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Abstract: A hybrid model was developed by combining multiple-criteria decision-making (MCDM)
with the analytic hierarchy process (AHP) and a fuzzy set to give decision support for choosing sus-
tainable solutions to agricultural problems. Six steps were taken to build the suggested hybrid model:
identifying and weighing criteria; normalizing data using fuzzy membership functions; calculating
the weighting of the criteria using AHP; and selecting the best alternative for the agricultural problem.
The objective of this case study is to demonstrate how agricultural production techniques (APTs)
are becoming more complex as agricultural production becomes more complex. Organic agriculture
aims to protect both the environment and consumer satisfaction by utilizing organic management
practices that do not have the negative effects associated with conventional and genetic engineering
production. Meanwhile, products obtained through conventional and genetic engineering techniques
are more cost-effective. To present the superiority of the proposed fuzzy MCDM hybrid model, this
problem is used as the causative agent’s dataset. Because the challenge involves a large number of
competing quantitative and qualitative criteria, the assessment approach should improve the ratio
of input data to output data. As a result, agricultural productivity should be controlled holistically.
However, because the problem may contain both qualitative and quantitative facts and uncertainties,
it is necessary to represent the uncertainty inherent in human thinking. To achieve superior outcomes,
fuzzy set theory (FST), which enables the expression of uncertainty in human judgments, can be
integrated with). The purpose of this study is to present a novel MCDM approach based on fuzzy
numbers for analyzing decision-making scenarios. The proposed methodology, which is based on
Buckley’s fuzzy analytic hierarchy process (B-FAHP) and the Fuzzy Technique for Order of Preference
by Similarity to Ideal Solution (F-TOPSIS), uses Buckley’s fuzzy analytic hierarchy process (B-FAHP)
and fuzzy TOPSIS to determine weights and rank alternatives, respectively. As a result, we attempted
to include both the uncertainty and hesitancy of experts in the decision-making process through
the use of fuzzy numbers. We have three main criteria in this study: Satisfaction (C1), Economy
(C2), and Environment (C3). An important objective of the current research is to build a complete
framework for evaluating and grading the suitability of technologies. A real-world case study is used
to demonstrate the suggested paradigm’s validity.

Keywords: multiple-criteria decision-making (MCDM); Buckley’s fuzzy analytic hierarchy process
(B-FAHP); fuzzy TOPSIS (F-TOPSIS); agricultural production technique (APT); agriculture problems (AP)

1. Introduction

The current agricultural system, often referred to as conventional or industrial farming,
has resulted in enormous gains in production and efficiency. International food production
has increased over the past 50 years; the World Bank estimates that conventional agriculture,
rather than increased land under cultivation, accounts for between 70% and 90% of recent
increases in food output. Agriculture in the traditional sense varies by farm and country.
Different farms do, however, share a number of traits, including fast technical innovation,
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large-scale farms, monocultures (single crops), uniform high-yield hybrid crops, reliance
on agribusiness, farm mechanization, and extensive use of pesticides, fertilizers, and
herbicides [1]. Despite these benefits, conventional agriculture contributes to environmental
and social challenges, and the effect of conventional agricultural products on human health
is debatable.

Along with conventional farms (industrial agriculture), scientists began experimenting
with agricultural genetic engineering. As a result of this technological advancement, farm-
ers began employing genetically modified seeds in agriculture. Increased crop yields, lower
food costs, less reliance on pesticides, increased nutritional content and food quality, pest
and disease resistance, and increased food security for the world’s growing population are
just a few of the benefits of agricultural genetic engineering. Crops that mature faster and
are more resistant to aluminum, boron, salt, drought, and cold have also been developed,
allowing plants to survive in environments where they would not thrive ordinarily [2].
However, there are risks and disagreements involved with the use of GMOs, including
potential adverse impacts on human health or the environment.

Organic farming aims to protect the environment by avoiding the negative conse-
quences associated with conventional and genetically altered agricultural techniques, as
well as to satisfy customers by providing organic products. Food safety demand has grown
in lockstep with rising environmental concern, resulting in an increase in demand for
organic goods. Organic agriculture has been shown to improve soil fertility and biodiver-
sity [3]. For instance, a meta-analysis comparing conventional and organic farms discovered
that organic farms had a greater soil organic matter content and had less nutrient loss [4].
As a result, it is anticipated that organic agricultural systems would be able to counteract
climate change while still ensuring food security [5].

Despite the numerous benefits of organic farming, organic food is more expensive than
conventional food since farmers obtain less from their land than conventional farmers do
and also require more labor. Food poisoning might become increasingly prevalent. Organic
food is more difficult to sell and distribute than conventional food since it is produced in
lower quantities. Organic farming is incapable of providing enough food to sustain the
world’s population.

MCDM is a method for choosing the best possible alternative from a large number
of candidates based on a set of criteria or attributes. In recent years, interest in studies
of MCDM challenges has increased, notably in the field of operations research. Due to a
lack of information about the situation, the existence of a number of criteria with variable
degrees of significance, and the difficulty of determining whether one criterion is important
to another, these decisions are complicated in nature [6].

Everyday decision-making is important. While one-on-one comparisons seem to
work well in ordinary life, they do not work well in business. Problems in company
management are more complex than in personal life since most business scenarios include
multiple-criteria decision-making (MCDM). To tackle these issues, multiple-criteria decision
procedures should be properly chosen [7].

Many real-world decision-making problems cannot be handled using a hierarchical
structure due to the interactions and dependencies between criteria. In this case, the
abovementioned assumption is incorrect, and it may result in irrational action. As a result,
it is necessary to define the MCDM issue in terms of a network structure. It is possible to
overcome the drawbacks of the AHP approach using the TOPSIS method.

To achieve the required weighting of criteria, it is important to employ an efficient tool
in combination with the TOPSIS technique. As a result, while selecting the optimal option,
it is usually utilized in combination with other MCDM approaches. AHP and TOPSIS, for
example, were used to rate the choices in a ranking procedure [8].

AHP is a decision science technique that was developed to address the numerous
criterion problems that arise when quantitative or qualitative data are used (Saaty, 1980).
MCDM has a number of applications in which issues are represented as hierarchical
forms with unidirectional hierarchical relationships. The primary AHP procedures include
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creating a problem hierarchy, evaluating characteristics and sub-attributes relative to one
another, establishing priorities, and ranking them overall [9].

As a case study, this article describes a two-step hybrid fuzzy decision-making pro-
cedure that uses fuzzy numbers to determine the best agricultural production type for a
specific condition. It was believed that by implementing a two-phased and more com-
prehensive plan, economic, environmental, and social factors as well as technical criteria
would be integrated into the decision-making environment for this problem. Furthermore,
by utilizing fuzzy numbers, the authors have included the experts’ hesitation as well as
the process’s ambiguity in a manner that varies from that seen in the literature. The crite-
rion weights were determined in both hybrid approaches utilizing Buckley’s fuzzy AHP
(B-FAHP) methodology and the fuzzy TOPSIS (F-TOPSIS) technique, respectively.

The rest of this paper is structured as follows: Section 2 is a review of important
existing literature. Section 3 describes the specifics of the proposed combination of the
B-FAHP and fuzzy TOPSIS approaches. Section 4 mathematically explains the agricultural
method selection problem. Section 5 presents the experimental findings, and Section 6
contains conclusions and a discussion about possible future research.

2. Literature Review

This section conducts a comprehensive analysis of the literature about agricultural
production technology selection. Additionally, we know that much of the research on
agricultural production technique determination has been conducted using quantitative
techniques. This section contains research that was conducted using a quantitative decision-
making approach that included a hierarchy of evaluation criteria:

(i). What criteria have been chosen for evaluating the agricultural production technique
determination process?

(ii). What method(s) is (are) being employed to resolve the issue?
(ii). What data types are considered input?
(iv). What uncertainties are inherent considering the problem environment?

Thus, we aim to reveal any applicability gaps between our study and past studies
by evaluating the replies to the first two questions. Similarly, the responses to the other
questions are analyzed to determine methodological issues. A comprehensive decision-
making framework and a unique technique were developed based on the findings of the
literature review. Three factors were considered throughout the review process: recent
publications, journals published, and the number of citations. The first factor is based on
studies published since 2010. Then, publications are ranked by their impact factors and
indexing categories. Finally, the papers are ordered by their number of citations. To begin,
criteria for assessing the approach to determining agricultural production technology were
gathered. We gathered various parameters and created a comprehensive decision-making
structure for agricultural production technology selection. Numerous articles published in
the past few years have included a range of decision-making approaches based on classical
and fuzzy sets. Table 1 summarizes the literature on the application of conventional and
fuzzy decision-making methodologies.

MCDM techniques employ structured procedures and algorithms to determine the
optimal response to a diverse set of facts, values, and stakeholder views. These tactics,
in general, seek to eliminate ambiguity in decision-making. Thus, uncertainty has been
considered in relation to MCDM and its numerous applications. A comprehensive exami-
nation of the multiple sources of uncertainty in environmental choices impacting MCDM
outcomes is uncommon [10].

Besides the importance of raising agricultural production yields in national agricul-
tural policies, agricultural production methods are acquiring growing value in terms of
customer satisfaction, the agriproduct’s basic price ratio, and environmental effects. Sim-
ilarly, Sarper Alem (2020) examined four distinct agricultural practices: “conventional
farming”, “artificial intelligence-assisted farming”, “vertical farming”, and “plant-based
meat”, with a particular focus on cost and “ecological” and “consumer” issues. Because no
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correlation between these criteria was identified, the factor weights were calculated using
the interval type-2 fuzzy analytic hierarchy process. After obtaining weights, the alterna-
tives were ranked using hesitant fuzzy TOPSIS. To account for the decision’s complexity
and uncertainty, two separate multiple-criteria decision-making models were proposed [11].
Agricultural goods are analyzed from a range of angles, and a variety of methodologies
are utilized to optimize agricultural output. For example, Zandi et al. (2020) used a fuzzy
technique to manage agricultural risks, and their study aimed to expand the use of FMEA
to agricultural risk management [12].

Table 1. Summary of supplier selection literature review.

Author (Year) Title AHP Fuzzy
AHP

Interval
Type-2

Fuzzy AHP

Fuzzy
ANP

Fuzzy
TOPSIS

PROMETHEE
II

Sarper Alem
(2020)

Special Agriculture Production
Selection Using Interval Type-2
Fuzzy AHP

√

Zandi et al.
(2020)

Agricultural Risk Management
Using Fuzzy TOPSIS Analytical
Hierarchy Process (AHP) and
Failure Mode and Effects Analysis
(FMEA) Agriculture

√ √

Ren et al. (2018)

Integrated multi-objective
stochastic fuzzy programming and
AHP method for agricultural
water and land optimization
allocation under multiple
uncertainties, Journal of
Cleaner Production

√

Pilevar et al.
(2019)

Integrated fuzzy, AHP and GIS
techniques for land suitability
assessment in semi-arid regions
for wheat and maize farming
Ecological Indicators

√

Firdaus et al.
(2020)

A Multicriteria Decision Making
and Fuzzy-AHP Approach for
Formulating Strategy to Develop
Organic Agriculture in Bengkulu
Province, Indonesia

√

Tashayo et al.
(2020)

Combined Fuzzy AHP–GIS for
Agricultural Land Suitability
Modeling for a Watershed in
Southern Iran

√

Mohammad
Rezaei et al.

(2014)

Land Suitability Evaluation for
Wheat Cultivation by Fuzzy-AHP,
Fuzzy-Simul Theory Approach as
Compared with Parametric
Method in the Southern Plain
of Urmia

√

Rahimabadi et al.
(2021)

An ecological agricultural model
using fuzzy AHP and
PROMETHEE II approach

√ √

Demirel et al.
(2012)

Risk-Based Evaluation of Turkish
Agricultural Strategies using
Fuzzy AHP and Fuzzy ANP

√ √

Ren et al. (2018) developed an enhanced multi-objective stochastic fuzzy programming
technique that enables decision-makers to make logical irrigation water and land resource
allocation decisions [13]. Pilevar et al. (2019) established an integrated fuzzy AHP and GIS
approach for determining the suitability of land for wheat and maize growth in semi-arid
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regions [14]. Firdaus et al. (2020) created a strategy for organic agricultural development in
Bengkulu Province. To determine the optimal strategy for developing organic agriculture,
their study used a fuzzy analytical hierarchy process (fuzzy AHP).

The following techniques were ranked as a result of a previous study that used fuzzy
AHP: (1) developing a competitive, export-oriented organic product; (2) assisting in the
development and marketing of organic goods; and (3) establishing community-supported
organic agriculture [15]. Tashayo et al. (2020) modeled agricultural land suitability for a
watershed in Southern Iran using a combination of fuzzy AHP and GIS [16]. Mohammad
Rezaei et al. (2014) [17] studied the efficacy of the fuzzy approach, AHP, and Simul weight-
ing techniques for wheat cultivation in Urmia’s Southern Plain. Rahimabadi et al. (2021)
used fuzzy AHP and PROMETHEE II to estimate the ecological agricultural production
of Eshtehard, Iran. As a consequence, the ecological potential of the land was determined
using ecological criteria in combination with the PROMETHEE II and fuzzy AHP methods.
Their study’s findings demonstrated the efficacy of combining PROMETHEE II and fuzzy
AHP for assessing an area’s ecological potential [18]. Demirel et al. (2012) proposed a model
for creating an agricultural plan for Turkey based on linguistic notions using fuzzy AHP
and an analytical network approach (ANP). The authors discussed a fuzzy AHP-based
technique for addressing the numerous selection factors involved in agricultural strategy
selection, such as risk considerations, ecological structure, socioeconomic structure, and
technological structure [19].

3. Methodology

This section introduces the suggested approach, which is based on fuzzy numbers
and was developed to aid in the selection of agricultural production techniques in Turkey.
The methodology described here is based on the B-FAHP and F-TOPSIS methodologies.
Following a fundamental definition of the fuzzy number idea, the steps of the B-FAHP
and F-TOPSIS processes, improved with fuzzy numbers, were addressed. Following that,
the proposed approach was developed in further detail. The purpose of this study was to
develop a hybrid MCDM model for agricultural selection using an AHP-based fuzzy set in
combination with a TOPSIS-based fuzzy set.

3.1. FST

Zadeh (1965) developed fuzzy set theory (FST) to address imprecision and uncertainty.
The primary contribution of this theory is the capacity to characterize ambiguous data
and to apply mathematical operations and programming to the fuzzy domain. An FS
is a collection of goods with varying membership degrees. Each object is assigned a
membership grade between zero and one via a membership function [20–22].

Tildes “∼” are placed over symbols that signify FSs. Figure 1 shows a TFN. The
TFN M̃ is (l/m,m/u) or (l,m,u). The parameters l, m, and u represent the least promising,
most promising, and greatest potential values for a fuzzy event. The TFN’s membership
function is:
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Each TFN has a linear representation, so its membership function is:

µ(
x
M̃

) =


0, x < l,
(x− l)/(m− l), l ≤ x ≤ m,
(u− x)/(u−m), m ≤ x ≤ u,
0, x > u.

(1)

The fuzzy number’s left and right representations of each degree of membership are
as follows:

M̃ = (Ml(y), Mr(y) = (l + (m− l)y, u + (m− u)y), y ∈ [0, 1] (2)

where l(y) and r(y) are the left- and right-side representations of a fuzzy number (FN).
Many FN ranking systems exist in the literature. These methods yield varying rankings,
and most require difficult mathematical calculations [23].

While there are several operations that can be performed on TFNs, only the most
critical ones are illustrated in this study. If two positive TFNs are defined as:

(l1, m1, u1) and (l2, m2, u2), then (l1, m1, u1) + (l2, m2, u2) = (l1 + l2, m1 + m2, u1 + u2) (3)

(l1, m1, u1) × (l2, m2, u2) = (l1 × l2, m1 × m2, u1 × u2), (4)

(l1, m1, u1) + k = (l1 × k, m1 × k, u1 × k), where k > 0. (5)

3.2. Fuzzy AHP

AHP is a quantifiable approach for structuring multi-person situations hierarchically
in order to simplify solutions. While this approach works well with both qualitative
and quantitative data, it cannot accurately reflect human thinking styles. Intermittent
evaluations are typically more dependable for the decision-maker than definitive eval-
uations [24]. AHP is the most often used approach within MCDM. Saaty developed it
to provide a consistent and simple method for analyzing complicated circumstances. It
compares possible pairings in order to weight each factor and calculate a consistency ratio
for a complicated circumstance. AHP employs a tree structure to decompose big issues into
more manageable subproblems.

The procedure has four major steps:

• Creating a tree structure with one aim, criteria, and solutions.
• Evaluating options by each criterion.
• Pairwise comparisons with subjective weighting factor computation
• Synthesis of results from stages 2 and 3 to compute total evaluation of options based

on goal achievement.

One of AHP’s key features is its multiple-criteria decision-making tool. The approach
compares the relative weights of factors to define priorities and make the optimal deci-
sion [25]. AHP is a valuable logical technique for resolving a variety of MCDM issues in a
wide variety of technological and scientific disciplines. AHP is especially advantageous for
decision-making, including subjective judgment, because it may combine both concrete
and intangible factors [6].

To deal with uncertainty, AHP was extended to fuzzy sets theory, and fuzzy AHP
(FAHP) was formed. FAHP has been used to evaluate the quality of in-flight service,
categorize container terminals, and perform traffic accessibility criterion prioritization.
We selected Buckley’s (1985) technique due to its low level of criticism in the literature.
Application procedure.

Due to AHP’s simplicity, ease of implementation, and adaptability, it has become
a highly effective logical solution for MCDM problems in a wide variety of domains of
technology and research. AHP has the advantage of incorporating both concrete and
intangible components in decision-making procedures that require subjective judgments.
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The AHP technique appears to be very beneficial in assisting with goal prioritization
and overall impact assessments.

To determine the priority of the objectives, managers from various departments were
examined individually. The AHP method was used to prioritize objectives and align them
with various perspectives. The AHP process included the following steps:

(1) examining the “criticalities” affecting the objectives in order to identify their relevance;
(2) quantifying the importance of each objective in respect to the others; and
(3) determining the objective weights [8].

The AHP method is generally divided into three steps as follows:
As a result, AHP is being developed using fuzzy sets to address hierarchical fuzzy

difficulties.
The FAHP approach is divided into various phases. There are several methods for allo-

cating weights to criteria based on their relative relevance. Buckley’s technique [26] was used
to determine the fuzzy priority of comparison ratios with triangle membership functions.

The steps of the procedure are as follows:
Step 1: Triangular fuzzy (TF)
The fuzziness of a pairwise comparison matrix is increased. Using linguistic notions,

DMs construct a pairwise comparison matrix. Anagnostopoulos et al. (2007) converted
replies to fuzzy integers using a nine-point scale [27] (see Table 2).

Table 2. Linguistic factors for assessing the relative importance of criteria (Adapted from Refs. [26,28]).

Linguistic Terms Triangular Fuzzy Scale Triangular Fuzzy
Reciprocal Scale

Same Importance (SI) (1, 1, 1) (1/1, 1/1, 1/1)
Moderate Importance (MI) (1, 3, 5) (1/5, 1/3, 1/1)

Demonstrated Importance (DI) (5, 7, 9) (1/9, 1/7, 1/5)
Extreme Importance (EI) (7, 9, 9) (1/9, 1/9, 1/7)

Table 2 shows how decision-makers compare the criteria in terms of linguistic terms
and their TF scale.

The pairwise contribution matrices are depicted in Equation (6).

Ãk =


d̃k

11
d̃k

21

d̃k
12

d̃k
22

· · · d̃k
1n

d̃k
2n

... . . .
...

d̃k
n1 d̃k

n2 · · · d̃k
nn

 (6)

Step 2: The average calculation of choices of decision-makers (ACCDM)
If there are several decision-makers, the ACCDM (d̃k

ıj) is calculated, as shown in
Equation (7).

d̃ij =
∑K

k=1 d̃k
ij

K
(7)

On the basis of Equation (8), the pairwise contribution matrices are updated in
this context.

Ã =

 d̃11 · · · d̃1n
...

. . .
...

d̃n1 · · · d̃nn

 (8)

Step 3: Geometric mean (GM)
To paraphrase Buckley, the generalized mean is calculated for fuzzy comparison values

of all criteria, as indicated in Equation (9).

r̃i =
(
∏n

j=1 d̃ij

)1/n
, i = 1, 2, . . . , n r̃i is still a triangular value. (9)
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Step 4: Calculation of Fuzzy Weight of Criterion (FWC)
The FWC as defined in Equation (10) should be found, as well as the steps. Vector

summation is found for each r̃i.
After determining the inverse of vector summation, the FT number is modified. r̃i is

multiplied by the reverse vector to obtain FWC.

w̃i = r̃i ⊗ (̃r1 ⊕ r̃2 ⊕ r̃3 ⊕ . . . . . . .. ⊕ r̃n)
−1 (10)

Step 5: Average of the Fuzzy Weight of the Criterion (AFWC)
The AFWC is calculated.

Mi =
lwi + mwi + uwi

3
(11)

Step 6: Normalization Mi
The normalization of Mi is calculated.

3.3. Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)

Each plan is then compared to the ideal and worst hypothesized plans in order to
decide which is the best. TOPSIS is a frequently utilized evaluation technique for multi-
objective decision-making in transportation. It is increasingly utilized throughout the risk
assessment process. This technique requires little more than fundamental mathematics and
thinking, so it can be regarded as simple. This is referred to in this instance as the fuzzy
TOPSIS technique. It performs computations identical to those of TOPSIS. It proceeds as
detailed in [29].

Hwang and Yoon [30] created TOPSIS, an MCDM technique based on the positive
ideal solution (PIS) and negative ideal solution (NIS). The PIS maximizes benefit while
minimizing cost, whereas the NIS minimizes benefit while maximizing cost [31,32].

Assume there are m units, A = {A1, . . . , Am} and each unit evaluates n distinct decision
criteria. In general, each choice is weighed against the n criteria.

Assume C is a collection of criteria. TOPSIS is managed in six steps as follows:
Step 1: Create a decision matrix and assign a weight to each criterion
Create a decision matrix with m possibilities and n criteria, guided by each alternative

and criterion.

Xij =

 x11 . . . x1n
...

. . .
...

xm1 . . . xmn

 (12)

criteria functions =

{
benefit function > more is better

cost function < less is better

Step 2: Calculation of a decision matrix with a normalized decision matrix
All values can be normalized using several standardized forms. Some of the most

prominent ways are the following:

rij =
xij√

∑m
k=1 x2

kj

rij =
xij

max
k xij

rij =


xij−min

k xij
max
k xij−

min
k xij

Benefit Criteria
max
k xij−xij

max
k xij−

min
k xij

Cost Criteria

For i = 1, . . . ., m j = 1, . . . ., n

(13)
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where

Rij =

 r11 . . . r1n
...

. . .
...

rm1 . . . rmn

 (14)

Step 3: Determine the weighted normalized decision matrix
To obtain the weighted normalized decision matrix, multiply each column of the R

matrix by the wi value.

Vij =

 w1r11 . . . wnr1n
...

. . .
...

w1rm1 . . . wnrmn

Vij =

 V11 . . . V1n
...

. . .
...

Vm1 . . . Vmn


j = 1, . . . , m, i = 1, . . . , n

(15)

Step 4: Determine a positive ideal solution (PIS) and negative ideal solution (NIS)
Determine the PIS and NIS. The PIS is the solution that maximizes benefit and mini-

mizes expense, whereas the NIS maximizes cost and minimizes benefit.
PIS

A∗ =
{(

maxivij ij ∈ j
)
,
(
minivij ij ∈ j′

)}
(16)

NIS
A− =

{(
minivij ij ∈ j

)
,
(
maxivij ij ∈ j′

)}
(17)

where i is the benefit criteria and j is the cost criteria, respectively.
Step 5: Calculate the separation of each alternative
The separation of each alternative is applied to calculate the measures S∗i and S−i and

for each of the units is given as

S∗i =

√√√√ n

∑
j=1

(
vij − v∗j

)2
(18)

S−i =

√√√√ n

∑
j=1

(
vij − v−j

)2
(19)

Step 6: Calculate the solution’s relative proximity to the ideal solution
The alternative’s relative proximity is shown by the following:

C∗i =
S−i

S−i +S∗i

0 ≤ C∗i ≤ 1
(20)

3.4. Fuzzy TOPSIS

Step 1: Create a fuzzy decision matrix to rank options
Numerous applications of crisp and fuzzy TOPSIS have been carried out in recent years

in a variety of fields, including the selection of information and communication technology
projects, the evaluation of companies’ competence or financial viability, the analysis of
investment projects, business communications, and other strategic decisions [33].

After selecting the ranking choices, make a matrix using linguistic terms. Equation (21)
illustrates how alternatives perform. The scales and triangle membership functions used
are listed in Table 2 [34].

d =

 x11 . . . x1 f
...

. . .
...

xn1 . . . xmn

 (21)
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where
Xif = (lif, mif, uif)

Step 2: The Fuzzy Decision Matrix has to be normalized
Equation (22) is used to normalize the decision matrix, and the normalized matrix is

used to calculate the decision matrix represented by

Rij =

 r11 . . . r1 f
...

. . .
...

rn1 . . . rn f

,

I = 1, 2, . . . , n : f = 1, 2, . . . , F

ri f =
( li f

u+ f ,
mi f
u+ f ,

ui f
u+ f

)
(22)

Step 3: Determine the weighted normalized fuzzy decision matrix for the situation
Then, using Equation, a weighted normalized fuzzy decision matrix is generated

(Equation (23) and is expressed by V̌ =
[

ˇvi f

]
n× f

. In the equation, wi represents the

criterion weight obtained from Section 3.2.

ˇvi f = ri f × wi (23)

Step 4: Calculate both the fuzzy positive ideal and negative ideal solutions
For the specified criterion, the fuzzy PSI and fuzzy NSI reflect the maximum and mini-

mum values obtained from the weighted normalized fuzzy decision matrix, respectively,
among all the alternatives. This is determined using Equations (24) and (25).

PIS
A∗ =

{(
maxivi f f ∈ F

)}
(24)

NIS
A− =

{(
minivi f i f ∈ F

)
)
}

(25)

Step 5: Determine the Euclidian distance
Using Equations (26) and (27), the Euclidian distance of each alternative is determined

from FPIS and FNIS, respectively.

S∗i =

√
n

∑
i=1

1/3
(

ľij − A∗i
)2

+
(
m̌ij − A∗i

)2
+
(
ǔij − A∗i

)2 (26)

S−i =

√
n

∑
i=1

1/3
(

ľij − A−i
)2

+
(
m̌ij − A−i

)2
+
(
ǔij − A−i

)2 (27)

( ˇli f , ˇmi f , ˇui f ) ∈ vi f

Step 6: Determine the closeness coefficient
Equation (28) is used to determine the closeness coefficient for each alternative option,

where 0 ≤ CCf ≤ 1.

C∗i =
S−i

S−i + S∗i
(28)

4. A Real Case Study

This section illustrates the uncertainty of the decision-making environment through
the use of a real-world case study. To address the ambiguity’s drawbacks, a fuzzy set-based
AHP hybrid and a fuzzy TOPSIS model were used. As illustrated in Table 2, three experts
representing decision-makers (DMs) use criteria to determine the best alternative among
three different alternatives (see Table 3). We have three main criteria here (see Table 4),
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namely, Satisfaction (C1), Economic (C2), and Environment (C3). The hierarchical function
of the criteria is demonstrated in Figure 2.

Table 3. Alternatives and explanations.

Alternative Name Explanation

Genetically modified crops
(GM crops) (A1)

Genetically modified crops (GM crops) are
agricultural plants whose DNA has been altered by
genetic engineering. Plant genomes can be modified

physically or by Agrobacterium delivering sequences in
T-DNA binary vectors. In most cases, the goal is to give

the plant a new trait that it does not have naturally.
Examples in food crops include insect, disease, and

environmental resistance; spoilage reduction; chemical
resistance (e.g., herbicide resistance); and improved

nutrient profile. Among the non-food crops are
pharmaceuticals, biodiesel, and other industrial items,

along with bioremediation [35].

Conventional farming (A2)

Conventional farming practices: Intensive animal
feeding operations, high irrigation, intensive tillage, and

monoculture farming are examples of conventional
farming practices. Because of this, conventional

agriculture uses a lot of resources. Contrary to popular
assumption, conventional agriculture dates from the

early 1900s [36].

Organic farming (A3)

Organic farming practices include the use of compost
manure, green manure, and bone meal as fertilizers. A

response to rapidly changing farming practices, it began
in the early twentieth century. Globally, certified organic
agriculture occupies 70 million hectares, with Australia

accounting for over 50%. Diverse groups are still
working on organic farming. The use of insect predators
and varied cropping is advised. Organic standards allow

natural compounds while forbidding or severely
regulating manufactured substances [37,38].

Table 4. Criteria and explanations.

Criteria Explanation

Satisfaction (C1) In general, marketing frequently makes use of satisfaction. This measure
shows how a company’s products meet or exceed customer expectations.

Economic (C2)
Economic impact is concerned about the financial impact of a new

development on a situation or individual. Economic creation explores the
influence of agricultural production techniques on pricing rates.

Environment (C3)

The term “environment” includes all naturally occurring living and
non-living things. The environment is described as the interplay of all

living things, their climate, weather, and natural resources, which affects
human survival and economic activity. Additionally, it is referred to as the

natural environment.

In the second step, three experts analyze these primary criteria. The evaluation matrix
for the criteria is shown in Table 5 based on their selections.

As a result, the final alternate rankings is demonstrated in Table 6. (see Figure 3):
A3 > A2 > A1.
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Table 5. Decision-maker ratings of three alternative companies.

Matrix in Linguistic Terms Matrix in Fuzzy Terms

C1 C2 C3 C1 C2 C3

C1 * MH (1, 1, 1) (3, 5, 7) (1/9, 1/7, 1/5)
C2 * (1/7, 1/5, 1/3) (1, 1, 1) (1/9, 1/7, 1/5)
C3 H H * (5, 7, 9) (5, 7, 9) (1, 1, 1)

Matrix in linguistic terms Matrix in fuzzy terms

C1 A1 A2 A3 A1 A2 A3

A1 * MH (1, 1, 1) (1/9, 1/7, 7) (3, 5, 7)
A2 H * H (5, 7, 9) (1, 1, 1) (5, 7, 9)
A3 * (1/7, 1/5, 1/3) (1/9, 1/7, 1/5) (1, 1, 1)

Matrix in linguistic terms Matrix in fuzzy terms

C2 A1 A2 A3 A1 A2 A3

A1 * MH (1, 1, 1) (1/9, 1/7, 1/5) (3, 5, 7)
A2 H * H (5, 7, 9) (1, 1, 1) (5, 7, 9)
A3 * (1/7, 1/5, 1/3) (1/9, 1/7, 1/5) (1, 1, 1)

Matrix in linguistic terms Matrix in fuzzy terms

C3 A1 A2 A3 A1 A2 A3

A1 * MH (1, 1, 1) (3, 5, 7) (1/9, 1/7, 1/5)
A2 * H (1/7, 1/5, 1/3) (1, 1, 1) (5, 7, 9)
A3 H * (5, 7, 9) (1/9, 1/7, 1/5) (1, 1, 1)

* = 1.
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Table 6. Ranking alternatives.

Alternatives Score

A1 0.035656
A2 0.067087
A3 0.074816
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5. Results and Discussion

In this study, we employed B-FAHP and fuzzy TOPSIS to identify the best option
among three competing farming methods. The findings are summarized in Table 7. The
following choices are listed in descending order: Organic farming (A3) > Conventional
farming (A2) > Genetically modified crops (A1). Overall, among the three alternatives,
alternative 3, Organic farming (A3), was chosen as the most appropriate.
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Table 7. Ranking alternatives (fuzzy TOPSIS). (See Figure 4).

Alternatives Score

A1 0.343
A2 0.351
A3 0.380

According to the study, crops grown using organic farming methods have a higher
value in terms of consumer satisfaction and environmental impact, but a lower value in
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terms of price rate. Crops grown using conventional farming and genetic engineering
techniques have low product prices due to their high production capacity, but they have
lower value in terms of consumer satisfaction and environmental impact. In the application,
the hierarchical model’s dimensions and criteria were compared pairwise. The comparison
matrices’ consistency ratios are below 0.10 (CR 0.10).

Fuzzy TOPSIS and fuzzy AHP are powerful multiple-criteria decision-making meth-
ods that assist decision-makers in selecting the best alternative that will provide the best
solution to address an agricultural production problem by a process of prioritizing and rank-
ing, because it is difficult to decide which criterion is more important than the other [29].

6. Conclusions

In this research, we examined the structure of B-FAHP and fuzzy TOPSIS as a hybrid
technique for solving farming selection problems. B-FAHP and fuzzy TOPSIS give DMs
greater flexibility of expression while evaluating alternatives than other fuzzy sets, although
there are few MCDM approaches. As a result, the B-FAHP and fuzzy TOPSIS hybrid method
was adapted to a farming selection problem; three alternative solutions were ranked by
DMs using 3 criteria (Satisfaction (C1), Economic (C2), and Environmental (C3)), including
an environmental criterion; and the best farming type was chosen. The B-FAHP and fuzzy
TOPSIS hybrid methodology outperformed the others, according to the data.

Moreover, including fuzzy MCDM methodology for other problems could result in
more advantageous outcomes, as it would reveal both the priority and size of benchmarked
components, which would be impossible to obtain using traditional methods alone. By
combining the ideas of thinking and non-thinking assets, it was feasible to examine several
aspects of agricultural production in detail, which is critical for both the current competitive
environment and long-term growth. Extensive research has been conducted on agricultural
production benchmarking, and previously unknown results have been discovered [39].

The most significant conclusion of this case study is the proposed farming selection
approach, which crystallizes differences between alternatives and makes the best option
clear in a subjective agriculture environment. Additionally, the linguistic term table that
we created addresses a weakness in the calculation for the fuzzy set weighting aggregating
operator. In comparison to the fuzzy AHP hybrid technique described in this research, the
suggested model is parametric in terms of uncertainty and produces stable results. Further
study may be conducted to expand the number of alternatives and criteria, and our FAHP
technique can be compared with other MCDM methods. Other MCDM approaches such as
VIKOR, PROMETHEE, and others may be extended to fuzzy sets, and q-ROF TOPSIS can
be compared with these methods.

Author Contributions: Conceptualization, B.D.R. and Ş.S.; methodology, validation, investigation,
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