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Abstract

Groundwater is a vital resource for agriculture in arid regions which its over-extraction has led to significant
challenges of declining water levels and increased scarcity. This study addresses the urgent need for sustainable
groundwater management by employing an inclusive group decision-making approach involving diverse
stakeholders, with a focus on farmers. Overlooking the participation of farmers in the decision-making approach
led to ineffective policies. Utilizing Multi-Criteria Decision-Making (MCDM) methods, specifically the fuzzy
Shannon entropy and Fuzzy TOPSIS techniques, the research prioritizes strategies for reducing groundwater
consumption in the Safi-Abad region of North Khorasan, Iran. Qualitative data from stakeholder interviews
provided insights into the challenges and opportunities related to groundwater use, revealing two primary
strategies: (i) transitioning to low water-demand crops; and (ii) adopting modern irrigation systems. These
approaches not only promise significant reductions in water usage but also support sustainable agricultural
practices. The findings highlighted the importance of stakeholder collaboration in implementing effective water
management policies, ensuring responsible resource use, and securing long-term viability. This study served as a
model for future research, advocating for mixed methods integrating qualitative and quantitative analyses to
inform policy recommendations and improve water resource management.
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Introduction

Groundwater is a critical resource for
agricultural production, particularly in arid and
semi-arid regions where surface water is
limited (Noori et al.,, 2021; Priyan, 2021).
However,  excessive and  imbalanced
groundwater extraction has led to declining
groundwater levels, the drying up of wells, and
exacerbated water scarcity, particularly in the
agricultural sector (Noori et al., 2021).

Iran, located in an arid and semi-arid
region, faces significant challenges in water
resource management. Over the past decades,
the per capita renewable water availability has
drastically declined due to population growth,
climate change, and inefficient agricultural
practices (Madani, 2014; Ashraf et al., 2017).
Recent studies indicate that Iran’s renewable
water resources have decreased from
approximately 4,500 cubic meters per capita in
the 1970s to less than 1,600 cubic meters per
capita in recent years, pushing the country into
a state of water stress (Emerald Expert
Briefings, 2023). This alarming trend has
resulted in severe water scarcity, particularly
in agricultural regions where groundwater
over-extraction has become a critical issue
(Noori et al., 2021; Haghshenas Haghighi et
al., 2024). A notable example of this crisis in
Iran is the Safi-Abad plain in North Khorasan
province, a dry region characterized by an arid
climate, limited surface water resources, and
heavy reliance on groundwater for agriculture.
The salinization of the groundwater in this
region is predominantly intensified by over-
extraction, making forms of saline and
brackish issues and the drying up of wells.
Given that agriculture is the primary
occupation in Safi-Abad and groundwater is
the main water source, it is imperative to
develop strategies to reduce groundwater
extraction and ensure sustainable water
management. Addressing these challenges
requires a holistic approach to decision-
making that considers the economic,
environmental, and social impacts of water
resource management (Meran et al., 2021,
Moltz et al., 2020).

In real-world agricultural water resource
decision-making,  multiple  stakeholders-
including farmers, local authorities, water
managers, and policymakers-play crucial roles.
Each stakeholder brings unique knowledge,
skills, and experiences that must be integrated
into the decision-making process (Permono &
Kurniati, 2024; Lee et al., 2022; Ahmadi et al.,
2020). Given the complexity of factors
influencing water consumption in agriculture,
a single decision-maker cannot adequately
address all aspects of the issue (Lee et al.,
2022; Nouri et al., 2023). Therefore, group
decision-making involving diverse
stakeholders is essential to achieve precise and
reliable outcomes (Khanzadi et al., 2009; Cai
et al., 2004).

Recognizing the importance of stakeholder
participation, this study examines group
decision-making processes among agricultural
stakeholders in the Safi-Abad region of North
Khorasan province, Iran. By integrating the
perspectives of farmers, policymakers, and
water managers, this research aims to identify
effective strategies for sustainable
groundwater management and contribute to
the broader discourse on water resource
conservation in arid regions.

The scarcity and inappropriate use of water
resources, particularly within the agricultural
sector, have prompted research to increasingly
focus on policies and strategies aimed at
reducing water consumption. Multi-Criteria
Decision-Making (MCDM) methods have
gained considerable importance in recent years
and are widely applied across various real-
world contexts (Kacprzak, 2019). In
agriculture, where multiple influential factors -
such as farmer income, production costs, and
water consumption levels - influence the
selection of effective strategies for reducing
water usage, a multi-criteria group decision-
making approach is essential for identifying
optimal solutions. This section provides a
review of the literature on the application of
MCDM in groundwater management (Table
1).
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Table 1- Related literature on the application of MCDM in groundwater management

Authors The study region Methodology Purpose of the study
Arid Zone Basin of - ial f
the Atacama Desert _ _ Determining potential sources of
Pocco et al. - Analytical Hierarchy Process (AHP) -based groundwater using a Multi-Criteria
(In South America), e h . )
(2023) - . GIS approach Decision-Making technique with remote
Caplina basin.
Sensors
Determining the effectiveness and rank the
Tork et al Nekogabad area scenarios for the modernization of surface
' located in the central AHP and COPRAS S ; .
(2021) water distribution system in reducing
plateau of Iran - -
water withdrawal from the aquifers
Proposes a new framework of strategic
Radmehr et Combining hierarchical analysis and the planning with multi-criteria
al. (2022) Iran fuzzy Technique for Order of Preference by decision-making to develop sustainable
' Similarity to Ideal Solution (TOPSIS). water management alternatives for large
scale water resources systems
Hamidifar et | Analytical hle;]ra_r chy fp rocess (AHF ). Fuzzy- Examining the effective criteria for water
al. (2023) ran AHE, a_nd Fec nique for orc_jer preference by supply projects in rural areas
' similarity to ideal solution (TOPSIS)
Xuan Thao & Vietnam Fuzzy MCDM models Selection of the best water reuse
Nhung (2019) y application of the existing options
Ali & Khan . Evaluating the impact of climate change
(2020) Pakistan Fuzzy VIKOR method on the agriculture sector
Multi attribute utility theory (MAUT),
analytic hierarchy process (AHP), .
Alamanos et Greek, lake Karla elimination and choice expressing reality (a/gl&a)tgqgagatii; fﬁgi;ﬁgcﬁﬁniﬂiﬁggt
al. (2018) watershed (ELECTRE), and technique for order of gi€ 9
L : . appropriate among them
preference by similarity to ideal solution
(TOPSIS)
Multi-criteria decision making method for
Garai water resource management problems based
& Garg Purulia district, West on possibility measures under generalized Defining the available water resources in
(2022) Bengal, India single valued non-linear bipolar the agriculture field
neutrosophic environment
Comparing and ranking three possible
Hadelan et al. Croatia Analytical hierarchy process (AHP) locations for the construction of an
(2020) y yP ! irrigation system in different parts of
Croatia

The main goal of the modified method is
Noori et al Gamasiab Basin in to better manage uncertainties in the
' Kermanshah Fuzzy ELECTRE 1l evaluation process by considering both

(2021) province, Iran quantitative and qualitative criteria through
group decision-making
S . Simple additive weighting (SAW) and Lo
Sheikhipoor et Shahrekord aquifer, MTAHP, a hybrid of modified TOPSIS and Prioritizing groundwater management
al. (2018) Iran LT scenarios from an aquifer.
analytic hierarchy process models.
optimizing the allocation of water and
Pourmand et \aramin region. Iran Interval type-2 fuzzy sets combined with reclaimed wastewater across domestic,
al. (2020) glon, the TOPSIS model agricultural, and industrial sectors, and to
restore groundwater quantity and quality
. . I developing a water resource management
. o - Simple a_ddltlve welgh_tmg (SAW), model that facilitates indicator-based
Yilmaz et al. Gediz River Basin in compromise programming (CP) and - . -
. AP decisions, with respect to environmental,
(2010) Turkey technique for order preference by similarity - P o
) . social and economic dimensions in a
to ideal solution (TOPSIS) - S -
multiple criteria perspective
In most reviewed studies, the role of overlooked, leading to potential resistance
farmers as primary stakeholders in agricultural during the implementation of top-down

water consumption decisions has been policies. This gap highlights the need for
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research that actively involves diverse
stakeholders, particularly farmers, in decision-
making processes aimed at reducing water
consumption. Multi-Criteria Decision-Making
(MCDM) methods, especially when integrated
with fuzzy models, have proven effective in
optimizing water allocation, reducing costs,
and promoting sustainable water management
practices. To bridge these gaps, this study
utilizes F-Shannon’s entropy and F-TOPSIS
methods to support stakeholder-inclusive,
region-specific decision-making for

sustainable groundwater management in a
drought-affected agricultural region of Iran.
The paper is structured as follows: first, the
case study and methodology are introduced;
second, the results of applying F-Shannon’s
entropy and F-TOPSIS are presented; and
finally, the findings and their implications are
discussed.

Materials and Methods
The Study Region

Figure 1- The geographical location of the study area in North Khorasan province, Iran
North Khorasan province, Iran
Safi-Abad rural district in North Khorasan province

The Safi-Abad plain, located in North
Khorasan province, lIran, is a critical arid
region characterized by limited precipitation,
lack of permanent rivers, and scarce high-
quality surface water resources. (Fig. 1).
Groundwater accounts for approximately 79%
of the total water consumption, with 90% used
by the agricultural sector (Esfarayen Water
Landscape, 2021). Given that farmers are the
primary consumers of groundwater, their
active participation in decision-making is
essential for developing effective and
acceptable water conservation strategies. This
study employs the F-Shannon’s entropy—F-
TOPSIS hybrid approach to engage farmers as
key stakeholders, ensuring  sustainable
groundwater use and enhancing the

implementation of conservation measures in
the region.

F-Shannon’s Entropy -F- TOPSIS Hybrid
Approach

The decision-making process involves
identifying options and establishing criteria for
selecting optimal strategies. Multi-Criteria
Decision-Making (MCDM) techniques are
used to rank these options, especially when
multiple decision-makers (DMs) are involved
to account for diverse priorities and subjective
judgments (Kacprzak, 2020; Sadi-Nezhad &
Damghani, 2010).

Fuzzy set theory, introduced by Zadeh
(1965), provides a framework for handling
ambiguity in evaluations. (Chen, 2000;



Bahrami Nasab et al., Group Decision-Making of Agricultural Stakeholders towards Sustainable 447

Hatami-Marbini & Kangi, 2017). Fuzzy Group
Decision-Making (FGDM) methods are
effective in water resource management,
particularly  when decision-makers face
constraints such as limited time or incomplete
data (Kaya & Kahraman, 2010).

The Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS),
introduced by Hwang & Yoon (1981),
evaluates alternatives based on their distances
from the Positive Ideal Solution (PIS) and the
Negative Ideal Solution (NIS). Traditional
TOPSIS relies on precise data, which is often
unrealistic. To address this, fuzzy adaptations
of TOPSIS have been developed, enabling
decision-makers to  handle  ambiguity
effectively (Chen, 2000; Hatami-Marbini &
Kangi, 2017).

In MCDM, assigning weights to criteria is
critical for aligning decisions with objectives.
The fuzzy Shannon entropy method is
particularly useful for determining weights
when criteria are represented as fuzzy
numbers, capturing uncertainty effectively
(Mohammadi et al., 2020). In this study, we
combined the fuzzy Shannon entropy method
with Fuzzy TOPSIS to support group decision-
making among agricultural stakeholders,
aiming to reduce groundwater consumption.

The extended Fuzzy TOPSIS for GDM

In this study, we employed an extended
TOPSIS method based on fuzzy numbers to
address group decision-making challenges.
Unlike traditional approaches that aggregate
individual decision matrices into a collective
matrix using arithmetic or geometric means,
our method utilizes all individual decision data
without aggregation. This allows for a more
nuanced ranking of alternatives and the
identification of the optimal choice (Kacprzak,
2017). A key step in this method involves
transforming the decision matrices provided
by decision-makers (DMs) into matrices of
alternatives. Each alternative's matrix is
formed from assessments across all criteria as
evaluated by all DMs (Kacprzak, 2020). The
positive ideal solution (P1S) and negative ideal
solution (NIS) are defined as matrices of

maximum and minimum  assessments,
respectively. The distances of alternatives
from the PIS and NIS are calculated as
distances between matrices, and the coefficient
of relative closeness to the PIS is used to rank
alternatives and select the best option
(Kacprzak, 2020).

In this section, the applied approach is
presented. Consider an MCDM problem for
group  decision-making. Let (m > 2)
{414, ..., A} be adiscrete set of m feasible
alternatives, {C,C,, ...,C,} (n>=2) be a
finite set of criteria. w = (wywy, ..., wy) be
the vector of criteria weights, such that 0 <
wj<1

Let {DM,DM, ...,DM,}(k =2) be a
group of decision-makers.

Each DM presents a decision matrix in the
following form:

Cl C2 Cn
k k k
Al X1 X o0 Xy
k k k
X K:A2 Xo1 Xy 0 Xy 1)
k k k
Am Xml Xm2 an

k _ .
where xij_(axi,-'bx%‘,-'cx%‘j’dxij) is a

positive trapezoidal fuzzy number representing
the rating of alternative A (F =222 M) ity
respect to criterion €1 =0 =121 yrovided
by decision-maker DM, (k =1,2,..,.K )

A very popular way of constructing the fuzzy

decision matrix X is to use linguistic
variables to evaluate the ratings of alternatives
concerning various criteria (Kacprzak, 2017;
Hatami-Marbini & Kangi, 2017). Decision-
makers (DMs) rate alternatives using linguistic
expressions, which are then represented as
trapezoidal fuzzy numbers to capture fuzzy
judgments. Fig. 2 and Table 2 shows the fuzzy
numbers represent the linguistic variables.
These variables are used to characterize the
performance rating of each alternative for each
attribute (Hatami-Marbini & Kangi, 2017).
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Figure 2- Performance rating of Alternatives

Table 2- The linguistic variables for the ratings of the alternatives and their representation by FNs

Linguistic variable

Fuzzy number

Very poor (VP) (0,0,1,2)
Poor (P) 1,2,2,3)
Medium poor (MP) (2,3,4,5)
Fair (F) (4,5,5,6)
Medium good (MG) (5,6,7,8)
Good (G) (7,8,8,9)
Very good (VG) (8,9, 10, 10)
Next, in order to ensure comparability of DM.
criteria, the fuzzy decision matrix X TS
normalized. The normalized fuzzy decision ¢, C, - C,
matrix AVE vE vk ]
Cl C2 Cn 1 11 12 In
A k koo k
Ay Vi o Y v <=reVa Va oo Va 4)
Y K:;AZ ):/21 y:22 y:2n @ Am _Vn!l(l Vrr:(Z Vn:(n
AnlYm Ymz = Y
Where
is calculated using the following formulas: Vil; :iji'; =(Wjay5 ’ijyg WiC, ’Wjdy;) §5

k
Vij

ak b_k C. k d_k
( X X X X
) ) )
max;d_x max;d_r max;d_r max;d_k
12 xl-]- 12 xl-]- i xi]- 12 xi]- (3)

min;a_x min;a_x min;a_x min;a_x
( L X L xij L Xij L xij)

x5

ii Xij

ii

dr ' cx ' bx ' aux
Xii Xii

Using the wvector of criteria weights

W =W, W,....W.) the weighted normalized
fuzzy decision matrix is calculated for each

The matrices V¥ form the basis for the
construction of weighted normalized fuzzy
decision matrices for each alternativeA;.
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Cl C2 Cn

DMlvh Vé ”'V;

. 2 2 2
W ';DM? V.il Vit Vin. (6)

DMk Vikl Vikz Vi|:1

Matrices W' constitute the basis for the
ranking of the alternatives and the selection of
the best one using the fuzzy TOPSIS method.

The positive ideal solution A" is determined
as follows:

Cl C2 Cn
DMl Vfr V;.‘f’ V|1.+
2+ 2+ 2+
A OMe v vE v 7
DMk Vlk+ V;H V:*

Where Vi =MaVi and the negative
ideal solution A~ is determined as follows:

Cl C2 Cn

DM, Viovy e vp

DM, [vf= v ... vke
k— H k
Vi =min.V:
Where "} o

Next, the distances of each alternative 4;
represented by matrix W*' from PIS are
calculated as follows:

K n
CEDWHCA ®
k=1j=1
And from NIS

K n 1
di = Z z d (v, vj") é)
k=1j=1

Using these distances, the relative closeness

coefficient RC; to PIS for each alternative A;
is calculated as follows:

RC; = di
YT df +d;

(11)

According to the descending values of RC;
all alternatives A; are rank ordered and the
best one is selected.

Fuzzy Shannon’s Entropy Method

In multi-criteria decision-making (MCDM),
decision-makers must assign weights to
criteria to reflect their relative importance.
While these weights may lack direct economic
significance, they are essential for modeling
decision-making preferences and structures
(Izadikhah & Salehi, 2014; Opricovic &
Tzeng, 2004).

The evaluation of criteria often leads to
diverse opinions highlighting the need for a
systematic approach to weight assignment.
Weighting methods can be categorized into
two types: subjective and Objective methods.
Objective methods are particularly useful
when reliable subjective weights are difficult
to obtain. In this study, we employ the
Shannon entropy method, extended for
imprecise data by Hosseinzadeh Lotfi and
Fallahnejad (2010), to calculate criteria
weights. This approach is effective for
handling interval and fuzzy data, ensuring a
robust and objective weighting system
(Jafarnejad et al., 2012).

The steps of fuzzy Shannon’s entropy are
explained as follows:

Step 1: Transforming Fuzzy Data into
Interval Data Using a-Level Sets

The a-level set of a fuzzy variable X;; is
defined as the set of elements that belong to
the fuzzy variable %;; with a membership of at
least a i.e,

(iij)a = {J?ij € R | g, (%ij) 2 0‘} 12§

The a-level set can also be expressed in the
following interval form:
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[xi' 5 x"] = [(fij)aL: (fij)au] = (13)
[minf” {xij € R | phy;; (x5) 2 a},
max,gij xij

€ R | phy;; (x5) 2 “}]

Where 0 < a < 1. By setting different levels
of confidence, namely 1-o, fuzzy data are
transformed into different o-level sets {(%;;) _

| 0 <o <1}, which are all intervals (Jafarnejad
etal., 2012).

Step 2: The Normalized Decision Matrix

Suppose A1, A,..., Am are m possible
alternatives among which decision-makers
have to choose, C:, C2,..., Cy are criteria with
which alternative performance is measured. Xij
is the rating of alternative Ai with respect to
criterion Cj, which is not known exactly; we
only know that Xj; € [Xit , Xi“]. An MCDM
problem with interval data can be expressed in
matrix format as follows (lIzadikhah & Salehi,
2014):

(14)

Cy G, Cn
A [Xi1, X141 [Xi2, X12] (X X1n]
Az [X51,X21] X532, X22] [XZn Xzl
Am (X1, Xina] [Xhz, Xina] [Xfn, Xinn]

Now we calculate the normalized decision
matrix as follows. The normalized values ﬁl-jL

and 71;;V are calculated as:

_ L x5 , (15)
j=1l*1j ) ij
=1,....,m,
i=1,..,n
.U = x;” i
ij =
Tl 1+ x| (16)
=1,....m,
i=1,..,n

This normalization is the norm L1 version
of the normalization method proposed by
Jahanshahloo et al. (2006). The interval

[71UL,71U-U] is the normalized  of
intervaI[Xl-jL 5 XUU]. The  normalization
method mentioned above preserves the
property that the ranges of normalized interval
numbers belong to [0, 1].

Step 3: Calculation of the Concentration
Index for Each Criterion with Interval Data

This is accomplished by solving the
following two non-linear models:

m
. 1 U
B} = min(— (m))Z xi;¥ In(x;)
i=

Subject to (17)
it < xgj <Y
1 m
EY = max(— —)Zx--L In(x;,)
J In (m) = Y Y (18)

Subject to
—~ L =~ U
nij < xij < Tlij

After some simple calculation, we have:

1 m
Bf = (- (m)gnu”ln(nu”) (19)

(20)

m
1
B = i) 2t ()
i=1
Therefore, we have EF < E/

Step 4: The Amount of Dispersal for Each
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Criterion
df =1-E; (21)
d}U =1— E].L (22)

Therefore, we have df < d/
Step 5: Calculation of the Weights of
Criteria

dt
Vl/jLz n l], U (23)
ioaldf +d]]
d}’
w;l = 24
T 7T &9

Therefore, we ij < ij and the interval
weight of criterion Cj is [w;* , w;"] .

Selection of Participants
In  Multi-Criteria  Decision  Making
(MCDM), there are no rigid rules for

determining the selection of experts. However,
in previous studies, experts are generally
chosen based on two key criteria:
i. Subject-specific knowledge and industry
experience, and ii. The author’s professional
and personal connections, often utilizing
convenience sampling.

In this study, in-person interviews were
conducted with various stakeholder groups
from relevant organizations, including:
Managers of the North Khorasan Agriculture
Organization, Staff from the North Khorasan
Regional Water Company, and Managers from
the  North  Khorasan  Department of
Environment and Exemplary farmers. The
questionnaire, consisting primarily of open-
ended items, was designed to explore their
views and experiences regarding reducing
groundwater consumption in agriculture. A
total of 57 interviews were conducted (see
Table 3).

Table 3- Frequency of Stakeholder Participation

Participants Class

Number of Participants

Managers and staff members of the Regional Water Company 2
Agriculture Organization Managers 3

Managers of Natural Resources and Environment Organization 2
Farmers 50

Total 57

Results

According to previous studies review,
upstream documents, expert opinions, and
insights from university professors, as well as

the environmental conditions of the region, the
most significant strategies and criteria were
identified (see Table 4).

Table 4- Strategies and criterions

C: " Increasing income from cultivation™
C, "Reducing production costs"
Cs "Preventing the depletion of groundwater reserves"
C, " Job creation in the agricultural sector"
Cs "Increasing retention in rural areas"

8 C " Increasing crop yields "

2 ¢ " Preventing Drought Occurrence”

O (g "Groundwater quality (preventing water salinity)"
Co "Preventing land subsidence"
Cio " Enhancing soil quality"
Ci1 "Reducing energy consumption in water extraction"
Ciz "Preserving The Natural Ecosystem (Flora and Fauna)"

A Reducing a portion of the cultivated area in
L exchange for receiving cash subsidies.
=\ 4 Reducing groundwater extraction in exchange
N I for cash subsidies.
2 A Increasing Water Prices in Exchange for Higher
b Crop Prices
814 Adopting Modern Irrigation Systems in Place
= of Traditional ones.
E A Prioritizing the cultivation of autumn crops to
£ 5 utilize rainfall in fall, winter, and spring.
< Reducing the cultivated area of high water-
Ag,  demanding crops and replacing them with low
water-demanding crops.




Journal of Agricultural Economics & Development Vol. 38, No. 4, Winter 2025

452

YIIZEO'0  [$€9890°0 ‘S6SS10°0]  [££5895°0 ‘6816T1°0]  [1180L8°0 ‘LTHIEH 0]  .(eune pue eiol]) wa)sksood [eInjeN YL SulAldsald, ) 7l
69v070°0  [S29650°0 ‘€1€120°0]  [¥6£61°0 ¥9S9L1°0]  [9€H€T8°0 ©90905°0] ., UONdBNXA 19jem ul uondwinsuod A31oud Suonpay , ) 11
6€Tv00  [L£€990°0 ‘€b¥810°0]  [¥S61S°0 ‘LL8LTST0]  [€1TLYS°0 ‘€SH0SH 0] JAurenb qros Suroueyuy ,, ) o1
8€T1+0°0  [1€0290°0 ‘¥+0T0°0]  [9L8€T1S°0 “49€691°0]  [9€90€8°0 ‘+T198+°0] ,OUAPISqNS puE| SUNUSAAI], 9 6
vL80v0°0  [20090°0 ‘82L120°0]  [¥12L6¥°0 “S666L1°0]  [S00028°0 ‘98205 0] «(Kyurfes 1ojem Sunuaaaid) Aijenb rjempunoln,, 8 8
260770°0  [9112£0°0° 890910701  [L1+L6S°0 ‘SOTEET 0] [S68998°0 ‘€850t 0] (OIUALINIIQ YBNOI( SUNUSAdI] ,, 9 I
§9LTH0'0  [9120L0°0 ‘S1€ST0°0]  [S£9185°0 '898971°0]  [TE€T1€L8°0 ‘STE]TH 0] u SPIaIA doxd Surseasouy |, ° 9
8401+0°0  [808790°0 ‘88761001  [90£0TS°0 ‘18L6ST°0]  [6120¥8°0 ‘+696Lt°0] 4SEAIE [BINI UT UOUDJAT SUISLAIdU],, 5%
€C1TH0'0  [L¥9890°0 ‘619510°0)  [89895°0 ‘88¢6T1°0)  [2190L8°0 ‘TEIEH 0] 103038 [eIN}[NOLISE By} Ul UOIEDIDd qOf |, LI
88010°0  [282650°0 ‘8L¥2z00]  [86016%°0 ‘€12981°0]  [L8LE18°0 ‘TO680S0] ., SOAIdSAI 1djeMpunois jo uond[dop oy Sunuaadrd , £y ¢
YLL6E0°0  [896950°0°6L5TT0°0]  [T€61LE°0 “Ly0L8T°0]  [£56T18°0 ‘890875 0] ,$1500 uononpoid Juonpay, 9 &
vzezb0'0  [87890°0 °£91910°0]  [£49595°0°1€6€€1°0]  [690998°0 ‘LSEFEH 0] LUOTBATI[ND WOL) dwodur Suiseaiouy |, L I
'm [am‘im] [4a ‘lal FERED "oN

poyjowi Adoayud uouuey§ Azznjy poyjdw 3uisn PaJe[nd[ed BLIALID JO JYSIOM Y ], -S d[qB L



453

Bahrami Nasab et al., Group Decision-Making of Agricultural Stakeholders towards Sustainable

‘sdoro Suipuewdp-1arem

l 895TSL'0  9YE00L'y  9196T¥1 MO[ Yam way) Suroejdar pue sdoro Juipuewap-1aem Y31y Jo BaIR PAJBANND A} SUoNpay v 9
S Tr99LE0  618¥811 8¥88SI1°L "Sutids pue “Jojuim [[ey Ul [[gjurel 9z{jnn 0} sdoid uwnne jo UoNeAN[ND Ay SuiZznLIold b 4 S
[4 8C€I90L°0  9ILLLS'S  €0€0¥°El "SOUO [EUONIPEL], JO 90B[( U SWAISAS uonesLu| uapojy Sundopy Ty 14
9 6€0€61°0  TPLBTSI C0LS9E s90L1g do1) 19YSIH 10§ SFUBYOXY UL SN INEA\ Sulsealou] By €
I LYES8S0 666L8°L 8Tl *SAIPISQNS [SEd 10} 9SUBLOXD Ul UOIIBNXD I9JeMpunols Suronpay 2y z
¥ 6L£09S°0 169L9€'8 6199901 'SAIPISQNS Ysed SUIAI901 10 dZUBYIXD Ul BAIR PAJeAl}[nd ay) Jo uoniod & Suronpay] 2% I
yuey Dy ip p ON

*13)eA puno.agidpun jo uondurnsuod 3y) 3Inpaa 0) s3I3ajea)s jo uoneznriorid 3y) Suipaedaa poyjaw Azzny SISJO.L JO SINSAI YL, -9 d[qe L



454 Journal of Agricultural Economics & Development Vol. 38, No. 4, Winter 2025

The strategies for reducing groundwater
consumption were prioritized using the Multi-
Criteria Decision-Making (MCDM) model.
This approach was chosen due to its ability to
handle complex decision-making processes
involving multiple criteria and stakeholder
preferences. First, the relative importance of
the criteria was determined using the fuzzy
Shannon entropy method. This method was
particularly useful for addressing uncertainties
in stakeholder inputs and ensuring a robust
weighting process. By incorporating fuzzy
logic, the model effectively captures the
vagueness and subjectivity inherent in
stakeholder judgments, leading to more
reliable results. The results, summarized in
Table 5 revealed that the criterion "Preventing
Drought Occurrence” (C,) had the highest
weight, indicating its critical importance in the
decision-making  process. This  finding
underscores the stakeholders' concern about
the long-term impacts of drought on
agricultural sustainability.

Next, the strategies were evaluated and
prioritized using the Fuzzy TOPSIS method.
This method was selected for its ability to
handle imprecise data and provide a clear
ranking of alternatives based on their
proximity to ideal solutions. The results,
presented in Table 6, identified the following
ranking of strategies:

1. Reducing the cultivated area of high
water-demanding crops and replacing
them with low water-demanding crops
(Strategy 6).

2. Adopting modern irrigation systems in
place of traditional ones (Strategy 4).

3. Reducing groundwater extraction in
exchange for cash subsidies (Strategy 2).

4. Reducing a portion of the cultivated area
in exchange for receiving cash subsidies
(Strategy 5).

5. Prioritizing the cultivation of autumn
crops to utilize rainfall in fall, winter, and
spring (Strategy 3).

6. Increasing water prices in exchange for
higher crop prices (Strategy 1).

This prioritization, based on factors such as

water savings, economic impacts, and social
acceptability, provides a clear roadmap for
stakeholders to implement effective measures
for sustainable groundwater management. The
high ranking of crop replacement and modern
irrigation systems reflects their potential to
address both water scarcity and agricultural
productivity challenges. These strategies are
particularly relevant in regions where
groundwater depletion has reached critical
levels, threatening both food security and
environmental stability.

Conclusion and Discussion

This study highlights the urgent need for
innovative strategies to address groundwater
depletion in agriculture. The over-extraction of
groundwater, driven by population growth and
climate change, poses a significant threat to
food security and environmental sustainability.
Without immediate action, the continued
depletion of groundwater resources could lead
to irreversible ecological damage and severe
socio-economic consequences. The magnitude
of the challenge is compounded by increasing
frequency of droughts and the rising demand
for water due to expanding urban populations
and agricultural needs. By combining
stakeholder insights with MCDM techniques,
the research identified two key strategies:
transitioning to low water-demand crops and
adopting modern irrigation systems.

The top-ranked strategy, transitioning from
high water-demanding crops to low water-
demanding alternatives, aligns with global
evidence supporting this approach. For
instance, Boser et al. (2024) found that
switching to lower water-intensity crops in
California agriculture could reduce water
consumption by up to 93%. Similarly, Davis et
al. (2017) demonstrated that replacing existing
crops with more suitable alternatives in
specific areas of the U.S. could improve water
resource efficiency. While the overall water
use reduction from these crop replacements
was modest (about 5%), significant local water
savings were achieved, particularly in drought-
prone regions like California. These findings
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highlight the potential of this strategy to
significantly reduce water use, especially in
regions facing severe water scarcity.
Moreover, recent studies show that adopting
such crop strategies could potentially reduce
farmers'  vulnerability to  water price
fluctuations and ensure more stable
agricultural productivity in the long term.

In addition to reducing water consumption,
the adoption of low water-demand crops can
contribute  to rural development by
diversifying income sources for farmers. In
many regions, reliance on a single high water-
demand crop has led to economic vulnerability
due to price fluctuations and water scarcity. By
introducing alternative crops, farmers can
spread their risks and tap into emerging
markets for niche products, such as organic or
drought-resistant varieties. This diversification
can strengthen local economies and improve
livelihoods in rural communities.

The second-ranked strategy, adopting
modern irrigation systems, has also proven
effective in reducing water waste. Modern
irrigation technologies, such as drip and
sprinkler systems, enable precise water
application, minimizing losses due to
evaporation and runoff. These systems are
particularly beneficial in arid and semi-arid
regions, where water resources are limited and
must be used efficiently. Studies such as Cebi
et al. (2023) reported water savings of 66—73%
when drip irrigation replaced traditional flood
irrigation in rice farming.  Similarly,
Tsakmakis et al. (2017) and Leghari et al.
(2024) demonstrated that modern irrigation
systems not only conserve water but also
improve crop yields. These results underscore
the importance of investing in advanced
irrigation technologies to optimize water use in
agriculture. In addition to the water efficiency
gains, studies have shown that modern
irrigation practices can also lead to better
uniformity in crop yields, further improving
farm productivity.

Modern irrigation systems also offer
opportunities for integrating renewable energy
sources, further enhancing their sustainability.
Solar-powered irrigation pumps, for example,

can provide a clean and cost-effective
alternative to conventional diesel-powered
systems. This combination of water-saving
technologies and renewable energy can reduce
greenhouse gas emissions and promote
climate-resilient agriculture. Moreover, the
adoption of smart irrigation systems equipped
with sensors and loT technology allows for
real-time monitoring and control, ensuring
optimal water use based on crop needs and
weather conditions. Such precision in water
delivery helps farmers respond more
effectively to fluctuating climate conditions,
such as prolonged dry spells or unseasonal
rainfall.

These strategies not only reduce water
consumption but also enhance agricultural
productivity and economic outcomes. To
support their implementation, policymakers
should provide financial incentives, technical
training, and market access for low water-
demand crops. For example, subsidies for
seeds and equipment, as well as guaranteed
purchase agreements for low water-demand
crops, can encourage farmers to adopt these
practices. Additionally, investments in modern
irrigation infrastructure are essential to ensure
sustainable water management in the region.
Governments and agricultural organizations
should collaborate to promote the widespread
adoption of these technologies through
subsidies, awareness campaigns, and capacity-
building programs. Public-private partnerships
can play a crucial role in scaling up these
initiatives and ensuring their long-term
success.

To facilitate the transition to sustainable
agricultural practices, it is vital to address the
knowledge gap among farmers regarding new
technologies  and crop management
techniques. Training programs, extension
services, and demonstration projects can help
farmers  understand the  benefits and
operational aspects of modern irrigation
systems and low water-demand crops.
Collaborations with agricultural research
institutes and universities could also accelerate
the development and dissemination of region-
specific  crop  management  strategies.
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Furthermore,  fostering  farmer-to-farmer
learning networks can accelerate the diffusion
of best practices and innovations within the
agricultural community.

Future research should focus on evaluating
the long-term impacts of these strategies and
exploring additional innovative practices to
further enhance water sustainability in
agriculture. ~ For  instance,  integrating
renewable energy sources into irrigation
systems or developing drought-resistant crop
varieties could offer additional benefits.
Rainwater harvesting, on the other hand, can
supplement groundwater supplies during dry
periods, providing a buffer against water
scarcity.

Another promising area for future research
is the development of integrated water
resource management (IWRM) frameworks
that consider the interconnections between
groundwater, surface water, and atmospheric
water. Such frameworks can help optimize

including agriculture, industry, and domestic
use.

By embracing these enhancements, the
agricultural sector can contribute significantly
to sustainable water resource management,
ensuring food security in an increasingly
resource-constrained world. The findings of
this study provide a foundation for
policymakers, researchers, and practitioners to
develop and implement effective solutions for
groundwater conservation, ultimately
contributing to the resilience and sustainability
of agricultural systems globally. Ultimately,
the success of these strategies depends on the
collective efforts of all stakeholders, including
governments, farmers, researchers, and private
sector actors. Collaborative governance
models that prioritize participatory decision-
making and equitable benefit-sharing can

foster trust and cooperation  among
stakeholders,  paving the way  for
transformative change in water management

water allocation across different sectors, practices.
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