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In recent years, increasing pollution of the ecological environment, excessive use of pesticides, and lack of effective management of
agricultural product supply chains have made the problem of having a green and safe supply of fresh food increasingly prominent.
)e sustainability of the fresh agricultural products supply has become an inevitable focus in the development of agricultural
enterprises. )ere are some problems in the supply chain of fresh agricultural products, such as scattered production sites and
difficult logistics transportation, which makes it difficult for enterprises to choose reliable suppliers. Supplier selection is a key
component of sustainable supply chain management, and the criteria for evaluating the quality of sustainable suppliers are often
affected by economic, social, and environmental factors. )erefore, from the perspective of sustainability, based on triple bottom
line theory and comprehensively considering the three aspects of society, environment, and economy, this paper proposes a novel
evaluation index system for the selection of sustainable suppliers of fresh agricultural products. )is paper innovatively integrates
the intuition fuzzy analytic hierarchy process and TODIM (an acronym in Portuguese of interactive and multiple attribute
decision-making), and these are applied to select sustainable suppliers. Finally, the integration method is applied to the example,
and a sensitivity analysis is carried out to verify the validity of the evaluation model.

1. Introduction

Selection of fresh agricultural product suppliers is one of the
most critical links in the agricultural product supply chain.
Green and sustainable agricultural product supply is not
only related to the development of food enterprises, but it
also has a greater impact on people’s livelihood. In recent
years, with the problems of ecological environment pollu-
tion, excessive use of pesticides and fertilizers, and excessive
use of additives in food processing in farmland, ensuring the
sustainability of agricultural products has become increas-
ingly problematic. For example, “Sudan red,” “poisonous
cowpea,” and other vicious events have aroused widespread
public concern about the safety of agricultural product
supply. Taking China as an example, due to the lagging
development of logistics transportation in the agricultural
product supply chain, agricultural product production is
relatively fragmented, and intersubject information cannot

be circulated quickly and effectively.)is makes it difficult to
choose safe and sustainable suppliers in the agricultural
product supply chain. )erefore, sustainable supplier se-
lection of fresh agricultural products has become a key link
in the management of green agricultural product supply
chains. Selection of fresh agricultural product suppliers must
not only consider the cost and technology but also envi-
ronmental pollution, resource consumption, and social re-
sponsibility. In summary, how to effectively assess the
sustainability of fresh agricultural product suppliers is an
important issue for companies to implement sustainable
supply chain management.

2. Literature Review

At present, domestic and foreign studies on the food supply
chain and supplier selection methods are relatively nu-
merous, while there are relatively few studies on the selection
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of sustainable suppliers of fresh agricultural products. A
characteristic of the food supply chain is that food is per-
ishable [1], and the freshness of food will directly affect the
quality and safety [2]. Fresh food is a critical part in the food
supply chain, which greatly affects the safety of consumers’
diets. However, in this supply chain, there are a large
number of intermediaries between farmers and retailers [3].
Under the trend of continuous development of food safety
and quality standards, supermarkets and other suppliers
have to pay a huge cost to purchase from many small-scale
agricultural producers [4]. )erefore, the selection of sus-
tainable suppliers in the fresh food supply chain has become
a key issue that needs to be studied.

Supplier selection is a key component of sustainable
supply chain management [5]. )e focus of sustainable
supply chain development is the type of supply chain and the
social and environmental responsibilities of products [6],
while the sustainability of agricultural food supply chains
obviously involves significant environmental and social
impacts [7]. )e sustainability of food includes environ-
mental issues, social issues, and expected returns [8].
)erefore, previous research has attempted to establish a
sustainable agricultural food supply chain evaluation index
system from the three dimensions of social responsibility,
economic benefits, and environmental protection. As the
material basis for agricultural product production, the
ecological environment has always been the main consid-
eration in constructing a sustainable evaluation index sys-
tem. Gerbens-Leenes et al. [9] applied environmental
indicators to their evaluation of the environmental sus-
tainability of food production. Solér et al. [10] explored the
use of environmental information at different stages in the
food supply chain. Cellura et al. [11] evaluated the sus-
tainability of crop production and consumption from the
perspectives of energy consumption and environmental
burden.

Corporate social responsibility is considered to be one of
the major factors impacting the food supply chain [12].
Spence et al. [13] discussed the evolution from corporate
social responsibility to food supply chain responsibility.
Chkanikova and Mont [14] systematically elaborated the
reasons and obstacles for food retailers to fulfill their supply
chain responsibilities. Krejci et al. [15] studied the influence
of social factors on the long-term sustainability of food
supply centers. Chen et al. [16] determined optimal suppliers
in the sustainable food supply chain from the perspective of
social responsibility. Stranieri et al. [17] discussed the effect
of implementing corporate social responsibility activities on
the vertical restructuring of the food supply chain.

Economic benefit is the basic indicator of sustainable
supply assessment. It is generally combined with environ-
mental performance or social performance to evaluate the
sustainability of the supply chain [18–20]. In addition, some
researchers have combed the existing literature on agri-
cultural fresh food supply chain quality (AFSCQ). )ey
found that sustainable management is one of the key issues
in AFSCQ research, and performance evaluations of the
agricultural fresh food supply chain are still in the devel-
opment stage [21]. However, most of the previous research

has focused on sustainability assessment of the food supply
chain and agricultural product supply chain. Sustainability
assessments of fresh agricultural product suppliers are ba-
sically nonexistent and lack a systematic measurement
framework.

Selection of sustainable suppliers requires evaluation
of supplier performance based on multiple criteria [22],
which includes two stages: determination of indicator
weights and supplier ranking. )e two-stage evaluation
part involves two types of uncertainty: individual uncer-
tainty and group uncertainty [23]. Individual uncertainty
refers to the ambiguity of an individual’s thinking and
expression [24], and group uncertainty refers to the am-
biguity of different people’s preferences for something
[23]. Since the decision process involves uncertain in-
formation, various methods based on fuzzy set theory are
often used in the field of supplier selection to capture fuzzy
or ambiguous information [25]. Among the commonly
used multiattribute decision-making methods for deter-
mining weights, there are, for example, AHP [26], ANP
[27], and DEMATEL [28]. )ese traditional weighting
methods cannot deal well with the uncertainty and
inaccuracy of decision information. In the supplier
ranking method, compared with DEA [29], PROMETHEE
[30], and TOPSIS [31] methods, the TODIM multi-
attribute decision-making method considers the psycho-
logical behavior of decision-makers [32] and can deal with
uncertainties )e problem is in the environment [33], but
the TODIM method directly measures the distance be-
tween the fuzzy numbers and decomposes the fuzzy in-
formation into clear values at the beginning, which may
lead to the loss of important information in decision-
making problems [34]. Considering the ambiguity of
decision information, applying the IF intuitionistic fuzzy
set theory to the AHP method (i.e., IFAHP) can better deal
with the hesitation in decision-making [35]. )us, this
article chose the IFAHP-TODIM integration method and
applied it to the selection of sustainable suppliers of fresh
agricultural products. Existing research on the selection of
sustainable suppliers of fresh agricultural products has not
yet used this integrated method, so we also expand on new
ideas for subsequent scholars to study.

3. The Evaluation Index System of Fresh
Agricultural Product Sustainable Suppliers
Based on Triple Bottom Line

Sustainable supply chain management has become the focus
of supply chain field. One of the most basic means of
sustainable supply chain management is supplier selection
[36]. Sustainable supplier selection is a key factor in sus-
tainable supply chainmanagement [37], because the supplier
is at the beginning of the supply chain, and its economic,
environmental, and social performance will have a signifi-
cant impact on the downstream enterprises of the supply
chain [25]. Traditional supplier selection only focuses on
economic factors, but in the changing market, sustainable
supply chain management should be adopted, that is,
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environmental and social standards [38, 39] should be
considered. Choosing the right supplier based on sustain-
ability criteria (economy, environment, and society) can
help enterprises achieve sustainable development [40].
Sustainable supply chain management in the field of fresh
agricultural products is facing economic, social, and eco-
logical challenges. )is sustainability is influenced by many
factors, including economic, social, and environmental as-
pects, namely, the triple bottom line (TBL) principle (Fig-
ure 1). In the organization of production activities,
enterprises not only focus on economic development but
also consider their own social responsibilities and possible
environmental pollution. If you simply pursue profitability
and ignore social and environmental responsibilities,
companies may move to oppose consumers and society and
will face the dilemma of rootless trees. Unification of eco-
nomic development, social responsibility, and environ-
mental responsibility is the foundation for sustainable
development of an enterprise and its longevity.

3.1. “Economic Bottom Line” Evaluation Index. Economic
development is the lifeblood of an enterprise, and economic
benefits (gross output value/production cost) are an im-
portant part of measuring enterprise performance. )is
article selects three indicators of energy consumption, lo-
gistics cost, and net product price from the cost dimension to
construct an economic bottom line indicator system.

3.2. “Social Bottom Line” Evaluation Index. )e social bot-
tom line measures the ability of business organizations to
fulfill their social responsibilities. Social responsibility in-
cludes protection of consumer rights, social welfare, green
safety, and other components. )is article selects six specific
indicators from the dimensions of food safety and packaging
materials—to reduce food additives, green R & D and in-
novation, reusability, biodegradable products, use of recy-
cled materials, and use of hazardous substances—to build a
social bottom line indicator system.

3.3. “Environmental Bottom Line” Evaluation Index.
Sustainable development focuses on the coordinated de-
velopment of social, economic, and environmental aspects.
Changes in the vectors of indicators in these areas are ex-
pected to increase incrementally. Among them, ecological
environmental protection is the prerequisite for sustainable
economic development. Based on the theory of sustainable
development, this article refers to the indicators recom-
mended by the “Guide to Sustainability Reporting.” )e
article selects seven indicators—ISO14000 certification,
environmental policies and plans, environmental remedia-
tion, environmental governance, air pollutant production,
wastewater production, and solid waste production—from
three dimensions—environmental management system,
environmental protection, and pollution generation—and
builds an environmental baseline indicator system. )e

established evaluation index system for the suppliers of fresh
agricultural products is shown in Table 1.

4. Methodology

)e intuitionistic fuzzy analytic hierarchy process decom-
poses complex decision-making problems into an orderly
hierarchical structure in the order of general goals, subgoals
at various levels, and evaluation criteria, and then relevant
experts score the indicators in the structural model. With the
help of expert scores and an intuitionistic fuzzy number
correspondence table (Table 2), an intuitionistic fuzzy
judgment matrix is established. )en, after a consistency
test, the index weights at all levels are finally obtained to
assist decision-making. )is method can accurately reflect
the uncertainty of the decision-making subject to the
evaluated object to a certain extent, and it can unify the
quantitative and qualitative indicators. In addition, when the
judgment matrix is not consistent, an intuitionistic fuzzy
judgment matrix that meets the requirements can be ob-
tained by adjusting the parameters, and distortion of the
original data is avoided as much as possible. )e TODIM
multiattribute decision-making method has been widely
used in multiattribute decision-making problems such as
intuitionistic fuzzy numbers, hesitant fuzzy numbers, and
hesitant fuzzy language because it can fully consider the
psychological behavior of decision-makers and obtain de-
cision results that meet the preferences of decision-makers.
In this study, the intuitionistic fuzzy analytic hierarchy
process combined with the TODIMmultiattribute decision-
making method was used to select suppliers of fresh agri-
cultural products. )is process is specified in Figure 2.

4.1. Construction of the Intuitionistic Fuzzy JudgmentMatrix.
)e first step was to collect the opinions of relevant experts
on the importance of each indicator. For the 6 first-level
indicators and 16 second-level indicators in the indicator
system, we established seven intuitive fuzzy judgment ma-
trices according to the criteria corresponding to the scores in
Table 2 and the fuzzy numbers. )en, we made a pairwise
comparison of the indicators of each layer to construct a
R � (rij)n×n square matrix, where i and j represent the rows
and columns in the judgment matrix, respectively.
rij � (uij, vij)(i, j � 1, 2, . . . , n), where rij � (uij, vij), in
which uij indicates the degree that the ith index is better than
the jth index; vij indicates the ith index is inferior to the jth
index; πij represents the degree of hesitation,
πij � 1 − uij − vij.

)e basis for constructing the intuitionistic fuzzy
judgment matrix is to grade the opinions of experts in the
field of fresh agricultural product suppliers. For the com-
parison between qualitative indicators, see Table 2. )e scale
corresponds to expert score and intuitionistic fuzzy number.
)e last digit of the intuitionistic fuzzy number represents
uncertainty (i.e., ambiguity). An intuitionistic fuzzy judg-
ment matrix was constructed according to the corre-
sponding fuzzy numbers obtained in Table 2, so as to visually
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check the relative importance of the indicators, and then a
data consistency test was constructed.

4.2. Inspection Consistency Calculation. )e second step was
to conduct a consistency test on the collected expert

evaluation opinions. If the requirements are not met, it
means that the experts’ evaluations of the relative impor-
tance of the indicators are not uniform. Unlike traditional
analytic hierarchy processes, intuitionistic fuzzy analytic
hierarchy processes can iterate through formulas and set
parameters to avoid rescoring experts. )e consistency test
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Figure 1: Triple bottom line.

Table 1: Evaluation index system of fresh agricultural product sustainable suppliers based on triple bottom line.

Target layer Standard layer Indicator layer Explanation layer

Environmental
control

Environmental management
system A1

ISO 14000 certification B11 Environmental certification held by the supplier
Environmental policy and

plan B12

Supplier environmental protection policy planning,
implementation, and review

Environmental protection A2

Environmental restoration
B21

Supplier efforts to eliminate contamination in the
media

Environmental governance
B22

Suppliers efforts to harmlessly dispose of waste

Economic
development

Cost A3

Energy consumption B31 Energy consumption per unit of agricultural product
Logistics costs B32 Total cost of agricultural products

Product net price B33 Average net price per unit of agricultural product

Pollution A4

Air pollutant production
B41

)e average amount of air pollutants emitted per day

Wastewater production
B42

Daily average volume of wastewater

Solid waste generation B43 Average daily solid waste volume

Social responsibility

Use of packaging materials
A5

Reusability B51 Reusable product percentage
Biodegradable products

B52
Percentage of biodegradable products

Use recycled materials B53 Percentage of products using recycled materials
Use of hazardous
substances B54

Daily use of harmful substances

Food safety A6

Reduce food additives B61 Ability to ensure green food safety
Green R & D and
innovation B62

Ability to innovate new clean technologies, processes,
and practices
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formula for distance measurements [41] based on intui-
tionistic fuzzy information is given as follows [42]:

d(R, R) �
1

2(n − 1)(n − 2)


n

i�1


n

j�1
uij − uij





+ vij − vij



 + πij − πij



,

(1)

where R is the intuitionistic fuzzy judgment matrix obtained
by comparing pairs of indicators at all levels and R is the
intuitionistic fuzzy consistency judgment matrix R � (rij)n×

n obtained according to the following calculation formula
[42]:

(1) When j> i + 1, let R � (uij, vij), where
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(2) When j � i + 1, rij � rij.
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Figure 2: Supplier selection flowchart.

Table 2: Scale table corresponding to fuzzy numbers and ratings.

Preference evaluation Intuitionistic fuzzy number
Extremely important (0.90, 0.10, 0.00)
Very important (0.80, 0.15, 0.05)
Important (0.70, 0.20, 0.10)
More important (0.60, 0.25, 0.15)
Equally important (0.50, 0.30, 0.20)
Less important (0.40, 0.45, 0.15)
Unimportant (0.30, 0.60, 0.10)
Very unimportant (0.20, 0.75, 0.05)
Extremely unimportant (0.10, 0.90, 0.00)
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(3) When j< i + 1, rij � (vij, uij).

)e intuitionistic fuzzy consistency judgment matrixR �

(rij)n×n is calculated according to the above formula and
substituted into equation (1) for a consistency check. If
d(R, tR)< 0.1, it passes the consistency test, and otherwise, it
fails the consistency test. When the consistency test fails, the
parameter σ is introduced into the iteration, that is, the
intuitionistic fuzzy consistency judgment matrix is trans-
formed by adjusting the parameter σ until the consistency
test is passed. Let the parameter σ ∈ [0, 1], then the con-
sistency check formula is as follows [42]:

uij �
uij 

1− σ
uij 

σ

uij 
1−σ

uij 
σ

+ 1 − uij 
1−σ

1 − uij 
σ , i, j

� 1, 2, . . . , n,

vij �
vij 

1− σ
vij 

σ

vij 
1−σ

vij 
σ

+ 1 − vij 
1−σ

1 − vij 
σ , i, j

� 1, 2, . . . , n.

(4)

)rough calculations of the above formula, the trans-
formed consistency judgment matrix R � ( rij)n×n is ob-
tained, where rij � (uij, t vij). )en, according to formula
(5), the consistency test is performed on the new consistency
judgment matrix, and the above process is continued until
the consistency test is passed. )is is calculated as follows:

d(R, R) �
1

2(n − 1)(n − 2)


n

i�1


n

j�1

uij − uij





+ vij − vij



 + πij − πij



.

(5)

4.3. Weight Calculation. Based on the intuitionistic fuzzy
judgment matrix that passed the consistency test, the weight
of each index is calculated, and the calculation formula is as
follows [42]:

ωi �


n
j�1 uij


n
i�1 

n
j�1 1 − vij 

, 1 −


n
j�1 1 − uij 


n
i�1 

n
j�1 vij

⎛⎝ ⎞⎠, i � 1, 2, . . . , n.

(6)

4.4. Information Gathering. It can be seen from Table 1 that
this evaluation system has 6 first-level indicators and 16
second-level indicators. Let the weight of the first-level
indicator be ωk(k � 1, 2, . . . , 6), and the weight of the sec-
ond-level indicator relative to the first-level indicator be
ωkl(k � 1, 2, . . . , 6; l � 1, 2, . . . , 4). )e comprehensive
weight of the secondary indicators relative to the total score
of the plan is Wkl, and the number of secondary indicators
under the primary indicator Ai is between two and four.
Since both ωk and ωkl are intuitionistic fuzzy numbers, their

calculation should be performed using the algorithm of
intuitionistic fuzzy numbers [43]:

α1 ⊕ α2 � uα1 + uα2 − uα1 ∗ uα2, vα1 ∗ vα2( , (7)

α1 ⊗ α2 � uα1 ∗ uα2, vα1 + vα2 − vα1 ∗ vα2( . (8)

Integration of qualitative index information uses the
above formula, while the quantitative index uses the sim-
ulated value of the actual statistics.

)e qualitative indicators should be deblurred so that
they can form an initial decisionmatrix with the quantitative
indicators. )e deblurring algorithms of intuitionistic fuzzy
sets mainly include the maximum truth value method,
weighted average method, and centroid method [44]. )is
article uses the maximum truth method, and the formula is
as follows:

Tv(u) � μv(u) +
1 + μv(u) − πv(u)

2
πv(u). (9)

Here, μv(u) represents the degree of membership, πv(u)

represents the degree of hesitation, and Tv(u) is the true
value of the intuitionistic fuzzy number.

4.5. Normalized Processing. )e actual value of the quan-
titative index obtained from statistics and the real value of
the qualitative index after deblurring constitute the initial
decision-making matrix for the selection of fresh agricul-
tural product suppliers, which are standardized to obtain a
standardized decision matrix. )e attributes of the indicator
are divided into the benefit type and the cost type. )e
greater the value of the benefit-type index, the better, and the
smaller the value of the cost-type index, the better. )ere-
fore, the standardized formulas for different attribute in-
dicators are as follows:

Benefit index:

cij �
c

M
ij − min c

M
ij

max c
M
ij − min c

M
ij

. (10)

Cost index:

cij �
max c

M
ij − c

M
ij

max c
M
ij − min c

M
ij

. (11)

4.6. TODIMMethod toCalculateDominance. )ismethod is
based on the description provided by expert experience, and
it judges the merits of each evaluation object by calculating
the overall superiority of the evaluation object relative to
other evaluation objects. )e main steps are as follows [45]:

(1) )e predominance matrix V � [δ(ai, ak)n×n] of the
evaluation objects is calculated, and δ(ai, ak) rep-
resents the predominance of the evaluation object ai

relative to the evaluation object ak. )e calculation
formula is given by

6 Mathematical Problems in Engineering



δ ai, ak(  � 
n

j�1
φj ai, ak( . (12)

Here, φj(ai, ak) represents the dominance of the
evaluation object ai relative to the evaluation object ak

with respect to the index cj. )e calculation formula of
φj(ai, ak) is as follows:

(a)φj ai, ak(  �

������������

xij − xkj wrj


n
j�1 wrj




, xij − xkj > 0,

(b)φj ai, ak(  � 0, xij − xkj � 0,

(c)φj ai, ak(  � −
1
θ

����������������

xkj − xij  
n
j�1 wrj

wrj




, xij − xkj < 0,

(13)

where xij, xkj are real numbers; wrj is the relative
weight of the index relative to the reference index cj,
wrj � (wcj/w∗), where w∗ � max wcj, j � 1, 2, . . . ,

n}; θ is the attenuation coefficient in the face of loss,
and its value range is 0< θ < ((

n
j�1 wrj)/(wrj)),

which is generally 2.25, indicating the ability of the
decision-maker to avoid mistakes.

(2) )e formula for calculating the overall advantage Td

of the evaluation object ai relative to all other
evaluation objects is as follows:

Td � 
m

k�1
δ ai, ak( . (14)

(3) A comprehensive score of the evaluation object is
calculated.
)e comprehensive score ε(ai) of the evaluation
object ai is obtained by normalizing the overall
advantage Td of the evaluation object. )en, all
evaluation objects are sorted according to the size of
ε(ai). )e larger the ε(ai), the better the evaluation
object ai. )e calculation formula of ε(ai) is as
follows:

ε ai(  �
Td − min Td 

max Td  − min Td 
. (15)

5. Case Study

5.1. Consistency Check. )e intuitionistic fuzzy data in the
intuitionistic fuzzy judgment matrix in this paper were
obtained by experts. Based on the established index system
for supplier selection criteria (Table 1), this paper established

seven intuitionistic fuzzy judgment matrices as shown in
Table 3.

According to equations (2) and (3), the intuitionistic
fuzzy consistency test matrix R was calculated and trans-
formed as shown in Table 4.

)e next step was to calculate the consistency according
to equation (1) and get d(R, R) � 0.0940< 0.1. )is shows
that the consistency test passed.

Table 5 shows the original matrix. According to equa-
tions (2) and (3), the intuitionistic fuzzy consistency test
matrix R was calculated and transformed as shown in
Table 6.

It can be seen that R � R, that is, the consistency check
matrix was the same as the original matrix (Table 5). In the
next step, the consistency was calculated according to
equation (1) as d(R, R) � 0< 0.1, which shows that the
consistency test passed. All the following 2 × 2 matrices
(Tables 7 and 8) have the same reasoning.

Table 9 shows the original matrix. According to equa-
tions (2) and (3), the intuitionistic fuzzy consistency test
matrix R was calculated and transformed as shown in
Table 10.

In the same way, according to formula (1), the consis-
tency was calculated as d(R, R) � 0.0702< 0.1, which shows
the consistency test passed.

Table 11 shows the original matrix. According to
equations (2) and (3), the intuitionistic fuzzy consistency test
matrix R was calculated and transformed as shown in
Table 12.

According to formula (1), the consistency was calculated
as d(R, R) � 0.0976< 0.1, which shows the consistency test
passed.

Table 13 shows the original matrix. According to
equations (2) and (3), the intuitionistic fuzzy consistency test
matrix R was calculated and transformed as shown in
Table 14.

According to formula (1), the consistency was calculated
as d(R, R) � 0.0791< 0.1, which shows the consistency test
passed.

5.2. Weight Calculation. After calculations in the previous
step, all intuitionistic fuzzy judgment matrices passed the
consistency test. Substituting all the matrices R that passed
the test into equation (6), the weights in the first-level index
are as follows:

ω1 � (0.1428, 0.7735),

ω2 � (0.1863, 0.7366),

ω3 � (0.1527, 0.7672),

ω4 � (0.1241, 0.7804),

ω5 � (0.0741, 0.8516),

ω6 � (0.1056, 0.8178).

(16)
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Table 4: Intuitionistic fuzzy consistency test matrix of first-level indicators.

First-level indicators
Environmental
management
system A1

Environmental
protection A2

Cost A3 Pollution A4

Use of
packaging

materials A5

Food safety A6

Environmental management
system A1

(0.5, 0.5) (0.35, 0.6) (0.4468, 0.5) (0.4495, 0.3416) (0.5927, 0.2061) (0.5403, 0.2648)

Environmental protection A2 (0.6, 0.35) (0.5, 0.5) (0.6, 0.4) (0.6, 0.2642) (0.7574, 0.1198) (0.6991, 0.1937)
Cost A3 (0.5, 0.4468) (0.4, 0.6) (0.5, 0.5) (0.5, 0.35) (0.6, 0.1186) (0.5785, 0.2975)
Pollution A4 (0.3416, 0.4495) (0.2642, 0.6) (0.35, 0.5) (0.5, 0.5) (0.6, 0.2) (0.4468, 0.2727)
Use of packaging materials A5 (0.2061, 0.5927) (0.1198, 0.7574) (0.1186, 0.6) (0.2, 0.6) (0.5, 0.5) (0.35, 0.6)
Food safety A6 (0.2648, 0.5403) (0.1937, 0.6991) (0.2975, 0.5785) (0.2727, 0.4468) (0.6, 0.35) (0.5, 0.5)

Table 6: Intuitionistic fuzzy consistency test matrix of secondary indicators of environmental management system.

A1 second-level indicator ISO 14000 certification B11 Environmental policy and plan B12

ISO 14000 certification B11 (0.5, 0.5) (0.5, 0.45)
Environmental policy and plan B12 (0.45, 0.5) (0.5, 0.5)

Table 7: Intuitionistic fuzzy judgment matrix of secondary indicators of environmental protection.

A2 second-level indicator Environmental restoration B21 Environmental governance B22

Environmental restoration B21 (0.5, 0.5) (0.5, 0.5)
Environmental governance B22 (0.5, 0.5) (0.5, 0.5)

Table 3: Intuitionistic fuzzy judgment matrix of first-level indicators.

First-level indicators
Environmental
management
system A1

Environmental
protection A2

Cost A3 Pollution A4
Use of packaging
materials A5

Food safety A6

Environmental management systemA1 (0.5, 0.5) (0.35, 0.6) (0.4, 0.5) (0.45, 0.35) (0.65, 0.25) (0.5, 0.3)
Environmental protection A2 (0.6, 0.35) (0.5, 0.5) (0.6, 0.4) (0.65, 0.25) (0.75, 0.2) (0.7, 0.2)
Cost A3 (0.5, 0.4) (0.4, 0.6) (0.5, 0.5) (0.5, 0.35) (0.7, 0.25) (0.65, 0.2)
Pollution A4 (0.35, 0.45) (0.25，0.65) (0.35, 0.5) (0.5, 0.5) (0.6, 0.2) (0.6, 0.4)
Use of packaging materials A5 (0.25, 0.65) (0.2, 0.75) (0.25, 0.7) (0.2, 0.6) (0.5, 0.5) (0.35, 0.6)
Food safety A6 (0.3, 0.5) (0.2, 0.7) (0.2, 0.65) (0.4, 0.6) (0.6, 0.35) (0.5, 0.5)

Table 8: Intuitionistic fuzzy judgment matrix of the second-level food safety index.

A6 second-level indicator Reduce food additives B61 Green R & D and innovation B62

Reduce food additives B61 (0.5, 0.5) (0.45, 0.5)
Green R & D and innovation B62 (0.5, 0.45) (0.5, 0.5)

Table 5: Intuitionistic fuzzy judgment matrix of secondary indicators of the environmental management system.

A1 second-level indicator ISO 14000 certification B11 Environmental policy and plan B12

ISO 14000 certification B11 (0.5, 0.5) (0.5, 0.45)
Environmental policy and plan B12 (0.45, 0.5) (0.5, 0.5)
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)e weights of the secondary indicators are as follows:

Table 11: Intuitionistic fuzzy judgment matrix for secondary indicators of pollution.

A4 second-level indicator Air pollutant production B41 Wastewater production B42 Solid waste generation B43

Air pollutant production B41 (0.5, 0.5) (0.45, 0.6) (0.6, 0.35)
Wastewater production B42 (0.6, 0.45) (0.5, 0.5) (0.5, 0.45)
Solid waste generation B43 (0.35, 0.6) (0.45, 0.5) (0.5, 0.5)

Table 12: Intuitionistic fuzzy consistency test matrix for secondary indicators of pollution.

A4 second-level indicator Air pollutant production B41 Wastewater production B42 Solid waste generation B43

Air pollutant production B41 (0.5, 0.5) (0.45, 0.6) (0.45, 0.3058)
Wastewater production B42 (0.6, 0.45) (0.5, 0.5) (0.5, 0.45)
Solid waste generation B43 (0.3058, 0.45) (0.45, 0.5) (0.5, 0.5)

Table 13: Intuitionistic fuzzy judgment matrix for the use of secondary indicators for packaging materials.

A5 second-level indicator Reusability B51
Biodegradable products

B52

Use recycled materials
B53

Use of hazardous substances
B54

Reusability B51 (0.5, 0.5) (0.55, 0.4) (0.45, 0.55) (0.4, 0.5)
Biodegradable products B52 (0.4, 0.55) (0.5, 0.5) (0.5, 0.45) (0.5, 0.3)
Use recycled materials B53 (0.55, 0.45) (0.45, 0.5) (0.5, 0.5) (0.55, 0.45)
Use of hazardous substances
B54

(0.5, 0.4) (0.3, 0.5) (0.45, 0.55) (0.5, 0.5)

Table 14: Intuitionistic fuzzy consistency test matrix for the use of secondary indicators for packaging materials.

A5 second-level indicator Reusability B51
Biodegradable products

B52

Use recycled materials
B53

Use of hazardous substances
B54

Reusability B51 (0.5, 0.5) (0.55, 0.4) (0.55, 0.3529) (0.525, 0.3483)
Biodegradable products B52 (0.4, 0.55) (0.5, 0.5) (0.5, 0.45) (0.55, 0.401)
Use recycled materials B53 (0.3529, 0.55) (0.45, 0.5) (0.5, 0.5) (0.55, 0.45)
Use of hazardous substances
B54

(0.3483, 0.525) (0.401, 0.55) (0.45, 0.55) (0.5, 0.5)

Table 9: Intuitionistic fuzzy judgment matrix of secondary cost indicators.

A3 second-level indicator Energy consumption B31 Logistics costs B32 Product net price B33

Energy consumption B31 (0.5, 0.5) (0.65, 0.15) (0.45, 0.35)
Logistics costs B32 (0.15, 0.65) (0.5, 0.5) (0.3, 0.7)
Product net price B33 (0.35, 0.45) (0.7, 0.3) (0.5, 0.5)

Table 10: Intuitionistic fuzzy consistency test matrix of the second-level cost index.

A3 second-level indicator Energy consumption B31 Logistics costs B32 Product net price B33

Energy consumption B31 (0.5, 0.5) (0.65, 0.15) (0.4432, 0.2916)
Logistics costs B32 (0.15, 0.65) (0.5, 0.5) (0.3, 0.7)
Product net price B33 (0.2916, 0.4432) (0.7, 0.3) (0.5, 0.5)
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ω11 � (0.4878, 0.4615),

ω12 � (0.4634, 0.4872),

ω21 � (0.5, 0.5),

ω22 � (0.5, 0.5),

ω31 � (0.3209, 0.4898),

ω32 � (0.1913, 0.7150),

ω33 � (0.3004, 0.5646),

ω41 � (0.2951, 0.6254),

ω42 � (0.3373, 0.6240),

ω43 � (0.2647, 0.6358),

ω51 � (0.2538, 0.6855),

ω52 � (0.2329, 0.7248),

ω53 � (0.2213, 0.7378),

ω54 � (0.2030, 0.7542),

ω61 � (0.4634, 0.4872),

ω62 � (0.4878, 0.4615).

(17)

5.3. Information Aggregation

5.3.1. Calculating the Total Weight. After calculating the
weights of the first-level indicators and the second-level
indicators, they are used in equation (8) for information
integration to obtain the total weight. )e results are shown
in Table 15.

5.3.2. Deblurring. )e total weight of the information ag-
gregation in the previous step is a fuzzy number, which is
then used in equation (9) to calculate the true value of the
total weight as follows: [0.0963, 0.0916, 0.1135, 0.1135,
0.0832, 0.0476, 0.0734, 0.0592, 0.0623, 0.0561, 0.0326, 0.0290,
0.0276, 0.0257, 0.0712, 0.0749]. )en, it is normalized to get
[0.0911, 0.0866, 0.1073, 0.1073, 0.0786, 0.0450, 0.0694,
0.0560, 0.0589, 0.0530, 0.0308, 0.0274, 0.0261, 0.0243, 0.0674,
0.0708].

5.3.3. Weight Ratio Analysis. It can be seen from Figure 3
that the highest proportions of index weights were B11, B12,
B21, B22, B31, and B62, followed by B33 and B61.)e sum of the
two accounted for 67.6%, which can be regarded as the most
influential indicator. From the perspective of the meaning of
the indicators, environmental policies and certification,
environmental restoration, and governance reflect the
suppliers’ ability to harmlessly deal with pollution and their
efforts to protect the ecological environment. )e second is
the cost of energy consumed by agricultural products and

the ability to develop new clean technologies, which shows
the economic profitability of the organization and the level
of waste disposal. From the perspective of sustainability
combined with the weight of indicators, the two were in line
with objective cognition and scientific laws.)e results show
that suppliers should first consider possible ecological
damage and pollution control, and then they should pay
attention to controlling product cost and technological in-
novation for disposal.

5.4. Decision Matrix Normalization. Experts scored the
qualitative indicators of the four suppliers, and then the
maximum value method was used to decompose the fuzzy
numbers to obtain the true values of the qualitative indi-
cators of each supplier. )e quantitative values obtained
approximately accurate values through statistical data and
simulation. Finally, the initial decision matrix composed of
qualitative indicators and quantitative indicators is shown in
Table 16.

Among them, the yellow part indicates that the indicator
is a cost-based indicator, and the rest are benefit-based
indicators. )en, the above indicators were divided into
cost-type indicators and benefit-type indicators, and they
were substituted into formulas (10) and (11), respectively.
)e standardized decision matrix is shown in Table 17.

5.5. Computing Dominance. After obtaining the normalized
decision matrix and the weight of each indicator, the pre-
dominance δ(ai, ak) of supplier ai relative to supplier ak with
respect to indicator cj was calculated according to equation
(13), where θ takes 2.25 [34]. )en, according to equation
(12), the matrix of comparative advantages between sup-
pliers was obtained as shown in Table 18.

)e advantage comparison matrix was standardized
according to equations (14) and (15) to obtain the com-
prehensive score ε(ai) of each supplier: ε(a1) � 0.7476,
ε(a2) � 0.6643, ε(a3) � 0, and ε(a4) � 1. Sorting by size
shows that a4 was the best supplier, and the enterprise
should choose supplier a4 to supply fresh agricultural
products.

As shown in Figure 4, the overall advantage of each supplier
and the trend of the final comprehensive score were the same.
Compared with other suppliers, supplier C4 had a maximum
advantage of 3.9266 and the highest overall score of 1, followed
by suppliers C1, C2, and C3. )e figure shows that the overall
advantage of supplier C3 was far lower than that of other
manufacturers. From the above calculations, it can be seen that
the largest of the cost-based indicators came from C3. )is
means that, in terms of environmental pollution and product
costs, supplier C3 had the highest proportion compared with
other manufacturers, so it had the lowest sustainability and the
lowest ranking. Supplier C4 was mostly in the bottom position
regarding cost-based indicators, and mostly in the first place in
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efficiency-based indicators. )is shows that supplier C4
achieved a better balance between economic development,
social responsibility, and environmental protection than other
manufacturers, which ultimately makes it the most sustainable
and gives it the highest comprehensive score.

5.6. Sensitivity Analysis. )e purpose of the sensitivity
analysis is to verify whether there are differences in the
results of the selection of sustainable suppliers of fresh
agricultural products under different θ values (representing
the different ability of decision-makers to avoid risks). In this

Table 15: Total weight table.

First-level indicators Secondary indicators Total weight

(0.1428, 0.7735)
(0.4878, 0.4615) (0.0697, 0.8780)
(0.4634, 0.4872) (0.0662, 0.8839)

(0.1863, 0.7366)
(0.5, 0.5) (0.0932, 0.8683)
(0.5, 0.5) (0.0932, 0.8683)

(0.1527, 0.7672)

(0.3209, 0.4898) (0.0490, 0.8812)
(0.1913, 0.7150) (0.0292, 0.9337)
(0.3004, 0.5646) (0.0459, 0.8986)

(0.1241, 0.7804)

(0.2951, 0.6254) (0.0366, 0.9177)
(0.3373, 0.6240) (0.0419, 0.9174)
(0.2647, 0.6358) (0.0328, 0.9200)

(0.0741, 0.8516)

(0.2538, 0.6855) (0.0188, 0.9533)
(0.2329, 0.7248) (0.0173, 0.9592)
(0.2213, 0.7378) (0.0164, 0.9611)
(0.2030, 0.7542) (0.0150, 0.9635)

(0.1056, 0.8178)
(0.4634, 0.4872) (0.0489, 0.9066)
(0.4878, 0.4615) (0.0515, 0.9019)

A
1

A2

A3
A4

A5

A6

B54B53B52B51
B616.7%

B62
 7.1%
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 5.3%
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2

 8
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%
B11
 9.1%

B32 4.5%

B33 6.9%

B31
 7.7%

B21

 10.7%

B2
2 

10
.7%

A1
A2
A3

A4
A5
A6

Figure 3: Proportion of total weight.
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paper, two values of θ� 3, 4 [34] were used for sensitivity
analysis. Table 19 shows the comprehensive scores of various
suppliers under different attenuation coefficients. According
to Table 19, as the attenuation coefficient increased, the scores
of suppliers C1 and C2 declined. )is is because the ability of
decision-makers to avoid risks became weaker and weaker,

resulting in more errors in the judgment of suppliers. Figure 5
reflects the comprehensive score trend of various suppliers
under different attenuation coefficient θ values. It can be seen
that under the four different θ values, no matter how the
decision-makers’ circumvention ability changed, the final
supplier selection results tended to be consistent.

Table 16: Initial decision matrix.

Index/supplier C1 C2 C3 C4 maxcj mincj
b1 ISO 14000 certification 0.7716 0.78 0.6675 0.7513 0.78 0.6675
b2 environmental policy and plan 0.4338 0.6456 0.36 0.675 0.675 0.36
b3 environmental restoration 0.6464 0.7195 0.3648 0.8613 0.8613 0.3648
b4 environmental governance 0.6563 0.6 0.408 0.6225 0.6563 0.408
b5 energy consumption 518 532 568 504 568 504
b6 logistics costs 1320 1632 1893 1100 1893 1100
b7 product net price 2530 2715 2900 2300 2900 2300
b8 air pollutant production 54 55 58 52 58 52
b9 wastewater production 1300 1520 1890 1100 1890 1100
b10 solid waste generation 4330 4650 4882 4210 4882 4210
b11 reusability 50 55 32 60 60 32
b12 biodegradable products 62 50 43 75 75 43
b13 use recycled materials 30 32 28 38 38 28
b14 use of hazardous substances 120 130 150 105 150 105
b15 reduce food additives 0.3863 0.4077 0.2409 0.4125 0.4125 0.2409
b16 green R & D and innovation 0.2288 0.2334 0.1713 0.2176 0.2334 0.1713

Table 17: Normalized decision matrix.

Index/supplier C1 C2 C3 C4
b1 ISO 14000 certification 0.9259 1 0 0.7456
b2 environmental policy and plan 0.2343 0.9067 0 1
b3 environmental restoration 0.5672 0.7144 0 1
b4 environmental governance 1 0.7733 0 0.8639
b5 energy consumption 0.7813 0.5625 0 1
b6 logistics costs 0.7226 0.3291 0 1
b7 product net price 0.6167 0.3083 0 1
b8 air pollutant production 0.6667 0.5 0 1
b9 wastewater production 0.7468 0.4684 0 1
b10 solid waste generation 0.8214 0.3452 0 1
b11 reusability 0.6429 0.8214 0 1
b12 biodegradable products 0.5938 0.2188 0 1
b13 use recycled materials 0.2 0.4 0 1
b14 use of hazardous substances 0.6667 0.4444 0 1
b15 reduce food additives 0.8473 0.9720 0 1
b16 green R & D and innovation 0.9259 1 0 0.7456

Table 18: Dominant comparison matrix.

C1 C2 C3 C4 Td ε (ai)

C1 0 −4.3945 3.2165 −15.5640 −16.7420 0.7476
C2 −8.9332 0 3.0584 −17.6883 −23.5631 0.6643
C3 −24.7402 −22.8435 0 −30.3814 −77.9651 0
C4 −0.0538 0.3925 3.5879 0 3.9266 1
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6. Conclusion

At present, there are very few studies that evaluate the
sustainability of fresh agricultural product suppliers, and
most indicators are selected based on economic indicators or
financial indicators. However, noneconomic indicators such
as social responsibility and environmental protection should
be considered under the requirements of sustainable de-
velopment. )erefore, this paper comprehensively consid-
ered the impact of economic development, social
responsibility, and environmental protection (that is, the
triple bottom line) on the sustainability of the supply of fresh
agricultural products, and it built a more reasonable index
system based on reference to the selection criteria of con-
ventional suppliers. )e evaluation system can help future
decision-makers in selecting sustainable fresh agricultural
product suppliers. )is paper also combined intuitionistic
fuzzy AHP and TODIM multiattribute decision-making
methods to select sustainable suppliers.

When determining the index weight, the traditional
supplier selection methods such as AHP, ANP, and
DEMATEL cannot accurately deal with the uncertainty of
expert evaluation information, and the decision information
lacks scientific quantitative means. )e fuzzy AHP method
can better deal with the fuzziness of natural language and
transform fuzzy information into accurate numbers. )is
fully considers the uncertainty in expert evaluation and
better guarantees that the original information is not
distorted.

When ranking suppliers, the supplier ranking methods
such as DEA, PROMETHEE, and TOPSIS do not consider
the decision-maker’s subjective preference behavior, which
often loses a lot of qualitative information. TODIM

multiattribute decision-making method takes into account
the psychological behavior of decision-makers, which can
deal with environmental uncertainty and ensure the original
information is not distorted.

In the field of sustainable supplier selection of fresh
agricultural products, from the perspective of sustainability,
most of the previous literature did not consider the com-
bination of fuzzy weight determination method and tradi-
tional supplier ranking method to select fresh agricultural
products suppliers. )erefore, based on the concept of
sustainability, this paper uses FAHP and TODIM to select
the best supplier. In order to verify the feasibility of the
proposed integration method, an example sensitivity anal-
ysis was carried out in this paper. According to the final
calculation results, it was found that intuitionistic fuzzy AHP
and TODIM were feasible and effective for supplier
selection.

In summary, this article is based on the “triple bottom
line” theory to assess and enrich the sustainability model of
fresh agricultural products suppliers. )is research fills the
gap of applying the “triple bottom line” theory and the
IFAHP-TODIM method to the selection of sustainable
suppliers of fresh agricultural products. Finally, the limi-
tations and future research directions of this article are as
follows:

(1) )e model adopted in this paper still cannot avoid
subjectivity in determining the weight of each in-
dicator, so further research is needed.

(2) Due to the lack of research in this field, the evalu-
ation index system in this article may not be uni-
versally applied. In the future, it is necessary to adjust
the selection of indicators according to the actual
economic and policy situation of various regions, so
as to make the decision more effective.

(3) )e future research can also start from the weight
section. Further, the combination of subjective and
objective weights makes the decision more reliable.

(4) )e supplier selection of fresh agricultural products
can make decisions more accurately with the help of
big data and other data mining algorithms.
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Figure 4: Dominance and comprehensive score table.

Table 19: Comprehensive supplier scores under different atten-
uation coefficients.

Attenuation coefficient/supplier C1 C2 C3 C4
2.25 0.7476 0.6643 0 1
3 0.7445 0.6612 0 1
4 0.7406 0.6574 0 1

0.7476

0.6643

0

1

0.7445

0.6612

0

1
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0.6574

0

1
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Attenuation coefficient 4
Attenuation coefficient 3
Attenuation coefficient 2.25

Figure 5: Comprehensive scores under different attenuation
coefficients.
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