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Abstract: To achieve the highest possible agricultural production, it is necessary to procure the
appropriate agricultural machinery. A tractor is the most useful machine in agriculture that performs
various functions. Therefore, the selection of a tractor is one of the key decisions in the agriculture-
production process. This study aims to evaluate heavy tractors for agricultural production in Bosnia
and Herzegovina. Since this is a selection between different tractors, which are evaluated using
several criteria, the methods of multi-criteria analysis (MCDA) were used in this study. Five different
methods were used to determine the weight of the criteria, of which a modified standard-deviation
method is a new method used in practice, while the tractor ranking was performed using the CRADIS
(compromise ranking of alternatives from distance to ideal solution) method. The results showed that
the best-ranked tractor is A4, while the most deviations from the ranking occur when the entropy
method is used. The contribution of this study is in the systematization of the methods for the
objective determination of the criteria weights and the development of new methods to facilitate
decision-making in agriculture and other industries.

Keywords: tractor selection; modified standard-deviation method; CRADIS method; ranking

1. Introduction

Agriculture is a branch of the economy with a high research focus nowadays. As
with other industries, the introduction of technological innovation has become imperative
for agriculture, so much attention is paid to the modernization of agricultural produc-
tion [1]. Agricultural mechanization is an important factor in increasing the productivity of
agricultural production and the quality development of agriculture [2]. In addition, the
low supply of labor in agriculture requires that agricultural activities should be carried
out using agricultural machinery [3]. Much attention should be paid to the selection of
appropriate machinery in agriculture [4]. The basic requirement in agriculture is to reduce
the costs of land cultivation [5], because it is necessary to reduce production costs to achieve
higher revenues through the sale of agricultural products [6]. Based on that, productiv-
ity is the key economic indicator in achieving the set goals in agriculture. Agricultural
production is under the influence of uncertainty, because the annual yield is affected by
precipitation, temperature, and other natural conditions. Therefore, in order to reduce the
impact of uncertainty on agricultural production, it is necessary to use the economy of scale
and plant large quantities of agricultural crops.
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Recent emergencies, such as the COVID-19 virus pandemic and local war conflicts,
have shown that countries with rich agricultural production are more capable to withstand
market fluctuations. To increase agricultural production, it is necessary to select the appro-
priate agricultural machinery. The purpose of agricultural mechanization is to achieve high
income while minimizing costs, which is the basic postulate of agricultural production [7].
Tractors are the basic means of agricultural machinery used in agricultural production.
They perform the most important operations in agriculture such as plowing, planting,
cultivating, fertilizing, harvesting, and spraying [8]. Today, tractors are the main traction
and propulsion tool in agricultural production. The OECD (Organization for Economic
Cooperation and Development) defines tractors as self-propelled vehicles with wheels and
at least two axles, with a basic use in agriculture, which are designed and constructed to
meet the following two operations [9]:

− To tow trailers;
− To carry, tow, or move agricultural and forestry tools and machines, and, where

necessary, hand over power for their work while the tractor is moving or stationary.

Buying tractors is a big investment for farmers, so it is necessary to choose from
the multitude of the alternatives that exist on the market. When selecting a tractor, the
criteria are first determined and then the alternatives are evaluated [10]. The choice of the
criteria and alternatives is the basis for the application of multi-criteria analysis methods
(MCDA) [11,12]. To cultivate large areas, farmers must choose tractors that fall into the
category of heavy tractors [13].

When selecting a tractor using the MCDA method, the criteria for evaluating the alterna-
tives must first be determined, followed by the alternatives. The most important criteria for
farmers when buying a tractor are the brand, power, price, and characteristics of the tractor [8].
The selected criteria need to be evaluated, and the weights need to be determined [14]. Two
approaches are used in determining the weights, namely the subjective determination of the
criteria weights and the objective determination of the criteria weights [15]. When subjectively
determining the weight of the criteria, the opinion of decision-makers (DM) is used for the
importance of a certain criterion [16]. In the objective determination of the importance of
criteria [17], the values of the alternatives are taken and based on these values, and the weights
of the criteria are calculated using certain methods [18]. In these methods, there is no effect of
DM on the value of the criterion weight [19].

In this study, an objective approach was used for calculating the weight because the
values of the alternatives themselves are objectively determined, i.e., they are not deter-
mined subjectively. When using objective determination of weighting factors, there are
various methods such as CRITIC (CRiteria Importance Through Inter-criteria Correlation),
entropy, standard deviation, and MEREC (MEthod based on the Removal Effects of Crite-
ria) [20]. In addition to these methods, the modified standard deviation method was used
to determine the weight of the criteria. This method aims to facilitate the calculation of a
criterion weight, while obtaining similar weights to the other methods.

Based on the previous, the following goals are set for this study:

− Evaluation of heavy tractors for agricultural production in Bosnia and Herzegovina
(BiH) using MCDA methods;

− Determining the influence of criteria weights obtained through methods for the objec-
tive determination of criteria weights on tractor evaluation;

− Comparison of the modified standard deviation method with other methods for the
objective determination of criteria weights.

In addition to the introduction, the paper is divided into five selections. In Section 2,
a review of the literature is performed that focuses on the selection of tractors and on the
use of objective methods in agriculture. Section 3 presents the research methodology and
research methods. In Section 4, the ranking of different tractors and the selection of the
tractor that best meets the set criteria are presented. The results obtained are also discussed.
Section 5 presents the most important results and provides guidelines for future research.
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2. Literature Review

Within the literature review, a review of the literature on tractor selection is shown
first, followed by a review of the literature on the application of objective methods for
determining weights in agriculture.

2.1. Selection of Tractors in Agriculture

Gürsoy et al. [21] selected the tractor based on its power to optimize mechanization in
agriculture. Shorkpor and Asakereh [22] selected the best tractor in the Saral region of the
Dyvandara district. According to their results, the best tractor was a medium-range BMI
285. When selecting a tractor, they used the following criteria: driving wheel, gearbox, PTO
(RPM), number of cylinders, and power (hp). Zhu et al. [23] evaluated tractor propulsion
and introduced a mechanical–electronic–hydraulic powertrain system in tractors to improve
tractor performance. Xia et al. [24] investigated how power transmission is performed
in tractors and proposed a new power-cycle hydro–mechanical continuously variable
transmission to optimize tractor performance. Baek et al. [25] tested gears in a tractor to
reduce maintenance costs. Ruiz-Garcia and Sanchez-Guerrero [8] conducted research using
a web-based decision-support tool.

Mishra and Satapathy [26] surveyed farms on the maintenance of agricultural ma-
chinery with an emphasis on the maintenance of tractor attachments, and they used the
SWARA (Step-wise Weight Assessment Ratio Analysis) method. Lalremruata et al. [27]
analyzed the impact of the noise of six tractors on the driver’s ear during tillage operations.
When selecting a tractor, they used the following criteria: engine, power drive, power,
rated engine speed, weight, and number of gears. Okoko and Ajav [28] examined how
different ways of plowing affect tractor operation and obtained results on how tractor
speed and tillage depth affect their operation. Fargnoli and Lombardi [29] reviewed work
on examining the safety of tractor use in everyday agricultural activities because of the
high rate of injuries to farmers. Hou et al. [30] examined how much the use of tractors in
Beijing districts emits harmful particles into the atmosphere. Mutlu [31] researched which
tractors are the best-selling on the market.

Russini et al. [32] conducted a study of the traction performance of agricultural tractors
and observed a high correlation between the power obtained in the test and the estimated
power. Lee et al. [33] tested the engine speed-control system to maximize fuel efficiency
in tractors. Lagnelöv et al. [34] investigated the application of autonomous tractors to
batteries in agriculture. They pointed out that the biggest costs are related to batteries,
but in addition, these tractors have proven to be competitive compared to classic tractors.
Malik and Kohli [35] examined the application of electric tractors in agriculture to apply
sustainable agricultural production. Lipkovich et al. [36] considered the application of the
fifth generation of tractors based on mobile powertrains. Sunusi et al. [37] reviewed the
possibility of applying online control over tractors in agriculture.

Perez-Domnguez et al. [38] evaluated tractors using dimensional analysis and aggre-
gated intuitionistic fuzzy dimensional (AIFDA) techniques. Ormond et al. [39] conducted
an experiment with soybean sowing using a tractor and found that the density of sowing
leads to a higher prevalence of Asian rust. They used the area under the disease progress
curve (AACPD) method. Hu et al. [40] used the ANP (analytic network process) and BSC
(balanced scorecard) methods in order to develop a network of machinery maintenance
for agricultural production. Hoose et al. [41] used the AHP and DEA (data envelopment
analysis) methods to select tractor-trailers for grain transportation. Lu et al. [42] used the
TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) method to select
suppliers for new agricultural machinery for the development of agricultural production.

Yang et al. [43] applied multi-objective disassembly of harvester production to reduce
the carbon footprint of production. For this purpose, they used the MDFOA method
(multi-objective disassembly line balancing fruit fly optimization algorithm). Lalghorbani
and Jahan [44] evaluated combined harvesters using the MULTIMOORA (multi-objective
optimization on the basis of ratio analysis) method in order to optimize agricultural produc-
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tion. Han et al. [45], using the multi-objective mixed integer program (MIP) method, which
optimized the use of agricultural mechanization during production in such a way that
more work can be accomplished with fewer visits to service centers. Houshyar et al. [46]
evaluated the distribution of agricultural machinery for the needs of agricultural produc-
tion in Iran using fuzzy AHP and weight-restriction DEA methods. Shoaei et al. [47] made
a selection of places for the service of agricultural machinery using a GIS system in order
to improve agricultural production.

2.2. Application of Objective Methods for Determining the Weight of Criteria in Agriculture

Objective methods for determining the weight of criteria have been used in various
fields of agriculture. Table 1 presents some papers in the last five years in which the
methods to be used in this paper were applied. Objective methods for determining the
weight of criteria have been used in various fields of agriculture.

Table 1. Review of papers on the application of objective methods for determining the weight of
criteria in agriculture.

No. Authors Year Method Application/Development

1 Deepa and Ganesan [48] 2018 Entropy Selection of agricultural crops
2 de Araujo et al. [49] 2019 Entropy Price analysis of agricultural products
3 Deepa et al. [50] 2019 CRITIC Ranking of agricultural data
4 Lu et al. [51] 2019 Entropy Selection of agricultural machinery

5 Sadeghi Ravesh [52] 2019 Entropy Desertification and remediation plans for degraded land
in agriculture

6 Gomes et al. [53] 2020 CRITIC Application of sewage sludge in agriculture
7 Sabzevari et al. [54] 2020 Entropy Choice of vegetable growing
8 Khodaei et al. [55] 2021 Entropy Strawberry storage
9 Nedeljković et al. [56] 2021 CRITIC Selection of harvesting machine
10 Wichapa et al. [57] 2021 CRITIC Agricultural waste management
11 Polcyn [58] 2021 CRITIC Eco-efficiency and human capital on farms
12 Polcyn et al. [59] 2021 CRITIC The relationship between education and production on farms
13 Dabkiene et al. [60] 2021 Entropy Evaluation of farm and orchard efficiency
14 Mitra et al. [61] 2022 CRITIC Evaluation of crude fiber

15 Lu et al. [42] 2022 CRITIC
Entropy Selection of agricultural machinery

16 Puška et al. [62] 2022b CRITIC Selection of pear varieties
17 Kaghazchi et al. [63] 2022 Entropy Irrigation systems

Based on the above papers, it can be concluded that in the objective determination of
the weight of the criteria, the entropy and CRITIC methods were mostly used in agriculture.
The MERAC method is new and has not yet been used in the field of agriculture. In
determining the weight by standard deviation, it is difficult to find papers because in one
part of the CRITIC calculation the standard deviation is used and these two terms overlap.

3. Research Methodology and Methods

Modern agriculture requires the use of advanced types of tractors, i.e., tractors with
a role that is multiple. Therefore, there are different design solutions when it comes to
determining the characteristics of the tractors used. When selecting tractors for the needs
of agricultural production in BiH, the methodology presented in Figure 1 was used.

According to this methodology, the selection of the alternatives was accomplished
first. When selecting the alternatives, a study was conducted to assess which tractors are
represented on the BiH market and which belong to the category of heavy tractors. Based
on this, the alternatives were formed and marked from A1 to A6. This was accomplished
because this paper is primarily conceptual and aims to present a new method of objectively
determining weights. In addition, the experiences of the users of these tractors were
not taken, only seven of their characteristics were. These tractors, which are agricultural
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machines of the latest generation, belong to the category of heavy tractors based on the
power of the installed engine. Germany and the USA were chosen as the countries of origin
of these tractors, given the current presence (availability) in the market of BiH.
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To evaluate these tractors, it was necessary to select criteria. When choosing the
criteria, all relevant criteria necessary for the implementation of agricultural production
were taken into account. Based on this, the following criteria were selected: power (C1),
torque (C2), tank capacity (C3), tractor weight (C4), cubic capacity (C5), price (C6), and
fuel consumption (C7). It should be emphasized that the cubic-capacity criterion does not
directly affect the performance of the engine and the tractor, but it can still have an effect,
which is why this criterion was taken. The second reason is that this criterion is a numerical
criterion and, as such, is suitable for the analysis in this study. In addition to technical
criteria, the criteria also included economic criteria (price) and environmental criteria (fuel
consumption) to make decision-making more comprehensive.

Once the alternatives and criteria for evaluating the alternatives were determined, an
initial-decision matrix was formed. The first step in any method of multi-criteria analysis is
to normalize the initial-decision matrix [64]. Normalization is performed, so that all data
are uniform [65] to perform the steps from the MCDA method [66]. For all criteria, there
is a different unit of measure for determining the value of the alternatives, according to
certain criteria, so this is another reason why normalization is performed (Table 1).

Since five different methods were used in this study to determine the criteria, the
same normalization was used to reduce the difference in their use. In addition, the same
normalization was used with the CRADIS method for ranking the alternatives. However,
when normalizing the data, it was necessary to determine which type of criteria was used
when evaluating the alternatives. When observing the type of criteria, it was necessary to
determine DM preferences. E.g., each DM prefers to have the lowest possible price and fuel
consumption, and these criteria fall into the category of “cost” criteria, while cubic capacity
and tank capacity should be as high as possible, and these criteria fall into the category of
“benefit” criteria. Based on this, it was necessary to assign the type of criterion for each
criterion to perform the correct normalization. Table 2 presents the criteria with definitions
and the types of criteria used to perform the appropriate normalization.
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Table 2. Criteria in tractor selection.

Id Criterion Unit Definition Type References

C1 Power kW Torque function, multiplication of the torque and
speed of the motor. Benefit [22–24,27,33]

C2 Torque Nm
The product of the force (by generating the action
of combustion gases on the piston head) and the
arm on which that force acts.

Benefit [23,24,32]

C3 Reservoir
capacity L The place of collection (refueling) of motor fuel

depends on the power (type) of the tractor. Benefit [28,67]

C4 Tractor
weight kg

Tractor weight depends on the type of tractor,
engine power, purpose of the tractor, tractor
transmission, towing, or mounted implement.

Benefit [25,27,32]

C5 Cubic cm3 Cylinder working space size in motor
vehicles (tractors). Benefit [28,32]

C6 Price euro
The market unit of measure is expressed in a
certain currency and depends on many technical
characteristics of the tractor.

Cost [8,34,68]

C7 Consumption g/kWh
Fuel consumption depends on the power and
purpose and other technical characteristics of the
tractor as a motor vehicle.

Cost [27,69,70]

Before the alternatives are ranked, it was necessary to calculate the weights of the
criteria. This study was performed using five methods: CRITIC, entropy, standard devia-
tion, MEREC, and modified standard deviation. The reason for using these methods was
to examine the impact of criteria weights on the ranking of the alternatives. In addition,
using additional different methods and weighting criteria provided more information for
DMs, which they can use when buying a tractor. Finally, the CRADIS method was used to
examine how the weight coefficients have an impact on the ranking of tractors and which
tractors should be the first choice for farmers in BiH.

3.1. Objective Methods for Determining Weight Criteria

Five methods for determining the weights of the criteria were applied in the study.
The CRITIC, entropy, standard deviation, and MEREC methods are presented only in brief
outlines, while the modified standard deviation method is explained in more detail, as it
represents a new method.

3.1.1. CRITIC Method

Step 1. Normalization of the initial-decision matrix. The same normalization will be
used for all methods:

nij =
xij

xj max
, for benefit criteria (1)

nij =
xj min

xij
, for cost criteria (2)

Step 2. Calculation of standard deviation and linear correlation matrix by columns.
Step 3. Determining the amount of information.

Cj = σ
m

∑
k=1

(
1− rjk

)
(3)

where r represents a correlation coefficient for particular criteria.
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Step 4. Calculation of the final weights of the criteria.

wj =
Cj

∑m
j=1 Cj

(4)

3.1.2. Entropy Method

The entropy method consists of the following steps:
Step 1. Normalization of the initial-decision matrix.
Step 2. Determining the entropy value (ej).

ej = −k
n

∑
i=1

rij, j = 1, 2, . . . , m (5)

Step 3. Calculation of the degree of diffraction (dj).

dj = 1− ej, j = 1, 2, . . . , m (6)

Step 4. Calculation of the final weights of the criteria.

wj =
dj

∑m
j=1 dj

(7)

3.1.3. Standard Deviation Method

The standard deviation method has the following steps:
Step 1. Normalization of the initial-decision matrix.
Step 2. Calculation of standard deviation (σ).
Step 3. Calculation of the final weights of the criteria.

wj =
σj

∑m
j=1 σj

(8)

3.1.4. MEREC Method

The MEREC method has the following steps:
Step 1. Normalization of the initial-decision matrix.
Step 2. Calculation of the overall performance of the alternatives (Si).

Si = ln (1 +

(
1
m ∑

j

∣∣∣ln(nx
ij

)∣∣∣)) (9)

Step 3. Calculate the effects of the alternatives for each criterion.

S′ij = ln (1 +

(
1
m ∑

k,k 6=j
|ln(nx

ik)|
)
) (10)

Step 4. Calculate the sum of the deviations from the absolute values.

Ej = ∑
i

∣∣∣S′ij − Si

∣∣∣ (11)

Step 5. Calculate the final weights of the criteria.

wj =
Ej

∑k Ek
(12)
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3.1.5. Modified Standard Deviation Method

The modified standard deviation method is an extension of the standard deviation
method and, unlike it, uses two additional steps, which are to calculate the sum of the
column and correct the value of the standard deviation with this indicator. This method
has the following steps:

Step 1. Normalization of the initial-decision matrix.
Step 2. Calculation of the standard deviation (σ).

Step 3. Calculation of the sum of the sum of the columns
m
∑
j

xij.

Step 4. Calculate the corrected value of the standard deviation.

σ′ =
σ

∑m
j xij

(13)

Step 5. Calculation of the final weights of the criteria.

wj =
σ′j

∑m
j=1 σ′j

(14)

In this way, the values of the criteria after normalization are compared. If the values of
the criteria are approximately the same, the value of the sum of the column will be higher,
so the value of the corrected standard deviation (σ′) will be lower. If the values of the
criteria are different, the value of the sum of the column will be smaller, so the value of the
corrected standard deviation (σ′) will be higher. Applying the modified standard deviation
additionally takes into account the existence of a larger deviation in the data within the
criteria. Applying this method, the criteria for which the data have a larger deviation will
get a higher value. The logic of this method is that if the values of the alternatives within
one criterion are similar, the weight of that criterion will be less, and vice versa. Thus,
diversity within one criterion is evaluated.

3.2. CRADIS Method

Once the weights of the criteria have been determined, it is necessary to rank the alterna-
tives. The ranking of the alternatives will be accomplished using the CRADIS method. The
CRADIS method was developed by Puška et al. [71] and has the following steps:

Step 1. Formation of a decision matrix.
Step 2. Normalization of the decision matrix.
Step 3. Computing the normalized-decision matrix. In this step, the value of the

normalized-decision matrix is multiplied by the corresponding weights.

vij = nij·wj (15)

Step 4. Determination of ideal and anti-ideal solutions. The ideal solution is the
greatest value vij in an aggravated-decision matrix, while the anti-ideal solution is the
smallest value vij in an aggravated-decision matrix.

ti = maxvij (16)

tai = minvij (17)

Step 5. Calculation of the deviation from the ideal and anti-ideal solutions.

d+ = ti − vij (18)

d− = vij − tai (19)
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Step 6. Calculation of the deviation of the individual alternatives from the ideal and
anti-ideal solutions.

s+i =
n

∑
j=1

d+ (20)

s−i =
n

∑
j=1

d− (21)

Step 7. Calculation of the utility function for each alternative in relation to the devia-
tions from the optimal alternatives.

K+
i =

s+0
s+i

(22)

K−i =
s−0
s−i

(23)

where s+0 is the optimal alternative that has the smallest distance from the ideal solution,
s−0 is the optimal alternative that has the greatest distance from the anti-ideal solution.

Step 8. Ranking the alternatives. The final order is obtained by looking for the average
deviation of the alternatives from the degree of utility.

Qi =
K+

i + K+
i

2
(24)

4. Results and Discussion

After the tractors and the evaluation criteria are selected, the initial-decision matrix
was formed (Table 3). In this study, six alternatives for heavy tractors and seven evaluation
criteria were observed. The next step was to calculate the maximum and minimum values
of the criteria, to normalize the data. Depending on the type of criteria, different formulas
were applied for normalization, whether expression 1 was used for benefit criteria or
expression 2 was used for cost criteria.

Table 3. Initial-decision matrix.

Power (C1) Torque (C2) Reservoir
Capacity (C3)

Tractor
Weight (C4) Cubic (C5) Price (C6) Consumption (C7)

Alternative A1 166 955 505 9300 6057 182,000 192
Alternative A2 181 934 400 9100 6057 168,385 264
Alternative A3 151 896 455 8299 6728 175,723 248
Alternative A4 194 835 550 10,800 6728 189,371 258
Alternative A5 180 840 310 6640 6600 175,000 265
Alternative A6 165 940 395 8140 6728 169,518 233

By applying the appropriate formula for normalization to the initial-decision ma-
trix, a normalized-decision matrix was formed (Table 4). This decision matrix was used
to calculate criterion weights and to rank the alternatives. All methods used the same
normalized-decision matrix.

Table 4. Normalized-decision matrix.

C1 C2 C3 C4 C5 C6 C7

A1 0.9096 0.8743 0.6139 0.8611 1.0000 0.9611 0.7245
A2 0.8343 0.8940 0.7750 0.8426 1.0000 0.8892 0.9962
A3 1.0000 0.9319 0.6813 0.7684 0.9003 0.9279 0.9358
A4 0.7784 1.0000 0.5636 1.0000 0.9003 1.0000 0.9736
A5 0.8389 0.9940 1.0000 0.6148 0.9177 0.9241 1.0000
A6 0.9152 0.8883 0.7848 0.7537 0.9003 0.8952 0.8792
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Once the normalized-decision matrix was determined, the weights of the criteria were
calculated first using the CRITIC method (Table 5). The first step in calculating the CRITIC
method is to calculate the standard deviation value. This standard deviation value was
used for both the standard deviation method and the modified standard deviation method.
The correlation value for the criteria was calculated. Correlation values for all observed
criteria (1 − r) were then subtracted from the value of 1. These values were summed for
the criteria and the value of the amount of information (C_j) was calculated. The last step
was to calculate the weighting criteria (expression 4).

Table 5. Calculation of criterion weight using the CRITIC method.

C1 C2 C3 C4 C5 C6 C7

σ 0.0782 0.0547 0.1563 0.1286 0.0496 0.0419 0.1052

Correlation (r)

C1 1.0000 −0.5380 0.0998 0.3986 −0.0716 −0.3591 −0.4145
C2 −0.5380 1.0000 0.0448 0.0356 −0.5976 0.4808 0.6464
C3 0.0998 0.0448 1.0000 0.9064 −0.0436 −0.7549 0.3999
C4 0.3986 0.0356 0.9064 1.0000 −0.1674 −0.6038 0.1726
C5 −0.0716 −0.5976 −0.0436 −0.1674 1.0000 −0.1656 −0.4396
C6 −0.3591 0.4808 −0.7549 −0.6038 −0.1656 1.0000 −0.2391
C7 −0.4145 0.6464 0.3999 0.1726 −0.4396 −0.2391 1.0000

1 − r

C1 0.0000 1.5380 0.9002 0,6014 1.0716 1.3591 1.4145
C2 1.5380 0.0000 0.9552 0,9644 1.5976 0.5192 0.3536
C3 0.9002 0.9552 0.0000 0,0936 1.0436 1.7549 0.6001
C4 0.6014 0.9644 0.0936 0.0000 1.1674 1.6038 0.8274
C5 1.0716 1.5976 1.0436 1,1674 0.0000 1.1656 1.4396
C6 1.3591 0.5192 1.7549 1,6038 1.1656 0.0000 1.2391
C7 1.4145 0.3536 0.6001 0,8274 1.4396 1.2391 0.0000

sum (1 − r) 6.8848 5.9280 5.3476 5.2580 7.4854 7.6417 5.8742

Cj = σ
m
∑

k=1

(
1− rjk

)
0.5384 0.3240 0.8361 0.6762 0.3712 0.3201 0.6180

wj 0.1461 0.0879 0.2269 0.1836 0.1008 0.0869 0.1677

After the weights were calculated using the CRITIC method, the weights of the criteria
were calculated using the entropy method (Table 6). When calculating the weights of
the criteria using the entropy method, the values of the natural logarithm (ln) were first
calculated for all values of the normalized-decision matrix. This value was multiplied
by the value of the normalized-decision matrix. When this value was obtained, its sum
was calculated according to the criteria. To carry out the next step, it was necessary to
calculate the natural logarithm for the number 6 (ln (6)). The number six was selected
because there are so many alternatives in this example. Then, the negative reciprocal of
the natural logarithm of number 6 (−0.5581) was calculated. This was needed to calculate
the entropy value (ej), which was obtained by multiplying the sum of the criteria by the
previously obtained value. The divergence rate was then calculated (dj = 1 – ej), and the
weight-value criterion is calculated (wj) (expression 7).

The next method for calculating criteria weights was the standard deviation (SD)
method (Table 7). This method is the simplest of all methods and has the fewest steps. First,
the value of the standard deviation for the criteria was calculated, and then the obtained
value was used to calculate the weights of the criteria (expression 8).

The next method to calculate the weights of the criteria applied in this study was the
MEREC method (Table 8). The first step in computing the MEREC method was to compute
the absolute number from the natural logarithm for a normalized-decision matrix. The total
performance of the alternatives was then found (Si), by calculating the natural logarithm
from the value of the sum of number 1 and by dividing the sum of the absolute values of
the natural logarithms by the number of criteria (m). The next step was to calculate the
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effects of the alternatives for each criterion (S′ij). The procedure is similar in that for each
criterion, calculating the effects of the alternatives is not taken into account. The absolute
value of the difference between the effects of the alternatives for each criterion and the
overall performance of the alternatives was then calculated (

∣∣∣S′ij − Si

∣∣∣), and the sum of
that for the criteria was calculated. The last step was to calculate the weight of the criteria
(expression 12).

The last method used to calculate criteria weights was the modified standard deviation
(MSD) method (Table 9). Unlike the standard deviation method, this method divides the
value of the standard deviation (σ) by the sum of the values of an individual criterion.

(
m
∑
j

xij). When the modified value of the standard deviation was obtained, the value of the

weight of each criterion was calculated (expression 14).
After calculating the weights using different methods, it can be seen that the largest

deviation in the weights of the criteria is in the results obtained by the entropy method
(Table 10). Criteria that have low weights with other methods have high weights with
the entropy method. The reason for this should be sought in the calculation of weights,
because the entropy method utilizes neither the criteria nor the alternatives for calculating
the weights of the criteria. The calculation of weights was performed using the values of
the elements of the decision matrix, and the values of the columns were added, and based
on that, the weights were obtained. If the values of the alternatives are higher for a certain
criterion, the greater the weight of that criterion is, and vice versa. Other methods take into
account the diversity of values within the criteria.

Table 6. Calculation of criterion weights using the entropy method.

C1 C2 C3 C4 C5 C6 C7

C1 −0.1559 0.0000 −0.0854 −0.1495 −0.1051 −0.0778 0.0000
C2 −0.0694 −0.0222 −0.3185 −0.1713 −0.1051 0.0000 −0.3185
C3 −0.2506 −0.0638 −0.1896 −0.2634 0.0000 −0.0427 −0.2559
C4 0.0000 −0.1343 0.0000 0.0000 0.0000 −0.1175 −0.2955
C5 −0.0749 −0.1283 −0.5733 −0.4864 −0.0192 −0.0385 −0.3222
C6 −0.1619 −0.0158 −0.3310 −0.2828 0.0000 −0.0067 −0.1935

C1 −0.1334 0.0000 −0.0784 −0.1288 −0.0946 −0.0719 0.0000
C2 −0.0647 −0.0217 −0.2316 −0.1443 −0.0946 0.0000 −0.2316
C3 −0.1950 −0.0598 −0.1569 −0.2024 0.0000 −0.0409 −0.1981
C4 0.0000 −0.1174 0.0000 0.0000 0.0000 −0.1044 −0.2199
C5 −0.0695 −0.1129 −0.3232 −0.2991 −0.0188 −0.0371 −0.2335
C6 −0.1377 −0.0156 −0.2377 −0.2131 0.0000 −0.0067 −0.1595

sum −0.6003 −0.3274 −1.0277 −0.9877 −0.2080 −0.2610 −1.0426

ej 0.3351 0.1827 0.5736 0.5512 0.1161 0.1457 0.5819

dj 0.6649 0.8173 0.4264 0.4488 0.8839 0.8543 0.4181

wj 0.1473 0.1811 0.0945 0.0994 0.1958 0.1893 0.0926

Table 7. Calculation of criteria weights using the standard deviation method.

C1 C2 C3 C4 C5 C6 C7

σ 0.0782 0.0547 0.1563 0.1286 0.0496 0.0419 0.1052

wj 0.1273 0.0889 0.2544 0.2093 0.0807 0.0682 0.1712
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Table 8. Calculation of the weight of the criteria using the MEREC method.

C1 C2 C3 C4 C5 C6 C7 sum

A1 0.1559 0.0000 0.0854 0.1495 0.1051 0.0778 0.0000 0.0788
A2 0.0694 0.0222 0.3185 0.1713 0.1051 0.0000 0.3185 0.1341
A3 0.2506 0.0638 0.1896 0.2634 0.0000 0.0427 0.2559 0.1417
A4 0.0000 0.1343 0.0000 0.0000 0.0000 0.1175 0.2955 0.0753
A5 0.0749 0.1283 0.5733 0.4864 0.0192 0.0385 0.3222 0.2108
A6 0.1619 0.0158 0.3310 0.2828 0.0000 0.0067 0.1935 0.1325

C1 0.0580 0.0788 0.0674 0.0588 0.0648 0.0684 0.0788

S′ij

C2 0.1254 0.1314 0.0935 0.1125 0.1209 0.1341 0.0935
C3 0.1102 0.1338 0.1180 0.1085 0.1417 0.1364 0.1095
C4 0.0753 0.0573 0.0753 0.0753 0.0753 0.0596 0.0353
C5 0.2021 0.1959 0.1422 0.1529 0.2086 0.2064 0.1728
C6 0.1120 0.1305 0.0902 0.0965 0.1325 0.1317 0.1080

C1 0.0208 0.0000 0.0113 0.0199 0.0140 0.0103 0.0000

∣∣∣S′ij − Si

∣∣∣
C2 0.0087 0.0028 0.0406 0.0216 0.0132 0.0000 0.0406
C3 0.0316 0.0079 0.0238 0.0332 0.0000 0.0053 0.0322
C4 0.0000 0.0180 0.0000 0.0000 0.0000 0.0157 0.0399
C5 0.0087 0.0150 0.0686 0.0579 0.0022 0.0045 0.0380
C6 0.0205 0.0020 0.0423 0.0360 0.0000 0.0008 0.0245

Ej 0.0902 0.0456 0.1867 0.1687 0.0294 0.0366 0.1753

wj 0.1232 0.0623 0.2548 0.2303 0.0401 0.0500 0.2393

Table 9. Calculation of the weight of the criteria using the method of modified standard deviation.

C1 C2 C3 C4 C5 C6 C7

σ 0.0782 0.0547 0.1563 0.1268 0.0496 0.0419 0.1052
m
∑
j

xij 5.3454 5.6545 4.7545 4.8406 5.7815 5.7281 4.7942

σ′ 0.0146 0.0097 0.0329 0.0266 0.0086 0.0073 0.0219

wj 0.1203 0.0795 0.2705 0.2185 0.0706 0.0602 0.1805

Table 10. Criteria weight values.

C1 C2 C3 C4 C5 C6 C7

CRITIC 0.1461 0.0879 0.2269 0.1836 0.1008 0.0869 0.1677
Entropy 0.1473 0.1811 0.0945 0.0994 0.1958 0.1893 0.0926
SD 0.1273 0.0889 0.2544 0.2093 0.0807 0.0682 0.1712
MEREC 0.1232 0.0623 0.2548 0.2303 0.0401 0.0500 0.2393
MSD 0.1203 0.0795 0.2705 0.2185 0.0706 0.0602 0.1805

Based on the application of these methods, the weights of the criteria used to rank the
alternatives were obtained. A complete calculation of the ranking order of the alternatives
was performed for the weights obtained by the CRITIC method, while for the other weights
only the value of the CRADIS method and the ranking order of the alternatives were given.

The first step in the CRADIS method was the normalization of the decision matrix
(Table 3), then these normalized values were multiplied by the weight of the criteria and an
aggravated-normalized-decision matrix was obtained (Table 11). To calculate the ideal and
anti-ideal solutions, it was necessary to calculate the minimum and maximum values of
the aggravated-normalized-decision matrix.
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Table 11. Aggravated-normalized-decision matrix.

C1 C2 C3 C4 C5 C6 C7

A1 0.1030 0.0795 0.2483 0.1882 0.0635 0.0557 0.1805
A2 0.1123 0.0778 0.1967 0.1841 0.0635 0.0602 0.1313
A3 0.0937 0.0746 0.2237 0.1679 0.0706 0.0576 0.1397
A4 0.1203 0.0695 0.2705 0.2185 0.0706 0.0535 0.1343
A5 0.1116 0.0699 0.1524 0.1344 0.0692 0.0579 0.1308
A6 0.1023 0.0783 0.1942 0.1647 0.0706 0.0598 0.1487

max 0.1203 0.0795 0.2705 0.2185 0.0706 0.0602 0.1805 0.2705
min 0.0937 0.0695 0.1524 0.1344 0.0635 0.0535 0.1308 0.0535

The next step was to calculate the deviation between the ideal and anti-ideal solutions.
For each element of the aggravated matrix, the deviation from the ideal and anti-ideal
solutions was calculated. This was followed by the calculation of the assessment of the
deviation of the individual alternatives from the ideal and anti-ideal solutions, which was
accomplished by calculating the sum of the deviations for the individual alternatives. Before
ranking the alternatives, it was necessary to calculate the utility function for the optimal
alternative. The alternatives should be as close as possible to the optimal alternative, to
be better ranked. The last step was to calculate the ranking of the alternatives, which was
accomplished by calculating the average deviation of the alternatives from the degree of
utility (Table 12).

Table 12. Results of the CRADIS method.

s+
i K+

i s−i K−i Qi Rank

A1 0.9746 0.9165 0.5442 0.8699 0.8932 2
A2 1.0674 0.8368 0.4514 0.7215 0.7791 4
A3 1.0654 0.8384 0.4534 0.7248 0.7816 3
A4 0.9560 0.9343 0.5628 0.8996 0.9169 1
A5 1.1670 0.7654 0.3518 0.5624 0.6639 6
A6 1.0746 0.8312 0.4441 0.7100 0.7706 5

A0 0.8932 0.6256

Based on the results obtained using the weights calculated by the CRITIC method,
the best alternative is A4, and the second-ranked alternative is A1, while the worst-ranked
alternative is A5.

To determine the impact of the criteria weights obtained by the different methods, the
alternatives were ranked with the weights obtained using these methods. The procedure is
the same, the only difference is in the weights of the criteria. The obtained results (Table 13)
show that for all obtained criteria weights, the best alternative is A1, while the worst-ranked
alternatives are A2 and A5 for the weights obtained by the entropy method.

Table 13. Results when applying different criteria weights.

CRITIC Entropy SD MEREC MSD
Qi Rank Qi Rank Qi Rank Qi Rank Qi Rank

A1 0.8844 2 0.8475 2 0.8819 2 0.9025 2 0.8932 2
A2 0.7775 3 0.8008 4 0.7661 3 0.7885 3 0.7791 4
A3 0.7762 4 0.7829 5 0.7658 4 0.7857 4 0.7816 3
A4 0.9206 1 0.8602 1 0.9087 1 0.9141 1 0.9169 1
A5 0.6609 6 0.7241 6 0.6455 6 0.6802 6 0.6639 6
A6 0.7661 5 0.8133 3 0.7571 5 0.7786 5 0.7706 5

To perform the analysis of the obtained results, a correlation analysis was used for
the values of the CRADIS method using individual weights and the value of the ranking
rank (Table 14). This analysis shows that there is the greatest correlation between SD and
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MSD methods (r = 0.9999) for ranking the alternatives. The reason for this is that the
MSD method is only a slightly modified SD method. However, what is characteristic of
the MSD method is that the values of the CRADIS method are more related to the values
obtained by the CRITIC methods yet are less related to the values obtained by the MEREC
method compared to the SD method. This analysis shows that the value of the CRADIS
method of the obtained weight of the entropy method is the least related to the other
methods. The same is the case in the ranking of the alternatives, where the alternative has
the same ranking in terms of the weight that was obtained by the CRITIC, SD, and MEREC
methods. The ranking order of the obtained weight of the MDS method deviates from
these (r = 0.9429), due to the different ranks of the alternatives, A2 and A3. The reason
for this should be sought in the values of these alternatives, which are approximate, and
there is very little difference between them. It is noticeable that the results obtained using
the calculated weights of the entropy method deviated the most from the other results.
However, in addition to the different ranking order, A4 is the best.

Table 14. Value of correlation analysis.

Value of Methods
CRITIC Entropy SD MEREC MSD

CRITIC 1.0000 0.9600 0.9993 0.9966 0.9990
Entropy 1.0000 0.9632 0.9599 0.9609
SD 1.0000 0.9987 0.9999
MEREC 1.0000 0.9989
MSD 1.0000

Value of Rank
CRITIC Entropy SD MEREC MSD

CRITIC 1.0000 0.8286 1.0000 1.0000 0.9429
Entropy 1.0000 0.8286 0.8286 0.7714
SD 1.0000 1.0000 0.9429
MEREC 1.0000 0.9429
MSD 1.0000

5. Conclusions

This study was conducted to select the tractor that best meets the set criteria. Six types of
tractors were used in this study, which were evaluated using seven criteria. The evaluation of
the tractors was accomplished using MCDA methods. Objective methods for determining the
weights of the criteria and the CRADIS method for tractor ranking were used.

The obtained results showed that the best tractor is A4 because this tractor best meets
the objectives of this study. The worst-ranked tractor of the used tractors is A5. These
results were confirmed using the different weights obtained by the different methods. The
results showed that the weights obtained by the entropy method were the highest.

The new modified standard deviation method does not deviate significantly from
other methods and can be used in further research. In addition, this method is one of the
simpler methods for determining the weight coefficients. In the standard deviation method,
only the standard deviation is calculated, while in the modified standard deviation method,
the sum of the criteria elements is used.

In addition to the presented modified standard deviation method and the standard
deviation method, the new modified standard deviation method does not differ significantly
from other methods and is the easiest to calculate, thus, it is recommended for use in similar
studies. It should be emphasized that the entropy method differs from most of the other
methods, and it is not recommended to be used primarily in similar decision-making
problems, only as a method for weight comparison.

The limitations of this study are that more tractors with similar characteristics were
not taken into account. However, the tractors that were evaluated can be found on the
BiH market, thus, only these tractors were used. Furthermore, another limitation can
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be considered, which is that more criteria have not been used (according to which the
alternatives could be evaluated). However, taking more criteria would only complicate the
decision-making process. The aim here was to show the influence of objective methods for
determining the weights of criteria on the ranking of the alternatives, thus, the focus of the
study was on that aim.

In future research, this new method needs to be compared with other methods for
objectively calculating the weights of criteria that were not used in this research. It is
necessary to use this method in other examples where decision-making is represented,
because it has shown great flexibility and simplicity in work. Furthermore, in future
research, it is necessary to use a combination of subjective and objective methods, for the
example of multi-criteria decision-making in agriculture.
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9. Kostić, M.M.; Rakić, D.Z.; Savin, L.Ð.; Dedović, N.M.; Simikić, M.Ð. Application of an original soil tillage resistance sensor in

spatial prediction of selected soil properties. Comput. Electron. Agric. 2016, 127, 615–624. [CrossRef]
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18. Pamučar, D.; Božanić, D.; Milić, A. Selection of a course of action by Obstacle Employment Group based on a fuzzy logic system.
Yugosl. J. Oper. Res. 2016, 26, 75–90. [CrossRef]

19. Zhou, M.; Liu, X.-B.; Chen, Y.-W.; Qian, X.-F.; Yang, J.-B.; Wu, J. Assignment of attribute weights with belief distributions for
MADM under uncertainties. Knowl.-Based Syst. 2019, 189, 105110. [CrossRef]

20. Keshavarz-Ghorabaee, M.; Amiri, M.; Zavadskas, E.K.; Turskis, Z.; Antucheviciene, J. Determination of Objective Weights Using
a New Method Based on the Removal Effects of Criteria (MEREC). Symmetry 2021, 13, 525. [CrossRef]

21. Gürsoy, S.; Kara, A.; Akın, S. Factors Affecting the Farmers’ Decision-Making on Tractor Power Selection in Pistachio Farms: The
Case of Siirt Province in Turkey. J. Agronomy. Technol. Eng. Manag. 2021, 4, 591–597.

22. Shorkpor, S.; Asakereh, A. Evaluation of Conventional Tractors in Terms of Agricultural and Climatic Conditions in Saral Region
in Divandarreh County. Agric. Mech. 2021, 6, 21–29. [CrossRef]

23. Zhu, Z.; Lai, L.; Sun, X.; Chen, L.; Cai, Y. Design and Analysis of a Novel Mechanic- Electronic-Hydraulic Powertrain System for
Agriculture Tractors. IEEE Access 2021, 9, 153811–153823. [CrossRef]

24. Xia, Y.; Sun, D.; Qin, D.; Zhou, X. Optimisation of the power-cycle hydro-mechanical parameters in a continuously variable
transmission designed for agricultural tractors. Biosyst. Eng. 2020, 193, 12–24. [CrossRef]

25. Baek, S.-M.; Baek, S.-Y.; Jeon, H.-H.; Kim, W.-S.; Kim, Y.-S.; Kim, N.-H.; Sim, T.; Kim, H.; Kim, Y.-J. Improvement of Gear Durability
for an 86 kW Class Agricultural Tractor Transmission by Material Selection. Agriculture 2022, 12, 123. [CrossRef]

26. Mishra, D.; Satapathy, S. Reliability and maintenance of agricultural machinery by MCDM approach. Int. J. Syst. Assur. Eng.
Manag. 2022, in press. [CrossRef]

27. Lalremruata, N.A.; Dewangan, K.N.; Patel, T. Noise exposure to tractor drivers in field operations. Int. J. Veh. Perform. 2019, 5,
430–442. [CrossRef]

28. Okoko, P.; Ajav, E. Draft and power requirements for some tillage implements operating in loamy soil. J. Agric. Eng. Technol. 2019,
24, 10–20.

29. Fargnoli, M.; Lombardi, M. Safety Vision of Agricultural Tractors: An Engineering Perspective Based on Recent Studies (2009–2019).
Safety 2020, 6, 1. [CrossRef]

30. Hou, X.; Xu, C.; Li, J.; Liu, S.; Zhang, X. Evaluating agricultural tractors emissions using remote monitoring and emission tests in
Beijing, China. Biosyst. Eng. 2022, 213, 105–118. [CrossRef]

31. Mutlu, N. Technical and Economic Features of Tractors in the Second Hand Market in Sanliurfa Province. Int. J. Agric. Environ.
Food Sci. 2020, 4, 384–393. [CrossRef]

32. Russini, A.; Schlosser, J.F.; Farias, M.S.D. Estimation of the traction power of agricultural tractors from dynamometric tests.
Ciência Rural. 2018, 48, e20170532. [CrossRef]

33. Lee, J.W.; Kim, S.C.; Oh, J.; Chung, W.-J.; Han, H.-W.; Kim, J.-T.; Park, Y.-J. Engine Speed Control System for Improving the Fuel
Efficiency of Agricultural Tractors for Plowing Operations. Appl. Sci. 2019, 9, 3898. [CrossRef]

34. Lagnelöv, O.; Dhillon, S.; Larsson, G.; Nilsson, D.; Larsolle, A.; Hansson, P.-A. Cost analysis of autonomous battery electric field
tractors in agriculture. Biosyst. Eng. 2021, 204, 358–376. [CrossRef]

35. Malik, A.; Kohli, S. Electric tractors: Survey of challenges and opportunities in India. Mater. Today Proc. 2020, 28, 2318–2324.
[CrossRef]

36. Lipkovich, E.; Nesmiyan, A.; Nikitchenko, S.; Shchirov, V.; Kormiltsev, Y. Agricultural tractors of the fifth generation. Sci. Iran.
2020, 27, 745–756. [CrossRef]

37. Sunusi, I.I.; Zhou, J.; Zhen Wang, Z.; Sun, C.; Eltayeb Ibrahim, I.; Opiyo, S.; Korohou, T.; Soomro, S.A.; Sale, L.A.; Olanrewaju, T.O.
Intelligent tractors: Review of online traction control process. Comput. Electron. Agric. 2020, 170, 105176. [CrossRef]

38. Perez-Domnguez, L.; Alvarado-Iniesta, A.; Garca-Alcaraz, J.; Valles-Rosales, D. Intuitionistic Fuzzy Dimensional Analysis for
Multi-Criteria Decision Making. Iran. J. Fuzzy Syst. 2018, 15, 17–40. [CrossRef]

39. Ormond, A.T.S.; Polizel, A.C.; Menezes, P.C.; Lima, M.A.; Mion, R.L. soybean culture under soil management and sowing systems.
Rev. Eng. Na Agric. 2018, 26, 574–581. [CrossRef]

40. Hu, Y.; Xiao, S.; Wen, J.; Li, J. An ANP-multi-criteria-based methodology to construct maintenance networks for agricultural
machinery cluster in a balanced scorecard context. Comput. Electron. Agric. 2019, 158, 1–10. [CrossRef]

41. Hoose, A.; Yepes, V.; Kripka, M. Selection of Production Mix in the Agricultural Machinery Industry Considering Sustainability
in Decision Making. Sustainability 2021, 13, 9110. [CrossRef]

42. Lu, J.; Wei, C.; Wu, J.; Wei, G. TOPSIS Method for Probabilistic Linguistic MAGDM with Entropy Weight and Its Application to
Supplier Selection of New Agricultural Machinery Products. Entropy 2019, 21, 953. [CrossRef]

43. Yang, Y.; Yuan, G.; Zhuang, Q.; Tian, G. Multi-objective low-carbon disassembly line balancing for agricultural machinery using
MDFOA and Fuzzy AHP. J. Clean. Prod. 2019, 233, 1465–1474. [CrossRef]

44. Lalghorbani, H.; Jahan, A. Selection of a Wheat Harvester according to Qualitative and Quantitative Criteria. Sustainability 2022,
14, 1313. [CrossRef]

45. Han, J.; Hu, Y.; Mao, M.; Wan, S. A multi-objective districting problem applied to agricultural machinery maintenance service
network. Eur. J. Oper. Res. 2020, 287, 1120–1130. [CrossRef]

http://doi.org/10.18485/aeletters.2022.7.1.4
http://doi.org/10.2298/YJOR140211018P
http://doi.org/10.1016/j.knosys.2019.105110
http://doi.org/10.3390/sym13040525
http://doi.org/10.22034/jam.2021.13135
http://doi.org/10.1109/ACCESS.2021.3126667
http://doi.org/10.1016/j.biosystemseng.2019.11.009
http://doi.org/10.3390/agriculture12020123
http://doi.org/10.1007/s13198-021-01256-y
http://doi.org/10.1504/IJVP.2019.104085
http://doi.org/10.3390/safety6010001
http://doi.org/10.1016/j.biosystemseng.2021.11.017
http://doi.org/10.31015/jaefs.2020.3.19
http://doi.org/10.1590/0103-8478cr20170532
http://doi.org/10.3390/app9183898
http://doi.org/10.1016/j.biosystemseng.2021.02.005
http://doi.org/10.1016/j.matpr.2020.04.585
http://doi.org/10.24200/sci.2018.50339.1643
http://doi.org/10.1016/j.compag.2019.105176
http://doi.org/10.22111/ijfs.2018.4363
http://doi.org/10.13083/reveng.v26i6.807
http://doi.org/10.1016/j.compag.2019.01.031
http://doi.org/10.3390/su13169110
http://doi.org/10.3390/e21100953
http://doi.org/10.1016/j.jclepro.2019.06.035
http://doi.org/10.3390/su14031313
http://doi.org/10.1016/j.ejor.2020.05.008


Sustainability 2022, 14, 8675 17 of 17

46. Houshyar, E.; Azadi, H.; Mirdehghan, S.M. Farm Power and Machinery Distribution in Iran: Fuzzy Analytical Hierarchy Process
(FAHP) and Weight Restriction Data Envelopment Analysis (WR-DEA) Models. J. Agric. Sci. Technol. 2020, 22, 639–652.

47. Shoaei, M.; Pourdarbani, R.; Dolat-abad, S.F. Identifying the Suitable Areas for Establishment of Agricultural Machinery Repair
Center Using GIS in Rudsar. Emir. J. Eng. Res. 2019, 25, 4.

48. Deepa, N.; Ganesan, K. Multi-class classification using hybrid soft decision model for agriculture crop selection. Neural Comput.
Appl. 2018, 30, 1025–1038. [CrossRef]

49. de Araujo, F.H.A.; Bejan, L.; Rosso, O.A.; Stosic, T. Permutation Entropy and Statistical Complexity Analysis of Brazilian
Agricultural Commodities. Entropy 2019, 21, 1220. [CrossRef]

50. Deepa, N.; Ganesan, K.; Srinivasan, K.; Chang, C.-Y. Realizing Sustainable Development via Modified Integrated Weighting
MCDM Model for Ranking Agrarian Dataset. Sustainability 2019, 11, 6060. [CrossRef]

51. Lu, H.; Zhao, Y.; Zhou, X.; Wei, Z. Selection of Agricultural Machinery Based on Improved CRITIC-Entropy Weight and
GRA-TOPSIS Method. Processes 2022, 10, 266. [CrossRef]

52. Sadeghi Ravesh, M.H. Evaluation of de-desertification alternatives in Ardakan-khezr abad plain by using shannon entropy
method and ORESTE model. Environ. Eros. Res. 2019, 8, 19–40.

53. Gomes, L.A.; Santos, A.F.; Pinheiro, C.T.; Góis, J.C.; Quina, M.J. Screening of waste materials as adjuvants for drying sewage
sludge based on environmental, technical and economic criteria. J. Clean. Prod. 2020, 259, 120927. [CrossRef]

54. Sabzevari, A.; Rajabipour, A.; Bagheri, N.; Omid, M. Determining the pattern of crop agriculture as a strategy to reduce food
security disaster in the country. Environ. Hazards Manag. 2020, 7, 23–38. [CrossRef]

55. Khodaei, D.; Hamidi-Esfahani, Z.; Rahmati, E. Effect of edible coatings on the shelf-life of fresh strawberries: A comparative
study using TOPSIS-Shannon entropy method. NFS J. 2021, 23, 17–23. [CrossRef]

56. Nedeljković, M.; Puška, A.; Ðokić, M.; Potrebić, V. Selection of apple harvesting machine by the use of fuzzy method of
multicriteria analyses. In Sustainable Agriculture and Rural Development; Book of Abstracts; Institute of Agricultural Economics:
Belgrade, Serbia, 2021; pp. 227–242.

57. Wichapa, N.; Khokhajaikiat, P.; Chaiphet, K. Aggregating the results of benevolent and aggressive models by the CRITIC method
for ranking of decision-making units: A case study on seven biomass fuel briquettes generated from agricultural waste. Decis. Sci.
Lett. 2021, 10, 79–92. [CrossRef]

58. Polcyn, J. Eco-Efficiency and Human Capital Efficiency: Example of Small- and Medium-Sized Family Farms in Selected European
Countries. Sustainability 2021, 13, 6846. [CrossRef]
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