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Abstract

Underground dam site selection is the process of selecting locations for dams constructed for the storage and management of
groundwater to ensure the sustainable use of water resources. Underground dams store groundwater by utilizing underground
aquifers, enabling more efficient and effective utilization of water resources. Particularly, the importance of underground dams has
been observed to increase with global warming. They play a crucial role in various aspects, especially during periods of drought, in
meeting agricultural irrigation and drinking water needs, among others. The construction of underground dams requires the
simultaneous consideration of numerous criteria, thus turning the construction process into a decision-making problem. This decision
problem is referred to in the literature as a multi-criteria decision-making (MCDM) problem. In this study, the site selection problem
for a underground dam to be established in the province of Izmir has been addressed. In the problem at hand, there are five different
alternatives consisting of districts within the province of Izmir and ten different criteria. These criteria and alternatives were
determined by experts. In the study, the weights of the criteria were determined using the MAIRCA method, and the EDAS method
was used for the selection of alternative locations. As a result of the study, Kinik district was identified as the most suitable alternative
among the selected districts.
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Oz

Yer alt1 baraji yer se¢imi, su kaynaklarinin siirdiiriilebilir sekilde kullanilmasini saglamak amaciyla yeralti suyunun depolanmasi ve
yoOnetimi i¢in yapilan barajlarin yer se¢im stirecidir. Yer alt1 barajlari, yeralti suyunun dogal rezervuarlari olan yeralti su tabakalarini
depolayarak, su kaynaklarimin daha verimli ve etkin bir sekilde kullamlmasini saglar. Ozellikle kiiresel 1sinma ile yer alt1 barajlarinin
éneminin arttigr goézlemlenmistir. Ozellikle kurakligin oldugu doénemlerde, basta tarimsal sulama ve igme suyu ihtiyaclarini
karsilamak gibi bir¢ok konuda hayati bir rol oynadig1 bilinmektedir. Yer alt1 barajlarinin insasi i¢in ¢ok fazla kriterin es zamanl olarak
dikkate alinmasi gerekmektedir. Bu nedenle, insa siireci bir se¢im problemine déniistiirmektedir. S6z konusu se¢im problemi ise,
literatiirde cok kriterli karar verme (CKKV) problemi olarak ge¢gmektedir. Bu calismada, izmir ilinde kurulacak bir yer alt1 baraji icin
yer se¢im problemi ele alinmistir. Ele alinan problemde, izmir ilindeki ilcelerden olusan bes farkh alternatif ve on farkl kriter yer
almaktadir. Bu kriterler ve alternatifler karar vericiler tarafindan belirlenmistir. Calismada, kriterlerin agirliklar1 MAIRCA yontemi ile
belirlenmis, alternatif konumlarin seciminde ise EDAS yontemi kullanilmistir. Calisma sonucunda belirlenen alternatif ilgeler
arasindan Kinik ilcesi en uygun alternatif olarak belirlenmistir.

Anahtar Kelimeler: Yer alt1 baraji, yer se¢imi, cok kriterli karar verme, MAIRCA yéntemi, EDAS yontemi

1. Introduction earth's temperature. Temperature increases, in turn, increase
natural disasters such as droughts and increase the demand for

Global warming and drought have become increasingly pressin,
g 5 gy P & water resources.

issues worldwide in recent years. Among the possible effects of
this problem are the reduction of water resources, decreased  Drought, which is a natural consequence of global warming, is a
agricultural production, ecosystem degradation, increased condition that arises from prolonged hot and dry weather
waterborne diseases, and harm to wildlife. These effects pose  conditions. The problem of drought is increasing worldwide, and
serious threats to both humans and natural life [1]. among its most prominent effects are decreased agricultural
production, decreased water resources, and ecological
degradation. Drought, especially in regions such as Africa, the
Middle East, and Southeast Asia, lower people's quality of life and
leads to food security issues [2].

Increased  greenhouse gas emissions, deforestation,
industrialization, and the usage of fossil fuels are some of the
factors contributing to global warming. These elements raise the
amount of greenhouse gases in the atmosphere, which raises the
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International cooperation and efforts are crucial to solving the
problems of global warming and drought. Reducing greenhouse
gas emissions, putting money into renewable energy sources,
using water resources sustainably, and taking water
conservation measures are a few of these initiatives. These
efforts will contribute to both improving people's quality of life
and preserving natural life.

Underground dams can be defined as structures built to collect
and store groundwater. These dams provide water by using
groundwater during periods of low precipitation, thereby
reducing the demand for surface water sources during drought
periods. Additionally, underground dams contribute to the
sustainable use of water since they cause less evaporation and
loss than surface water sources [3].

Because underground dams have less of an influence on the
environment than surface dams, they are also favored for
building. During the construction of surface dams, forests, and
habitats are destroyed, agricultural land is damaged, and the lives
of indigenous people are negatively affected. However,
underground dams minimize these negative effects and
contribute to the preservation of natural life. In summary,
underground dams offer a solution to the effects of natural
disasters such as global warming and drought, promote the
sustainable use of water resources, and contribute to the
preservation of natural life. Therefore, the construction and use
of underground dams are of great importance in terms of the
sustainability of water resources [4].

This study addresses an underground dam selection problem. In
the problem addressed, a real-life application is made using
Multi-Criteria Decision Making (MCDM) techniques. Ten different
criteria and five alternative locations were identified by decision-
makers in the study. MAIRCA (Multi Atributive Ideal-Real
Comparative Analysis) method was used to define the weights of
ten criteria. Finally, the results were evaluated using EDAS
(Evaluation Based on Distance from Average Solution) method,
and the most appropriate alternative was identified. These
methods are used to optimize problems. Many different methods
are used in the field of optimization [5-8]. In this study, the EDAS
method is preferred due to its advantages such as transparency,
robustness, flexibility, and not requiring internal inference and
reference points when compared to other methods. Besides,
MAIRCA method is selected because of its assessing alternative
options by comparing their theoretical and empirical ratings. It
determines the difference or distance between the actual
empirical ratings and the ideal alternatives, utilizing both
theoretical and empirical evaluations.

1.1. Literature Review

Numerous studies have been conducted to address the
complexity of selecting suitable sites for constructing subsurface
dams worldwide. The decision-making process in this domain is
intricate due to the involvement of various qualitative and
quantitative factors. Consequently, MCDM methods can be
employed to tackle this challenge.

Geographic Information Systems (GIS) and MCDM serve as
effective tools for spatial analysis and decision-making [9].
MCDM encompasses both conventional and specialized
techniques that aid decision-makers in handling the complexities
associated with large volumes of intricate information [10].

Finding suitable construction sites for subterranean dams is the
main problem because many criteria and aspects need to be
considered. Therefore, decision models that account for the
significance of various criteria in selecting appropriate dam
construction sites are crucial [11,12].
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Various methods have been used in the literature to choose ideal
sites for dam construction [13]. One of these studies, Rahman et
al. [14] focuses on the application of weighted overlay analysis in
ArcGIS for selecting an optimal site for a water reservoir. The
researchers proposed to select the most suitable sites for the
reservoir by integrating multiple criteria using GIS techniques.
The study used a weighted overlay methodology, in which
weights are given to several variables according to their relative
importance. Various criteria, such as land use, slope, soil type,
and proximity to water sources, were considered during the
analysis. Using ArcGIS software, the researchers combined and
analyzed the weighted criteria to generate a suitability map for
potential reservoir sites. The integration of multiple criteria and
the spatial analysis capabilities of GIS provided a systematic
approach to decision-making in identifying suitable locations for
water infrastructure projects.

Ajibade et al. [15] utilized integrated techniques of remote
sensing (RS) and GIS to analyze and assess potential dam sites.
Remote sensing data, such as satellite imagery, was used to
extract relevant information about the landscape, including land
cover, topography, and hydrological features. GIS tools and
spatial analysis techniques were employed to process and
integrate the data layers. The findings of the study demonstrated
the effectiveness of integrating RS and GIS techniques for dam
site selection. The integration of spatial data and analysis
capabilities of GIS, along with the information obtained from RS,
proved valuable in identifying areas that would be appropriate
for building dams.

In another study, Dos Anjos and Cabral [16] aimed to decide
appropriate locations for the construction of small
dams/reservoirs to enhance water availability and promote
agricultural development in the region. The study employed site
location analysis techniques to determine optimal sites for small
dams/reservoirs. Various factors such as topography, soil
characteristics, land use, and hydrological data were considered
as criteria for the analysis. The researchers integrated these
criteria using GIS and MCDM methods.

In the literature, researchers also utilized MCDM techniques to
select suitable places for underground dam construction. For
example, in one of the studies, Jozaghi et al. [17] aims to compare
the Analytic Hierarchy Process (AHP) and Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) techniques
for dam site selection. The researchers focused on evaluating and
comparing the suitability of different potential dam sites by
considering multiple criteria. In that study geological factors,
hydrological factors, socio-economic factors, and environmental
factors are considered. These criteria were integrated into a GIS
framework to facilitate the analysis and decision-making process.
Findings of the study contribute to understanding the
comparative performance of the AHP and TOPSIS techniques in
dam site selection. The research demonstrates the potential of
GIS-based MCDM methods for supporting decision-making
processes in selecting optimal dam sites. In another study, Tsiko
and Haile [18] focuses on the integration of fuzzy logic, AHP and
GIS model to identify optimal sites for water reservoirs. The
study utilized GIS to manage and analyze spatial data related to
land cover, slope, drainage patterns, and proximity to water
sources. Fuzzy logic was integrated into the analysis to handle the
vagueness and ambiguity associated with the criteria. Through
pairwise comparisons, the weights of the criteria and their
relative relevance were established using the AHP approach. To
evaluate the criteria and determine their importance in the
selection process, expert opinions were requested. The study's
conclusions demonstrated how well GIS, fuzzy logic, and AHP
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work together to pinpoint the best locations for water reservoirs.
The integrated approach facilitated a comprehensive evaluation
of multiple criteria, considering both spatial and non-spatial
factors, and provided decision-makers with valuable information
for informed decision-making in water resource management
and infrastructure development. In order to make the process of
choosing potential locations for dam construction easier,
Minatour et al. [19] sought to offer a thorough framework that
integrates several criteria and methods. The goal of this projectis
to create an integrated MCDM method for choosing a dam
location that includes both fuzzy logic and group decision-
making. The fuzzy AHP approach was expanded by the
researchers to account for group decision-making, and it was
then integrated with the VIKOR method. By combining these
approaches, it was possible to consider decision-makers
subjective opinions and include uncertainty by utilizing fuzzy
notions while choosing a site. The group fuzzy AHP technique was
used to calculate the weights of various criteria, and VIKOR was
utilized to rank the possibilities.

There are numerous MCDM techniques in the related literature.
MAIRCA and EDAS are in the group of these techniques. Despite
the MAIRCA methos is relatively new, it has received significant
attention in the literature. Gigovi¢ et al. [20] used the GIS along
with the DEMATEL (Decision Making Trial and Evaluation
Laboratory), Analytic Network Process (ANP), and MAIRCA
methods to determine suitable locations for an ammunition
depot. The study evaluated eight locations based on six criteria.
In another study, Pamucar et al. [21] assessed bidders in a public
procurement tender using interval rough set-based DEMATEL,
ANP, and MAIRCA methods. Chatterjee et al. [22] evaluated
supplier performance considering green supply chain criteria
using rough set-based MAIRCA ANP and DEMATEL methods.
Badi and Ballem [23] used rough set-based BWM (Best-Worst
Method) and MAIRCA methods to identify the optimal supplier.
Pamucar et al. [24] applied DEMATEL and MAIRCA methods to
decide where to put a logistics center. Pamucar et al. [25]
evaluated water barriers using the interval-valued fuzzy rough
set-based MAIRCA method. Arsic et al. [26] used the BWM and
rough set-based MAIRCA methodologies to evaluate a
restaurant's menu. In Turkish studies related to MAIRCA, Ekinci
and Can [27] assessed operators' ergonomic risks using the
CRITIC (Criteria Importance Through Intercriteria Correlation)
and MAIRCA methods. Haq et al. [28] used MAIRCA method to
select sustainable material. Kiran [29] evaluated countries’
occupational health and safety performances using the MAIRCA
method. Moreover, MAIRCA functions as a valuable mathematical
tool and solution approach, providing the flexibility to integrate
with other methods. Besides, numerous studies conducted after
the EDAS method's creation have attempted to increase its
application and reliability by incorporating various uncertainty
sets in order to successfully handle challenging real-world issues
involving qualitative data.

For example, Yalcin and Uncu [30] investigate the suitability of
the EDAS method for the selection of industrial robots. They aim
to address the complex decision-making process involved in
selecting the most suitable industrial robot among various
alternatives. They propose the use of the EDAS method as a
MCDM tool to evaluate and rank the alternatives based on
multiple criteria. In another study, Veskovic et. al. [31] explores
the application of a combined approach using the EDAS and AHP
method for evaluating logistics processes. The study applies the
combined AHP-EDAS method to evaluate logistics processes in a
real-world context. While the EDAS technique is used to assess
and rank the alternatives based on their distances from the
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average solution, the AHP approach is used to determine the
weights of various criteria, representing their relative relevance.

To overcome the challenges associated with type-1 fuzzy sets, a
novel version of the EDAS methodology was introduced by
Kahraman et al. [32]. This modified approach incorporates
intuitionistic fuzzy sets, which provide a more advanced
framework for addressing the location selection of solid waste
disposals. By utilizing the concepts of intuitionistic fuzzy sets, the
enhanced EDAS method offers an improved methodology for
dealing with the complexities and uncertainties associated with
this decision-making problem. Darwis et al. [33] used EDAS
method in the selection of the best student. He et. al. [34] propose
an extended version of the EDAS method to handle MCDM
problems in the context of green supplier selection. The
researchers focus on the challenges of decision-making when
dealing with probabilistic uncertain linguistic information, which
often occurs in real-world situations. They develop an enhanced
EDAS method that incorporates probabilistic uncertain linguistic
information to enable more accurate and reliable decision-
making.

MAIRCA Method

The MAIRCA method, which utilizes linear normalization and
possesses a straightforward mathematical framework, is
introduced by Pamucar and Lukovac [35]. The core focus of
MAIRCA revolves around assessing the differences between
theoretical and actual outcomes. Its prominent characteristic is
the utilization of a unique linear normalization algorithm that
generates reliable results. The main steps of the MAIRCA method
include the following:

Step 1. Construct the decision matrix:
Identify the criteria and alternatives.

Create a decision matrix (X) with rows representing alternatives
and columns representing criteria.

X11 X172 o Xin
X — le X22 e in
Xm1 Xmz2 o Xmn

Xij,i=12,...,mj=12,..,m

Step 2. Determine preferences for the alternatives:

The MAIRCA method assumes that decision-makers are neutral
in their preferences for selecting alternatives, indicating that all
proposed alternatives are considered equally important. The

method does not consider any assigned probability values for an
alternative selection.

1
PA; =, S, PA; ©
Step 3. Create the theoretical ranking matrix:

The theoretical ranking matrix is calculated by using the
following equation.

Ty = PA;[tp1 tpy - tpin | = PA;[PA,W; PAW, ... PA,W,]  (2)

Step 4. Create the real ranking matrix:

The real ranking matrix is calculated by using the following
equations, use Equation 3 for the benefit type criterion and
Equation 4 for the cost type criterion.

(Xij=Xmin)

tTij =tpij * (Xmax—Xmin) (3)
_ (Xmax_xij)
tTij _tplj * (Xmax—Xmin) (4)
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tr11 tr1z - bran

t t b
Tr — r21 *r22 r2n (5)

trml trmZ trmn
Step 5. Calculate the Total Gap Matrix:

The total difference matrix is derived by subtracting the
theoretical evaluation matrix (Tp) from the actual evaluation
matrix (Tr). This process involves subtracting the corresponding
values in each cell of Tp from the corresponding values in the Tr
to determine the differences between the theoretical and actual
assessments for each attribute.

911 912 -+ Y1n
921922 9
Im1 Gm2 - IGmn

tp11 = tr11 tp12 = br12 o Lpin-tran
tp21 = tp21 braz = b2z oo tpon — Lron

(6)

tpml —trm1 tpmz = Lrma o tpmn — trmn
Step 6. Calculate the criteria function and obtain the rankings:

The criterion function values for each alternative are calculated
individually by summing up the difference values, as depicted in
Equation 7. This process involves adding the respective
difference values across all attributes for a particular alternative,
resulting in a single criterion function value that represents the
overall performance or evaluation of that alternative.

Qi = X71-19ij (7)
The alternative with the smallest value is determined as the best
alternative.

EDAS Method

In a groundbreaking contribution to the literature on Multi-
Criteria Decision-Making (MCDM) methods, Keshavarz
Ghorabaee et al. [36] introduced the EDAS method as a ranking
approach for complex decision-making problems that involve
prioritizing multiple criteria among a set of alternatives. The
steps of the EDAS method is as follows:

Step 1. Construct the decision matrix:
Identify the criteria and alternatives.

Create a decision matrix (X) with rows representing alternatives
and columns representing criteria.

Step 2. Calculate the average solution:

Compute the average value for each criterion across all
alternatives.

Calculate the average solution vector (AS) using the equation:

(8

where AVj is the average solution value for the j-th criterion, n is
the total number of alternatives, and Xj is the value of the i-th
alternative on the j-th criterion.

AV]:Z?:l Xij

n

Step 3. Compute the positive distance matrix (PDA) and negative
distance matrix (NDA) from the average solution:

If criteria j is a benefit criteria,
max(0,(X;j—AV;)

AV;
max(0,(AV;—X;;)

AV;

PDAj= 9

NDAj= (10)

If criteria j is a cost criterion,
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max(0,(AV;—X;;)
AV;
max(0,(x;;—AV;)

AV

PDAj= (11

NDAj= (12)

where AV, is the average solution value for the j-th criterion and
Xij is the value of the i-th alternative on the j-th criterion.

Step 4. Determine the weighted sum of PDA and NDA for all
alternatives:

Assign weights to each criterion to reflect their relative
importance.

SPiY, W;PDA;; (13)
SNi-X™, W;NDA,; (14)
where W; is the weight of the j-th criterion.
Step 5. Normalize the SP and SN values:
__ (5P
) (15)
1 __GN)
NSNi=1— s (16)

Step 6. Calculate the Appraisal Score (AS) value of all
alternatives.

AS; = 2 (NSP; + NSN,) (17)

Step 7. Rank the alternatives:
Rank the alternatives based on their AS values.

The alternative with the highest AS value is considered the most
favorable.

Through its distinctive normalization procedure, the EDAS
method sets itself apart from other conventional techniques like
TOPSIS and VIKOR. The best alternative is typically determined
by how close it is to the ideal solution and how far it is from the
anti-ideal solution, but in practical decision-making situations,
having a lower distance from the ideal solution and a higher
distance from the anti-ideal solution does not always mean that
it is the best option. The best option is chosen using the EDAS
method, which instead uses an average solution-based
normalizing strategy. The EDAS method is a useful tool for
handling complicated decision-making problems because of its
departure from conventional methods.

The paper utilizes the EDAS method to evaluate and rank sites for
an underground dam construction.

2. Application

In this part, an underground dam site selection problem in Izmir
is solved with the proposed method. In this way, the applicability
of the integrated method is illustrated. 3 experts determine 10
criteria namely, amount of precipitation (C1), groundwater level
(C2), flow gradient (Cs), flow distance (C4), alluvial texture (Cs),
distance to villages and agricultural lands (Ce), area of
agricultural lands affected by the project(C-), fault line distance
(Cs), engineering opportunities (Co), evaporation rate (Ci0) and 5
alternatives namely, Bergama (A1), Kinik (Az), Bayindir (As), Tire
(A4) and Kiraz (As). While C7 and C1o are cost criteria, the others
are benefit criteria. These criteria have been determined as the
criteria taken into consideration by companies that will invest in
dams. At first experts fill in the pairwise comparison matrixes.
The pairwise comparison matrixes are illustrated in Table 1-
Table3.

Then the arithmetic mean of these three pairwise comparison
matrixes is computed. In the pairwise comparison matrix, experts
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are recommended to use a scale ranging from 1 to 10. In this  After aggregating the expert opinions, the MAIRCA method is
suggested scale, 1 represents the lowest value, while 10 utilized the find criteria weights. The obtained criteria weights
represents the highest value. The average pairwise comparison are given in Table 5.

matrix is illustrated in Table 4.

Table 1. Pairwise comparison matrix of Expert 1.

[¢]
-
=)
@
[¢]
-
[w]
@
(=)
fr-)

Criteria C1 Cz C3
C1 - 1 1
Cz2 - 1
C3 -
Cs -
Cs
Ce
Cr
Cs
Co
C1o

v |wo
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Table 2. Pairwise comparison matrix of Expert 2.
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Table 3. Pairwise comparison matrix of Expert 3
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Criteria C1 Cz C3
C1 - 8 9
C2 - 8
C3 -
Ca
Cs
Cs -
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Cs
Co
C1o

w|w|~3
.-pmwmg\
wlw|=]s]w

NN N W=

oo [rnfo| wlw]w |

N[N NP N2 w
VN |wW| (NN =N

Table 4. Average pairwise comparison matrix

Cs Cs Cy Cg Co C1o
8,66 4 3 3,33 4 3,33
C2 - 9 3,33 5,33 4 4 2,33 2
C3 - 3 2 1,66 4 2
Cy - 4,33 4 2,33 1,66 1,33
Cs - 4 3 6 8
Cs - 1,33 4,33 2
Cz - 9 7,33 9
Cs - 1,66 2,33
Co - 7,66
C1o -

Criteria C1 Cz C3
C1 - 9,33 9,33

[w]
-

INFN -

oW

Table 5. Criteria weights

Criteria Weight Criteria Weight
C1 0.0367 Cs 0.0973
o) 0.0806 C7 0.0851
Cs 0.0934 Cs 0.0927
Cq 0.0972 Co 0.0998
Cs 0.0947 C1o 0.0901
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Experts also evaluate the alternatives. Experts’ decision matrixes
are depicted in Table 6-7-8 respectively.

After that, EDAS method is utilized to rank the alternatives. The
obtained AS values are illustrated in Table 10. The alternative

, . . . with the highest value is selected as the best alternative.
To aggregate experts’ decision matrixes, geometric mean of the

matrixes is computed. The aggregate decision matrix is given in

Table 9.

Table 6. Expert 1 Decision Matrix

Criteria Ay Az Az As As
C1 8 3 10 9 5
Cz 7 3 9 9 4
Cs 7 1 9 8 4
Cs 6 3 10 8 5
Cs 7 2 8 8 4
Cs 5 4 9 9 4
(%] 5 2 10 7 3
Cs 5 1 10 8 5
Co 6 2 9 7 4
Cio 6 1 9 7 3
Table 7. Expert 2 Decision Matrix
Criteria A1 Az Az As As
Cy 7 4 9 10 6
C2 8 1 9 8 5
C3 7 2 7 8 5
Cs 6 2 9 9 4
Cs 7 1 8 7 3
Cs 6 3 10 8 5
Cr 9 3 10 8 4
Cs 5 2 10 9 4
Co 5 1 9 7 3
C1o 5 2 10 9 5
Table 8. Expert 3 Decision Matrix
Criteria Ay Az A3 Agq As
C1 7 1 10 8 5
C2 6 3 10 9 6
C3 9 2 9 10 6
Ca 8 2 10 9 7
Cs 8 3 10 9 5
Ces 6 1 9 8 5
Cr 5 5 9 8 4
Cs 7 2 8 7 3
Co 5 3 9 9 5
Cio 5 1 9 8 5
Table 9. Aggregate Decision Matrix
A Az A3z A4 As
C1 7.318611 2.289428 9.654894 8.962809 5313293
Cz 6.952053 2.080084 9.321698 8.653497 4,932424
C3 7.611663 1.587401 8.276773 8.617739 4932424
[ 6.603854 2.289428 9.654894 8.653497 5.192494
Cs 7.318611 1.817121 8.617739 7.958114 3.914868
Cs 5.646216 2.289428 9.321698 8.320335 4641589
C7 6.082202 3.107233 9.654894 7.651725 3.634241
Cs 5.593445 1.587401 9.283178 7.958114 3.914868
Co 5.313293 1.817121 9.000000 7.611663 3.914868
Cio 5.313293 1.259921 9.321698 7.958114 4217163
Table 10. Obtained AS Values and Ranking
Alternative AS value Rank
Al 0.4830 4
A2 0.5000 1
A3 0.4927 2
A4 0.4846 3
A5 0.4763 5
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The alternative A2 is chosen to construct the underground dam.
3. Conclusion

Underground dams are widely acknowledged as facilities
designed for storing water beneath the surface, particularly in
regions with semi-arid climates. In areas where the utilization of
surface water has reached sustainable levels, exploiting
groundwater resources emerges as a favorable complementary
option. Additionally, in arid regions where surface water is scarce
or absent, groundwater serves as the sole available source for
domestic needs. Presently, there is increasing emphasis on
managing these resources in a sustainable manner. It is evident
that establishing boundaries for the development and utilization
of groundwater is crucial to ensure its long-term viability and
prevent adverse environmental, economic, and social impacts. In
the forthcoming decades, the sustainability of surface water
resources is anticipated to become a pivotal concern, leading to
an inevitable shift towards groundwater utilization.

This study addresses the problem of site selection for an
underground dam. Multiple criteria decision-making methods
are employed in this study. Firstly, three decision-makers are
identified for the study. These individuals determine the criteria
required for the selection of an underground dam site. The
MAIRCA method is utilized to assign weights to the identified
criteria. Subsequently, alternative locations for the dam site are
determined using this method. The EDAS method is employed to
evaluate the five different alternative locations. Based on the
results of the EDAS method, the most suitable location among the
five alternatives is selected. The purpose of using MAIRCA and
EDAS is to fill the gap in this field because these methods have not
been used before. Furthermore, as mentioned in the introduction
section, both EDAS and MAIRCA have advantages compared to
other methods, such as robustness, flexibility and transparency.

One constraint of this study is that the number of alternatives and
experts relatively small. Additionally, future research could
explore the use of fuzzy-based algorithms, apart from the
methods employed in this study, to provide decision-makers with
more flexibility in decision-making.

Author Contribution Statement

All authors are contributed to the paper equally and they have
accepted responsibility for the entire content of this manuscript
and approved its submission.

References

[1] Jamali, I.A, Olofsson, B.,, Mértberg, U., 2013. Locating suitable sites for the
construction of subsurface dams using GIS. Environmental Earth
Sciences, Vol. 70, pp. 2511-2525.

Kuriqi, A., Pinheiro, A.N.,, Sordo-Ward, A., Bejarano, M.D., Garrote, L.,
2021. Ecological impacts of run-of-river hydropower plants—Current
status and future prospects on the brink of energy transition. Renewable
and Sustainable Energy Reviews, Vol. 142, p. 110833.

Goran, H., Nilsson, A, 1986. Ground-Water Dams for Rural-Water
Supplies in Developing Countries. Groundwater, Vol. 24(4), pp. 497-506.
Frankl, A., Nyssen, ], De Dapper, M., Haile, M,, Billi, P, Munro, RN,,
Poesen, J., 2011. Linking long-term gully and river channel dynamics to
environmental change using repeat photography (Northern Ethiopia).
Geomorphology, Vol. 129(3-4), pp. 238-251.

Kaplan, G., Yildizel, S.A., Memis, S., Oztiirk, A.U., 2018. The optimization
of calcareous fly ash-added cement containing grinding aids and
strength-improving additives. Advances in Civil Engineering, 2018, pp.
1-9.

Akpinar, M.E, 2021. Unmanned aerial vehicle selection using fuzzy
choquet integral. Journal of Aeronautics and Space Technologies, Vol.
14(2), pp. 119-126.

Yildizel, S.A., Calis, G., 2019. Design and optimization of basalt fiber added
lightweight pumice concrete using taguchi method. Romanian Journal of
Materials, Vol. 49(4), pp. 544-553.

[2]

[3]
[4]

[5]

[6]

[7]

44

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Yigit, M.E., Akpinar, M.E., 2021. Riizgar tiirbin kulesi alternatiflerinin ¢ok
kriterli karar verme yontemleri ile degerlendirilmesi. Avrupa Bilim ve
Teknoloji Dergisi, No. 23, pp. 386-393.

El-Shirbeny, M.A., Abutaleb, K.A., 2018. Monitoring of water-level
fluctuation of Lake Nasser using altimetry satellite data. Earth Systems
and Environment, Vol. 2, pp. 367-375.

Baban, S.M., Wan-Yusof, K., 2003. Modelling optimum sites for locating
reservoirs in tropical environments. Water Resources Management, Vol.
17, pp. 1-17.

Shirani, K., Dastjerdi, A.S., Rahnamarad, J., 2017. Integration of multi-
criteria decision matrix and geographical information system to site
selection for an underground dam. Electronic Journal of Geotechnical
Engineering, Vol. 22, pp. 3669-3686.

Talebi, A, Zahedi, E., Hassan, M.A., Lesani, M.T., 2019. Locating suitable
sites for the construction of underground dams using the subsurface
flow simulation (SWAT model) and analytical network process (ANP)
(Case study: Daroongar watershed, Iran). Sustainable Water Resources
Management, Vol. 5, pp. 1369-1378.

Keskin, A.U.,, Demir, $.D., 2018. Amasya Degirmendere Barajinda Sulama
Alan1 ve Baraj Yiiksekligi Arasinda Ekonomik Analiz. Dokuz Eyliil
Universitesi Miihendislik Fakiiltesi Fen ve Miihendislik Dergisi, Vol.
20(60), pp. 755-764.

Rahman, N.F.A,, Awangku, A.A.H,, Tai, V.C, Mohammad, M., Haron, S.H.,
Khalid, K., Rasid, M., Sharif, S.M., 2021. Site selection of water reservoir
based on weighted overlay in ArcGIS (Case study: Bachok, Kelantan).
Scientific International (Lahore), Vol. 33(2), pp. 135-139.

Ajibade, T.F., Nwogwu, N.A,, Ajibade, F.0., Adelodun, B., Idowu, T.E., Ojo,
A0, lji, ].0,, Olajire, 0.0., Akinmusere, 0.K., 2020. Potential dam sites
selection using integrated techniques of remote sensing and GIS in Imo
State, Southeastern Nigeria. Sustainable Water Resources Management,
Vol. 6(4), pp. 1-16.

Dos Anjos Luis, A., Cabral, P., 2021. Small dams/reservoirs site location
analysis in a semi-arid region of Mozambique. International Soil and
Water Conservation Research, Vol. 9(3), pp. 381-393.

Jozaghi, A, Alizadeh, B., Hatami, M., Flood, 1., Khorrami, M., Khodaei, N.,
Ghasemi Tousi, E., 2018. A comparative study of the AHP and TOPSIS
techniques for dam site selection using GIS: a case study of Sistan and
Baluchestan province. Iran Geosciences, Vol. 8(12), p. 494.

Tsiko, R.G., Haile, T.S., 2011. Integrating geographical information
systems, fuzzy logic and analytical hierarchy process in modelling
optimum sites for locating water reservoirs: A case study of the Debub
District in Eritrea. Water, Vol. 3(1), pp. 254-290.

Minatour, Y., Khazaie, J., Ataei, M., Javadi, A.A,, 2015. An integrated
decision support system for dam site selection. Scientia Iranica, Vol.
22(2), pp. 319-330.

Gigovi¢, L., Pamucar, D., Baji¢, Z., Milicevi¢, M., 2016. The combination of
expert judgment and GIS-MAIRCA analysis for the selection of sites for
ammunition depots. Sustainability, Vol. 8(4), p. 372.

Pamucar, D., Mihajlovi¢, M., Obradovi¢, R, Atanaskovi¢, P., 2017. Novel
approach to group multi-criteria decision making based on interval
rough numbers: Hybrid DEMATEL-ANP-MAIRCA model. Expert Systems
with Applications, Vol. 88, pp. 58-80.

Chatterjee, K, Pamucar, D. Zavadskas, E.K, 2018. Evaluating the
performance of suppliers based on using the R'AMATEL-MAIRCA
method for green supply chain implementation in the electronics
industry. Journal of Cleaner Production, Vol. 184, pp. 101-129.

Badi, I, Ballem, M. 2018. Supplier selection using the rough BWM-
MAIRCA model: A case study in pharmaceutical supplying in Libya.
Decision Making: Applications in Management and Engineering, Vol.
1(2), pp. 16-33.

Pamucar, D., Lukovac, V., Bozani¢, D., Komazec, N., 2018. Multi-criteria
FUCOM-MAIRCA model for the evaluation of level crossings: Case study
in the Republic of Serbia. Operational Research in Engineering Sciences:
Theory and Applications, Vol. 1(1), pp. 108-129.

Pamucar, D.S., Cirovi¢, G., BoZanié, D., 2019. Application of interval valued
fuzzy-rough numbers in multi-criteria decision making: The IVFRN-
MAIRCA model. Yugoslav Journal of Operations Research, Vol. 29(2), pp.
221-247.

Arsi¢, S.N., Pamucar, D., Suknovi¢, M. JanoSevi¢, M. 2019. Menu
evaluation based on rough MAIRCA and BW methods. Serbian Journal of
Management, Vol. 14(1), pp. 27-48.

Ekinci, E.B.M,, Can, G.F,, 2018. Algilanan [s Yiikii ve Galisma Duruslari
Dikkate Alinarak Operatorlerin Ergonomik Risk Diizeylerinin Cok
Kriterli Karar Verme Yaklasimi ile Degerlendirilmesi. Ergonomi, Vol.
1(2), pp. 77-91.

Haq, RS.U, Saeed, M. Mateen, N., Siddiqui, F., Ahmed, S., 2023. An
interval-valued neutrosophic based MAIRCA method for sustainable
material selection. Engineering Applications of Artificial Intelligence,
Vol. 123, p. 106177.



DEU FMD 27(79) (2025) 38-45

[29] Kiran, M.B, 2019. Ulke is saghgi ve giivenligi performanslarini
degerlendirilmek amaciyla MAIRCA yonteminin dort farkh
agirhklandirma yaklasimi ile uygulanmasi. Master Tezi, Baskent
Universitesi Fen Bilimleri Enstitiisii.

[30] Yalcin, N, Uncu, N,, 2019. Applying EDAS as an applicable MCDM method
for industrial robot selection. Sigma Journal of Engineering and Natural
Sciences, Vol. 37(3), pp. 779-796.

[31] Veskovié, S., Stevic, 7., Stoji¢, G, Rajili¢, S., Vasiljevi¢, M., 2016. Application
of fuzzy AHP method for profitanalysis of railway operators with PSO. In
Conference Paper, RAILCON, Vol. 16.

[32] Kahraman, C., Keshavarz Ghorabaee, M., Zavadskas, E.K., Cevik Onar, S.,
Yazdani, M., Oztaysi, B., 2017. Intuitionistic fuzzy EDAS method: An
application to solid waste disposal site selection. Journal of
Environmental Engineering and Landscape Management, Vol. 25(1), pp.
1-12.

[33] Darwis, D., Sulistiani, H., Megawaty, D.A., Setiawansyah, S., Agustina, I.,
2023. Implementation of EDAS Method in the Selection of the Best
Students with ROC Weighting. Komputasi: Jurnal Ilmiah Ilmu Komputer
dan Matematika, Vol. 20(2), pp. 112-125.

[34] He, Y, Lei, F., Wei, G, Wang, R.,, W, ], Wei, C., 2019. EDAS method for
multiple attribute group decision making with probabilistic uncertain
linguistic information and its application to green supplier selection.
International Journal of Computational Intelligence Systems, Vol. 12(2),
pp.- 1361-1370.

[35] Pamucar, D.V., Lukovac, V.L., 2014. Selection of railway level crossings
for investing in security equipment using hybrid DEMATEL-MAIRCA
model. In Proceedings of the XVI International Scientific-expert
Conference on Railways, NiS, Serbia, 9-10 October, pp. 89-92.

[36] Keshavarz Ghorabaee, M., Zavadskas, E.K, Olfat, L., Turskis, Z., 2015.
Multi-criteria inventory classification using a new method of evaluation
based on distance from average solution (EDAS). Informatica, Vol. 26(3),
pp. 435-451.

45



	1. Introduction
	2. Application
	3. Conclusion

