper summary of the eleven papers
contributing towards this thesis. The summary describes key research aims, methods,
and a brief outline of the findings contributing towards this thesis.

Paper 1. Establishing the links between marine ecosystem components,
functions, and services: An ecosystem service assessment tool (Armoskaite et al.
2020)

Research aim: to design and test an ecosystem service supply assessment tool for
estimating the relative i) contribution of ecosystem components in service supply
following the ecosystem service cascade and ii) change in service supply. Represent
the results in weighted linkage web diagrams.

Methods: several rounds of expert elicitation workshops and individual consultations
to define elements of a case study SES and describe interactions through scoring. The
information provided by the experts was used to develop the tool using Microsoft
Office Excel to do the calculations and the Plotly module (Plotly technologies Inc.
2015) in a Jupyter notebook web-based environment using Python to visualise the
results in a Sankey diagram.

Result contribution to this thesis: introduces a Microsoft Office Excel-based tool to
work out the relative overall contribution of ecosystem components in multiple
ecosystem service supply and estimate change in service supply based on changes in
the ecosystem. An explorative example illustrates the effects of mussel cover decrease
on ecosystem functioning and service supply.

Paper 2. Assessing change in habitat composition, ecosystem functioning and
service supply in Latvian protected stony reefs (Armoskaite et al. 2021a)

Research aim: to assess the change in protected stony reef habitat composition,
ecosystem functioning, and service supply.

Methods: a combination of geospatial analysis to develop benthic habitat cover maps
and relative ecosystem service supply change employing the ES supply assessment
tool and the assessment results published in Armoskaite et al. (2020).

Result contribution to this thesis: a method for preparing and utilising geospatial
information— detailed habitat maps based on underwater video data — as a basis for
place-based, relative ecosystem service supply change analysis using the tool
introduced in Armoskaite et al. (2020). The findings of this paper advance the
development of the decision support tool for estimating multiple ecosystem service
supply change to support MSP (SRQ3).
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Paper 3. Setting the scene for a multi-map toolset supporting maritime spatial
planning — mapping pressures and relative cumulative effects on ecosystem
services (Armoskaite et al. 2023)

Research aims: to design a conceptual framework for a multi-map decision-support
toolset that facilitates geospatial, relative ecosystem service supply analysis informed
by results of cumulative impact assessments, and manually test the model behind the
toolset.

Methods: a four-step analysis process — i. analysis of the Halpern et al. (2008) CIA
approach, ii. analysis of linkage framework-based ecosystem service analysis methods
and tools, iii. development of a conceptual framework for integrating CIA and ES
assessments, and iv. test case analysis using QGIS and MYTILUS.

Result contribution to this thesis: directly contribute to the development of a decision
support tool for the relative estimating ecosystem service supply change (SRQ3) by
introducing a method for calculating place-based, geospatial, relative change in
service supply as a result of change in cumulative impacts.

Paper 4. Considerations of Use-Use Interactions between Macroalgae
Cultivation and Other Maritime Sectors: An Eastern Baltic MSP Case Study
(Armoskaite et al. 2021b)

Research aim: to explore the ways in which MSP enables and restricts the
development of a new blue economy sector — macroalgae cultivation — in Latvia,
Estonia, and Poland. Incorporate spatially explicit analysis of use-use interactions as
part of social sustainability and justice analysis in MSP.

Methods: MSP and related planning documents analysis, author observer/ participant
knowledge, and geospatial analysis.

Result contribution to this thesis: presents an approach to integrating co-location
analysis as part of SS analysis by combining Saunders et al. (2020) analytical
categories and the Bonnevie et al. (2019) co-location analysis methodology, and
directly contributes to answering SRQ1.

Paper 5. Proposing an ecosystem services-based framework to assess
sustainability impacts of maritime spatial plans (MSP-SA) (Frederiksen et al.
2021)

Research aim: to develop a framework that facilitates MSP impact assessments,
which include all three sustainability dimensions — social, economic, and
environmental — with an emphasis on sociocultural dimensions.

Methods: iterative analysis of planning documents followed by semi-structured
interviews with MSP planners in Germany, Finland, Latvia, Sweden, and the UK were
carried out to see if and how a) alternative outcomes and impacts were analysed and
b) social sustainability aspects considered as part of the MSP process.
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Result contribution to this thesis: offers an ecosystem service and DPSIR model based
framework (MSP-SA) to broaden the scope of MSP sustainability analysis, therefore
is a key contribution to SRQ2.

Paper 6. In search of social sustainability in marine spatial planning: A review
of scientific literature published 2005-2020 (Gilek et al. 2021)

Research aim: provide an overview and critically evaluate how social sustainability
is conceptualised in MSP literature.

Methods: A systematic review of 310 peer-reviewed papers to answer the following
three key research questions — i) what key arguments are made for including social
sustainability in MSP? ii) how is social sustainability described? and iii) what
strategies are proposed to address challenges and/or promote social sustainability in
MSP?

Result contribution to this thesis: The results of this literature review identify gaps in
and ways to address conceptualisation of social suitability in MSP (SRQ1) and the
current, and potential role of an ecosystem services approach in supporting SS
analysis in MSP (SRQ?2).

Paper 7. The Future of Marine Spatial Planning—Perspectives from Early
Career Researchers (von Thenen et al. 2021).

Research aim: to highlight some of the missing, focal themes to be addressed in the
future, for MSP to become truly effective.

Methods: von Thenen et al. (2021) is a commentary based on the observation,
experiences, and opinions of the authors, early-career researchers who took part in a
transdisciplinary early-career research focused session at the IOW MSP NATURE
2021 conference.

Result contribution to this thesis: stresses the importance of addressing climate
change, ecological sustainability, blue justice, ecosystem services, and blue
governance and suggests ways these topics could play a greater role in future MSP.
The discussion of these themes side by side contributed to formulating the research
questions and answers to all research questions in this thesis.

Paper 8. Mainstreaming coastally just and equitable marine spatial planning:
Planner and stakeholder experiences and perspectives on participation in Latvia
(Tafon et al. 2023)

Research aim: to develop equity-based principles to assess participation and
influence, and analyse Latvian first MSP coastal community participatory processes.

Methods: Scholarly literature analysis and a retrospective, exploratory study of
Latvian MSP through inductive content analysis of Latvian MSP documents, and
semi-structured interviews with various MSP stakeholders.
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Result contribution to this thesis: this study contributes to the conceptualisation of
social sustainability in MSP (SRQ1) by introducing six principles (i.e., timely,
inclusive, collaborative, supportive and localized, methodical, and impactful) to
assess the planning process and outcomes. The analysis of the Latvian MSP process
draws attention to the challenges of equity-based, inclusive, and localised coastal
community engagement and illustrates how the principles can be used to
comprehensively evaluate the MSP participation process.

Paper 9. User experiences of using a spatial analysis tool in collaborative GIS for
maritime spatial planning (Koski et al. 2021)

Research aim: to understand i) the purpose of spatial decision support tools (how they
are used by MSP stakeholders in a real-life, collaborative planning context) and ii) the
benefits of integrating tools for performing spatial multi-criteria analysis (elements of
SDSTSs) and creating spatial objects, and adding datasets from third-party sources
(elements of collaborative Geographic Information Systems) for same-time, same-
place collaborative problem-solving.

Methods: an interactive workshop with 24 Latvian MSP stakeholders (representatives
from ministries, public authorities, and non-governmental organisation) working in
teams to find a location for an offshore wind farm task using the ‘Baltic Explorer’, a
collaborative GIS-based SDST. Empirical data was gathered through non-participant
observations and a questionnaire (21 responses).

Result contribution to this thesis: This study unpacks the topic of collaborative SDTS
in a planning context for the purpose of engagement, which touches upon several
aspects of this thesis. This study informed the development of the spatial aspect of the
ecosystem service supply assessment tool (SRQ3). Also contributes indirectly to
answering SRQ1 by highlighting the ways in which collaborative SDTSs may
increase meaningful participation in MSP.

Paper 10. Economic Valuation of Ecosystem Service Benefits and Welfare
Impacts of Offshore Marine Protected Areas: A Study from the Baltic Sea
(Pakalniete et al. 2021)

Research aim: to elicit values for a wide array of marine ES benefits provided by
protected stony reef habitats and human welfare change as a result of the designation
of new offshore, marine protected areas.

Methods: analysis of change in service supply as a result of varying spatial protection
levels of stony reef habitats, based on the estimated contribution of reefs in service
supply presented in paper 1, and citizen willingness-to-pay for ES benefits collected
through a discrete choice experiment in a survey.

Result contribution to this thesis: the method for monetary benefit analysis presented
in this study illustrates how the ecosystems service supply change analysis tool
designed during this project may be used to link analysis of social and ecological parts
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of a SES following and ES approach, thereby indirectly contributes to answering
SRQ3.

Paper 11. Utilising MYTILUS for Active Learning to Compare Cumulative
Impacts on the Marine Environment in Different Planning Scenarios (Bonnevie
et al. 2022)

Research aim: present a training set to familiarise students in higher education with
the concept of spatial decision support tools, cumulative impact assessments, and their
role in an MSP process.

Methods: used MYTILUS, a spatial decision-support tool for cumulative impacts and
user co-location analysis, in the development of the training-set made up of four
exercises. The training set was tested on two planners in a workshop setting, and by
PhD students as part of an online PhD course by 7 PhD students. The students
provided written feedback on the training set design, challenges, and strengths of
MYTILUS.

Result contribution to this thesis: the training set and specific exercises presented in
this study demonstrates the functionalities of MYTILUS and directly informed the
design of ClA-related functionalities of the ecosystem service supply assessment
SDST introduced in paper 4.

29



4. FINDINGS AND DISCUSSION

4 Findings and discussion

This chapter presents answers to the sub-research questions based on the findings of
the published key and supplementary papers and reflects on how they contribute to
answering the central research question — How can an ecosystem services approach
be operationalised to improve integration in MSP? This chapter is split into six
sections. The first two sections unpack findings related to conceptualisation of social
sustainability in ES and MSP. The third section introduces a spatial decision support
tool for exploring multiple ecosystem service supply and discusses the role it plays in
supporting social-ecological system analysis. The fourth chapter provides an answer
to the central research questions — synthesises the contribution to the
operationalisation of an ecosystem services approach in MSP and science. Section
five outlines some key methodological considerations and recommendations related
to the application of an ecosystem services approach in analysis (i.e., expert elicitation
and terminology challenges). The sixth and final section outlines the next steps and
topics for future research, including, possible routes for the development of the
ecosystem service supply tool, which is followed by a conclusion.

4.1 Conceptualising social sustainability in MSP

A diverse set of definitions of and motivations for why social sustainability matters
can be found in research, including acknowledgement of participation and
collaboration, socio-cultural values, preferences, and benefits, knowledge and
knowledge production, considering conflicts, wellbeing and livelihoods, justice,
rights, and equity as well as trade-offs and power dynamics (Gilek et al. 2021).
However, most studies focus on the representation and recognition of social actors
and their links to procedural justice, and far fewer explore the links between inclusion,
influence, and distributional justice dimensions (Gilek et al. 2021). Further, despite
diverse descriptions and motivations, not many tend to dig in deeper, analytically
frame, conceptualise and theorise social sustainability in MSP (Gilek et al. 2021).

Participation is a central aspect of MSP — highlighted in the IOC-UNSECO principles
and Article 9 of the MSPD, and one of the most commonly discussed SS topics in
scholarly literature, yet in most cases the understanding and justification of
participation are quite narrow, largely concentrated on reduction of conflicts and
increased support for MSP (Gilek et al. 2021). In response, Tafon et al. (2023) offer
six, interconnected, equity-based principles to conceptualise representations thereby
supporting the evaluation of participation and inclusion in MSP to counter a tokenistic
approach, which results in plans and processes that are unresponsive to directly
affected, at times vulnerable and already marginalised groups of stakeholders, such as
coastal communities. The principles include timely, inclusive, supportive and localise,
deliberative, methodological, and impactful devised to reflect different dimensions of
what participation ought to look like if it is to promote just (supportive of actors

30



4. FINDINGS AND DISCUSSION

prevented from engaging by additional barriers), efficient (embedded in the socio-
cultural context and fuelled by co-design), and effective (words put into action)
decision-making and action (Tafon et al. 2023).

Unpacking of community participation in a study of Latvian MSP (Tafon et al., 2023)
revealed that the process had two well-defined phases — a pluralistic approach in the
build-up to version 1, and a participation process greatly skewed towards specific
sectoral interest during the development of the 2" version, which is the now adopted
version of the plan. Localised, regional seminars were held to engage coastal actors,
however only in the early stages, and were not re-introduced in the second half of the
planning process (Tafon et al. 2023; Figure 11).

Div & voices, fair access &

= Some diversity of perspectives in early engagement with coastal
interests, but little in later engagement.

+ Broad access (in theory) through public hearings and social media
as well as online platform to provide feedback on MSP v.1 and 2.
Further, hearings and regional seminars held in several coastal
towns and the capital Riga. Planners advocated for wind energy
and conservation but not for coastal tourism

= Different segmented place-based interests were engaged with in
coastal town/regional meetings in v.1 of the MSP, but not in v.2

Early & ‘engages coastal &

+ Municipal authorities represented early-on in the
MSP WG

+ Conducted different modes of engagement in
several coastal regions/towns in version 1 of MSP.

= Failed to re-engage affected coastal communities in
later stages of planning.

Timely Inclusive
Localised, enabling & empowering, bespoke engagement
4 MSP was taken to the coast during public hearings & regional
= Version 1 of MSP was locally based & accessible but seminars during plan version 1
not version 2. No indication that coastal
contributions shaped or influenced the MSP — in fact

Equity informed assessment & learning, process & outcome criteria

Equity-based = There st evidence to show that coastal authorites &
" communities were empowered o enabled through the MSP
coastal municipalities, communities and tourism Coastal Supportive process, despite the numerous engagements.

were excluded from v.2 of the MSP. Impactful Participation in &localised  + Open public meetings on regional/coastal locations coupled with
= No indication that coastal communities were MSP and Ocean some early segmented place-based interest engagements

informed of how their contributions shaped o Governance = Participation largely missing in scenario building & verification

influenced substantive planning decisions. steps and little evidence of bespoke modes of engagement

Joint sense-making, critique and aspirations, all voices heard

10 the extent that broad issues and options were
framed and explored with communities. Little evidence that
there has been meaningful social learning, local empowerment
and co-production of knowledge and action.

= Coastal communities explored issues in MSP version 1 but
could only comment on decisions during version 2.

= Coastal communities were not reengaged in response to v.2 of
the MSP where they could have potentially contested the plan
proposals and/or participated in coastal planning scenario
analysis.

= No evidence of engaging with the environmental justice
community or in addressing power imbalances.

Locally bespoke practices, innovative methods, clarity on purpose

= There is no indication that MSP was framed with
respect to local conditions and needs.

+ Social media platforms were used in addition to
public hearings, mainstream media, & online
platforms.

= While there were early coastal engagements, there is
little evidence showing that MSP planners clearly
articulated the purpose of the contributions that
were being sought or how they would be used.

Figure 11 Key findings from an evaluative analysis of the first Latvia MSP development process
against the Tafon et al. (2023) principles (in pentagons) and key, qualitative indicators (in
rectangular boxes). -/+ indicate whether the indicators are reached (+) or not (-). Source:
adapted from Tafon et al. (2023).

There is little indication that coastal authorities were empowered to participate and
supported in developing a common, clear understanding of the objectives of MSP
through bespoke methodological practices at the regional seminars or that they had an
impact on the planning decisions (Tafon et al. 2023). There was also little sense of
collaboration, co-design, or room for deliberation, and an interviewed coastal
municipality planner expressed they felt more like a participant, and not a co-creator
of the plan (Tafon et al. 2023). During the second/final phase of the planning process,
co-development of scenarios took place in a much more closed environment. Planners
advocated voices of the offshore wind energy sector, and targeted workshops with
offshore wind, shipping, and nature conservation sectors (Tafon et al. 2023). The
wider public and coastal communities were only invited to provide written feedback
at the final stages of the decision-making process, suggesting the narrowing of the
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MSP participatory process and challenges in maintaining open and inclusive
participation (Tafon et al. 2023).

Analysis of the Latvian MSP participation process through the lens of the six equity
principles, suggests that the Latvian MSP authorities struggled to engage coastal
actors and maintain a level of engagement as the MSP focus rotated from knowledge
base development, awareness raising (scoping) to analysis of possible futures
(drafting and consulting).

Analysis of the perceived legitimacy of sector needs and stakes by the planning
authorities (recognition), and degree of meaningful engagement, and deliberation
(representation) can reveal challenges for sector development related to social and
political dynamics (Armoskaite et al. 2021b). Geospatial use-use interaction and co-
location analysis can also be investigated as an additional dimension of recognition
and representation in MSP to give an overview of opportunities available for sectors
and specific barriers to overcome, that may not be explicit in the final plan itself
(Armoskaite et al. 2021b). User interactions can be classified into ‘conflicting’,
‘synergetic’, and ‘with potential for co-location under certain conditions’ as a result
of environmental, location, user attraction, and technical spatial-temporal links
(Bonnevie et al. 2019).

Analysis of a gradually emerging blue economy macroalgae cultivation sector in the
Baltic Sea and the Latvia, Estonia, and Poland MSPs following this analytical
approach, showed that the sector is formally recognised as a ‘future use’, however, is
seen lacking technological solutions, and a knowledge base of environmental
suitability, risks, and socio-economic benefits (Armoskaite et al. 2021b). Recognition,
therefore translates into very weak (Estonia) or no representation in MSPs
(Armoskaite et al. 2021b). Use-use analysis also showed few synergistic, or
potentially compatible combinations of uses with macroalgae cultivation, notably
other aquaculture, offshore wind farms, and marine tourism (Estonia) (Armoskaite et
al. 2021b). At the same time, analysis and mapping of the use-use interaction showed
pockets of space, which could be considered areas for future development to be
discussed during the next planning cycle (Armoskaite et al. 2021b). The case study
analysis results highlight the importance of considering co-location and multi-use as
part of MSP to gain a deeper understanding of the hurdles faced by emerging sectors
with little to no pre-existing claims over marine space and resources (Armoskaite et
al. 2021b).
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4.2 Ecosystem services to support social sustainability in MSP

A review of blue justice research showed that ecosystem services (ES) is perceived as
one of the key tools (alongside public participation GIS) for generating (often spatial)
information on social and cultural values, and method for integration of intangible
values, socio-cultural preferences (Gilek et al. 2021). ES is also seen as a way of
engaging social actors in conversations of what constitutes an ecosystem service and
highlight the dependence of people on the environment (Gilek et al. 2021). At the
same time, it also the potential support exploration of understudied links distributional
justice (Frederiksen et al. 2021).

MSP-SA is a framework developed to primarily broaden the scope of MSP impact
analysis to explicitly highlight the impacts of decisions on human welfare through
changes in benefits (Frederiksen et al. 2021). In MSP-SA impacts are broken down
into three categories — a) ecosystem capacity, b) ecosystem services (provisioning,
regulating and maintenance, cultural), and c) human wellbeing — (dis)benefits, losses,
and values as well as distribution of beneficiaries over time and space (Frederiksen et
al. 2021). The framework builds on the DPSIR framework and extends it with
elements of the ecosystem services cascade to draw attention to the social impacts of
MSP — ‘the distribution of risks, benefits, capacities or resources in MSP, especially
in relation to disadvantaged groups’ (Gilek et al. 2021, p. 9). Specifically, to the
distributional aspects of social justice through analysis of distribution benefits and
disbenefits — who gets what and where. At the same time, issues of recognition and
power imbalance, facilitate a much-needed critical discussion of the transformative
role of MSP if used as a tool in a collaborative, knowledge co-creation context
(Frederiksen et al. 2021).

MSP-SA follows the ecosystem services cascade, therefore here too ecosystem
capacity (impacts a) determines ecosystem service supply (b) and availability and
distribution of benefits (c). Changing ecosystem state and capacity will have a trickle-
down effect on impacts directly related to human wellbeing — service and benefit
supply. In practice, assessment of impacts a. involves place-based biophysical
analysis of change in the interconnections between pressures, ecosystem components,
and ecosystem functions and therefore state or capacity of the ecosystem to supply
services as a result of decisions. Assessment of impacts b) involves analysis of the
context-specific supply of cultural, provisioning, and regulating and maintenance
services and change in supply as a result of change in ecosystem capacity. Assessment
of impacts c) is largely concerned with assessing the direct effects of supply change
on human welfare, including livelihood and health (physical and psychological).

MSP is a political process, and case studies of coastal actor participation in Latvian
MSP (Tafon et al. 2023) and recognition and representation of a new aquaculture
sector in Latvia, Poland, and Estonia (Armoskaite et al. 2021b) exemplify how some
sectors and interests may be overshadowed by others. The role of the MSP-SA
framework would be to tip the scales and balance power asymmetries under such
circumstances. For instance, MSP-SA could help synthesise information on the
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impacts of macroalgae cultivation from various sources and reveal the wide range of
ecosystem functions, services, and benefits the activity could be linked to, thereby
supporting the development of an evidence base describing its social, environmental
and economic impacts, potentially leading to increased recognition. Moreover,
facilitate dialogues between different stakeholders, who may be affected by the
introduction of new activities.

In society, the distribution of both ‘goods’ and 'bads' is unequal - those who consume
the bads do not always even have the opportunity to consume the goods resulting in
injustice (p.93; De Shalit 2006). The MSP-SA framework draws attention to the
beneficiaries and the understudied distributional justice in MSP (Gilek et al. 2021).
Tafon et al. (2023) principles for evaluating participation in MSP and the Armoskaite
et al (2021b) approach for including elements of use-use and co-location in the
analysis of recognition/representation of social actors complement MSP-SA by
facilitating analysis of procedural aspects of justice. The addition of these two
approaches to MSP-SA could support an ecosystem services-based, comprehensive
assessment of social sustainability that stretches across all three Saunders et al. (2020)
analytical categories.
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4.3 Atool for assessing multiple ecosystem service supply

A linkage framework approach served as the departure point for the design of a spatial
decision support tool (SDST), that supports relative, multiple ecosystem service
supply analysis (Armoskaite et al. 2020). The tool calculates weighted, numerical
descriptions of the overall relative contribution of ecosystem components in
ecosystem functioning and service supply and can be used to analyse change as a
result of ecosystem change (Armoskaite et al. 2020). The results of the supply analysis
are graphically represented in maps depicting several or single service supply mapped
using marine species distribution data (Armoskaite et al. 2023); and Sankey linkage
web diagrams depicting the flow of service supply represented by varied width links
to communicate the significance of connections between elements (Armoskaite et al.
2020).

The tool has so far been used to explore the effects of ecosystem change on service
supply using three different types of evidence — expert knowledge (Armoskaite et al.
2020), geospatial empirical observations (Armoskaite et al., 2021a), and relative
change in Halpern et al. (2008) cumulative impact index values (Armoskaite et al.
2023) — suggesting it can be used in a variety of data availability contexts, and
integrating cumulative impact analysis as part of service supply assessments.

The next section presents data needs and a more detailed overview of the
functionalities of the tool with real-world examples.
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4.3.1 Tool design and application

A conceptual framework to streamline the approach illustrates the overall design of
the tool (Figure 11). The framework gives an overview of the links between the inputs
for (1-3) and outputs of the reference assessments (i and ii) and change analysis (iii-
v) and between ecosystem service supply and cumulative impacts analysis.

o ~< Inputs
|{ Ecosystem components m
| 2. Spatial distribution of
3. Cumulative ecosystem components 1. Weights numerically representing the
l impact assessment as regular grids e.g. importance of ecosystem components in
& (Halpern et al. distribution of species or ecosystem functioning, and functions in
: 2008) as presence (1) and service supply.
|
|
\

o= ~ g absence (0) - -
) | | y l

Outputs

i. Relative ecosystem

Reference assessment service supply
Linkage web diagram

ii. Relative ecosystem service supply.
Contribution by service or added per cell
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¥

Relative change analysis

iii. Based on change
in cumulative impact index values iv. Based on empirical observations
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LRIy | ST |

v. Based on estimates

Figure 12. A graphical illustration depicting the inputs and outputs of the linkage framework-
based ecosystem service supply assessment tool developed as part of this project. Outputs ii,
iii, iv, and v are graphically represented in maps and graphs, and output i is a linkage web
diagram. Image source: adapted from Armoskaite et al. 2023.
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Weights numerically representing the importance of ecosystem components in the
ecosystem functioning in a good environmental state, and functions in service supply
a lay the foundations for developing linkage chains and linkage web diagrams starting
from ecosystem components, through to functions and services. Weights alone
provide the empirical data required for calculating the overall relative contribution
of each ecosystem component in service supply (output i; Figure 12). One way of
deriving weights is through expert elicitation as done to perform a full assessment of
service supply for the Latvian waters where experts identified and described the links
between a total of 17 different species, 24 habitat types, 10 ecosystem functions, and
22 ecosystem services (7 regulating and maintenance, 9 provisioning and 6 cultural)
(Armoskaite et al. 2020). Spatial data is not essential for the initial assessment
represented in linkage web diagrams, although it can inform experts’ opinions during
weighting of element importance (see Armoskaite et al. 2020).

To estimate the overall relative contribution of ecosystem components in service
supply (henceforth: contribution values), inverse weights need to be worked out for
each element with respect to all incoming and outgoing links starting at the service
level with the assumption that each service is supplied at 100%. The contribution
values can be graphically represented in a linkage web diagram to depict the flow of
ecosystem service supply, for instance using a Sankey diagram adopted in linkage
framework-based ES analysis (e.g., AQUACROSS project results) used to visualise
the results of the Latvian marine waters-wide ES study (Armoskaite et al. 2020; Figure
13).
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Figure 13 Results of the Latvian marine ecosystem service supply assessment represented in a
Sankey diagram, adapted from Armoskaite et al. 2020.

To analyse change, the contribution values for each component can be altered to
mirror a new state of the ecosystem. In the Latvian marine waters-wide study, marine
ecologist observations of drastic mussel cover decrease in the real world motivated
the exploration of dramatic ecosystem change effects on service supply based on
estimates (output iv; Figure 12; Armoskaite et al. 2020). To test the effects of
ecosystem change, the previously derived mussel contribution value was decreased
by 90%, which affected several ecosystem functions, most significantly the capacity
of the ecosystem to filtrate suspended matter (Table 1).
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Table 1 Relative change in the capacity of the Latvian marine ecosystem to perform
ecosystem functions as a result of a 90% decrease in mussel cover. Analysis based on the
results of the ES assessment published in Armoskaite et al. 2020.

Ecosystem Functions Relative change
Spawning & nursery habitats, benthic -25.40
Spawning, nursery & feeding habitats, pelagic 0.00
Refuge/shelter habitats -17.58
Primary production, benthic -63.94
Primary production, pelagic 0.00
Fish feeding grounds -8.98
Filtration of suspended matter -154.25
Transport of materials & dispersal 0.00
Accumulation of materials 0.00
Microbial transformations -2.00

A lowered capacity function translated also into a decreased capacity to supply all
three categories of services, most significantly affecting Nutrient regulation (by
nutrient incorporation in biomass) hazardous substances accumulation and
transformation services, and the water environment for recreation (Table 2).

Table 2 Relative change in ecosystem service supply by the Latvian marine habitats as a result
of a 90% mussel cover decrease. Based on the results of the ES assessment in Armoskaite et
al. 2020.

. Relative change in
Ecosystem services

supply
Nutrient regulation (by denitrification) -1.4
Nutrient regulation (by N, P burial) 0.0
Regulation and Nutr?ent regulat?on (by nutrie_nt .inc.orporation in biomass) -34.2
maintenance Nutrient regulation (by N a55|m|I_at|on) _ 0.0
Hazardous substances accumulation & transformation -25.6
Physicochemical retention of pollutants 0.0
Carbon sequestration -15.3
Wild plants -18.0
Plant energy -18.0
Materials from algae -18.0
Wild fish, pelagic- herring -8.5
Provisioning  Wild fish, pelagic- sprat 22
Wild fish, benthic-flounder -19.2
Wild fish, benthic- cod -5.1
Wild fish, benthic-round goby, eelpout -19.6
Fishmeal -9.3
Water environment for recreation -24.5
Water environment for science & education -11.4
Cultural Water environment for cultural & historical heritage -3.5
Water environment for spiritual experience -13.4
Existence of habitats & species -13.5
Water environment for enjoyment of seascape -11.3
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A critical aspect of change analysis is that it can only be done within the boundaries
of the reference assessment, meaning that it can only include the elements already
considered during weighing of importance in the system. To perform change analysis
with fewer elements than initially considered in the reference assessment, the linkage
chains associated with the ecosystem component or service supply of interest need to
be identified and isolated from the wider system along with the numerical
descriptions.

Pakalniete et al. (2021) valued a wide array of marine ES benefits provided by
protected stony reef habitats and change in human as a result of new offshore, marine
protected area designation illustrates this. The study used protected stony reef habitat
contribution values estimated in Armoskaite et al. (2020) to estimate habitat
contribution at different spatial extents. It demonstrates how the relative overall
contribution values and weighted linkage web diagrams can inform socio-economic,
monetary benefits valuation studies and the graphical outputs (diagrams and maps)
aid communication across disciplines.

Geospatial ecosystem component data (e.g., regular grids of species or habitat
distribution) is needed to map overall ecosystem contribution values to represent
ecosystem service supply (output ii; Figure 12). Service supply/contribution values
can be mapped by ecosystem component, or summed up per cell to show hot and cold
spots of total service supply.

Change in service supply in three case study sites in marine protected areas in Latvia
was assessed taking advantage of readily available input information from paper 1
(Armoskaite et al. 2021a). It involved analysis of geospatial habitat composition
change based on field observations before and after the spread of the non-native fish
species — round goby (Neogobius melanostomus, Pallas 1814) and service supply
analysis based on empirical observations (output iv.; Figure 12). The first step was
to analyse geospatial, and environmental data — classify habitats at the sites
(Jurmalciems, Pape, and Ragaciems) and determine proportional habitat cover change
(Table 3).
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Table 3 Proportional habitat composition change. The habitats have been classified according
the HELCOM HUB (2013) classification system based on underwater video observations.
Armoskaite et al., 2021a

Cover Portion Cover Portion

Habitat type sq. km ofarea sq.km of area
Year 2006 2019
Perennial macroalgae on hard substrate (AA A1C) 1.3 0.1 4.0 0.4 B
Mussels on hard substrate (AA ALE) 45 0.5 0.5 0.1 ¥
Barnacles on hard substrate (AA All) 0.0 0.0 0.8 0.1 L)
Baltic Proper . .
(Tarmalciems) Perennizal macroalgae on mixed substrate (AA MI1C) 0.0 0.0 1.3 0.1 i
Mussels on mixed substrate (AA MI1EI) 40 04 0.3 0.0 ¥
Barnacles on mixed substrate (AA MI1I) 0.0 0.0 3.0 0.3 B
Infaunal bivalves on sand (AA J3L) 03 0.0 0.3 0.0 =
Perennial macrozlgae on hard substrate (AA A1C) 0.0 0.0 2.0 0.2 h
Mussels on hard substrate (AA A1E) 38 04 0.8 0.1 ¥
Barnacles on hard substrate (AA ALl 0.0 0.0 1.3 0.2 i
Baltic Proper . .
(Pape) Perenmnial macrozlgae on mixed substrate (AAMIC) 0.0 0.0 0.3 0.0 L)
Mussels on mixed substrate (AA MIEI) 6.0 0.6 0.8 0.1 W
Barnacles on mixed substrate (AA MIT) 0.0 0.0 43 0.4 h
Infaunal bivalves on sand (AA JIL) 0.3 0.0 0.5 0.1 B
Year 2016 2019
Perennizl macroalgae on hard substrate (AA A1C) 35 0.6 4.0 0.4 ¥
Barnacles on hard substrate (AA ALl 0.0 0.0 13 0.4 h
Gulf of Riga Perenmial macroalgae on mixed substrate (AA MI1C) 3.0 0.3 0.8 0.1 ¥
(Ragaciems) gparse epibenthic macrocommunity on mixed substrate (AA M2T) 0.3 0.0 0.0 0.0 ¥
Anmual macroalgae on mixed substrate (AA MI1S) 0.0 0.0 0.5 0.1 h
Infaunal bivalves on sand (AA J3L) 0.5 0.1 0.8 0.1 B

Then, the linkage chains associated with each habitat found at each study site were
selected from the wider Latvian assessment to perform a supply assessment tailored
to reflect the composition of the seabed at each site. In total six separate ecosystem
service supply assessments were performed — two for each site — to show the
difference in ecosystem functioning and service supply between them (Armoskaite et
al., 2021a).

The habitat change assessment revealed a significant change in all case study sites
(Table 3) and the types of changes that have occurred suggest possible pressures
impacting the protected ecosystems could be the spread of the round goby in the Baltic
Proper and the effects of eutrophication in the coastal areas in the Gulf of Riga
(Armoskaite et al. 2021a). Fluctuations in ecosystem functioning and service supply
as a result of changing benthic habitats at each site were also evident — there was a
drop in regulating and maintenance, and cultural services, and increased provisioning
service supply (Armoskaite et al. 2021a; Figure 14).
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Figure 14 Change in ecosystem service supply in three sites within marine protected areas in
Latvia. P — provisioning services, RM — regulation and maintenance, and C — cultural.
Armoskaite et al. 2021a

One benefit of mapping relative ecosystems service supply (output ii), is that the
output can then be used for the analysis of service supply change based on the
relative change in cumulative impact index values following the Halpern et al.,
2008 approach (output iii; Figure 12; Armoskaite et al. 2023). To run the analysis,
it is necessary to work out per-cell change in cumulative impact index values by
running two assessments — a reference and a new scenario — and dividing the new
scenario by the reference scenario. In a case study assessing the change in cumulative
impacts on the benthic habitats in the Gulf of Riga as a result of reduced herring
fishing (Armoskaite et al. 2023; figure 15) this part of the analysis was done using
MYTILUS (following Bonnevie et al. 2022 exercises from the training set) and QGIS.
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Figure 15 Maps displaying the results of the cumulative impact and relative ecosystem service
supply analysis for the Gulf of Riga as a result of reduced fishing. Adapted from Armoskaite et
al. 2023.

Central to the method is that the exact same ecosystem geodata is used in the service
supply analysis and mapping, and the CIA. Therefore, the following step is to make
sure the service supply (ecosystem component contribution values) is mapped using
ecosystem maps used in CIA. To map the ecosystem service supply with impact index
values applied, maps of the ecosystem service supply for the area are divided by the
change in cumulative impact index values. Finally, change in ecosystem service
supply, that is, per-cell relative change can be worked out by subtracting the reference
supply scenario from the new supply scenario.
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This approach to analysing cumulative impacts on service supply builds on the
Hammar et al. (2020) approach used to inform Swedish MSP. A key advantage of the
Halpern et al. (2008) additive cumulative impact index is that it considers ecosystem
component distribution as part of the calculation. This makes it compatible with the
ecosystems service supply SDST designed during this project. At the same time, in
reality, cumulative impacts can be synergistic, or antagonistic (Robinson and Culhane
2020) and this is not reflected in the Halpern et al. (2008) approach. Nonetheless,
including cumulative impacts of pressures on the ecosystem is an important step
towards considering different interactions taking place simultaneously, analysing
multiple pressure — impact scenarios (Patricio et al. 2016).
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4.4 Operationalising an ecosystem services approach to improve
integration in MSP

The tool designed during this PhD project can be used to gain an insight into the ways
ecosystem state change due to pressures can potentially affect ecosystem functioning,
and human wellbeing through fluctuations in ecosystem service supply. The tool
supports a holistic approach by facilitating the analysis of multiple services. It also
attempts to promote more integrated supply-demand analysis by describing the
relationship between people and the ecosystem numerically, graphically, and spatially
to lay the foundations for service and benefits valuation studies, scenario and trade-
off analysis (Pandeya et al. 2016; Braat et al. 2014). The results of Armoskaite et al.
(2020) have already been employed in a benefits valuation study (Pakalniete et al.
2021) thereby demonstrating at least to some extent that the tool supports
communication between social and environmental scientists working in SES research.
Mapping relative change in service supply, especially due to cumulative impacts,
could give planners an overview of areas most at risk (Menegon et al. 2018; Singh et
al. 2020). Further, supply maps can be overlayed with activity requirement maps to
find the most suitable and unsuitable locations from a use-environment perspective
(Armoskaite et al. 2023).

The intention of the MSP-SA framework is to guide systematic analysis of the impacts
of MSP proposals on the ecosystem state, services, and benefits as part of the MSP
sustainability appraisal process (Frederiksen et al. 2021) thereby addressing a
shortage of theoretical, analytical, and methodological approaches to support social
sustainability considerations in ecosystem services and MSP. MSP-SA advances
conceptualisation of social in ES, and MSP, importantly, highlights the significance
of distributional justice (distribution of benefits across time and space).

MSP-SA can also be an instrument for MSP stakeholder involvement and serve as a
departure point for discussions to support analysis of benefits and values, cultivate a
common understanding of the MSP process and its objectives among stakeholders
from different backgrounds, support stakeholders in formulating their interests and
needs, and empower marginalised, (un)recognised, and (mis)represented groups
(Frederiksen et al. 2021). The SDST for ecosystem service supply analysis presented
in this thesis also facilitates the deconstruction of social-ecological systems, analysis
of the links between ecosystems and human wellbeing and could be a useful
communication support tool during discussions among scientists, as well as between
experts and decision-makers, and stakeholders on the connections between ecosystem
state and human actions and vice versa (Armoskaite et al. 2020).

Transdisciplinary, MSP education has a big role to play in creating an international
community of researchers and practitioners equipped with the skills to analyses SES,
use tools for CIA and co-location analysis, and tackle ‘wicked problems’ (von Thenen
et al. 2021). To really operationalise ecosystem services in MSP, marine ecosystem
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services could be one of many topics taught as part of higher education programs as
an approach for exploring SES, analysing and tracking change and communicating
information.

4.5 Challenges of employing an ecosystem services approach in
practice

Using an ecosystem services approach, specifically following the cascade
terminology, adapting a classification system to do place-based assessment and
employing ecosystem services terminology during expert workshops presented its
challenges. Some lessons learnt and recommendations can be highlighted.

Some of the studies presented in this thesis (1-3, 5, and 10) used the Common
International Classification of Ecosystem Services (CICES) to identify and analyse
services and functions and several lessons can be drawn from the experience. Firstly,
it would be advantageous if CICES also included a separate class for and a description
of benefits and beneficiaries, in addition to provisioning, cultural, and maintaining
and regulating ecosystem services (Frederiksen et al. (2021) and a clearer distinction
between ecosystem functions and regulating and maintenance services is needed
(Armoskaite et al. 2020). During expert discussions, definitions of ‘ecosystem
function” and ‘regulation and maintenance services’ were frequently revisited as the
list of services and functions evolved, eventually resulting in the addition of extra
regulating and maintenance services detailing nutrient assimilation at an extra level
of detail (Armoskaite et al. 2020).

Open discussions among experts and a collaborative set-up with a goal of consensus
(Armoskaite et al. 2020) were seen as a good way of achieving a common
understanding of the concepts. The concept of ‘intermediate services’, whilst an
important part of monetary valuation, was dropped as it caused confusion between
ecosystem functions and regulation and maintenance services during discussions
between experts (Armoskaite et al. 2020).

Expert elicitation to develop a knowledge base for service supply analysis presented
its own set of challenges. The expert elicitation approach employed to create a
knowledge base for the development of the SDST was a collaborative set-up, and the
goal of reaching a consensus was seen as a good way of achieving a common
understanding of the concepts and reasoning behind each decision. It was accepted
that a consensus approach as such, does not increase the certainty of results nor does
it reduce data needs (Jacobs et al. 2015), however, it did increase transparency. At
the same time, it was an emotive exercise, filled with disagreements and opposing
opinions. While space and time was given to explaining positions and were to a certain
extent reflected in certainty scores, power dynamics among the expert involved may
have also influenced the end results.
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Relatedly, mediating conflicts and facilitating discussions requires skills and
experience, which have also had an effect on the outcomes. Additionally, while a
group of five scientists may be considered too small by some (Campagne and Roche
2018), in a real-world expert assessment of the impacts of pressures on ecosystems
held in Sweden the average number of experts has so far been 5.3 (Pélsson 2020,
personal communication). To avoid some of the biases that come with collecting data
via workshops, surveys could be carried out instead. Surveying would also mean that
a greater number of participants could be reached, potentially increasing the sample.

To streamline the knowledge base development process, a more efficient method for
expert elicitation identification and scoring process needs to be developed. One
approach could be to adapt tools for Analytic Hierarchy Process (AHP) information
organisation and decision-making based on relative preference (e.g., Goepel 2018)
and invite experts on an individual or group basis to respond to a two-part survey to
describe the components and interaction of a SES by entering comparing different
variables and validating the results at a later stage.

4.6 Next steps

Collaborative, participatory processes are central to an MSP process and analysis of
SES (Preiser et al. 2022) and in addition to being an analytical instrument revealing
spatial patterns (Burgess et al. 2016), maps are also a useful tool in a collaborative,
participatory planning context as they can contribute to creating a common
understanding, a sense of shared interest (Koski et al. 2021). In addition to the analysis
of impacts and change, the ecosystem service supply maps created using the SDST
designed as part of this project may also be useful to prompt discussions in a
stakeholder workshop context, or in an MSP-focused education environment
(Bonnevie et al. 2022). The collaborative, ES supply assessment process facilitated by
the tool also promotes collaboration and co-creation of knowledge during expert
elicitation. However, currently, assessments are performed manually, require know-
how, and are a laborious process, which means that they do not support on-the spot
analysis and have limited application in a collaborative planning context.

In the future, the tool should be made operational as part of a toolset accessible to
novice users, support collaboration and co-creation of knowledge (Armoskaite et al.
2023), Potentially, it could be integrated with the open-source CIA and co-location
analysis tool MYTILUS to create a multi-map toolset equipped with the functions for
on the spot, geospatial cumulative impacts, co-location and ecosystems service supply
analysis (Bonnevie et al. 2022; Armoskaite et al. 2023).

Furthermore, guidelines or procedural recommendations to improve the
operationalisation of ES and support a more coherent assessment of social
sustainability in MSP could developed based on these findings and form a procedural
framework for employing ES in MSP.
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5 Conclusion

An ecosystem services approach holds the potential to support various MSP tasks at
different stages of the planning process. Importantly it also holds the potential to better
integrate multidimensional sustainability considerations in maritime spatial planning
(MSP), including considerations of often overlooked social justice. However, an
ecosystem services approach is still applied to a limited degree in MSP due to various
conceptualisation and practical application challenges, and the approaches, and
methods to strengthen the link between ecosystem services and notions of social
justice still need to be advanced. To contribute to the operationalisation of an
ecosystem services approach in MSP, this thesis explores how social sustainability is
conceptualised in MSP and ecosystem services. It conceptualises social sustainability
in an MSP context and describes an ecosystem services-based framework to support
multidimensional impact analysis, and in turn, promote more justice-oriented MSP.
Secondly, this thesis looks at how ES supply assessments can be advanced
methodologically to provide a broader representation of social-ecological systems,
support analysis of change in numerical terms, and improve cross-discipline
communication needed for integrated analysis of the social and environmental sides
of social-ecological systems, and benefit analysis. In response, a tool for multiple
ecosystem service supply analysis based on the linkage frameworks approach and
expert knowledge is designed and tested. The outputs of the ecosystem service supply
assessment using the tool are graphically represented in maps of service supply to
directly inform MSP, and linkage web diagram to support cross-discipline
communication and knowledge exchange.

The tool takes the first steps in linking cumulative impact analysis and service supply
assessments and this will be further explored in the future as the tool is operationalised
into a fully functional collaborative, spatial decision support tool and is integrated into
a multi-map toolset consisting of tools for ecosystem service supply, synergy and
conflict, and cumulative impact analysis. Alongside further investigations of the
pressures-service supply links, relationships between services and benefits will be
investigated with the objective of supporting spatially explicit analysis of (dis)
benefits and shed light on distributive (in)justices.
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