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Analytical Research on the
Methodological Suitability of Multi-
Criteria Analysis for the Scientific

Evaluation of the Coastal Area

Mirjana Kovacic, Ante Mrvica,

Coastal areas have always been more attractive than
the inlands as they offer more opportunities and advantages.
Nowadays a growing number of mutually (in)compatible
economic and social activities have a significant impact on
coastal development. Some countries are particularly aware
of the lack of valuation and unplanned access to coastal area
organization. As of 1995, owing to the numerous pressures on
coastal areas, Croatia was forced to recognize that it needed an
appropriate decision-making system.

The authors' focus is on the sustainable management of the
coastal area. The purpose of the research is to propose coastal
area evaluation criteria. The paper particularly aims to select a
suitable method for the resolution of this problem.

Prior experience with the evaluation of an area’s value
justified the validity of the use of multi-criteria analysis. The
method facilitates an overview and evaluation of the various
aspects of the problem across different criteria. Several methods
and techniques can be used to solve the problem, such as linear
programming, AHP, ELECTREE, PROMETHEE, GAIA, scenario
methods, and others in which the authors' experience in the
area differs. Following research, the authors suggest using the
PROMETHEE and GAIA methods.
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1. INTRODUCTION

In recent years, Croatia has been facing deindustrialization,
intensive development of tourism and massive apartment
building along the coast. These processes and issues do not
contribute to balanced development but rather diminish the
value of the coastal area in the long term. Public administration
has a distinctive management role and is responsible for making
the relevant decisions. The decision-making process is never
simple as it requires knowledge and experience, especially in
the complex field of the management of the coastal area and its
environment.

The paper defines the criteria and proposes a valuation
model based on a holistic approach to coastal zone management,
to reduce/prevent further devastation of the coastal area. The
paper aims to justify the importance of coastal area evaluation
and explore the suitability of multi-criteria analysis methods for
defining the general model.

2. RECENT RESEARCH

For a very long time, coastal area has been in the focus
of researchers worldwide, who have been exploring the
legislative framework, the historical-geographical aspect, the
socio-economic advantages of the area or the need to establish
an integrated monitoring and protection system. There are
consequently numerous analyses, studies, projects, plans,
scientific papers, books, all of which have contributed to the
better understanding of complex coastal processes.

The exploitation of coastal resources has been the subject
of conflict for centuries and the reason for the adoption of
legislation in the field concerned. Historically, governments
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have always strived to regulate the exploitation of resources.
While in absolute monarchies, the rulers decided who had the
right to use the resources of a particular area, in feudal states,
that right was most frequently bestowed only on the nobility. In
Western Europe, spatial planning developed in recent centuries
to regulate the use of space. The fundamental principle is that
land resources are common and must be accessible to all on
equal terms.

In the United States of America (USA), everyone had the
right to use their real-estate as they pleased, but the system was
not sustainable in the long-term. The coastal area has become a
rare resource due to population growth and pressures. The need
for the planned use of the coastal zone has emerged, and the first
Coastal Zone Management Act was adopted in 1972 to force the
States to take jurisdiction over coastal zone management. The
purpose of the Act was to facilitate:

. coastal resource management;
. dealing with the consequences of natural disasters and
. mitigating negative impacts on valuable ecosystems.

After 1972, coastal zone management in the USA focused
on institutional arrangements, while in Europe, all the necessary
institutions already existed, but lacked an understanding of how
different functions and activities interacted with the coastal zone.

Croatia is geographically a very specific country, due to its
almost 5,000 km long coastline, 1,246 islands (Duplanci¢ Leder,
2004), well-indented coast and more. Up until 1990, Croatia
successfully protected and preserved its coastal area. The
protection and preservation can be attributed to cooperation
of many stakeholders, and especially to projects and spatial
plans that did not allow intensive use of the coastal area. The
development slowed down, but the coastal area was protected
from the over-building of apartments and other potentially
adverse influences over the last twenty years. It should be
emphasized that spatial planning is the starting point, the
beginning and the end of protection and overuse of the coastal
area.

The Long-Term Development Program and Plan for the
Spatial Planning of the Adriatic Area from 1967 is the first spatial
planning document for the systematic reflection on the state and
developmental possibilities of the Croatian coast. This document,
conceived as a complex regional plan, should have served as the
basis directing the economic development of the Adriatic area. It
analyzed the characteristics of extant construction, estimated the
spatial possibilities for the development of tourism (depending
on the accommodation capacity of the coast), and established
the methodology for the development of spatial plans for tourist
areas. Essential characteristics of the preexistent construction in
the Adriatic area are:

. geologic position and traffic connections of the Adriatic
coast to the sources of tourist demand;
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. agreeable climate and
. attractiveness of the coastal area.

The plans covered the entire Adriatic coast of the former
Yugoslavia and:

. identified the most suitable locations for public ports,
nautical tourism ports, and nautical centers;
. introduced a systematic approach to integrated coastal

zone planning and management.

The document supersedes the Regional Development Plan

for the Adriatic Region of Croatia. It envisioned approximately
60% of the tourist capacity on the mainland and 40% on the
Croatian Adriatic islands.
. The Southern Adriatic Regional Spatial Plan (1968) and the
Upper Adriatic Coordination Regional Spatial Plan (1972) covered
the entire Adriatic coast of the former Yugoslavia. Developed in
the framework of the United Nations Development Program
(UNDP) it placed special emphasis on the high suitability of the
Croatian part of the Adriatic for the development of tourism.
Particular comparative advantages include:

- the geographic position of the Adriatic coast with

respect to the sources of tourist demand, especially in

terms of accessibility;

- exceptional natural attractiveness, especially due to the

climate, landscape, and the sea as the main motivating

factors for tourists to visit the Adriatic,

- preexistent tourism structure that needs to be

refurbished and adapted to the quality and the magnitude

of the natural potential.

In 1978, the UNDP launched the Adriatic lll project, which
placed a particular focus on ecology and was the cornerstone of
integrated coastal management.

In 1977, the UN supported the establishment of the PAP
/ RAC Centre (Priority Action Program / Centre for Regional
Activities) in Split, which became operational in 1978.

Despite this, environmental and spatial planning
legislation has not been consistent in addressing coastal issues
in a sustainable and integrated manner. The Croatian Physical
Planning Program tried to solve the problem. The main goal was
to create spatial preconditions that would improve the quality of
life and help achieve balanced development. The fundamental
determinants of development are:

. focusing spatial development priorities by improving the
organization of previously constructed spaces and

. creation of preconditions favorable for economic
development and halting the process of depopulation on the
mainland and the islands.
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Although the Decree provides for the protection of
the Croatian coast in accordance with the Regulation on the
Protection of the Coastal Sea Area (2004), the fact is that the
Regulation is frequently violated due to capital interests. The
Decree regulates planning and landscaping in the 1,000 m wide
land and 300 m wide sea belt area.

It also prohibits the planning of nautical ports, coastal
embankments and berth constructions outside the construction
area. Berths should be available only at locations published in
official maritime publications.

3. ANALYSIS OF DEVELOPMENTAL FEATURES AND
PRESSURES ON THE COASTAL ZONE

In the broader sense, the coast is the area where the
influences of different natural geographic elements intersect. In
contrast, in the narrow sense, the coast consists of the land and
the sea from the lowest tide level to the zone under the influence
of the waves. The coastal area may include the entire catchment
area, large ecosystems, national parks, and even entire inland
regions, while from the seaside, it may include a marine domain
where an economic zone can be declared.

Where the sea and the mainland meet, a complex
community of natural, economic, and social life is established in
which the quality of life depends on the mutual tolerance of its
members. The awareness of resource constraints has stimulated
numerous surveys that seek to identify a long-term solution
to the problem of overexploitation of coastal resources. These
issues were first systematically addressed in 1972 in a report by
the Club of Rome. The results are published in the books The
Limits to Growth and Beyond the Limits.

The term sustainable development was defined in 1987
by the World Commission on Environment and Development,
which published the so called Brundtland Report - entitled
"Our Common Future" (WCED, 1987). The report contains a
well-known definition of development. Goodland and Ledec
(1986) define sustainable development as "a model for social
and structurally economic transformations that optimize today's
benefits without jeopardizing the potential for similar benefits
in the future!" According to scientists Bojo, Mahler and Unemo
(1990), economic development in specific areas (region, nation,
globally) is sustainable if total inventories (human capital,
physically renewable capital, ecological wealth and exhaustive
wealth) are not steadily diminishing (Filipi¢, Simunovi¢, 1993).

Overthe last couple of decades, increased littoralisation and
relocation of economic activity from the continental area to the
coast have led to pollution of the coastal areas. As littoralisation
is often accompanied by a crisis of congestion and pollution of
the coast and the sea, reasonable planning is paramount for
sustainable development. Economic and capital pressures are

growing stronger and more inhumane. Authors (Phillips et al.,
2006; Newton et al., 2012; Batista et al., 2014) stress the need
to evaluate the coastal area, ensure its reasonable use and stop
unplanned construction, especially the development of mass
tourism apartments and hotel resorts. Marine Spatial Planning
(MSP) is a reasonable option that enables coastal management
to better plan and use the coastal area in an appropriate manner
(Papageorgiou, 2016).

Due to the value of natural resources, the MSP promotes
the concept of sustainable development as being of the utmost
importance for the coastal areas. Therefore, the following is
required:

. identify a minimum 100 m wide land belt, where
construction will be prohibited, taking into account areas
exposed to direct and negative impacts of climate change and
natural risks;

. ensure that national legal instruments include criteria for
the sustainable use of the coastal zone:

- determine the boundaries of areas where urban

development and other activities are restricted or entirely

prohibited;

- limit the expansion of the urban area and create new

transport infrastructure;

- ensure that coastal area care is regulated by law and one

of its leading management activities;

- grant all citizens free access to the coast, and

- restrict or completely prohibit the movement and

parking of motor vehicles, as well as the movement and

anchoring of yachts and vessels in particularly sensitive
coastal areas and broader waters.

Although Croatia adopted several regulations (Protocol
for Integrated Coastal Zone Management, etc.) on coastal zone
management, their implementation is questionable.

Integrated coastal zone management (ICZM) can be
defined as a dynamic sustainability process, that takes into
account the fragility of coastal ecosystems and landscapes,
the diversity of activities and uses, the maritime orientation of
individual activities and uses, and their impact on the sea and
the coast. The principles of integrated coastal zone management
indicate that:

. coastal area can solely be considered a unique resource
system, requiring specific management and planning to conserve
resources for long-term use;

. all levels of government within the state must participate in
the regulation of coastal zone planning.

Integrated management implies a holistic approach to
sustainable coastal development and a sophisticated resource
management process adaptable to and focused on sustainable
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coastal development. It requires an understanding of the
relationship between coastal resources, their use, and the impact
of construction on the coastal environment.

Croatiaevidentlystill lacks effective integrated management
capable of and responsible for coastal zone management.

Particular attention should be paid to hydrological,
geomorphological, climate, environmental, socio-economic,
and cultural systems, which must be taken into account to
preserve the adequate reception capacity of the coastal area.
This alone could prevent a variety of negative impacts from
making themselves manifest. Connecting local and regional
self-government units and involving citizens in the decision-
making process would contribute to a better understanding
of the value of coastal space. The development of land-use
strategies, plans, and programs regulating urban development
and socio-economic activities must be free from interests and
other pressures. Authors (Fabiano et al., 2009, Diedrich et al, 2010,
Palazon et al, 2016) stress that the risks associated with different
human and economic activities need to be assessed to eliminate/
reduce their negative impact.

4. METHODOLOGICAL APPROACH

The methodological approach to problem solving
includes the selection of the appropriate method, definition and
evaluation of criteria, as well as the establishment of the general
coastal zone evaluation model.

4.1. Multi-Criteria Analysis

Several methods can be used to solve the problem of
coastal zone valuation, depending on different stakeholder
preferences. In addition to economic (market) methods (Jin et al.,
2003), non-market and other methods and techniques have also
been used. Scenario methods view development as unrestricted,
intensive, selective, and sustainable development. However,
special attention is paid to linear programming, AHP, ELECTREE,
PROMETHEE and GAIA, where the authors' experiences vary
(Brans et al., 1986; Zeleny, 1992, Nikoli¢ and Borovi¢, 1996), and
GIS (Kitsiou et al., 2002). Linear programming methods allow
problem resolution at the operational level (Roubens, 1982),
while the PROMETHEE method (Brans and Vincke, 1985) is
characterized by (Vincke, 1992):

. coverage of criteria;
. an estimated higher-ranking relationship;
. use of higher-ranking relationship.

The following methods are used in conjunction with
PROMETHEE | and II:
. PROMETHEE Il - gives the interval order of alternatives;
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. PROMETHEE IV - is an extension of the previous method to
continuous sets of alternatives;

. PROMETHEEYV - allows the elaboration of a complete survey
taking into account additional issues such as cost constraints,
geographical diversification of problems, and more.

When the PROMETHEE method is applied to MCA problems,
there are two potential outcomes - partial, and complete ranking
of alternatives. However, given the existence of other options
that cannot be linked, additional geometric information on
the behavior of options is needed according to specific criteria.
The GAIA method is a geometric representation of the results
obtained using the PROMETHEE method. The multidimensional
problem is reduced to a two-dimensional one, allowing for
simple presentation. When the number of dimensions is reduced,
there is a specific loss of information. To minimize the loss of
data, the plane in which the geometric representation is given
is determined with the two most characteristic values of the co-
variation matrix.

4 2. Criteria Definition and Evaluation

All factors, both positive and negative, must be taken into
account when deciding how to use the coastal zone. Countries
that have managed to preserve their coastline are under pressure
to subject their coastal region to intense development. That is
especially true of underdeveloped, developing, and transitioning
countries which are under constant pressure from capital
interests. It is therefore essential to recognize environmental
risks, prevent devastation, preserve local benefits, and the coastal
area now and in the future. The coastal area should be evaluated
in order to set developmental goals and establish the criteria for
its potential use. Objectives can be grouped into several basic
qualitative determinants of development:

. Economic - systematic coastal zone valorization based on
the principles of sustainable development to prevent the overuse
of coastal space for commercial / tourism purposes;

. Social - raising the standard of living in the coastal area,
while observing the principles of spatial organization and the
needs of the people who live and work there;

. Environmentally-friendly and sustainable development of
the coastal area:

- the coastal area should be rationally used and protected

in all elements and stages of use;

- negative environmental impact should be minimized;

- interaction between individual centers and activities in

space should be based on cooperation;

- the coastal area should be organized in keeping with the

principle of openness and integration, which should be

evident in all organizational elements: economic, service,
institutional, transport and other functions;
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- the sort of development that fosters long-term
harmonization of the scope and dynamics of production
and consumption activities with the scope and dynamics
of processes taking place in the coastal zone should be
encouraged.
. Functional-organizational - implementation of a
theoretically based and practically feasible coastal zone
evaluation model.

The objectives defined above allow the identification
of coastal zone evaluation criteria. In 2017/2018, the authors
conducted a comprehensive study of criteria for general models
of coastal area evaluation. The research took into account the
stated theoretical premises and past analyses of the criteria. The
goal of the research was to determine, evaluate, and rank the
criteria and sub-criteria identified, rank the proposed groups of
criteria and recommend other criteria or sub-criteria. For each of
the identified sub-criteria, the extent of the impact on the coastal
area was determined by establishing the maximum or minimum
impact. E.g. spatial plan is a sub-criterion of particularimportance
and must have the condition of maximum since the goal is to plan
the use of the coastal area with maximum respect for its natural
features. Legislation, frequent changes, and inconsistencies, also
have the condition of maximum, since, in the long run, they
can be detrimental to the development of the area in terms of
redevelopment and more. Of course, the environmental criterion
has a minimum requirement when it comes to specially protected
areas. However, investment in environmental protection must be
maximized, since it does not matter if polluters (such as oil and
other industries, and cruisers) generate pollution without paying
the adequate fines and being obligated to invest in appropriate
green technology.

Criteria and sub-criteria are as follows:
. institutional and political (physical plan, marine spatial
planning, views and regional developmental policy, acts, and
legal framework), 20%

. natural and physical (geomorphologic and oceanographic
characteristics, hydrographic, microclimate characteristics), 15%
. environmental (nature parks, susceptibility to human

activities, estimated adverse impacts on the environment,
monitoring of the coastal area, value of investments into
environmental protection), 25%

. technical and technological (development of traffic and
other infrastructure, vicinity of city centers, safety conditions),
10%

. economic (developmental possibilities, investments, taxes,
concession fees, external costs), 15%
. social and cultural (direct and indirect benefits, level of

urbanization, increased/decreased quality of life in the local
community, social and cultural aspects of the region), 15%.

4.3. General Model Using the PROMETHEE Method

Criteria have been identified, ranked and their weight
calculated based on the global analysis and development of
the general model. The equation for criteria weight based on
internecine ranking is:

n
W= Zk:i Rfk
i m n 4
j=1 Zk:l Ry (1)

R, € {m-i:i€(1,.,m}

where R, is the rank of the criterion according to the expert
ranking and its value is:
Rjk: m-1 for the most important criterion

Rjk: 0 for the least important criterion

n - total number of experts,
m — total number of criteria,
w, - weight calculated for the criterion j.

The above equation is used for criteria ranking.

The environmental criterion ranks the highest, followed by
the institutional and political criterion, owing to the exceptionally
high influence of the Act and policies on coastal zone use. The
environmental criterion is of utmost importance. Its role is to
prevent damage and overuse of natural resources.

Normalized property values were calculated using a more
straightforward approximate procedure. Each element of the
matrix was divided by the sum of the corresponding column
values. Then the weights were calculated as average values of
elements in individual lines, i.e. the equation system was not
solved directly.

The definition of the general model was followed by the
execution of the above described operations and then, as a
result, by the calculation of the weight criterion vector. The
following expression was used to obtain the weights of criteria
whose importance ratio is contained in matrix A:

(A-61)-W=0 @)

W,>0,i=1,2,.,6 E)

6
D w=1 @)
i=1
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Where:
a, a, .. a, w/w, w/w, w,/w,
A — 072 22 026 — WZ/WI W2/ W2 WZ/ W6 (5)
a, a, a, w/w,  w/w, w,./w,
WI
w
W=l ©
W6
7.0 0 0 0 O
o 1 0 0 0 O
_10 0 1 0 0 O 7)
o 0 0 1 0 O
o 0 0 o0 1 0
o 0 0o o o0 1

Where the solutions are sought through the use of
additional conditions of non-negativity and the normalization of
the values of solution components, where:

/- unit matrix
W - vector of criteria weights.

Since not all criteria have the same weight, based on their
mutual rankings, a weighted preference index obtained by the
application of the equation used to calculate the weight criterion
was introduced.

The function of the P(a,b) preference in the general model
is of type lll, since it allows the decision-maker the progressive
preference of "a "over "b "during the progressive growth of the
difference between functions of the f(a) and f(b) criteria. The
preference intensity is linearly increased until the difference
equals parameter "p ', that can be determined in specific cases,
and after that value, the preference is strict.

The criteria weights W] are specific for each criterion
j=1..6,., hence, multi-criteria index of preference for g, b € A is
defined as:

5° W P(ab)
j=1 J
Mab)=—"1 " ®)
W
=1

where A is the set of possible alternatives, i. e. the rank of coastal
area evaluation.
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The directed graph, with action nodes from A, is such that,
for every a, b € A, the sinuosity (a,b) has the value of its index of
preference N (ag,b), and is called an estimated graph of higher rank.
Calculations can be facilitated by an appropriate software. The
general model of coastal area evaluation using global analysis
does not meet the key requirements in the case of individual
coastal areas. For example, the most convenient criteria should
be identified, taking into account other criteria at appropriate
levels, that offer the highest protection of the coastal area. The
best developmental scenario for individual coastal areas should
be identified, as well as the requisite infrastructure and traffic
solutions in terms of costs. Therefore, a specific analysis was
carried out to introduce and rank sub-criteria. Based on the
experts' evaluation, the following expression for sub-criteria was
defined:

n
5w,
w. = 9)
j m n
ijl Zk:1 Wik
where
p.
W= (10)
K m
Zj:] pjk

n - the total number of experts, m - the total number of sub-
criteria, Py~ the evaluation of k " expert for j  sub-criterion, W,
- the weight derived for j " sub-criterion of k " expert, w,- weight
calculated for j " sub-criterion.

Using the above expression, an equation for obtaining sub-
criterion weight was developed based on their mutual ranking:

Rjk € {m-i:i€(l,.,m)} (11)

where R, is the rank of sub-criterion j, according to the ranking
of the k™ expert, as follows:

R,=m-1 for the most important criteria
(12)
Rjk =m - 0 for the least important criteria

n - total number of experts, m - total number of criteria,
weight derived for the j * sub-criterion.

Further development of the model requires the input of
real data about a specific coastal area.
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5. THE APPLICATION OF THE GENERAL MODEL

The authors presented the general problem defining model.
The model development process, data and documentation
collection were conducted in parallel, with an emphasis on
collaboration with experts and users. The general model does
not provide answers as to which requirements are essential for
individual areas, e.g. which activity is the most favorable. The
process takes into account, in the multi-criteria sense, other
appropriate level criteria that offer the best technological
solution, reasonable construction costs and concession fees,
relevant safety features and relatively lowest total costs of
pollution prevention and area protection, have a positive impact
on the local community, and acceptable indicators for other
characteristics.

The presented model should be improved on the basis of
the results obtained through its application, taking into account
the potentially new conditions that may occur in the system.

Therefore, this paper analyzed the evaluation of the coastal
area using the established criteria and sub-criteria to facilitate
operative decision-making.

The model will be tested by applying the PROMETHEEI
(I and 1) and GAIA methods to a selected coastal area in the
Northern Adriatic. That will be the subject of new research.

6. CONCLUSION

Coastaldevelopmentrequiresthe coexistence ofecosystems
and production. Although the number of coastal areas that have
adopted the principles of sustainable development as an all-
encompassing developmental concept is limited, in this sense,
the concept of sustainable development can also be considered
a contemporary philosophy of coastal economy.

Tourism is becoming a significant economic activity,
which, among other things, puts it in a position to define
spatial requirements. This creates new conflicts that can only be
overcome by proper valorization and monitoring of the coastal
zone.

As the evaluation of the coastal area using various
methods (survey, ranking, rating, MCA) was previously not well-
researched, the research carried out by the authors strived to
contribute to the evaluation of the coastal area by focusing on
the issues, complexity, importance, valorization and protection
of the coastal area.

The multi-criteria analysis allows the decision-makers to
attribute weight values to each criterion, taking into account
clearly defined objectives. Weight coefficients differ at different
decision-making levels. The contribution of this research is
the identification of criteria and sub-criteria for coastal area
evaluation. The implementation of the defining criteria and

sub-criteria allows the application of the holistic approach, and
ensures the achievement of quality and efficiency of business
operations in the coastal area. The model presented in this paper
may serve as a theoretical basis for modeling individual coastal
areas. The general model may be used to plan new activities and
techno-technological solutions.

REFERENCES

Barkovi¢, D., 2002. Operacijska istrazivanja, Sveuciliste J. Jurja Srossmayera u Osijeku,
Ekonomski fakultet Osijek.

Batista, M.. et al., 2014. Assessment of cumulative human pressures on a coastal
area: Integrating information for MPA planning and management. Ocean & Coastal
Management, 102, pp.248-257. Available at:
http://dx.doi.org/10.1016/j.ocecoaman.2014.09.020.

Bojo, J., Méler, K-G. & Unemo, L., 1990. Economic Analysis of Environmental
Consequences. Economy & Environment, pp.57-85. Available at:
http://dx.doi.org/10.1007/978-94-009-0623-5_5.

Brans J. P, Mareschal B, A New Family of Outranking Methods in Multi-criteria
Analysis, Operational Research, 1984. North Holland.

Brans, J.P. & Vincke, P, 1985. Note—A Preference Ranking Organisation Method.
Management Science, 31(6), pp.647-656. Available at:
http://dx.doi.org/10.1287/mnsc.31.6.647.

Brans, J.P, Vincke, P. & Mareschal, B., 1986. How to select and how to rank projects:
The Promethee method. European Journal of Operational Research, 24(2), pp.228-
238. Available at:

http://dx.doi.org/10.1016/0377-2217(86)90044-5.

Cicin Sain, B., Knecht, R. W.,, 1998. Integrated coastal and ocean menagement.
Washington DC: Center for the Study of Marine Policy University of Delaware.

Duplan¢i¢ Leder, T, Ujevi¢, T. & Cala, M., 2017. Duljine obalne crte i povrsine otoka
na hrvatskom dijelu Jadranskog mora odredene sa topografskih karata mjerila.
Geoadria, 9(1), p.5. Available at:

http://dx.doi.org/10.15291/geoadria.127.

Coastal Zone Management Act, 1972. United States of America. Available at:
https://coast.noaa.gov/data/czm/media/CZMA_10_11_06.pdf.

Diedrich, A, Tintoré, J. & Navinés, F, 2010. Balancing science and society through
establishing indicators for integrated coastal zone management in the Balearic
Islands. Marine Policy, 34(4), pp.772-781. Available at:
http://dx.doi.org/10.1016/j.marpol.2010.01.017.

Fabiano M., Marin V., Paoli C., Vassallo P, 2009. Methods for the Sustainability
Evaluation of Coastal Zone, Journal of Mediterranean Ecology vol. 10, p. 5-11.
Available  at:  http://www.jmecology.com/wp-content/uploads/2014/03/5-12-
Fabiano.pdf

Filipi¢, P, Simunovié, 1., 1993. O ekonomiji obalnih podrugja: planiranje i upravljanje.
Split: Ekonomski fakultet.

Jin, J.,, Wang, Z., 2003. Study on Coastal Resource Evaluation Theories and Methods,
International Conference on Estuaries and Coasts, November 9-11, 2003, Hangzhou,
China. Available at: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.530.
3686&rep=rep1&type=pdf.

Kidd, S. & Shaw, D., 2013. Reconceptualising territoriality and spatial planning:
insights from the sea. Planning Theory & Practice, 14(2), pp.180-197. Available at:
http://dx.doi.org/10.1080/14649357.2013.784348.

Mirjana Kovaci¢ et al.: Analytical Research on the Methodological Suitability of Multi-Criteria Analysis for...



Kitsiou, D., Coccossis, H. & Karydis, M., 2002. Multi-dimensional evaluation and
ranking of coastal areas using GIS and multiple criteria choice methods. Science of
The Total Environment, 284(1-3), pp.1-17. Available at:
http://dx.doi.org/10.1016/50048-9697(01)00851-8.

Koordinacioni regionalni prostorni plan Gornjeg Jadrana: Koordinacijski regionalni
prostorski nacrt Gornjega Jadrana, 1972. Urbanisticki Institut SR Hrvatske-Zagreb.

Kovaci¢, M., 2012. Selecting the Location of a Nautical Tourism Port by Applying
PROMETHEE And GAIA Methods Case Study - Croatian Northern Adriatic. PROMET
- Traffic&Transportation, 22(5), pp. 341-351. Available at:
http://dx.doi.org/10.7307/ptt.v22i5.199.

Kovaci¢ M., Komadina P, 2011. Upravljanje obalnim podruc¢jem i odrzivi razvoj.
Rijeka: Sveuciliste u Rijeci, Pomorski fakultet u Rijeci.

Kovaci¢, M., Zeki¢, A. & Rukavina, B., 2016. Maritime spatial planning in Croatia —
necessity or opportunity for balanced development. Pomorstvo, 30(1), pp.82-87.
Available at:

http://dx.doi.org/10.31217/p.30.1.11.

Marti¢, LJ., 1992. Matematicke metode za ekonomske analize |, IX izdanje, Narodne
novine, Zagreb.

Meadows, D. H., Meadows, D. L., Randers, J., Behrens I, William W., 1974. The Limits
to Growth: A Report for the Club of Rome's Project on the Predicament of Mankind,
Universe Books, New York.

Meadows, D. H., Meadows, D. L., Randers, J., 1974. Beyond the Limits: Confronting
Global Collapse, Envisioning a Sustainable Future, Chelsea Green Publishing
Company.

Mladineo, N. et al,, 1987. Multicriteria ranking of alternative locations for small
scale hydro plants. European Journal of Operational Research, 31(2), pp.215-222.
Available at:

http://dx.doi.org/10.1016/0377-2217(87)90025-7.

Newton, A., Carruthers, T.J.B. &lIcely, J., 2012. The coastal syndromes and hotspots on
the coast. Estuarine, Coastal and Shelf Science, 96, pp.39-47. Available at:
http://dx.doi.org/10.1016/j.ecss.2011.07.012.

Nikoli¢, I, Borovi¢, S., 1996. Visekriterijumska optimizacija — metode, primena u
logistici, softver, Beograd: Vojno - izdavacki zavod.

Palazén, A., Aragonés, L. & Lopez, |, 2016. Evaluation of coastal management: Study
case in the province of Alicante, Spain. Science of The Total Environment, 572,

Trans. marit. sci. 2020; 02: 316-323

pp.1184-1194. Available at:
http://dx.doi.org/10.1016/j.scitotenv.2016.08.032.

Papageorgiou, M., 2016. Coastal and marine tourism: A challenging factor in Marine
Spatial Planning. Ocean & Coastal Management, 129, pp.44-48. Available at:
http://dx.doi.org/10.1016/j.ocecoaman.2016.05.006.

Phillips, M.R, Jones, A.L., 2006. Erosion and tourism infrastructure in the coastal zone:
Problems, consequences and management, An international Journal of Tourism
Management, Volume 27, Issue 3, p 517-524. Available at:
https://doi.org/10.1016/j.tourman.2005.10.019.

Program dugoro¢nog razvoja i plan prostornog uredenja jadranskog podrucja SR
Hrvatske, 1967. Urbanisticki institut SR Hrvatske, Zagreb.

Projekt juzni Jadran: regionalni prostorni plan juznog Jadrana, 1968. Urbanisticki
institut SR Hrvatske, Republicki zavod za urbanizam SR Crne gore, Urbanisticki
zavod SR BiH.

Protection of the Human Environment in the Adriatic Region (Adriatic Ill), 1978.
United Nations Development Programme.

Regulation and Protection of the Coastal Sea Area, Official Gazette of the Republic
of Croatia, No. 128/2004.

Report of the World Commission on Environment and Development: Our Common
Future, 1987. World Commission on Environment and Development (WCED)

Roubens, M., 1982. Preference relations on actions and criteria in multicriteria
decision making. European Journal of Operational Research, 10(1), pp.51-55.
Available at:

http://dx.doi.org/10.1016/0377-2217(82)90131-x.

UNEP/MAP/PAP, 2008. Protocol on Integrated Coastal Zone Management in the
Mediterranean. Split, Priority Actions Programme. Available at:
https://www.pap-thecoastcentre.org/pdfs/Protocol_publikacija_May09.pdf.

Bouyssou, D., 1994. Multicriteria decision-aid, Vincke, Ph., Chichester: Wiley, 1992.
Journal of Multi-Criteria Decision Analysis, 3(2), pp.131-131. Available at:
http://dx.doi.org/10.1002/mcda.4020030208.

Zeleny, M., 1992. Multiple Criteria Decision Making. New York: McGraw - Hill.
Available at: http:/citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.9165&
rep=rep1&type=pdf.

TRANSACTIONS ON MARITIME SCIENCE -I-(\Mq

1YWNCE

323



