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Abstract: Considering that moorings and anchorages for vessels have recently become an important 

factor in nautical tourism, the selection of their locations is a complex and demanding process. This 

paper examines numerous criteria from different perspectives to determine the most favourable/op-

timal locations for nautical anchorages, meeting the conditions and recommendations of profession-

als from several domains, by applying the methods of multi-criteria analysis. The goal of solving 

the problem this way is to meet the expectations of future users, spatial planners, possible investors, 

and concessionaires interested in doing business in these areas, as well as entities that strive to pre-

serve and protect marine and underwater animal life and the environment by preventing their deg-

radation and pollution. However, since there are no precisely defined recommendations for the es-

tablishment of nautical anchorages, in the procedures for determining the locations of nautical an-

chorages, it is possible to use general criteria they must fulfil. The best locations for nautical anchor-

ages may be found, and this research represents a transparent, repeatable, and well-documented 

approach for methodically solving the problem. This is demonstrated by a comparison of many 

methods of multi-criteria analysis, utilizing a variety of parameters. On the other side, this calls for 

proficiency in a wide range of disciplines, including architecture, geodesy, marine safety and 

transport, architecture, biology, ecology, mathematical programming, operational research, infor-

mation technology, environmental protection, and others. The best locations for nautical anchorages 

should be chosen based on the size and number of vessels, available space, depth, distance from the 

coast, level of protection of the anchorage waters, and many other limiting factors, keeping in mind 

that the spots which simultaneously satisfy a greater number of significant criteria are preferable. 

Using multi-criteria analysis methods (AHP (Analytical Hierarchy Process) and TOPSIS (The Tech-

nique for Order of Preference by Similarity to Ideal Solution)), evaluating and classifying criteria as 

well as assigning weight values to selected criteria, this paper investigates the possibility of obtain-

ing the best locations from a group of possible ones. The most important factor when applying 

multi-criteria analysis methods refer to the following: vessel safety (navigation), hydrometeorolog-

ical, spatial, economic, and environmental criteria. The main contribution of the paper displays in 

the proposal to optimize the decision-making process, when determining the optimal locations of 

nautical anchorages, in accordance with previously defined criteria. 

Keywords: nautical anchorage; multi-criteria analysis; criteria; optimization of spatial locations; 

weight coefficients; concession fields; AHP; TOPSIS 

 

1. Introduction 

The construction of a new nautical anchorages system is a large and long-term in-

vestment, and therefore, the determination of new locations is a critical point on the way 

to the success or failure of the system by exploiting them. One of the main goals when 

considering the locations for nautical anchorages is to find the most suitable location 

which can increase the desired conditions defined by the selection criteria. 
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After finding the nautical anchorages locations, an attempt is made to optimize the 

number of objectives in determining the suitability of a particular location for a defined 

system. Such optimization often involves many and sometimes even contradictory factors. 

Some of the important factors increase the complexity of choosing the right/best among 

the many possible locations. 

The process of selecting the location of nautical anchorages involves a number of 

perplexing key factors that include maritime, spatial, hydrometeorological, traffic tech-

nical, economic, social and other issues, such as sea, coastal, environmental protection, 

etc. Due to the complexity of the process itself, the simultaneous use of several tools is 

required for decision support, such as Expert Systems (ES), Geographic Information Sys-

tems (GIS), and Multi-Criteria Decision-Making methods (MCDM). 

In order to obtain a safe and comfortable stay while anchoring or using certain spe-

cific facilities at sea, sailors (both professionals and amateurs) need to take into account 

many location aspects, especially those considering protection from wind, waves, sea cur-

rents, etc. 

On the other hand, from the point of view of planning and space utilization, planners 

and management of local and regional communities, who want to optimize the space at 

sea, should have in mind a number of factors that enable them to plan the space in the 

best way, observing a whole series of other factors and especially those who take into 

account the protection of nature, the sea and coastal areas, the environment, traffic and 

technical conditions, the current situation on the ground, etc. 

Therefore, an attempt is made to compromise on the wishes of future users of nautical 

anchorages (professional sailors, amateurs and future concessionaires of nautical anchor-

ages, spatial planners, administrations of local communities, and others) by creating a 

very sophisticated system of interconnections and interdependence, with the aim of se-

lecting the best spaces in the water area predetermined for anchoring vessels while taking 

advantage of all the benefits that these locations can provide in order to fulfil all expecta-

tions or most of them, without disturbing surrounding space, sea, coast, and environment. 

The former represents the research problem of this work. 

The previously defined problem can be solved by applying MCDM methods in order 

to optimize the selection process of the best locations for setting up nautical anchorages 

planned to be used as concession fields in the area of Split-Dalmatia County (Croatia). 

Given that previous research conducted both in Croatia and around the world shows 

that there is no unified methodology for selecting the best locations for nautical anchor-

ages, neither for their layout nor from the navigational and safety point of view, for vessels 

and both their crew and passengers there should be a social and a scientific contribution. 

The paper will also present an overview of the factors affecting the anchorage area 

and prove that the correct selection of the location and the construction of the necessary 

facilities remarkably affect the safety of people, vessels, and the marine environment. By 

applying multi-criteria methods and analysis, the best 15 locations of nautical anchorages 

will be selected from a set of possible 86 available. 

The proposal for a systematic solution to the problem posed in this paper was accom-

plished by applying two methods of multi-criteria analysis 1. AHP (Analytical Hierarchy 

Process) and 2. TOPSIS (The Technique for Order of Preference by Similarity to Ideal So-

lution). Using the mentioned methods, several conflicting criteria are taken into account, 

the weighting values and mutual dependence of which were previously determined on 

the basis of a survey of future users. 

The paper is structured as follows: The motive for the research and the existing prob-

lems are described in the introduction, while the second chapter lists materials, methods, 

previous research, and the most important recommendations for determining the loca-

tions of nautical anchorages. The basic steps of the multi-criteria decision-making meth-

ods used in this paper are defined in the third chapter, while the fourth chapter analyses 

the case study. The fifth chapter indicates the most important validation, testing, compar-

ison, and result analysis, while the sixth presents a discussion of the entire procedure. 
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2. Materials and Methods 

2.1. Methodology and Research Plan 

Research implementation includes research plan overview and investigation of pre-

vious research. The process of collecting and processing data in the field was conducted 

simultaneously: (a) by gathering the opinions of future users of nautical anchorages 

through survey research and (b) through the collection, analysis, processing, and storage 

of data by the author/s at the locations of nautical anchorages for the area of Split-Dalmatia 

County (in the period from 2018 to 2022). Criteria were selected based on both obtained 

average scores that the respondents (users) assigned to certain aspects of nautical anchor-

ages and available data on nautical anchorages previously collected (by the author/s). Fur-

thermore, they have defined the goal of each of them as well as the weight values of each 

criterion and their mutual relations. Both different MCDM methods (AHP, TOPSIS) were 

applied. 

Validation, testing, comparison, and result analysis are shown in the chapter Results. 

The research methodology in this paper consists of two phases. 

In the first phase, the attitudes and opinions of the nautical anchorages users were 

examined on the basis of a survey questionnaire. The survey questionnaire was made 

available to visitors of nautical tourism ports and nautical anchorages in Split-Dalmatia 

County and the entire international community and was published on the pages of the 

International Association of Maritime Universities [1]. 

Opinions were collected by forming a questionnaire of future users of nautical an-

chorages who evaluated five groups of elements (and a total of 18 sub-elements), namely 

the following: safety (navigational—6 sub-elements); hydrometeorological (with 2 sub-

elements); spatial (with 4 sub-elements); economic (with 2 sub-elements) and environ-

mental (ecological) (with 4 sub-elements), which were electronically sent to respondents 

in the time period from November 2022 to January 2023. 

There are a number of factors that need to be considered when identifying suitable 

sites for anchoring vessels and will often require consultation with a wide range of stake-

holders. The most important guidelines and recommendations on factors to consider [2,3]. 

The survey questionnaire was created and distributed via the web ArcGis survey 123 

[4] service. Answers to the questionnaire were received from 74 respondents. 

In the second phase, after arranging the data (as a result of survey research) and as-

sessing the significance of certain factors from the perspective of future users of nautical 

anchorages, the most important criteria were selected and weighted values assigned to 

each of them. 

Then, two different methods of the MCDM method were applied to the input data of 

56 bays with 86 locations, i.e., fields of nautical anchorages (variants), for each of which 

17 data were known. Essentially, the aim is to select the best locations for nautical anchor-

ages out of the 86 taken into consideration, respecting the criteria that are the most signif-

icant and have the most influence. Both methods of the MCDM were implemented using 

the programming language R (version 4.2.2) [5] and heuristics. 

The most important elements on the basis of which the criteria were defined and 

grouped into five groups are shown in Figure 1. The criteria were derived from various 

sources, including the Queensland Government’s Anchorage Area Design and Manage-

ment Guideline [3] and The World Association for Waterborne Transport Infrastructure 

(PIANC) [6]. Later, they were grouped into five categories based on their nature and im-

pact on the selection process. 
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Figure 1. The most important criteria of nautical anchorages [6]. 

The parameters for the multi-criteria analysis were obtained from the factor criteria. 

The most important factors, i.e., criteria, are the following: 1. the surface of the field; 2. the 

surface of the bay; 3. the percentage share of the field surface in the bay surface; 4. the 

degree of protection (from wind and waves) of the bay; 5. the distance from the coast; 6. 

the number of anchorage fields in the same bay; 7. the existence of maritime traffic; 8. 

official anchorages; 9. the existence of underwater cables and pipelines; 10. the risk of col-

lision; 11. depth; 12. the level of sea changes and the existence of sea currents; 13. proxim-

ity to public ports; 14. proximity to existing berths; 15. environmental elements (Environ-

mental Network Natura 2000); ref. [7] 16. damage from anchoring the vessel to the seabed; 

and 17. archaeological sites. 

The analysis is limited and carried out according to a limited number of criteria (Fig-

ure 1) and certain weight values (based on determining their importance and impact). The 

selected criteria are unique and coherent, although some are related and interdependent. 

Some criteria have a greater impact and importance, so they have been singled out. This 

is the case for, e.g., criteria determined by a border (distance from the coast or depth of 

the sea, etc.), some of which are imposed by legal regulations, etc. 

2.2. Background 

The proposed scientific literature for the determination of the best locations for nau-

tical anchorages based on MCDM is relatively small or does not exist at all. There are, 

however, studies related to methods of MCDM for areas of spatial planning, for example, 

nautical tourism ports or methods for processing spatially distributed data. Regarding the 

creation of this paper represents a special challenge to the authors, especially in terms of 

applying the following: multiple methods of MCDM in parallel over; more numerous in-

put data; using a multi-criteria analysis methodology that combines several different cri-

teria (safety, hydrometeorological, spatial, economic, and ecological); considering the se-

lection of the best locations of nautical anchorages both from the point of view of users 

and from the point of view of concessionaires, i.e., future investors; contributing to the 

expansion of scientific methodology related to the subject of research. 

In the doctoral dissertation [8], the criteria for assessing the possible impacts of the 

functioning and operation of the liquefied gas terminal on the marine environment are 
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defined. Using the MCDM, a model that monitors the effect of the selection of individual 

criteria on the marine environment was created. The pre-elimination criteria were deter-

mined in order to reduce, i.e., limit, the observed space from which representative loca-

tions previously evaluated by certain criteria were selected. The observed problems were 

solved with the following methods: GIS, MCDM, and ES, using mathematical models and 

a regional model of the complete maritime system as a tool. 

The research carried out in the doctoral dissertation [9] is related to finding an opti-

mal model with five scenarios and undertaking certain measures for the development of 

county and local ports in relation to the complementarity of the spatial concept of the port 

and the city. For the purposes of defining and setting up the model, the most important 

indicators and measures that affect the level of spatial planning of the port and the city 

were used. The success of the set model was tested and demonstrated using the port of 

Rovinj as an example. 

The paper [10] presents a conceptual framework for the inclusion of multiple criteria 

in the assessment of a dry port for developing countries from the perspective of multiple 

stakeholders. The framework of the work is presented in four steps covered by prelimi-

nary research, namely the following: 1. stakeholders are grouped into groups; 2. sub-cri-

teria related to the location of the dry port are listed; 3. individual criteria and sub-criteria 

are explained; and 4. an MCDM analysis is carried out. 

The paper [11] investigates the logistical possibilities of offshore wind farms, specifi-

cally the physical characteristics, connections, and appearance of the port to support the 

phases of installation, operation, and maintenance of offshore wind farm projects. The 

relative importance of these criteria was determined using the AHP method. The AHP 

methodology is then applied in a case study as a decision-making tool to enable decision-

makers to assess the suitability of a range of ports for offshore wind farms in the UK North 

Sea. 

The paper [12] presents a multi-criteria spatial evaluation (SMCE—Spatial Multi-De-

cisional Evaluation) intended to identify suitable areas at the regional level for setting up 

middle-sized coastal fish farms in the Ligurian Sea. The SMCE process follows an inte-

grated approach that can potentially be adapted and applied to any coastal system. The 

selection of the location is based on the definition of criteria that assess their suitability 

and how their conditions relate to the entire research area. The results show that SMCE, 

and especially the procedure, enables the identification of the most suitable areas, which 

solves the complicated problem of spatial selection of an appropriate location in a simple, 

fast, and efficient way. 

The study [13] is an expert basis for amendments and additions, i.e., the adoption of 

a new Spatial Plan of the Split-Dalmatia County based on navigational and meteorological 

features, as well as technical-technological and traffic-navigation features, maritime safety 

measures, the Natura 2000 Habitats Directive [14], the Register of Strictly Protected Spe-

cies, technical-technological types of anchorages and the organization of anchorages using 

expert analysis, with possible future locations defined as nautical anchorages. The cited 

work also describes the prerequisites that the investor must fulfil in order to obtain the 

necessary permits and papers to start work. 

The research project [15] serves as an expert basis and support for the authorities of 

the Split-Dalmatia County and the Public Institute for Urbanism in planning the future 

development and location of ports and anchorages for nautical tourism. The cited project 

considers the development possibilities of the port of nautical tourism in the Split-Dalma-

tia County from the point of view of optimal use and environmental protection. All ele-

ments of supply and demand of nautical tourism were determined by SWOT (S-Strengths, 

W-Weaknesses, O-Opportunities, T-Threats) analysis. By defining the advantages, disad-

vantages, strengths, and weaknesses of Croatian nautical tourism, it is possible to deter-

mine its strategy and direction of development. The application of MCDM methods of 

ports of nautical tourism in the Split-Dalmatia County included a systematic study of pro-

posed micro locations, which resulted in the selection of land and island locations. The 
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next step was the definition of criteria and sub-criteria for their acceptability, and finally, 

a qualitative and quantitative evaluation of each proposed location was performed. 

Report [16] offers resolving a location selection problem by means of an integrated 

AHP-RAFSI (Ranking of Alternatives through Functional mapping of criterion sub-inter-

vals into a Single Interval) approach. The main goal of this report is to find the optimal 

EMS (emergency services) as the locations that provide the least response time. The meth-

ods used vary and mainly relate to the decision-making variables taken into account. 

Multi-criteria decision making (MCDM) is used in the case of emergency centre allocation 

in Libya. MCDM approach was implemented in two steps. AHP was adopted in the first 

step to determine the criteria weights, while the results of AHP showed that the response 

time had the highest weight among other criteria. A ranking of different alternatives was 

conducted in the second step using RAFSI model to choose the optimal location. Model 

ranking clearly indicated road-network as the best alternative to locate EMS centres. 

The aim of research [17] is to select the best supplier in LISCO in Libya using the 

Rough AHP method. With increasing awareness of sustainability aspects, both from the 

academic sector and from the industrial sector, the authors believe that sustainable deci-

sion-making techniques for selecting the best suppliers should improve supply chain com-

petencies and help companies maintain a strategically competitive position. The results 

showed that the Rough AHP method is capable of improving the quality of decision-mak-

ing by making the process more rational, explicit, and efficient and that in future work 

this effective method can be generalized to other companies throughout Libya to facilitate 

the measurement of sustainability performance, consequently providing the company 

with a robust system while maintaining ecological sustainability. 

Research of scientific and professional literature and data that thematically deals with 

nautical anchorages, criteria, and selection of new locations, especially in Croatia, indicate 

that there is a modest amount of officially precise collected data on their condition and 

registered physical traffic in organized nautical anchorages, especially those in Split-Dal-

matian counties. In addition, the level of quality of the services provided in them is low, 

so it is necessary to use more modern analytical decision-making methods to collect accu-

rate and precise data in order to, on the basis of the data thus obtained, use the methods 

and tools of multi-criteria analysis in the optimal and systematic way of choosing the best 

locations of nautical anchorages. 

Previous research conducted in the world and Croatia on the topic of research prob-

lems (determining the best locations for nautical anchorages) showed that there is no sin-

gle methodology for selecting the best locations for nautical anchorages, as well as their 

arrangement, especially regarding the safety aspect. Most of the research focuses only on 

economic factors when choosing anchorages, including other aspects such as tourism, le-

gal, social, sustainable development, protection of the marine environment, seas, and 

coasts, mostly ignoring safety factors when choosing criteria. The anchorage site selection 

can be seen in the analysis of the fundamental concept of navigation safety as an important 

and indispensable part of spatial planning. 

Unlike previous research, this work systematically and uniquely takes into account 

safety (navigation), but also hydrometeorological, spatial, economic, ecological, and other 

conditions and criteria in the process of selecting the best locations for nautical anchor-

ages. At the same time, the greatest importance is attached to the fundamental concept of 

safety of navigation and staying at anchorages, as one of the most important factors of the 

purpose of anchorages and an important element of spatial planning. 

2.3. Recommendations for Setting Up Nautical Anchorages 

In order to determine the optimal solution for the selection of the best locations in the 

Split-Dalmatia County and the adequate application of MCDM methods, the most im-

portant recommendations [18] can be summarized in the list below: 
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• It is necessary to take into account the existing situation, position, and size of the 

fields and respect as much as possible the existing boundaries of concession fields, 

initiatives, conceptual solutions, and proposals if they do not contradict the general 

principles of maritime safety and protection of the marine environment; 

• Anchorages must not interfere with maritime traffic, i.e., both existing and future 

routes of transit and terminal waterways, and generally need to be in accordance with 

spatial plans; 

• The boundaries of the anchorage must be at a safe distance from the shore, at least 

twice the width of the largest ship that is expected to sail from a safe isobath, and 

need to take into account other factors such as possible traffic of other ships, boats 

and/or beaches, bathing areas, and other facilities expected between the anchorage 

and the shore, where bathers, swimmers, divers and other persons in the sea could 

endanger the safety of the anchorage; 

• The anchorage must be in an area of sufficient depth, whereby the depth of the lowest 

low water level of living sea minnows must not be less than the expected draft of the 

ship increased by 1 m; 

• The surface of the anchorage may not occupy more than 50% of the bay (exception-

ally up to 75%) if it is a bay where there are no other moorings, beaches, infrastruc-

ture, or other facilities or activities that require access from the sea or land; 

• In the water area, from the nautical anchorage towards the coast and at a distance of 

up to 150 m from the nautical anchorage in the direction of the open sea, there should 

be no other artificial installations or structures, including anchorages or measures to 

direct maritime traffic (regulations on the safety of maritime navigation in internal 

sea waters and the territorial sea of the Republic of Croatia) [19], and the manner and 

conditions of supervision and management of maritime traffic; 

• Anchorages may not be in the area of official anchorages on the map designated by 

the port authorities/MMPI (Ministry of the Sea, Transport, and Infrastructure of Cro-

atia) [20] and in places of shelter if they are determined by the ordinance on places of 

shelter [21]; 

• Avoid anchoring in the immediate vicinity of submarine cables, submarine installa-

tions, and other places where anchoring is prohibited; 

• Avoid positioning the anchorage that would be a potential danger of collision, im-

pact, injury, and other risks; 

• Anchorages must not limit the manoeuvring space for ships outside the anchorage 

that need to manoeuvre, and should also provide sufficient manoeuvring space for 

ships arriving or departing from the anchorage; 

• Anchorages must not interfere with the existing moorings of the local population. 

3. Methods of Multi-Criteria Analysis When Determining the Optimal Position of 

Anchorage 

3.1. Definition and Description of Multi-Criteria Decision-Making Methods 

Multi-criteria analysis plays an important role in the selection of the best variants for 

finding the best areas (locations) in many areas of spatial planning, optimization of urban 

and non-urban structures, etc. 

According to the manual on multi-criteria analysis (multi-criteria analysis: a manual) 

published by Communities and Local Government London, the method of MCDM is de-

fined as an approach that explicitly shows all options and their contributions, on the basis 

of which assistance in the decision-making process is subsequently realized [22,23]. 

Multi-attribute decision models persist in determining the optimal variant from a set 

of finite variants V = {V1, V2, …,Vm} which are compared with each other with respect to 

assigned numerical or non-numerical values belonging to the finite set of criteria C = {C1, 

C2, …, Cn}. Each criterion can aim to reach a maximum or minimum value. 
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For decision problems with multiple attributes, in which the matrix of consequences 

contains heterogeneous data, numerical or non-numerical, the homogenization of these 

data is performed by the normalization process [24], which transforms the matrix of con-

sequences into the matrix R= (rij) i = 1, m; j = 1, n, as well as into elements on a certain 

interval, for example from 0 to 1 [0, 1] or from −1 until +1 [−1, +1], etc. 

In almost all MCDM problems, there is information about the level/degree of im-

portance of each criterion expressed by the vector P = {p1, p2, …, pn} that represents the 

assessment determined by the decision-maker for each criterion. 

Any multi-attribute decision problem can be expressed by a matrix A, which is called 

a consequence matrix (decision matrix) (Table 1), with elements aij showing the evaluation 

(consequence) of variant i, i = 1, 2, …, m (Vi), by criterion j, j = 1, 2, …, n, (Cj). 

Table 1. Decision or consequences matrix. 

Ci 

Vj 
C1 C2 ... Cn 

V1 a11 a12 ... a1n 

V2 a21 a22 ... a2n 

... ... ... ... ... 

Vm am1 am1 ... amn 

P p1 ... pn  

MCDM methods can be classified into three categories [25], namely: 

• Direct methods; 

• Indirect methods;  

• Methods that use a distance for the construction of hierarchies. 

Direct methods build a function defined on a group of variants with real values and 

select the variants for which the objective function f has the biggest value. 

Indirect methods determine a hierarchy on a set of variants based on an algorithm. 

Methods that use distance choose the variant that is closest to the ideal solution. 

In this paper, AHP (direct method) and distance methods (TOPSIS) are used. 

3.2. AHP 

AHP is an MCDM method originally developed by Prof. Thomas L. Saaty in the 1970s 

and has been extensively studied and refined ever since, representing one of the most 

popular analytical techniques and providing a comprehensive and rational framework for 

structuring and solving multi-criteria decision problem [26]. 

According to [27], the steps of the AHP method that are to be followed during imple-

mentation are described below: 

Step 1: Develop a decision hierarchy by decomposing the entire problem into a hier-

archy of parameters or criteria; 

Step 2: Prioritize among the parameters or criteria of the hierarchy by making a series 

of judgments based on pairwise comparisons. In this step, the preferences among the cri-

teria are evaluated based on Saaty’s scale [27] from 1 to 9, and from 1/9 until 1. 

Step 3: Synthesizing the judgment to obtain a set of general priorities for the hierar-

chy. In this step, the weighted results of the criteria are calculated, which give a relative 

ranking of the parameters or criteria; 

Step 4: Comparing qualitative and quantitative information using informed judg-

ments to derive weights and priorities to check consistency of judgments; 

Step 5: Selecting the best alternative based on the available sample data and calculat-

ing the final score of each alternative. 

In the MCDM method AHP, the decision-making problem is hierarchically struc-

tured (Figure 2), given that the decision-making problem is decomposed into 
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subproblems that are analysed independently. At a certain level of the hierarchy, each 

element (criterion or alternative) is compared with other elements of the same level. 

 

Figure 2. AHP flow diagram [28]. 

Therefore, based on the matrix of real values (estimates) determined by xij values, for 

each criterion (Cj, j = 1, n where n represents the total number of criteria) and each alter-

native A (Ai, i = 1, m, where m represents the total number of alternatives) of the decision-

making relationship, the input data are represented by the decision-making matrix D 

shown mathematically (Equation (1)). 

𝐶1 … 𝐶𝑛  

𝐷 =
𝐴1

. . .
𝐴𝑚

(

𝑥11 . . . 𝑥1𝑛

. . . . . . . . .
𝑥𝑚1 . . . 𝑥𝑚𝑛

) 
(1) 

The formulas used during solving the matrices in the AHP steps are given below, as 

well as the flowchart of the AHP steps [29]. 

The results of the comparison by pairs of criteria are presented by a square matrix of 

comparison A of order n × n, where n is the number of observed criteria (alternatives at a 

later stage). The matrix element aij of matrix A represents the relative importance of crite-

rion i in relation to criterion j. If aij > 1, criterion i is more important than criterion j, while 

the reverse is true for aij < 1. If two criteria are of equal importance, then aij =1. 

For consistency, aij = 1/ aij holds for each i, j. 

Therefore, aij = 1 holds for every i. Additionally, due to transitivity, aij = αik·αkj should 

hold for every i, j, k. The preferences or relative importance of decision-makers are ex-

pressed by Saaty’s scale of relative importance, i.e., numbers from 1 to 9, and from 1/9 to 

1. 

Based on Saatya’s scale of relationships between criteria, matrix A was formed. 

(Equation (2)) 
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𝐴 = (

1 𝑎12 . . . 𝑎1𝑛

𝑎21 1 𝑎2𝑛

. . . . . . . . . . . .
𝑎𝑛1 𝑎𝑛2 . . . 1

) = (

1 𝑎12 . . . 1/𝑎𝑛1

1/𝑎12 1 𝑎2𝑛

. . . . . . . . . . . .
1/𝑎𝑛1 1/𝑎𝑛2 . . . 1

) (2) 

whose values along the main diagonal have values of 1. 

The vector B (Equation (3)) represents the sums of the elements of the matrix by rows, 

dimensions n. 

𝐵 = ∑ 𝑎𝑖𝑗

𝑛

𝑖=1

= 𝑏𝑖 , 𝑗 = 1 (3) 

Dividing each element of the matrix (of a certain column) with the elements of the 

vector b, the values of the normalized matrix G are defined by (Equation (4)). 

𝐺 = (

𝑔11 𝑔12 . . . 𝑔1𝑛

𝑔21 𝑔22 𝑔2𝑛

. . . . . . . . . . . .
𝑔𝑛1 𝑔𝑛2 . . . 𝑔𝑛𝑛

) (4) 

By calculating the mean values of the elements of the normalized matrix for all col-

umns of the same row, the elements of the vector of weighting coefficients w of dimension 

n are obtained. 

The mean value of all elements of the normalized matrix by column represents a vec-

tor of weight coefficients, the sum of which is 1 (Equation (5)). 

𝑊 = (

𝑤1

𝑤2

. . .
𝑤𝑛

) = ∑ 𝑤𝑖 = 1

𝑛

𝑖=1

, 𝑖 = 1, 𝑛 (5) 

The sum of the products of vectors W and B gives the value λ𝑚𝑎𝑥  which represents 

the maximum eigenvalue 𝜆 ∑ 𝑤𝑖 ⋅ 𝑏𝑖
𝑛
𝑖=1 𝑚𝑎𝑥

. 

𝐴𝜔 = 𝜆𝑚𝑎𝑥𝜔, forms the matrix of preferences, ω is the eigenvector of order n repre-

senting the vector of weight values, while λ𝑚𝑎𝑥  represents the maximum eigenvalue. 

The consistency index is calculated according to Equation (6). 

𝐶𝐼 =
λ𝑚𝑎𝑥 − 𝑛

𝑛 − 1
 (6) 

where n is the number of parameters (criterion). 

The consistency ratio is calculated according to Equation (7). 

𝐶𝑅 =
𝐶𝐼

𝐶𝑅𝐼
 (7) 

where CRI is the consistency index conditioned by the number of criteria. 

When the consistency ratio is less than 10%, it is considered that the relationship be-

tween the criteria is consistent, and it is passed to the second stage of the AHP method 

(Table 2). 

Table 2. Consistency ratio for the defined number of criteria. 

Number of Criteria 1 2 3 4 5 6 7 8 9 10 

CRI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

In the process of selecting the best locations in the case study, the AHP method was 

applied. AHP implies that after the calculation of the consistency among the criteria, the 

normalization of the elements, the calculation of the mean value of the product of the vec-

tors of normalized values of each variant (86 of them—Vij, j = 1, k), the vector of weight 

values (wj, j = 1, k), and a vector of final values of vi are defined by (Equation (8)). 
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𝑣𝑖 =
∏ 𝑉𝑖𝑗𝑤𝑗

𝑘
𝑗=1

𝑘
 (8) 

A higher value of the variant (vi) determines a greater influence of the variant in the 

total rank of the variants (location). 

3.3. TOPSIS 

The TOPSIS method was developed by Hwang and Yoon in 1981 [30]. It is based on 

the idea that the chosen alternative should be the one with the shortest Euclidean distance 

from the ideal solution and the one with the greatest distance from the negative ideal so-

lution. An ideal solution is a hypothetical solution for which all attribute values corre-

spond to the maximum values in the data group that contain satisfactory solutions. A neg-

ative ideal solution is a hypothetical solution for which all attribute values correspond to 

the minimum values in the data group. TOPSIS thus provides a solution that is not only 

closest to hypothetically the best solution but also farthest from the hypothetical worst 

one. 

The TOPSIS method is based on the idea that the optimal variant must have the min-

imum distance from the ideal solution. 

The method entails defining the objective function f: V→R, given by the Equation (9). 

𝑓(𝑉𝑖) =
∑ 𝑝𝑗𝑟𝑖𝑗

𝑛

𝑗=1

∑ 𝑝𝑖𝑗

𝑛

𝑗=1

, 𝑖 = 1, 𝑚, (9) 

The steps of the TOPSIS method are the following: 

Step 1. The normalized matrix R = (rij), i = 1, …, m, j = 1, …, n is built; 

Step 2. The weighted normalized matrix V = (vij), i = 1, …, m, j = 1, …, n is built by 

Equation (10), where: 

𝑣𝑖𝑗 =
𝑝𝑗𝑟𝑖𝑗

∑ 𝑝𝑗
𝑛
𝑗=1

 (10) 

Step 3. The ideal solutions A, B (Equation (11)) defined as in the Equations (12) and 

(13) is calculated as following: 

A= (a1, a2, …, an) 

B= (b1, b2, …, bn) 
(11) 

where 

𝑎𝑗 = {

𝑚𝑎𝑥𝑣𝑖𝑗,𝑖𝑓 𝐶𝑗 𝑚𝑎𝑥

1 ≤ 𝑖 ≤ 𝑚
𝑚𝑖𝑛𝑣𝑖𝑗, 𝑖𝑓  𝐶𝑗 𝑚𝑖𝑛

1 ≤ 𝑖 ≤ 𝑚

 (12) 

𝑏𝑗 = {

𝑚𝑎𝑥 𝑣𝑖𝑗, 𝑖𝑓   𝐶𝑗   𝑚𝑖𝑛

1 ≤ 𝑖 ≤ 𝑚
𝑚𝑖𝑛 𝑣𝑖𝑗, 𝑖𝑓  𝐶𝑗  𝑚𝑎𝑥

1 ≤ 𝑖 ≤ 𝑚

 (13) 

Step 4. The distances between solutions Equations (14) and (15) are calculated as fol-

lows: 

𝑆𝑖 = √∑(𝑣𝑖𝑗 − 𝑎𝑗)
2

𝑛

𝑗=1

 , 𝑖 = 1, 𝑚 (14) 
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𝑇𝑖 = √∑(𝑣𝑖𝑗 − 𝑏𝑗)
2

𝑛

𝑗=1

, 𝑖 = 1, 𝑚 (15) 

Step 5. The relative proximity from the ideal solution is calculated according to Equa-

tion (16): 

𝐶𝑖 =
𝑇𝑖

𝑆𝑖 + 𝑇𝑖

 (16) 

Step 6. The classification of the set V is performed according to the descending values 

of Ci obtained in step 5. 

4. Case Study—Determination of Nautical Anchorage Locations in Split-Dalmatia 

County 

The Split-Dalmatia County (Figure 3), with its seat in Split, represents the largest 

Croatian county by area, occupying an area of 14,045 km2, of which the land part is 4572 

km2 (32.5%), and approximately a third is the territorial sea of Croatia with an area of 9473 

km2 (67.5%). 

 

Figure 3. Map of Split-Dalmatia County. 

A total of 455,242 inhabitants live in this county (67% in the coastal part, about 7% on 

the islands, and 26% in the coastal area). The anchorages in the Split-Dalmatia County are 

located in the central part of the eastern Adriatic coast, which is recognized as one of the 

most exclusive nautical destinations on the Adriatic [6]. 

4.1. Dataset 

The data used as input in the research were collected in two ways. In the first part of 

the research, which refers to the understanding of the actual evaluations and the prefer-

ences of the characteristics of nautical anchorages from the point of view of “users”, the 

aim is to investigate the real expectations of sailors (professionals and amateurs) regard-

ing the conditions that must be met by nautical anchorages. 
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Based on the ratings of users (sailors) in the survey research, certain weighting values 

were assigned to the selected criteria in order to apply MCDM methods based on them, 

as well as on the basis of data on variants (possible locations of nautical anchorages). 

The second phase of the research involves the application of MCDM methods (AHP, 

TOPSIS) using input data that were obtained as a result of the diligent collection, storage, 

analysis, and processing of many years of work and experience of the author/s, and refers 

to a group of 56 bays (Figure 4) with the total of their 86 nautical anchorage fields, each 

separately described with 20 characteristics (Figure 5). 

 

Figure 4. Spatial distribution of nautical anchorages in the area of Split-Dalmatia County. 

 

Figure 5. Excerpt from comparative results of both applied methods of multi-criteria decision mak-

ing. 

The spatial arrangement of nautical anchorages in the area of Split-Dalmatia County 

is shown in the Figure 4. 

On the basis of the survey research, the users (sailors) assign the greatest importance 

to the safety criterion and the least importance to the economic criterion, as shown in Table 

3. 

Table 3. Survey result—sorted mean grades (from highest to lowest). 

The Name of the Criterion Mean Grade 

1. Safety (navigation)—1.1 Underwater installations 4.58 

1. Safety (navigational)—1.2 Potential danger 4.51 

2. Hydrometeorological criteria—2.1 Protection of the bay 4.41 

5. Environmental criteria—5.3 Pollutants or waste 4.27 

3. Spatial criteria—3.2 Turning radius 4.26 

5. Environmental criteria—5.4 Local heritage 4.15 

3. Spatial criteria—3.1 Distance and depth 4.03 
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1. Safety (navigation)—1.3 Manoeuvre space 3.97 

5. Environmental criteria—5.2 Disturbance of the seabed 3.84 

5. Environmental criteria—5.1 Impact on the marine environment 3.74 

4. Economic criteria—4.2 Public anchorage 3.30 

2. Hydrometeorological criteria—2.2 Current and tide 3.26 

4. Economic criteria—4.5 Profitability 3.19 

4. Economic criteria—4.1 Port area 2.82 

4. Economic criteria—4.3 Access to land 2.81 

4. Economic criteria—4.4 Traffic and other infrastructure 2.55 

For this reason, in the second part of the research, the security elements (available 

data that were treated as criteria) were assigned the maximum weight values when ap-

plying the multi-criteria analysis methods as follows. 

The data that have been collected are shown in the Table 3, demonstrating that out of 

all the important criteria and factors significant for nautical anchorages, users (sailors) 

emphasize safety factors, namely the following: distance from existing underwater instal-

lations from anchorages; protection of the anchorage from wind and waves; the size of the 

manoeuvring surface, etc., so that in the second phase, when applying the multi-criteria 

analysis methods, the safety criteria (navigation—protection of the anchorage; the surface 

of the anchorage field; the surface of the bay; the distance from the coast) will be assigned 

the highest weight values, as well as the environmental criteria. 

The data that have been collected (Table 4) on the locations of nautical anchorages in 

the area of Split-Dalmatia County are as follows: 

• Serial number of the location (No.); 

• Location name (Name); 

• Island (Island); 

• The name of the field in the bay (Field); 

• Field surface (Surface F); 

• Surface of the bay (Surface B); 

• The percentage of the field surface in the bay area (Percentage); 

• Protection of the bay (1. Protected; 5: Partially protected; 9: Not protected) (Protec-

tion); 

• Distance from the coast (Distance); 

• Number of anchorage fields in the bay (Number F); 

• Existence of maritime traffic (Traffic); 

• Existence of an official anchorage (Anchorage); 

• Existence of underwater cables and pipelines (Cables); 

• Risk of collision (Danger); 

• Depth (Depth); 

• Tide level and existence of sea currents (Tide); 

• Proximity to public ports (Proximity P); 

• Proximity to existing berths (Existing B); 

• Elements of the environment (Environmental network Natura 2000) (Environment); 

• Harm from anchoring a vessel to the seabed (Harmfulness); 

• Archaeological sites (Site). 
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Table 4. Excerpt from collected data on the first eight locations of nautical anchorages. 

No 1 2 3 4 5 6 7 8 

Name 
MILNA Lu-

cice  

MILNA Lu-

cice  

MILNA Lu-

cice  

MILNA 

Mali bok  

MILNA Osi-

bova uvala  

MILNA  

Uvala  

Slavinjina 

NERE-

ZISCA 

Uvala 

Blaca 

NERE-

ZISCA 

Uvala Blaca  

island BRAC BRAC BRAC BRAC BRAC BRAC BRAC BRAC 

field A B C A A A A B 

surface F 2059.39 17,781.05 6744.95 3416.15 5176.56 7756.37 5990.29 2400 

surface B 723,767.14 723,767.135 723,767.135 11,800.58 227,733.312 64,415.177 71,424.38 71,424.378 

percentage 0.2845377 2.45673631 0.93192267 28.94899 2.27307984 12.0412151 8.386898 3.3601973 

openness 5 5 5 9 5 5 5 5 

distance 3.9 24.3 24 12.4 2.7 15.2 15.8 0 

numberoF 3 3 3 1 1 1 2 2 

traffic 1 1 1 1 1 1 1 1 

anchorage 1 1 1 1 1 1 1 1 

underwaterI 1 1 1 1 1 1 1 1 

danger 3 3 3 3 3 3 3 3 

depth 5 5 5 5 5 5 5 5 

tide 1 1 1 1 1 1 1 1 

proximityoP 1 1 1 1 1 1 1 1 

existingA 1 1 1 1 1 1 1 1 

environment 5 5 5 5 5 5 5 5 

harmfulness 5 5 5 5 5 5 5 5 

site 1 1 1 1 1 1 1 1 

4.2. Description of the Criteria and Initial Settings for the Application of MCDM Methods 

The description of the designation and name of the criteria, the unit of measure, and 

the range of each criterion are defined in Table 5. 

Table 5. Label, criterion name, measure unit, and range of input data. 

Label Criterion Name Measure Unit 
Range 

Min Max 

C1 Field surface (Surface F) m2 900 76,654.4 

C2 Area of the bay (Surface B) m2 11,800.6 723,767 

C3 
The percentage of the field area in the bay 

area (percentage) 
% 0.28454 39.578 

C4 Protection of the bay (Protection) 
Whole number: 1—Protected bay; 5—

Partially protected; 9—Non protected 
1 9 

C5 Distance from the coast (Distance); m 0 81.2 

C6 
Number of anchorage fields in the bay 

(Number F) 
Whole number 1 4 

C7 Existence of maritime traffic (Traffic) 

Whole number: If the proximity of the 

main traffic routes is less than 500 m: 

1—No; 5—Yes 

1 5 

C8 
Existence of an official anchorage (An-

chorage) 

Whole number: If it is in the area of offi-

cial anchorages: 1—No; 5—Yes 
1 5 

C9 
Existence of underwater cables and pipe-

lines (Cables) 

Whole number: The proximity of cables 

and pipelines is less than 500 m: 1—No; 

5—Yes 

1 5 
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C10 Risk of collision (Danger) 
Whole number: 1—negligibly small; 2—

small; 3—mean; 4—big; 5—very big 
1 5 

C11 Depth (Depth) 
Whole number: 1—Satisfactory; 5—Un-

satisfactory 
1 5 

C12 
Tide level and existence of sea currents 

(tide) 

Whole number: 1—small; 3—mean; 5—

big 
1 5 

C13 Proximity to public ports (Proximity P) Whole number: 1—No; 5—Yes 1 5 

C14 Proximity to existing berths (Existing B) Whole number: 1—No; 5—Yes 1 4 

C15 

Elements of the environment (Environ-

mental network Natura 2000) (environ-

ment) 

Whole number: 1—No; 5—Yes 1 5 

C16 
Harm from anchoring a vessel to the sea-

bed (harmfulness) 
Whole number: 1—No; 5—Yes 1 5 

C17 Archaeological sites (sites) Whole number; 1—No; 5—Yes 1 5 

Based on the Saaty scale, the relationship between the criteria for the application of 

the AHP method (Table 6). 

Table 6. Relationship between criteria according to the Saaty scale (AHP). 
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Criterion name Designation C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Surface F C1 1 1 1 1 2 6 1/2 2 2 5 

Surface B C2 1 1 1 1 1 5 1/2 2 2 4 

Percentage C3 1 1 1 4 2 7 5 3 3 4 

Protection C4 1 1 1/4 1 1 7 2 5 5 5 

Distance C5 1/2 1 1/2 1 1 4 3 2 2 3 

Number F C6 1/6 1/5 1/7 1/7 1/4 1 1/9 1/2 1/2 1 

Number F C7 2 2 1/5 1/2 1/3 9 1 4 4 9 

Existing B C8 1/2 1/2 1/3 1/5 1/2 2 1/4 1 1 2 

Environment C9 1/2 1/2 1/3 1/5 1/2 2 1/4 1 1 3 

Harmfulness C10 1/5 1/4 1/4 1/5 1/3 1 1/9 1/2 1/3 1 

The complicated part of the application of the AHP method is the creation of a con-

sistent decision matrix and the establishment of a consistent correlation between the cri-

teria which is, due to the number of criteria (ten), very difficult to implement. 

Based on the relationship matrix between the criteria in the AHP method, the value 

of the maximum eigenvalue (λmax = 11.2671), the consistency ratio (CI = 0.14079), and the 

consistency index, which is less than 10% (CR = 0.09449), a correct relationship between 

the criteria is considered established. The consistency index (CR), being less than 10%, 

also represents a good ratio established between the criteria. 

The names of the criteria, the target vector, and the vector of weight coefficients in 

the TOPSIS method (Table 7). 
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Table 7. Elements of the goal vector and their weight values when applying TOPSIS method. 

TOPSIS Criterion Name Goal Vector 
Vector of Weighting Coef-

ficients 

Criterion/(name of criteria in the tables) Label pi wi 

Field surface (Surface F) C1 max 5 

Area of the bay (Surface B) C2 max 4 

The percentage of the field area in the bay area (Percentage) C3 max 9 

Protection of the bay (1. Protected; 5: Partially protected; 9: Not pro-

tected) (Protection) 
C4 min 13 

Distance from the coast (Distance) C5 max 3.5 

Number of anchorage fields in the bay (Number F) C6 min 1 

Existence of maritime traffic (Traffic) C7 min 1 

Existence of an official anchorage (Anchorage) C8 min 1 

Existence of underwater cables and pipelines (Cables) C9 min 1 

Risk of collision (Danger) C10 min 1 

Depth (Depth); C11 max 1 

Tide level and existence of sea currents (Tide) C12 min 9 

Proximity to public ports (Proximity P) C13 min 1 

Proximity to existing berths (Existing B) C14 min 1 

Elements of the environment (Environmental network Natura 2000) (En-

vironment) 
C15 min 2 

Harm from anchoring a vessel to the seabed (Harmfulness) C16 min 2 

Archaeological sites (Sites) C17 min 1 

5. Result—Validation, Testing, and Comparison Analysis 

Obtaining results using two methods of multi-criteria analysis, AHP and TOPSIS, implies 

[31] the following: 

• selection of possible decision options; 

• selection of evaluation criteria; 

• obtaining performance measures and their fulfilment; 

• transformation of data into proportional units (depending on the type of multi-criteria 

technique method that is applied), which mostly requires entries of decision-makers’ 

preferences; 

• determination of criteria and their weighting values, which also largely depends on the 

preferences of decision-makers; 

• ranking or scoring options; 

• implementation of sensitivity analysis (weight, performance measures, technique); 

• making selection decisions. 

In this paper, numerous criteria are analysed in order to determine the most favorable 

locations of anchorages meeting the conditions prescribed by the recommendations [2,3], 

while also meeting the expectations of future users, spatial planners, potential investors, and 

concessionaires who would operate in these areas, as well as entities striving to preserve and 

protect marine and underwater animal life and the environment, as well as prevent its degra-

dation and pollution. However, since the given recommendations are not precisely defined 

for the establishment of nautical anchorages, in the procedures for determining the location of 

nautical anchorages, general and specific criteria are used to satisfy them. 

The achieved results indicate that implementation of the methods of multi-criteria anal-

ysis enables the selection of the best locations of nautical anchorages in the area of Split-Dal-

matia County. 

The available criteria (17 in total) for each of the 86 locations represent a decision-making 

matrix in the implementation of the multi-criteria analysis method. In the AHP method, the 

relationship between 10 criteria was defined, while in the TOPSIS, all 17 criteria were used, 

which were assigned goals and weight values. 
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The list of the sequence of the best locations (per the ordinal numbers of the locations 

from the input dataset) from the best to the worst (15 of the initial 86) are shown in Figure 5. 

The same figure indicates the comparative results of two comparisons, shown in order to ex-

hibit the match. 

The data (Figure 5) show that, although the order of the 15 best locations obtained by 

multi-criteria analysis methods is not the same, they differ in a maximum 7 locations. 

If the results of the order of the first 15 locations are compared, it is observed that they do 

not match in a maximum of 7 locations. 

The data in Figure 5 show the ordinal numbers of the locations that are in the first 15 best 

locations obtained by the AHP and TOPSIS method. Shaded (pink) are the ordinal numbers 

of locations that are in the list of the best 15 obtained both by AHP and based on the TOPSIS 

method, while those that are not shaded are not recognized as the best by both the AHP and 

the TOPSIS method. So, locations numbered: 32, 13, 27, 17, 9, 10, 37, 38, 77, 79, 78, 36, and 43 

do not appear as the best in both methods (AHP and TOPSIS). Locations marked with num-

bers 32, 13, 27, 17, 9, 10, and 16 belong to the list of the best 15 locations according to the AHP 

method, but are not recognized in the list of the best obtained by the TOPSIS method. At the 

same time, the locations marked with numbers 37, 38, 77, 79, 78, 36, and 43 belong to the list 

of the best obtained by the TOPSIS method, but AHP method does not recognize them in the 

list of the best 15. 

The sensitivity analysis of the results obtained by the AHP method performed based on 

the relationship matrix between the criteria. The value of the maximum eigenvalue (λmax = 

11.2671), the consistency ratio (CI = 0.14079), while the consistency index is CR = 0.09449 and 

is less than 10%. The Consistency Index (CR) which, being less than 10%, represents a good 

ratio established between the criteria. 

The reason for this can be found in the difference in the initial settings, the difference in 

the number, the relationship between the criteria, and the difference in the calculation of the 

multi-criteria analysis method that are analysed and considered. 

Therefore, considering that both applied methods of multi-criteria analysis mostly gave 

the same or similar results, the research with the proposed methods and the obtained solution 

represent a strong and effective decision-support tool in the further planning and decision-

making process. 

6. Discussion 

In order to check the robustness, reliability, stability, and accuracy of the obtained solu-

tions, internal and external validation of the results obtained by the TOPSIS method are used. 

Internal validation is meant to check the stability of the results by verifying their con-

sistency by comparing the obtained results with data that partially or slightly changes in order 

to observe the changes that occur. External validation was obtained on the basis of survey 

research, i.e., by applying a different (alternative) research technique. 

As the data on the test (additional/validated) locations were obtained on the basis of sur-

vey research (according to other research techniques), and not on the basis of multi-criteria 

analysis methods, the results are compared by partially changing or adding new data (about 

five new locations). 

As part of the survey, the respondents had the opportunity to (graphically) propose the 

locations of nautical anchorages (at the site within a group of 86 locations), and to propose 

both the form and the size of the field of nautical anchorages. The data were cleaned (valueless 

and unusable ones being rejected), and based on such arranged and organized data, the values 

of five test locations, i.e., fields, their size and distance from the coast, were generated. As a 

result of the data obtained in this way, the area of the fields, the share of the percentage of the 

area of the field in the area of the bay, as well as the distance from the coast, were calculated. 

For each of the five proposed test locations (suggested by the surveyed respondents), the 

input data are identical to the data of the five existing locations from the group of 86 sites, 

except for the following: 1. field surface; 2. percentage share of the field surface in the bay; and 

3. distance from the coast. 
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The five test locations (Table 8) are marked as follows: 4T, 11T, 42T, 46T, and 74T. Data 

for the locations with which the order of the obtained results and the values of the elements 

that change are compared for the locations marked with numbers: 4 and 4T; 11 and 11T; 42 

and 42T; 46 and 46T; and 74 and 74T. 

Table 8. Location data being validated and location data they are compared with. 

No. 4 4T 11 11T 42 42T 46 46T 74 74T 

Surface F 3416.2 3278.2 15,056.1 16,588.6 33,300.6 46,613.6 11,217.8 12,947.1 16,066.3 14,430.2 

Percentage 29.0 27.8 15.0 16.5 19.3 27.0 4.8 5.6 21.4 19.2 

Distance 12.4 5.6 7.4 30.2 15.6 12.6 7.4 29.8 23.2 22.5 

Considering that it would be utterly impractical and highly unnecessary to validate 

the results through both MCDM method used in the empirical research (due to their sim-

ilarity), the data are validated/tested using the TOPSIS method and include a dataset of 

91 locations 5 new and 86 initial locations). 

The validation results are presented in Table 9. 

Table 9. Ranking and score of testing dataset. 

Rank Score No. 

2 ˆ 0.677367199 42T 

4 0.608256708 42 

18 0.527340126 74 

23 ˇ 0.512747238 74T 

34 0.479203486 4 

40 ˇ 0.471523883 4T 

47 ˆ 0.456666886 11T 

61 0.438131969 11 

89 ˆ 0.359936881 46T 

90 0.347016121 46 

The validation results indicate very small sequence changes. The location was marked 

with the number 4T, which the survey respondents proposed to have a surface of 3278.2 m2, 

with a share of 27.78% in the surface of the bay, a surface of 11,800,584 m2, and a distance from 

the coast of 5.6 m, instead of the area of 3416.15 m2 that has location 4, with a share of 28.9% in 

the surface of the bay and the distance from the coast of 12.4 m that location 4 had, occupies 

the 40th position (row 7 of Table 9.) instead of the 34th (row 6 of Table 9.) that was occupied 

by the location marked with ordinal number 4. Therefore, given that location 4 occupied 34th 

place, and the location labelled 4T ranks 40th on the list, no significant change has occurred. 

However, neither the location 4T nor the location marked with serial number 4 belong to the 

group of the 15 best locations for nautical anchorages. The same happens with the locations 

marked with the serial numbers 74 and 74T, as well as the locations marked with the serial 

numbers 11 and 11T and 46 and 46T. 

The locations marked with serial numbers 42 and 42T are in the fourth and second posi-

tions, respectively, confirming that location 42 (as well as 42T) is an excellent choice for the 

location of a nautical anchorage. Both are on the list of the top 15 nautical anchorage locations, 

with the location marked 42T now taking the second position and the location marked 42 the 

fourth. 

This means that although the results achieved at both locations (42 and 42T) are equally 

good, if it had to be chosen between the data that covered the locations marked 42T and 42, it 

would be better to decide upon the field surface and distance that were registered at the loca-

tion marked 42T. 

Based on the application of both internal and external validation of the obtained results, 

we can conclude that the obtained results are very stable and consistent, and that significant 
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changes in the order of the best 15 locations would not change due to insignificant/or minor 

changes in the input data. 

7. Conclusions 

The purpose and goal of this paper was to demonstrate the usability of MCDM methods 

in the process of optimizing the location of nautical anchorages in the Split-Dalmatia County. 

The MCDM methods include the application of AHP and TOPSIS, based on which the 15 best 

from the group of 86 possible variants, i.e., locations, are selected in the selection process. The 

evaluation and assignment of weight values of the criteria were performed based on the rat-

ings given by the respondents (in the first phase) to the most important elements of nautical 

anchorages. The data were collected through a questionnaire that was created, distributed, 

and filled in by 74 users (amateur and professional sailors). Thus, the most important criteria 

from the user’s point of view were assigned the highest weight values when applying MCDM 

methods (second phase), and they mainly relate to the safety of the nautical anchorage. The 

results showed that both applied MCDM methods, with different initial settings specific to 

each method (by determining the relationship between the criteria, their weight values, and 

the objective function of each criterion), gave very similar solutions. The obtained lists of the 

best MCDM solutions (the most differ in 6 and the least differ in 3) confirm the effectiveness 

of the MCDM method in selecting the best nautical anchorage locations in Split-Dalmatia 

County. The obtained consistency ratio among the criteria when applying the multi-criteria 

AHP method was 9.449231, and is considered acceptable given that they are less than 10% and 

reflect a good assessment of the criteria and their relationships for the considered case study 

example. The list of the best 15 locations of nautical anchorages can be used for various deeper 

and broader research by professional sailors and amateurs, spatial planners, future conces-

sionaires, county offices, scientific and professional staff, and all interested parties, as well as 

scientific and educational institutions. 

As the work takes into account the selection of the best locations of nautical anchorages 

for smaller vessels and yachts, it is recommended to apply multi-criteria analysis methods and 

select adequate criteria for larger vessels and/or merchant ships in the future. 

Further research may refer to the expansion of multi-criteria decision-making methods 

by including a larger group of data (other and more numerous locations and criteria, such as 

vessel size, bottom type, etc.) when selecting the best locations for nautical anchorages for a 

wider area than the Split-Dalmatia County, for example, the entire area of the Adriatic Sea and 

beyond. The outcome of this could be a contribution to documenting and enriching the rele-

vant literature in the field of application of multi-criteria decision-making methods in solving 

more complex problems, and not only in the fields of seafaring and maritime safety, spatial 

planning, shipping, nautical tourism, and maritime economy. 

Author Contributions: Conceptualization, D.P. and Z.L.; methodology, Z.L.; software, D.P.; valida-

tion, D.P.; formal analysis, D.P. and Z.L.; investigation, D.P.; resources, D.P.; writing—original draft 

preparation, D.P.; writing—review and editing, D.P. and Z.L.; visualization, D.P.; supervision, Z.L. 

All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. International Association of Maritime Universities. Available online: http://www.iamu-edu.org (accessed on 23 January 2023). 

2. PIANC Latest Technical Publications. Available online: https://www.pianc.org/publications (accessed on 18 March 2023). 

3. Maritime Safety Queensland. Anchorage Area Design and Management Guideline; © State of Queensland (Department of Transport and 

Main Roads): Brisbane, QLD, Australia, 2019. 



J. Mar. Sci. Eng. 2023, 11, 728 21 of 21 
 

 

4. ArcGIS Survey123. Available online: https://survey123.arcgis.com (accessed on 23 January 2023). 

5. Ripley, B.D. The R Project in Statistical Computing. MSOR Connect. Newsl. LTSN Maths Stats OR Netw. 2022, 1, 23–25. 

6. Pušić, D.; Zvonimir, L. Determination of Mooring Areas for Nautical Vessels. 20TH Int. Conf. Transp. Sci. Conf. Proc. 2022, 2022, 300–

307. 

7. European Commission Natura 2000—Environment—European Commission. Available online: https://ec.europa.eu/environment/na-

ture/natura2000/index_en.htm (accessed on 19 January 2023). 

8. Jurić Majda Evaluation Model of the Impact of Port Terminals for Liquefied Natural Gases on the Marine Environment; University of Rijeka, 

Faculty of Maritime Studies: Rijeka, Croatia, 2019. 

9. Schiozzi, D. Models for Development of County and Local Ports with Respect to the Complementary Spatial Concepts Port and the 

City. Ph.D. Thesis, University of Rijeka, Faculty of Maritime Studies, Rijeka, Croatia, 2017. 

10. Nguyen, L.C.; Notteboom, T. A Multi-Criteria Approach to Dry Port Location in Developing Economies with Application to Vietnam. 

Asian J. Shipp. Logist. 2016, 32, 23–32. https://doi.org/10.1016/j.ajsl.2016.03.003. 

11. Akbari, N.; Irawan, C.A.; Jones, D.F.; Menachof, D. A Multi-Criteria Port Suitability Assessment for Developments in the Offshore 

Wind Industry. Renew. Energy 2017, 102, 118–133. https://doi.org/10.1016/j.renene.2016.10.035. 

12. Dapueto, G.; Massa, F.; Costa, S.; Cimoli, L.; Olivari, E.; Chiantore, M.; Federici, B.; Povero, P. A Spatial Multi-Criteria Evaluation for 

Site Selection of Offshore Marine Fish Farm in the Ligurian Sea, Italy. Ocean Coast. Manag. 2015, 116, 64–77. https://doi.org/10.1016/j.oce-

coaman.2015.06.030. 

13. Račić, N.; Vidan, P.; Lušić, Z.; Slišković, M.; Pušić, D.; Popović, R. Study of the anchorages of the Split-Dalmatia County I. and II. Phase-base 

for the Spatial Plan of the Split-Dalmatia County; Split-Dalmatia County: Split, Croatia, 2019. 

14. European Commission. Natura 2000: Sites—Habitats Directive. Available online: https://ec.europa.eu/environment/na-

ture/natura2000/sites_hab/index_en.htm (accessed on 19 January 2023). 

15. Kovačić, M.; Domjan, N.; Pušić, D.; Horvat, B.; Bročić, P.; Punda, S. Action Plan for the Development of Nautical Tourism in the Nautical 

Tourism in the Split-Dalmatia County; Hydrographic Institute of the Republic of Croatia: Split, Croatia, 2013. 

16. Alossta, A.; Civil engineering department, Faculty of Engineering, Misurata University, Libya; Elmansouri, O.; Badi, I.; Civil engineer-

ing department, Faculty of Engineering, Misurata University, Libya; Mechanical engineering department, Libyan Academy- Misurata 

Resolving a Location Selection Problem by Means of an Integrated AHP-RAFSI Approach. Rep. Mech. Eng. 2021, 2, 135–142. 

https://doi.org/10.31181/rme200102135a. 

17. Badi, I.; Department of Mechanical Engineering, Libyan Academy, Misrata, Libya; Abdulshahed, A. Electrical Engineering Depart-

ment, Misrata University, Misrata, Libya Sustainability Performance Measurement for Libyan Iron and Steel Company Using Rough 

AHP. J. Decis. Anal. Int. Comp. 2021, 1, 22–34. https://doi.org/10.31181/jdaic1001202222b. 

18. The World Association for Waterborne Transport Infrastructure (PINAC). PIANC, Report N° 121–2014; PIANC Secrétariat Général: 

Bruxelles, Belgium, 2014; ISBN 978-2-87223-210-9. 

19. Official Gazette of the Repubilc of Croatia. Available online: https://narodne-novine.nn.hr/clanci/sluzbeni/2013_06_79_1640.html (ac-

cessed on 23 January 2023). 

20. Ministry of the Sea, Transport and Infrastructure. Available online: https://mmpi.gov.hr/ (accessed on 18 January 2023). 

21. Official Gazette of the Repubilc of Croatia. Available online: https://narodne-novine.nn.hr/clanci/sluzbeni/2008_01_3_65.html (ac-

cessed on 19 January 2023). 

22. De Brucker, K.; Macharis, C.; Verbeke, A. Multi-Criteria Analysis in Transport Project Evaluation: An Institutional Approach. Eur. 

Transp. Trasp. Eur. 2011, 47, 3–24. 

23. Multi-Criteria Analysis: A Manual; Department for Communities and Local Government: London, UK; 2009; ISBN 978-1-4098-1023-0. 

24. Neamțu, M. Jocuri Economice. Dinamică Economică Discretă. Aplicaţii; Editura Mirton: Timișoara, Romania, 2008; ISBN 978-973-52-0397-

9. 

25. Ionescu, G.; Cazan, E.; Negrut, A. Modelarea si Optimizarea Deciziilor Manageriale; Ed. Dacia: Cluj Napoca, Romania, 1999. 

26. Rao, R.V. Comparison of Different MADM Methods for Different Decision Making Situationsof the Manufacturing Environment. In 

Decision Making in Manufacturing Environment Using Graph Theory and Fuzzy Multiple Attribute Decision Making Methods: Volume 2; Rao, 

R.V., Ed.; Springer Series in Advanced Manufacturing; Springer: London, UK, 2013; pp. 205–242, ISBN 978-1-4471-4375-8. 

27. Saaty, T. The Analytic Hierarchy Process, Planning, Priority Setting, and Resource Allocation; McGraw-Hill: NewYork, NY, USA, 1980. 

28. Vahedi, A.; Meo, S.; Zohoori, A. An AHP-Based Approach for Design Optimization of Flux-Switching Permanent Magnet Generator 

for Wind Turbine Applications. Int. Trans. Electr. Energy Syst. 2015, 26, 1318–1338. https://doi.org/10.1002/etep.2149. 

29. Shukla, O.; Upadhayay, L.; Dhamija, A. Multi Criteria Decision Analysis Using AHP Technique to Improve Quality in Service Industry: 

An Empirical Study. Int. Conf. Ind. Eng. ICIE-2013 2013. https://doi.org/10.13140/RG.2.1.2747.0881. 

30. Hwang, C.-L.; Yoon, K. Multiple Attribute Decision Making; Lecture notes in economics and mathematical systems; Springer Berlin Hei-

delberg: Berlin/Heidelberg, Germany, 1981. 

31. Hajkowicz, S.; Higgins, A. A Comparison of Multiple Criteria Analysis Techniques for Water Resource Management. Eur. J. Oper. Res. 

2008, 184, 255–265. https://doi.org/10.1016/j.ejor.2006.10.045. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) 

and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or prop-

erty resulting from any ideas, methods, instructions or products referred to in the content. 


