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Abstract: Efficient and sustainable water management measures are required on Mediter-
ranean islands due to water shortages, which are exacerbated by climatic variability and in-
creased tourist traffic. This study uses a multi-criteria decision analysis (MCDA) approach,
specifically Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), to
examine and rate water management strategies for three Aegean islands that face significant
water shortage: Mykonos, Naxos, and Kos. Three main factors were taken into account
in the analysis: preventing groundwater depletion, reducing groundwater deterioration,
and managing long-term water demands. Expert questionnaires were used to evaluate
eight different alternatives, which included reservoir construction, desalination plants,
conserving water in agriculture, and reducing network losses. The results for Mykonos
showed specific preferred alternatives, such as desalination plants (R2) and agricultural
water conservation (R3), which reflect the island’s low capacity for natural water storage.
Constructing reservoirs (R1) and conserving agricultural water (R3) were prioritized in
Naxos, showing the significance of storage infrastructure for the island’s large agriculture
sector. Kos also supported reservoir construction (R1) and agricultural water conservation
(R3), displaying the need for both storage and conservation practices. The least sustainable
alternative option on all islands was determined to be water transportation by ship (R8).
The present study emphasized the significance of localized projects, the construction of
water storage infrastructures, and stakeholder involvement in a comprehensive approach
to managing water resources. The results indicate an integrated approach that takes into
account infrastructure, conservation, and policy, and they are consistent with previous
studies on water management in the Mediterranean. This study highlights the need for
adapted combined strategies to achieve sustainable water resource management under
climatic variability and offers a framework for managing water shortages in similar regions.

Keywords: Aegean; drought; Mediterranean; multi-criteria analysis; water scarcity; wa-
ter supply

1. Introduction

The methodological approach to water management under water scarcity conditions,
both in terms of policy and practice, should focus on specific objectives, according to
the causes of water scarcity [1,2]. A holistic approach combining technical and scientific
perspectives is necessary for the development and implementation of appropriate man-
agement practices towards addressing water scarcity issues. More specifically, practices
should be consistent with the assumption that water is a scarce “good” and that its scarcity
is being addressed through finite available water resources [3,4].
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By applying multi-criteria analysis, it is possible to address complex problems by
considering them as a set of individual problems that are coherent with each other and
enable decision-makers to manage them easily and effectively [5,6]. Water is directly or
indirectly involved in a variety of multi-level activities addressing a wide range of needs. It
becomes evident that every complex water resource decision problem constitutes essentially
a multi-Criteria analysis problem [7-9].

The advantages of multi-criteria analysis are apparent, compared with simple arbitrary
judgment, which is not based on any factor analysis. The main advantages that make multi-
criteria analysis superior (among others) are that it is clear, open, and thorough [10-12].

The choice of objectives and criteria by decision makers is subject to further analysis.
The score and weights, in cases where they are used, are clear values and have been deter-
mined according to specific techniques. To evaluate the performance of alternative options,
it is possible to seek the opinion of experts, so that the responsibility is not necessarily left
solely to decision makers [13]. It can provide an important channel of communication both
among decision makers and between decision makers and the community [14].

Water-related decisions usually refer to large-scale projects requiring significant invest-
ments and usually involving a large segment of the population which are difficult to reverse
and whose social acceptance is difficult to predict [15-18]. Consequently, the planning and
decision-making process should be approached in the most scientific manner possible. The
main use of these methods concerns the selection or prioritization of projects related to
water resources based on economic, environmental, and social criteria [19-21]. In addition,
multi-criteria analysis has been used in drought event management [22], for assessing
the vulnerability of marine aquifers [23], and for the sustainable management of urban
stormwater [24], though also in the support of the management of a river under ecological
perspectives [25]. Many researchers have applied multi-criteria modeling methods in
combination with the use of GIS applications to assess zones with different degrees of flood
risk and other natural disasters [26-36]. Multi-criteria analysis has been applied extensively
in the management of water resources. Its most common applications in water policy
issues concern water allocation in river basins, decisions on land use change, reservoirs,
economics, studies of optimal exploitation of aquifers, project evaluation, development
policy and planning, water quality management, and port projects [37-43].

This work utilizes the method of Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS). The TOPSIS method by Hwang and Yoon (1981) [44] was
developed as an alternative to the ELimination and Choice Expressing REality (ELECTRE)
category of methods. This approach is straightforward, intelligible, user-friendly, and
widely applied for water management issues [45—49].

The present work was carried out on three Aegean islands (Naxos, Kos, and Mykonos)
that experience intense water scarcity during the summer months, where rainfall is min-
imal [50]. These three islands were chosen mainly because of the availability of data in
comparison with other Aegean islands. In parallel, the demand for water increases rapidly
in summer due to the intense tourist traffic on these islands [51]. The objective of this
study is to use the TOPSIS technique to investigate the best practices and identify effective
solutions that will address the Mediterranean islands” water scarcity urgent issue. This
specific methodology has not been applied so far for this specific area for this purpose and
constitutes an original application for solving water scarcity problems in areas of prolonged
dry periods and intense tourist development.
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2. Materials and Methods
2.1. Study Area

Three South Aegean islands—Mykonos, Naxos, and Kos—were included as the re-
search area (Figure 1). The island of Mykonos occupies 85.5 km? and is situated in the
center of the Cyclades Island complex (10,962 people, Greek census, 2021; Figure 2). With a
mean elevation of 100 m above sea level (m.a.s.l.) and a maximum elevation of 365 m.a.s.],
Mykonos is the island with the mildest topography in the study area. Mykonos is the
smallest island of this study, with the lowest mean altitude, a fact that it is restrictive for
reservoir construction. Furthermore, it is almost entirely lowland, with only a little portion
that may be classified as hilly. Mykonos has no forested areas; instead, the majority of the
land is covered by pastures (37.64%) and agricultural crops (43.54%), with residential areas
making up a smaller portion (16.99%) [52]. Igneous geological formations make up the
majority (65.23%), followed by schist formations (9.08%) and alluvial depositions (25.16%).

With a total area of 430 km?, Naxos is the largest and most fertile island of the Cyclades.
It is situated south of Mykonos and has 24,098 inhabitants according to the Greek census of
2021. Mount Zas, a small mountain range that runs over Naxos from north to south, forms
the island’s geography. The highest peak, Dias or Za, is 989 m.a.s.l., while the average
elevation is 263 m.a.s.1.. Although there are some plains and semi-mountainous regions,
the majority of the island is classified as hilly. Most of the land is covered by grasslands
and shrublands (64.15%) and agricultural crops (34.98%), with no forest areas [52]. The
predominant rock types in Naxos are igneous (43.88%) and limestone (48.11%).

Figure 1. Cont.
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Figure 1. (A) The locations of the three islands within the Aegean Sea; islands of (B) Kos, (C) Mykonos,

and (D) Naxos.

Kos’ island area is 282.5 km?, with a population of 35,829 according to the Greek
census of 2021; the island is notably elongated, with a steep, uninhabited mountainous axis

in the south and a lengthy, densely populated lowland zone in the north. This section’s

mountain range is situated along the southern shore, with Mount Dikaios (840 m.a.s.1.) as

its highest point and a mean elevation of 127 m.a.s.1.. Kos has some forested areas (6.11%);

the majority of the watersheds are covered by agricultural crops (40.89%), and pastures

and shrublands (48.89%), and a minor portion is settlements [52]. Igneous formations
cover 61.58%, followed by sedimentary formations (25.12%), Schist (7.34%), and limestone

formations (5.73%).
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Figure 2. Population changes in the study area (islands of Mykonos, Naxos, and Kos).

The climate of the study area, according to the Koppen/Geiger climate classification
is typical Mediterranean climate, with main characteristics being long dry summers and
mild winters, while strong winds appear throughout the year [50]. The water demand is
highly influenced by the high touristic traffic in summer in combination with the irrigation
demands [51].

2.2. Available Water and Water Demand—Water Deficiency Description of the Study Area
2.2.1. Island of Mykonos

Table 1 and Figure 3 present Mykonos’s water system, which is based on data gathered
from the water services of the study area and population statistics. The primary water
sources are the two reservoirs (Marathi and Ano Mera), seawater desalination, and ground-
water. The primary use of water is clean water supply for domestic use. Also, there is a
smaller proportion of water demand for livestock activities and small industrial production
in the city of Mykonos. In terms of water demand, livestock farming and small industrial
production appear to have a higher priority than crop irrigation, based on the stakeholders’
perspective of categorizing the water demand.

Table 1. Water supply and demand in Mykonos.

Available Water Amount (m3) Demand Amount (m3)
Dams and 790,000 Settlements 999,500
reservoirs 650,000 Tourism 522,000

Irrigation 1,401,000
Groundwater 200,000 -
Livestock 39,000

5 and 2 portable No available data Industry 123,000

desalination units
Total 1,640,000 Total 3,084,500
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Figure 3. Schematic presentation of water system of Mykonos. Gray lines with numbers depict
catchments of the island.

By comparing the renewable annual quantities of water (surface and groundwater),
the water system of Mykonos appears to be in deficit. Maintaining the current water
resource management framework on the island means that the island’s water supply and
irrigation system will not be modified at any level (baseline scenario). Maintaining the
current situation, in combination with the continuous increase in population (seasonal and
permanent), leads to an increase in water demand. It is estimated that over time and given
the island’s climatic conditions—low annual rainfall—environmental pressures on the
island’s water resources will intensify. Simultaneously, the absence of an alternative water
source will force current industrial desalination plants to produce more water, which will
increase the cost of water production. As is evident, preserving the current situation may
result in significant environmental and economic problems (water shortages for agriculture
and tourism, aquifer depletion and degradation, high increase in water cost, and increase
in agricultural costs), which will be difficult to overcome in a short period of time and may
even be irreversible.

2.2.2. Island of Naxos

Table 2 and Figure 4 show Naxos’ water demand-supply system. Data regarding the
amounts of groundwater drawn from boreholes are not available. According to the collected
information, the Livadi plain region is experiencing excessive groundwater extraction.
Furthermore, the sporadic leasing of a desalination unit for the summer period is an
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element of the seasonal water shortage during the period of increased touristic activity in

the summer months.

Table 2. Water supply and demand in Naxos.

Available Water Amount (m?3) Demand Amount (m?%)
Dams and 1,467,000 Settlements 1,600,000
reservoirs 570,000 Tourism 400,000

Springs 3,000,000 Irrigation 8,000,000
Groundwater No available data Livestock 525,000
Small industry 150,000
Total 5,037,000 10,675,000
Naxos
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Figure 4. Schematic presentation of water system of Naxos. Gray lines with numbers depict catch-

ments of the island.

The continuous increase in population (seasonal and permanent) leads to an increase
in water demand. It is estimated that over time and given the island’s climatic conditions
(i-e., low rainfall), environmental pressures on the island’s water resources will intensify,
with potential outcomes including the depletion of surface resources, the over-pumping of
aquifers, and the expansion of the groundwater salinization phenomenon, particularly in
the coastal areas of the island that are supplied exclusively with groundwater.
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2.2.3. Island of Kos

The configuration of the water system of Kos is presented in Table 3 and Figure 5.
There are no recorded data available on the quantities of groundwater pumped from
boreholes. Data show that groundwater is being over-pumped in the area. For example,
due to over-pumping, some springs have acquired periodicity in their operation. A typical
example is the spring located in the Asklepieion area, which previously had a continuous
flow, while in recent years, it dries up during the summer months.

Table 3. Water supply and demand in Kos.

Available Water Amount (m?3) Demand Amount (m?3)
Dams and 342,000 Settlements 3,800,000
reservoirs 225,000 Tourism 700,000

Groundwater - Irrigation 9,500,000
Springs 3,000,000 Livestock 520,000
Small industry 220,000

Total 3,567,000 14,740,000
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Figure 5. Schematic presentation of water system of Kos. Gray lines with numbers depict catchments
of the island.

The unplanned boreholes, combined with the short distance between them, over-
pumping, and the short distance from the coastal zone, have led to signs of salinization
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of the aquifers in the area near the beach and mainly in the northern part of the island,
where alluvial deposits prevail. Due to over-pumping, the quality of groundwater in
the Kardamena area is considered brackish. It becomes apparent that keeping the same
management could result in serious economic and environmental issues that will be hard
to resolve quickly and might possibly be irreversible.

2.3. Multi-Criteria TOPSIS Analysis for Selecting the Best Water Management Practices on Each
Island

The TOPSIS multi-criteria analysis method was used, which considered the different
and conflicting objectives set to develop preferred relationships and the prioritization of
the available options. As the complex issue of water resource management had to be
addressed on each island, multi-criteria analysis was chosen, which collects, synthesizes,
and processes data in such a way that by considering each criterion separately, it is able to
provide the corresponding indicators for the overall performance of the options.

The currently used TOPSIS (Technique for Order of Preference by Similarity to Ideal
Solution) method of Hwang and Yoon (1981) [44] was developed as an alternative to the
ELECTRE class of methods. TOPSIS ranks alternatives by measuring their relative closeness
to ideal and anti-ideal solutions by using Euclidean distance. In contrast, ELECTRE
is an outranking method that compares alternatives pairwise, emphasizing dominance
relations and decision thresholds. TOPSIS is a straightforward, intelligible, and user-
friendly approach. The four main benefits of the method, which place it among the primary
multi-criteria analysis techniques, are the following [45]:

1.  Mathematical logic that represents the logic of the individual.

2. It simultaneously considers both the best and the worst alternatives.

3. A systematic and easily programmable computational procedure that can be easily
processed in a spreadsheet.

4. The performance measures of all alternatives can be displayed on a polyhedron, at
least in two dimensions.

Essentially, the TOPSIS methodology is partly based on utility theory, as it compares
each alternative according to its performance and weights [53]. Furthermore, in a simulation
comparison of eight methods of the same category, it was observed that TOPSIS had
the fewest rank reversals [54]. TOPSIS belongs to the category of ELECTRE methods,
which operate by identifying the distance between the ideal and anti-ideal solutions [55].
Undoubtedly, the closer they are to one another, the better. The steps for implementing the
method are presented below.

1.  Assignment of scores to the criteria and alternatives. The decision table is designed,
consisting of the scores of the alternatives to the evaluation criteria.

A= ,
Xm1l Xmn

X11 xln]

where Ay, Ay, ..., Am,i=1,2,..., mare the alternatives; Cy, Cp, ..., Cy,j=1,2,..., 1,
are the criteria; and x;; is the performance of alternative A; versus criterion C;.

2. Calculation of the normalized decision matrix. To calculate the normalized decision
matrix R, each of its elements is calculated as follows:
xi]-
1’1']' =

m 2
i=1%jj

where 7;; is the normalized performance of alternative A; versus criterion C;.



Climate 2025, 13,78

10 of 20

3. Calculation of the weighted normalized decision matrix. To calculate the weighted
normalized decision matrix P, the normalized decision matrix R is multiplied by the
weights of the criteria.

The weight vector W = [wy, wy, ..., wy] consists of the individual weights wj for each
criterion Cj that satisfies the constraint

j=n_
i1 w; = 1

The weighted normalized value pij can be calculated as follows:
pij = Wj'Tij

4. Determination of positive and negative ideal solution vectors. To calculate the vectors
representing the hypothetical positive ideal solution P+ (positive impact criteria) and
the hypothetical negative ideal solution P— (negative impact criteria), i.e.,

Pt = (p{,ps, -, pih)

P~ = (p1,p2 -/ Pn)

the positive and negative ideal solutions for each criterion are calculated as
p{ = {(maxpyj,j € J) ij (minpjj,j € J7) }

p1 = {(minpy;, j € J) 77 (maxpy,j € J7) }
where ] represents the positive impact (benefit) criteria and ]’ the negative impact
(cost) criteria.

5. Distance calculation. The distance of each alternative from the positive ideal solution

s =\ rf)’

and from the negative ideal solution as

57 = \/27_1 (ps - ”f)2

6. Calculation of relative proximity. The relative proximity Di to the positive ideal

is calculated as

solution for each alternative Ai is calculated as

ST

— 1
"ST+Sy

The ideal solution is, therefore, calculated for a specific problem, determined by the
score for each criterion in relation to its ideal positive or negative value.

The solutions that are currently applied on the islands are the desalination of seawa-
ter, reservoir construction, boreholes/wells, and water transportation via ships. In this
study, 8 different alternative solutions were evaluated under 3 different criteria. Question-
naires were completed in 2023 by 18 experts and decision makers (7 decision makers and
11 university professors), where they were asked to evaluate each criterion according to
its importance. The questionnaire is presented in detail in the Supplementary Materials
(File S1).
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Objective I

The criteria set, based on which each available option should be evaluated by the
experts, were the following;:

i The long-term meeting of water demand (C1);
ii. The management and prevention of groundwater depletion (C2);
iii. The management and prevention of the degradation of aquifers (C3).

The management alternatives were determined based on a literature review and a
survey of the existing situation for the study area. Specifically, the alternatives were the
following:

Construction of new surface water storage projects (R1);
Installation of new plants (R2);

Water conservation in agriculture (R3);

Water conservation in domestic water supply (R4);
Reduction in water supply/irrigation network losses (R5);
Registration of illegal boreholes/wells (R6);

Change in pricing policy (R7);

Water transport by water tankers (R8).

® NS L=

Alternatives R1, R2, and R8 are scenarios for providing additional quantities of water
to the water systems of the three islands, while the rest are scenarios for saving. Based
on the above, an evaluation tree which is structured in three levels was constructed and
proposed for use (Figure 6).

)

Rational management of water
resourses

/1N

S @

Water Groundwater Groundwater

Reservoir
construction

Desalination
unit
installation

Water Saving water in Reduction in water Registration of Change in Water
conservationin  domestic water supplyl/irrigation illegal pricing policy transport by
agriculture supply network losses drillings/wells water tankers
Alternatives

Figure 6. Schematic representation of TOPSIS multi-criteria analysis.

At the first level, there is the main objective. This is the rational management of
water resources. At the second level, there are the three main criteria, which determine
the management solution to be applied. Each alternative is considered in terms of the
satisfaction of each criterion. Consequently, each criterion contributes to the final scoring of
the available options based on the weight given to it.
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3. Results

Based on the three criteria, the eight alternative solutions were evaluated by using
questionnaires employing the TOPSIS methodology, as analyzed in the corresponding
subsection in the methodology outlined above. The questionnaires were completed by
experts and decision makers who were asked to evaluate the solutions according to the
weight of each criterion. The responses of 18 questionnaires were collected.

3.1. Island of Mykonos

The results of the application of the method for Mykonos are presented in the fol-
lowing Tables 4 and 5 and Figure 7. In Table 4, the scoring of the three criteria from the
questionnaires for the eight (8) alternatives examined is given. Table 4 and Figure 7 show
that Scenario R2 (installation of a desalination plant) has the highest score, with R3 (saving
water in agriculture) second, and Scenario R8 (transporting water by ship) scores the worst,
with respect to criterion C1 (water balance). Regarding the second criterion, C2 (depletion
of groundwater), Scenario R3 (saving water in agriculture) has the highest score, followed
by R2 (installation of a desalination plant), and the worst is Scenario R8 (transportation
of water by ship). Finally, for the scores based on the third criterion, C3 (degradation of
groundwater), R3 (saving water in agriculture) has the highest score, followed by Scenario
R2 (installation of a desalination plant), and the worst is Scenario R8 (transportation of
water by ship).

Table 4. Rating of alternatives for Mykonos from the questionnaires.

Criteria
) C3.
Alternatives C1. Water Balance . 2 . Deterioration of
Depletion of Aquifers Aquif
quifers
R1. Construction of a reservoir 2.8 2.8 2.7
R2. Installation of a desalination plant 4.3 3.9 4.1
R3. Saving water in agriculture 4.1 4.1 42
R4. Saving water in water supply 3.3 3.5 34
R5. Reducing network losses 3.5 3.4 3.3
R6. Recording illegal boreholes/wells 34 3.2 3.3
R7. Changing the pricing policy 2.8 2.7 2.6
R8. Transporting water by ship 2.0 1.7 1.7
Criterion weights 0.4 0.35 0.25
Table 5. TOPSIS analysis results for Mykonos.
Alternatives Relative Proximity Ranking Order of Importance
R1. Construction of a reservoir 0.411 3 6
R2. Installation of a desalination plant 0.965 8 1
R3. Saving water in agriculture 0.938 7 2
R4. Saving water in water supply 0.669 5 4
R5. Reducing network losses 0.686 6 3
R6. Recording illegal boreholes/wells 0.627 4 5
R7. Changing pricing policy 0.384 2 7
R8. Transporting water by ship 0.000 1 8
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Figure 7. The ranking of alternatives by experts using the TOPSIS method in Mykonos.

Table 5 shows the ranking of the scenarios, after processing with the TOPSIS method-
ology. Based on the relative proximity and the weights of the three criteria, it emerged
that for Mykonos, the optimal solution is the installation of a desalination plant, followed
by water saving in agriculture. The two most prevalent management practices are not
surprising, since the island has exploited the two basins that could provide satisfactory
quantities of water with storage projects, so the next alternative is a new desalination plant
from the supply point of view. From the savings point of view, despite the low agricultural
activity on the island, the quantities required to maintain crops are equal to the water
supply requirements, as presented in Table 5. Therefore, water saving in agriculture would
have the potential to rationalize water management for the island. At the same time, other
practices that could be beneficial are saving water in irrigation, reducing network losses,
and recording illegal boreholes and wells. The change in water pricing is relatively low
in the evaluation of its effectiveness as a practice. As it is obvious, the worst solution is
the transport of water by ship, which is an unsustainable, high-cost, and environmentally
detrimental solution.

3.2. Island of Naxos

The results of the application of the method in the island of Naxos are presented in
the following Tables 6 and 7 and Figure 8. Table 6 and Figure 8 show that Scenario R1
(reservoir construction) obtained the highest score, with R3 (water saving in agriculture) in
second place, and Scenario R8 (water transport by ship) is the worst, in terms of criteria
C1 (water balance) and C2 (depletion of aquifers). Regarding the scores based on the third
criterion, C3 (degradation of aquifers), Scenario R3 (water saving in agriculture) has the
highest score, with R1 (reservoir construction) in second place, and Scenario R8 (water
transport by ship) the worst.

Table 7 reveals the ranking of the scenarios, after processing with the TOPSIS method.
Based on the relative proximity and the weights of the three criteria, it emerged that for
Naxos, the optimal solution is the construction of reservoirs, followed by water saving in
agriculture. Administratively, again, a supply solution is given with a storage project, while
at the same time, a saving solution by the largest consumer (agriculture) is considered
almost equally important. Water saving in water supply, the reduction in losses in the
water supply and irrigation network, and the recording of illegal boreholes and wells are
selected as co-subsidiary solutions. In addition, the change in water pricing is considered
to be more helpful for the issue of rational management compared with the installation of a
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desalination plant. The worst possible solution, as in the case of the island of Mykonos, is
the transport of water by ship.

Table 6. Rating of alternatives for Naxos from the questionnaires.

. Criteria
Alternatives . Cs.
C1. Water Balance Depletion of Deterioration of
Aquifers Aquifers
R1. Construction of a reservoir 472 4.2 4.1
R2. Installation of a desalination plant 2.6 2.3 24
R3. Saving water in agriculture 4.1 4.1 4.2
R4. Saving water in water supply 3.3 3.5 34
R5. Reducing network losses 3.5 3.4 3.3
R6. Recording illegal boreholes/wells 3.4 3.2 3.3
R7. Changing the pricing policy 2.8 2.7 2.6
R8. Transporting water by ship 2.0 1.7 1.7
Criterion weights 0.4 0.35 0.25
Table 7. TOPSIS analysis results for Naxos.
Alternatives Relative Proximity Ranking Order of Importance
R1. Construction of a reservoir 0.980 8 1
R2. Installation of a desalination plant 0.256 2 7
R3. Saving water in agriculture 0.945 7 2
R4. Saving water in water supply 0.669 5 4
R5. Reducing network losses 0.683 6 3
R6. Recording illegal boreholes/wells 0.623 4 5
R7. Changing the pricing policy 0.382 3 6
R8. Transporting water by ship 0.000 1 8
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Figure 8. The ranking of alternatives by experts using the TOPSIS method in Naxos.

3.3. Island of Kos

The results of the application of the method for Kos are presented in the following
Tables 8 and 9, and Figure 9. Table 8 presents that Scenarios R1 (reservoir construction) and
R3 (water saving in agriculture) have the highest score, with Scenario R8 (water transport
by ship) having the lowest score with respect to criterion C1 (water balance). Regarding the
second criterion, C2 (depletion of aquifers), Scenarios R1 (reservoir construction) and R3
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(water saving in agriculture) have the highest and equal scores, while Scenario R8 (water
transport by ship) records the lowest score. Finally, from the evaluation based on the third
criterion, C3 (degradation of aquifers), Scenario R3 (saving water in agriculture) shows
the highest score, with R1 (construction of a reservoir) in second place, and Scenario R8
(transportation of water by ship) the lowest score.

Table 8. Rating of alternatives for Kos from questionnaires.

Criteria

Alternatives Co. C3.
C1. Water Balance Depletion of Deterioration of
Aquifers Aquifers
R1. Construction of a reservoir 4.2 4.1 3.9
R2. Installation of a desalination plant 2.6 2.3 2.4
R3. Saving water in agriculture 41 41 42
R4. Saving water in water supply 3.3 35 34
R5. Reducing network losses 3.5 3.4 3.3
R6. Recording illegal boreholes/wells 3.4 3.2 3.3
R7. Changing pricing policy 2.8 2.7 2.6
R8. Transporting water by ship 2.0 1.7 1.7
Criterion weights 0.4 0.35 0.25
Table 9. TOPSIS analysis results for Kos.
Alternatives Relative Proximity Ranking Order of Importance
R1. Construction of a reservoir 0.949 7 2
R2. Installation of a desalination plant 0.251 2 7
R3. Saving water in agriculture 0.965 8 1
R4. Saving water in water supply 0.682 5 4
R5. Reducing network losses 0.696 6 3
R6. Recording illegal boreholes/wells 0.635 4 5
R7. Changing the pricing policy 0.389 3 6
R8. Transporting water by ship 0.000 1 8
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Figure 9. The ranking of alternatives by experts using the TOPSIS method in Kos.

In Table 9, the ranking of the scenarios based on the relative proximity and the
weights of the three criteria are presented. For Kos, the optimal solution is water saving in
agriculture, followed by the construction of reservoirs. Administratively, again, a saving
solution by the largest consumer (agriculture) emerges, while at the same time, a solution
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to increasing the available quantity with a storage project is considered almost equally
important. In parallel, appropriate combined practices are water saving in water supply,
reducing losses in the water supply and irrigation network, and recording illegal boreholes
and wells. Furthermore, the change in water pricing is considered to be more helpful
for the issue of rational management, in relation to the installation of a desalination unit;
however, this does not rank among the first preferences, in terms of its effectiveness. The
worst solution, as for the other two islands, Mykonos and Naxos, is the transportation of
water by ship.

4. Discussion

The results of this study, which were derived from a multi-criterion decision analysis
(MCDA) employing the TOPSIS methodology, provide significant information for the most
efficient water management plans for the islands of Mykonos, Naxos, and Kos. Three signif-
icant factors were considered in the analysis: groundwater quality degradation, aquifer de-
pletion, and water balance. With notable differences and some similarities, the results show
that the three islands have different preferences for various water management situations.

In Mykonos, the installation of a desalination plant (R2) was the alternative that
achieved the best rating, followed by water conservation in agriculture (R3). Since Mykonos
has already exhausted its natural water storage capacity, this result is more reasonable
considering the island’s current water infrastructure. It is consequential to rely on de-
salination as the main source of water in order to ensure a steady and sustainable water
supply. Despite the island’s small farming area, water conservation in agriculture becomes
a significant additional option because of the high water requirements for irrigation. Water
transportation by ship (R8) was the least preferred option, as it is not sustainable from
economic and environmental perspectives. Reducing network losses and detecting illegal
boreholes and wells are other helpful practices that might improve water efficiency even
further. Previously published studies on other Mediterranean islands also highlighted
the significance of desalination as an important water security approach in regions with
restricted natural water resources [56-59]. However, in order to decrease the high en-
ergy costs and negative ecological impact of desalination, these studies also revealed the
necessity of combining it with renewable energy sources.

Contrary to Mykonos, the best option for Naxos was to build reservoirs (R1), which
was closely followed by reducing water usage in agriculture (R3). This means that proper
water storage infrastructure would be very beneficial for Naxos, considering the larger
agricultural sector. By reducing the potential of groundwater depletion, a reservoir would
improve the island’s capability to control seasonal variations in water availability. Since
agriculture uses a lot of water, conserving water in this sector also scored highly. As
more usual water supply options were preferred over energy-consuming technologies,
the desalination plant (R2) received a relatively low rating. The least popular alternative
was water transportation by ship (R8). Reducing losses and conserving water through
the water transportation network are other proposed practices that would support a
more sustainable approach to water management. Giving priority to water conservation
measures in agriculture is supported by previous studies conducted in Mediterranean
agricultural regions. According to these studies, smart irrigation practices combined with
infrastructure improvements could significantly improve water efficiency and reduce the
need for outside sources [60-63].

Water conservation in agriculture (R3) was the best choice in the island of Kos, with
reservoir construction coming in second (R1). This rating reveals how important agri-
cultural water consumption is to the island and that conservation measures must be
established. The need for increased water storage to maintain long-term sustainability is
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further supported by the high ranking of reservoir construction. As with the other islands,
water transportation by ship (R8) was considered the least desirable possible alternative.
The significance of infrastructure improvements is demonstrated by other medium-rated
alternatives, such as minimizing network losses and identifying illegal boreholes and wells.
Results from island studies in Greece and Spain indicate that the most beneficial effects
have been achieved through a combined plan involving enhanced storage capacity, strict
groundwater extraction regulations, and agricultural methods that save water [64-66].

The main limitations of this study were the lack of appropriate data, mainly for the
available water from boreholes and the desalination units, and the absence of data regarding
the water losses in the irrigation system. This lack of data posed a problem in calculating
the available water and the water demand of the study area. Another limitation was the
low number of questionnaires, which was attributed to the few local experts on water
management resources.

The analysis revealed a number of common aspects, despite some variations in ratings
among the islands. The significance of integrated water resource management is indicated
by the need for conservation methods (reducing network losses and preserving water in
agriculture) and storage solutions (reservoir construction and desalination plants). The
results also show how economic measures—like adjustments to pricing policies—have
been implemented poorly on all three islands. The results of this study are consistent
with other studies on island water management, which indicate the need for a combined
strategy, involving governmental measures, demand-side control, and infrastructure devel-
opment [67-69]. Thorough planning, stakeholder involvement, and focus on communities
are necessary for these projects to be effective.

5. Conclusions

It is important that the designed water policy that will be applied in the Aegean region
focuses on the utilization of winter supplies by constructing mountain hydrological projects.
Further, the rational use of water and the protection of water supplies by implementing
strict measures of existing water resources, the education of farmers, and the improvement
of water supply networks should be priorities. The reuse of water and the promotion of
alternative forms of tourism should be examined by exploiting a longer period with a lower
burden, aiming at improving the dispersion of tourism peak traffic in space and in time.
Today, it is a necessity to adapt the management of mountainous watersheds to climate
change, to avoid water scarcity phenomena and achieve the sustainable management of a
region’s water resources. Regarding the research area, the construction of mountain hydro-
logical projects should also be examined, such as riverbed gradient dams for temporary
water storage and the enrichment of aquifers and alluvial fans of torrential streams (runoff
retention projects). These projects will, on the one hand, increase the water resources of the
area and, on the other hand, provide flood protection in lowland areas by reducing flood
peaks. In the past, some runoff containment projects were carried out in the Apeirathos
area in Naxos. Water policy in the research area should be developed considering factors
such as high demand during a specific time period, significant groundwater salinization
concerns, and restricted water resources.

However, a comprehensive water resource management proposal should include, in
addition to technical interventions, individual actions, which will function as reinforce-
ments during the implementation of the interventions. Therefore, plans to promote active
participation of users in the rational use of water resources are necessary, as is the pricing
policy of management bodies, which, if applied fairly and transparently, can act as an
obstacle to the waste of available resources. As a result, it is evident that the successful
and effective execution of the plans depends on the collaboration and involvement of all
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parties/stakeholders involved, including technocrats (engineers, geologists, agronomists,
and foresters), the administrative authority, professional users, and individual consumers.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cli13040078/s1, File S1: Expert and stakeholder questionnaire.
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