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Abstract: The goal of this research was to find a selection of green suppliers (GSS) that will, in the
best way, help agricultural producers to apply green agricultural production using uncertainty in
decision making. In order to avoid the possibility of uncertainty in the expert decision making,
Z-numbers were used together with the fuzzy LMAW (Logarithm Methodology of Additive
Weights) method and fuzzy CRADIS (Compromise Ranking of Alternatives from Distance to Ideal
Solution) method. By applying Z-numbers and the fuzzy LMAW method, the weighting coeffi-
cients of the criteria were determined, where the experts, in addition to the criteria ratings, also
defined the degrees of certainty in the criteria ratings they gave. The obtained results indicated that
the criteria related to price and qualities are the most important during the selection process. To
select the best alternative, the CRADIS method modified with Z-numbers and fuzzy numbers was
applied. The results obtained by applying this method showed that suppliers A2 and A3 have the
best characteristics and are the first choice for the procurement of raw and production materials. As
part of the paper, the validation of the results and the sensitivity analysis of the model were carried
out by conducting the procedure of comparing the obtained results with the results obtained by
other MCDM methods and changing the weighting coefficients of the criteria. These analyses
indicated that the model presented provides stable results. The conducted research showed how
Z-numbers can be used to reduce uncertainty in decision making and how Z-numbers can be used
with other fuzzy methods to perform GSS.

Keywords: green supplier selection; Z-numbers; agricultural production; fuzzy LMAW method;
fuzzy CRADIS method

1. Introduction

Changes in the market are partly caused by changes in consumer behaviour. Con-
sumers are now looking for efficient and environmentally friendly products, especially
when it comes to food [1]. That is why there is an increasing pressure on food producers
to produce as much as possible while making the food environmentally acceptable. In
addition, the pressure is greater due to legal regulations and competitors [2] and not only
customer demands. The production of ecologically acceptable food has become a priority
for agricultural producers. In order for this food to be recognizable, a special labelling of
this food is used [3]. Consumer demands are mostly about the use of ecologically ac-
ceptable products, and this has led manufacturers to adapt to these changes, starting
from the procurement of raw and production materials [4]. All of these changes in the
market can affect the entire supply chain of agricultural and food products [1]. Accord-
ingly, manufacturers should seek green supply chain management strategies to respond
to market demands [5].
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It is difficult to produce environmentally friendly food without suitable raw and
production materials. Therefore, the first step in the production of ecologically acceptable
food is the choice of suppliers of ecological raw and production materials. Since these are
procured from a supplier, it is necessary to choose a supplier that respects ecological
principles in its business. In this way, it is necessary to choose a green supplier. Green
supplier selection (GSS) implies primarily the development of an efficient ecological
supply chain [6]. A key tool for the implementation of GSS is the inclusion of environ-
mental criteria in the selection of suppliers [7]. On that occasion, economic and envi-
ronmental criteria are used to select suppliers [8]. Economic criteria are used so that the
raw and production materials procured from suppliers are at favourable prices and of an
enviable level of quality. The ecological criteria in this selection serve to ensure that the
raw and production materials that are procured meet the set ecological standards and
help manufacturers to apply green supply chain management (GSCM) [9]. That is why
these criteria are used in GSS.

Suppliers selected using GSS help manufacturers to reduce their negative environ-
mental impact and maximize economic performance [10]. GSS helps producers with the
existence of mass information and possible risks of collected data [5]. However, GSS
represents a laborious task for the manufacturer that includes many challenges that arise,
all the way from the evaluation to the final selection [11]. Choosing the right supplier can
ensure lower operating costs and better quality products with a minimal impact on the
environment [12].

GSS is considered a problem that is solved by applying group multicriteria decision
making [13]. This choice is made by applying different criteria with regard to solving
environmental problems during GSS, and these criteria can be presented qualitatively
and quantitatively [14]. Qualitative criteria are advised when one wants to explain qual-
ity, efficiency, etc., where the linguistic assessment of the criteria is used. The application
of linguistic values entails the application of fuzzy logic in GSS. However, not all infor-
mation can always be available, so it is necessary to make decisions with a certain
amount of uncertainty. In order to solve this problem, Z-numbers will be used in this
paper.

Unlike classic fuzzy numbers, Z-numbers provide wider possibilities and are used
to consider uncertainty in decision making [15]. The concept of applying Z-numbers was
proposed by Professor Zadah [16]. Since his paper, the concept of Z-numbers has seen
many applications, including in the selection of suppliers. Duan et al. [17] applied the
concept of Z-numbers to allocate orders through GSS and to save costs and improve
performance and competitive advantage. Li et al. [18] used Z-numbers and relative
probability theory to select a supplier using the Z-TOPSIS (Z-Technique for Order of
Preference by Similarity to Ideal Solution) method. Hosseini et al. [19] used Z-numbers to
address potential uncertainty and ambiguity in the selection of sustainable suppliers. Fan
et al. [20] used the Z-MABAC (Z-Multi-Attributive Border Approximation Area Com-
parison) method to select third-party logistics providers. Forghani et al. [21] used prin-
cipal component analysis (PCA) to reduce the number of criteria for supplier selection,
while supplier selection was performed using the Z-TOPSIS method. Kang et al. [22]
performed supplier selection using a genetic algorithm (GA) to determine criteria
weights and Z-numbers. Aboutorab et al. [23] applied the BWM (Best Worst Method)
with Z-numbers to perform supplier selection. Liu et al. [24] performed supplier selection
using the ANP (Analytic Network Process) methods for determining the weight of crite-
ria and TODIM (Tomada de Decisao Iterativa Multicritério) on the example of nuclear
energy production.

In these and other examples, it can be seen that Z-numbers were successfully used in
the example of supplier selection. The specificity of this paper is that buyers of agricul-
tural products have become increasingly demanding, and producers must adapt to them.
In order to achieve this, they purchase raw and production materials from certain agri-
cultural companies and pharmacies. Agricultural companies for the sale of raw and



Axioms 2022, 11, 427

3 of 17

production materials in Bosnia and Herzegovina (BiH) play a major role for agricultur-
alists [25]. That is why it is necessary to carry out GSS on the example of an agricultural
company because it supplies agricultural producers. Based on that, the goal of this paper
is to perform GSS on the example of a distribution agricultural company in order to ac-
quire raw and production materials that are necessary for green agricultural production.
Since agricultural pharmacies using GSS do not have all the necessary information about
suppliers, decision making based on Z-numbers will be applied to reduce uncertainty. In
addition, this paper will answer the following questions:

- How do we improve green agricultural production by applying GSS?
- How do we reduce uncertainty in decision making by applying Z-numbers?
- How do we apply expert decision making in GSS?

In order to answer these questions, this paper will use the methods of multicriteria
analysis (MCDA), namely: fuzzy LMAW (Logarithm Methodology of Additive Weights)
method and fuzzy CRADIS (Compromise Ranking of Alternatives from Distance to Ideal
Solution) method. The fuzzy LMAW method will determine the weighting coefficients
for the used criteria, while the fuzzy CRADIS method will determine the ranking for the
selected suppliers. Of course, before implementing these methods, it is necessary to
transform Z-numbers into classical fuzzy numbers.

The contribution of this paper is twofold. First of all, the GSS problem is solved by
applying a scientifically recognized methodology. On the other hand, there is also a sig-
nificant methodological contribution, because the LMAW and CRADIS methods modi-
fied with Z-numbers and fuzzy numbers are presented for the first time in the paper. The
third use of Z-numbers contributes to stability in decision making because uncertainty is
included in decision making because decision makers do not always have complete in-
formation.

Apart from the introduction, this paper is divided into the following sections. In the
second section, the methodology and methods that will be used with the GSS source will
be presented. The third section of this paper will show the application of these methods,
and GSS will be performed on a practical example, followed by the presentation of the
obtained results. In the fourth section, the obtained results will be analysed through
discussion, while the fifth section presents the most important results of this research.

2. Methodology and Methods
The methodology used in this paper consists of three phases:

- Phase 1—The initial phase of research
- Phase 2—Research results
- Phase 3—Evaluation of results and sensitivity analysis

The first phase of this research includes defining the goal of the research, which is
presented in the introduction. After that, it is necessary to determine the example from
practice on which the research will be carried out. As mentioned, the research will be
conducted on the example of the agricultural company “Agromarket” in Bijeljina. This
company was chosen because it has three distribution centres located in Bijeljina, Laktasi
and Sarajevo. In addition, this company is becoming an increasingly important partici-
pant in the agricultural markets of Bosnia and Herzegovina. The main activity of this
agricultural company is the trade and distribution of raw materials for agriculture, gar-
den and tool programs, and agricultural tools and machines. It cooperates with agricul-
tural producers and supplies them with the necessary raw and production materials. This
is why it is a better choice for determining a green supplier than individual agricultural
producers. In order to carry out GSS, experts were chosen to assess the producers of raw
and production materials needed for green agricultural production. Three experts with
multiple years of experience in the procurement of raw and production materials were
selected: two are agricultural engineers, and one is an expert technology engineer in the
field of food production.
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Along with them, the criteria with which GSS was to be carried out were determined
(Table 1). About twenty criteria were presented to the experts, but they chose 10 criteria,
which, in their opinion, are the most important for GSS in agriculture. Out of the 10 se-
lected criteria, five criteria are those that concern the characteristics of ecological suppli-
ers and five criteria that concern the economic characteristics of suppliers. In this way, the
same importance is given to both ecological and economic features because the same
number of criteria are taken. After selecting the criteria, the experts identified six sup-
pliers from whom they procure raw and production materials.

Table 1. Criteria for GSS.

Id Name Description Reference
C1 Green product Products that are environmentally friendly [2,4,10,11,19,26]
E i f th
C2 co design of the Designing in accordance with ecological standards [2,10,11,19,25,27,28]
product
Envi 1 -
c3 -nvironmentalman Application of ISO 14,001 standard [2,5-7,9-11,17,21,25,27,28]
agement system
C4 Recycling Material and waste reuse [4,17,19,25,26,28]
C5 Pollution control Standards that reduce environmental impact [2,4,10,11,14,25]
Ceo Quality Degree of satisfying customer requirements [2,4-6,9-11,14,17,19,21,27]
Cc7 The price Monetary value [2,3,6,9,17,25,28]
C8 Logistics service Supply from supplier to customer [4,14,17,19,20,25,27]
9 Innovativeness Application of new products [4,10,21,25]
Technological i-
clo ~eemmolosicalcapad Technological capacities of suppliers [2,4,6,9,10,14,17,20,25]

ties

Based on the selected criteria and alternatives, a research questionnaire was created.
Questionnaires were sent to the experts, where they determined the importance of the
criteria and evaluated the selected suppliers with the determined criteria. When evalu-
ating the importance of the criteria, the experts determined this using a value scale of
nine degrees ranging from Absolutely low (AL) to Absolutely high (AH). Each expert
gave an assessment that ranged in this interval, depending on how important, in their
opinion, that criterion was for the choice of supplier. After determining the value of the
criteria, it was necessary to evaluate the supplier. The second part of the questionnaire
was responsible for evaluating the supplier, which was conducted in the following way.
Each provider was rated on a nine-point linguistic scale ranging from Absolutely low
(AL) to Absolutely high (AH). The experts assessed how well, according to them, the
particular supplier meets the set criteria. However, experts did not have all the infor-
mation about suppliers, so there was a certain level of uncertainty. In addition to evalu-
ating the suppliers, the experts also determined the level of uncertainty with a linguistic
scale of values up to five degrees ranging from Very small (VS) to Very high (VH). In this
way, the evaluation of the selected suppliers was carried out using Z-numbers.

The next step of the methodology was the application of the second phase of the
research and the research results. After the data were collected from the experts, the re-
sults of the research were calculated. First, the weight of the criteria was calculated and
then it was determined which of the suppliers best meets the objectives of this research.
The fuzzy LMAW method was used when calculating the weight of the criteria. The goal
of this method was to determine the weight value of the criteria based on the distance of
the alternatives from the reference point [29]. After the weights of the criteria were de-
termined, the suppliers were ranked based on the experts’ evaluations. The ranking of
suppliers was determined using the fuzzy CRADIS method. This method ranks alterna-
tives by calculating the deviation of alternatives from ideal and anti-ideal solutions [30].
Both of these methods were used in the form of Z-numbers.
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The next step of the methodology was the application of the third phase of the re-
search, namely the evaluation of results and sensitivity analysis. Since the research re-
sults were determined, these results were validated and a sensitivity analysis was carried
out. The validation of the research results was carried out in this way by using the cal-
culated weights and the ranking of the alternatives was determined using other fuzzy
methods in the form of Z-numbers. In this way, the ranking order of the alternatives ob-
tained by the fuzzy CRADIS method were examined. After that, it was inspected as to
how the weights of the criteria affected the final ranking of the alternatives. For this
purpose, 60 scenarios were used so that the importance of one criterion was reduced, and
so that the criterion was used in the interval from 85% to 10%, while the other weights
were changed. In this way, it was examined in what way the final ranking of the alterna-
tives was affected.

2.1. Z-Numbers

Z-numbers represent an extension of the classic fuzzy number that provides the
possibility of making decisions when there are additional uncertainties in decision mak-
ing [31]. The main advantage of Z-numbers is that their strength lies in the use of uncer-
tain information, which gives them an advantage over classical fuzzy numbers [32]. Due
to the characteristic of including uncertainty in decision making, the concept of
Z-numbers has been used with various methods of multicriteria decision making.
Z-number represents an ordered pair of fuzzy numbers that appear as Z = (A, B), where
A is a fuzzy number that represents the limit of variable X, while B is a fuzzy number that
represents the dependence of fuzzy number A [33]. Generally, Z-numbers can be repre-
sented as: Z = {(ay, a,, as; wy), (by, by, b3; wg)}. The transformation of the Z-number into a
classical fuzzy number is performed by applying the following steps [34]:

Step 1. Converting a B fuzzy number to a crisp number by applying defuzzification
_Gtata @

The problem with using this formula for defuzzification is that if the fuzzy numbers
are proportionally far from each other, then the result of the defuzzification will always
be a2, so care must be taken that the values of the fuzzy numbers are not proportional, as
in this case with B fuzzy numbers on which this formula is applied.

Step 2. Adding the weight of B fuzzy number to A fuzzy number

2% = {(x, pae M iaa (x) = apa ()} )

Step 3. Converting a weighted Z-number to a regular fuzzy number

a

2 = {(x i (s () = m(%)} ®)
Z'Z\/E'AZ(\/a'a1:\/a'a2:\/a'a3) (4)

The use of Va values was conducted in accordance with the research of Kang et al.
[35], where the postulates of transforming Z-numbers into classic fuzzy numbers are set,
which is why this term is used.

By using these steps, the Z-number is converted into an ordinary fuzzy number, and
the operation with the used methods is performed in the same way as with ordinary
fuzzy numbers. For more detailed information about the transformation of the Z-number
into a fuzzy number, see the works of Kang et al. [33] and Bozini¢ et al. [15]. Therefore,
fuzzy LMAW and CRADIS methods are presented.



Axioms 2022, 11, 427

6 of 17

2.2. Z-Number—Fuzzy LMAW Method

The LMAW method was developed by Pamucar et al. [29]. This method enables
determination of weights and ranking of alternatives [36], unlike other methods that
serve only to determine weights or only to rank alternatives. The implementation of the
complete fuzzy LMAW method is presented in [37]. Given that only part of the LMAW
method is used, only the steps related to the calculation of the criterion weight coeffi-
cients are shown:

Step 1. Prioritization of criteria. In this step, each of the experts prioritizes the criteria

C={C,.C,,...,C,} using two predefined scales, one for prioritizing the criteria and the

other for defining the degree of confidence in the given prioritization. After surveying
the experts, priority vectors A= (&él,déz,..,da) and confidence level vectors

(bfil,béz, ,b"”)are defined, where a;, and b(,, respectively, represent values from

the fuzzy linguistic scales that expert e (1 < e < k) assigned to criterion 7.

Step 2. Converting Z-numbers into classical fuzzy numbers. This conversion is per-
formed using Expressions (1)—(4). After executing the expression, new priority vectors
are obtained separately for each expert P¢ = (F¢, 7, ... 7én)-

Step 3. Defining absolute fuzzy anti-ideal point (74;p). This is defined by the expert
and this value represents a fuzzy number that is smaller than the smallest value from the
set of all priority vectors.

Step 4. Defining the fuzzy vector of relations (R = (ﬁél’ﬁé‘z""ﬁéﬁ))' By applying
the Expression (5), the relation between the elements of the priority vector and the ab-
solute anti-ideal point is determined (7/ AIP),

- 1

o (Te\ _ (v v v s

Hen =17 ™m0 ®)
AIP Yaip Yarr Yaip

Step 5. Determining the vector of weighting coefficients, for each expert separately.
. :< In (@, >:< In@n) W@ In@g ) ©
b)) \in (T 25 I (T 28 I (T 26,7

Step 6. Calculation of aggregated fuzzy vectors of weight coefficient. The calculation
of these weight coefficients is performed using the Bonferroni aggregator.

1

~ ~(e)p (e)q P
wj = <k(k 1)211 1@ ) -

1 1 1 7)

~(ze>p ~ae)q pra ~<me)p ~<me>q v ~(re)p ~(re)q Pt
ZI.] ]1 > k(k 1) ZU Jl k(k 1 ZI.] ]1

Step 7. Calculation of final values of weighting coefficients. The final weights are
obtained by defuzzification using the Expression (1).

2.3. Z-Number—Fuzzy CRADIS Method

The CRADIS method was developed by Puska et al. [38]. The method was devel-
oped to determine the distance of alternatives from ideal and anti-ideal solutions. Based
on this distance, the alternatives are ranked. Since Z-numbers are used in this research,
the steps Z-numbers-Fuzzy CRADIS method are used.

Step 1. Evaluation of alternatives by experts. In this step, experts evaluate alterna-
tives A = (Ay, As,..., An) using two scales, one for evaluating alternatives and the other for
defining the degree of certainty in a given evaluation. After that, the evaluation vectors of

the alternatives 2"2(&21,&22,..,&2,1) and the vector of the degree of certainty
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B :(1;51,1552,..,5&) are defined in the same way as was conducted for the Fuzzy LMAW

method, only, instead of the criteria, the alternatives are evaluated. This is how
Z-numbers are formed.

Step 2. Converting Z-numbers into classic fuzzy numbers. This conversion is per-
formed using Expressions (1)—(4). After that, the steps of the fuzzy CRADIS method are
applied [30]:

Step 3. Normalization of decision-making matrix.

For benefit criteria

R B
Xig Xig Xi
g 1 m ., u) — id *id tid\ ., .
n_(nij'nij'nij)_<_xu el Lf]EC (8)
ij Xij Xij
For cost criteria
XL xm 4%
~ 1 m u _ 19] 19] 15} . .
n= (nij'nij‘nij) “\yuu’u ifj€B ®)
Xia Xig Xig

Step 4. Weighting of decision-making matrix. In this step, the values of the normal-
ized decision matrix are multiplied by the corresponding weights.

vy = (vijp vij, vi) = 7 X (10)
Step 5. Determination of ideal and anti-ideal solutions. The ideal solution represents
the highest value of the alternative in the weighted decision-making matrix, while the

anti-ideal solution represents the lowest value of the alternative in the weighted deci-
sion-making matrix.

t; = max ¥;j, where  ;; = (v}, v}, v%) (11)

tai = min ﬁij/ where ﬁ’-] = (Uilj, UZ’I, U:j) (12)
Step 6. Calculation of deviations from ideal and anti-ideal solutions. Here, the devi-
ation of the weighted data for the alternative in relation to the ideal and anti-ideal solu-

tion is calculated.
a*t =t; — v (13)
A~ =¥ — tg (14)
Step 7. Calculation of the evaluation of the deviation of individual alternatives from

ideal and anti-ideal solutions. This step is performed in such a way that the deviation
values for all alternatives in relation to the ideal and anti-ideal solution are added up.

st =S, dt (15)
s =Yjd (16)

Step 8. Defuzzification (converting fuzzy number to crisp number) deviations of al-
ternatives from ideal and anti-ideal solutions.

_di+4d! +d}!

Uder 6 (17)

s

Step 9. Calculating the utility function. This step is performed in such a way that
the deviation values of individual alternatives from ideal and anti-ideal solutions are
compared with optimal alternatives. Optimal alternatives are the smallest values of de-
viation from the ideal solution; that is, the largest deviation values in relation to the an-
ti-ideal solution.

K = o (18)
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K = (19)

\l|n
EE

Step 10. Ranking of alternatives. The value of the fuzzy CRADIS method is deter-
mined by calculating the average value of the deviation of the alternatives from the util-
ity function.

KT+ K
o =Mt K 0
2

The ranking of alternatives is performed according to the value of the fuzzy CRADIS

method.

3. Results

Before determining which of the suppliers had the best evaluation by the experts, it
was necessary to first determine the weight of the criteria used. In order to determine the
weight of the criteria and evaluate the suppliers, a nine-level value scale ranging from
Absolutely low (AL) to Absolutely high (AH) was used (Table 2). This scale represents an
A fuzzy number when converting into Z-numbers. In order to determine how confident
decision makers are in their decision, it assesses the degree of certainty with a five-level
scale ranging from Very small (VS) to Very high (VH). This value scale represents the B
fuzzy number when converting Z-numbers.

Table 2. Linguistic values for evaluating the weight of the criteria and the alternative.

Linguistic Value Fuzzy Number A Linguistic Value Fuzzy Number B

Absolutely low (AL) 1,1, 1) Very small (VS) (0,0,0.2)
Very low (VL) (1,15,2) Small (S) (0.1, 0.25, 0.4)
Low (L) (1.5,2,2.5) Medium (M) (0.3,0.5,0.7)
Medium low (ML) (2,25,3) High (H) (0.55, 0.75, 0.95)
Equal (E) (2.5, 3,3.5) Very high (VH) 0.8,1,1)
Medium high (MH) (3,35,4)
High (H) (3.5, 4,4.5)
Very high (VH) 4,4.5,5)
Absolutely high (AH) (4.5,5,5)

In order to determine the weight values, the experts evaluated the criteria (Table 3);
in addition, since they had all the information about the criteria, they rated their level of
security as High (H) and Very high (VH). This is because it represents their attitude about
certain criteria and how important they are to them .

Table 3. Linguistic values when assessing the weight of criteria.

C1 C2 C3 C4 C5 Cé6 Cc7 C8 C9 C10
A B A B A B A B A B A B A B A B A B A B
Expert 1 (E1) E VH H VH ML H EH H L H AH VH EH H MH VH L H E H
Expert 2 (E2) E H E VH H H ML VH E VH EH H AH H ML H E VH E H
Expert3(E3) MH H ML H L VH EH H AH VH EH H AH VH E H ML H L H

After the evaluations by the experts on the importance of individual criteria were
obtained, the linguistic values were transformed into corresponding fuzzy numbers (Ta-
ble 2) and the Z-numbers were formed. The next step was the transformation of
Z-numbers into classical fuzzy numbers. The transformation was performed using Ex-
pressions (1-4) (Table 4).
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Table 4. Transformed Z-numbers into classic fuzzy numbers.
C1 C2 C3 C4 C5 C9 C10
E1 242,290, 3.38 3.38, 3.86, 4.35 1.73,2.17,2.60 3.46,3.90, 4.33 1.30,1.73,2.17 1.30, 1.73, 2.17 2.17,2.60, 3.03
E2 2.17,2.60, 3.03 242,290, 3.38 3.03, 3.46, 3.90 1.93,2.42,2.90 2.42,2.90, 3.38 242,290, 3.38 2.17,2.60, 3.03
E3 2.60, 3.03, 3.46 1.73,2.17,2.60 1.45,1.93,2.42 3.46,3.90, 4.33 4.35,4.83,4.83 1.73,2.17,2.60 1.30,1.73,2.17
By transforming the Z-number into a classic fuzzy number, an initial (expert) deci-
sion matrix was obtained, which represents the first step in the implementation of the
LMAW method. This was followed by step 3, which was the definition of the absolute
fuzzy anti-ideal point (74;p). Then, the fuzzy relationship vectors were defined (Expres-
sion (5)). The next step was to determine the vector of weight coefficients for each expert
separately (Expression (6)). Then the aggregate fuzzy vector of weight coefficients was
calculated using Bonferroni aggregators (Expression (7)) (Table 5).
Table 5. Weight coefficients in the form of fuzzy numbers.
C1 C2 C3 C4 C10
wj  0.061,0.095,0.152  0.058,0.096,0.154  0.029,0.071,0.127  0.078,0.115,0.176 ...  0.023,0.063, 0.116

The last step was the calculation of the final values of the criteria, which was per-
formed by applying defuzzification (Expression (1)). Based on the obtained results, it can
be concluded that the criteria Price (C7) and Quality (C6) received the highest value of
weighting coefficients, while the criterion Innovation (C9) received the lowest value
(Table 6). The difference between the largest and smallest values of the weight of the
criteria that is, between criteria C7 and C9, was such that criterion C7 was 2.5 times
higher than criterion C9. It should be emphasized that these results were obtained in
accordance with the assessment of experts and based on their opinion on the importance
of certain criteria.

Table 6. Weight coefficients of criteria.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
wj 0.0990 0.0990 0.0733 0.1191 0.0919 0.1518 0.1558 0.0889 0.0606 0.0649

After the weights of the criteria were determined, the suppliers were ranked using
the fuzzy CRADIS method. Before applying the steps of the fuzzy CRADIS method, it
was necessary to transform the Z-numbers into classical fuzzy numbers. Before trans-
forming the Z-numbers into classic fuzzy numbers and calculating the ranking of the al-
ternatives, it was necessary to present the evaluations of the alternatives for the set crite-
ria by the experts (Table 7).

Table 7. Evaluation of alternatives by experts.

Expert 1
Alternative C1 2 C3 C4 C5 Cé6 C7 C8 C9 C10
A B A B A B A B A B A B A B A B A B A B
Al MH H L HMH H MHVH E H AH H H H MH H ML H MH H
A2 EH M HH H M E HMHH H H EH H H H EH H EH M
A3 H HEHMEHVVHAH M H M EH VH AH M EH VH H VH H M
A4 ML H EH L H L VH L H L H E MMLMMHUH L M
A5 L MMHHML H HVHEH M E H ML H E H E H E H
Ab E HMLM E VHML M ML M MLVHMH M L M L H ML M
Expert 2
Alternative C1 2 C3 C4 C5 C6 Cc7 C8 9 C10
B A B A B A B A B A B A B A B A B A B
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Al ML M E S H H ML M EH VHMH H MH S MH M EH H MH VH
A2 MH H HM E H H S MHH EH HAH M H H H M EH VH
A3 AH H AH S AH VH AH S AH H AH H EH S AH H AH M AH VH
A4 E HMLSML HEHH L HML H L S ML H E M E H
A5 H MMHMEH HMH M H VH H M H S EH M MH H H H
A6 EH H EH S L H E M MLVH E H ML S L ™M ML H ML H
Expert 3
Alternative C1 2 C3 C4 G5 Cé6 c7 C8 9 C10
A B A B A B A B A B A B A B A B A B A B
Al MH H E HMHVH H H H VH H H E H E H E M MH VH
A2 EH H EH H AH H AH VH AH VH AH H EH VH EH H AH H EH VH
A3 E M HMEI H MH H MHVH E M AH VH AH H EH H AH VH
A4 L M MOLHMLVAML H E H ML M E VHML VHML H L H
A5 H MMHHH H EHVHEHVHEH M H H H VH H M H VH
A6 ML H L HE VH E H L VHMH H L VH L H L H ML H
Table 6 presents the assessment of alternatives by experts, where column A indicates
the linguistic value for A fuzzy number representing the assessment of the criteria, while
B indicates the linguistic value for B fuzzy number representing the reliability of the
fuzzy number A, i.e., the certainty—uncertainty of the expert regarding the assessment of
the value as an alternative. In order to transform Z-numbers, it is necessary to first
transform the linguistic values into fuzzy numbers according to the membership function
(Table 2). Then the steps of transformation of Z-numbers into classic fuzzy numbers
(Expressions (1-4)) were performed. When Z-numbers are transformed into classic fuzzy
numbers, these numbers are obtained for each expert separately. Since there were three
experts in this research, in order to harmonize their opinions, the average value for each
alternative was used. The average value was calculated using the arithmetic mean [39].
By applying the arithmetic mean, the same importance was given to experts in decision
making. In this way, the initial decision matrix of the CRADIS method was obtained
(Table 8)
Table 8. Initial fuzzy decision matrix.
C1 C2 C3 C4 C5 Ce Cc7 C10
Al 220,2.61,3.02 157,194,232 284,329,374 245,287,329 3.14,3.60,4.07 3.18,3.61,390 223,260,298 .. 280,326,373
A2 296,3.37,378 3.18,3.61,4.04 285,325 351 2753.14,3.37 3.18,3.63,3.92 3.46,3.90,4.19 3.50,3.93,423 ... 352,396,440
A3 290,3.31,357 252,284,307 3.89 436,466 268, 3.02,3.17 3.09,3.51,3.79 3.18,3.60,3.88 3.18,3.54,362 .. 3.72,4.16,4.28
A4 1.65,2.06,247 1.63,2.00,2.38 1.65,2.10,255 2.22,2.66,3.11 159,2.02,2.45 148,1.89,2.29 1.64,2.01,237 .. 151,191,232
A5 200,236,271 244,285,325 286,331,376 299,341,384 3.36,3.80,424 270,3.11,351 229,268,307 .. 274,318 3.61
A6 2.45,2.89,332 157,192,226 204,251,298 1.78,2.16,2.54 1.60,2.04,2.48 2.23,2.68,3.13 1.52,1.89,225 ... 1.63,2.03 2.44

This was followed by step 3 of this method, which was data normalization. Since the
questionnaire was designed in such a way that experts gave ratings for all criteria in the
function of maximization, normalization for benefit criteria was applied (Expression (8)).
The next step was weighting the normalized decision matrix (Expression (10)). This step
was performed by multiplying the normalized values with the corresponding weights of
the criteria. The next step was to determine the ideal and anti-ideal solutions (Expres-
sions (11) and (12)). The ideal solution is the value of the fuzzy number that has the
highest value in the weighted decision-making matrix, while the anti-ideal solution is the
value of the fuzzy number that has the smallest value in the weighted decision-making
matrix. Then followed the step of calculating the deviation from these solutions of all
other data in the weighted decision matrix (Expressions (13) and (14)). The next step was
to sum up the scores of deviations from ideal and anti-ideal solutions (s+, s—) (Expres-
sions (15) and (16)). This was followed by defuzzification of those values (Expression
(17)). The next step was the calculation of the utility function in relation to the optimal
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alternatives (S0) for the ideal and anti-ideal solution (Expressions (18) and (19)). The last
step was to calculate the average deviation of the alternatives from the degree of utility
(Qi) (Expression (20)).

Based on the results obtained using the fuzzy CRADIS method, supplier A2 attained
the best results, followed by supplier A3, while supplier A4 attained the worst results.
According to these results, suppliers A2 and A3 should be the first choice for agricultural
producers when purchasing raw and production materials for agricultural production.
The obtained results (Table 9) show that these two suppliers have the highest values with
the fuzzy CRADIS method (Q = 0.914 and Q = 0.885), while the other suppliers signifi-
cantly deviate from these two suppliers. According to the opinion of the agricultural
pharmacy, these suppliers are the most helpful for the application of green agricultural
production. In this way, these results help individual agricultural producers to adapt to
the demands of customers and markets.

Table 9. Deviation of alternatives from ideal solutions and final ranking order.

st s~ Def st Def s Kf K; Qi RANK
Al (0.69,0.74,0.76) (0.39, 0.42, 0.46) 0.735 0424 0.707 0.663 0.685
A2 (0.52,0.57,0.60) (0.56, 0.60, 0.61) 0.568 0592 0916 0.925 0.920
A3 (0.53,0.59,0.65) (0.55,0.58,0.57) 0.587 0572 0.885 0.894 0.889
A4 (0.88,0.93,0.95) (0.20,0.23, 0.27) 0.927 0.233 0561 0.363 0.462
A5 (0.65,0.71,0.72) (0.42, 0.46, 0.49) 0.703 0457 0.740 0.714 0.727
A6 (0.86,0.92,0.93) (0.22, 0.25,0.28) 0.910 0.249 0571 0.389 0.480
So (0.47,0.52,0.55) (0.60, 0.64, 0.66) 0.520 0.640

U W o N~

3.1. Validation of Results

In order to confirm these results obtained by the fuzzy CRADIS method, the re-
search results were validated. Validation represents a comparison of the results of several
different methods of multicriteria analysis [40,41]. In this research, the results were
compared with the following methods: fuzzy MARCOS (Measurement Alternatives and
Ranking according to the COmpromise Solution), fuzzy WASPAS (weighted aggregated
sum product assessment), fuzzy SAW (Simple Additive Weighting), fuzzy MABAC,
fuzzy ARAS (Additive Ratio Assessment), fuzzy TOPSIS and fuzzy VIKOR (Visekrite-
rijsko KOmpromisno Rangiranje). Each of these methods has its own specificities. The
fuzzy MARCOS method uses the ranking of alternatives in relation to ideal and anti-ideal
solutions, but, unlike the fuzzy CRADIS method, this method uses the determination of
the degree of the utility function. The WASPAS method ranks alternatives based on a
compromise between two methods: the Weighted Sum Model (WSM) and Weighted
Product Model (WPM). The SAW method is the simplest of all the multicriteria analysis
methods, and it only uses the aggregation of weighted normalized data. The MABAC
method uses the comparison and determination of an approximate border area matrix in
relation to the average value of the alternatives. The ARAS method ranks alternatives in
relation to the degree of usefulness (optimal alternatives). The TOPSIS method uses the
ranking of alternatives in relation to ideal and anti-ideal solutions, but the determination
of these solutions and the implementation of this method differs from the MARCOS and
CRADIS methods. The VIKOR method uses a compromise ranking of alternatives. Due
to all these characteristics of the method and the results given, these methods may be
different.

By implementing these methods, the results were identical to those obtained by the
fuzzy CRADIS method (Figure 1). In this way, the results that suppliers A2 and A3 have
the best characteristics were confirmed.
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Al A2 A3 A4 A5 A6

m FCRADIS m FMARCOS m FWASPAS = FSAW ® FMABAC m FARAS = FTOPSIS = FVIKOR

Figure 1. Validation of alternative ranking results.

3.2. Sensitivity Analysis

The next step in conducting this research was to perform a sensitivity analysis of the
results. A sensitivity analysis was conducted in order to examine the influence of the
criteria in the ranking of alternatives [42]. Since in practice there are several ways to
conduct this analysis, the approach used by the authors Mesi¢ et al. was chosen. [43].
Applying this way of carrying out the sensitivity analysis, the weights of one of the cri-
teria are reduced in the ratio from 15% to 90%. In this way;, it is observed how this weight
reduction affects the final ranking of the alternatives. Since ten criteria were used in this
research and the reduction was performed every 15%, i.e., six reductions were per-
formed, a total of 60 scenarios were used (Table 10). In the first six scenarios, the weight
of the first criterion was reduced by 15% until it reached 10% of the weight of that crite-
rion, which was determined by the fuzzy LMAW method. In the other six scenarios, the
weight reduction of the second criterion was performed, and so on until the weight re-
duction of the tenth criterion. In order to determine the weights of the other criteria
where the weights do not change, the following formula was used

Ws
Wnp = (1 - Wna) (1 (21)

- Wn)

By carrying out this procedure, the weight of the criteria is first reduced, and then

the calculation is made of how much the other criteria lack so that their total value is 1,

and then the values of the other criteria are adjusted for the difference of the reduction of
the criterion that is being reduced.

Table 10. Scenarios for carrying out sensitivity analysis.

Scenario C1 C2 C3 C4 C5 Cé C7 C8 9 C10
S1 0.0784 0.0972 0.0766 0.1185 0.0916 0.1499 0.1536 0.0923 0.0671 0.0748
S2 0.0665 0.0985 0.0776 0.1201 0.0928 0.1518 0.1556 0.0935 0.0680 0.0757
S3 0.0538 0.0998 0.0786 0.1217 0.0941 0.1539 0.1577 0.0948 0.0689 0.0767
S4 0.0403 0.1012 0.0797 0.1234 0.0954 0.1561 0.1599 0.0961 0.0699 0.0778
S5 0.0260 0.1027 0.0809 0.1253 0.0968 0.1584 0.1623 0.0976 0.0710 0.0790
S6 0.0107 0.1043 0.0822 0.1272 0.0983 0.1609 0.1648 0.0991 0.0721 0.0802
S7 0.1006 0.0758 0.0765 0.1184 0.0915 0.1498 0.1534 0.0922 0.0671 0.0747

S59  0.1043 0.1006 0.0793 0.1227 0.0948 0.1552 0.1590 0.0956 0.0695 0.0190
S60  0.1055 0.1018 0.0802 0.1241 0.0959 0.1570 0.1608 0.0967 0.0703 0.0078
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During the implementation of these 60 scenarios in the sensitivity analysis, such
results were obtained that there was no change in the ranking of the four first-ranked
alternatives (Figure 2). Only in five scenarios was there a difference in the ranking of al-
ternatives A6 and alternative A4, where alternative A4 was ranked better than alternative
A6. This analysis only confirms the obtained results of this research.

o B N W A 01 O

XX

T T T T T T
A M NN O A MNMINN O A MINNOA MmN O A MmINN O
A d A AN AN AN NN NS S WNWNWNNnWm
NV OBOOHOOHOHOONHOLONOLOLODOLOONDONONnOnnon
Al A2 A3 A4 ——A5 ——Ab6

Figure 2. Results of the sensitivity analysis.

4. Discussion

When starting any production, it is necessary to use various raw and production
materials. The use of raw materials largely determines what the final product will be. In
agriculture, it is characteristic that the market demands that products should be as envi-
ronmentally friendly as possible and harmless to the human body [1]. Therefore, it is
necessary to choose raw and production materials that enable green agricultural pro-
duction. In order to implement this agricultural production, various criteria are used in
the selection of suppliers. In order to achieve this in practice, GSS is used. With this
choice, care is taken to reduce the negative impact on the environment and to maximize
the economic effects [10]. In this research, GSS was used for agricultural production
purposes. In doing so, ten criteria were used, which were evenly divided into ecological
and economic criteria. In this way, the same importance was given to these criteria. These
criteria were chosen together with the experts, and they are, in their opinion, the most
important for the GSS.

In order to evaluate suppliers of raw and production materials, an example based on
agricultural companies for distribution was used. They have a great impact on agricul-
tural production in Bosnia and Herzegovina [25]. In addition, agricultural companies for
distribution buy these raw materials in bulk from producers, so they know more about
them than agricultural producers themselves. This research was conducted on the ex-
ample of the agricultural company “Agromarket” in Bijeljina. The reason for this is that it
has three distribution centres through which it sells raw and production materials for
agriculture throughout the Republic of Srpska and Bosnia and Herzegovina. In order to
select suppliers, expert decision making was used. However, the use of expert opinion
entails the fact that some of the experts will evaluate individual suppliers too subjectively
[44]. That is why Z-numbers were used. When evaluating the criteria and alternatives,
the experts were asked how confident they were in their assessment because, when
making a decision, they cannot have all the information about the suppliers and their raw
and production materials in order to realistically evaluate the criteria and alternatives.
Therefore, in these and similar decision-making processes, there is uncertainty, so
Z-numbers provide good support.

Z-numbers have been used in many studies in the selection of suppliers in combi-
nation with methods of multicriteria analysis [19, 21, 23]. By applying Z-numbers, an ef-
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fort was made to reduce uncertainty in supplier evaluation. Experts were faced with the
problem that they did not have all the information about their suppliers, so this lack of
information was compensated for by using Z-numbers. In some cases, these numbers
were also used in the case of ambiguity when choosing a supplier [19]. Based on this, it
can be concluded that the application of Z-numbers is large, although, in practice, it is not
used as widely as it should be. Z-numbers should be used in all decision making wher-
ever there is some uncertainty in the estimation, where relative probability theory [18], a
genetic algorithm [22] and other similar applications can be used. In this research, the use
of Z-numbers was combined with the fuzzy methods LMAW and CRADIS, which are
newer multicriteria methods. Based on this, it is possible to combine these Z-numbers
with other fuzzy methods very easily.

When evaluating the criteria, the experts gave a linguistic value of nine levels
ranging from Absolutely low (AL) to Absolutely high (AH). However, when evaluating
criteria, the opinion of experts is sought as to how important a certain criterion is in their
opinion. Therefore, they rated their confidence in this assessment as High and Very high
because the experts were very confident in their opinion. By first applying the conversion
of Z-numbers into classic fuzzy numbers, and then the calculation using the fuzzy
LMAW method, such values were obtained that, according to experts, the most im-
portant criteria are price and quality. Similar results were obtained by Mati¢ et al. [2],
with the fact that, in their research, the quality criterion was given the greatest weight,
followed by the price/cost criterion. In contrast to this conducted research, Tirkolaee et al.
[9] confirmed in their research that price is the most important criterion for GSS. This is
due to the fact that the price is the key economic indicator of agricultural production [45].
Thus, according to the opinion of these experts, it is necessary to acquire raw and pro-
duction materials of excellent quality and at affordable prices. Similar results were ob-
tained by Adeel Jafar et al. [46] who concluded that agricultural products should be of
good quality. In addition to these two economic criteria, there are three ecological crite-
ria, so it is necessary to take ecological criteria into account when selecting green suppli-
ers. This means that raw and production materials procured from GSS must also be en-
vironmentally acceptable, and not only of good quality and affordable prices.

During the evaluation of the suppliers, there was a greater uncertainty in the evalu-
ation of the experts, which could be seen in the value of the B fuzzy number. This is be-
cause, although the suppliers are known, they do not have all the information about
them. This uncertainty lowers the ratings of those suppliers where experts are more un-
certain. The reason for this is the conversion of Z-numbers into classic fuzzy numbers
presented by Kang et al. [33]. If the value of the B fuzzy number is smaller, that is, if the
expert is more uncertain, he will choose a smaller value, and during the defuzzification of
these fuzzy numbers, the number of crips will be smaller. If that crips number is smaller,
when multiplying with A fuzzy number, a smaller value of the classic fuzzy number will
be obtained. In this way, that supplier will be ranked lower. Therefore, it is necessary to
have equal information about all suppliers in order for ranking to be as realistic as pos-
sible.

Based on expert evaluations and ranking using the fuzzy CRADIS method, results
showed that suppliers A2 and A3 have the best indicators. The values obtained using the
fuzzy CRADIS method showed that these six suppliers were gathered into three groups,
namely, suppliers A2 and A3 who showed the best results, then suppliers A5 and Al
who showed medium results, and suppliers A6 and A4 who showed the worst results.
The same results were obtained using other fuzzy methods. Based on that, the results
obtained using the fuzzy CRADIS method were confirmed. The sensitivity analysis
matched the gathering of suppliers into three groups, so the ranking order in the five
scenarios was changed in the group of suppliers that showed the worst results, namely,
suppliers A6 and A4. When changing the importance of the criteria green product (C1)
and the quality criteria (C6) and reducing their values, supplier A4 was ranked better
than supplier A6. This shows that these two suppliers have equal evaluations by experts,
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and that the biggest difference is in these two criteria. This is why supplier A4 was
ranked fifth. What the sensitivity analysis also shows is that the other four suppliers did
not change the ranking order. In this way, the results of this research were confirmed and
those suppliers who can help with green agricultural production were selected.

5. Conclusions

In this paper, GSS was used in agricultural production. The specificity of this re-
search is the use of Z-numbers that reduce uncertainty in decision making. The imple-
mentation of this research has shown how agricultural production can be improved by
applying GSS because applying ecological and economic criteria gives a broader picture
of suppliers and enables, with the choice of the right supplier, the application of green
agricultural production. In addition, the application of Z-numbers reduces uncertainty in
decision making.

In this research, expert decision making was applied for GSS. The experts evaluated
the criteria and alternatives and applied the fuzzy LMAW and CRADIS methods when
using Z-numbers. The obtained results of using fuzzy LMAW show that the most im-
portant criteria when choosing a supplier in agricultural production are quality and
price. When ranking suppliers using the fuzzy CRADIS method, the best suppliers are
A2 and A3, that is, they show the best results. It is necessary to establish partnership re-
lations with these suppliers because their raw and production materials contribute to the
development of green agricultural production, which is in accordance with the require-
ments of customers and the market.

Based on the conducted research and the obtained results, it can be concluded that
the application of Z-numbers is not so complex that it should not be used. In future re-
search, Z-numbers should be used in other research where there is uncertainty in deci-
sion making. Due to the prevalence of uncertainty in decision making, Z-numbers can be
used in any field, so they should be used more often in future research.

The transformation of Z-numbers into classic fuzzy numbers is not complex; the
only thing that is complex is for the experts to evaluate the criteria and alternatives be-
cause they must also give an evaluation of how confident they are in their evaluation.
That part can be considered a disadvantage of using Z-numbers, but in this way the un-
certainty in decision making is solved. Using Z-numbers with fuzzy LMAW and CRADIS
methods showed that they can be used with different methods; so, in future research,
Z-numbers can be used with various methods of multicriteria analysis. In future papers,
Z-numbers should be used in combination with other methods as their simplicity in use
has been proven.
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