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ABSTRACT

Sustainability and sustainable development have reached global attention and
sustainable development has become a common objective in various
environmental programs and projects. Although sustainable development and
sustainability have usually been acknowledged to consist of three aspects:
environment, economic and social, their exact definitions have remained hazy
allowing people to define them in ways that best suit them. Socio-ecological
problems threatening sustainability are both complicated and multiscale, and
their environmental management requires multidisciplinary cooperation,
trade-offs and systems understanding.

This thesis consists of four Articles [I-IV], which aim at deepening the
systems understanding related to marine environmental management issues
and searching for the methods and practices supporting sustainable
development. I apply different causal network modeling approaches (CNMAs)
in the context of two management-oriented themes: ship biofouling
management and sustainable development of marinas.

In this summary, I study and integrate the combined results of the articles
through two sub-questions to aim to understand the sustainability and
sustainable development related issues on a broader scale. They are: 1) How
can causal network modeling approaches support sustainable development in
environmental management?; 2) What prevents or promotes sustainable
development in environmental management?

In Article [I] we developed a conceptual influence diagram (CID) to
visualize the multi-disciplinary nature of biofouling management and to
analyze the ships’ biofouling management issue in the Baltic Sea. The
developed CID demonstrates the causal interlinkage between the main factors
and presents the multiple aspects of the issue. Further, the CID can advance
communication between different parties, providing a starting point for
conversations.

Article [II] presents a decision analysis model where the CID of the Article
[I] was used as a starting point in developing a multi-criteria decision support
model (MCDAM) using Bayesian networks. The developed MCDAM advances
holistic understanding about the biofouling management in the Baltic Sea and
compares the case-specific sustainability (the combination of risks and
utilities) of alternative management strategies (the combination of multiple
decisions). Article [II] demonstrates the optimal biofouling management
method is case-specific but with careful considerations, both economic and
environmental savings can be reached.

In Article [III] we study how service providers and users define sustainable
development and its goals in the marina context. The constructed CIDs were
structured based on the interview data and used as a method to analyze the
issue. The results present the differences and similarities in stakeholders'
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thinking. In addition, the study indicates stakeholders consider sustainable
development from a more multi-dimensional perspective when setting the
goals than defining the term.

In Article [IV] actor-network theory (ANT) provides a philosophical
framework for a conceptual systems analysis, presented as a concept map, on
boat-sourced sewage management (BSSM). Based on literature,
questionnaires and interviews, a multi-material collective of human and non-
human entities was developed to realize how and under what conditions BSSM
facilities support the sustainable development of marinas. Since the BSSM
facilities are both core marina services and governance artefacts if managed
optimally, they can support both sustainable boating and marina operation.

Based on the results, I state that a systems approach is needed in studying
environmental management problems and advancing sustainable
development. By revealing the multi-dimensionality and the interconnections
between different elements, CNMAs can promote the identification and
involvement of the key components, the explanation of the mechanisms and
principles of operation, and this way increase the comprehensive
understanding concerning the management questions or problems. Based on
this, I argue that CNMAs have potential to enhance the understanding about
what knowledge is needed and what aspects should be considered to make
decisions that advance sustainable development. Further, I argue that CNMAs
can promote reciprocal stakeholder participation and open communication
and thus aid pay attention to the factors and actors that prevent sustainable
development.
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TIIVISTELMÄ

Kestävyys ja kestävä kehitys ovat saavuttaneet maailmanlaajuista huomiota,
ja kestävästä kehityksestä on tullut yleinen tavoite erilaisille
ympäristöohjelmille ja -hankkeille. Vaikka kestävyyden ja kestävän kehityksen
nähdään usein koostuvan kolmesta osa-alueesta: ekologinen, taloudellinen ja
sosiaalinen, kestävyyden käsitteiden tarkat määritelmät ovat jääneet
epäselviksi, mikä on mahdollistanut toimijoille käsitteiden käytön heille
itselleen edullisimmalla tavalla. Sosioekologiset ongelmat, jotka uhkaavat
kestävyyttä, ovat sekä monimutkaisia että moniulotteisia, ja niiden hallinta
edellyttää monitieteistä yhteistyötä, kompromisseja sekä systeemistä
ymmärrystä.

Tämä väitöskirja koostuu neljästä artikkelista [I-IV], joiden tavoitteena on
lisätä ympäristön hallintaan liittyvää systeemistä ymmärrystä ja etsiä kestävää
kehitystä tukevia menetelmiä ja käytäntöjä. Sovellan erilaisia kausaalisia
verkkomallinnuslähestymistapoja kahden hallintakeskeisen teeman
yhteydessä: laivojen päällyskasvuston hallinta ja pienvenesatamien kestävä
kehitys.

Tässä yhteenvedossa tarkastelen ja yhdistelen artikkeleiden tuloksia
kahden alakysymyksen avulla ja pyrin ymmärtämään kestävyyteen ja
kestävään kehitykseen liittyviä kysymyksiä laajemmassa kontekstissa.
Alakysymykset ovat: 1) Miten kausaaliset verkkomallinnuslähestymistavat
voivat tukea kestävää ympäristön hallintaa? 2) Mikä estää tai edistää kestävää
ympäristön hallintaa?

Artikkelissa [I] loimme käsitteellisen vaikutuskaavion hahmottaaksemme
ja visualisoidaksemme optimaalisen päällyskasvuston hallintakysymyksen
moniulotteisuutta Itämerellä. Kehittämämme kaavio osoittaa kausaalisuuden
tärkeimpien tekijöiden välillä ja esittelee ongelman eri ulottuvuuksia ja voi
näin edistää kommunikaatiota eri osapuolten välillä tarjoamalla lähtökohdan
keskustelulle.

Artikkelissa [II] esitetään päätöksenteon analysointimalli, jossa Artikkelin
[I] vaikutuskaaviota käytettiin lähtökohtana kehitettäessä Bayes-
verkkopohjaista monikriteeristä päätöksenteon tukimallia. Kehitetty malli
edistää kokonaisvaltaista ymmärrystä päällyskasvuston hallinnasta Itämerellä
ja vertaa vaihtoehtoisten hallintastrategioiden (useiden päätösten yhdistelmä)
tapauskohtaista kestävyyttä (riskien ja hyötyjen yhdistelmä). Artikkelissa [II]
osoitetaan, että optimaalinen päällyskasvuston hallintamenetelmä on
tapauskohtainen, mutta huolellisella tarkastelulla voidaan saavuttaa sekä
taloudellisia että ekologisia hyötyjä.

Artikkelissa [III] tutkimme, kuinka palveluntarjoajat ja -käyttäjät
määrittelevät kestävän kehityksen ja sen tavoitteet pienvenesatamien
kontekstissa. Haastattelujen perusteella muodostettiin kahdeksan
vaikutuskaaviota, joita käytettiin menetelmänä haastattelujen analysoinnissa.
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Tulokset esittävät sidosryhmien ajattelun eroja ja yhtäläisyyksiä. Tutkimuksen
mukaan sidosryhmät pystyvät tarkastelemaan kestävää kehitystä
moniulotteisemmasta näkökulmasta silloin, kun he asettavat tavoitteita
kestävälle kehitykselle verrattuna siihen, että he vain määrittelevät termin.

Artikkelissa [IV] yhteiskuntatieteellinen toimijaverkkoteoria tarjoaa
filosofisen kehyksen käsitteelliselle systeemianalyysille liittyen huviveneistä
peräisin olevien jätevesien hallintaan. Kirjallisuuden, kyselyiden ja
haastatteluiden perusteella kehitettiin inhimillisten ja ei-inhimillisten
toimijoiden vuorovaikutusta kuvaava systeeminen käsitekartta tukemaan
ymmärrystä siitä, miten ja millä edellytyksillä jätevesien keruulaitteistot
tukevat pienvenesatamien kestävää kehitystä. Koska laitteistot ovat sekä
veneilijöiden mainitsemia tärkeimpiä pienvenesatamapalveluita, että niin
sanottuja hallinta-artefakteja, jotka ohjaavat heitä ympäristöystävälliseen
toimintaan, niiden optimaalisella hallinnalla voidaan tukea sekä kestävää
veneilyä että kestävää pienvenesatamatoimintaa.

Tulosten perusteella totean, että ympäristön hallinnan ongelmien
tutkimiseen ja kestävän kehityksen edistämiseen tarvitaan systeemistä
lähestymistapaa. Paljastamalla moniulotteisuuden sekä eri asioiden väliset
yhteydet, niin kvantitatiiviset kuin kvalitatiivisetkin kausaaliset verkot voivat
edistää avaintekijöiden tunnistamista ja sidosryhmien osallistamista,
helpottaen eri toimintamekanismien ja periaatteiden selittämistä ja
kokonaisvaltaisen ymmärryksen lisäämistä ympäristön hallintaan liittyvissä
kysymyksissä tai ongelmissa. Tämän perusteella väitän, että
kausaaliverkkotarkastelun avulla on mahdollista lisätä ymmärrystä siitä, mitä
tietoa tarvitaan ja mitä näkökohtia tulisi harkita, jotta voidaan tehdä kestävää
kehitystä edistäviä päätöksiä. Lisäksi väitän, että kausaalinen visuaalinen
esitystapa voi edistää sidosryhmien vastavuoroista osallistumista ja avointa
viestintää sekä siten auttaa kiinnittämään huomiota niihin tekijöihin ja
toimijoihin, jotka haittaavat kestävää kehitystä.
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1 INTRODUCTION

1.1 THEORETICAL BACKGROUND

The concepts sustainability and sustainable development have reached
worldwide attention, and they have become a common goal in various
environmental programmes and projects. Multiple definitions for the concepts
have arisen but their exact definitions have remained vague, which has given
people plenty of leeway in its context-specific definition (Voyer et al., 2018).
Sustainability is usually associated with sustainable development and these
two concepts have sometimes been used as synonyms even in the academic
fields (Olawumi & Chan, 2018; Sartori et al., 2014). Although the debate about
the meanings of sustainability and sustainable development continues,
commonly sustainability has been seen to represent a final long-term goal
(Marchese et al., 2018 and references therein) while sustainable development
is considered as a continuing process without an ending point (Hjort &
Bagheri, 2006) and as a process to achieve sustainability (Hector et al., 2014).
This is also how these terms are considered in this thesis: sustainable
development as a pathway to sustainability.

The concept of sustainable development was first introduced and defined
by Brundtland Commission as fulfilling the present needs without
compromising the future generations’ ability to fulfil theirs (Brundtland,
1987). After that the term has been redefined multiple times and used e.g. in
issues related to industry, green economy and urban development (see
Ruggerio, 2021 and references therein). However, the definition of the term is
still hazy, and understood differently by different actors. Some people
understand the concept as a constant (economic) growth, some have raised
criticisms for the impossible idea of eternal growth in a planet with limited
resources (Beckerman, 1992) and others have highlighted the need to make a
separation between sustainable growth and sustainable development (Daly,
2006). After all, some agreements about the concept exist and currently, a
common view is that sustainable development consists of different aspects or
systems: environment, economic and social (Hansmann et al., 2012) and
elaboration of their mutual weights is unavoidable to reach sustainable
development (Fig. 1). Purvis et al. (2019), however, state that the theoretical
development of this “three pillars” conceptualization is still missing and the
approach just seems to appear in the literature as a common view.

Although sustainability can be thought of as a final goal or as an ideal state,
it is also a constantly moving target (Gaziulusoy et al., 2013). The origin of the
term ‘sustainability’ lies in environmental awareness and nature caring
(Zamora-Polo & Sánchez-Martín, 2019). Hence, in the scientific literature,
sustainability is often used in the ecological sustainability context (see
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Ruggerio, 2021). Two opposing sustainability paradigms have appeared:
strong and weak sustainability (Fig. 1). In weak sustainability, human capital
(e.g. infrastructures and knowledge) and natural capital (e.g. biodiversity and
ecosystem services) are considered as equal and thus, human capital can
substitute natural capital (Pearce & Atkinson, 1993; Boos, 2015). Strong
sustainability, on the other hand, states that the environment provides
functions that cannot be replaced by human capital and thus the environment
eventually determines the limitations (Gutés, 1996; Giddings et al., 2002). It
has been argued that weak sustainability is not sustainable in the long term
and hence strong sustainability should be sought (Wilson & Wu, 2017).

Figure 1 Visual presentations of the strong (on the left) and weak (on the right) sustainability
approaches. In strong sustainability (Giddings et al., 2002) the elements have
different weightings with the environment providing the base. In weak sustainability,
based on the Brundtland Report (1987), the elements are equal and sustainability is
seen as a balance of the elements.

Sustainability connects us spatially with all the humans on our planet but also
temporally with all the future generations. To advance global wellness and
support global sustainability, the UN has set 17 more specific sustainable
development goals (SDGs) based on five pillars: people, prosperity, peace,
partnership and planet (UN, 2015). The goal number 14 is related to
sustainable marine areas: Conserve and sustainably use the oceans, seas and
marine resources for sustainable development. It has been argued that the
goals do not provide any guidance on their interconnections or how to achieve
them (Costanza et al., 2016). Due to the holistic nature of the sustainable
development goal framework, multiple interactions and dependencies among
the goals exist which should be recognized by policy-makers (Costanza et al.,
2016). Interactions can be classified as synergies where advance in one goal
favors the advance in other, and trade-offs where advance in one goal hinders
the advance in other (Pradhan et al., 2017). To exploit the synergies and
balance the trade-offs, multiple studies exploring the interactions and
relationships between different sustainable development goals have appeared

Economic Social

Environment

Environment

Society

Economy
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(Pradhan et al., 2017; Requejo-Castro et al., 2020; Bellantuono et al., 2022).
The report from the International Council for Science (ICSU, 2017) about the
SDG interactions found SDG 14 as one of the most synergistic with other SDGs.
Hence, if attention is paid on the sustainable use of seas and marine resources
(SDG 14) other SDGs can be advanced as well. In addition, we need local and
regional solutions to reach the sustainable development goals. The concrete
goals considering sustainable development should be defined and set in each
case and project as we state in Article [III].

There has emerged awareness concerning the need to promote the
transformation of societies towards sustainability (Markard et al., 2012).
Sustainability transition, meaning the long-term, multi-dimensional and
fundamental transition of socio-technical systems to more sustainable
production and consumption (Markard et al., 2012), requires
multidisciplinary cooperation, deep understanding and a wide range of
knowledge. In addition, sustainable development and sustainability with
various levels of complexity and multiple stakeholders can be seen as wicked
problems (Pryshlakivsky & Searcy, 2013). Wicked problems are typically
complex, with a high amount of uncertainty (Rittel & Webber, 1973) and
without a perfect solution or theory, which makes the process of solving them
meaningful as such (Voinov, 2017). Therefore, when working with wicked
problems we need a wide range of knowledge from different experts and
stakeholders (Van Bueren, et al., 2003), holistic systems thinking and methods
supporting this.

Environmental management should aim for supporting the sustainable
development and sustainability transition. To reach the goals and benefit the
whole society, environmental management needs to be sustainable (Elliot et
al., 2017). Environmental management is about processing with the prevailing
understanding and the function of systems (Barrow et al., 2005), the managers
trying to solve socio-ecological problems by managing both the environment
and human behavior (Jager & Mosler, 2007). Socio-ecological problems are
typically complex with multiple elements and their interlinkages, affecting
multiple stakeholders. Hence, like sustainable development and
sustainability, environmental management questions are typically considering
wicked problems, the management requiring systems understanding and
trade-offs in decision-making (Reum et al., 2021).

Marine areas are economically highly important, offering ecosystem
services (Duraiappah et al., 2005) but also acting as key routes for global
traffic. The seas are facing multiple pressures and risks such as eutrophication,
pollution, oil spills and non-indigenous species (NIS) introductions, partly
increased by the intense marine traffic (Halpern et al., 2008). Blue economy
attempts to combine two goals: the growth and protection of water resources
(Lee et al., 2020). The United Nations has defined it as an economy which aims
to improve human well-being and social equity while reducing environmental
risks (UN, 2015). Hence, the blue economy can be defined as the sustainable
development of oceans and waters.
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Sustainable development requires systems thinking since the concept is
systemic by its nature; both multidimensional and multi-stakeholder (Barile
et al., 2018). Systems thinking focuses on developing comprehensible
understanding about complex processes and phenomena (Verhoeff et al.,
2018). Systems thinking is about concentrating on parts, their
interconnections, and a function or objective (Meadows, 2008). The term has
been defined differently multiple times but commonly it is seen to consist of
the understanding about dynamic behavior and systems structure as a cause
of that behavior, interconnections and the idea of seeing systems as whole
rather than as distinct parts (Arnold & Wade, 2015; Hjort & Bagheri, 2006).
Systems thinking is based on the belief that we cannot focus only separately
on the parts of a system since they will act differently if isolated from the
system. The holistic perspective of systems thinking emphasizes the
importance of studying the interactions between the different parts (Verhoeff
et al., 2018).

Systems thinking can be argued to frame the dialectic between analysis,
breaking a whole into smaller parts, and synthesis, combining the separate
parts to form a whole, and thus, including both of them (Barton & Haslett,
2007). It is essential in the study of the complexity of the world (Arnold &
Wade, 2015) and provides a useful approach when working with complicated
issues such as sustainable development and environmental management.

1.2 CAUSAL NETWORK MODELING APPROACHES
AND STAKEHOLDER PARTICIPATION

There is a wide range of different qualitative and quantitative causal network
modeling approaches (CNMAs). Qualitative approaches such as influence
diagrams and concept maps are especially suitable for revealing the framing
and full complexity of management problems, increasing the transparency and
open communication (see Carriger et al., 2018) while quantitative approaches
such as Bayesian networks enable the comparison of the expected outcomes of
alternative management actions and uncertainty behind the results (see
Nielsen & Jensen, 2009). At the heart of all the CNMAs is the idea to explain,
by revealing the causal relations in a system, why something happens. They
represent complex issues graphically as a network consisting of variables and
their causal interlinkages, making the system easier to understand (see
Klemola et al., 2009). This is especially important when working with non-
scientific stakeholders. In addition, they can combine data from multiple
sources (Reum et al., 2021 and reference therein) which enable them to answer
questions that cannot be answered based on a single data set or source.

For sustainable development, CNMAs are suggested to be used as the
methods of formalizing conceptual models of multi-perspective systems to
management interventions or environmental change (Reum et al., 2021).
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Presenting the conceptual models as causal networks offers an effective tool
for studying management decisions affecting the system as a whole, which can
advance the identification of trade-offs or unexpected findings (Reum et al.,
2020; Carriger & Parker, 2021). Finally, realizing the causal relations showing
consequences may lead to improved decision-making (Tan & Platts, 2003). In
this thesis, I have applied influence diagrams, Bayesian Networks and concept
maps to study and increase the systems understanding about environmental
management problems.

As the experience of utility and harm is both perspective and value
dependent, stakeholder involvement is essential in studying environmental
systems and management (Burgman, 2005). By integrating local knowledge
with scientific knowledge, more holistic understanding about complex
multidimensional systems can be reached (Reed, 2008). Here I consider
stakeholders broadly as all the parties influencing or being influenced by the
study question (Durham et al., 2014). To solve environmental problems,
cooperation between different stakeholder groups is needed. Involving various
perceptions and opinions already at the beginning of the planning process
enhances the communication and understanding between different groups
(Reed, 2008). Further, stakeholder involvement promotes stakeholders’
commitment to management and development processes (Hiranandani,
2014).

1.3 THE CONTENT OF THE THESIS

This thesis consists of four Articles [I-IV], which aim at deepening the systems
understanding concerning marine environmental management issues and the
search for the methods and practices to support sustainable development
(Table 1). I apply different CNMAs in the context of two management-oriented
themes: 1) ship biofouling management (Articles [I] and [II]) and 2) the
sustainable development of marinas (Articles [III] and [IV]).
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Table 1 Article number, study question, sources of information and method of Articles [I-IV].
Article Study question Sources of information Method

I What aspects should be

considered in the
sustainable biofouling

management?

Literature review, interviews A conceptual

Influence diagram

II How to model a case-

specifically sustainable
biofouling management

strategy?

Literature review, AquaNIS

database, interviews, onboard
emission measurements and

voyage data recordings,
AquaNIS database

Bayesian Network

(a quantitative
influence diagram)

III How do the stakeholders
define sustainability and

the goals of sustainable
marina development?

Interviews Conceptual
Influence diagrams

IV How and under what
conditions sewage

management facilities
advance the sustainability

of marina operation?

Interviews, questionnaires,
literature review

A concept map

Article [I] presents a multi-dimensional systems analysis of the biofouling
management issue in the Baltic Sea, translating a narrative to a conceptual
influence diagram (CID). The developed CID reveals the causal relationships
between the main factors and reveals the different aspects, which should be
considered in sustainable biofouling management. The CID takes into account
the impact of management strategies for the NIS (non-indigenous species)
introduction risk, ecotoxicological risk due to the biocidal coating, carbon
dioxide emissions and costs related to fuel consumption and biofouling
management (hull coating and in-water cleaning (IWC)). By providing a
starting point for conversations, the CID can advance communication between
different parties.

In Article [II] we used the CID developed in Article [I] as a starting point to
construct a quantitative, multi-criteria decision analysis model (MCDAM). To
support the holistic understanding about the complex biofouling management
issue and to compare the case-specific sustainability, the MCDAM considers
both environmental aspects (NIS introduction risk, eco-toxicological release
and carbon dioxide emissions), and relevant costs (the fuel costs and the
management method costs). We applied Bayesian Networks (e.g. Nielsen &
Jensen, 2009) to integrate available data and knowledge in order to develop
the MCDAM. It offers general information considering the different aspects of
divergent management strategies under various conditions and demonstrates
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the optimal biofouling management method is case-specific but with careful
considerations, both economic and environmental savings can be reached.

In Article [III], we analyze how people from two different stakeholder
groups define sustainable development in the context of marinas. I
interviewed both marina actors and leisure boaters to understand the goals
and definitions these two groups have for the sustainable development of
marinas in the Gulf of Finland. Based on the interviews, I constructed eight
CIDs, which were used as a method for analyzing the data and recognizing
various patterns in the thinking of the informants. The study deepens the
understanding and helps to identify the needs and places for co-learning,
knowledge sharing and improved mutual understanding among the
stakeholders. In addition, the study indicates stakeholders consider
sustainable development from a more multi-dimensional perspective when
setting the goals than defining the term. Therefore rather than concentrating
on the restricted definition of the term the focus should be on the concrete
goals set for the sustainable development.

In Article [IV] actor-network theory (ANT; Latour, 2005) is used as the
philosophical framework for a conceptual systems analysis presented as a
concept map. Literature, questionnaires and interviews were used as data to
formulate a multi-material collective of human and non-human entities to
realize how and under what conditions boat-sourced sewage management
(BSSM) facilities promote the sustainable development of marinas. Based on
the results, BSSM facilities are both core marina services and governance
artefacts and if properly maintained, support both the sustainable boating and
marina operation.

In this summary, I study and integrate the combined results of the articles
through two sub-questions to aim to understand the sustainability and
sustainable development related issues in environmental management on a
broader scale. The sub-questions are:

1. How can causal network modeling approaches support
sustainable development in environmental management?

2. What prevents or promotes sustainable development in
environmental management?
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2 METHODS

2.1 INFLUENCE DIAGRAMS AND BAYESIAN
NETWORKS

Influence diagrams (IDs) are causal graphical models used widely in
environmental management (e.g. Haapasaari et al., 2012; Parviainen et al.,
2019 and LaMere et al., 2020) (see also Carriger & Parker, 2021). They consist
of three different types of nodes 1) decision nodes (rectangular) representing
the decisions to make; 2) utility nodes (diamond-shaped) representing the
losses or gains resulting from the decisions made and; 3) chance nodes (oval)
representing the system between the decisions and the utilities (Fig. 2). In
addition, the causal interlinks showing the influence between two nodes are
presented as arrows. While IDs consist of decision nodes and utility nodes,
they can be used for structuring the decision problem and as a decision
support tool. IDs were first developed in the 1970s as an alternative to decision
trees: decision support models using tree-like models of decisions and their
possible consequences (Chichernea, 2014). Decision trees and IDs can be seen
as a complementary view of a decision problem where decision trees present
the alternative values of each decision and chance variables while IDs show
the dependencies among variables (Terek, 2005).

Since IDs describe the conceptual influence relationship between nodes,
they can support decision-making even without quantitative information
about the strength of the influence (Carriger et al., 2018). Further, IDs can
enhance the understanding about the conditional aspects of the decision
problems and the possible consequences of the management decisions. The
visual model can present for the decision-makers what they are really
choosing.

In addition, IDs can be presented as the generalizations of Bayesian
Networks (BNs) allowing quantitative decision analysis with decision nodes to
control the system and utility nodes showing the consequences of decisions
(Nielsen & Jensen, 2009). When ID is used as a BN, where each chance node
has a conditional probability distribution, they can be used for solving multi-
criteria decision problems under uncertainty. Quantified IDs (BNs) are
demonstrated e.g. in Helle et al. (2015), and Pihlajamäki et al. (2020).
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Figure 2 An example of a conceptual ID which consists of decision variables (rectangles),
chance variables (blue ovals = technosphere factors; green ovals = ecosphere
factors), utility variables (orange diamonds = costs; purple diamonds = environmental
impacts) and conditional dependencies (arrows) between them. Each configuration
A->B can be worded as “A affects B” or “B depends on A”. The figure is from Article
[I].

In acyclic, probabilistic BNs the links between nodes present the information
or causal dependencies between nodes and their strengths are presented by
conditional probabilities (e.g. Nielsen & Jensen, 2009). Since the interlinkages
between nodes are presented with probability tables (Bromley et al., 2005),
the result is always a distribution rather than one number allowing studying
the uncertainty related to the results (Nielsen & Jensen, 2009). Bayes' theorem
which is based on discovery made by Thomas Bayes in the 18th century
enables updating the prior distribution and thus, creating a new updated
posterior distribution (Fenton & Neil, 2013).
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2.2 CONCEPT MAPS

Concept maps are graphical models that organize and represent knowledge
(Novak, 2010). They are visual illustrations of the depictions of causal
relationships between the concepts of a system and can be used as
metacognitive tools to promote understanding. Concept maps present the
information as a network, which consists of nodes as concepts and links
showing their relations (Novak, 2010). The links between concepts can be
worded with different linking phrases or with symbols and even loops are
allowed without further limitations unlike with acyclic BNs (see Kaikkonen et
al., 2021). Usually, the concept map is constructed to answer a focus question
(Novak, 2010). The concepts are often represented hierarchically with the
most general concepts at the top and less general below (Novak & Cañas,
2008).

Concept maps were first developed in the 1970s to represent interviewees'
conceptual understanding about science concepts (Novak & Musonda, 1991).
There are some debates about the differences between mental models and
concept maps but a concept map can be seen as a portrait of a mental model
(Kinchin et al., 2000). Concept maps can support the understanding abot
complex systems (Novak & Cañas, 2008) and they are valuable tools in
participatory modeling especially when working with complex and data-poor
environmental problems (Özesmi & Özesmi, 2004). Hence, concept maps
have been widely used in academic disciplines (see Davies, 2011). See Fig. 5 for
an example of a concept map.
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3 THE BALTIC SEA

In this thesis, the Baltic Sea is the case study area in each article. The Baltic
Sea is a semi-closed brackish water area located in northern Europe (Fig. 3).
It is one of the most polluted sea areas (see HELCOM, 2010) and the
International Maritime Organization has classified it as a Particularly
Sensitive Sea Area. The low salinity level, shallow waters and partial ice-cover
in wintertime (Leppäranta & Myrberg, 2009) together with considerable
human pressures (Korpinen et al., 2012) make the Baltic Sea a challenging
environment for species leading to the low biodiversity and low resilience of
the ecosystem (Tomczak et al., 2013). Consequently, NIS-induced impacts
may have harmful and decisive impacts on the whole ecosystem (see Ojaveer
& Kotta, 2015). Further, the busy marine traffic with about 300 000 port visits
per year (HELCOM, 2018) intensifies the pressures on the vulnerable Baltic
Sea. Cargos and tankers are the most common ship types but due to the busy
ferry connections almost half of the visits are made by passenger ships
(HELCOM, 2018).

In Articles [I] and [II] the main concept is ship biofouling management.
Biofouling, a natural accumulation of organisms on surfaces, is recognized as
one of the major economic and environmental concerns of shipping (IMO,
2011). Biofouling causes problems for shipping companies by causing fuel
losses and problems in maneuverability and maintenance (Schultz, 2007). On
the other hand, ships are a crucial path for non-indigenous species (NIS)
introductions (Molnar et al., 2008). To decrease the biofouling, shipping
companies use two main biofouling management methods: coating and IWC
where biofouling material is removed from the hull by divers or robots (IMO,
2011). Commercially available hull coatings are based on three coating
technologies (Blanco-Davis et al., 2014; Lindholdt et al., 2015): 1) chemical,
biocidal technology; 2) hard, insoluble coatings and 3) mechanical, non-
biocidal fouling-release technologies. However, due to the special
characteristics of the Baltic Sea, biofouling management methods need to be
adjusted to its environment and some practices cannot be used e.g. fouling-
release coating in the northern Baltic Sea because of the partial ice-cover in
wintertime (see Article [I]).
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Figure 3 The Baltic Sea, located in northern Europe. The figure is from Article [I].

In addition to its commercial value, the Baltic Sea offers different ecosystem
services and is highly important for the 85 million people living in its drainage
area (HELCOM, 2010). The Baltic Sea is an especially popular area for leisure
boating and there are about 3.5 million active leisure boats in the Baltic Sea
(Baltic LINes, 2016). In Articles [III] and [IV] the main concepts are marinas
and leisure boating. Coastal tourism is a large maritime activity in Europe
(Ghermandi, 2015) and marinas one of the key destinations for marine
recreation. The EU has a special interest in marinas for advancing the blue
economy (EC, 2014). Marinas offer crucial services for boaters and thus the
sustainable development of marinas and leisure boating are tightly
interlinked. Marinas attract visitors from land and sea while offering services
for both locals and visitors. Therefore, marinas can promote the local economy
but at the same time be hot spots for the environmental effects of boating
(Davenport & Davenport, 2006). Although marinas and boating are small-
scale operators, they can have long-term spatial and temporal impacts on the
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Baltic Sea (see Outinen et al., 2021; Lagerström et al., 2020, Johansson et al.,
2020; Hansen et al., 2019 and references therein). Finally, leisure boating is
highly dependent on the ecosystem services and their sustainable
management to maintain the attractiveness of the Baltic Sea.
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4 RESULTS

4.1 CAUSAL NETWORK MODELING APPROACHES
SUPPORTING SUSTAINABLE DEVELOPMENT IN
ENVIRONMENTAL MANAGEMENT

The aim of the first sub-question was to study how CNMAs support sustainable
development in environmental management. Biofouling management is an
example of a complicated system with interdependent factors and the
overlapping concerns of different parties with aims to minimize the biofouling
but due to various reasons (Fig. 4). In Article [I], the CID explains the
interlinkage between the main management methods, coating and IWC, as the
optimal IWC method and interval is dependent on the coating type used.
Therefore, these two main strategies have to be planned together and
considered as one combined strategy or system rather than analyzed and
decided separately. Hence, as the sustainability of the decisions is context
dependent it is also dependent on the other decisions and actions made at the
same time by other or same parties. The results of Article [I] explain why
biofouling management is a complex, multiscale issue and makes visible the
key risks, costs and utilities needing comprehensive understanding and the
mechanisms through which the management actions together affect.

Figure 4 A ship’s biofouling management (M) is about balancing among the different
perspectives presented in the picture. The figure is modified from Article [I].
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In addition, (by the means of color-coding used in the CID) the developed CID
shows how gains and losses fall on different parties: costs on the private sector
but environmental risks impact even the whole society. Further, the CID
indicates that trade-offs between different aspects are needed to make
sustainable decisions but also synergies exist which should be considered.
Discussions in the society are essential to make just and transparent trade-offs
and as being a visual object, CID can, as suggested e.g. by Carriger et al. (2018),
promote these discussions and open risk communication among different
stakeholder groups.

The results of Article [III] indicate CIDs being useful tools in analyzing
stakeholder thinking and supporting the analyzing process. Visuals have been
seen to offer a useful presentation compared with text formats (van der Hoorn,
2020 and references therein) and in Article [III] CIDs were used to compress
the multiple pages of information (transcribed interviews) into visual form. In
addition, the developing and structuring process of a network approach can
also help researchers to understand the causal interactions, the structure of
the complex system and to indicate the trade-offs and possible synergies. This
was acknowledged both when structuring the CID in Article [I], MCDAM in
Article [II], CIDs in Article [III] and the concept map in Article [IV]. In the
literature (see Parviainen, 2021), CIDs have been suggested to be used as
boundary objects supporting knowledge co-production, turning the
knowledge into action and helping sustainability transition. The results of this
thesis support the view.

In Article [II], the Bayesian Network -based quantitative ID model
integrates both qualitative and quantitative data and other knowledge. By
considering divergent aspects rather than concentrating only on one aspect,
the MCDAM approach supports sustainable biofouling management. Further,
it indicates that optimal biofouling management can at least in certain cases,
bring both economic and environmental savings i.e. synergies, which can
without a comprehensive analysis be unheeded. The better understanding
about the optimal management strategies possibly affording economic and
environmental advantages has been acknowledged as well before (see Wang et
al., 2018). In addition, the potential end-users testing the MCDAM stated that
the MCDAM could support holistic understanding about the complex,
biofouling management issue. Further, it was identified as a useful tool for a
general level analysis, to support the implementation of the optimal methods
and strategies, to help make the biofouling management plan for the ship and
even aid to increase the understanding for the possible future legislation
related to biofouling management. Finally, MCDAM can easily be updated and
e.g. if in the future more detailed BN pieces exist, they can be connected to the
MCDAM to make it more sophisticated.

The concept map in Article [IV] demonstrates the findings in a graphical
socio-eco-technical network presenting different actors and factors in marina
operation and linking together with different spatial scales. The results reveal
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that sustainability is eventually dependent on interlinked factors, actors and
the decisions or choices made by the latter. Only one poor decision inside the
system such as not repairing a facility in time can break the loop of
sustainability and even turn it rather into a vicious circle. This confirms the
phrase: the system is as strong as its weakest link. On the other hand, the
results reveal that environmental management can support sustainability and
turn the circle towards sustainable development. The classifying of the
elements in the visual network of the BSSM under the three aspects of
sustainability was considered impossible since most of the issues are
multiplied interrelated without deriving from only one dimension. Therefore,
the authoring team concluded that classifying sustainability issues under
certain sustainability categories can limit the realization of the cross-sectoral
nature of sustainable development and rather a systems approach revealing
the factors and actors with their relations hindering or advancing
sustainability should be applied.

4.2 FACTORS PREVENTING OR PROMOTING
SUSTAINABLE DEVELOPMENT IN
ENVIRONMENTAL MANAGEMENT

The aim of the second question was to reveal the possible factors preventing
or promoting sustainable development. In Article [I], the interviews proved
the staff of the shipping companies sometimes having a reductionist approach
to biofouling management and even misunderstandings considering e.g. the
NIS introduction risk or toxicity of biocidal coatings. The lack of systems
understanding prevents seeing the system as a whole, which leads to the
situation where the consequences of actions or omissions on a larger scale are
not fully understood. If e.g. the risk the NIS introductions cause to the marine
ecosystem is not comprehended, the resistance against the use of an expensive
debris capturing system (for collecting and filtering the biofouling material
detached from ship’s hull) is more understandable.

In Article [I], stakeholders revealed being willing to use environmentally
conscious methods as long as they are economically sensible but the lack of
information considering the sustainability of various management options
prevents them evaluating the sustainability of different methods and
improving their strategies. As the Article [II] presents, the biofouling
management decisions are often made from economic perspective but the slow
increase in biofouling layer and its effect on fuel costs may be missed. Further,
the lack of knowledge concerning the ecological consequences can result in the
choice of a strategy that first seems to be the easiest and cheapest to implement
and maintain. While in reality with a comprehensible study revealing the
systemic nature of the biofouling management, a strategy with both lower
economic and ecological costs could be recognized and applied.
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The interviews made in Article [III] indicated that sometimes the poor
environmental awareness of boaters can sustain harmful methods e.g. the
emptying of the septic tanks to the sea. However, it is not just about the lack
of environmental consciousness which causes actions of these kinds of but also
the missing holistic understanding. The interview data collected in Article [III]
revealed that some interviewees see the environmental consequences of
boating insignificant since other bigger polluters exist. Without a
comprehensive understanding about the local and regional consequences of
the actions and their accumulations geographically in a small vulnerable area,
unsustainable actions can be continued.

The lack of guidance, together with poor attitudes, lack of cooperation and
shortage of money, combined with the short contracts of marina operators
preventing the long term planning, can lead to poor services, planning, and
maintenance and finally prevent the sustainable development as presented in
Articles [III-IV]. If the services and facilities are not provided or out of control
in the marinas, the visitors need to against their will act irresponsibly and
harm the environment. The network modeling approach in Article [IV]
illustrates sustainability as a network effect and presents the BSSM collective
which can either advance or hinder sustainability (Fig. 5). Therefore, as Article
[IV] presents, marina operations do not govern only the sustainability of the
marina but boating as well. Due to the systemic nature, poor decisions can
accumulate to a vicious circle whereas when paying attention to sustainable
facilities and practices, a sustainability loop producing synergies between
different objectives can appear.
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Figure 5 The BSSM collective which either hinder or advance sustainability. Pink nodes =
human actors; blue nodes = non-human actors; green nodes = key factors. The
information source is indicated: a = Questionnaire I; b = Questionnaire II; c =
Stakeholder interviews; d = Literature review. When interpreting the network, arrows
can be read as “affect(s)” or “have/has potential to affect”. A factor node within an
actor node should be worded as “of/by the actor”. The figure is from Article [IV].

The combined results suggest that by providing guidance and information
about sustainable practises, supporting their use, increasing the
environmental consciousness and holistic systems understanding, sustainable
development can be promoted. However, this is not enough if environmentally
conscious methods are considered as too expensive or missing. Therefore,
there is still a need for technological improvements considering sustainable
biofouling management methods in different areas. All biofouling
management methods have their limitations and technological development
could increase the options and decrease the economic and environmental
costs. Further, the results suggest that the absence of international legislation
allows the use of unsustainable methods and practices in the area despite some
regional legislation. Therefore, international regulations should be
implemented. However, some interviewees reminded that even the legislation
is not enough if it is not followed nor monitored.

The findings of all Articles [I-IV] reveal the importance of stakeholder
involvement to promote sustainable development in environmental
management. In Article [I], stakeholder interviews provided information
about the current biofouling management methods with their limitations and
utilities, ship-related issues to be considered, the decision-making process and
possible opinions and knowledge gaps related to biofouling management.
Stakeholders helped to realize the differences between various ships and
operative profiles and the special characters of the Baltic Sea affecting
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different strategies. In addition, they emphasized the importance of case
specificity in biofouling management. In Article [II], stakeholders provided
essential information regarding both the structure of the MCDAM and
quantification of the model. Further, the stakeholder interviews revealed
misunderstandings in thinking and the need for a more holistic understanding
and presented the economic and legislative factors preventing sustainable
actions considering the biofouling management issue. In Articles [III-IV]
stakeholders helped to realize what concrete issues hamper the sustainable
actions in marinas. The stakeholder participation in Article [IV] supported the
recognition of the occurrence of the positive virtuous circle if waste
management facilities are managed optimally in marinas. The results indicate
that stakeholders often have tacit knowledge that cannot be found in the
literature and thus their participation can support capturing knowledge,
knowledge gaps, and new perspectives considering the system, and further on,
increasing the discussion and understanding between different parties.
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5 DISCUSSION

In this thesis, I applied a systems approach, to support the search of
holistically sustainable solutions for maritime traffic in the Baltic Sea. The
thesis took an interdisciplinary approach including both qualitative and
quantitative methods and different types of data. I concentrated on two
different management themes: ship biofouling management and sustainable
development of marinas. I used various CNMAs to study sustainability and
advance systems understanding when working with complex marine socio-
ecological issues and to provide a more comprehensive understanding about
the topics. Finally, I tried to understand what factors prevent and what
promote sustainable development in environmental management.

I state that a systems approach is essential in studying environmental
management problems and advancing sustainable development. By revealing
the multi-dimensionality and the interconnections between different
elements, CNMAs can promote the identification and involvement of the key
components, the explanation of the mechanisms and principles of operation,
and this way increase the comprehensive understanding concerning the
management questions or problems. Based on this, I argue that CNMAs have
potential to enhance the understanding about what knowledge is needed and
what aspects should be considered to make decisions that advance sustainable
development. Further, I argue that CNMAs can promote reciprocal
stakeholder participation and open communication and thus help pay
attention to the factors and actors that hinder sustainable development.

As stated earlier, environmental management is about working with
complex and wicked socio-ecological issues where the process of solving is
already meaningful even without a final perfect solution (Voinov, 2017). By
offering a method of studying the key elements and their interconnections in
visual and easy-to-understand formats, CNMAs provide useful tools for this
process. To take advantage of the synergies and balance between the trade-
offs, we need to understand the linkages in the system as supported by
Requejo-Castro et al. (2020). In Articles [I] and [II], CNMAs support
identifying the trade-offs and synergies occurring in the system. The combined
results of all Articles [I-IV] demonstrate that by offering the structure of a
system around a certain topic, question or decision problem, CNMAs assist the
search for practices and methods increasing sustainable development. Based
on the earlier studies, methods advancing holistic understanding about the
system can promote optimal management decisions (see e.g. Barney, 2016).
Our results support this and further, indicate that CNMAs have potential to
increase the acceptance of future enactment of legislation as shown in Article
[II]. In addition, CNMAs by increasing the systems understanding, helps us to
understand about which parts of the system we need more knowledge and
information to make knowledge based decisions. Finally, due to their modular
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nature, CNMAs are often easy to modify and able to integrate data from
multiple sources which make them especially suitable for environmental
management when working with complex and wicked socio-ecological
problems.

The importance of stakeholder participation in environmental
management has been acknowledged in the scientific literature before (Reed,
2008; Parviainen, 2021). In environmental management, it is highly
important to involve stakeholders to identify different perspectives (see Article
[III]), and make transparent and optimal decisions (see Voinov, 2017). The
CNMAs are valuable tools for involving stakeholders, and they can support
discussions by enhancing communication, which was also identified in Article
[II]. Since environmental management needs to be transparent to
acknowledge different perspectives and values and even enhance public trust
in decisions (see Reed and references therein, 2008), visual tools can advance
the transparency behind the decisions as demonstrated in Articles [I-II]. The
results of this thesis suggest that stakeholder participation aids realizing the
concrete problems hindering sustainability unacknowledged by other parties.
Finally, as supported by Voinov (2017), our results suggest that stakeholder
participation can lead to greater understanding, which can eventually ease the
implementation of policies guiding towards sustainable systems. Based on the
results, I argue that stakeholder participation in environmental management
should be reciprocal, the stakeholders helping to reveal the factors hindering
sustainable development and to find sustainable solutions, but at the same
time being also helped to increase their comprehensive understanding about
the issues and the interlinkages between different elements.

In Article [I] and [II], CNMAs revealed the multidimensionality of the
biofouling management phenomena, enhanced the systems understanding by
revealing the interlinked factors, supported stakeholder involvement and
enabled the use of multiple sources. However, since in Article [I] the developed
CID is a qualitative model we could structure it without worrying about the
issues related to quantification, such as missing data, available (wo)manpower
for the modeling, or the capacity of computers, unlike when structuring the
MCDAM in Article [II]. Forman et al. (2008) have stated that qualitative
methods can expose mechanisms and practices uncovered by quantitative
methods. The structure in CID [I] is much more complex than in the MCDAM
[II]. In addition, the developed CID is more transparent than the MCDAM
since the more detailed the form, the more transparent the model is. Hence, I
argue that with a more complex and transparent structure the CID provides a
more comprehensive understanding about the issue than the MCDAM.

However, when aiming for a quantitative model with external end-users,
an overly complex model is not the optimal one but a model able to answer the
research question with the simplest structure (see Maeda et al., 2021).
Therefore, the MCDAM has to compromise with the level of transparency and
user-friendliness. The quantitative MCDAM, unlike the CID, can be used as a
case-specific decision support tool to reveal the expected costs and risks and
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to make mutual comparisons between different strategies. The MCDAM
reveals that biocidal-free fouling-release coatings, without toxic copper release
and continual IWC, provide a promising alternative in ice-free areas such as
in the southern Baltic Sea. However, more studies on their ecological effects
are still needed and the softness of the fouling-release coatings makes their use
impossible in ice conditions. Therefore, a hard biocidal-free coating with a
regular IWC applying a capture system seems to be generally the most
promising option for other parts of the Baltic Sea area. On the other hand, for
some ship types, such as tankers, regular IWC can be very expensive. In such
cases, biocidal coating with less regular IWC appears to be a justifiable
solution but even then the copper concentration and release rate from the
coating should be adjusted to the salinity conditions of the Baltic Sea, to avoid
the overuse of the biocides. Finally, based on both Articles [I, II] there is still a
need for novel innovative biofouling management methods suitable for the
Baltic Sea conditions and for harmonized international regulation considering
the biofouling management. Consequently, I argue these two models, a
qualitative CID and a quantitative MCDAM, can complement each other and
thus provide together better understanding about the biofouling management
issue than either of them could alone.

Often the lack of systems understanding inhibits sustainable development
and therefore, the systems understanding is highly needed for the sustainable
development. It has been acknowledged that the systems thinking helps to
identify the structures leading to the desired results and support directing the
efforts on them (Ben-Eli, 2018). However, narrow perspectives and silo
thinking hamper seeing the big picture and possible synergies as
demonstrated in Articles [I-II]. The results of Article [II] indicate savings
occurring if optimal biofouling management methods are used, but the lack of
information considering them and limited perspectives prevent their use.
Based on the results of Articles [I-II] and earlier literature (Schultz, 2004;
Schultz et al., 2011), often the biofouling management decisions are made
from an economic perspective when ecological and social perspectives have
received less attention. Due to the systemic nature of sustainable development,
fairness, and well-being of both human and environment, all perspectives
should be acknowledged to achieve sustainable practices (see Dietz, 2003). If
the ecological consequences are missed, unsustainable strategies will
continue, but with a careful holistic study, a strategy with lower economic,
environmental and social costs could be found (Article [II]). As stated in the
literature, without a proper systems understanding it can be hard to identify
the actual outcomes of an action since the benefits can occur far from the
source and even after a long time and thus, the understanding about
complicated socio-ecological systems is needed to improve their management
(see Williams et al., 2017 and references therein).

In addition, systems thinking can aid in the recognition of points where
minor changes can lead to remarkable results (Moldavska & Welo, 2015), or
points where the system is particularly vulnerable (Holling, 2001). Article [IV]
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revealed a sustainability loop, where poor management can cause a vicious
circle, whereas with the listening of the stakeholders, careful planning and
implementation the circle can be turned into a positive loop generating
sustainable development. According to the scientific literature considering the
systems thinking of sustainable management, if the feedback loops, either
negative or positive, of a system are not understood, unpredictable system
behavior can appear and the system can become vulnerable (see Williams et
al., 2017 and references therein). Hence, the understanding about these
feedback loops is important to reach sustainable development in
environmental management. Further, the understanding about feedback
loops enables management of the system behavior rather than reacting
passively to the changes (see Williams et al., 2017 and references therein). The
combined results of Articles [III] and [IV] support the importance of
understanding the feedback loops in environmental management.

In each article of this thesis, the Baltic Sea is the case study area. The special
characteristics of the Baltic Sea affect some results in the thesis’ case studies
and should be recognized when interpreting those results. However, the need
to increase the understanding about sustainable development and the
practices of applying systems thinking in environmental management and in
the search for elements hindering and supporting the sustainable
development are universal. Therefore, those results can be utilized more
broadly than just in the Baltic Sea environment.

The overall results of this thesis suggest that sustainable development in
environmental management requires investing in engaging people, increasing
their systems understanding, level of information and environmental
consciousness. Technical and ecological solutions cannot solve the
sustainability issues if human behavior is not taken properly into account.
Sustainability from a system viewpoint is about systems to persist, adapt and
transform in the continuously changing conditions (Williams et al., 2017).
Since socio-ecological problems consist of complex interlinked systems,
studies supporting systems understanding can reveal the parts of the system
where environmental management needs to concentrate on making the
system sustainable. Through the four articles involved, this thesis
demonstrates how, in a constantly changing world, the sustainable solutions
and decisions are somewhat case-specific, context dependent and even
dependent on other decisions made and therefore they need to be evaluated
iteratively. In addition, solutions and methods working in certain cases or
areas may not be directly transferable to others (see Article [II]). Further, the
goals and different factors are often completely intertwined and hence, to solve
socio-ecological problems we need to make trade-offs, and transparency helps
the justification of the choices (Cummings et al., 2018).

Finally, based on the results and to overcome the obstacles preventing
sustainable development I argue that: 1) The systems understanding about
both environmental management problems and sustainable development
should be increased to support knowledge based decision-making in
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environmental management; 2) Stakeholder participation is essential to solve
environmental management problems transparently and justly; 3)
Environmental education and awareness should be increased to lead to
environmentally conscious actions and further on, to public pressure on
companies and countries to implement harmonized legislation and transfer
towards sustainable development and; 4) Since sustainability and sustainable
development are hazy terms, the concrete, local and case-specific goals in each
particular case should be defined to diminish the haziness and promote
sustainable development. Further, as sustainable development is a continuous
process, it is not just about reaching the final goal but about finding the
direction. Hence, 5) the CNMAs enabling the participation of different parties,
supporting transparent decision-making, promoting the systems
understanding and revealing trade-offs and synergies, are valuable tools when
we search for the direction towards sustainability in environmental
management.
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