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Abstract: Low-carbon tourism plays the increasingly significant role in carbon emission reduction
and natural environmental protection. The choice of low-carbon tourist destination (LCTD) often
involves the multiple attributes or criteria and can be regarded as the corresponding multiple attribute
group decision making (MAGDM) issues. Since the Pythagorean fuzzy sets (PFSs) could well depict
uncertain information or fuzzy information and cope with the LCTD selection, thus this essay
develops a framework to tackle such MAGDM issues under the Pythagorean fuzzy environment. In
this essay, due to few methods can compare with different alternatives along with their advantages
from designed attributes, therefore, to overcome this challenge, the taxonomy method is utilized to
integrate with PFSs. What’s more, the entropy method is also utilized to determine the attribute
weights. Eventually, an application related to LCTD selection and some comparative analysis
have been given to demonstrate the superiority of the designed method. The results illustrate that
the designed framework is useful for identifying optimal tourist destination among the potential
tourist destinations.

Keywords: multiple attribute group decision making (MAGDM); Pythagorean fuzzy sets (PFSs);
information entropy; Taxonomy method; low-carbon tourist destination selection

1. Introduction

Since global warming is becoming increasingly serious, the deterioration of the ecological
environment has been viewed as a major dilemma for human development. In this context, the concept
of ecological civilization has emerged and prospered. As an important part of economic development,
the tourism industry is related to the construction of the economic level. By developing the low-carbon
tourist destinations (LCTDs), the sustainable development of the tourism industry can be realized and
the tourism resources can also be effectively protected. In addition, increasingly, tourists are focusing
on environmental friendly and willing to choose a LCTD to relieve their stress. Hence, choosing
optimal a LCTD depending on various attributes like carbon reduction, lower energy consumption and
environmental protection is crucial for tourists who want to have an enjoyable travel experience. For
tourists and others involved, it is a great challenge for them to select the optimal LCTD. To overcome it,
a novel multiple attribute group decision making (MAGDM) method is designed to tackle this issue.

In 1763, the taxonomy method was firstly presented by Adanson and then extended by a set of
Polish mathematicians in 1950. In 1968, this method was developed as a tool to classify and determine

Mathematics 2020, 8, 832; doi:10.3390/math8050832 www.mdpi.com/journal/mathematics

http://www.mdpi.com/journal/mathematics
http://www.mdpi.com
https://orcid.org/0000-0001-9074-2005
https://orcid.org/0000-0001-8967-5781
https://orcid.org/0000-0001-9286-4073
http://dx.doi.org/10.3390/math8050832
http://www.mdpi.com/journal/mathematics
https://www.mdpi.com/2227-7390/8/5/832?type=check_update&version=2


Mathematics 2020, 8, 832 2 of 17

the development degree by Hellwig [1] to tackle the MAGDM issues. Compared with other MAGDM
methods, the merit of this method is that it is really appropriate to grade, classify, and compare
various activities with respect to their advantages and utility degree from studied attributes. However,
the taxonomy method is only extended to Pythagorean 2-Tuple Linguistic [2], there exists a research
gap in constructing the Pythagorean fuzzy taxonomy method. Thus, a novel PF-taxonomy method is
designed in this essay and applied to tackle the issue of LCTD selection.

Our contributions of this essay are summarized as follows: (1) an assessment system for the LCTD
is developed. This system can help tourists and others involved choose the optimal tourist destination
in a scientific and efficient way; (2) the classical taxonomy method is extended to the PF-taxonomy
method which means the taxonomy method can be employed to the Pythagorean fuzzy environment; (3)
an objective weight determining method is presented to calculate the attributes with different weights.

In a word, regarding to the above analysis, a novel PF-taxonomy method presented in this essay
can be believed that it is able to solve the issue of LCTD selection. This novel method adopts the PFSs
to express the fuzzy information. Compared with other generalizations of fuzzy sets, Pythagorean
fuzzy sets (PFSs) can provide more autonomy to decision makers in articulating their ideas about
the vagueness and uncertainty of the considered MAGDM issues. Besides, decision makers cannot be
restricted by the condition that the sum of membership and non-membership degrees cannot exceed
one. Thus, PFSs are appropriate to applied to the LCTD selection. From the theoretical perspective,
the designed method can substantially enhance the theoretical framework of PFSs and also promote
their widespread applications in various fields. Altogether, we believe that the novel PF-taxonomy
method can offer a scientific and reliable means for making convincing ranking results.

The reminder of our essay proceeds as follows. Related literature review is conducted in Section 2.
Some necessary knowledge about PFSs is concisely reviewed in Section 3. The conventional taxonomy
method is integrated with PFSs and the calculating procedures are simply depicted in Section 4. An
empirical application of LCTDs selection and some comparative analysis are conducted to show
the superiority of this approach in Section 5. At last, we make an overall conclusion of our work in
Section 6.

2. Literature Review

In numerous decision-making problems, information is regularly depicted through crisp numbers.
But in the process of making decision, there exist some situations with fuzzy and uncertainty [3–6].
Hence, it is difficult for DMs(decision makers) to depict their preferences information through an
exact numerical value [7–9], which may influence the evaluation results. In order to tackle this issue,
Atanassov [10] gave the definition about intuitionistic fuzzy sets (IFSs) which can be utilized to express
the vagueness of an event or object numerically. Burillo and Bustince [11] exposed two construction
theorems of IFSs from one fuzzy set [12] and a theorem which allowed us to build an IFSs from two fuzzy
sets. Hadjitodorov [13] proposed the nearest prototype algorithms along with IFSs. Hung [14] gave
the partial correlation of IFSs with multivariate correlation. Hung and Yang [15] developed the similarity
measures between IFSs. Xu and Yager [16] developed several geometric operators for IFSs. Cavallaro,
et al. [17] evaluated the technologies of concentrated solar power by employing the intuitionistic fuzzy
TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution)(IF-TOPSIS) and entropy
weights. Garg [18] defined the algorithms for solving IF-MADM issues which has been designed
through different entropies and unknown weights. Wu, et al. [19] designed some dombi heronian
mean operators under interval-valued intuitionistic fuzzy sets (IVIFSs). Most recently, the Pythagorean
fuzzy set (PFS) [20] has appeared as the effective mean to deal with multiple attribute decision making
(MADM) issues. The concept of PFS is a generalization of IFS, which is more useful than the IFS. To be
special, PFS can provide more flexibility and power in modeling and expressing the imprecise and
imperfect information. Zhang and Xu [21] devised the Pythagorean fuzzy numbers (PFNs) and then
defined the PF-TOPSIS for MADM issue. Gou, et al. [22] thought the continuous PFNs’ properties.
Peng and Yang [23] designed the superiority and inferiority ranking of PFNs to solve MAGDM. Liang,
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et al. [24] investigated the Bonferroni mean (BM) and weighted BM (WBM) operator with PFNs. Liang,
et al. [25] studied the operators of PFGBM, weighted PFGBM (WPFGBM) in the MCGDM issue. Ren,
et al. [26] devised the PF-TODIM (an acronym in Portuguese of interactive and multi-criteria decision
making) algorithms which considered DMs’ psychological behaviors. Li and Lu [27] defined some new
similarity and distance measures for PFSs. Zeb et al. [28] proposed credible extended PFSs (C-EPFSs)
and possible extended PFSs (P-EPFSs). Zeng, et al. [29] gave the MAGDM framework under PFSs
with self-confidence of DMs. Gul et al. [30] supplied the PF-VIKOR (VIseKriterijumska Optimizacija
I KOmpromisno Resenje) approach for potential hazards of risk management. Garg [31] developed
some novel logarithm operational laws for the PFSs. Liang, et al. [32] considered the compromised
solution’s perspective, which can consider the DM’s psychological behavior along with the TODIM
and VIKOR methods. Thao and Smarandache [33] defined the PFSs’ fuzzy entropy. Yu et al. [34]
gave the distance operator of IOWA (induced ordered weighted average) in PF-MAGDM. Chen [35]
designed the PF-PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluation)
algorithms for MCDA (Multi-criteria decision analysis). Chen [36] defined the consensus sorting
method that employed the mixed choice for MCDA under PFSs. Chen [37] defined the PF-VIKOR
methods for MADM issues. Chen [38] proposed the correlation-based compromise model for MCDA
issues under PFSs. Teng et al. [39] defined the power MSM (Maclaurin Symmetric Mean)operators
for Pythagorean fuzzy linguistic setting. Geng et al. [40] defined the Pythagorean fuzzy uncertain
linguistic set and developed the TODIM method for MCGDM issues.

3. Preliminaries

The primary theories of PFSs [20] are simply reviewed in such section.

Definition 1. [20] Let X be a fix set. A PFS is an object having the following form

PFS =
{〈

x, (pµ(x), pν(x))
〉
|x ∈ X

}
(1)

where the mathematical function pµ : X→ [0, 1] depicts the membership degree and the mathematical function
pν : X→ [0, 1] depicts the non-membership degree of x ∈ X to PFS, and, for each x ∈ X, it meets that:

(pµ(x))2 + (pν(x))2
≤ 1 (2)

Definition 2. [41] Let pa = (pµ, pν) be the PFN, a PFN’s score value SV can be designed in the following:

SV(pa) =
1
2

(
1 + pµ2

− pν2
)
, SV(pa) ∈ [0, 1]. (3)

Definition 3. [21] Let pa = (pµ, pν) be the PFN, a PFN’s accuracy value HV can be designed in the following:

HV(pa) = pµ2 + pν2, HV(pa) ∈ [0, 1] (4)

to assess the accuracy degree in the PFN pa = (pµ, pν), where HV(pa) ∈ [0, 1]. The higher the value of
HV(pa) ∈ [0, 1] is, the more the accuracy degree of pa = (pµ, pν).

In the following, Zhang and Xu [21] designed a relationship of ranking between two PFNs.

Definition 4. [21] Let pa1 = (pµ1, pν1) and pa2 = (pµ2, pν2) be two PFNs, SV(pa1) =
1
2

(
1 + pµ1

2
− pν1

2
)

and SV(pa2) = 1
2

(
1 + pµ2

2
− pν2

2
)

be the scores of pa1 and pa2, and let HV(pa1) = pµ1
2 + pν1

2 and
HV(pa2) = pµ2

2 + pν2
2 be the accuracy degrees of pa1 = (pµ1, pν1) and pa2 = (pµ2, pν2).

If SV(pa1) < SV(pa2), then pa1 < pa2;
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and if SV(pa1) = SV(pa2), then

a. if HV(pa1) = HV(pa2), then pa1 = pa2;
b. if HV(pa1) < HV(pa2), then, pa1 < pa2.

Example 1. Suppose that pa1 = (0.4, 0.4) and pa2 = (0.6, 0.6) be two PFNs. Then, the ranking order between
pa1 and pa2 should be pa1 < pa2 due to the fact that from Definition 4 we can see that if SV(pa1) = SV(pa2)

but HV(pa1) < HV(pa2), then pa1 < pa2.

Definition 5. [21] Let pa1 = (pµ1, pν1), pa2 = (pµ2, pν2), and pa = (pµ, pν) be three PFNs, and their main
operations are designed in the following:

1O pa1 ⊕ pa2 =

(√
(pµ1)

2 + (pµ2)
2
− (pµ1)

2(pµ2)
2, pν1pν2

)
;

2O pa1 ⊗ pa2 =

(
pµ1pµ2,

√
(pν1)

2 + (pν2)
2
− (pν1)

2(pν2)
2
)
;

3O λpa =

(√
1− (1− pµ2)λ, pνλ

)
,λ > 0;

4O (pa)λ =

(
pµλ,

√
1− (1− pν2)λ

)
,λ > 0;

5O pac = (pν, pµ).

Definition 6. [21] Let pa1 = (pµ1, pν1) and pa2 = (pµ2, pν2) be two PFNs, then the normalized Hamming
distance of pa1 = (pµ1, pν1) and pa2 = (pµ2, pν2) is designed:

d(pa1, pa2) =
1
2

(∣∣∣∣(pµ1)
2
− (pµ2)

2
∣∣∣∣+ ∣∣∣∣(pν1)

2
− (pν2)

2
∣∣∣∣) (5)

4. Taxonomy Method for Pythagorean Fuzzy MAGDM Issues with Entropy Weight

In this chapter, the Pythagorean fuzzy taxonomy (PF-taxonomy) method is presented for MAGDM
issues with unknown weight. The subsequently notations are utilized to depict the PF-MAGDM
issues. Let F = {F1, F2, . . . , Fm} be a collection possible alternatives, and the chosen attributes set

T = {T1, T2, . . . , Tn} with weight vector w = (w1, w2, . . . , wn), where w j ∈ [0, 1],
n∑

j=1
w j = 1 and

a collection of experts E =
{
E1, E2, . . . , Eq

}
with weight vector φ =

(
φ1,φ2, . . . ,φq

)
, where φk ∈ [0, 1],

q∑
k=1

φk = 1. Assume that there are m attributes for F = {F1, F2, . . . , Fm} and their values are assessed

by q qualified experts and represented as PFN matrix PR(k) =
(
pr(k)i j

)
m×n

, pr(k)i j =
(
pµ(k)i j , pν(k)i j

)
m×n

,

i = 1, 2, . . . , m, j = 1, 2, . . . , n, k = 1, 2, . . . , q.
After that, the PF-taxonomy method is employed to address PF-MAGDM issues with entropy

weight. The detailed computing procedures are shown in the following flowchart (See Figure 1):
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Figure 1. The structure of the presented method.

(I) Phase 1: Obtain the assessment information

Step 1. The cost attribute is shifted into the beneficial attribute. If the cost value is
(
pµ(k)i j , pν(k)i j

)
,

then the corresponding beneficial value is
(
pν(k)i j , pµ(k)i j

)
.

Step 2. Calculate the Pythagorean fuzzy overall matrix PR(k) =
(
pr(k)i j

)
m×n

, pr(k)i j =(
pµ(k)i j , pν(k)i j

)
m×n

i = 1, 2, . . . , m, j = 1, 2, . . . , n, k = 1, 2, . . . , q by taking advantage

of PFWA (Pythagorean fuzzy weighted average) operator and PFAi =

(PFAi1, PFAi2, . . . , PFAin), PFAi j =
(
pµi j, pνi j

)
.

pri j =
(
pµi j, pνi j

)
= PFWAφ

(
pr(1)i j , pr(2)i j , . . . , pr(q)i j

)
=

q
⊕

k=1

(
φkpr(k)i j

)
=


√

1−
q∏

k=1

(
1−

(
pµ(k)i j

)2
)φk

,
q∏

k=1

(
pν(k)i j

)φk

 (6)

(II) Phase 2: Determine the comprehensive criteria weight values

Step 3. Utilize the entropy to calculate the weight.
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The attributes’ weight is of vital significant to MAGDM issues. Numerous researchers have paid
attention to MAGDM issues with incomplete weight information. Entropy [42] is viewed as a classical
term in the information theory which is also employed to derive attributes’ weight. The greater
the degree of dispersion, the greater the degree of differentiation and more information can be derived.
Compared with various subjective weighting methods, the superiority of the entropy method is
to avoid human factors’ interference on the weight of indicators, thus enhancing the objectivity of
the comprehensive evaluation results. Firstly, the normalized Pythagorean fuzzy matrix NPFi j(p) is
determined:

NPF
(
SV

(
pri j

))
=

SV
(
pri j

)
m∑

i=1
SV

(
pri j

) , j = 1, 2, . . . , n, (7)

Then, the corresponding information of Shannon entropy E = (E1, E2, . . . , En) is derived by using
Equation (8):

E j = −
1

ln m

m∑
i=1

NPF
(
SV

(
pri j

))
ln NPF

(
SV

(
pri j

))
(8)

and NPF
(
SV

(
pri j

))
ln NPF

(
SV

(
pri j

))
is designed as 0, if NPF

(
SV

(
pri j

))
= 0.

In the end, the attribute weights w = (w1, w2, . . . , wn) is derived:

w j =
1− E j

n∑
j=1

(
1− E j

) , j = 1, 2, . . . , n. (9)

(III) Phase 3: Acquire the ranking results with the taxonomy method

Step 4. Calculate the Pythagorean fuzzy composite distance matrix (PFCDM):

Above all, each alternative’s distance from the other alternatives compared to every attribute is
derived by utilizing Equation (10):

PFCDMik = w j

n∑
j=1

(
d
((

pµi j, pνi j
)
,
(
pµkj, pνkj

)))
(10)

Then, the PFCDM between alternatives is depicted as Equation (11).

PFCDM =


PFCDM11 PFCDM12 . . . PFCDM1m
PFCDM21 PFCDM22 . . . PFCDM2m

...
...

...
...

PFCDMm1 PFCDMm2 . . . PFCDMmm

 (11)

Step 5. The alternatives are homogenized.

Firstly, each row’s minimum distance value is derived between alternatives in the PFCDM.
Following this, for each row, the minimum distance values’ the mean and standard deviation are
obtained in the light of Equation (12), respectively.

PFO =
1
m

m∑
i=1

PFOi, SPFO =

√√
1
m

m∑
i=1

(
PFOi − PFO

)2
(12)

where PFOi is the ith row’s minimum distance in PFCDM.
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Subsequently, the homogeneity range of PFCDM can be derived by Equation (13).

PFO = PFO± 2SPFO (13)

If each row’s minimum distance values do not belong to the interval Equation (13),
the corresponding alternatives are inhomogeneous and should be deleted, and then the mean and
standard deviation should be calculated again.

Step 6. Define the Pythagorean fuzzy positive ideal solution (PFPIS):

PFPIS = (PFPIS1, PFPIS2, . . . , PFPISn) (14)

where
PFPIS j =

(
max

i
pµi j, min

i
pνi j

)
=

(
pµ+j , pν+j

)
(15)

Step 7. Calculate the Pythagorean fuzzy development pattern for each alternative:

After the alternatives are homogenized, the attribute development pattern is calculated by
Equations (16) and (17) utilizing the Pythagorean fuzzy overall decision matrix PR =

(
pri j

)
m×n

,pri j =(
pµi j, pνi j

)
m×n

(i = 1, 2, . . . , m, j = 1, 2, . . . , n) obtained in the second step.

PFDP(PFAi, PFPIS) =
n∑

j=1

w j
(
d
(
PFAi j, PFPIS j

))
(16)

d
(
PFAi j, PFPIS j

)
=

1
2

(∣∣∣∣∣∣(pµi j
)2
−

(
pµ+j

)2
∣∣∣∣∣∣+

∣∣∣∣∣∣(pνi j
)2
−

(
pν+j

)2
∣∣∣∣∣∣
)

(17)

where PFDP(PFAi, PFPIS) illustrates the Pythagorean fuzzy development pattern for ith alternative.

Step 8. Calculate the Pythagorean fuzzy high limit of development (PFHLD0) and the Pythagorean
fuzzy development pattern values (PFDPVi(i = 1, 2, . . . , m)) as follows:

At this step, the PFHLD0 is firstly calculated according to Equations (18)–(20):

PFHLD0 = PFDP(PFAi, PFPIS) + 2SPFDP(PFAi,PFPIS) (18)

PFDP(PFAi, PFPIS) =
1
m

m∑
i=1

PFDP(PFAi, PFPIS) (19)

SPFDP(PFAi,PFPIS) =

√√
1
m

m∑
i=1

(
PFDP(PFAi, PFPIS) − PFDP(PFAi, PFPIS)

)2
(20)

Subsequently, the alternatives are ranked by PFDPVi(i = 1, 2, . . . , m) which can be got from
Equation (21).

PFDPVi =
PFDP(PFAi, PFPIS)

PFHLD0
, i = 1, 2, . . . , m. (21)

Step 9. Depending on the PFDPVi(i = 1, 2, . . . , m), all alternatives’ order can be derived.
The amount of PFDPVi(i = 1, 2, . . . , m) ranges from zero to one, and any value closed to zero means
the alternative with greater development (the highest rank) and any value closed to one indicates
that the alternative lacks development (the lowest rank). Therefore, the alternative with the smallest
PFDPVi(i = 1, 2, . . . , m) value is the optimal.
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5. The Numerical Example and Comparative Analysis

5.1. The Numerical Example

With the speedy development of economic, energy consumption in all walks of life has risen
sharply and carbon emissions have dramatic increased, which has made China become one of the largest
carbon-emitting countries in all over the world. According to the statistics, compared with 2016, global
carbon emissions in 2017 increased by 2%, about 37 billion tons. This growth broke the situation
of maintaining zero growth in the past three years. And, the total carbon emissions in China are
about 10.3 billion tons, accounting for 28% of the global carbon emissions. Thus, the carbon emission
reduction pressure in China is huge. Unlike developed countries that have entered the post-industrial
era, China is in a stage of rapid industrialization. The growing demand for resources is the direct
cause of the increase in carbon emissions. In this context, developing a low-carbon economy is an
effective way to coordinate the economic development and carbon reduction in China [43–46]. Since
people’s demand for tourism and leisure is increasing, tourism has become an important part of
Chinese economy. From the environmental characteristics of tourism, tourism is a relatively high level
of carbon emission industry [47,48]. According to the characteristics of current tourism activities and
the increasing speed of tourism demand, and in accordance with the current mode of development,
although tourism is beneficial to the national economy, it does not contribute to the coordinated
development of economic environment, but also has the opposite effect. Therefore, tourism should
play a greater role in the coordinated development of China’s economy and environment, and
low-carbon development is the inevitable choice of tourism. In the tourism industry, transportation,
accommodation and tourism activities are the main sources of carbon emissions. Therefore, tourists
continue to generate carbon emissions during the travel process. It is estimated that the total carbon
emissions generated by Chinese tourism industry will be nearly 157 million tons in 2017. Among them,
tourism and transportation are the parts with the largest carbon emissions in the tourism industry. Their
carbon emissions are about 140 million, accounting for 92% of the total [49–51]. Therefore, the visited
tourists play an important role in the carbon emission reduction for the tourism industries. In order
to reduce the carbon emission of the tourism industry, it is necessary to have a deep understanding
of the influencing factors and mechanism of tourists’ low-carbon tourism behavior. The low-carbon
tourist destination selection issue is a conventional MAGDM issue [52–58]. Therefore, it is especially
important to make reasonable decisions in the actual promotion and construction of low-carbon
tourism. Low-carbon tourist destination selection, low-carbon tourist destination demonstration area
construction and low-carbon supplier selection generally involve many decision makers evaluating
alternatives, so it has theoretical and practical significance to investigate the application of MAGDM
methods in the low-carbon tourism. Thus, in such part, a numerical example related to LCTD selection
is provided to demonstrate the superiority of the developed method.

There is a panel with five possible low-carbon tourist destination spots Fi(i = 1, 2, 3, 4, 5) to select.
There are four selected attributes for invited experts to assess the five potential LCTD spots: 1OT1 is
attraction and impact of tourist destination spots; 2OT2 is transportation cost of tourist destination
spots; 3OT3 is hotels and accommodation of tourist destination spots; 4OT4 is consumption satisfaction
of tourist destination spots. The transportation cost (T2) is cost attribute, others are beneficial attributes.
The five potential LCTD spots Fi(i = 1, 2, 3, 4, 5) are to be assessed through PFNs by five DMs under
four attributes, as recorded in the Tables 1–5.



Mathematics 2020, 8, 832 9 of 17

Table 1. Pythagorean fuzzy matrix by DM (decision maker)1.

Alternatives T1 T2 T3 T4

F1 (0.40, 0.70) (0.40, 0.50) (0.30, 0.80) (0.50, 0.70)
F2 (0.60, 0.70) (0.40, 0.60) (0.50, 0.80) (0.30, 0.90)
F3 (0.50, 0.70) (0.50, 0.60) (0.40, 0.80) (0.50, 0.80)
F4 (0.40, 0.80) (0.40, 0.80) (0.50, 0.70) (0.60, 0.80)
F5 (0.60, 0.80) (0.50, 0.70) (0.60, 0.80) (0.50, 0.70)

Table 2. Pythagorean fuzzy matrix by DM2.

Alternatives T1 T2 T3 T4

F1 (0.50, 0.80) (0.60, 0.30) (0.30, 0.60) (0.50, 0.70)
F2 (0.70, 0.50) (0.70, 0.20) (0.70, 0.20) (0.40, 0.50)
F3 (0.60, 0.40) (0.50, 0.70) (0.50, 0.30) (0.60, 0.30)
F4 (0.80, 0.10) (0.60, 0.30) (0.30, 0.40) (0.50, 0.60)
F5 (0.60, 0.40) (0.40, 0.80) (0.70, 0.60) (0.50, 0.80)

Table 3. Pythagorean fuzzy matrix by DM3.

Alternatives T1 T2 T3 T4

F1 (0.30, 0.60) (0.20, 0.80) (0.10, 0.60) (0.30, 0.50)
F2 (0.50, 0.60) (0.20, 0.80) (0.40, 0.70) (0.30, 0.90)
F3 (0.30, 0.50) (0.30, 0.40) (0.20, 0.80) (0.50, 0.70)
F4 (0.20, 0.60) (0.20, 0.70) (0.30, 0.50) (0.40, 0.60)
F5 (0.50, 0.60) (0.40, 0.70) (0.40, 0.70) (0.30, 0.50)

Table 4. Pythagorean fuzzy matrix by DM4.

Alternatives T1 T2 T3 T4

F1 (0.40, 0.60) (0.30, 0.50) (0.20, 0.30) (0.40, 0.20)
F2 (0.60, 0.30) (0.30, 0.50) (0.50, 0.40) (0.40, 0.60)
F3 (0.40, 0.20) (0.40, 0.80) (0.30, 0.50) (0.60, 0.40)
F4 (0.20, 0.30) (0.30, 0.70) (0.40, 0.70) (0.50, 0.30)
F5 (0.60, 0.30) (0.50, 0.60) (0.50, 0.40) (0.40, 0.20)

Table 5. Pythagorean fuzzy matrix by DM5.

Alternatives T1 T2 T3 T4

F1 (0.80, 0.50) (0.50, 0.70) (0.70, 0.60) (0.60, 0.80)
F2 (0.60, 0.40) (0.60, 0.50) (0.50, 0.70) (0.80, 0.60)
F3 (0.40, 0.50) (0.50, 0.70) (0.60, 0.70) (0.70, 0.50)
F4 (0.80, 0.50) (0.30, 0.80) (0.70, 0.60) (0.60, 0.40)
F5 (0.20, 0.20) (0.20, 0.20) (0.20, 0.20) (0.20, 0.20)

Besides, the PF-taxonomy method is utilized to select the optimal low-carbon tourist
destination spots.

Step 1. Cost attribute T2 is shifted into beneficial attribute (See Tables 6–10).
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Table 6. Pythagorean fuzzy matrix by DM1.

Alternatives T1 T2 T3 T4

F1 (0.40, 0.70) (0.50, 0.40) (0.30, 0.80) (0.50, 0.70)
F2 (0.60, 0.70) (0.60, 0.40) (0.50, 0.80) (0.30, 0.90)
F3 (0.50, 0.70) (0.60, 0.50) (0.40, 0.80) (0.50, 0.80)
F4 (0.40, 0.80) (0.80, 0.40) (0.50, 0.70) (0.60, 0.80)
F5 (0.60, 0.80) (0.70, 0.50) (0.60, 0.80) (0.50, 0.70)

Table 7. Pythagorean fuzzy matrix by DM2.

Alternatives T1 T2 T3 T4

F1 (0.50, 0.80) (0.30, 0.60) (0.30, 0.60) (0.50, 0.70)
F2 (0.70, 0.50) (0.20, 0.70) (0.70, 0.20) (0.40, 0.50)
F3 (0.60, 0.40) (0.70, 0.50) (0.50, 0.30) (0.60, 0.30)
F4 (0.80, 0.10) (0.30, 0.60) (0.30, 0.40) (0.50, 0.60)
F5 (0.60, 0.40) (0.80, 0.40) (0.70, 0.60) (0.50, 0.80)

Table 8. Pythagorean fuzzy matrix by DM3.

Alternatives T1 T2 T3 T4

F1 (0.30, 0.60) (0.80, 0.20) (0.10, 0.60) (0.30, 0.50)
F2 (0.50, 0.60) (0.80, 0.20) (0.40, 0.70) (0.30, 0.90)
F3 (0.30, 0.50) (0.40, 0.30) (0.20, 0.80) (0.50, 0.70)
F4 (0.20, 0.60) (0.70, 0.20) (0.30,0.50) (0.40, 0.60)
F5 (0.50, 0.60) (0.70, 0.40) (0.40, 0.70) (0.30, 0.50)

Table 9. Pythagorean fuzzy matrix by DM4.

Alternatives T1 T2 T3 T4

F1 (0.40, 0.60) (0.50, 0.30) (0.20, 0.30) (0.40, 0.20)
F2 (0.60, 0.30) (0.50, 0.30) (0.50, 0.40) (0.40, 0.60)
F3 (0.40, 0.20) (0.80, 0.40) (0.30, 0.50) (0.60, 0.40)
F4 (0.20, 0.30) (0.70, 0.30) (0.40, 0.70) (0.50, 0.30)
F5 (0.60, 0.30) (0.60, 0.50) (0.50, 0.40) (0.40, 0.20)

Table 10. Pythagorean fuzzy matrix by DM5.

Alternatives T1 T2 T3 T4

F1 (0.80, 0.50) (0.70, 0.50) (0.70, 0.60) (0.60, 0.80)
F2 (0.60, 0.40) (0.50, 0.60) (0.50, 0.70) (0.80, 0.60)
F3 (0.40, 0.50) (0.70, 0.50) (0.60, 0.70) (0.70, 0.50)
F4 (0.80, 0.50) (0.80, 0.30) (0.70, 0.60) (0.60, 0.40)
F5 (0.20, 0.20) (0.20, 0.20) (0.20, 0.20) (0.20, 0.20)

Step 2. Calculate the Pythagorean fuzzy overall decision matrix (Table 11) by Equation (6).
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Table 11. Pythagorean fuzzy overall assessing matrix.

Alternatives T1 T2

F1 (0.5437, 0.6320) (0.6139, 0.3728)
F2 (0.6072, 0.4789) (0.5838, 0.3987)
F3 (0.4580, 0.4258) (0.6708, 0.4317)
F4 (0.6071, 0.3728) (0.7084, 0.3366)
F5 (0.5325, 0.4095) (0.6596, 0.3807)

Alternatives T3 T4

F1 (0.4085, 0.5533) (0.4769, 0.5232)
F2 (0.5383, 0.5004) (0.5176, 0.6804)
F3 (0.4340, 0.5827) (0.5902, 0.5073)
F4 (0.4823, 0.5674) (0.5291, 0.5102)
F5 (0.5264, 0.4852) (0.4027, 0.4027)

Step 3. Derive the attributes’ weight through Equations (7)–(9): w1 = 0.2522, w2 = 0.2674, w3 =

0.2386, w4 = 0.2418.
Step 4. Calculate the Pythagorean fuzzy composite distance matrix (Table 12) by

Equations (10) and (11):

Table 12. Pythagorean fuzzy composite distance matrix.

F1 F2 F3 F4 F5

F1 - 0.0872 0.0776 0.0799 0.0818

F2 0.0872 - 0.1017 0.0804 0.0850

F3 0.0776 0.1017 - 0.0581 0.0751

F4 0.0799 0.0804 0.0581 - 0.0688

F5 0.0818 0.0850 0.0751 0.0688 -

Step 5. Homogenize the alternatives.

Above all, depending on the calculating results of the PFCDM (Table 12), each row’s Pythagorean
fuzzy shortest distance is derived as follows:

PFO1 = 0.0776, PFO2 = 0.0804, PFO3 = 0.0581
PFO4 = 0.0581, PFO5 = 0.0688

In addition, in the composite distance matrix, the values of homogeneity range can be determined
by deriving the mean and standard deviation of the Pythagorean fuzzy shortest distance values of
each row, which are using the Equations (12) and (13):

PFO = 0.0686, SPFO= 0.0094

PFO = PFO± 2SPFO = 0.0686± 2 ∗ 0.0094 = 0.0686± 0.0188

Therefore, in PFCDM, all the Pythagorean fuzzy shortest distance values of each row are within
this range, and the corresponding alternatives are homogeneous.

Step 6. Obtain the Pythagorean fuzzy positive ideal solution (PFPIS) by Equations (14) and (15)
(Table 13):
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Table 13. Pythagorean fuzzy positive ideal solution (PFPIS).

T1 T2

PFPIS (0.6072, 0.3728) (0.7084, 0.3366)

T3 T4

PFPIS (0.5383, 0.4852) (0.5902, 0.4072)

Step 7. Calculate the Pythagorean fuzzy development pattern for each alternative by Equations (16)
and (17):

PFDP(PFA1, PFPIS) = 0.1130, PFDP(PFA2, PFPIS) = 0.0865
PFDP(PFA3, PFPIS) = 0.0777, PFDP(PFA4, PFPIS) = 0.0368
PFDP(PFA5, PFPIS) = 0.0515

Step 8. Calculate the Pythagorean fuzzy high limit of development PFHLD0 and the Pythagorean
fuzzy development pattern values PFDPVi(i = 1, 2, 3, 4, 5) as follows.

Firstly, the Pythagorean fuzzy high limit of development PFHLD0 can be calculated by Equations
(18)–(20):

PFHLD0 = 0.1265

In addition, the Pythagorean fuzzy development pattern values PFDPVi(i = 1, 2, 3, 4, 5) can be
obtained by Equation (21):

PFDPV1 = 0.8927, PFDPV2 = 0.6834, PFDPV3 = 0.6140,

PFDPV4 = 0.2911, PFDPV5 = 0.4073

Step 9. According to the PFDPVi(i = 1, 2, 3, 4, 5), all the low-carbon tourist destination spots can be
ranked. Evidently, the rank is F4 > F5 > F3 > F2 > F1 and the optimal low-carbon tourist
destination spot is F4.

5.2. Comparative Analysis

In this chapter, our developed approach is compared with the operators of PFWA and PFWG
(Pythagorean fuzzy weighted geometric) [59], the operators of SPFWA and SPFWG (symmetric
Pythagorean fuzzy weighted averaging) [59], PFWMSM (Pythagorean fuzzy weighted Maclaurin
symmetric mean) operator [60], PFIWA (pythagorean fuzzy interaction weighted averaging) operator,
PFIWG (pythagorean fuzzy interaction weighted geometric) operator [61]. The alternatives’ ranking
through these existing methods are listed in Table 14.

Table 14. Alternatives’ ranking by some existing methods.

Methods Order

PFWA operator F4 > F5 > F3 > F2 > F1
PFWG operator F4 > F5 > F3 > F2 > F1
SPFWA operator F4 > F5 > F3 > F2 > F1
SPFWG operator F4 > F5 > F3 > F2 > F1

PFWMSM operator F4 > F5 > F2 > F3 > F1
PFIWA operator F4 > F5 > F3 > F2 > F1
PFIWG operator F4 > F5 > F3 > F2 > F1

PF-taxonomy method F4 > F5 > F3 > F2 > F1
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Comparing the results of the PF-taxonomy method with PFWA, PFWG, SPFWA operator, SPFWG,
PFWMSM operator, PFIWA operator and PFIWG operator, for the fused values, there are slightly
different in alternatives’ order and the best alternative and the worst alternative are same.

The above mentioned operators have their own advantages. Specifically, SPFWA and SPFWG
operators introduce the neutrality operations and scalar neutrality operations on PFNs, which takes
the attitude of the decision makers into consideration. PFWMSM operator captures the interrelationship
among the multi input arguments and has a desirable property that monotonically decreasing with
respect to the parameter k, which provides the decision makers to choose the appropriate value in
accordance with their risk preferences. PFIWA and PFIWG operators can more accurately model
the interaction relationships between attributes by introducing the interaction structure. But all
the mentioned operators have lower differentiation degrees for all alternatives’ final results, which
are difficult for DMs to choose the optimal alternative in convincing way. Although the calculating
procedures of PF-taxonomy method are more complex than above operators, it cannot be viewed as its
weak point. In opposite, the designed method in this essay has a high degree of differentiation. Since it
grades, classifies, and compares various activities with respect to their advantages and utility degree
from studied attributes. Thus, its ranking result is more precise.

6. Conclusions

In the trend of global warming, the international community has achieved relevant cooperation
frameworks to cope with climate change. China is actively undertaking emission reduction
commitments, paying high attention to a low-carbon economy. As a green travel mode along
with low energy consumption and low emission pollution, the development mode of low-carbon
tourism is the positive response of national carbon reduction strategy, also the essential requirement
of heavy reliance on ecological environment. Thus, it is urgent to for government to adopt an
effective LCTD selection system. This essay offers an effective solution for this issue, since it integrates
taxonomy method with Pythagorean fuzzy information to establish the evaluation system of selecting
the optimal LCTD.

In this paper, the taxonomy method is proposed to the PFSs to tackle some MAGDM which have
unknown weight information. What’s more, the score values is utilized to address the Pythagorean
fuzzy entropy, which can be utilized to derive the attribute weights. In addition, the optimal alternative
is derived through computing the smallest Pythagorean fuzzy development pattern values from
the PFPIS. At last, a LCTD selection case study is offered to verify the effectiveness of the designed
MAGDM model and some comparative analysis is employed to proof the applicability in practical
MAGDM. In summary, a scientific decision framework for LCTD selection is offered in this essay
owing to the subsequently two points: (1) regarding to the inherent uncertainty in the process of
selecting LCTD, Pythagorean fuzzy information is applied to tackle it directly. (2) The objective for
the weight of criteria is considered. In such research, the developed method is regarded as the useful
tool to address uncertain and fuzzy decision-making issues.

However, the main drawback of this essay is that the figure for DMs is small and
the interdependency of criteria is not taken into consideration, which may restrict the developed
method’s applications to some extent. For future research, the amount of DMs and the evaluation criteria
should be increased to properly evaluate its accuracy. Further, some methods like the analytic network
process (ANP) and the DEMATEL (Decision Making Trial and Evaluation Laboratory) method can be
utilized to address the interdependency of criteria. Furthermore, the designed models and methods
in such essay could be integrated with other MAGDM methods like the AHP (Analytic Hierarchy
Process) method to tackle various practical decision-making issues [62–67] and extended to some other
fuzzy environments, such as hesitant fuzzy context and Q-rung orthopair fuzzy context [68–78].

Author Contributions: G.W., Y.T., M.Z., R.L., and J.W. conceived and worked together to achieve this work, G.W.
and Y.T. compiled the computing program by Excel and analyzed the data, G.W. wrote the paper. All authors
have read and agreed to the published version of the manuscript.



Mathematics 2020, 8, 832 14 of 17

Funding: This research received no external funding.

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

References

1. Hellwig, Z. Application of the taxonomic method to typologic distinction of countries. Przeglagd Stat. 1968,
15, 307–327.

2. He, T.T.; Wei, G.W.; Lu, J.P.; Wei, C.; Lin, R. Pythagorean 2-tuple linguistic Taxonomy method for supplier
selection in medical instrument industries. Int. J. Environ. Res. Public Health 2019, 16, 4875. [CrossRef]

3. Atanassov, K.T. More on intuitionistic fuzzy-sets. Fuzzy Sets Syst. 1989, 33, 37–45. [CrossRef]
4. Zhou, W.; Xu, Z.S. Extended intuitionistic fuzzy sets based on the hesitant fuzzy membership and their

application in decision making with risk preference. Int. J. Intell. Syst. 2018, 33, 417–443. [CrossRef]
5. Wu, L.P.; Wang, J.; Gao, H. Models for competiveness evaluation of tourist destination with some

interval-valued intuitionistic fuzzy Hamy mean operators. J. Intell. Fuzzy Syst. 2019, 36, 5693–5709.
[CrossRef]

6. Wu, L.P.; Gao, H.; Wei, C. VIKOR method for financing risk assessment of rural tourism projects under
interval-valued intuitionistic fuzzy environment. J. Intell. Fuzzy Syst. 2019, 37, 2001–2008. [CrossRef]

7. Lu, J.P.; Wei, C. TODIM method for performance appraisal on social-integration-based rural reconstruction
with interval-valued intuitionistic fuzzy information. J. Intell. Fuzzy Syst. 2019, 37, 1731–1740. [CrossRef]

8. Wang, R. Research on the application of the financial investment risk appraisal models with some interval
number muirhead mean operators. J. Intell. Fuzzy Syst. 2019, 37, 1741–1752. [CrossRef]

9. Wei, G.W. 2-tuple intuitionistic fuzzy linguistic aggregation operators in multiple attribute decision making.
Iran. J. Fuzzy Syst. 2019, 16, 159–174.

10. Atanassov, K.T. Intuitionistic fuzzy sets. Fuzzy Sets Syst. 1986, 20, 87–96. [CrossRef]
11. Burillo, P.; Bustince, H. Construction theorems for intuitionistic fuzzy sets. Fuzzy Sets Syst. 1996, 84, 271–281.

[CrossRef]
12. Zadeh, L.A. Fuzzy Sets. Inf. Control 1965, 8, 338–356. [CrossRef]
13. Hadjitodorov, S.T. An intuitionistic fuzzy version of the nearest prototype classification method, based on

a moving-of-pattern procedure. Int. J. Gen. Syst. 2001, 30, 155–165. [CrossRef]
14. Hung, W.L. Partial correlation coefficients of intuitionistic fuzzy sets. Int. J. Uncertain. Fuzziness Knowl. Syst.

2002, 10, 105–112. [CrossRef]
15. Hung, W.L.; Yang, M.S. Similarity measures of intuitionistic fuzzy sets based on Hausdorff distance. Pattern

Recognit. Lett. 2004, 25, 1603–1611. [CrossRef]
16. Xu, Z.S.; Yager, R.R. Some geometric aggregation operators based on intuitionistic fuzzy sets. Int. J. Gen.

Syst. 2006, 35, 417–433. [CrossRef]
17. Cavallaro, F.; Zavadskas, E.K.; Streimikiene, D.; Mardani, A. Assessment of concentrated solar power (CSP)

technologies based on a modified intuitionistic fuzzy topsis and trigonometric entropy weights. Technol.
Forecast. Soc. Chang. 2019, 140, 258–270. [CrossRef]

18. Garg, H. Generalized intuitionistic fuzzy entropy-based approach for solving multi-attribute decision-making
problems with unknown attribute weights. Proc. Natl. Acad. Sci. India Sect. A Phys. Sci. 2019, 89, 129–139.
[CrossRef]

19. Wu, L.P.; Wei, G.W.; Wu, J.; Wei, C. Some interval-valued intuitionistic fuzzy dombi heronian mean operators
and their application for evaluating the ecological value of forest ecological tourism demonstration areas.
Int. J. Environ. Res. Public Health 2020, 17, 829. [CrossRef]

20. Yager, R.R. Pythagorean membership grades in multicriteria decision making. IEEE Trans. Fuzzy Syst. 2014,
22, 958–965. [CrossRef]

21. Zhang, X.L.; Xu, Z.S. Extension of TOPSIS to multiple criteria decision making with pythagorean fuzzy sets.
Int. J. Intell. Syst. 2014, 29, 1061–1078. [CrossRef]

22. Gou, X.J.; Xu, Z.S.; Ren, P.J. The properties of continuous pythagorean fuzzy information. Int. J. Intell. Syst.
2016, 31, 401–424. [CrossRef]

23. Peng, X.D.; Yang, Y. Some results for pythagorean fuzzy sets. Int. J. Intell. Syst. 2015, 30, 1133–1160.
[CrossRef]

http://dx.doi.org/10.3390/ijerph16234875
http://dx.doi.org/10.1016/0165-0114(89)90215-7
http://dx.doi.org/10.1002/int.21938
http://dx.doi.org/10.3233/JIFS-181545
http://dx.doi.org/10.3233/JIFS-179262
http://dx.doi.org/10.3233/JIFS-179236
http://dx.doi.org/10.3233/JIFS-179237
http://dx.doi.org/10.1016/S0165-0114(86)80034-3
http://dx.doi.org/10.1016/0165-0114(95)00313-4
http://dx.doi.org/10.1016/S0019-9958(65)90241-X
http://dx.doi.org/10.1080/03081070108960703
http://dx.doi.org/10.1142/S0218488502001351
http://dx.doi.org/10.1016/j.patrec.2004.06.006
http://dx.doi.org/10.1080/03081070600574353
http://dx.doi.org/10.1016/j.techfore.2018.12.009
http://dx.doi.org/10.1007/s40010-017-0395-0
http://dx.doi.org/10.3390/ijerph17030829
http://dx.doi.org/10.1109/TFUZZ.2013.2278989
http://dx.doi.org/10.1002/int.21676
http://dx.doi.org/10.1002/int.21788
http://dx.doi.org/10.1002/int.21738


Mathematics 2020, 8, 832 15 of 17

24. Liang, D.C.; Zhang, Y.R.J.; Xu, Z.S.; Darko, A.P. Pythagorean fuzzy Bonferroni mean aggregation operator
and its accelerative calculating algorithm with the multithreading. Int. J. Intell. Syst. 2018, 33, 615–633.
[CrossRef]

25. Liang, D.C.; Xu, Z.S.; Darko, A.P. Projection model for fusing the information of pythagorean fuzzy
multicriteria group decision making based on geometric bonferroni mean. Int. J. Intell. Syst. 2017, 32,
966–987. [CrossRef]

26. Ren, P.J.; Xu, Z.S.; Gou, X.J. Pythagorean fuzzy TODIM approach to multi-criteria decision making. Appl.
Soft Comput. 2016, 42, 246–259. [CrossRef]

27. Li, Z.X.; Lu, M. Some novel similarity and distance and measures of Pythagorean fuzzy sets and their
applications. J. Intell. Fuzzy Syst. 2019, 37, 1781–1799. [CrossRef]

28. Zeb, A.; Khan, M.S.A.; Ibrar, M. Approaches to multi-attribute decision making with risk preference under
extended Pythagorean fuzzy environment. J. Intell. Fuzzy Syst. 2019, 36, 325–335. [CrossRef]

29. Zeng, S.Z.; Peng, X.M.; Balezentis, T.; Streimikiene, D. Prioritization of low-carbon suppliers based on
Pythagorean fuzzy group decision making with self-confidence level. Econ. Res.-Ekon. Istraz. 2019, 32,
1073–1087. [CrossRef]

30. Gul, M.; Ak, M.F.; Guneri, A.F. Pythagorean fuzzy VIKOR-based approach for safety risk assessment in mine
industry. J. Saf. Res. 2019, 69, 135–153. [CrossRef]

31. Garg, H. New logarithmic operational laws and their aggregation operators for Pythagorean fuzzy set and
their applications. Int. J. Intell. Syst. 2019, 34, 82–106. [CrossRef]

32. Liang, D.C.; Zhang, Y.R.J.; Xu, Z.S.; Jamaldeen, A. Pythagorean fuzzy VIKOR approaches based on TODIM
for evaluating internet banking website quality of Ghanaian banking industry. Appl. Soft Comput. 2019, 78,
583–594. [CrossRef]

33. Thao, N.X.; Smarandache, F. A new fuzzy entropy on Pythagorean fuzzy sets. J. Intell. Fuzzy Syst. 2019, 37,
1065–1074. [CrossRef]

34. Yu, L.P.; Zeng, S.Z.; Merigo, J.M.; Zhang, C.H. A new distance measure based on the weighted induced
method and its application to Pythagorean fuzzy multiple attribute group decision making. Int. J. Intell.
Syst. 2019, 34, 1440–1454. [CrossRef]

35. Chen, T.Y. A novel PROMETHEE-based outranking approach for multiple criteria decision analysis with
pythagorean fuzzy information. IEEE Access 2018, 6, 54495–54506. [CrossRef]

36. Chen, T.Y. A mixed-choice-strategy-based consensus ranking method for multiple criteria decision analysis
involving pythagorean fuzzy information. IEEE Access 2018, 6, 79174–79199. [CrossRef]

37. Chen, T.Y. Remoteness index-based Pythagorean fuzzy VIKOR methods with a generalized distance measure
for multiple criteria decision analysis. Inf. Fusion 2018, 41, 129–150. [CrossRef]

38. Chen, T.Y. An effective correlation-based compromise approach for multiple criteria decision analysis with
Pythagorean fuzzy information. J. Intell. Fuzzy Syst. 2018, 35, 3529–3541. [CrossRef]

39. Teng, F.; Liu, Z.M.; Liu, P.D. Some power Maclaurin symmetric mean aggregation operators based on
Pythagorean fuzzy linguistic numbers and their application to group decision making. Int. J. Intell. Syst.
2018, 33, 1949–1985. [CrossRef]

40. Geng, Y.S.; Liu, P.D.; Teng, F.; Liu, Z.M. Pythagorean fuzzy uncertain linguistic TODIM method and their
application to multiple criteria group decision making. J. Intell. Fuzzy Syst. 2017, 33, 3383–3395. [CrossRef]

41. Wei, G.W.; Lu, M. Pythagorean fuzzy power aggregation operators in multiple attribute decision making.
Int. J. Intell. Syst. 2018, 33, 169–186. [CrossRef]

42. Shannon, C.E. A mathematical theory of communication. Bell Syst. Tech. J. 1948, 27, 379–423. [CrossRef]
43. Shao, Q.; Li, Y.J.; Ma, L.M.; Wang, J.X. Research on the evaluation of low-carbon tourism resources of Daqing

wetlands. In Sustainable Development of Industry and Economy, Pts 1 and 2; Advanced Materials Research;
Xu, Q., Li, H., Li, Q., Eds.; Trans Tech Publications: Stafa-Zurich, Switzerland, 2014; Volume 869–870,
pp. 924–928.

44. Hu, J.Q.; Lou, C.Y.; Wang, J.J. Exploration of low-carbon rural tourism in Zhejiang: A case study of lu Ci
Cun, Tonglu County. In Proceedings of the 2015 International Forum on Energy, Environment Science and
Materials, Shenzhen, China, 25–26 September 2015; Volume 40, pp. 1258–1261.

45. Zhang, J.K. Evaluating regional low-carbon tourism strategies using the fuzzy Delphi-analytic network
process approach. J. Clean. Prod. 2017, 141, 409–419. [CrossRef]

http://dx.doi.org/10.1002/int.21960
http://dx.doi.org/10.1002/int.21879
http://dx.doi.org/10.1016/j.asoc.2015.12.020
http://dx.doi.org/10.3233/JIFS-179241
http://dx.doi.org/10.3233/JIFS-181385
http://dx.doi.org/10.1080/1331677X.2019.1615971
http://dx.doi.org/10.1016/j.jsr.2019.03.005
http://dx.doi.org/10.1002/int.22043
http://dx.doi.org/10.1016/j.asoc.2019.03.006
http://dx.doi.org/10.3233/JIFS-182540
http://dx.doi.org/10.1002/int.22102
http://dx.doi.org/10.1109/ACCESS.2018.2869137
http://dx.doi.org/10.1109/ACCESS.2018.2884895
http://dx.doi.org/10.1016/j.inffus.2017.09.003
http://dx.doi.org/10.3233/JIFS-18021
http://dx.doi.org/10.1002/int.22005
http://dx.doi.org/10.3233/JIFS-162175
http://dx.doi.org/10.1002/int.21946
http://dx.doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://dx.doi.org/10.1016/j.jclepro.2016.09.122


Mathematics 2020, 8, 832 16 of 17

46. Zha, J.P.; He, L.M.; Liu, Y.; Shao, Y.H. Evaluation on development efficiency of low-carbon tourism economy:
A case study of Hubei Province, China. Socio-Econ. Plan. Sci. 2019, 66, 47–57. [CrossRef]

47. Whittlesea, E.R.; Owen, A. Towards a low carbon future—The development and application of REAP
Tourism, a destination footprint and scenario tool. J. Sustain. Tour. 2012, 20, 845–865. [CrossRef]

48. Thongdejsri, M.; Nitivattananon, V. Assessing impacts of implementing low-carbon tourism program for
sustainable tourism in a world heritage city. Tour. Rev. 2019, 74, 216–234. [CrossRef]

49. Yin, P. Low-Carbon Tourism Planning Study: A Theoretical Framework. In Proceedings of International
Conference on Low-carbon Transportation and Logistics, and Green Buildings; LTLGB 2012; Chen, F., Liu, Y.,
Hua, G., Eds.; Springer: Berlin/Heidelberg, Germany, 2013; pp. 1069–1075.

50. Li, B.C. Research on low-carbon tourism of world heritage destinations—A case study of Nanjing Tulou,
China. In Information Science and Management Engineering, Volumes 1–3; Wit Transactions on Information &
Communication Technologies; Ren, P., Du, Z., Eds.; Ashurst: New Forest, UK, 2014; Volume 46, pp. 2807–2812.

51. Su, J. Impact of tourism resource development based on low-carbon mode: A case study of Guizhou ethnic
areas. Ecol. Process. 2019, 8. [CrossRef]

52. Gao, H.; Ran, L.G.; Wei, G.W.; Wei, C.; Wu, J. VIKOR method for MAGDM based on q-rung interval-valued
orthopair fuzzy information and its application to supplier selection of medical consumption products. Int.
J. Environ. Res. Public Health 2020, 17, 525. [CrossRef]

53. He, T.T.; Wei, G.W.; Lu, J.P.; Wei, C.; Lin, R. Pythagorean 2-tuple linguistic VIKOR method for evaluating
human factors in construction project management. Mathematics 2019, 7, 1149. [CrossRef]

54. Lu, J.P.; Wei, C.; Wu, J.; Wei, G.W. TOPSIS method for probabilistic linguistic MAGDM with entropy weight
and its application to supplier selection of new agricultural machinery products. Entropy 2019, 21, 953.
[CrossRef]

55. Deng, X.M.; Gao, H. TODIM method for multiple attribute decision making with 2-tuple linguistic
Pythagorean fuzzy information. J. Intell. Fuzzy Syst. 2019, 37, 1769–1780. [CrossRef]

56. Gao, H.; Lu, M.; Wei, Y. Dual hesitant bipolar fuzzy hamacher aggregation operators and their applications
to multiple attribute decision making. J. Intell. Fuzzy Syst. 2019, 37, 5755–5766. [CrossRef]

57. Li, Z.X.; Wei, G.W.; Wang, R.; Wu, J.; Wei, C.; Wei, Y. EDAS method for multiple attribute group decision
making under q-rung orthopair fuzzy environment. Technol. Econ. Dev. Econ. 2020, 26, 86–102. [CrossRef]

58. Wang, P.; Wang, J.; Wei, G.W. EDAS method for multiple criteria group decision making under 2-tuple
linguistic neutrosophic environment. J. Intell. Fuzzy Syst. 2019, 37, 1597–1608. [CrossRef]

59. Ma, Z.M.; Xu, Z.S. Symmetric pythagorean fuzzy weighted geometric/averaging operators and their
application in multicriteria decision-making problems. Int. J. Intell. Syst. 2016, 31, 1198–1219. [CrossRef]

60. Wei, G.W.; Lu, M. Pythagorean fuzzy maclaurin symmetric mean operators in multiple attribute decision
making. Int. J. Intell. Syst. 2018, 33, 1043–1070. [CrossRef]

61. Gao, H.; Lu, M.; Wei, G.W.; Wei, Y. Some novel pythagorean fuzzy interaction aggregation operators in
multiple attribute decision making. Fundam. Inform. 2018, 159, 385–428. [CrossRef]

62. Zavadskas, E.K.; Antucheviciene, J.; Saparauskas, J.; Turskis, Z. MCDM methods WASPAS and
MULTIMOORA: Verification of robustness of methods when assessing alternative solutions. Econ. Comput.
Econ. Cybern. Stud. Res. 2013, 47, 5–20.

63. Lu, J.P.; Tang, X.Y.; Wei, G.W.; Wei, C.; Wei, Y. Bidirectional project method for dual hesitant Pythagorean
fuzzy multiple attribute decision-making and their application to performance assessment of new rural
construction. Int. J. Intell. Syst. 2019, 34, 1920–1934. [CrossRef]

64. Wei, G.W.; Wei, C.; Wu, J.; Wang, H.J. Supplier selection of medical consumption products with a probabilistic
linguistic MABAC method. Int. J. Environ. Res. Public Health 2019, 16, 5082. [CrossRef]

65. Garg, H.; Rani, D. Some generalized complex intuitionistic fuzzy aggregation operators and their application
to multicriteria decision-making process. Arab. J. Sci. Eng. 2019, 44, 2679–2698. [CrossRef]

66. Garg, H.; Rani, D. Complex interval-valued intuitionistic fuzzy sets and their aggregation operators. Fundam.
Inform. 2019, 164, 61–101. [CrossRef]

67. Wan, S.P.; Li, D.F. Fuzzy mathematical programming approach to heterogeneous multiattribute
decision-making with interval-valued intuitionistic fuzzy truth degrees. Inf. Sci. 2015, 325, 484–503.
[CrossRef]

68. Wei, G.W. The generalized dice similarity measures for multiple attribute decision making with hesitant
fuzzy linguistic information. Econ. Res.-Ekon. Istraž. 2019, 32. [CrossRef]

http://dx.doi.org/10.1016/j.seps.2018.07.003
http://dx.doi.org/10.1080/09669582.2012.680699
http://dx.doi.org/10.1108/TR-04-2017-0082
http://dx.doi.org/10.1186/s13717-019-0176-6
http://dx.doi.org/10.3390/ijerph17020525
http://dx.doi.org/10.3390/math7121149
http://dx.doi.org/10.3390/e21100953
http://dx.doi.org/10.3233/JIFS-179240
http://dx.doi.org/10.3233/JIFS-18266
http://dx.doi.org/10.3846/tede.2019.11333
http://dx.doi.org/10.3233/JIFS-179223
http://dx.doi.org/10.1002/int.21823
http://dx.doi.org/10.1002/int.21911
http://dx.doi.org/10.3233/FI-2018-1669
http://dx.doi.org/10.1002/int.22126
http://dx.doi.org/10.3390/ijerph16245082
http://dx.doi.org/10.1007/s13369-018-3413-x
http://dx.doi.org/10.3233/FI-2019-1755
http://dx.doi.org/10.1016/j.ins.2015.07.014
http://dx.doi.org/10.1080/1331677X.2019.1637765


Mathematics 2020, 8, 832 17 of 17

69. Jahan, A.; Zavadskas, E.K. ELECTRE-IDAT for design decision-making problems with interval data and
target-based criteria. Soft Comput. 2019, 23, 129–143. [CrossRef]

70. Wei, G.W.; Gao, H. Pythagorean 2-tuple linguistic power aggregation operators in multiple attribute decision
making. Economic Research-EkonomskaIstraživanja 2020, 31, 904–933. [CrossRef]

71. Wang, J.; Gao, H.; Lu, M. Approaches to strategic supplier selection under interval neutrosophic environment.
J. Intell. Fuzzy Syst. 2019, 37, 1707–1730. [CrossRef]

72. Wang, P.; Wang, J.; Wei, G.W.; Wu, J.; Wei, C.; Wei, Y. CODAS method for multiple attribute group decision
making under 2-tuple linguistic neutrosophic environment. Informatica 2020, 31, 161–184. [CrossRef]

73. Wei, G.W.; Wu, J.; Wei, C.; Wang, J.; Lu, J.P. Models for MADM with 2-tuple linguistic neutrosophic dombi
bonferroni mean operators. IEEE Access 2019, 7, 108878–108905. [CrossRef]

74. Zhang, S.Q.; Wei, G.W.; Alsaadi, F.E.; Hayat, T.; Wei, C.; Zhang, Z.P. MABAC method for multiple attribute
group decision making under picture 2-tuple linguistic environment. Soft Comput. 2020, 24, 5819–5829.
[CrossRef]

75. Wei, G.W.; Zhang, S.Q.; Lu, J.P.; Wu, J.; Wei, C. An extended bidirectional projection method for picture fuzzy
MAGDM and its application to safety assessment of construction project. IEEE Access 2019, 7, 166138–166147.
[CrossRef]

76. Si, A.; Das, S.; Kar, S. An approach to rank picture fuzzy numbers for decision making problems. Decis. Mak.
Appl. Manag. Eng. 2019, 2, 54–64. [CrossRef]

77. Petrovic, I.; Kankaras, M. A hybridized IT2FS-DEMATEL-AHP-TOPSIS multicriteria decision making
approach: Case study of selection and evaluation of criteria for determination of air traffic control radar
position. Decis. Mak. Appl. Manag. Eng. 2020, 3, 146–164. [CrossRef]

78. Wei, G.W.; Lu, J.P.; Wei, C.; Wu, J. Probabilistic linguistic GRA method for multiple attribute group decision
making. J. Intell. Fuzzy Syst. 2020, 38, 4721–4732. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00500-018-3501-6
http://dx.doi.org/10.1080/1331677X.2019.1670712
http://dx.doi.org/10.3233/JIFS-179235
http://dx.doi.org/10.15388/20-INFOR399
http://dx.doi.org/10.1109/ACCESS.2019.2930324
http://dx.doi.org/10.1007/s00500-019-04364-x
http://dx.doi.org/10.1109/ACCESS.2019.2953316
http://dx.doi.org/10.31181/dmame1902049s
http://dx.doi.org/10.31181/dmame2003134p
http://dx.doi.org/10.3233/JIFS-191416
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Review 
	Preliminaries 
	Taxonomy Method for Pythagorean Fuzzy MAGDM Issues with Entropy Weight 
	The Numerical Example and Comparative Analysis 
	The Numerical Example 
	Comparative Analysis 

	Conclusions 
	References

