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Abstract 
Water-based tourism has consistently been popular. However, the water environment is fragile and easily 
affected by human activities. Thus, the sustainability of water-based tourism is at a serious condition. 
Quantitative evaluation is needed to formulate sustainable development strategies and guarantee the 
sustainable development of water-based tourism. From the goal of the sustainable development of tourism 
and characteristics of water-based tourism, this paper have built an evaluation index system for the 
sustainable development of water-based tourism, this study used to select 18 index factors from 5 aspects, 
namely, economic, social, environmental, management, and development conditions. Index weight 
coefficients are measured through the analytic hierarchy process. And a sustainable development evaluation 
model for water-based tourism is built based on interval-valued intuitionistic fuzzy sets. Empirical analysis 
is performed with an actual case to verify the validity of the proposed method. Case analysis shows that the 
evaluation method for the sustainable development of water-based tourism presented in this study is valid 
and provides a reference for the management of sustainable development and formulation of strategies for 
water-based tourism. 
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INTRODUCTION 
The beautiful water landscape is definitely attractive 

for people with lofty ideals. At present, water-based 
tourism is gradually becoming an important platform 
for entertainment and regional tourism development. 
Water-based tourism resource refers to the natural and 
cultural landscapes of a water area (body of water) and 
the correlative banks, islands, forests and grass, and 
buildings that are attractive to people (Ding et al. 2013). 
The continuous development of the economy and 
society has resulted in an increasing demand of people 
for water-based tourism, thereby leading to the 
increasing number of water-based tourist projects. 
However, the water environment is fragile and easily 
affected by human activities, thereby resulting in the 
unfavorable sustainability of water-based tourism. 
Moreover, people are concerned with the methods of 
maintaining the sustainability of water-based tourism. 
Kapp et al. (1995) discussed the development and 
implementation of water resource management 
strategies in key tourism regions. Li et al. (2012) 
employed the regional economic development angle 
and proposed six basic strategies for the waterfront 

tourism development of Jianghan Canal. Yu (2012) 
analyzed the value, contents, development processes, 
and operating situations of a water conservancy scenic 
area and proposed recommendations on management. 
Liu et al. (2011) analyzed the tourism spatial structure 
of a national water conservancy area in China. Liao 
(2010) discussed environmental issues and control 
countermeasures in the development of water 
conservancy tourism. 

With the accelerated development of water tourism 
development, the problem of sustainable development 
of water-based tourism has gradually been paid 
attention to. Dong et al. (2015) analyzed the 
construction progress and proposed the sustainable 
development of a water conservancy area. Da (2013) 
used the Three Gorges Reservoir Region as an example 
and introduced principles, models, and 
countermeasures for the sustainable development of 
water conservancy tourism through the analysis of the 
development advantages. Feng (2010) expounded the 
relationship among ecological environment 
maintenance, water conservancy function, and tourism 
function of a water conservancy area from a systematic 
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angle and proposed an approach to promote the 
sustainable development of tourism in this area. Ding et 
al. (2013) divided water-based tourism resources by 
main, sub-, and basic classes; established an evaluation 
index system; and conducted an empirical study with 
Nanjing as example. 

The quantitative evaluation of sustainable 
development is the foundation to formulate sustainable 
development strategies and the popular and difficult 
problem of the current study on sustainable 
development. The current study establishes an 
evaluation index system for sustainable development of 
water-based tourism based on document analysis and 
actual investigation. In addition, this research builds a 
water-based tourism sustainable development 
evaluation model based on the interval-valued 
intuitionistic fuzzy sets (IVIFS) to perform a 
quantitative evaluation on the sustainable development 
of water-based tourism and provide a reference for the 
formulation of sustainable development strategies. 

CONSTRUCTION OF AN EVALUATION 
INDEX SYSTEM 

The objectives of the sustainable development of 
tourism are (1) to enhance the capability of economic 
and social development and improve the standard of 
living of local residents; (2) to maintain a favorable 
circulation of the ecological environment and provide 

high-quality tourist environment to tourists; (3) to 
value resource management and guarantee the 
sustainability of tourism resources, (4) and to 
acknowledge the resource development and available 
potential of tourism as basic powers of regional tourism 
development. The current study refers to the results of 
existing research (Ding et al. 2015) and combines the 
objectives of the sustainable development of tourism to 
build an evaluation index system for the sustainable 
development of water-based tourism in the aspects of 
economy, society, environment, management, and 
development conditions. Specific evaluation indexes are 
listed for every aspect to establish a targeted, adaptive, 
and operable evaluation index system for the sustainable 
development of water-based tourism. A total of 18 
indexes are selected based on 5 subsystems (i.e., 
economic, social, environment, management of 
sustainable development, and development conditions 
and potential) to develop the evaluation index system 
for the sustainable development of water-based 
tourism. Table 1 presents the specific indexes. 

RESEARCH METHODS 
The aforementioned index system indicates that the 

evaluation indicators are considerably ambiguous and 
uncertain. To evaluate the sustainability of water-based 
tourism in a scientific and effective manner, this study 
intends to establish a corresponding evaluation model 

Table 1. Evaluation index system for the sustainable development of water-based tourism 
Target layer  Criterion layer  Index factor layer  Remarks  

Evaluation of 
the 
sustainable 
development 
of water-
based  
tourism  

Economically 
sustainable 
development B1 

Tourist income growth rate C1 Shows economic development of tourist destination.  
Tourist growth rate C2 Basic guarantee for water-based tourist destination to realize sustainable development.  
Contribution to the local economy C3 Contribution made by the tourism industry to the local economy.  

Socially 
sustainable 
development B2 

Attitude of residents toward water-
based tourism developmentC4 

Attitudes of nearby residents to water-based tourism development that can be 
determined through actual investigation. 

Local labor force absorbed C5 
Shows the important role of tourism as a labor intensive industry in driving the 
employment of local residents.  

Improved local popularity C6 
Survey whether water-based tourism development can improve the popularity of a 
place.  

Tourist satisfaction C7 
Evaluation of tourists on the place of sightseeing that can be determined through actual 
investigation.  

Environmentally 
sustainable 
development B3 

Water environment quality C8 Quality of the water environment situations of water-based tourist destinations.  
Ecological environment quality C9 Quality of the ecological environment of water-based tourist destination. 

Environment capacity C10 
Refers to the most capable tourists without generating permanent damage to the 
ecological environment. 

Management of 
sustainable 
development B4 

Management organization C11 
Whether the institution of management is complete or management system is ideal; 
Whether responsibility of management personnel is clarified.  

Planning management C12 Whether development planning is scientific and reasonable. 

Environmental management C13 
Catering and accommodation conditions; public restroom setting and health 
conditions; public place sanitary; waste treatment situation  

Service management C14 
Whether service project is matching; whether service level is favorable; whether 
complaint institution handles issues in time  

Safety management C15 
Engineering and equipment safety; recreation facility safety; safety sign setting; public 
security and fire control management; emergency plan  

Development 
condition of 
sustainable 
development B5 

Development value C16 Value of water-based tourism development  
Traffic conditions  C17 Traffic situations near water-based tourist destinations  

Location conditions C18 
Refers to the geological condition of water-based tourist destinations, such as whether 
the area is near world and national scenic spots  

Note: A few indexes in this system depend on the analysis of statistical data, such as the growth rates of tourists and tourist income. The corresponding data for these 
indexes will be collected prior to the evaluation and sent to experts for evaluation. Other indexes, such as tourist satisfaction, need on-site investigation. The 
corresponding basic data of these indexes will be acquired via questionnaire before evaluation. 
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via IVIFS. Intuitionistic fuzzy sets can simultaneously 
consider the membership, non-membership, and 
hesitation of the evaluation index and effectively 
describe the fuzzy concept of “neither this nor that” to 
exquisitely depict the fuzzy nature of the objective 
world (Li 2005, Xu and Yager 2006, Xu and Chen 2008). 
Intuitionistic fuzzy sets have been applied extensively 
(Farhadinia 2014, Huang et al. 2015, Kharal 2009, 
Papakostas et al. 2013). IVIFS is its further expansion 
and the evaluation effect is excellent. Moreover, 
indication evaluation involves the confirmation of the 
index weight. Large amount of practices prove that the 
analytic hierarchy process (AHP) can favorably confirm 
the weight of index. The current study adopts AHP to 
confirm the weight of index. IVIFS and the relevant 
algorithm will be introduced in a simple manner in the 
following section. 

IVIFS 
Suppose 𝑋𝑋 is a non-empty set and 𝐴𝐴 

={⟨𝑥𝑥,𝜇𝜇𝐴𝐴(𝑥𝑥), 𝜐𝜐𝐴𝐴(𝑥𝑥)⟩|𝑥𝑥 ∈ 𝑋𝑋} is a intuitionistic fuzzy set 
(Atanassov 1986), where 𝜇𝜇𝐴𝐴(𝑥𝑥) and 𝜐𝜐𝐴𝐴(𝑥𝑥) are 
membership and non-membership, respectively. x  
belongs to the judgment set in the non-empty set, 
𝜇𝜇𝐴𝐴(𝑥𝑥) ∈ [0,1], 𝜐𝜐𝐴𝐴(𝑥𝑥) ∈ [0,1], and 0 ≤ 𝜇𝜇𝐴𝐴(𝑥𝑥) + 𝜐𝜐𝐴𝐴(𝑥𝑥) ≤
1. 𝜋𝜋𝐴𝐴(𝑥𝑥) = 1 − 𝜇𝜇𝐴𝐴(𝑥𝑥) − 𝜐𝜐𝐴𝐴(𝑥𝑥) is the hesitation degree 
𝜋𝜋𝐴𝐴(𝑥𝑥) ∈ [0,1]. In particular, if 𝜋𝜋𝐴𝐴(𝑥𝑥) = 1 − 𝜇𝜇𝐴𝐴(𝑥𝑥) −
𝜐𝜐𝐴𝐴(𝑥𝑥)= 0 for 𝜋𝜋𝐴𝐴(𝑥𝑥) = 1 − 𝜇𝜇𝐴𝐴(𝑥𝑥) − 𝜐𝜐𝐴𝐴(𝑥𝑥) = 0 (i.e., 
𝜐𝜐𝐴𝐴(𝑥𝑥) = 1 − 𝜇𝜇𝐴𝐴(𝑥𝑥)), then the intuitionistic fuzzy set 
degrades to a common fuzzy set. In reality, the values of 
membership and non-membership are difficult to 
confirm. Thus, Atanassov and Gargov (1989) further 
expanded the intuitionistic fuzzy set and expressed 
membership and non-membership in terms of 
uncertain language (e.g., 𝜇𝜇𝐴𝐴(𝑥𝑥) = [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥)] and 
𝜐𝜐𝐴𝐴(𝑥𝑥) = [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥)]). Thus, intuitionistic fuzzy set 
is involved with IVIFS.  

 𝐴𝐴
~

= ��𝑥𝑥, [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥)], [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥)]�|𝑥𝑥 ∈ 𝑋𝑋� (1) 

where 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥) and 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥) are the lower limit of 
membership and non-membership, respectively, while 
𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥) and 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥) are the upper limit of membership and 
non-membership, respectively. Moreover, 0 ≤
𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥) ≤ 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥) ≤ 1, 0 ≤ 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥) ≤ 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥) ≤ 1, 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥) +
𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥) ≤ 1 and 𝑥𝑥 ∈ 𝑋𝑋. Meanwhile, hesitation 𝜋𝜋𝐴𝐴(𝑥𝑥) =
[𝜋𝜋𝐴𝐴𝐿𝐿(𝑥𝑥),𝜋𝜋𝐴𝐴𝑈𝑈(𝑥𝑥)] = [1 − 𝑢𝑢𝐴𝐴𝑈𝑈(𝑥𝑥) − 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥),1 − 𝑢𝑢𝐴𝐴𝐿𝐿(𝑥𝑥) −
𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥)]. 𝜋𝜋𝐴𝐴𝐿𝐿(𝑥𝑥) and 𝜋𝜋𝐴𝐴𝑈𝑈(𝑥𝑥) are the lower and upper limits 
of hesitation degree, respectively. Specifically, if 
𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥) = 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥) and 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥) = 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥) for ∀𝑥𝑥 ∈ 𝑋𝑋, then 
IVIFS will degrade to a common intuitionistic fuzzy set. 

Weighted Average Operator 
Weighted average operator is the most frequently 

used aggregation algorithm for intuitionistic fuzzy set. 

Suppose 𝐴𝐴 = (𝐴𝐴1
~

,𝐴𝐴2
~

,⋯ ,𝐴𝐴
~
𝑛𝑛) is a series of IVIFS vectors 

𝐴𝐴𝑖𝑖
~

= {⟨𝑥𝑥𝑖𝑖 , [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥𝑖𝑖), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥𝑖𝑖)], [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥𝑖𝑖), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥𝑖𝑖)]⟩|𝑥𝑥𝑖𝑖 ∈ 𝑋𝑋}, 
and 𝑋𝑋 is a nonempty set (𝑖𝑖 = 1,2,⋯ ,𝑛𝑛). The weighted 
aggregation vector can be shown as follows (Das et al. 
2016):  

 

𝐴𝐴0
~

= ��1−��1 − 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥𝑖𝑖)�
𝑤𝑤𝑖𝑖

𝑛𝑛

𝑖𝑖=1

, 1

−��1 − 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥)�
𝑤𝑤𝑖𝑖

𝑛𝑛

𝑖𝑖=1

� , ��𝑣𝑣𝐴𝐴𝐿𝐿(𝑥𝑥)𝑤𝑤𝑖𝑖

𝑛𝑛

𝑖𝑖=1

,�𝑣𝑣𝐴𝐴𝑈𝑈(𝑥𝑥)𝑤𝑤𝑖𝑖

𝑛𝑛

𝑖𝑖=1

�� 

(2) 

Formula (2) shows that 𝑊𝑊 = (𝑤𝑤1,𝑤𝑤2,⋯ ,𝑤𝑤𝑛𝑛) is the 
weight of each vector 𝑤𝑤𝑖𝑖 ∈ [0,1] and ∑ 𝑤𝑤𝑗𝑗𝑛𝑛

𝑖𝑖=1 = 1. 

Distance Measurement Formula 

Suppose that two IVIFS sets 𝐴𝐴1
~

=
{⟨𝑥𝑥1, [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥1), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥1)], [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥1), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥1)]⟩|𝑥𝑥1 ∈ 𝑋𝑋}, 𝐴𝐴2

~
=

{⟨𝑥𝑥2, [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥2), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥2)], [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥2), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥2)]⟩|𝑥𝑥2 ∈ 𝑋𝑋}. 
Thus, the distance between the two sets can be defined 
as follows (Xu and Yager 2009):  

 

𝑑𝑑(𝐴𝐴1
~

,𝐴𝐴2
~

) =
1
4

(|𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥1) − 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥2)| + |𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥1) − 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥2)|
+ |𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥1) − 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥2)|
+ |𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥1) − 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥2)|
+ |𝜋𝜋𝐴𝐴𝐿𝐿(𝑥𝑥1) − 𝜋𝜋𝐴𝐴𝐿𝐿(𝑥𝑥2)|
+ |𝜋𝜋𝐴𝐴𝑈𝑈(𝑥𝑥1) − 𝜋𝜋𝐴𝐴𝑈𝑈(𝑥𝑥2)|) 

(3) 

where 𝜋𝜋𝐴𝐴𝐿𝐿(𝑥𝑥1) = 1 − 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥2) − 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥2) and 
𝜋𝜋𝐴𝐴𝑈𝑈(𝑥𝑥2) = 1 − 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥1) − 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥1). 

Information Concentration 
For expert evaluation, the validities of the evaluation 

information offered are different due to the varied fields 
of expertise. Different weights will be provided when 
aggregating information that combines the 

characteristics of experts. Suppose expert 𝐷𝐷𝑖𝑖  ( i =1, 2, 
…, n) offered the evaluation value 𝑟𝑟𝑖𝑖𝑗𝑗 =

��𝜇𝜇𝑖𝑖𝑗𝑗𝐿𝐿 , 𝜇𝜇𝑖𝑖𝑗𝑗𝑈𝑈 � , �𝜐𝜐𝑖𝑖𝑗𝑗𝐿𝐿 , 𝜐𝜐𝑖𝑖𝑗𝑗𝑈𝑈 �� for index 𝐶𝐶𝑗𝑗. The mean value 

of the defined evaluation value will be 𝑚𝑚𝑖𝑖𝑗𝑗 =
��𝜇𝜇𝑖𝑖𝑗𝑗𝐿𝐿

′, 𝜇𝜇𝑖𝑖𝑗𝑗𝑈𝑈
′�, �𝜐𝜐𝑖𝑖𝑗𝑗𝐿𝐿

′, 𝜐𝜐𝑖𝑖𝑗𝑗𝑈𝑈
′�� (Chen and Yang 2011), in which:  

 

𝜇𝜇𝑖𝑖𝑗𝑗𝐿𝐿
′ =

1
𝑛𝑛
�𝜇𝜇𝑖𝑖𝑗𝑗𝐿𝐿
𝑛𝑛

𝑖𝑖=1

 

𝜇𝜇𝑖𝑖𝑗𝑗𝑈𝑈
′ =

1
𝑛𝑛
�𝜇𝜇𝑖𝑖𝑗𝑗𝑈𝑈
𝑛𝑛

𝑖𝑖=1

 

𝑣𝑣𝑖𝑖𝑗𝑗𝐿𝐿
′ =

1
𝑛𝑛
�𝑣𝑣𝑖𝑖𝑗𝑗𝐿𝐿
𝑛𝑛

𝑖𝑖=1

 

(4) 
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𝑣𝑣𝑖𝑖𝑗𝑗𝑈𝑈
′ =

1
𝑛𝑛
�𝑣𝑣𝑖𝑖𝑗𝑗𝑈𝑈
𝑛𝑛

𝑖𝑖=1

 

The similarity of the evaluation value 𝑟𝑟𝑖𝑖𝑗𝑗  and mean 
value 𝑚𝑚𝑖𝑖𝑗𝑗 can be presented by 𝑠𝑠(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗). Thereafter, 

 𝑠𝑠�𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗� = 1 −
𝑑𝑑(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗)

∑ 𝑑𝑑(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗)𝑛𝑛
𝑖𝑖=1

 (5) 

The weight of the evaluation information 𝑟𝑟𝑖𝑖𝑗𝑗  offered 
by expert 𝐷𝐷𝑖𝑖  about index 𝐶𝐶𝑗𝑗 can be defined as follows:  

 𝑤𝑤𝑖𝑖𝑗𝑗 =
𝑠𝑠(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗)

∑ 𝑠𝑠(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗)𝑛𝑛
𝑖𝑖=1

 (6) 

After the weight is acquired, all the evaluation values 
offered by experts can be aggregated as follows: 

 𝑟𝑟𝑗𝑗 = �𝑤𝑤𝑖𝑖𝑗𝑗𝑟𝑟𝑖𝑖𝑗𝑗

𝑛𝑛

𝑖𝑖=1

 (7) 

Thus, the comprehensive evaluation matrix 𝑅𝑅0 =
(𝑟𝑟𝑗𝑗)18×1 can be acquired by aggregating all the expert 
judgment information. 

Score Function 
Score function is a valid measurement of IVIFS and 

valid reference to confirm the evaluation results. The 

score function of IVIFS 𝐴𝐴
~

=
{⟨𝑥𝑥, [𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥)], [𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥), 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥)]⟩|𝑥𝑥 ∈ 𝑋𝑋} is presented 
as follows (Xu 2007):  

 𝑆𝑆(𝑥𝑥) =
𝜇𝜇𝐴𝐴𝑈𝑈(𝑥𝑥) + 𝜇𝜇𝐴𝐴𝐿𝐿(𝑥𝑥) − 𝜐𝜐𝐴𝐴𝑈𝑈(𝑥𝑥) − 𝜐𝜐𝐴𝐴𝐿𝐿(𝑥𝑥)

2
 (8) 

The corresponding evaluation result can be acquired 
based on the score function value and corresponding 
evaluation standard. This study sets five levels of 

evaluation standards, namely, excellent, good, medium, 
bad, and worse, which correspond to the following 
score function values: 0.75, 0.65, 0.55, 0.45, and 0.35, 
respectively. 

CASE STUDY 
The sustainable development of water-based 

tourism in a certain national water conservancy area in 
city A was evaluated based on the evaluation index 
system and the calculation method established in the 
previous section. The statistical data and investigation 
results indicate that four experts in the relevant fields of 
expertise were invited to conduct the evaluation. The 

evaluation expert set is 1 2 3 4( , , , )D D D D D=  and the 
evaluation language adopts IVIFS. The specific 
evaluation steps are as follows.  

Step 1. Confirming the indexes weights. The 
weight of each level will be calculated through AHP. 
Table 2 shows the weight calculation results. 

Step 2. Experts’ evaluation. After the statistical 
analysis of the basic data, experts were invited to offer 
the evaluation results for every index of evaluation 
object pursuant to the established evaluation index 
system. The evaluation results are offered in the form 
of IVIFS.  

Step 3. Calculating and analysis. The mean value 
of each evaluation index 𝑚𝑚𝑖𝑖𝑗𝑗 and similarity 𝑠𝑠(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗) 
between evaluation value 𝑟𝑟𝑖𝑖𝑗𝑗  and mean average value 
𝑚𝑚𝑖𝑖𝑗𝑗 are calculated. Table 3 shows the calculation values 
of the similarity. 

Table 2. Evaluation of the index weight value 
Criterion layer  Weight Index factor layer  Weight 

Economically sustainable 
development B1 0.212 

Tourist income growth rate C1 0.297 
Tourists growth rate C2 0.328 
Contribution of tourism output to the local economy C3 0.375 

Socially sustainable 
development B2 0.245 

Attitude of residents to water-based tourism development C4 0.308 
Local labor force absorbed C5 0.227 
Improved local popularity C6 0.204 
Tourist satisfaction C7 0.261 

Environmentally 
sustainable development 
B3 

0.235 
Quality of water environment quality C8 0.279 
Quality of ecological environment quality C9 0.279 
Environmental capacity C10 0.442 

Management of 
sustainable development 
B4 

0.134 

Management organization C11 0.235 
Planning management C12 0.258 
Environmental management C13 0.173 
Service management C14 0.179 
Safety management C15 0.154 

Development of 
conditions and potential 
B5 

0.183 
Development value C16 0.406 
Traffic conditions C17 0.311 
Location conditions C18 0.283 
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The weight of the evaluation value offered by 
experts can be acquired by the similarity 𝑠𝑠(𝑟𝑟𝑖𝑖𝑗𝑗 ,𝑚𝑚𝑖𝑖𝑗𝑗) 
between evaluation value 𝑟𝑟𝑖𝑖𝑗𝑗  and mean average value 
𝑚𝑚𝑖𝑖𝑗𝑗 pursuant to Formula (6). Table 4 shows the weight 
of the evaluation values from the experts. 

Formula (2) indicates that the evaluation values and 
corresponding weights offered by the experts will 
aggregate the evaluation value (Table 5). 

The final evaluation value can be acquired by 
aggregating each index weight and comprehensive 
evaluation value:  

𝐴𝐴1
~

= ⟨[0.735,0.809], [0.000,0.080]⟩ 

𝐴𝐴2
~

= ⟨[0.634,0.821], [0.000,0.086]⟩ 

𝐴𝐴3
~

= ⟨[0.624,0.716], [0.000,0.097]⟩ 

Table 3. Calculation values of the similarity 
 D1 D2 D3 D4 

C1 0.824 0.765 0.588 0.824 
C2 0.684 0.711 0.842 0.763 
C3 0.773 0.705 0.659 0.864 
C4 0.885 0.654 0.577 0.885 
C5 0.735 0.735 0.647 0.882 
C6 0.579 0.921 0.579 0.921 
C7 0.750 0.833 0.750 0.667 
C8 0.853 0.676 0.676 0.794 
C9 0.759 0.655 0.759 0.828 
C10 0.750 0.750 0.694 0.806 
C11 0.545 0.970 0.727 0.758 
C12 0.833 0.500 0.833 0.833 
C13 0.644 0.889 0.778 0.689 
C14 0.677 0.806 0.903 0.613 
C15 0.750 0.750 0.750 0.750 
C16 0.621 0.862 0.828 0.690 
C17 0.500 0.900 0.700 0.900 
C18 0.600 0.900 0.600 0.900 

 

Table 4. Weight of the evaluation values by the experts 
 D1 D2 D3 D4 

C1 0.275 0.255 0.196 0.275 
C2 0.228 0.237 0.281 0.254 
C3 0.258 0.235 0.220 0.288 
C4 0.295 0.218 0.192 0.295 
C5 0.245 0.245 0.216 0.294 
C6 0.193 0.307 0.193 0.307 
C7 0.250 0.278 0.250 0.222 
C8 0.284 0.225 0.225 0.265 
C9 0.253 0.218 0.253 0.276 
C10 0.250 0.250 0.231 0.269 
C11 0.182 0.323 0.242 0.253 
C12 0.278 0.167 0.278 0.278 
C13 0.215 0.296 0.259 0.230 
C14 0.226 0.269 0.301 0.204 
C15 0.250 0.250 0.250 0.250 
C16 0.207 0.287 0.276 0.230 
C17 0.167 0.300 0.233 0.300 
C18 0.200 0.300 0.200 0.300 

 

Table 5. Comprehensive evaluation matrix 
Index Comprehensive evaluation value Index Comprehensive evaluation value 

C1 [0.777, 0.806], [0.000, 0.074] C10 [0.627, 0.688], [0.000, 0.094] 
C2 [0.676, 0.780], [0.000, 0.088] C11 [0.660, 0.751], [0.000, 0.150] 
C3 [0.747, 0.833], [0.000, 0.079] C12 [0.696, 0.785], [0.000, 0.125] 
C4 [0.816, 0.904], [0.000, 0.058] C13 [0.652, 0.772], [0.000, 0.110] 
C5 [0.567, 0.675], [0.000, 0.098] C14 [0.566, 0.667], [0.000, 0.096] 
C6 [0.656, 0.758], [0.062, 0.113] C15 [0.615, 0.715], [0.050, 0.150] 
C7 [0.752, 0.823], [0.000, 0.078] C16 [0.819, 0.889], [0.000, 0.058] 
C8 [0.680, 0.791], [0.000, 0.077] C17 [0.837, 0.909], [0.000, 0.050] 
C9 [0.553, 0.668], [0.000, 0.130] C18 [0.650, 0.752], [0.050, 0.138] 
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𝐴𝐴4
~

= ⟨[0.629,0.746], [0.000,0.125]⟩ 

𝐴𝐴5
~

= ⟨[0.789,0.869], [0.000,0.071]⟩ 

𝐴𝐴0
~

= ⟨[0.691,0.803], [0.000,0.087]⟩ 

The score function value of each layer can be 
calculated using Formula (8):  

𝑆𝑆(𝐵𝐵1)=0.732 𝑆𝑆(𝐵𝐵2)=0.684 𝑆𝑆(𝐵𝐵3)=0.621 

𝑆𝑆(𝐵𝐵4)=0.625 𝑆𝑆(𝐵𝐵5)=0.794 𝑆𝑆=0.704 

Step 4. Results analysis. This study sets five levels 
of evaluation standards, namely, excellent, good, 
medium, bad, and worse. The corresponding score 
function values are 0.75, 0.65, 0.55, 0.45, and 0.35, 
respectively. The comprehensive evaluation value for 
the sustainability of water-based tourism project 
calculated by the score function is 0.704. The evaluation 
result is good, which means a favorable development of 
the sustainability of water-based tourism scenic spot.  

The sub-item indexes provide the following 
evaluation values: economically sustainable 
development is 0.732 (result is good); environmentally 
sustainable development is 0.621 (medium); 
management of sustainable development is 0.625 
(medium); and development condition sustainability is 
0.794 (excellent). Hence, the performance of this water-
based tourist spot is favorable in the economically and 
socially sustainable development and development 
condition suitability. However, the performance in the 
environmentally sustainable development and 
management of sustainable development is the same. 
The local government and management personnel of a 

water-based tourist spot should further their endeavor 
in environmental protection and scenic spot 
management to improve the environment and 
management efficiency and ensure the realization of a 
comprehensive sustainable development. 

CONCLUSION 
Water-based tourism is an important component of 

numerous tourism projects and a hot spot of tourism 
development as well. But the water-based tourism is 
fragile and easily affected by human activities, the 
sustainability of the area is considered inferior. From 
the sustainable development angle, the tourism 
development management department needs to 
regularly conduct evaluations on sustainable 
development of water-based tourism to find and solve 
problems in time, and to make sure water-based 
tourism projects developing favorably in the long term. 

This study selects 18 indicators from the economy, 
society, environment, management, and development 
conditions to build the evaluation index system for the 
sustainable development of water-based tourism. The 
sustainable development evaluation model for water-
based tourism based on IVIFS is constructed to 
overcome the fuzziness and the uncertainty of the index 
evaluation. The empirical study on a typical water-based 
tourist spot shows that a sustainable development 
evaluation index system for water-based tourism is 
applicable and operable. In addition, the results of the 
assignment, standard, and evaluation value calculation 
of the index weight coefficients are feasible. These 
results can provide a reference for the development of 
decision-making and management strategies for water-
based tourism areas. 
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