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Abstract: The planning of nautical tourism development and especially, the planning of its supporting
infrastructure development, is important topic of the maritime spatial planning. The focus of research
is the integration of multicriteria analysis and stakeholders within concept modeling that will provide
support to the spatial planning specialists in the design of plans related to the development of
anchorage capacities for small vessels. It examines economic, environmental, ecological, social, and
civil engineering concerns related to the use of coastal water. It is a complex and ill-defined civil
engineering problem because of multiple stakeholders with diverse interests, numerous conflicting
goals and criteria, huge quantities of information and data, limited resources, etc. The research
is concentrated on an integral approach to sustainable decision-making within maritime spatial
planning by the modeling decision support concept to the processes of identification, validation,
comparison, and the selection of locations for anchorage construction, based on multicriteria methods,
goal analysis, and the logic of the decision support system. The concept is tested on the island of Šolta,
Croatia, and has been proven as being an applicable, consistent, efficient, and effective methodology
for the planning of the anchorage locations.

Keywords: decision support concept; maritime spatial planning; multicriteria methods; anchorage
location; stakeholders

1. Introduction

The encouragement for this research was primarily derived from the Directive 2014/89/EU of
the European Parliament and the Council [1] from 23 July 2014, which establishes a framework for
maritime spatial planning (MSP) in the EU. This Directive should help Member States develop maritime
spatial plans to better coordinate the various activities on the sea in an efficient and sustainable way [2].
Croatia, although being extremely maritime country, still has no complete legal framework for setting
up MSP [3,4]. In addition to the abovementioned, this research was intended to form an approach
that will be functional and that will enable sustainable and inclusive decision-making in the planning
of anchorage locations, as one of the components of MSP. To deal with such a complex process,
and resulting in broad document, this research is focused only on anchorages as one of its many
components. The proposed approach is related to supporting-planning processes, and to the deriving
of such a specific plan that can be demonstrated and tested, and that can easily be adapted and applied
to other components of MSP.

MSP has become a subject of considerable interest for the maritime countries in the recent
years [5–7]. It is a process of analyzing and organizing temporal and spatial human activities
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in the marine environment to achieve ecological, economic, and social objectives [1]. Managing
human activities to improve their usage and to reduce conflicts among usage, as well as to reduce
conflicts between human activities and nature in a sustainable manner, are important outcomes of
MSP. Comprehensively it can be said that the main outcome of MSP should be sustainable marine
development [7].

Managing maritime areas, with the reconciliation of discordant needs of protecting their ecological
balance and exploiting their natural resources, requires adequate policies and the integration of
various sectoral approaches and interests in a coherent set of measures. An integrated approach
is needed, because it allows for an effective and efficient coordination of the various authorities
involved in coastal-related decision-making. MSP is a participatory process that includes all relevant
parties and stakeholders as early as possible. It is very important to involve all relevant stakeholders,
including coastal regions, at the earliest possible stage in the planning process, in order to achieve
broad acceptance and support for implementation. Stakeholders’ involvement means not only the
involvement of maritime sectors or representatives of certain maritime activities, but also includes
the general public, Non-Governmental Organizations (NGOs), and anybody who might be concerned
or have an interest in the development of a given coastal region. They are an important source
of knowledge, which can significantly raise the quality of MSP. Local and regional knowledge is
important for incorporation into a MSP process, and might be only available via the people that live
for generations in the same area. It is considered important to define the roles and responsibilities,
and to strengthen interaction, not only between policymakers and stakeholders, but also between
stakeholders’ groups. The whole process is lengthened, depending on the broadness of the stakeholders’
participation, and for this reason, it is essential to design a MSP process in a way that allows for enough
time, and that plans ahead for iterative stakeholders’ involvement. Depending on the challenge
complexity that has to be taken on during a MSP process, it might be effective to plan for multiple
stakeholder involvement stages, allowing for an extensive exchange of opinions and discussion of
the issues involved [8]. Croatia participated in the creation of a pilot project Adriplan [9], but it still
has not created its own MSP. Traditionally, the decision-making (DM) process for the management of
coastal water resources is based on the experiences and opinions of the inner circle of stakeholders
that are predominantly consisting of governmental representatives who generally have only specific
knowledge and skills related to the analyzed problem. Thus, for example, scientific knowledge is still
largely excluded from it [10]. One of the principal factors missing in the complex DM process is the
co-operation between decision makers and the scientists, as well as the scientist between themselves.
To make this cooperation effective and successfully implemented, scientists should negotiate to decide
which research, monitoring, and technical tools should be used as a basis for policy making and
management within the European context [11].

A response to setting requirements is the decision support system (DSS), which integrates the
database, the model-base, and knowledge base consisting of various mathematical and analytical
models that are used to analyze the complex data, thereby producing the required information [12].
The most important advantages of DSS are the inclusion of large amounts of data that represent
one or more objectives and benefits, the incorporation of various stakeholders’ groups such are local
and/or regional government as the final decision makers, NGOs, scientific institutions, various experts
dealing with coastal issues and local habitants, and comparison of the their ideas involved in the
DM process, helping people to understand the impact of different types of management on civil
engineering, ecologic, economic, and social objectives in a simple and user-friendly way, and bringing
a compromise of solutions between possible management scenarios [13].

1.1. Research Focus

This research is concentrated on the DSC development in the planning of anchorage locations
that will be implemented in MSP in Croatia. Although Croatia has no national maritime spatial
plan, the entire territory of the Republic of Croatia is covered by various spatial plans, which
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include both terrestrial and marine areas (especially at the local/sub-national level). The planning of
nautical tourism development and especially the planning of its supporting infrastructure (such as
anchorages) development are important topics when MSP is conducted. According to the Regulation
of classification and categorization of nautical tourism ports [14], the anchorage is defined as a part of
the water space that is equipped with accoutrements for vessels mooring in a bay that is protected
from the storm. Anchorages for smaller vessels have been considered in detail as being acceptable
locations for boat residence, primarily along the coastal zone of the Central Dalmatia islands, which
are in the spatial scope of the survey.

Considering geographic characteristics and socio-cultural implications, the Mediterranean is
among the most important areas of nautical tourism in the world. Croatia is a Mediterranean country,
and it has an indented coastline and an insular archipelago with more than a thousand islands. Just
because of these natural resources, Croatia represents a significant place in the development of nautical
tourism. Despite the current developmental achievements, Croatian nautical tourism in many elements
of the offer has not reached the level of natural and historical heritage value as well as the development
of spatial possibilities, and nautical tourism has not yet used all of its development potential [15].
One of the biggest disadvantages of nautical tourism in Croatia is the insufficient number of berths.
The demand is larger than the offer, including the demand for a permanent berths, but also transit
season berths [16]. According to the information of the Institute for Tourism from 2015, Croatian
nautical tourism has about 17,000 berths for boats and yachts. The Strategy for Nautical Tourism
Development [15] clearly perceives the current weak development of Croatia in relation to other
Mediterranean countries. The share of the Croatian coast in the total coastline of the Mediterranean is
12.2% of the shore coastline and 33% of the island coastline, but in the offer of berths, Croatia’s share in
the Mediterranean is only 6.9%. From the presented statistical data, it can be clearly noted that there is
a great need, and also the pressure to build berths of all types. According to the Tourism Development
Strategy of the Republic of Croatia until 2020, construction of 15,000 new berths is planned; 5000
berths in ports of nautical tourism, 5000 in existing ports open to public transport, and 5000 berths
on the shore. New development will involve the application of new technologies and environmental
standards, taking into consideration all relevant ecological criteria [17].

The share of the SDC in the total capacity of the berths in Croatia according to the spatial plans
is 12% for the berths on the sea and 9% for the berths on the shore, which is significantly below the
available capacities compared to the northern coastal counties in Croatia [16]. According to the spatial
plan of the Split-Dalmatia County, the planned growth of the total berth capacity is expected to be more
than 150%. For this reason, there was a need for systematic planning and sustainable decision-making
when it comes to the construction of anchorages. Because of that, there was a need for suggesting an
approach/concept that will support decision makers and policy makers in dealing with this delicate
problem. The main goal of the research is to design a model of decision support concept (DSC), in
combination with the multicriteria analysis and methods, as an approach that will provide qualitative
and sustainable decision-making within maritime spatial planning when it comes to the construction
of anchorage locations. The concept of decision support in combination with multicriteria analysis and
methods is used in order to support the decision makers in very complex and ill-structured problems,
and is used for the majority of decisions of any value. It is used instead of other decision-making
techniques, because of its fundamental simplicity, its easily applicability across decisions of this type
(planning of anchorage locations), and its ease in increasing or decreasing its complexity to match the
value of the decision to be made. This technique easily captures the knowledge from a decision, and
makes it reusable for others making the same or similar decisions. Also, it was found to be an easily
applicable decision-making technique among stakeholders who are identified as being relevant for
this type of problem, because, by their opinion, they have found it to be the most comprehensible and
the most systematic approach for decision-making.

The approach of the decision-support concept is timely and important, considering the
implementation of MSP. It is useful in MSP and coastal water management, because of its flexibility
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and adaptability, and it significantly contributes to the quality of decision-making efficiency toward
the planning of anchorage locations. It can easily be implicated to other marine and nautical
installations, with minor adjustments. It enables institutions and organizations such as local and
regional government to recognize the concept as being relevant to inform policies and local initiatives
to address regulative, normative, and cultural–cognitive dimensions of institutions in the various
aspects of MSP.

The need for the establishment of a systemic approach for the development of the spatial plan
is especially present in attractive areas for the development of nautical tourism such as the south of
Croatia, more precisely the Split–Dalmatia County (SDC). It is situated on the Adriatic coast, and
characterized by an indented coastline and numerous islands, but also with the rapid development
of tourism. The SDC (which, with its islands, makes the narrower scope of this survey) does not
have enough anchorages in relation to increasing demand, and so exploring the possibilities of
sustainable planning on the establishment of the spatial plan for anchorages while respecting the space
requirements (functional and socio-economic organization with quality fulfillment of cultural, civil
engineering and environmental conditions) stands out as a relevant problem for research. An analysis
of the condition on the field was made within the validation area, which in this case, is the island of
Šolta as one of the potential locations for the construction of berths.

1.2. Literature Review

In recent years, DSS has found its application in the MSP. Pınarbaşı et al. [18] analyzed the
present use of the decision support (DS) in MSP by analyzing 28 examples of different countries.
Most of the examined MSP reports did not explicitly state the application of decision support, but
it can be concluded that in majority of cases, it was applied in the first phases of the MSP process
where DS were used for gathering data, defining the current situation and the identification of issues,
constraints, and future conditions. This can be coped with the fact that most countries have just started
to apply MSP. The application of DS in MSP has been found in papers dealing with the protection of
environment, ecology, biodiversity, coastal, and seabed habitat features [19–26], marine traffic [27–36],
anchorage planning strategy [37], and site identification (selection) [38–40]. It can be concluded that
most of the papers, in which DSS is used in the planning of various activities in MSP, are based
on ecological issues, and on the issue of regulating traffic within maritime industrial ports, but not
with the development of spatial plans, and especially not with plans related to the construction
of anchorages as a civil engineering problem. Given that tourism in Croatia is a main economic
activity, and with the above-mentioned facts that none of the prior studies have been concerned
with the priority ranking of anchorage construction, taking into account economic, sociological, and
ecological aspects, and all intentions of nautical tourism development, based on a scientific approach,
the motive for this research has been derived. The aim is to design a decision support concept (DSC)
in combination with multicritera analysis and methods, while planning the establishment of spatial
plan for anchorages construction on a wider coastal area, based on nautical tourism factors and
needs. The implementation of spatial plans as a regulator of natural, historical, and cultural heritage,
ecosystem, and workplaces need to be protected, but also with it, the safety of sailing in the conditions
of ever-increasing tourist burden on the entire coast of the island needs to be improved. All of this
is characterized by a large number of spatial and other data and information, a large number of
stakeholders, determinants derived from strategies, as well as social needs that also fall within the
nature protection activities. The interaction of stakeholders with different needs, as well as different
levels of background knowledge on the issue, is a great challenge for the purpose of defining a concept
that will be objective in one hand, but which will successfully meet the requirements set on the
other hand.
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2. Materials and Methods

This research is based on the modeling of DSC to enable the inclusion of multiple stakeholders
with their different preferences and knowledge, as well as to enable the mitigation of the conflicts
between stakeholders and their activities on the one hand, and the conflicts between human activities
and nature on the other hand, making it easier to design and implement the planning of anchorages.
In this section, the proposed DSC to design spatial planning related to the development of anchorage
capacities in terms of its architecture is described, and afterwards, its functionality, i.e., application.
The concept of DSC is based on the logic of DSS for urban infrastructure engagement [41]. Multicriteria
analysis and multicriteria methods such as the Analytic Hierarchy Process (AHP) [42,43] and the
Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) II, V [44–47] are
used. These methods can provide an interactive approach, which is especially important for dealing
with numerous stakeholders and group DM.

This strategic kind of problem that requires comprehensive analysis needs the establishment of a
management system, and DM related to it. Similar studies to this one, but at the same time significantly
different, were given by Jajac et al. [48], in which specific DSC is used for the selection of historic bridge
rehabilitation method, and by Bitunjac et al. [49], where DSC is used for the sustainable management
of a bottom trawl fleet.

2.1. Multicriteria Analysis and Multicriteria Methods

As the problem of establishing spatial plans for anchorage construction is complex and socially
sensitive, and is characterized by a large number of spatial and other data and information, a large
number of stakeholders and criteria that need to be considered, a multicriteria analysis and methods
are chosen as being most appropriate tool for dealing with this kind of issues. Multicriteria analysis
establishes preferences between anchorage locations to a set of objectives that the experts and
stakeholders have identified, and for which they have established measurable criteria to assess the
extent to which the objectives can be achieved. In simple circumstances, the process of identifying
objectives and criteria may alone provide enough information for decision-makers.

2.1.1. Analytic Hierarchy Process

The AHP is suitable for dealing with complex problems that are related to a choice-making among
several alternatives, and providing their comparison. It is useful in multicriteria decision making, with
wide applications in many areas of science and practice. It is a tool for multi-criteria group decision
making, which analyzes the decision-making problem displayed in different levels of the hierarchy. It
is based on the subdivision of the problem in a hierarchical form, and each level represents different
factors (economical, technical, social, etc.) as evaluated by experts. Four basic steps of the AHP method
are [42]:

• Hierarchical structure modelling. The hierarchy consists of objectives, variety of criteria, and
alternatives at the lowest level. The main goal of decision-making is presented at the highest level
of the hierarchy. The objectives that support the main goal are at the intermediate level, and the
criteria that influence the decision are presented at the last level.

• Comparison matrix definition. The comparison matrix of elements of each hierarchy level is
constructed by using individual comparisons translated into scale values. The preferences of
decision makers are quantified by using Saaty’s nine-point scale [41].

• Priority determination. Pair-wise comparison generates a matrix of the relative rankings for each
level of the hierarchy. The number of the matrix depends on the number of elements in each
level. After all matrices have been created, the vector of relative weight and maximum eigenvalue
(λmax) for each matrix is calculated.

• Consistency index and ratio calculation. The validity of comparisons can be evaluated through
the consistency ratio for which the calculation a consistency index (CI) of a n × n matrix is needed.
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It is defined as the ratio CI = (λmax − n)/(n − 1). λmax is maximum eigenvalue of the matrix, and
n is the matrix dimension. The consistency ratio (CR) is calculated as CR = CI/RI, where the RI
value is the random consistency index. The acceptable value of the CR depends on the matrix
size (0.1 for matrices n ≥ 5). If the CR value is equal to or less than the specified value, than the
evaluation within the matrix is allowable and close to ideal values, and the evaluation process
does not need to be improved in a joint meeting of the research participators.

2.1.2. Preference Ranking Organization Method for Enrichment Evaluation

The PROMETHEE method is well-accepted among decision-makers, because it is comprehensive
and it has the ability to present results by using simple ranking [44]. It performs a comparison and
ranking of various alternatives that are at the same time valued on the basis of several quantitative or
qualitative criteria.

A matrix consisting of a set of potential alternatives A is an input for the PROMETHEE method.
Each a element of A is f (a), which represents the evaluation of one criterion, and each evaluation fi
(ai) must be a real number. The PROMETHEE I method gives the partial relation, and then, from the
PROMETHEE II method, which ranks the actions by the complete ranking calculating net flow, a net
outranking flow is obtained [46]:

Φ (a) = Φ+ (a) − Φ− (a) (1)

Φ+ (a) is the positive outranking flow, and is defined as:

Φ+ (a) =
1

n− 1 ∑
xεA

∏(a, x) (2)

and Φ− (a) is the negative outranking flow, defined as:

Φ− (a) =
1

n− 1 ∑
xεA

∏(x, a) (3)

where a and x are the actions from the set of actions A (during the pair wise comparison of action a
with all other n − 1 actions), n represents the number of actions, and Π is the preference index that is
defined for each pair of actions:

∏(a, b) =
∑m

j=1 wjPj(a, b)

∑m
j=1 wj

(4)

where Pj(a,b) represents preference of a over b for a given preference function of criterion j, and wj is a

weight of criterion j. Since
m
∑

j=1
wj = 1, Equation (4) changes its expression into: ∏(a, b) =

m
∑

j=1
wjPj(a, b).

There are six types of preference functions proposed by the authors of the method [45,46]: usual
criterion, U-shape criterion, V-shape criterion, Level criterion, Linear criterion, and Gaussian criterion.
The analyst and the decision-maker, in mutual agreement, choose one of the six functions for each
criterion with regard to their knowledge about the intensity and direction of preference. In each
particular case, some parameters should be determined in advance. Each of the parameters has a real
economic meaning, and they are: parameter q is the indifference threshold, parameter p is preference
threshold, and parameter σ represents the Gaussian threshold.

Different sets of criteria weights can be used, and then each set represents one scenario. Experts
and sometimes other stakeholders usually determine criteria weights. The resulting weight of each
criterion can be perceived as the compromised weight that stands as a compromised view to the
problem, as the view that respects different views of different stakeholders equally.

PROMETHEE I and II are appropriate for the selection of one alternative. However in some
applications a subset of alternatives must be identified, given a set of constraints. PROMETHEE V
extends the PROMETHEE methods to that particular case [47].
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Let {ai, i = 1, 2, . . . , n} be the set of possible alternatives, and the following Boolean variables are
associated to them:

xi =

{
1
0

if ai is selected,
if not

(5)

The PROMETHEE V procedure consists of the two following two steps:

Step 1: The multicriteria problem is first considered without constraints. The PROMETHEE II ranking
is obtained, for which the net flows {φ (ai), i = 1, 2, . . . , n} have been computed.

Step 2: The following {0, 1} linear program is then considered in order to take into account the additional
constraints (provided that they can be expressed linearly).

max

{
k

∑
i=1

∅(ai)xi

}
(6)

n

∑
i=1

λp,ixi ∼ βp p = 1, 2, . . . , P (7)

xiε{0, 1} i = 1, . . . , n (8)

where ~ holds for =,≥ or≤, and where λp,i are the coefficients of the constraints. The coefficients of the
objective function (6) are the net outranking flows. The higher the net flow, the better the alternative.
The purpose of the {0, 1} linear program is to select alternatives, collecting as much net flow as possible,
and taking the constraints into account. The constraints (7) can include cardinality, budget, return,
investment, marketing, etc. They can be related to all of the alternatives, or possibly to some clusters.
After having solved the {0, 1} linear program, a subset of alternatives satisfying the constraints and
providing as much net flow as possible is obtained [47].

2.2. Decision Support Concept for the Planning of Anchorages

Figure 1 shows architecture of the proposed DSC. This approach of the design of DSC is preferred
by the authors, because of their own experience with similar methodological approaches, but also
because of the research of other authors [50–53]. Of course, it is an overview of the proposed
methodology that consists of several phases, while each phase is a method for itself. The presented
methodology is not intended for direct implementation/use by policy makers, but with support of a
methodologist specialist.

The concept begins with the analysis of the MSP project settings. In this step, the current
situation within the research area is analyzed by nautical and anchorage experts, and local and regional
self-government, which includes analysis of the research area, analysis of existing strategies and action
plans, and European and Croatian laws and regulations, as well as an analysis of project components
and relevant impacts that are essential for the development of nautical tourism with anchorage
capacities growth. The next step is the identification and organization of relevant stakeholders
(and their representatives). For the purpose of this research, to avoid the influence of “individual
authorities”, the division of selected stakeholders into three relevant groups was provided. This
division was important, not just to avoid authority influence, but also to evade one group that might
lead to the domination of experts of particular areas in generating criteria that apply to those areas.
These groups are:

1. Nautical and anchorage experts (experts for all aspects related to nautical matters and anchorages
that cover civil engineering, economic, cultural, and ecological components)—four researchers
from the University of Split,

2. Representatives of local and regional government—four government representatives (three
from the Split–Dalmatia County, and one from the Local Self-Government Unit of the Šolta
municipality),
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3. Users’ representatives of the anchorage space—four users’ representatives (two representatives
from the representative body in the municipality of the Šolta—one ruling and one opposition,
and two representatives of the concessionaires).
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Figure 1. Application of the decision support concept (DSC) to a spatial plan design related to the
development of anchorage capacities with a stakeholders activity legend.

Their involvement is very important for increasing the transparency of the planning process,
and to timely acquaint themselves with future activities that are related to anchorage construction
planning. The task of the group’s representatives is to convey the opinions of the stakeholder group
that they represent. Within Figure 2, the activities of all stakeholders are rounded with solid lines
and grey-colored; the activities of the nautical and anchorage experts, together with the local and
regional government, are rounded with broken lines and they are not colored; the activities of the DSC
methodology expert and the nautical and anchorage experts are rounded with solid lines, and they are
not colored; the activities of the local and regional governments are grey colored and rounded with
broken lines.

In the next step, all identified, selected, and grouped stakeholders simultaneously performed
two activities. The first activity was the analysis of the existing situation of the MSP project area. The
parallel activity to previous one is design of a goal hierarchy structure (GHS) consisting of the main
goal, its objectives, and the criteria. The establishment of a GHS in a form of a goal tree provides a
better understanding of the interrelationships between the main goals and the objectives, and between
the objectives and their criteria, thus ensuring a higher quality of the objective generation process [49].
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Stakeholder relations are not static; they are dynamic and in a constant state of flux. Their attitudes
and actions may change at different stages. This reflects the dynamic nature of the relationship between
stakeholders, and for that reason, to establish a GHS, a brainstorming and nominal group technique
(NGT) were used. The brainstorming technique was approached at the very beginning of the DM
process, and the problem and achievement of the main goal were intentionally discussed among the
members of each group. This technique enables the free creation of ideas, in which group members
generate variants of problem-solving, regardless of whether they are realistic or practically feasible. The
NGT was given the advantage for further stages of the DM process. The NGT enables the assimilation
of ideas and judgment of knowledgeable individuals toward building a group consensus for a desired
outcome [54]. The members of each group generated ideas separately and anonymously, without
input from others, by writing them down on paper. At the end of the session, the pieces of paper were
merged together to produce a set of ideas from the group.

Selected stakeholders are experts in the field of coastal management; among them there are
those from scientific institutions, as well as from companies dealing with coastal engineering and
management. The mentioned stakeholders in defining a GHS have mutually exchanged their
knowledge in the areas of economic activities, ecosystem services, and boats anchoring, which are
extremely important for the problem of planning the priority construction of anchorages. In doing
so, the most significant effort of the stakeholders involved in the decision-making process has been
invested in the establishment of a GHS, because of the often conflicting attitudes arising from different
views on the same issue. The establishment of a GHS involved finding the optimal form of interaction
between the economic activities, ecosystem services, and boat anchoring. Differences in preferences
and the background knowledge of stakeholders are included through the process of assigning weights
to all levels of a GHS.

The NGT was used for generating the GHS in the following steps [55]:

(1) Each of the groups’ members wrote down the criteria by which the main goal had to be carried out.
(2) Each member wrote down his or her criteria established during brainstorming, but did not

discuss them. The group’s representative recorded all the criteria prepared by the members.
(3) The representative asked each team member to explain his or her criteria.
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(4) The representative asked each member to write down the criteria that seemed especially
significant, and then recorded the number of people who believed each criterion to be a priority.

(5) Members rated each of the criterion from no importance (0) to top priority (10).
(6) The representative then collected and added the ratings, and recorded the cumulative rating for

each of the criteria. The outcome of the NGT process was the list of objectives and criteria for
each stakeholder’s group. These objectives and criteria were then adopted in the GHS in the form
of a goal tree.

At the top of hierarchy is the main goal, and it is divided into several supporting objectives.
These objectives (creating last level of GHS) are determined and adopted as a criteria at a time when
stakeholders have reached a consensus about their relevance and measurability (they agree that
objectives are measurable enough, meaning that their achievement can be assessed with sufficient
quality). While dividing each objective into criteria, it must be emphasized that a certain group of
stakeholders is put in charge, only when defining criteria that are related to their expertise, but even
then, each proposed criterion can be adopted in GHS only if it is confirmed and accepted by all
stakeholders. At the same time, because of the criteria whose scopes are overlapping, representatives
of other groups are tasked with organizing the objectives and criteria to eliminate their duplication
according to their aims and scopes.

Next, two parallel activities are the generation of anchorage locations and the definition of criteria
weights (using AHP). As the research subject is the modeling of the concept that will provide a holistic
approach to all potential anchorage locations within the analyzed area, only those locations that met
the minimum of all conditions (preconditions determined by the aim and scope of the determined
criteria, and/or derived from legislative acts, higher level plans and strategies etc.) can be selected to
be included in a set of alternative anchorage locations. All stakeholders are involved in this process,
as well as in the process of the criteria weights (importance) determination. Due to the expected
inequality of the criteria importance, their weights are determined first as the sets of weights that are
defined by a particular group of stakeholders (weighting scenarios), and then as compromise weights
(compromised scenario) derived by the arithmetic mean. This approach provides the environment of
DM for criteria weights in which all groups of stakeholders are equally respected.

The next step is the creation of the GIS database. In defining this and the next three steps of the
DSC methodology, expert and nautical and anchorage experts are involved. The database consists of:

- external data that includes official data from public sources and several SD County departments,
several firms owned and managed by SD County and from national governmental institutions;

- internal data that includes technical and other data related to anchorage design requirements,
and information derived by from the data of local and national governmental institutions.

The following step is a decision matrix formation that includes the evaluation of all alternative
anchorage locations according to all criteria, with respect to the defined assessment techniques of each
criterion, and the selection of preference functions. The characteristics that are essential for forming
preferences, when comparing locations according to a particular criterion, are the identification of
whether the problem is a minimum or a maximum, as well as the selection of the adequate shape of
the preference function for each criterion. After that, PROMETHEE II is conducted for the comparison
of the anchorage locations according to their priority for inclusion in the maritime spatial plan. A very
important step is the weight sensitivity analysis, which gives information on the stability of the
obtained ranking list, due to changes in the defined criteria weights. By analyzing the results, it is
possible to determine the relative relation between individual locations, which gives a better overall
insight into the analyzed issue. Besides that mentioned, and by taking into account the strategies
and plans of higher-order and legislative acts, important influences on the creation of the plan can
be determined. Because of that, it is necessary to define and introduce several constrains that can
cover all other relevant influences like those related to social–natural protection, cultural heritage
issues, and techno-economic aspects of such a problem, ensuring the spatial–functional development
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of nautical tourism within the analyzed area. The defined constraints from nautical and anchorage
experts and from local and regional governments are introduced by using the PROMETHEE V method.
The result of applying this method is the set of proposed anchorage locations to be included in MSP.
The result represents a solid base for final DM by local and regional government representatives. Also,
it is important to notice that the presented approach is applicable to already existing MSP, if anyone
wants to amend/refresh it, as well as to any other MSP components. In this case it is only necessary
to modify the elements at the lowest GHS level to define criteria that accurately match the defined
problem. It is also possible to add new or expose existing criteria, but it is especially important that
these decisions are provided in the same way as in this process, by involving all relevant stakeholders.

2.3. Generation of Anchorage Locations

Šolta appertains to the group of the most indented islands, with a coastline of 93.1 km, and with
the characteristics of large and deep coves and bays. An important element of the island position is its
participation in the Adriatic developmental backbone, the proximity of the macro-regional center (the
town of Split), its site in the Split developmental center, and at the same time, a suitable space for the
internationalization of development programs. A significant element of the position is its immediate
participation in important and very frequent internal and international waterways, in particular, the
Split Gate [56]. The shapes and characteristics of the coast, coves and bays, and the windy climate,
determine the possibility of securing ports for maritime traffic, and anchorages for smaller vessels, as
well as parts of the coastline for mooring vessels.

The DSC realization started with an analysis of the MSP project settings for exact project area
of the island of Šolta. This activity is followed by identification and gathering together of relevant
stakeholders (and their representatives). Three groups of stakeholders were involved in the DM
process, as mentioned in previous section.

For the purpose of the proposed concept validation, the locations on the island of Šolta were
obtained from the following sources Galasso, et al. [57] and Favro, et al. [15]. By analyzing the scope
of the survey according to their convenience of anchoring and the proximity of attractive locations,
17 preliminary anchorage locations were identified, as shown in Figure 2 below.

After the initial selection of these locations, a detailed analysis of their technical properties
were performed. Accordingly, from the initial collection of data, it is necessary to eliminate those
locations where, due to natural (environmental protection), historic (protection of cultural heritage),
and technical attributes (legal regulations), anchorages cannot be built. Unsuccessful positions for
anchorage construction were determined in Dražetina cove on the north side of the island, due to an
underwater power cable (in square in Figure 2). Placing the anchorage on such a location would be
a violation of the legal regulations. It is important to emphasize the differences between the areas
in the navigational maps and the areas that will be included in the maritime spatial plan. Namely,
the information that can be obtained from the navigational maps for the analyzed area has been
taken as the criteria for their evaluation, but they are not the only evaluation criteria, as will be
presented in the hierarchical structure of the objectives. Specifically, the criteria also includes social,
technical–economic, and natural protection, and cultural heritage aspects of the problem, which
provide an integral approach for planning.

The research was conducted on the basis of 16 preliminary locations, of which nine are located on
the southern coast of the island, and seven are located on the northern coast. For each preliminary
location, three types of variant solutions have been foreseen, that differ according to the size of
the anchorage area and the number of vessels that it can receive (Figure 3). Variant solutions were
determined in a manner such that the area of the first solution for each analyzed location (bay or cove),
i.e., N11 on Figure 3, is derived as the 50% reduced area of the second solution (N12 on Figure 3),
while the area of the third solution (N13 on Figure 3) is derived as the 50% increased area of the
second solution. In cases where the third solution exceeded the maximum permissible area for the
anchorage construction (by restrictions within, i.e., a legal act or another similar document/directive),
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the second solution was decreased, and accordingly, the first solution in relation to the third solution
that complied with the maximum allowed area of the future anchorage.
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The “same basis” for the different alternatives is ensured by the introduction of limitations related
to the design requirements in the process of establishing the second solution at the same location.
This must be in accordance with positive legal requirements and professional standards related to all
relevant aspects of anchoring (social, techno-economic, cultural, and environmental aspects). Also it is
based on local nautical and other related customs and traditions. Furthermore, it must be emphasized
that when multicriterial analysis and particularly the MCDM method PROMETHEE are used, the
previously mentioned “same basis” is something that is completely different. This is a fact, because
this method and analysis take into account the relative interrelations and importance of the criteria,
resulting in a specific process of preference establishment. In this approach, the “same basis” is ensured
by the assessment of all alternatives according to the same set of criteria (each with the same assessment
technique). Consequently, 48 alternative locations were generated as shown in Table 1 below.

Table 1. List of 48 identified alternative locations for anchorage construction on the island of Šolta
(Northeast cove: NEC; North bay: NB; North cove: NC; West cove: WC; South cove: SC; Southeast
cove: SHC; Southeast bay: SEB).

ID Locations Anchor Tag ID Locations Anchor Tag

1 NHC G.Krušica Gornja Krušica 1 GK1 25 WC Balkun Balkun 1 B1
2 NHC G.Krušica Gornja Krušica 2 GK2 26 WC Balkun Balkun 2 B2
3 NHC G. Krušica Gornja Krušica 3 GK3 27 WC Balkun Balkun 3 B3
4 NEC Vela luka Vela luka 1 VL1 28 SC Tatinja Tatinja 1 T1
5 NEC Vela luka Vela luka 2 VL2 29 SC Tatinja Tatinja 2 T2
6 NEC Vela luka Vela luka 3 VL3 30 SC Tatinja Tatinja 3 T3
7 NB Nečujam 1 Nečujam 11 N11 31 SC Senjska uvala Senjska uvala 1 SU1
8 NB Nečujam 1 Nečujam 12 N12 32 SC Senjska uvala Senjska uvala 2 SU2
9 NB Nečujam 1 Nečujam 13 N13 33 SC Senjska uvala Senjska uvala 3 SU3

10 NB Nečujam 2 Nečujam 21 N21 34 SC Zaglav Zaglav 1 Z1
11 NB Nečujam 2 Nečujam 22 N22 35 SC Zaglav Zaglav 2 Z2
12 NB Nečujam 2 Nečujam 23 N23 36 SC Zaglav Zaglav 3 Z3
13 NB Nečujam 3 Nečujam 31 N31 37 SEC Vela travna Vela travna 1 VT1
14 NB Nečujam 3 Nečujam 32 N32 38 SEC Vela travna Vela travna 2 VT2
15 NB Nečujam 3 Nečujam 33 N33 39 SEC Vela travna Vela travna 3 VT3

16 NC D. Krušica,
M. Krušica

D. Krušica,
M. Krušica 1 DMK1 40 SEB Livka-Motika Livka-Motika 1 LM1

17 NC D.Krušica,
M. Krušica

D. Krušica,
M. Krušica 2 DMK2 41 SEB Livka-Motika Livka-Motika 2 LM2

18 NC D. Krušica,
M. Krušica

D. Krušica,
M. Krušica 3 DMK3 42 SEB Livka-Motika Livka-Motika 3 LM3

19 NB Rogač Bocanac, Kašjun 1 BK1 43 SEB Livka Livka 1 L1
20 NB Rogač Bocanac, Kašjun 2 BK2 44 SEB Livka Livka 2 L2
21 NB Rogač Bocanac, Kašjun 3 BK3 45 SEB Livka Livka 3 L3
22 WC Šešula Šešula 1 S1 46 SEC Stračinska Stračinska 1 ST1
23 WC Šešula Šešula 2 S2 47 SEC Stračinska Stračinska 2 ST2
24 WC Šešula Šešula 3 S3 48 SEC Stračinska Stračinska 3 ST3
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Table 1 shows the location of each various anchor solutions/alternatives of location, and for each
solution, the name and the tag is generated in relation to whether the first, second, or third variant
solution are presented.

2.4. Definition of GHS for Anchorage Location Priority Ranking

Parallel with the alternative anchorage location definition, the goal tree was formed. The GHS
designed for concept validation, along with the relationship between the objectives is shown in Figure 4
and their names, as well as the criteria names, can be found in Table 2 below.Sustainability 2018, 10, x FOR PEER REVIEW  13 of 28 
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Table 2. Label, title, and hierarchical level for each element of the goal tree.

Label Goal Title Level

MG Sustainable anchor management within the project 1
MO 1 Maximization of social aspects 2
MO 2 Maximization of technical–economic aspects 2
MO 3 Maximization of natural protection and cultural heritage 2
C1 Nearness to center attractions 3
C2 Location by attractive nautical routes 3
C3 Employment potential 3
C4 Protection/exposure of the working water area 3
C5 Working water area 3
C6 Number of vessels in the working water area 3
C7 Access roads (land)/issue of supply 3
C8 Location by nature protection zones 3
C9 Location according to cultural heritage protection zones 3

The group DM process started with a brainstorming session with all stakeholders included.
The main goal was divided into three supporting objectives. These objectives referred to:
first—the maximization of social aspects of the analyzed problem, second—the maximization of
technical–economic aspects of the analyzed problem and third—the maximization of natural protection
and cultural heritage within the analyzed area. These supporting objectives are the result of the
stakeholders’ consensus, and they are chosen in a manner to cover all aspects of the research
problem. Each group of stakeholders, depending on their area of interest, suggested one of the
three above-mentioned objectives. After the suggestions, all proposed objectives were subject to
discussion, to ensure their alignment, and the final objectives that were included in the GHS were
adopted by consensus of all stakeholders. These objectives were supports for a main goal achievement.
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The proposed methodology of the GHS design adapted by the stakeholders’ agreement proved to be
very practical in practice. It contributes to the objectivity of whole process.

Furthermore, the objectives are divided into several sub-objectives. These sub-objectives represent
the last level of GHS, and they are determined as criteria at a time when stakeholders have reached
a consensus about their relevance and measurability. Table 2 and Figure 4 show the goal tree with
three objectives and nine sub-objectives/criteria. The criteria are marked with Ci, where i is number of
criteria, and it is determined by interval i = 1, 2, . . . , 9. Social aspects are introduced through criteria
from C1 to C3, technical–economic aspects through criteria from C4 to C7, and natural protection and
cultural heritage through criteria C8 and C9.

Several criteria were excluded from the set of accepted criteria, and more precisely in three cases,
a single criterion was defined from a group of criteria that were overlapping, and it was assigned to
the objective group, to which it thematically conformed to the most (in a such manner, criteria C4,
C8, and C9 were defined). It is important to emphasize that at the beginning, discussions were made
for a much larger number of criteria that were subsequently excluded because they did not offer the
possibility for comparing the anchorage locations. The number of criteria can be varied, depending on
the particular area of research, as well as on the brainstorming between the stakeholders involvement
in the DM process. One of the examples is an extremely important criterion of the bottom type, which
was not taken into the overall set of criteria because the same type of bottom prevails in all valued
areas. This is the reason for why the bottom type made no sense for use as a comparison criterion
when prioritizing the ranking of anchorage locations.

Table 3 shows the list of the criteria, along with their label and a short description of the evaluation
technique for each criterion, as well as the method of formatting the preference for each of the criteria
separately (its preference function). The choice of the preference function is based on the author’s
experience in solving similar planner issues, and by consulting with the representatives of relevant
stakeholders. The value of preference function is between 0–1. The smaller the value of the function,
the greater the indifference of the decision maker. If the value of function is closer to 1, the preference
is greater. If the decision maker has a strict preference, the preference function will be 1. Which
type of preference function will be used depends on the characteristics of the determined and used
criteria [58]. For all the criteria, the V-shape preference function was chosen to express the relationship
of the preference change between variant solutions. The V-shape is a linear function used for the
moderate comparison of the themes, providing linear correlations between indifference (0) and strict
preference (1). It should be emphasized that the Visual PROMETHEE software gives the possibility to
determinate its own parameters to define the preference function if none of the proposed preferences
correspond to the decision maker [59]. The last column in the table shows the problem type of each
criterion. Five criteria refer to the problem of the minimum, which means that the best alternative
locations are those of the lower values obtained by the evaluation techniques. Four criteria are
related to the problem of the maximum, which means that the more valuable locations are those with
higher values.

Table 3. Criteria description and technique for evaluation.

Label Short Description of the Criteria and Technique for the Evaluation of
Investment Solutions

Function
Preference Min/Max

C1
Evaluation by this criterion is made by the measurement of the distance of
the anchorage from the centers of attraction (historical, cultural and
natural sights, entertainment centers, etc.) in NM.

V-shape Min

C2

Evaluation by this criterion is made by calculating the distance from the
attractive nautical routes measured in the NM from the anchorage, to the
nearest point of contact with the most attractive nautical route in the
vicinity of the island of Šolta. For the point of contact, the most
southeastern point of the island is selected, the Split gates passage. It is
chosen because it is the busiest nautical route in the vicinity of the island.

V-shape Min
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Table 3. Cont.

Label Short Description of the Criteria and Technique for the Evaluation of
Investment Solutions

Function
Preference Min/Max

C3

Evaluation by this criterion is provided by expert assessment, and it is
expressed as the potential number of employees on a single anchorage
location, which depends on the expected duration of the yacht stay during
one day, and the need to provide the nautical services to those yachts.
Thus, it is about of necessary number of work shifts that also depend on
the number of vessels to be served.

V-shape Max

C4

Evaluation by this criterion is based on a multiplicity of percentages of
water area which are endangered by the wind, with the risk weight. The
risk expressed by weights is determined by expert assessment as follows:
1—anchorage with 100% protected water area; 4—anchorage with water
area exposed to impact only in one sector; 10—anchorage for short-term
residence only (entire water area is unprotected).

V-shape Min

C5 Evaluation by this criterion is provided as an area of one anchorage
location, which is expressed in m2. V-shape Max

C6

Evaluation by this criterion is provided by the determination of the
maximum number of vessels that can be accommodated in the water area
of one anchorage location (assuming that the length of an average vessels
is 15 m).

V-shape Max

C7
Evaluation is done by assessing alternative anchorage locations as follows:
0—there is no access path; 7—there is a macadam access road; 10—there is
an asphalt access road.

V-shape Max

C8

Evaluation by this criterion is made by an expert assessment, with scores
from 0 to 10, where assessment value is 10 if the anchorage is near a
protected natural area, and if there is a possibility of the maximum
permissible level of anchorage effect impinging on the protected area. On
the other hand, the assessment value is 0 if the anchorage does not have
an impact on the subject of protection.

V-shape Min

C9

Evaluation by this criterion is made by expert assessment, with scores
from 0 to 10, where the assessment value is 10 if the anchorage is near
protected cultural heritage, and if there is a possibility of the maximum
permissible level of anchoring effect impinging on the protected area. The
opposite assessment value is 0 if the anchorage does not have an impact
on the subject of protection.

V-shape Min

2.5. Definition of Criteria Weights and the Decision Matrix

Using the AHP method in the already established goal tree and the attitudes of stakeholders,
criteria weights are provided. Multicriteria DM is supported by several strategies, also known as
scenarios. Taking several preliminary scenarios (in this case three scenarios—one scenario for each
group of stakeholders), the final so-called compromise scenario (fourth scenario) is defined, and it is
used for the comparison/ranking of 48 anchorage locations. That fourth/final scenario is defined as a
set of compromise criteria weights, each of which is the average of the preliminary weights of that
same criterion over all preliminary scenarios. The arithmetic mean is used because of the stakeholders’
preference. The weight of each criterion is expressed, as is shown in Table 4.

The most important criterion for the nautical and anchorage experts, as well as for local and
regional government, is C4. Although, it is not defined as the most important for users, criterion C4 is
also highly ranked according to its weight. This criterion is extremely important, because it defines
the classification of the future anchorage (protected, unprotected or partially protected), and from
that point of view, it is understandable why it is first ranked by the value of compromise weight.
Criterion C3 is the most important for users, but the least important for experts. This criterion defines
the employment potential, and depends on the classification of the anchorage, and on the number of
vessels to be served. Criterion C6 is the least important criterion for administration and for users, and
it refers to the maximum number of vessels that can be accommodated in the anchorage water area.
Criterion C4 is the most important, and criterion C6 is the least important, as compromise scenarios.
It was noted that experts gave a fairly low rating for the group of criteria belonging to the objective
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that is related to the maximization of natural protection and cultural heritage. This information can be
explained by the fact that the proposed locations, prior to the selection of the locations for the model
validation, were analyzed to determine their technical, natural, and historical properties, and according
to that, all locations that violated the legal regulations in terms of impact on protected natural and
cultural areas, and in terms of some other technical details, were automatically eliminated from a set
of potential locations to be analyzed.

Table 4. Criteria weights for three scenarios, and compromise weights (fourth scenario).

Criteria Label

Criteria Weights by Stakeholders Groups
Compromise Weights

(Scenario 4) %Experts
(Scenario 1)

Government
(Scenario 2)

Users
(Scenario 3)

C1 0.1703 0.0853 0.0543 0.1033 10.33%
C2 0.1703 0.0853 0.0543 0.1033 10.33%
C3 0.0266 0.1231 0.3106 0.1534 15.34%
C4 0.3998 0.1920 0.1360 0.2426 24.26%
C5 0.0315 0.0767 0.0547 0.0543 5.43%
C6 0.0314 0.0667 0.0467 0.0483 4.83%
C7 0.0535 0.1443 0.0668 0.0882 8.82%
C8 0.0583 0.1133 0.1383 0.1033 10.33%
C9 0.0583 0.1133 0.1383 0.1033 10.33%

Sum (Σ) 1.0000 1.0000 1.0000 1.0000 100.00%

When applying the AHP method, the consistency ratio (CR) is to be take into account. For three
defined scenarios, the determined inconsistency was less than 0.1, which means that the weights were
calculated properly (CRscenario1 = 0.06; CRscenario2 = 0.09; CRscenario3 = 0.07, CRscenario4 = 0.08).

Afterwards, all the anchorage locations were evaluated by all criteria, and the decision matrix
was formed, as is shown in Table 5 below. Each row gives the evaluation of one alternative through all
criteria, and each column gives the evaluation of all alternatives through one criterion.

As is presented in Table 5, criteria C1–C9 are estimated or calculated values that describe each
of the observed locations. The nearness-to-center attractions (C1) extend in values from 8.31 NM
to 17.67 NM, with an average value of 11.67 NM. The minimum estimated values were obtained
for locations N11 and N31, and the maximum for SU3. The second criterion (Location by attractive
nautical routes) is provided in values 0.43–10.25 NM, and its average value is 5.02 NM. The location
with the minimum estimated value is LM1, and the maximum is B3. The number of employments
on each anchorage location are two for 25 observed locations, three for 21 locations and four for only
two locations (N12 and N13). Protection/exposure of the working water area (C4) extends from 0.43
NM to 10 NM, which are also the smallest values (for locations N12 and L2) and the largest (location
BK1), respectively. The largest working water area (C5) is location N13, with an area value of 82,500
m2, and the smallest value of 3563 m2 is location VL1. Also, the location N13 has the largest number of
vessels (98), while Z1 has only two. Access roads are at nine locations, while 27 of them have macadam
and 12 have asphalt access roads. The number of locations that do not have any estimated impact on
nature protection zones is 30. The number of locations that have major estimated impacts on nature
is 0, but there are six locations with a mild impact of value 2, and three locations for each estimated
impact value of 4, 6, 7, and 8, respectively. Also, the number of locations with no estimated impact on
cultural heritage protection zones is 18, while those with a high value of 8 and 9 are in six and three
locations, respectively.

The values in Table 5, together with the previously defined criteria characteristics (Tables 3 and 4)
were introduced in the comparison procedure, according to the priority for inclusion in the spatial
plan. The data given in the decision matrix and in Tables 3 and 4 were processed further using
the PROMETHEE II method and complete ranking, according to each of scenario, was generated.
The entire process was provided with the aid of the software Visual PROMETHEE [59]. It must
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be emphasized that the PROMETHEE II method provides a ranking by the mutual comparison of
all anchorage locations by all criteria regarding the stakeholders’ opinions, as expressed by criteria
weights and by the selection of preference functions for each criterion.

Table 5. Decision matrix for the analyzed problem of anchorage location on the island of Šolta.

Anchorage Criteria

C1 C2 C3 C4 C5 C6 C7 C8 C9

GK1 8.98 2.38 2.00 9.98 7200 10 10 0 2
GK2 9.01 2.46 3.00 4.67 14,400 19 10 0 2
GK3 9.13 2.57 3.00 7.12 21,600 29 10 0 2
VL1 9.01 1.96 2.00 4.00 3563 4 0 0 0
VL2 9.14 2.02 2.00 2.08 7125 7 0 0 0
VL3 9.25 2.15 2.00 2.72 10,688 11 0 0 0
N11 8.31 5.69 3.00 0.88 27,500 33 10 0 7
N12 8.45 5.83 4.00 0.43 55,000 65 10 0 7
N13 8.57 5.94 4.00 0.64 82,500 98 10 0 7
N21 8.52 5.73 2.00 1.00 7000 7 10 0 4
N22 8.63 5.81 3.00 0.52 14,000 14 10 0 4
N23 8.75 5.92 3.00 0.68 21,000 21 10 0 4
N31 8.31 6.09 2.00 0.95 6000 6 10 0 0
N32 8.44 6.23 3.00 0.49 12,000 12 10 0 0
N33 8.89 6.37 3.00 0.71 18,000 18 10 0 0

DMK1 8.57 7.98 2.00 9.84 3750 5 7 0 4
DMK2 9.06 8.11 2.00 5.11 7500 10 7 0 4
DMK3 9.18 8.23 2.00 7.23 11,250 15 7 0 4

BK1 8.53 6.68 2.00 10.00 7000 7 7 0 2
BK2 8.67 6.71 3.00 4.83 14,000 14 7 0 2
BK3 8.75 6.8 3.00 6.54 21,000 21 7 0 2
S1 12.92 10.05 2.00 0.87 4000 7 7 2 9
S2 13.03 10.16 3.00 0.47 8000 13 7 2 9
S3 13.14 10.23 3.00 0.65 12,000 20 7 2 9
B1 13.03 10.08 2.00 8.98 6000 8 0 8 7
B2 13.12 10.19 3.00 5.24 12,000 15 0 8 7
B3 13.24 10.25 3.00 7.21 18,000 23 0 8 7
T1 17.04 6.16 2.00 3.76 9000 11 7 6 0
T2 17.18 6.24 3.00 1.94 18,000 22 7 6 0
T3 17.28 6.36 3.00 2.64 27000 33 7 6 0

SU1 17.41 4.83 2.00 3.94 3600 5 7 7 4
SU2 17.54 4.95 2.00 2.08 7200 10 7 7 4
SU3 17.67 5.08 2.00 2.81 10,800 15 7 7 4
Z1 15.89 7.04 2.00 9.78 1500 2 7 2 0
Z2 16.04 7.13 2.00 5.18 3000 4 7 2 0
Z3 16.16 7.27 2.00 6.73 4500 6 7 2 0

VT1 12.12 1.21 2.00 0.93 22,500 3 7 0 0
VT2 12.26 1.37 2.00 0.56 45,000 6 7 0 0
VT3 12.37 1.43 2.00 0.66 67,500 9 7 0 0
LM1 11.41 0.43 2.00 9.78 9000 12 0 0 8
LM2 11.54 0.57 3.00 5.18 18,000 24 0 0 8
LM3 11.67 0.69 3.00 6.73 27,000 36 0 0 8
L1 11.43 0.54 2.00 0.86 9000 12 7 0 8
L2 11.56 0.63 3.00 0.43 18,000 24 7 0 8
L3 11.68 0.75 3.00 0.68 27,000 36 7 0 8

ST1 12.92 1.84 2.00 3.97 4500 6 7 4 0
ST2 13.01 1.95 3.00 1.94 9000 12 7 4 0
ST3 13.14 2.08 3.00 2.75 13,500 18 7 4 0
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3. Results and Discussion

The proposed concept shows the complex DM process related to the spatial plan design for the
development of the anchorage capacities. The DSC supports the design of this spatial plan, which
defines the usage of the maritime space in a way that enables the maximization of the positive social
and techno-economic impacts of the anchorage branch on the local community, while ensuring the
highest possible protection of natural and cultural heritage. Additionally, while fulfilling the above
requirements, it is able to process huge quantities of information and data that are relevant for DM
priority, the multiplicity of criteria in different measurement units, their diversity in holistic approach,
and conflict between goals, to include some of the anchorage sites within the future plan.

3.1. Ranking of the Anchorage Locations

Results of the analysis and their presentation in the form of the rank list with a Phi net flow are
given in Table 6. The Phi net flow shows preferences among alternative locations, and it provides
a complete ranking. A higher Phi net flow value for a certain location means that the location is
better than others within the analyzed set. Consequently, a lower Phi net flow value shows an inferior
preference for such a location. Also, the Phi net flow can provide a division/classification of anchorage
locations according to their positive and negative Phi net values, showing how a certain group of
locations is better or worse than another.

Table 6. Net flow results and complete ranking of 48 anchorage locations by compromise
(fourth) scenario.

Rank Tag Phi Phi (+) Phi (−)

1 N13 0.3712 0.4353 0.0641
2 N12 0.3433 0.4106 0.0674
3 N11 0.2471 0.3219 0.0748
4 N33 0.2254 0.2661 0.0408
5 N23 0.1905 0.2471 0.0566
6 N22 0.1859 0.2445 0.0586
7 VT3 0.1772 0.2537 0.0765
8 VT2 0.1595 0.2373 0.0779
9 L3 0.1552 0.2455 0.0903

10 N32 0.1529 0.2273 0.0744
11 L2 0.1476 0.2389 0.0913
12 GK2 0.1375 0.2201 0.0826
13 N31 0.1344 0.2164 0.082
14 VT1 0.1302 0.213 0.0828
15 ST2 0.1024 0.2059 0.1035
16 N21 0.0893 0.1891 0.0998
17 ST3 0.0869 0.1977 0.1108
18 GK3 0.0851 0.2126 0.1275
19 T3 0.0687 0.2491 0.1804
20 BK2 0.0606 0.1731 0.1125
21 VL2 0.0511 0.1855 0.1344
22 L1 0.0472 0.1784 0.1311
23 VL3 0.0379 0.1771 0.1392
24 BK3 0.0258 0.1681 0.1424
25 VL1 −0.0018 0.1621 0.1639
26 T2 −0.0019 0.1744 0.1763
27 S3 −0.0254 0.1632 0.1886
28 S2 −0.0273 0.1629 0.1902
29 ST1 −0.0312 0.1365 0.1677
30 LM2 −0.0376 0.1638 0.2014
31 LM3 −0.0637 0.1661 0.2298
32 DMK2 −0.0733 0.106 0.1793
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Table 6. Cont.

Rank Tag Phi Phi (+) Phi (−)

33 GK1 −0.0867 0.1468 0.2335
34 S1 −0.1181 0.1101 0.2281
35 DMK3 −0.1239 0.0953 0.2192
36 Z2 −0.1309 0.0932 0.2242
37 T1 −0.1375 0.0994 0.2369
38 SU2 −0.149 0.0983 0.2474
39 BK1 −0.1576 0.1037 0.2614
40 SU3 −0.164 0.0905 0.2545
41 Z3 −0.1712 0.083 0.2542
42 DMK1 −0.1957 0.0881 0.2837
43 SU1 −0.2011 0.0743 0.2754
44 LM1 −0.2453 0.093 0.3383
45 Z1 −0.2501 0.0735 0.3236
46 B2 −0.2658 0.0787 0.3445
47 B3 −0.3078 0.074 0.3818
48 B1 −0.4458 0.0147 0.4606

Table 6 gives the results of the rank list of 48 anchorage locations with the obtained Phi net values.
Positive and negative Phi net values are calculated by the PROMETHEE I method, which gives a
partial ranking of alternatives. The largest Phi(+) of 0.4353 has location N13, while the largest Phi(−)
of 0.4606 has B1. Also, location B1 has the smallest value of Phi(+) of 0.0147, and the smallest Phi(−)
has N33 with a value of 0.0408. The location B1 has achieved last position with both (positive and
negative) Phi values, according to partial ranking, and also according to the overall ranking obtained
by the PROMETHEE II method.

It can be seen in Table 6 that the location of the anchorage in the Nečujam area (N13) is the best
ranked, and with a net value of Φ = 0.3712. The lowest ranked location is Balkun 1 (B1) and it has
value of the net flow of Φ = −0.4458. It is also interesting that 24 locations have a positive net Phi flow,
which means that they are better than the rest of locations, while 24 locations have a negative Phi flow,
which indicates their weaker status, compared to the first 24. Figure 5 gives a graphic presentation of
the net flow results, and the PROMETHEE II complete priority ranking for scenario four. The locations
best ranked and separated from the others are N13 and N12. After them, a group of 46 alternative
locations are followed.

Although the deviations between the grouped alternatives are very small, the difference between
the first and the last alternative is significant, with a net flow of Φ = 0.5549. The worst ranked
alternative location, B1, is dislocated from the other alternative locations, and it indicates the largest
difference between two following ranked location (B3 and B1), which are expressed with a net flow of
Φ = −0.1380.

In Table 7, the weight stability intervals (WSI) are shown. In the process of applying a stability
analysis, the weight of each criterion is usually compared to the weights of other criteria in such a
manner that its weight value is changing, while the weight values of all other criteria are constant.
Within the interval [wmin %, wmax %] the weight value of the considered criterion can be changed
without changing the final rank of the anchorage locations obtained, by applying PROMETHEE II,
with the weights of the other criteria remaining constant. Although the determination of weight, in
this case, is the subjective assessment of each group of stakeholders, it is important to be very careful
when defining them. WSI results (Scenario 1, Scenario 2, Scenario 3) indicate that the final rank list is
stable to minor changes of criteria weights. This means that the stability of the final ranking is quite
sensitive, and that the use of some different weights whose values vary for small amounts will result
in a change of anchorage location priority ranking. A slightly higher stability interval is determined
for Scenario 4, but this was expected, because compromise weights are defined as the arithmetic mean
of the criteria weights of multiple scenarios.
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Table 7. Weight stability intervals.

Label Name
Scenario 1 (Experts) Scenario 2

(Government) Scenario 3 (Users) Scenario 4
(Compromise)

wmin (%) wmax (%) wmin (%) wmax (%) wmin (%) wmax (%) wmin (%) wmax (%)

C1 Location by attractive
nautical routes 17.03 17.29 8.53 8.61 5.42 5.61 9.62 10.40

C2 Employment
potential 16.84 17.03 8.52 8.58 5.43 5.65 10.15 10.54

C3 Protection/exposure
of working water area 2.66 3.34 12.31 12.70 30.62 31.06 14.95 16.54

C4 Water area working
area 39.71 39.98 19.19 19.20 13.46 13.61 24.18 25.00

C5
Number of vessels in

the working water
area

3.15 3.30 7.30 7.68 5.24 5.66 4.47 6.08

C6
Access roads

(land)/issue of
supply

3.14 4.11 6.67 6.71 4.50 4.71 3.99 5.83

C7 Location by nature
protection zones 5.08 5.63 14.34 14.70 6.55 6.68 8.52 9.12

C8
Location according to

cultural heritage
protection zones

5.83 6.00 11.33 11.42 13.82 13.88 9.92 10.40

C9 Location by attractive
nautical routes 5.45 5.83 11.13 11.33 13.83 13.86 9.96 10.56

The next step is the introduction of constraints that need to be defined by relevant stakeholders. In
this case, constraints are defined by nautical and anchorage experts, and local and regional government.
The constraints are introduced by the PROMETHEE V method, and according to such an approach,
they are defined by a set of 0–1 integer linear inequalities that are combined with a goal function
gained by the PROMETHEE II method, as described above. All 16 constraints provide the introduction
of spatial–functional considerations. All constraints are formed in a way to accomplish the following
requirements: a uniform anchorage development on the whole island (foreseeing the possibility of
anchoring in each bay or cove), and no more than one anchorage in each cove/bay (which in this
case means one of three variant solutions) until all bays or coves have one anchorage constructed.
According to this, only one variant solution at each location can be included in the maritime spatial
plan. Exactly 16 inequalities by which the above described constraints are introduced are shown below
in the second column of Table 8.

Table 8. Spatial–functional constrains introduced as a set of 16 (0–1) integer linear inequalities.

No. Location (the Name of Bay or Cove) Constraint

1 NEC Gornja Krušica x1 + x2 + x3 = 1
2 NEC Vela luka x4 + x5 + x6 = 1
3 NB Nečujam 1 x7 + x8 + x9 = 1
4 NB Nečujam 2 x10 + x11 + x12 = 1
5 NB Nečujam 3 x13 + x14 + x15 = 1
6 NC Donja Krušica i Mala Krušica x16 + x17 + x18 = 1
7 NB Rogač x19 + x20 + x21 = 1
8 WC Šešula x22 + x23 + x24 = 1
9 WC Balkun x25 + x26 + x27 = 1
10 SC Tatinja x28 + x29 + x30 = 1
11 SC Senjska uvala x31 + x32 + x33 = 1
12 SC Zaglav x34 + x35 + x36 = 1
13 SEC Vela travna x37 + x38 + x39 = 1
14 SEB Livka–Motika x40 + x41 + x42 = 1
15 SEB Livka x43 + x44 + x45 = 1
16 SEC Stračinska x46 + x47 + x48 = 1
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The first column of Table 8 shows the number of the inequality; the second column gives the
name of the location on the island, meaning the name of the bay or cove. The third column provides
the constraint for each bay or cove that is derived by using the following formula:

xn−1 + xn + xn+1 = 1 (9)

where n = 2 ∗ a + (a− 1) and a = 1, 2, 3, . . . , 16.
The results of the PROMETHEE V method are shown in Table 9. These 16 anchorage locations

should be included in a spatial plan as one of its several categories for small vessels, as a suitable
framework for the sustainable development of that nautical tourism branch.

Table 9. Location set for the anchorage construction.

No. Location Anchor Tag

1 NB Nečujam Nečujam 13 N13
2 NB Nečujam Nečujam 33 N33
3 NB Nečujam Nečujam 23 N23
4 SEC Vela travna Vela travna 3 VT3
5 SEB Livka Livka 3 L3
6 NEC Gornja Krušica Gornja Krušica 2 GK2
7 SEC Stračinska Stračinska 2 ST2
8 SC Tatinja Tatinja 3 T3
9 North-cove Rogač Bocanac and Kašjun 2 BK2

10 NEC Vela luka Vela luka 2 VL2
11 WC Šešula Šešula 3 S3
12 SEC Livka Livka-Motika 2 LM2
13 NC Donja Krušica, Mala Krušica Donja Krušica, Mala Krušica 2 DMK2
14 SC Zaglav Zaglav 2 Z2
15 SC Senjska uvala Senjska uvala 2 SU2
16 WC Balkun Balkun 2 B2

Table 9 shows that nine alternatives belong to the second type of variant solution, (alternatives
marked with number two), while the seven alternatives belong to the third type of variant solutions
(alternatives marked with number three). Not even a single alternative location designed as the first
type of variant solution was selected to be entered within the spatial plan. That has been justified in the
case of Šolta, considering the assumption of expert stakeholders about the unsuitability of the first type
of variant solution for inclusion in the spatial plan (stated when the approach for the determination
of alternative locations was established). On the other hand, the set presented within Table 4 stands
as a compromised solution according to the opinions of all stakeholders and in line with legal acts.
Having that in mind, it can be concluded that the dominant weights of the C3 and C4 criteria in the
compromise scenario must be reduced, or the area of the first type must be increased if users want
to include the first type of variant solutions in the spatial plan (stated in the same time). Since safety
importance (C4) cannot be reduced, it is suggested to the government to design and provide alternative
solutions to increase employment. That is because the users are not willing to increase the area of the
first type of variant solution. This fact shows how important and tricky the process of alternatives
generation can be.

3.2. Discussion

The most common limitations of DSC are the gathering of all stakeholders at the same time,
and achieving a consensus in terms of defining the criteria weight. As stated in the paper, common
meetings are usually attended by representatives of certain stakeholders that are involved in the DM
process, as well as representatives of the stakeholders’ groups, assuming that they are responsible for
representing the standpoint of a group in the name that they are acting for. Fewer difficulties have
arisen in explaining the principles of the method to the stakeholders, and here, it is very important to
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pay particular attention to creating stakeholders’ confidence in the methods used. It is also important
to note that the criteria can be added or subtracted, depending on the particular problem, and
additional groups of stakeholders or their subgroups can be formed. The concept is defined by theory,
as an open system that is adaptive (by adding, removing, or replacing criteria, stakeholders, and
constraints). Defined GHS by stakeholders consists of nine criteria that are used for assessing 48
anchorage locations. With the aid of the PROMETHEE II method, the locations are ranked with their
net values, and according to the rank, the Nečujam area (N13) is ranked first, while the last position
was Balkun 1 (B1). Spatial–functional constraints are also modified by stakeholders by using the
PROMETHEE V method. Constraints are described by 16 inequalities. These inequalities represent
16 anchorage locations that should be included in the spatial plan. Apart from spatial functionalities,
financial constraints can be also added. Figure 6 represents the spatial distribution of anchorages,
according to the type of variant. Red dots are the second type of variant solutions, and blue ones
present the third type of variant solution.Sustainability 2018, 10, x FOR PEER REVIEW  10 of 28 
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Previous studies made on this issue have not used this approach, which improves the DM process
for sustainable maritime spatial planning, which has so far been unsystematic and subjectively oriented.
The new DSC has proven to be the most appropriate approach to resolving composite and extensive
task such as this one. The DSC has not yet been used for these types of planning activities, but it has
been used in the protection of environment, ecology, biodiversity, coastal, and seabed habitat features,
the planning of marine traffic, and the site identification (selection) of various industrial facilities.
As mentioned in the Introduction, no concept for DM was developed for the planning of anchorage
construction as an integral approach to sustainable DM within maritime spatial planning.

According to the above-mentioned, research on scientific and professional literature has been
expanded upon, in the use of DS in maritime spatial planning, and it has been noted that most of
the research was related to DS usage in the berth allocation problem [27–36]. None of these authors
conducted studies in which all affected groups (government, experts, and users) were involved in the
strategy selection, and none of them gave a solution for the spatial plan design for the development of
anchorage capacities with the approach of DSC as a proven high quality “tool” for decision-makers
dealing with this issue. Oz et al. [37] in their study, introduced novel performance metrics aimed
at measuring safety in anchorage planning, and proposed a multiobjective optimization strategy
in order to maximize the utilization of the anchorage area and to minimize the risk of accidents at
the same time, using a strategy called MOAP (Multi-Objective Anchorage Planner). The differences
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from this study are that it did not use DSC in combination with multicriteria DM and multicriteria
methods that will provide support to the spatial planning specialists in designing spatial plans that are
related to anchorage capacities development, using aspects of sociological, technical–economic, and
the protection of natural and cultural heritage.

4. Conclusions

The research hypothesis, by which it is possible to establish a systematic approach to maritime
spatial planning, based on DSS logic and multicriteria analysis, which as a result, gives a model for
the planning of anchorage locations, has been confirmed. The proposed model is given in the form of
DSC, and is validated on a real example. Validation was carried out on the island of Šolta in Croatia,
and it showed a number of concrete insights and contributions for planning for the island of Šolta
itself. The proposal is easily applicable for the area of Croatia, with relatively minor changes for any
other area in the world. It has been shown that the proposed approach is adaptable, as it enables
the inclusion of a variety of stakeholders and their different manners through the whole body of the
planning process, while respecting professional, scientific, and research knowledge. Thus, a significant
contribution has been made in forming the way in which stakeholders are involved. It should also be
noted that the establishment of the hierarchical structure of objectives and the determination of the
criteria weights, with the participation of all stakeholders and with the application of the AHP method
in a suitable way, ensured the consistency of DM during the planning process, uniform observation of
stakeholder’s manners, transparency of the process, and perhaps most importantly, meeting of relevant
stakeholders with all relevant aspects of the design and content of the future plan. The application
of multi-criteria methods from the PROMETHEE family (II and V) proved to be a very good choice,
because it was well accepted by stakeholders, and it provided a simple insight into priority ranking
procedures, as well as into introducing constraints whilst retaining stakeholder’s manners and their
influence on the DM process under legislative authorities with the utmost respect for them. The process
of generating alternatives has also proven to be well-formed. In the validation process, stakeholders
decided to analyze all possible locations, and the principle of generating variant solutions at each
location was described over their area, because over it, numerous influences relevant to stakeholders
can be expressed, from nature protection to the number of employees, which can then be relatively
easily assessed by the proposed criteria. Altogether, this approach has proven to be adequate for the
intended purpose, and it could be, given the fact that it is an open type of system, the starting point for
further research on the integrated coastal water management approach for the planning and design of
anchorage location plans. The research conveys a good deal of relevant factual information, and it gives
comprehensive research references on the mentioned issue. The methods used are straightforward,
and the results are very useful for sustainable DM, in the planning of anchorage locations as one of the
MSP components. The concrete result is a suggestion of locations that should jointly complement a
MSP with anchorage locations on the island of Šolta. The resilience of coastal ecosystems related to
anchoring will be improved upon, with the proper distribution of anchorage locations through the
coast, which enable steady tourist development of the island of Šolta, and in this way, the problem of
anchorage concentration on a relatively small area is avoided. Also, in this way, the biodiversity of
the area is protected by the selection of the anchorage locations that will have minimum impacts on
the ecosystem.

The new DSC is unique and easy to apply, because it improves the DM process, and it gives free
expression of an attitude that moves the boundaries of the previous DM by governments, project
managers, spatial planners, users etc., on this issue. The authorities involved in the governance of an
area have recognized the concept as being relevant for input into future definitions of regulations that
are normative in the planning of the anchorage locations as components of MSP. The same approach
can be applied to other components of MSP, and their integration is a challenge for future research.
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