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Abstract: The “green transformation of the express” delivery industry in this study primarily refers
to the adoption of green energy and environmentally friendly technologies in express delivery
packaging, transportation, and recycling systems. This transformation can significantly enhance
energy efficiency and reduce emissions in the express system, promoting the sustainable development
of the entire industry. However, the progress of green transformation in China’s express delivery
industry has been impeded by various barriers. To address this, we propose a barrier analysis
framework based on the Fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL)
methodology to explore key obstacles to green transformation in the express industry. Our research
aims to answer three main questions: (1) What are the key barriers to green transformation in
China’s express delivery industry? (2) How do these barriers interact and influence each other?
(3) What strategic measures can be implemented to overcome these barriers? We first compile a list of
barriers, innovatively proposing two new ones: “inadequate green standards in the express industry”
and “suboptimal green packaging technology”. Considering the ambiguity in expert input and the
complex interactions among barriers, we employ fuzzy DEMATEL within an Interval Type 2 Fuzzy
Sets (IT2FSs) environment to investigate the significance and causality of these barriers. This approach
distinguishes our study from previous research by providing a more nuanced understanding of
barrier interactions in the specific context of China’s express delivery industry. Based on our analysis,
we identify eight critical barriers and propose corresponding strategic measures.

Keywords: green transition development; China’s express industry; barriers analysis; fuzzy
DEMATEL; interval type-2 fuzzy sets

1. Introduction

China’s rapid economic development and rising consumer affluence have propelled
online shopping to become a mainstream consumption method, driving the booming
growth of the express delivery industry. From 2013 to 2023, China’s express delivery
volume led the world for ten consecutive years. In 2023, the cumulative express delivery
volume reached 132.07 billion pieces [1], as illustrated in Figure 1. While the explosive
growth has greatly enhanced consumer convenience, it has also exerted significant pressure
on China’s ecological environment. Factors such as excessive use of express packaging ma-
terials, vehicle exhaust emissions, and energy consumption at express delivery outlets have
resulted in varying degrees of environmental pollution and degradation. The increasing car-
bon emissions from the express delivery industry starkly contradict China’s current national
strategies of “carbon peaking” and “carbon neutrality”. This contradiction underscores the
critical importance of promoting green transformation in the express delivery industry as
an integral part of building a green, low-carbon, and circular consumption system.
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To address the environmental and social challenges arising from the express delivery
industry’s rapid development, China has successively issued a series of policy documents.
In May 2018, the “Interim Regulations on Express Delivery,” China’s first administrative
regulation for the express delivery industry, came into effect. This regulation introduced
specific provisions for green express packaging, explicitly encouraging the use of degrad-
able and reusable environmentally friendly packaging materials and the recycling of dis-
carded express packaging waste. In the same year, the General Office of the State Council
of the People’s Republic of China issued the “Opinions on Promoting the Coordinated
Development of E-commerce and Express Logistics,” which proposed strengthening the
green concept and promoting green packaging. In December 2020, the General Office of the
State Council issued the “Opinions on Accelerating the Green Transformation of Express
Packaging,” proposing to further expand the application of recyclable express packaging.

Despite the government’s issuance of numerous relevant policy documents in recent
years, significant obstacles continue to hinder the practical implementation of green trans-
formation in the express delivery industry. To achieve substantial progress, it is crucial to
identify and overcome these obstacles. Academic research on the green transformation
of the express industry has thus far primarily focused on specific areas such as factors
influencing consumer recycling behavior of express packaging, recycling costs of express
packaging, and costs of green express packaging [2–4]. However, there remains a lack of
comprehensive analysis across the entire value chain, including research and development,
industrial processes, and service delivery. Given this context, our study aims to explore the
main barriers in the green transformation process of the express industry and their interac-
tions, thereby laying a foundation for future pilot projects and broader implementation of
green transformation in China’s express industry.

To address these challenges, our research focuses on three key questions: What are
the key barriers to green transformation in China’s express delivery industry? How do
these barriers interact and influence each other? And what strategic measures can be
implemented to overcome these barriers? To answer these questions, we propose a novel
barrier analysis framework based on an improved fuzzy DEMATEL approach within the
IT2FSs environment.
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Our study contributes to the existing literature by proposing a comprehensive barrier
analysis framework specifically for the green transformation of China’s express delivery
industry. We identify and analyze a list of barriers, including two newly proposed ones:
“inadequate green standards in the express industry” and “suboptimal green packaging
technology”. By applying the improved fuzzy DEMATEL method, we analyze the complex
causality and significance of these barriers, accounting for uncertainties in expert evalua-
tions and intricate interactions among barriers. Based on this analysis, we develop strategic
measures, providing actionable recommendations for industry stakeholders and policy-
makers.

While similar studies have examined barriers in other industries’ green transforma-
tions, our research is unique in its focus on China’s express delivery industry and its use of
the IT2FSs environment to handle uncertainty in expert evaluations. This approach allows
for a more nuanced understanding of the barriers and their interactions in the specific
context of China’s express delivery industry.

The remainder of this paper is organized as follows: Section 2 presents a literature
review; Section 3 details the barriers to green transformation in the express delivery indus-
try; Section 4 describes the research methodology; Section 5 presents the barrier analysis
framework and its application to the green transformation of the express delivery industry;
and Section 6 concludes with strategic recommendations.

2. Literature Review
2.1. Express Industry Green Transformation

The rapid industrialization that has driven economic development has also brought
about severe environmental pollution, a pressing social issue [5]. This problem is particu-
larly acute in developing countries where industrialization began relatively late. In these
regions, environmental management systems are often weak, leading to more prominent en-
vironmental degradation that poses significant threats to human health and ecosystems [6].
In response to these challenges, global attention has shifted towards the green transforma-
tion of industries, now widely regarded as a crucial pathway to address environmental
problems and achieve sustainable development [7].

Industrial green transformation extends beyond traditional industrial transforma-
tion by incorporating environmental considerations. This approach not only focuses on
rationalizing and upgrading industrial processes but also emphasizes the resource and
environmental factors involved in the transformation, embodying the concept of green
development [8]. The successful implementation of green transformation is inextricably
linked to government macro-control and policy guidance. Governments provide institu-
tional support for industrial green transformation through various means, including the
formulation of laws, regulations, standards, and rules. Recent research has shed light on
various aspects of green transformation. Zhai et al. argue that technological innovation
and government actions positively impact the green transformation of the manufacturing
industry [9]. Shen et al. highlight that government environmental subsidies strongly
incentivize corporate green transformation. However, they note that in an imperfect market
system, this incentive effect may be significantly diminished [10]. Blind and Gauch contend
that government can guide consumption and investment behavior and promote green
technology innovation by establishing mandatory standards, such as environmental and
health standards [11]. Additionally, some scholars have proposed voluntary environmental
regulation methods, including green certification initiatives by social institutions, industry
associations, and enterprises. These methods, due to their flexibility and autonomy, can
play a significant role in promoting green transformation [12,13].

In the context of the express logistics industry, which directly impacts resources and
the environment, several key studies have shaped our understanding. Ei-Berishy et al.
were pioneers in proposing the concept of sustainable development in express logistics,
elucidating the relationship between sustainable development in express logistics and
green development [14]. Tamulis et al. clarified the distinctions between green express
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logistics and traditional express logistics concepts, emphasizing the positive impact of the
green logistics industry on global ecological development [15].

Current academic research on the green transformation of the express delivery industry
has primarily focused on the packaging sector. Su et al. conducted a life cycle assessment to
determine the environmental impact of express packaging materials. Their results indicate
that the waste from express delivery packaging materials in China increased dramatically
from 0.2 million metric tons (Mt) in 2007 to 9.2 ± 5% Mt in 2018 [16]. Bao suggests
the secondary development of waste express packaging to promote circular ecology [17].
Song et al. propose developing new degradable packaging materials to improve resource
utilization efficiency and reduce pollution [18].

Beyond packaging, researchers have identified other critical factors in the green trans-
formation of the express delivery industry. Li argues that incomplete express recycling
channels and high costs significantly hinder the efficiency of green transformation [19].
Zhang emphasizes the crucial roles of green storage and transportation in the industry’s
green transformation [20]. Some scholars have also focused on the service industry at-
tributes of the express delivery industry, proposing improvements in network layout and
delivery optimization to enhance green efficiency [21,22].

In summary, the green development of express logistics adheres to the principles of
ecological economics and circular economy. The green transformation of express logistics
should focus on innovating and developing green technologies and standards across vari-
ous production links, including transportation, warehousing and distribution. Furthermore,
the green transformation of the express logistics industry holistically rather than focusing
on isolated improvements in individual areas.

2.2. Evaluation Method for Barriers Analysis

The potential barriers to the development of green transformation in the express
delivery industry are interconnected. For example, the substantial investment required for
the green transformation of the express industry may lead to longer payback periods and
reduced financing opportunities. Similarly, the lack of green packaging standards for ex-
press delivery can result in increased initial investment, higher operation and maintenance
costs, and public dissatisfaction. Therefore, identifying a method that can account for the
complex relationships among these barriers is crucial for understanding the challenges in
the green transformation of the express industry.

In the field of analyzing interrelationships among system factors, several multi-criteria
decision-making (MCDM) methods are commonly employed, including the analytical
hierarchy process (AHP), analytic network process (ANP), interpretive structural modeling
(ISM), and decision-making trial and evaluation laboratory (DEMATEL) [23]. Among
these methods, DEMATEL demonstrates superior performance in analyzing dependent
factors [24]. This superiority stems from DEMATEL’s ability to provide a broader dis-
crimination of measures and quantify the overall degree of influence for each factor [25].
Additionally, DEMATEL can categorize factors into cause and effect groups while es-
tablishing causal relationships. Consequently, DEMATEL has gained widespread use in
identifying and analyzing critical barriers in various fields.

Despite its advantages, the traditional DEMATEL method faces limitations in ad-
dressing the inherent fuzziness and imprecision in expert evaluations [26]. To overcome
this challenge, researchers have proposed integrating fuzzy set theory with DEMATEL,
resulting in fuzzy DEMATEL. Most studies employing DEMATEL have utilized type-1
fuzzy sets (T1FSs), including grey fuzzy sets, triangular fuzzy sets, and Z-numbers. Interval
type-2 fuzzy sets (IT2FSs), an extension of T1FSs, offer enhanced capabilities in handling
uncertainty [27].

IT2FSs are characterized by membership functions with additional parameters com-
pared to T1FSs. In IT2FSs, the membership degrees themselves are described by fuzzy
sets, in contrast to the crisp values used in T1FSs. This approach significantly enhances the
system’s capacity to handle uncertainties. While T1FSs typically rely on experience-based
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membership degree ranges, which can lead to inconsistencies due to varying interpretations
of linguistic variables, IT2FSs address this issue by treating the membership degrees of
T1FSs as fuzzy sets. This approach effectively encompasses the uncertainties inherent in
fuzzy system designs by different individuals, thereby substantially improving the fuzzy
system’s ability to manage uncertainties and nonlinearities [28,29]. The advantages of
IT2FSs include their ability to describe complex uncertainties with greater flexibility and
accuracy, particularly in uncertain environments [30].

The application of IT2FSs has extended to various domains, including project selection,
decision making, risk assessment and the identification and analysis of critical factors or
barriers [31,32]. In the context of this study, which focuses on the green transformation
of the express delivery industry, the application of IT2FSs is particularly relevant. The
green transformation process in this sector involves multiple interacting factors. IT2FSs
offer an effective means of handling the precision of decision-makers’ linguistic variables
while maintaining a relatively simple computational process compared to general type-2
fuzzy sets [33]. Moreover, the implementation of green transformation policies in China
often begins with local or project-based pilot programs, aligning well with the scenarios
where IT2FSs are typically applied. This approach can provide valuable assistance to
policymakers in analyzing barriers during the transformation process.

Given these considerations, this study employs fuzzy DEMATEL based on IT2FSs to
analyze the barriers to green transformation in the express delivery industry. This method-
ological approach allows for a comprehensive examination of the complex relationships
among barriers while effectively addressing the uncertainties inherent in expert evaluations.
By utilizing this advanced analytical framework, the study aims to provide insights that
can inform policy development and strategic planning for the green transformation of
China’s express delivery sector.

3. Barriers to Green Transformation in the Express Delivery Industry

This section identifies and analyzes potential barriers to green transformation in
China’s express delivery industry. The identification process involved a comprehensive
literature review followed by expert consultation. Initially, 16 potential barriers were
identified through the literature survey. Subsequently, authoritative experts in green
logistics-related fields were invited to evaluate and refine these potential barriers. As a
result of this rigorous process, 13 potential barriers were retained, as shown in Table 1.

Table 1. Potential barriers to the green transformation of the express industry.

Criteria Sub-Criteria

Economic barriers (A1)

High initial capital investment requirements (A11)
Elevated operation and maintenance (O&M) costs (A12)
Extended investment recovery period (A13)
Limited access to financing channels (A14)

Technological barriers (A2)

Inadequate green standards in the express industry (A21)
Shortage of specialized green logistics talent (A22)
Suboptimal green packaging technologies (A23)
Infrastructure incompatibility and inadequacy (A24)
Insufficient recycling facilities and technologies(A25)

Social-political barriers (A3)

Low public awareness and support (A31)
Complex regulatory and administrative procedures (A32)
Lack of comprehensive policy frameworks (A33)
Ineffective subsidy mechanisms (A34)

3.1. Economic Barriers

High initial capital investment requirements (A11): The green transformation of the
courier industry requires substantial initial investments in green logistics service sites, eco-
friendly packaging development, and recycling system implementation [34]. Additional
costs such as land acquisition, engineering, and management further increase the total
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investment [35,36]. For instance, a study in Portugal indicated that establishing an efficient
packaging recycling system requires a significant upfront investment, with a unit cost as
high as EUR 204 per ton [37]. Consequently, the high initial capital requirement poses a
significant barrier to the industry’s green transformation.

Elevated operation and maintenance costs (A12): The ongoing costs associated with
the green transformation primarily involve maintaining the express packaging recycling
system and operating green delivery service sites [38]. Regular maintenance of packaging,
warehousing, and transportation systems is necessary to ensure timely and efficient green
services, incurring high repair and maintenance costs [39]. For example, a smart locker
system installed by SF Express, a prominent Chinese logistics company, incurs an average
annual basic maintenance cost of about CNY 3500 per set, with an additional CNY 1000
for electricity, and typically has a lifespan of only 5 years. Moreover, the vast rural areas
in China, being relatively remote, contribute to continuously increasing operation and
maintenance costs [40]. Moreover, as China’s express industry is in the early stages of
green transformation, the lack of mature operational experience contributes to elevated
maintenance costs.

Extended investment payback period (A13): The extended duration required to recover
the initial investment represents a considerable risk [41]. The substantial upfront costs
coupled with uncertain returns make enterprises heavily reliant on government subsi-
dies. Furthermore, intense market competition among express delivery companies exerts
additional pressure on profitability [42]. In this competitive environment, the potential
benefits of green transformation can be easily offset by factors such as price wars, further
prolonging the payback period.

Limited access to financing channels (A14): Adequate financial support is crucial
for the success of green transformation projects [43]. However, China’s express delivery
faces significant challenges in securing funding for green initiatives. The nascent stage of
green packaging materials development and the uncertainty surrounding the potential
benefits deter financial institutions from providing necessary funds [44]. This reluctance
from banks and other financial entities creates a substantial barrier to the industry’s green
transformation efforts.

3.2. Technological Barriers

Inadequate green standards in the express industry (A21): Standardization plays a
crucial role in modernizing industry practices and governance systems. Establishing com-
prehensive green technology standards can foster an environment conducive to innovation,
reducing resource consumption, minimizing pollution, and promoting the industrialization
of ecological technologies [45]. Globally, governments and multinational corporations
increasingly prioritize suppliers adhering to social and environmental standards, and green
logistics standards and certifications have garnered significant attention from various stake-
holders, including enterprises, governments, and consumers [46,47]. However, China’s
express industry lacks robust green standards. The current focus in China is primarily on
green packaging, with most standards being recommended or industry-specific rather than
mandatory, resulting in weak enforcement [48].

Shortage of specialized green logistics talent (A22): The scarcity of professionals with
expertise in green logistics has become a significant bottleneck in the development of
the modern green logistics industry [49]. Developing countries, including China, face
challenges due to insufficient investment in specialized education and research. In China,
for example, the logistics discipline in higher education is relatively new, having been
established only about a decade ago when the Ministry of Education first allowed its intro-
duction. Many Chinese universities are still in the early stages of developing their logistics
programs, often emphasizing theoretical foundations over practical applications [50]. The
rapid evolution of green logistics demands expertise in areas such as eco-friendly pack-
aging technology, waste recycling, and new energy technologies. However, the current
talent pool severely lacks professionals with these specialized skills [51]. Many graduates



Sustainability 2024, 16, 5892 7 of 26

in environmental packaging material research are attracted to higher-paying positions
in new energy or environmental protection companies. This mismatch between training
and professional technical development needs hinders both the implementation of green
logistics concepts and the overall transformation of the industry.

Suboptimal green packaging technologies (A23): The environmental impact of logistics
packaging has become increasingly concerning, promoting growing interest in recyclable
and eco-friendly packaging solutions [52]. China’s courier packaging industry, having
started relatively late in adopting green technologies, still heavily relies on traditional
materials such as paper, plastic, and tape, leading to significant resource waste of resources
and environmental pollution [53]. While new biodegradable materials show promise for
green packaging, their application faces challenges due to complex processing, high costs
and limited production capacity that fails to meet market demand. The development of
new, environmentally friendly package materials that meet current market requirements
is still in its early stages, necessitating extensive research and testing before widespread
application [54].

Infrastructure incompatibility and inadequacy (A24): Many enterprises in the logistics
sector prioritize product performance, development cycles, and costs over green infrastruc-
ture development [55]. The low level of mechanization and automation in key areas such
as packaging, transportation, and loading/unloading, coupled with a lack of advanced
supporting infrastructure compatible with green logistics principles, directly impacts the
efficiency and environmental performance of the logistics system [56]. Furthermore, the in-
adequacy of modern, eco-friendly logistics facilities, including large-scale integrated freight
hubs and logistics centers, and weak logistics informatization hampers improvements in
operational efficiency and sustainable service quality.

Insufficient recycling facilities and technologies (A25): Effective recycling and reuse
of express packaging resources are vital for reducing waste and environmental pollution.
However, the current domestic express delivery recovery model is inadequate, lacking
appropriate technical equipment and advanced recycling technologies. According to from
the State Post Bureau, the overall recovery rate of express packaging waste in China was
less than 20% in 2021, with most packaging ending up as waste [57].

3.3. Social and Political Barriers

Low public awareness and support (A31): As the logistics industry expands, the en-
vironmental pollution caused by express packaging has become increasingly severe [58].
Understanding and influencing public knowledge and willingness to support green logis-
tics practices is crucial [59]. However, public acceptance of potential changes, such as tariff
increases or new environmentally friendly service delivery methods, may be challenging
due to limited awareness of environmental issues and concerns about increased costs.

Complex regulatory and administrative procedures (A32): While green transition has
become a key goal for the express delivery industry, China’s large regional differences
have hindered the formation of a cohesive policy framework [60]. Due to these regional
disparities, policies promoting green transition in the express delivery industry have not
yet effectively formed a synergy [61]. The complexity of regulatory and administrative
procedures further slows the industry-wide green transformation process. For instance, in
Vietnam, it takes approximately 17,263 administrative steps for an investor to start a PV
energy green transition project. China’s administrative procedures are reported to be no
less complex than Vietnam’s [62].

Lack of comprehensive policy frameworks (A33): The express delivery industry lacks
clear, comprehensive policy guidelines and appropriate frameworks to promote and stan-
dardize greening efforts. China’s late start in developing green logistics policies has
resulted in a preliminary understanding of green logistics and packaging among most
domestic enterprises and consumers, with few having an in-depth comprehension of these
concepts [63].
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Ineffective subsidy mechanisms (A34): Given the high upfront investment required for
green transformation in the express delivery industry, well-designed government subsidy
mechanisms play a crucial role [64]. However, the current subsidy system for the industry’s
green transformation is fraught with inconsistencies in subsidy standards, limited funding
sources, and a lack of long-term sustainable support [65].

4. Research Methodology

In this section, we first introduce the basic concept and operations of IT2FSs, followed
by the related concepts and operation steps of the fuzzy DEMATEL method.

4.1. Interval Type-2 Fuzzy Set

Definition 1. An IT2FSs is defined as ˜̃A and represented by a type-2 membership function µ ˜̃A(x,µ)
,

shown as follows [66]:

˜̃A =
{
((x, u), µ ˜̃A(x, u))

∣∣∣∀x ∈ X, ∀u ∈ Jx ⊆ [0, 1], 0 ≤ µ ˜̃A(x, u) ≤ 1
}

(1)

where Jx denotes an interval in [0, 1]. Moreover, the type-2 fuzzy set ˜̃A can also be represented
as follows: ˜̃A =

∫
x∈X

∫
u∈Jx

µ ˜̃A(x, µ)/(x, µ) (2)

Definition 2. For IT2FSs, the uncertainty of ˜̃A can be characterized by a bounded region, which is
the projection of the fuzzy set on the x and u plane. This region is called the Footprint of Uncertainty

(FOU). The upper membership function ( ˜̃AU
i ) and the lower membership function ( ˜̃AL

i ) of an
interval type-2 fuzzy set are type-1 fuzzy sets, and we have the following [67]:

FOU(
≈
A) =

[
(
≈U
A i) , (

≈L
A i)

]
(3)

Figure 2 presents the upper value ( ˜̃AU
i ) and the lower value ( ˜̃AL

i ) of the IT2FS ˜̃Ai.
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Figure 2. A trapezoidal type-2 fuzzy set.

A trapezoidal type-2 fuzzy set is a special case of an interval type-2 fuzzy set. When
the upper and lower membership functions of an interval type-2 fuzzy set are trapezoidal

fuzzy numbers, it is called an interval trapezoidal type-2 fuzzy number, denoted as
≈
Ai. In
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Equation (4), Hj

(≈U
A i

)
and Hj

(≈L
A i

)
represent the membership degrees of the (j + 1)th

element αU
i,j+1, αL

i,j+1 (for 1 ≤ j ≤ 2) in ( ˜̃AU
i ) and ( ˜̃AL

i ), respectively [68].˜̃Ai =

(˜̃AU
i , ˜̃AL

i

)
=
((

aU
i1, aU

i2, aU
i3, aU

i4; H1

(
ÃU

i

)
, H2

(
ÃU

i

))
,
(

aL
i1, aL

i2, aL
i3, aL

i4; H1

(
ÃL

i

)
, H2

(
ÃL

i

)))
(4)

Definition 3. To facilitate subsequent operations, we introduce the arithmetic rules for interval

type-2 fuzzy numbers that will be used later. Let ˜̃A1 and ˜̃A2 be two IT2FSs, and k be a positive real
number. The arithmetic operations of the IT2FSs are presented in Equations (5)–(8) [69].˜̃A1 ⊕ ˜̃A2 =

(
ÃU

1 , ÃL
2

)
⊕
(

ÃU
1 , ÃL

2

)
=

 aU
11 + aU

21, aU
12 + aU

22, aU
13 + aU

23, aU
14 + aU

24; min
(

H1(ÃU
1 ), H1(ÃU

2 )
)

, min
(

H2(ÃU
1 ), H2(ÃU

2 )
)

aL
11 + aL

21, aL
12 + aL

22, aL
13 + aL

23, aL
14 + aL

24; min
(

H1(ÃL
1 ), H1(ÃL

2 )
)

, min
(

H2(ÃL
1 ), H2(ÃL

2 )
)  (5)

˜̃A1 ⊗ ˜̃A2 =
(

ÃU
1 , ÃL

2

)
⊗
(

ÃU
1 , ÃL

2

)
=

 aU
11 × aU

21, aU
12 × aU

22, aU
13 × aU

23, aU
14 × aU

24; min
(

H1(ÃU
1 ), H1(ÃU

2 )
)

, min
(

H2(ÃU
1 ), H2(ÃU

2 )
)

aL
11 × aL

21, aL
12 × aL

22, aL
13 × aL

23, aL
14 × aL

24; min
(

H1(ÃL
1 ), H1(ÃL

2 )
)

, min
(

H2(ÃL
1 ), H2(ÃL

2 )
)  (6)

˜̃A × k =

(
aU

11 × k, aU
12 × k, aU

13 × k, aU
14 × k; H1(ÃU

1 ), H2(ÃU
1 )

aL
11 × k, aL

12 × k, aL
13 × k, aL

14 × k; H1(ÃL
1 ), H2(ÃL

1 )

)
(7)

˜̃A
k
=

(
aU

11 ×
1
k , aU

12 ×
1
k , aU

13 ×
1
k , aU

14 ×
1
k ; H1(ÃU

1 ), H2(ÃU
1 )

aL
11 ×

1
k , aL

12 ×
1
k , aL

13 ×
1
k , aL

14 ×
1
k ; H1(ÃL

1 ), H2(ÃL
1 )

)
(8)

For example, consider the addition operation rule for interval trapezoidal fuzzy

numbers. Given two interval trapezoidal type-2 fuzzy numbers ˜̃A1 and ˜̃A2, respectively:
≈
A1 = ((5, 7, 8, 9; 1, 0.9), (6, 7, 7, 8; 0.8, 0.8));

≈
A2 = ((1, 3, 5, 6; 0.8, 0.9), (2, 3, 4, 5; 0.7, 0.6))

Then,
≈
A1 ⊕

≈
A2 = ((6, 10, 13, 15; 0.8, 0.9), (8, 10, 11, 13; 0.7, 0.6)) [70].

Definition 4 The interval type-2 fuzzy numbers can be defuzzified for comparison as follows:

De f uzzi f ized
(≈

ai

)
= 1

2

{
1
4

[(
aU

i4 − aU
i1
)
+

(
H1

(∼U
A i

)
× aU

i2 − aU
i1

)
+

(
H2

(∼U
A i

)
× aU

i3

)
− aU

i1

}
+ aU

i1

1
4

[(
aL

i4 − aL
i1
)
+

(
H1

(∼L
A i

)
× aL

i2 − aL
i1

)
+

(
H2

(∼L
A i

)
× aL

i3

)
− aL

i1

]
+ aL

i1

} (9)

4.2. Fuzzy DEMATEL Method

The DEMATEL method is a powerful tool for analyzing complex causal relationships
among factors in a system. It synthesizes collective knowledge to create a structural model,
representing intricate interrelationships through a directed graph [71]. This capability
has led to its widespread application across various fields for identifying and analyzing
influential factors and barriers. In this study, to address the inherent uncertainty in expert
evaluations, we employ a fuzzy DEMATEL approach based on Interval Type-2 Fuzzy Sets.
This enhanced methodology allows for a more nuanced handling of imprecise information.
The key steps of our fuzzy DEMATEL procedure, adapted from [72,73], are outlined below.

Step 1: Defining the fuzzy linguistic measurement scale.
In many decision-making and evaluation processes, uncertainty is a common phe-

nomenon. Typically, input data for questionnaires is collected using linguistic variables
such as “high,” “medium,” or “low” to gather expert judgments. However, due to the
inherent fuzziness and hesitancy in human thinking, these qualitative judgments cannot be
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directly transformed into precise numbers. Therefore, fuzzy numbers are widely applied
due to their unique advantages in expressing uncertainty.

Fuzzy numbers allow membership functions to fluctuate within an interval rather than
being confined to a single specific value, thereby more accurately capturing the complexities
of the real world. Furthermore, fuzzy numbers provide a flexible tool to capture the deeper
meanings of linguistic terms, enabling decision-makers to more comprehensively consider
various factors, including those that are not easily measured by precise values [74,75].

For example, in a multi-criteria decision-making problem with linguistic fuzziness, assume
there are m alternatives A = (A1 , A2, . . . , Am) and n decision criteria C = (C1 , C2, . . . , Cn),
with each criterion being independently related. When decision-makers provide evaluation
information in the form of hesitant linguistic values, we can convert these into interval

trapezoidal fuzzy numbers to obtain an evaluation matrix H =

(≈
h ij

)
mn

, where
≈
hij rep-

resents the criterion value given by the decision-maker for alternative i under criterion j,
which can also be expressed as an interval trapezoidal type-2 fuzzy number.

In this study, we adopted a 7-level linguistic evaluation set to capture expert opinions
more precisely. We invited three authoritative experts with extensive experience in the
field to provide their assessments. The use of hesitant linguistic values allows experts to
express their evaluations more intuitively and comprehensively. These linguistic terms and
corresponding IT2FSs are shown in Table 2.

Table 2. The linguistic terms and corresponding IT2FSs [76,77].

Linguistic Terms IT2FSs

Very low (VL) ((0, 0, 0, 0.1; 1, 1), (0, 0, 0, 0.05; 0.9, 0.9))
Low (L) ((0, 0.1, 0.1, 0.3; 1, 1), (0.05, 0.1, 0.1, 0.2; 0.9, 0.9))
Medium low (ML) ((0.1, 0.3, 0.3, 0.5; 1, 1), (0.2, 0.3, 0.3, 0.4; 0.9, 0.9))
Medium (M) ((0.5, 0.7, 0.7, 0.9; 1, 1), (0.4, 0.5, 0.5, 0.6; 0.9, 0.9))
Medium High (MH) ((0.5, 0.7, 0.7, 0.9;1, 1), (0.6, 0.7, 0.7, 0.8; 0.9, 0.9))
High (H) ((0.7, 0.9, 0.9, 1; 1, 1), (0.8, 0.9, 0.9, 0.95; 0.9, 0.9))
Very High (VH) ((0.9, 1, 1, 1; 1, 1), (0.95, 1, 1, 1; 0.9, 0.9))

Step 2: Forming the fuzzy direct-influenced matrices of different experts.
Assuming K participate in the barrier evaluation and n barriers are identified. Each

expert assesses the direct influence of one barrier on others using the linguistic scale
defined in Step 1. This process yields K linguistic direct-influenced matrices based on the
judgments of the experts. Finally, we have K fuzzy direct-influenced matrices based on
expert judgments. These matrices are then translated into fuzzy direct-influenced matrices
using the IT2FSs correspondences shown in Table 2, as represented in Equation (10).

Ãk =


a11 a12 · · · a1n
a21 a22 · · · a2n
...

...
. . .

...
an1 an1 · · · ann

 (10)

Step 3: Integrating all the fuzzy direct-influenced matrices into a matrix.
While the overall averaged matrix is typically derived from individual expert weight-

ings, the diverse backgrounds of experts make weight determination challenging. To
address this, we employ the order-weighted averaging (OWA) operator, proposed by
Yager [78]. This method focuses on the order weight of evaluation values, eliminating the
need for individual expert weighting. The OWA operator has found wide application across
various fields, including neural networks, database systems, market research, image com-
pression, mathematical programming, expert systems, and multi-criteria decision-making
problems [79].
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The OWA operator applied in IT2FNs is defined as follows:

OWA
(

aE1
ij , aE2

ij , · · · , aEk
ij

)
=

m

∑
j=1

wjaj (11)

Here, aj is the j−th largest value among a1
ij, a1

ij, · · · , aK
ij , wj is the weight of aj, wj ∈ [0, 1],

and ∑m
j=1 wjbj = 1. The value of wj is calculated as follows [80]:

wj = Q
(

j
m

)
− Q

(
j − 1

m

)
(12)

where Q(β) = βα, α ≥ 0, 1 ≤ j ≤ m. Typically, parameter α is set to 2.
The resulting comprehensive matrix ⊗A is represented as follows:

⊗A =

[
⊗a11 ⊗ a12 · · · ⊗ a1n ⊗ a21 ⊗ a22 · · · ⊗ a2n

...
...
... ⊗ an1 ⊗ an2 · · · ⊗ ann

]
(13)

Step 4: Normalizing the directed-influenced matrix
The normalized direct-influenced matrix is derived from the initial fuzzy comprehen-

sive matrix ⊗A as follows:

s = max( max
1≤i≤n

∑n
j=1 aij, max

1≤j≤n
∑n

i=1 aij) (14)

M =
⊗A

s
(15)

Step 5: Determining the total-relation matrix
The fuzzy total-relation matrix is calculated through Equations (16) and (17):

T = M + M2 + M3 + · · · =
∞

∑
i=1

Mi = M(I − M)−1 (16)

T =
[
tij
]

n×n i, j ∈ {1, 2, 3 · · · , n} (17)

Step 6: Determining barrier prominence and net effect
The prominence Pi and the net effect of each potential barrier are calculated using

Equations (18)–(21). Pi represents the overall significance of the i-th barrier, considering
both its influence on other barriers and the influence it receives from them. A higher Pi
value indicates greater overall prominence of the barrier. The net effect Ei reflects the
barrier’s relative influence: a positive Ei suggests the barrier has a stronger influence on
others, while a negative Ei indicates that it is more influenced by other barriers.

Di =
n

∑
j=1

tij, ∀i (18)

Rj =
n

∑
i=1

tij, ∀j (19)

Pi = {Di + Rj| i = j} (20)

Ei = {Di − Rj| i = j} (21)

where Di represents the sum of direct and indirect effects that barrier i has on other barriers.
Ri represents the sum of direct and indirect effects that barrier i receives from other barriers.

Step 7: Plotting the cause-and-effect diagram
The cause-and-effect diagram plots Pi on the horizontal axis and Ei on the vertical axis,

visually representing the relationships between barriers.
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For data processing and analysis in this study, we utilized Microsoft Excel (Version
2019, Microsoft Corporation, Redmond, WA, USA). The visualizations and diagrams were
created using Microsoft Visio (Version 2019, Microsoft Corporation, Redmond, WA, USA).

5. The Proposal and Application of the Research Framework

Based on the fuzzy DEMATEL method, we propose and apply a four-stage research
framework to identify and analyze the potential barriers to green transformation in the
express industry, as illustrated in Figure 3.
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5.1. Stage I: Preparation for the Evaluation Committee

The research framework begins with the establishment of an evaluation committee,
which forms the foundation for the barrier analysis. The committee comprises three
key roles:
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Evaluation Organizers (EOs): Primarily composed of project management person-
nel, EOs conduct field research and initial professional consultations to set the goals for
barrier analysis.

Senior Expert Evaluation Group (SEEG): Three authoritative experts from China’s
State Post Bureau (responsible for licensing and regulation of the express industry), China’s
State Administration for Market Supervision and Administration (responsible for green
standards and regulation of products/services), and from a major Chinese express company
(implementing green transformation practices) were invited to represent key stakeholders
in the green transformation of China’s express industry. These experts have extensive
experience in government policy, industry regulation, and senior management in the field
of green transformation in the express industry.

Supporting Working Group (SWG): Comprising doctoral students in related research
fields, this group assists with data processing, collection, and analysis.

The detailed responsibilities of each role are outlined in Table 3.

Table 3. The detailed responsibilities of different roles in the evaluation committee.

Roles Specific Duties

EOs
✥ Set the goal of barriers analysis
✥ Arrange and organize the procedures of the barriers’ analysis

SEEG
✥ Search and determine the final barriers list
✥ Assess the influence degree among the barriers

SWG ✥ Assist the works of EOs and SEEG
✥ Calculate the final results of barriers’ analysis

5.2. Stage II: Identifying the Potential Barriers

In this stage, the SWG initially identifies sixteen potential barriers to the green trans-
formation of China’s express delivery industry through a comprehensive literature survey,
analysis of newspaper articles, and government reports. The SEEG then analyzes and
refines these potential barriers. As a result of this rigorous process, thirteen critical barriers
are retained, as previously presented in Table 1.

5.3. Stage III: Analyzing the Potential Barriers Based on the Fuzzy DEMATEL

Using the final barriers list from stage II, this stage involves a comprehensive analysis
of the potential barriers. The SEEG assesses the degree of mutual influence between the
barriers, expressing the relationships using the linguistic terms defined earlier. Each expert
in the SEEG establishes a fuzzy direct-influence matrix. The SWG then computes the overall
prominence and net effect of each barrier using the fuzzy DEMATEL method.

The linguistic direct-influence matrices provided by experts 1, 2, and 3 are presented
in Tables A1–A3 of Appendix A. These are then converted into interval type-2 fuzzy direct-
influence matrices according to Table 2. Based on Equations (11)–(13), the aggregated fuzzy
direct-influenced matrix is calculated and shown in Table A6 of Appendix B.

The normalized direct-influenced matrix is then calculated using Equations (14) and (15).
Subsequently, the total-relation matrix is derived through Equations (16) and (17), as shown
in Table A7 of Appendix B. Finally, the defuzzification values Pi and Ei are computed
according to Equations (18)–(21). These results are presented in Table 4 and visualized in
Figure 4.

To facilitate the interpretation of relationships between barriers, we establish a thresh-
old (θ) for the cause–effect diagram. This threshold is calculated as θ = µ + δ, where µ
and δ represents the mean and standard deviation of the total-relation matrix, respectively.
In this study, the threshold value is θ = 0.0594 + 0.0584 = 0.118. Figure 5 depicts the
relationships between barriers where the values exceed this threshold.
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Table 4. Values of D, R, Pi, and Ei of the barriers.

Barriers Di Ri Pi Ei

A11 1.352 0.816 2.168 0.537
A12 0.295 1.273 1.568 −0.978
A13 0.277 1.506 1.783 −1.229
A14 0.247 1.367 1.614 −1.121
A21 1.756 1.006 2.762 0.750
A22 0.704 0.652 1.356 0.052
A23 0.679 0.887 1.566 −0.208
A24 1.138 0.611 1.749 0.526
A25 1.284 0.834 2.118 0.451
A31 0.589 0.381 0.970 0.209
A32 0.218 0.188 0.407 0.030
A33 0.505 0.238 0.743 0.267
A34 1.000 0.285 1.285 0.715
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5.4. Stage IV: Analyzing and Discussing the Final Results

From Figure 5, we can observe that four barriers (A22, A31, A33 and A34) are located
in area I, indicating that they are cause barriers with relatively low importance. Among
these, A22 has a significant influence on A21. This relationship highlights how the scarcity
of specialized talent directly impedes the formation of technical standards related to green
logistics. Barrier A34 directly influences barriers A13, A14, and A21, with Ei values of
0.178, 0.160, and 0.146, respectively. This influence is particularly noteworthy as the
green transformation of China’s express industry is in its initial stages, characterized
by high initial investment and operational costs, necessitating substantial reliance on
government subsidies. Consequently, A22 and A34 emerge as important barriers despite
their location in area I. It is also crucial to note that A31, A32, and A33, while not classified
as critical barriers, reflect regional variations in government policies, public support, and
administrative procedures. These variations significantly impact the implementation of
green transformation in the express industry and should not be overlooked.

The barriers A11, A21, A22, A24, and A25 are situated in area II of Figure 5, categorizing
them as high-importance cause barriers. Figure 4 reveals that A21 has the highest Pi
value (2.086) among all barriers exerting considerable influence on A11, A12, A13, A14, A23,
A24, A25, and A31. The underscores the critical role of a unified standard system in the
sustainable development of the green courier industry. The lack of standards will bring
many serious challenges to the industry. First, the initial investment cost is high. Due to
the lack of technical standards and facility standards, each enterprise needs to research
and development, resulting in duplication of capital investment, aggravating the pressure
of the initial investment. The second challenge is high operation and maintenance costs.
The lack of standardization leads to equipment and facilities that cannot be common, high
maintenance and replacement costs, and heavy operating costs. Furthermore, the payback
period is long. The lack of standardization hinders the application and promotion of green
express delivery on a wider scale and slows down the investment recovery process. In
addition, green packaging technology cannot be realized in a wide range of applications,
warehousing and transportation infrastructure display a lack of compatibility, and recycling
link efficiency and quality are affected: these effects are from the lack of uniform norms
and guiding standards. To sum up, A21 is a critical barrier. Besides, the barriers of A11, A24,
and A25 also have high Pi values, which are 2.168, 1.749, and 2.118, respectively, and they
are also critical barriers.

Area IV in Figure 5 contains four barriers: A12, A13, A14, and A23. These are classified
as effect barriers with high importance, having Pi values of 1.568, 1.783, 1.614, and 1.566,
respectively. All four are directly influenced by barriers A11, A21, A24, and A25. For
instance, the lack of standards leads to increased O&M costs, prolonged investment payback
periods, and reduced financing opportunities. Additionally, barriers A12, A13, and A14
are simultaneously affected by A23 and A34, with Ei values of 0.138, 0.128, and 0.153,
respectively. Barriers A13 and A14 are particularly influenced by A34, with Ei values of
0.178 and 0.161.

In conclusion, our analysis identifies A11, A12, A13, A14, A21, A23, A24, and A25 as the
critical barriers to the green transformation of China’s express delivery industry. Address-
ing these barriers should be prioritized to promote industry-wide green transformation.
However, it is important to note that while barriers such as A22 and A34 are not classified
as critical, they still play significant roles in hindering the green transformation process
and should not be disregarded in policy and strategic planning.

5.5. Stage V: Testing the Accuracy of Research Findings

While this paper has already enlisted the expertise of three senior government, regula-
tory, and industry professionals who have been deeply involved in the green transformation
of the express delivery sector for many years to assess the factors hindering the green trans-
formation of China’s express delivery industry, further steps have been taken to ensure the
reliability of the research findings. To this end, this section will delve into how the variation
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in the number of experts might influence the analytical outcomes, aiming to maximize
the precision of the study’s conclusions. Consequently, our research team has extended
an invitation to two additional experts, Expert 4 and Expert 5. Hailing from academic
institutions, Expert 4 and Expert 5 specialize in low-carbon transformation and logistics
economics, respectively, and have been engaged in scholarly research on the low-carbon
transition in logistics for an extended period. They will re-analyze the interrelationships
and the extent of mutual influence among these potential barriers.

At this stage, the direct influences linguistically provided by Experts 4 and 5 are de-
picted in Tables A4 and A5 of Appendix A. Following Equations (11)–(17), the principles are
consistent with the previous text and thus will not be described in further detail. Utilizing
these equations, we have derived the total-relation matrix based on the input of five experts,
which is displayed in Table A8 of Appendix B. Similarly, the defuzzification values, based
on the perspectives of the five experts, can be calculated according to Equations (18)–(21),
as presented in Table 5.

Table 5. Values of D, R, Pi, and Ei of the barriers. (Based on the assessment results of five experts).

Barriers Di Ri Pi Ei

A11 1.530 0.804 2.334 0.726
A12 0.293 1.256 1.549 −0.963
A13 0.263 1.522 1.786 −1.259
A14 0.247 1.441 1.688 −1.194
A21 1.747 1.006 2.753 0.740
A22 0.678 0.620 1.298 0.057
A23 0.654 0.891 1.545 −0.237
A24 1.150 0.651 1.801 0.499
A25 1.265 0.781 2.046 0.484
A31 0.536 0.320 0.855 0.216
A32 0.221 0.172 0.393 0.049
A33 0.448 0.242 0.689 0.206
A34 0.941 0.265 1.206 0.676

From Table 5, we can discern that the assessment by five experts indicates that the
obstacle indicators with high Pi values still remain A11, A12, A13, A14, A21, A23, A24, and A25,
both of which have surpassed the mean value of Pi. This result is consistent with the analysis
presented earlier, thereby confirming the representativeness of the previous analysis.

6. Conclusions and Recommendations
6.1. Conclusions

This study set out to explore the green transformation of China’s express delivery
industry, focusing on identifying key barriers, analyzing their interactions, and proposing
strategic measures to overcome them. Accelerating the green and low-carbon development
of the express delivery industry is crucial for implementing China’s national economic
development strategy and achieving its carbon-neutral goals. This transformation is
essential for promoting high-quality industry development. However, the presence of
key barriers has hindered the express industry’s green transformation from achieving its
expected outcomes. To address these challenges, we proposed a research framework for
barrier analysis using a fuzzy DEMATAL approach in the context of Interval Type-2 Fuzzy
Sets (IT2FSs). Our analysis revealed eight critical barriers: A11, A12, A13, A14, A21, A23, A24,
and A25.

6.2. Recommendations

According to the results obtained in Section 5, eight barriers are identified as key
obstacles that need to be urgently addressed. In this section, we propose corresponding
measures to overcome these barriers.
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6.2.1. Accelerate the Promotion of Green Low-Carbon Standard System Construction in the
Express Industry

Standards are crucial for the industry’s green and low-carbon development. Industry
associations, research institutions, and leading enterprises in the express delivery field
should accelerate the development of standards for key energy-using facilities and equip-
ment, energy efficiency, and carbon reduction technologies. These standards will guide
industry enterprises in the comprehensive implementation of green development strate-
gies, strengthen energy conservation, and enhance energy use efficiency. This will, in turn,
accelerate the adoption of advanced technologies, green products, and equipment.

We should continuously optimize national standards and improve the structure of
national, industry, and association standards, expanding the coverage of green and low-
carbon practices. Accelerating the establishment of a more scientific, applicable, and
internationally compatible green low-carbon standard system is essential. This system
should integrate the entire industry chain, from R&D and production to operations and
services, thereby enhancing the green competitiveness of express delivery enterprises.

6.2.2. Encourage Capital Investment to Boost Green Transformation in the Express
Delivery Industry

The cost pressure of green transformation poses a significant challenge in the express
delivery industry. Sufficient capital investment is required, particularly for green packaging
transformation. We propose the following measures:

1. The government should adopt policies such as tax incentives and fiscal appropria-
tions to enable express companies to innovate in environmental protection, thereby
improving green services and promoting industrial transformation.

2. Secondly, the financial sector should be fully engaged to increase support for the
green transformation of express delivery enterprises. This include introducing green
insurance and credit mechanisms, raising awareness among commercial banks about
supporting the industry’s green development, and guiding funds towards environ-
mentally friendly enterprises.

3. Efforts should be made to increase publicity for green packaging and other eco-
friendly products. By attracting idle funds from the market and demonstrating
the dual economic and environmental benefits of green express delivery, we can
strengthen awareness of green investment opportunities.

6.2.3. Accelerate R&D of Related Technologies

Accelerating the development of relevant technologies is crucial for implementing
widespread green transformation in the express delivery industry. The complexities and
uncertainties in green express packaging and key facilities upgrades pose significant chal-
lenges. To address these, we recommend the following:

1. Enhance research on green express packaging technologies: Encourage collaboration
among express packaging manufacturers, recycling companies, universities, and re-
search institutions to develop biodegradable and environmentally friendly packaging
materials. Promote the use of innovative solutions such as solar-powered photo-
voltaic recyclable green packaging to enable efficient folding, recycling, and reused of
packaging materials.

2. Advance research on intelligent warehousing and transportation technologies: As
digital technologies like big data and the Internet of Things become increasingly
prevalent, focus on developing communication and sensing technologies for intelli-
gent warehousing and transportation. This can enable automation in sorting, load-
ing/unloading, and scheduling, thereby increasing transportation efficiency and
reducing waste. Simultaneously, utilize big data analytics and artificial intelligence to
optimize route planning and vehicle scheduling, reducing energy consumption and
carbon emissions.
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3. Establish a digitalized recycling system: Develop intelligent recycling lockers compat-
ible with smart packaging boxes and create an integrated online–offline digitalized
recycling system. This will optimize the express packaging recycling process and
transform traditional recycling methods.

6.2.4. Improve Project Management Standards and Efficiency

Enhancing project management standards and efficiency is an effective way to re-
duce initial investment costs, improve green express services, and promote the industry’s
sustainable development. We suggest the following:

1. In the early stages of projects, conduct comprehensive planning that considers factors
such as the location of express service stations and integration with existing facilities.
Utilize geographic information technology combined with multi-criteria decision-
making methods to select efficient equipment, technologies, and risk control measures
during construction and operation phases. This approach will ensure efficient project
implementation and sustainable benefits.

2. At the service level, implement measures to optimize green packaging recycling
process, promote the use of recyclable and environmentally friendly packaging,
strengthen energy-saving and emission reduction controls for transportation vehi-
cles, and enhance environmental protection education and training for employees.
These actions will improve the quality of green express services and contribute to
sustainable development.

3. Proactively strengthen exchanges and cooperation with leading countries in express
delivery green transformation, such as Germany and Japan. By actively learning from
advanced foreign technologies and management experiences, we can accelerate the
green transformation of the domestic express delivery industry.

6.3. Limitations

This study provides valuable insights for analyzing the barriers in the green trans-
formation process of China’s express delivery industry, aiming to promote sustainable
development in the logistics system. However, it is important to acknowledge its limita-
tions. Firstly, some minor barriers are not fully reflected in this study, such as the high
consumption in green logistics packaging and the lack of coordination among related
sectors. These seemingly small barriers should not be overlooked, as their cumulative
effect can significantly impact the green transformation process. Secondly, the assessment
is primarily based on expert judgments, which, while valuable, may introduce some bias
due to personal opinions and experiences. For future research, we suggest conducting a
more detailed and comprehensive analysis of barriers, including those considered minor in
this study. Additionally, exploring the operational model, risk control mechanisms, and
assessment methodologies specific to the green transition in the express delivery industry
would be valuable areas for further investigation.

Author Contributions: Conception, X.X. and K.G.; methods and writing, X.X. and C.L.; data organi-
zation and resources, Y.H. and B.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by China’s National Key R&D Program “Research on Green and
Intelligent Standardized Key Technologies and Application of Testing and Certification in Express
Industry” (Project No. 2022YFF0608100).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.



Sustainability 2024, 16, 5892 19 of 26

Appendix A

Table A1. Linguistic direct-influenced matrix of Expert 1.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 — H VH VH L VL VL L ML VL VL L VL
A12 L — VH H VL L L L ML VL VL L VL
A13 VL ML — VH VL L VL VL VL M VL L L
A14 L L MH — VL VL VL VL ML VL VL VL VL
A21 VH VH H VL — VH H VH VH VH M H H
A22 M VH L MH H — M VL VL ML VL VL VL
A23 VL H H H VL VL — VL VL VL VL L VL
A24 H H MH MH VL H H — H VL VL VL VL
A25 M VH H VH VL H VH L — VL VL VL VL
A31 L M M VL VH VL VL VL VL — VL VL L
A32 M M VL VL VL VL L VL L VL — VL VL
A33 M L M VL H VL VL VL VL VL ML — M
A34 M L H VH H VL VL VL L VL VL VL —

Table A2. Linguistic direct-influenced matrix of Expert 2.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 — M VH H L VL VL ML VL VL VL VL VL
A12 VL — H H VL VL VL VL L VL VL VL VL
A13 L VL — VH VL VL VL VL VL L VL VL VL
A14 VL VL H — VL VL L ML M L VL VL VL
A21 VH H H ML — VH VH MH H MH M M M
A22 ML H L M H — VH VL VL VL VL L VL
A23 L H H H L VL — VL L M VL VL VL
A24 MH H H M VL H MH — VH VL VL L VL
A25 ML VH H VH VL M H ML — VL VL VL VL
A31 VL M L VL H VL VL VL VL — VL VL VL
A32 L L VL VL VL VL VL VL VL VL — VL VL
A33 ML ML M VL MH VL VL VL VL VL M — ML
A34 MH M H H VH VL VL VL VL VL L M —

Table A3. Linguistic direct-influenced matrix of Expert 3.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 — MH VH VH VL VL VL M L VL VL VL VL
A12 VL — VH VH VL L VL L L VL VL VL VL
A13 VL L — VH VL VL VL VL L M VL VL VL
A14 VL L M — ML VL VL ML VL VL L VL VL
A21 H H MH L — VH VH H M VH L MH H
A22 M VH M H H — H M L VL VL VL VL
A23 M VH M VH ML VL — VL VL ML VL VL VL
A24 MH H H M VL H MH — MH VL VL VL VL
A25 L VH MH H L M H L — VL L VL L
A31 ML ML VL VL MH VL L L VL — VL VL L
A32 VL L ML L VL VL VL VL L L — VL L
A33 L VL VL VL M VL L VL VL VL M — M
A34 ML M VH MH H VL VL VL VL VL L ML —

Table A4. Linguistic direct-influenced matrix of Expert 4.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 — H MH MH L VL VL M L L VL VL ML
A12 L — VH VH VL L L L M VL VL L VL
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Table A4. Cont.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A13 VL L — VH VL VL VL VL VL ML VL VL VL
A14 L L M — ML VL ML ML VL VL L L VL
A21 VH H MH VH — VH VH VH VH VH VH VH VH
A22 M MH M H H — H M VL VL VL VL VL
A23 MH MH MH VH ML VL — VL VL L L VL VL
A24 M H H M VL H ML — MH VL L VL VL
A25 M VH MH VH VL M ML VL — L ML VL L
A31 L ML VL VL MH ML L ML VL — VL VL VL
A32 VL M L L VL L VL VL L ML — VL VL
A33 ML ML L VL VL VL L VL VL L ML — ML
A34 ML M MH MH L VL VL VL VL L M ML —

Table A5. Linguistic direct-influenced matrix of Expert 5.

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 — MH VH MH VL VL VL M L L VL VL ML
A12 ML — H VH VL L VL L M VL VL ML VL
A13 ML L — VH VL VL L VL L ML VL VL L
A14 L L H — ML VL VL ML VL VL L ML VL
A21 VH H H VH — VH VH VH VH VH VH VH VH
A22 M MH L H H — H M L VL VL L VL
A23 MH MH H VH VL VL — VL VL ML L L L
A24 M H H M VL H ML — MH VL L VL VL
A25 MH VH MH H L M ML L — L ML L L
A31 L ML L VL MH ML VL L VL — VL VL VL
A32 L M VL L VL L L VL L ML — L M
A33 ML ML L VL M VL VL VL VL L ML — ML
A34 ML M MH M MH L L M M ML M M —

Appendix B

Table A6. Aggregated fuzzy direct-influenced matrix.

A11 A12 A13

A11
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0.411, 0.611, 0.611, 0.8; 1, 1),

(0.511, 0.611, 0.611, 0.706; 0.9, 0.9)
(0.411, 0.611, 0.611, 0.8; 1, 1),

(0.511, 0.611, 0.611, 0.706; 0.9, 0.10)

A12
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0.478, 0.678, 0.678, 0.833; 1, 1);

(0.578, 0.678, 0.678, 0.756; 0.9, 0.9)

A13
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.10)

A14
(0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.10)

A21
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 1, 1)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.10)

A22
(0.189, 0.389, 0.389, 0.589; 1, 1),

(0.289, 0.389, 0.389, 0.489; 0.9, 0.9)
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 0.9, 0.10)

A23
(0.478, 0.678, 0.678, 0.833; 1, 1);

(0.578, 0.678, 0.678, 0.756; 0.9, 0.9)
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 1, 1)
(0.478, 0.678, 0.678, 0.833; 1, 1);

(0.578, 0.678, 0.678, 0.756; 0.9, 0.9)

A24
(0.522, 0.722, 0.722, 0.911; 1, 1),

(0.622, 0.722, 0.722, 0.817; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.10)

A25
(0.067, 0.211, 0.211, 0.411; 1, 1),

(0.139, 0.211, 0.211, 0.311; 0.9, 0.9)
(0.9, 1, 1, 1; 1, 1),
(0.95, 1, 1, 1; 1, 1)

(0.9, 1, 1, 1; 1, 1),
(0.95, 1, 1, 1; 1, 2)

A31
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0.189, 0.389, 0.389, 0.589; 1, 1),

(0.289, 0.389, 0.389, 0.489; 0.9, 0.9)
(0.189, 0.389, 0.389, 0.589; 1, 1),

(0.289, 0.389, 0.389, 0.489; 0.9, 0.10)

A32
(0.033, 0.089, 0.089, 0.233; 1, 1),

(0.061, 0.089, 0.089, 0.161; 0.9, 0.9)
(0.033, 0.144, 0.144, 0.344; 1, 1),

(0.089, 0.144, 0.144, 0.244; 0.9, 0.9)
(0.033, 0.144, 0.144, 0.344; 1, 1),

(0.089, 0.144, 0.144, 0.244; 0.9, 0.10)
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Table A6. Cont.

A11 A12 A13

A33
(0.067, 0.211, 0.211, 0.411; 1, 1),

(0.139, 0.211, 0.211, 0.311; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.10)

A34
(0.211, 0.411, 0.411, 0.611; 1, 1),

(0.311, 0.411, 0.411, 0.511; 0.9, 0.9)
(0.133, 0.278, 0.278, 0.478; 1, 1),

(0.206, 0.278, 0.278, 0.378; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)

A14 A21 A22

A11
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.5, 0.7, 0.7, 0.9; 1, 1),

(0.6, 0.7, 0.7, 0.8; 0.9, 0.9)

A12
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.167; 0.9, 0.9)

A13
(0.9, 1, 1, 1; 1, 1),
(0.95, 1, 1, 1; 1, 1)

(0, 0, 0, 0.1; 1, 1),
(0, 0, 0, 0.05; 0.9, 0.9)

(0, 0.011, 0.011, 0.122; 1, 1),
(0.006, 0.011, 0.011, 0.067; 0.0, 0.9)

A14
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0.011, 0.033, 0.033, 0.144; 1, 1),

(0.022, 0.033, 0.033, 0.089; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A21
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.10)

A22
(0.111, 0.122, 0.122, 0.322; 1, 1),

(0.067, 0.122, 0.122, 0.222; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)

A23
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A24
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.9)

A25
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)

A31
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.611, 0.8, 0.8, 0.944; 1, 1),

(0.706, 0.8, 0.8, 0.872; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A32
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A33
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.411, 0.611, 0.611, 0.8; 1, 1),

(0.511, 0.611, 0.611, 0.706, 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A34
(0.611, 0.8, 0.8, 0.944; 1, 1),

(0.706, 0.8, 0.8, 0.872; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A23 A24 A25

A11
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.5, 0.7, 0.7, 0.9; 1, 1),

(0.6, 0.7, 0.7, 0.8; 0.9, 0.9)

A12
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.167; 0.9, 0.9)

A13
(0.9, 1, 1, 1; 1, 1),
(0.95, 1, 1, 1; 1, 1)

(0, 0, 0, 0.1; 1, 1),
(0, 0, 0, 0.05; 0.9, 0.9)

(0, 0.011, 0.011, 0.122; 1, 1),
(0.006, 0.011, 0.011, 0.067; 0.0, 0.9)

A14
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0.011, 0.033, 0.033, 0.144; 1, 1),

(0.022, 0.033, 0.033, 0.089; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A21
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.10)

A22
(0.111, 0.122, 0.122, 0.322; 1, 1),

(0.067, 0.122, 0.122, 0.222; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)

A23
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.011, 0.067, 0.067, 0.211; 1, 1),

(0.039, 0.067, 0.067, 0.139; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A24
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.7, 0.9, 0.9, 1; 1, 1),

(0.8, 0.9, 0.9, 0.95; 0.9, 0.9)

A25
(0.789, 0.944, 0.944, 1; 1, 1),

(0.867, 0.944, 0.944, 0.972; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0.322, 0.522, 0.522, 0.722; 1, 1),

(0.422, 0.522, 0.522, 0.622; 0.9, 0.9)

A31
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.611, 0.8, 0.8, 0.944; 1, 1),

(0.706, 0.8, 0.8, 0.872; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A32
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A33
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.411, 0.611, 0.611, 0.8; 1, 1),

(0.511, 0.611, 0.611, 0.706, 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A34
(0.611, 0.8, 0.8, 0.944; 1, 1),

(0.706, 0.8, 0.8, 0.872; 0.9, 0.9)
(0.722, 0.911, 0.911, 1; 1, 1),

(0.817, 0.911, 0.911, 0.956; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
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Table A6. Cont.

A31 A32

A11
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A12
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A13
(0.133, 0.278, 0.278, 0.478; 1, 1),

(0.206, 0.278, 0.278, 0.378; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A14
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A21
(0.678, 0.833, 0.833, 0.944; 1, 1),

(0.756, 0.833, 0.833, 0.889; 0.9, 0.9)
(0.133, 0.278, 0.278, 0.478; 1, 1),

(0.206, 0.278, 0.278, 0.378; 0.9, 0.9)

A22
(0.011, 0.033, 0.033, 0.144; 1, 1),

(0.022, 0.033, 0.033, 0.089; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A23
(0.067, 0.211, 0.211, 0.411; 1, 1),

(0.139, 0.211, 0.211, 0.311; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A24
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A25
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A31
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A32
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)

A33
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0.189, 0.389, 0.389, 0.589; 1, 1),

(0.289, 0.389, 0.389, 0.489; 0.9, 0.9)

A34
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.9)

A33 A34

A11
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A12
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A13
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A14
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A21
(0.411, 0.611, 0.611, 0.8; 1, 1),

(0.511, 0.611, 0.611, 0.706, 0.9, 0.9)
(0.478, 0.678, 0.678, 0.833; 1, 1);

(0.578, 0.678, 0.678, 0.756; 0.9, 0.9)

A22
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A23
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A24
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)

A25
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A31
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.044, 0.044, 0.189; 1, 1),

(0.022, 0.044, 0.044, 0.117; 0.9, 0.9)

A32
(0, 0, 0, 0.1; 1, 1),

(0, 0, 0, 0.05; 0.9, 0.9)
(0, 0.011, 0.011, 0.122; 1, 1),

(0.006, 0.011, 0.011, 0.067; 0.9, 0.9)

A33
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
(0.189, 0.389, 0.389, 0.589; 1, 1),

(0.289, 0.389, 0.389, 0.489; 0.9, 0.9)

A34
(0.067, 0.156, 0.156, 0.3; 1, 1),

(0.111, 0.156, 0.156, 0.228; 0.9, 0.9)
(0, 0, 0, 0; 1, 1),

(0, 0, 0, 0; 0.9, 0.9)
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Table A7. The total-relation matrix. (Based on the assessment results of three experts).

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 0.054 0.154 0.210 0.198 0.152 0.126 0.145 0.125 0.106 0.031 0.012 0.020 0.019
A12 0.010 0.011 0.098 0.084 0.010 0.013 0.011 0.014 0.024 0.008 0.004 0.005 0.004
A13 0.009 0.020 0.018 0.130 0.011 0.008 0.008 0.008 0.013 0.038 0.004 0.005 0.006
A14 0.011 0.020 0.088 0.020 0.014 0.009 0.012 0.023 0.027 0.009 0.005 0.004 0.004
A21 0.173 0.209 0.213 0.128 0.083 0.125 0.179 0.141 0.145 0.125 0.048 0.089 0.099
A22 0.079 0.108 0.073 0.062 0.131 0.024 0.096 0.034 0.031 0.025 0.009 0.016 0.016
A23 0.094 0.138 0.128 0.153 0.032 0.019 0.019 0.020 0.024 0.030 0.006 0.008 0.007
A24 0.122 0.171 0.172 0.146 0.052 0.138 0.133 0.032 0.124 0.019 0.008 0.011 0.010
A25 0.077 0.191 0.184 0.193 0.145 0.101 0.157 0.114 0.042 0.029 0.013 0.017 0.020
A31 0.036 0.088 0.058 0.040 0.121 0.025 0.037 0.029 0.097 0.016 0.009 0.013 0.020
A32 0.020 0.034 0.023 0.020 0.014 0.010 0.015 0.011 0.054 0.007 0.001 0.004 0.006
A33 0.048 0.039 0.064 0.033 0.095 0.019 0.026 0.020 0.026 0.016 0.053 0.009 0.058
A34 0.084 0.091 0.178 0.161 0.146 0.035 0.049 0.040 0.121 0.026 0.017 0.034 0.016

Table A8. The total-relation matrix. (Based on the assessment results of five experts).

A11 A12 A13 A14 A21 A22 A23 A24 A25 A31 A32 A33 A34

A11 0.065 0.185 0.203 0.220 0.124 0.268 0.159 0.165 0.064 0.011 0.011 0.035 0.019
A12 0.006 0.018 0.074 0.091 0.017 0.014 0.010 0.010 0.036 0.006 0.003 0.005 0.004
A13 0.008 0.015 0.019 0.128 0.012 0.002 0.008 0.009 0.012 0.036 0.003 0.005 0.005
A14 0.010 0.015 0.099 0.020 0.013 0.007 0.013 0.022 0.026 0.008 0.005 0.004 0.004
A21 0.185 0.218 0.225 0.137 0.093 0.074 0.187 0.155 0.151 0.103 0.045 0.085 0.089
A22 0.066 0.094 0.068 0.083 0.147 0.017 0.084 0.033 0.029 0.023 0.008 0.013 0.013
A23 0.089 0.129 0.128 0.135 0.042 0.012 0.020 0.023 0.027 0.029 0.005 0.009 0.006
A24 0.144 0.182 0.184 0.153 0.059 0.082 0.129 0.032 0.137 0.019 0.008 0.011 0.010
A25 0.077 0.179 0.185 0.206 0.157 0.071 0.154 0.122 0.040 0.024 0.012 0.018 0.019
A31 0.040 0.073 0.058 0.033 0.118 0.031 0.035 0.021 0.070 0.015 0.007 0.014 0.019
A32 0.014 0.038 0.028 0.013 0.015 0.008 0.015 0.008 0.064 0.007 0.001 0.005 0.005
A33 0.030 0.027 0.070 0.033 0.086 0.013 0.025 0.017 0.021 0.015 0.048 0.007 0.056
A34 0.072 0.082 0.182 0.188 0.125 0.020 0.051 0.033 0.105 0.023 0.015 0.030 0.015
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