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There is a complex interaction between the quality of the urban tourism environment and the tourism economy. The former is the
key to sustainable development of the tourism economy, which, in turn, also has an impact on the urban tourism environment.
Therefore, understanding the coupling coordination relationship between them is crucial. This paper aims to construct a
comprehensive evaluation index system of urban tourism environment quality system and the tourism economic system and
adopts the entropy method to weigh the indexes. The comprehensive evaluation model and coupling coordination degree model
are exploited to conduct an empirical analysis of the changes in Nanjing’s tourism environment quality, tourism economy
comprehensive development level, and coupling coordination degree from 2009 to 2020. The results show that the coupling
coordination degree shows a fluctuating upward trend overall. In particular, the traffic environment and tourism benefits have the
most significant impact on the coupling system, indicating that relevant departments need to consider these key factors when

making macrodecisions.

1. Introduction

The tourism industry has become a strategic pillar industry
in China and an important driving force to promote high-
quality development of the regional economy and industrial
structure [1]. According to a report released by the Ministry
of Culture and Tourism, the total tourism revenue in 2018
was 5.97 trillion yuan, and the comprehensive contribution
of the national tourism industry to GDP in 2018 was as high
as 9.94 trillion yuan, accounting for 11.04% of the total GDP.
Notably, cities are the most important tourist destinations
and the supporting points of modern tourism in China.
Furthermore, urban tourism can also accelerate the devel-
opment of the regional economy and transportation net-
works. High-quality ecological environment, urban services,
and infrastructure are crucial factors for the smooth de-
velopment of urban tourism and important indicators for
evaluating the quality of the urban tourism environment.
Besides, the development of the tourism industry can boost

the continuous improvement of ecological environment,
tourism infrastructure, and transportation facilities. How-
ever, the rapid development of urban tourism causes en-
vironmental pollution and ecological damage: 70%-75% of
the global energy consumption and 80% of carbon dioxide
emissions come from urban areas, where air pollution, water
pollution, traffic jams, and overcrowding also occur [2]. In
2016, the Chinese government proposed green development
to enhance the value of tourism ecological development,
implement green tourism, and strengthen tourism envi-
ronmental protection. However, it is still unknown whether
the ecological environment, tourism infrastructure, and
traffic environment of the urban tourism industry will
promote the growth of the tourism economy or whether the
tourism economy will affect the ecological environment,
tourism infrastructure, and traffic facilities. Therefore, how
to correctly coordinate the relationship between urban
tourism environment quality and tourism economy is a
challenging and important task, which has become the key to
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realizing the sustainable development of urban tourism, and
therefore received strong attention from both academic
scholars and the industry.

Previous studies have mostly examined the relationship
between urban tourism economy and urban tourism envi-
ronment quality from a single perspective, such as ecological
environment and urban economy [3]; urban infrastructure
and economy, society, and environment [4]; or traffic en-
vironment and tourism development [5]. However, urban
tourism environmental quality is complex, and there are few
comprehensive studies on it. Currently, there is no set of
suitable comprehensive evaluation indexes to measure the
coordination relationship between the quality of urban
tourism environment and tourism economy, which may
hinder the sustainable development of urban tourism. Thus,
this study proposes the coupling evaluation index for the
urban tourism environment quality and tourism economy
systems by taking Nanjing as an example and calculates the
index weight and the comprehensive evaluation develop-
ment level of the system by applying the entropy method and
comprehensive development level model, respectively. Then,
the coupling coordination degree model is used to quantify
the coupling coordination relationship between the urban
tourism environment quality and the tourism economy
systems. Finally, this paper provides macro suggestions for
the two-system coupling coordination development strategy
of relevant departments in Nanjing. Therefore, the contri-
bution of this study lies in (1) defining the connotations of
tourism environment quality from a more comprehensive
and multidimensional perspective, explaining the relation-
ship between urban ecological environment, tourism in-
frastructure, and traffic environment and tourism economy,
and expanding the previous research content; (2) estab-
lishing a scientific and objective index evaluation system,
including two subsystems, six aspects, and twenty-five in-
dexes, and adopting the objective entropy weight method to
weigh the indexes, which can provide a reference for other
scholars to establish indicators; (3) revealing the dynamic
trend of the coupling and coordinated development of urban
tourism environmental quality and tourism economy,
breaking through the limitations of traditional research on
the interaction between systems; (4) understanding the
coupling coordination degree between tourism environ-
mental quality and tourism economy, which is expected to
help decision-makers improve management efliciency,
provide scientific references for making work plans, and
establish a foundation for future research.

2. Literature Review

The quality of the tourism environment involves various
factors, on which scholars have not reached a consensus so
far. In general, the tourism environment refers to a com-
posite system centered on tourism activities, involving
tourism destinations and tourism-supporting destinations
(but mainly tourism destinations), and composed of the
natural ecological environment as well as the cultural and
social environment. Therefore, tourism environment quality
mainly includes the factors of the ecological environment,
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tourism infrastructure, and transportation facilities, in this
study. Among these, the ecological environment as a factor
affecting sustainable development is quite important and has
received unprecedented attention in China; tourism infra-
structure provides basic material guarantees for the devel-
opment of urban tourism, and the traffic environment is an
important index to measure tourism development. Thus, it
can be seen that the ecological environment, tourism in-
frastructure, and transportation facilities all promote or
constrain each other and jointly affect the development of
tourism environmental quality. Despite scholars having
conducted a large number of empirical studies on the
coupling coordination relationship between the quality of
urban tourism environment and the development of tourism
economy, indicating the importance of academic research
on the two, to our knowledge no previous study has focused
on the relationship between comprehensive environmental
quality and tourism economy. Therefore, it is necessary to
construct a comprehensive urban tourism environment
quality system to explore the relationship between them.

2.1. Impact of Urban Tourism Environment Quality on
Tourism Economy. In this study, the quality of the urban
tourism environment is viewed from three perspectives, i.e.,
the ecological environment, tourism infrastructure, and
traffic environment, due to its complex nature. Furthermore,
many scholars have published a large number of studies on
tourism environment quality from different perspectives;
e.g., Becken and Patterson [6] pointed out that the envi-
ronmental quality of tourist destinations is particularly
important. Transportation, accommodation, and green-
house gas emissions have a direct impact on the environ-
ment [7]; Tang [8] emphasizes that satisfactory ecological
environment is the foundation of tourism development and
can even become a unique tourism resource; Alkheder [9]
considers that the improvement of transportation network
also plays a vital role in the sustainable development of
tourism, which is consistent with Lundgren’s view [10].
Hence, we believe that it is necessary to improve the tourism
environment quality of destinations, based on previous
research.

The quality of the urban tourism environment can both
promote and hinder the development of tourism economy.
Ouattara et al. [11] studied the dynamic interaction between
tourism and environmental quality, focusing on the positive
impact of tourism environment quality on tourism eco-
nomic development. Tang [8] stated that the development of
tourism depends, to a large extent, on the natural envi-
ronment, and a good ecological environment can attract
more tourists. For instance, the improvement of air quality
provides more opportunities for the sustainable develop-
ment of tourism [12]. Its improvement depends on the
supporting environmental infrastructure, the use of clean
energy, and the improvement of public transportation
services, all of which will promote the sustainable devel-
opment of tourism. In short, ecological environment is the
basis for developing the tourism economy and improving
tourism economic benefits [13-15]. In addition, Prideaux
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[16] believes that transportation infrastructure is the main
promoting or inhibiting factor for regional tourism eco-
nomic growth. The improvement of transportation in tourist
destinations determines tourism motivation and also has a
direct impact on tourist satisfaction [5]. Massidda and Etzo
[17] adopted Gaussian Mixture Model (GMM) to verify the
boosting effect of transportation infrastructure on the de-
velopment of the tourism economy. Therefore, a high-
quality transportation infrastructure is an important guar-
antee for tourism economic growth and sustainable devel-
opment. In contrast, air pollution will cause psychological
discomfort and negative word-of-mouth among tourists
[18], generating negative impact on the tourism industry
[19] and leading to a decline in the tourism economy.
Goeldner and Ritchie [20] proposed that transportation
infrastructure also has a restraining effect on the develop-
ment of the regional tourism economy.

2.2. Impact of Tourism Economy on Urban Tourism Envi-
ronment Quality. Tourism economy has positive and neg-
ative effects on the quality of urban tourism environment,
directly or indirectly. As far as is known, while accelerating
economic growth, tourism will emit a large amount of
carbon dioxide and affect the regional environment quality
[21]. In addition, researchers in developed countries such as
Spain and in developing countries such as China have
studied the negative impact of tourism on the environment
through grounded theory and questionnaires [22, 23].
Sghaier et al. [24] examined the impact of tourism devel-
opment on economic growth, carbon dioxide emissions, and
environmental quality in Tunisia, Egypt, and Morocco. The
research results confirm that tourism growth is related to
environment quality. Akbostanci et al. [25] tested the re-
lationship between economic growth and environmental
pollution based on Environment Kuznets Curve (EKC).
Shahbaz et al. [26] found an inverted U-shaped relationship
between economic growth and CO, emissions. Based on
sustainable development theory, Mbaiwa [27] studied and
analyzed the negative impact of tourism industry on the
environment in the Okavango Delta in northern Botswana.
Tourism development has destroyed the natural and social
environment of many destinations [12], including through
land use change, excessive energy consumption, the spread
of diseases, and the consequent psychological discontent
[28]. Among others, air pollution has become the dominant
factor contributing to environmental pollution in many
cities [29, 30]; PM2.5 and smog are sources of severe en-
vironmental pollution in Beijing, Tianjin, and Hebei [31, 32];
and the large increase in the use of vehicles in tourist
destinations will also cause serious environmental pollution
[28, 33, 34].

In addition, some scholars have studied the impact of
tourism economy on the quality of urban tourism envi-
ronment from a positive perspective. Gossling et al. [35]
believe that tourism has stimulated changes in the air and
environment in a positive way and that this, in turn, will also
change tourism itself. For instance, every 0.105% increase in
tourism revenue will help reduce carbon dioxide emissions

by 1% [36]. Paramati et al. [37] found that tourism in de-
veloped countries results in carbon dioxide emission faster
than in developing countries. Wang et al. [14] pointed out
that tourism is a new economic growth mode that reduces
carbon emissions and increases economic income compared
with the secondary industry. Therefore, tourism industry is
considered as a low-carbon industry [38], which is con-
ducive to the upgrading of industrial structure [39], the
renewal of urban functions, and the protection of the air
environment [40, 41].

2.3. The Relationship between Urban Tourism Environment
Quality and Tourism Economy. Coupling refers to the re-
lationship between two or more systems and is mainly used
to analyze the coupling degree and coupling coordination
degree between different systems or different elements, so as
to explore the coupling coordination development between
systems [42]. In this study, the interaction between the urban
tourism environment quality system and the tourism eco-
nomic system is complex because the indexes of the two
systems change with time [43]. Hence, this method is well-
suited for analyzing the dynamic and complex relationship
between the urban tourism environment quality system and
the tourism economic system. So far, scholars have adopted
this method to investigate the relationship between tourism
and environment [8], urbanization and ecological envi-
ronment [44, 45], urbanization and air environment [13],
tourism, transportation, and low-carbon cities [46], and the
industrial agglomeration and regional economy [47].
However, there is no research exploiting coupling methods
to study the relationship between the comprehensive urban
tourism environment quality system and the tourism eco-
nomic system.

Building on previous studies, this paper establishes the
relationship between urban tourism environment quality
and tourism economy (Figure 1). As seen in Figure 1, on the
one hand, the quality of urban tourism environment pro-
vides an important guarantee for the development of
tourism economy. It shows that a good ecological envi-
ronment, high-quality infrastructure, and convenient
transportation will undoubtedly increase the number of
tourists in the city and expand the scale of tourism con-
sumption, thus driving the development of tourism and
injecting new vitality for the development of regional
economy. Based on the calculations of the World Tourism
Organization (UMWTO), each additional direct employ-
ment in the tourism industry contributes to five indirect
employment opportunities [48]. In contrast, the influx of
tourists will cause more environmental pollution and traffic
jams, which will negatively affect the tourism industry and
hinder the development of urban tourism. On the other
hand, the development of the tourism economy has con-
stantly improved the tourism infrastructure, promoted the
development of interregional and intracity traffic, and
provided convenience for tourists in many ways. However,
tourism will cause damage to the ecological environment at
the same time as spurring economic development, such as by
the increase of carbon dioxide emissions, the decrease of
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FIGURE 1: The relationship between urban tourism environment quality and the tourism economy.

urban deep forest greening rate, and the decrease of per-
capita green area. Therefore, tourism environmental quality
system and tourism economic system coupling coordination
is of priority to promote the sustainable development of
urban tourism.

3. Materials and Methods

3.1. Study Area. Nanjing is located in eastern China and the
middle of the lower reaches of the Yangtze River. It has 11
districts with a total area of 6,587 square kilometers. Nanjing
is an important gateway city in the Yangtze River Delta,
which is planned and positioned by the State Council and
drives the development of the central and western regions. It
is also an important node city where the eastern coastal
economic belt and the Yangtze River economic belt converge
strategically. It has long been the political, economic, and
cultural center of southern China and is one of the first
batches of national historical and cultural cities. Nanjing
possesses rich tourism resources. As of 2018, there were two
5A scenic spots, fifty-three A scenic spots, seventy-six star-
rated hotels, and seven hundred travel agencies in Nanjing.
The rapid economic development and urbanization in
Nanjing have brought great pressure to the urban envi-
ronment; e.g., sulfur dioxide and inhalable particulate matter
levels are increasing continuously. The Nanjing Municipal
Government has taken decisive intervention measures to-
ward sustainable development of the ecological environ-
ment. In addition, Nanjing is a national comprehensive
transportation hub, with the density of highway networks
and expressways ranking first among the country’s central
cities. Its railways connect North China, East China, and
Central China, and Nanjing is an important junction of the
north-south and east-west trunk lines in the four vertical and

four horizontal railway patterns. As a result, Nanjing’s
tourism market has been thriving. By the end of 2018, the
total number of tourists received reached 121.8594 million
and the total tourism revenue was 246.02 billion yuan, up
7.05% and 13.43%, respectively, from the previous year. In
short, Nanjing is a city with great potential for economic and
tourism development in China. Therefore, this paper takes
Nanjing as an example to provide a reference for the de-
velopment of tourism in other cities.

3.2. Index System Construction. The urban tourism envi-
ronment quality and the tourism economic systems are not
simply in a single linear relationship, but a relatively
complex one. Thus, this paper adopts the multi-index
evaluation method and combines the existing evaluation
index system [49-56] and follows the principles of science,
integrity, representation, data availability, and operability.
We comprehensively considered the evaluation indicators
for the coupling coordination of Nanjing’s tourism envi-
ronment quality and tourism economy. Finally, we for-
mulated a synthesis evaluation index system composed of
two levels, six aspects, and 25 indicators. Among them, the
tourism environmental quality system includes three first-
class indicators: ecological environment, infrastructure, and
traffic environment; the tourism economic system includes
three first-class indicators: tourism benefit, tourism scale,
and tourism status. In the tourism environmental quality
system, the ecological environment reflects urban affores-
tation quality and environmental pollution harnessing effect,
tourism infrastructure reveals the overall situation of the
city’s tourism facilities, and the traffic environment indicates
the capacity of a city’s traffic. In the tourism economic
system, tourism benefits represent the economic benefits
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generated by tourism, tourism scale implies the reception
capacity of tourism, and tourism status reflects the status of
tourism in relevant cities. The explanations for each indi-
cator are shown in Table 1.

3.3. Data Collection and Preprocessing. To guarantee the
availability and continuity of data, this paper selects 25
indicators of the urban tourism environment quality system
and the tourism economic system to evaluate the data from
Jiangsu Statistical Yearbook and Nanjing Statistical Year-
book from 2009 to 2018.

3.3.1. Data Standardization. Because each index has dif-
ferent properties and dimensions, formulas (1) and (2) were
applied to carry out dimensionless treatment on each index
[57]. The formula is as follows:
For positive indicators:
X, —mmnix .
Xi] — o1 "( ‘J) ) (1)

P (X3) - (X))
For negative indicators:

o (Xy) - X

! 1

X = . , (2)
T (Xy) - (x)
where x;; represents the original value of the data; max (x;;)

and min (x;) are the maximum value and minimum value of
.. . . .
the j index, respectively; and x;; is the normalized value.

3.4. Entropy Method. Generally speaking, multiattribute
decision-making methods can be divided into two cate-
gories: subjective weighting method and objective weighting
method. The subjective weighting method has a strong
subjective consciousness and is judged by experts according
to experience; thus, to a certain extent, it lacks practical
reference value. The objective weighting method has high
credibility and is formed by the actual data of each index in
the evaluation. Therefore, this paper adopts the objective
weighting method, i.e., the entropy method [8]. The entropy
method is not affected by evaluation data, and the objective
index weight is obtained according to the variation of in-
dexes; therefore, it has been applied in various studies [8, 35].
The specific calculation steps are as follows.

3.4.1. Determination of the Index Weight. The entropy
method can objectively reflect the degree of importance and
change trend of indexes based on the actual information
provided. The calculation formula is as follows.

(a) Calculating the proportion of the indicator:
X !

Y. = # 3
Y P o ©

(b) Calculating the information entropy of the indicator:

5
1 m
Ej=r— ;YijInYij. (4)
(c) Calculating the weight of the indicator:
1-E;
j
> (5)

V.=—
TEL(-E)

where Yj; indicates the determination of the proportion of
the j index and E; is information entropy. The smaller the E;
is, the greater the variation degree of index value will be, the
more the information it provides, and the greater the weight

is. V; is the weight of index j.

3.4.2. Comprehensive Development Level Evaluation Model.
Linear weighting method was used to measure the com-
prehensive development level of the urban tourism envi-
ronment quality system and the tourism economic system.
The formula is as follows:

Z; = Z,Vin} (6)
where Z; represents the comprehensive benefits of the i
system; V; is the weight of the j index, which is obtained from
formulas (3)-(5); xi} is obtained from formulas (1) and (2)
after standardizing the original data.

3.5. Coupling Coordination Model. Coupling is a concept in
physics that relates to the degrees of coupling and coupling
coordination. It is mainly used to describe the interaction
between different systems and the degree of mutual influ-
ence [58]. The coupling degree reflects the degree of mutual
influence between systems, while the coupling coordination
degree reveals the degree of coordinated development be-
tween systems [58-60]. On the basis of previous studies, the
coupling degree model of Nanjing’s tourism environment
quality system and tourism economic system is established:

z,2, 1/2
leizm) 7

where C (0<C<1) is the coupling degree between Z; city
tourism environment quality system and Z, tourism eco-
nomic system. When C=0, there is no correlation between
the urban tourism environment quality system and the
tourism economic system. When C=1, the urban tourism
environment quality system and the tourism economic
system are in the best coupling state.

The coupling degree reflects the degree of interaction
between systems instead of the level of each system, while the
coupling coordination degree can reveal both whether each
system has a good level and the interaction between systems.
Thus, in order to truly reflect the coupling coordination level
between the urban tourism environment quality system and
the tourism economic system, the following coupling co-
ordination degree model is established:
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TaBLE 1: Evaluation index system of the relationship between urban tourism environment quality and the tourism economy.
Systems lj“lrs’.[—class Second-class indicator Unit Interpretation Reference
indicator
Urban greening rate (Zy1,) % Reflecting the urban greening (49, 50]
. degree .
Per-capita green area (Z;,) m? Reflecting thgeg :;cap 1ta green [50]
Average annual concentration of mee/m® Reflecting the sulfur dioxide [12, 50]
sulfur dioxide (Z,;3) & pollution degree in the air ’
Average annual concentration of 3 Reflecting the nitrogen dioxide
nitrogen dioxide (Z;,4) mcg/m pollution degree in the air [12, 50]
Ecological Average annual concentration of 3 Re.ﬂectmg the 1nhalablve
. . . mcg/m particulate matter pollution [50]
environment (Z;;) inhalable particulate matter (Z;;5) degree in the air
Comprehensive utilization rate of Reﬂectmg .the.ablhty.to govern
. . . % and utilize industrial solid [51]
industrial solid waste (Z;1¢) waste
Harmless treatment rate of Reflecting the ability for
. % harmless treatment on [51]
domestic waste (Z;;7) domestic waste
Tourism Sewage treatment rate (Z;;g) % Reflecting E[}rl:aizlllelz for sewage [51]
environment quality . . .
system (Z,) Number of A(Zleve)l scenic spots it Reiflric;llnigoggsgcileS;E;:SOf [14, 52-54]
121
Tourism Number of 5A-level scenic spots unit Reflecting the_z rich degree of [14, 52-54]
. (Z122) urban tourism resources
infrastructure Reflecting the reception
(Z12) Total star-rated hotels (Z;,3) Number capacity of star-rated hotels (1, 8]
Total travel agencies (Z;,4) Number Reflecting the service capacity (12, 54]
of travel agencies
10,000 Reflecting the number of
Road passenger volume (Z;3) people tourists in the road receptions (52, 53]
. 10,000 Reﬂec.tlng.the nurgber of
Railway passenger volume (Z;3,) tourists in the railway [52, 55]
people receptions
envirozrr?feﬁnct (Zy3) Air passenger volume (Z;33) 10,000 Reflecting the number of [55]
13 P 8 133 people tourists in the air receptions
Vehicle operation number (Z,34) unit Reflecting the sc.ale of vehicle [56]
operations
Passenger car volume (Z35) unit ieglaecci?yni ft};s(s);elfgélelrl f:}?ilcclz [56]
Star-rated hotel operating revenue ~ Million  Reflecting the economic benefit (8]
(Zo11) yuan of star-rated hotel
Tourism benefits Tourism foreign currency earnings 10,000  Reflecting the tourism benefit [8, 52, 55]
Zo1) (Z212) dollars of inbound
21
100 . .
Domestic tourism income (Z,;3)  million Reflecting the tour}sm benefit [8, 52, 55]
yuan of domestics
Number of inbound reception 10,000  Reflecting the scale of inbound (s, 12]
Tourism economy . (Zy21) . _ people 'Fourlsm reception _
Tourism scale Number of domestic tourism 10,000  Reflecting the scale of domestic
system (Z,) . . . (8, 12]
(Z5,) reception (Z,,) people tourism reception
Total number of tourism 10,000 Reflecting the total scale of (53]
receptions (Z,53) people tourism market
. S . Reflecting the important role of
Proportion of tourism income in A .
% tourism in the national [8, 56]
: GDP (Z31)
Tourism status economy
(Z53) Proportion of tourism income in Reflecting the overall
the output value of the tertiary % development level of the [8, 56]
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D=+vVCxT,

(8)
T = az, + Pz,

where D (0<D<1) is the coupling coordination degree
between Z, city tourism environment quality system and Z,
tourism economic system. The higher the value of D, the
higher the overall level of tourism environment quality and
tourism economic development, and the more harmonious
the coupling coordination degree relationship. T is the
comprehensive evaluation index of Z; city tourism envi-
ronment quality system and Z, tourism economic system,
which reflects the overall benefits or contributions between
the two systems. « and f are undetermined coefficients. The
tourism environment quality system and tourism economic
system are equally important to the development of Nanjing;
therefore, &= =0.5. In addition, in accordance with pre-
vious research, the coupling coordinated development level of
tourism environment quality system and tourism economy
was divided into 10 levels [60]. Table 2 presents the specific
evaluation standard of coupling coordination degree grade.

4. Results

4.1. Analysis of the Indicators’ Weight. According to formulas
(3)-(5), the weight of each index of the tourism environment
quality system and the tourism economic system can be
calculated (Table 3). As shown in Table 3, the weight of the
urban tourism environment quality system is 0.7312, in-
cluding ecological environment (0.2357), tourism infra-
structure (0.1039), and traffic environment (0.3916),
indicating that the traffic environment and ecological en-
vironment are the most important factors in the urban
tourism environment quality, which is consistent with Deng
et al. [5] and Tang’s research [46]. The secondary indexes
that contribute the most are SO, average annual concen-
tration (Z;;3=0.0574), followed Dby vehicle operation
number (Z;34 =0.0454), urban greening rate (Z;;; =0.0429),
and total star-rated hotels (Z;,3 =0.0405). Most notably, the
SO, average annual and urban greening rate belong to the
ecological environment, and these indicators accounted for
50% in the ranking top 4 secondary indexes based on
contribution, which implies that tourists focus more on the
quality of urban ecological environment.

In addition, the weight of the tourism economic system
is 0.2689, including tourism benefits (0.0989), tourism scale
(0.0985), and tourism status (0.0715). Among them, the
proportion of tourism benefits is 36.8%, which shows that
tourism benefit is a powerful driving force to promote the
development of tourism economy, and the importance of
tourism benefits is greater than tourism scale and tourism
status. Furthermore, the secondary indicator contributing
the most to tourism benefits is the tourism foreign currency
earnings (Z,;, =0.0365), star-rated hotel operating revenue
(Z51:=0.0365), and  domestic  tourism  income
(Z5;3=0.0305). Thus, it can be seen that the urban tourism
economy income mainly relies on the tourism foreign
currency and also indicates that urban tourism is more likely
to strengthen international cooperation.

4.2. Analysis of Comprehensive Level of Subsystems. After
data trimming and collection, according to formula (6), the
comprehensive benefit values of Nanjing’s tourism envi-
ronment quality system and tourism economic system from
2009 to 2020 can be obtained (Figure 2 and Figure 3).

As shown in Figure 2, the comprehensive development
level of Nanjing’s tourism environment quality system
fluctuated sharply from 2009 to 2020 but showed an overall
upward trend. Thus, based on the development of these
trends, we divide the comprehensive Nanjing’s tourism
environment quality system into two stages: during 2009 to
2013, the tourism environment quality curve presented a
rising trend and reached the highest value in 2013 and
displayed a strong decreasing trend from 2013 to 2014, with a
57.5% rate of decline. The development of tourism envi-
ronment quality suffered in 2014, which can be attributed to
the increase in emissions of sulfur dioxide and nitrogen
dioxide in Nanjing that led to increased smog and serious
deterioration in air quality. After 2014, a new upward trend
emerged. This shows that the evaluation value of tourism
environment quality has a significant improvement on the
rise, year by year, from 2014 to 2020, due to the Nanjing
Municipal Government having made great efforts to im-
plement ecological environment protection. In general, the
comprehensive evaluation curves of traffic environment and
urban tourism environment quality are the most similar,
which means that the traffic environment has the most
significant impact on the tourism environment quality
system. In addition, before 2014, the traffic environment
development was more extensive than ecological environ-
ment and tourism infrastructure; however, because of the
Nanjing Municipal Government’s efforts to strengthen the
tourism traffic management by regulating nonlicensed ve-
hicles, illegally operated vehicles, and scrapped vehicles, the
traffic environment has slowly been developing from 2013 to
2014. Most notably, the comprehensive development of
Nanjing’s tourism infrastructure was the most stable,
showing a slow upward trend, but at a relatively low level.

As shown in Figure 3, during 2009-2020, the compre-
hensive development level of Nanjing’s tourism economic
system showed an overall trend of gradual increase, with the
exception of few years. Before 2012, the comprehensive
evaluation value of tourism economy remained at about
0.12~0.19 but dropped sharply in the following year from
0.1822 to 0.1004. In 2013, affected by the global bird flu
epidemic, Nanjing’s foreign currency income from tourism
dropped significantly, down 11.6% from the previous year,
and the number of inbound tourists decreased more than
three times from the previous year, resulting in a drop in the
total income from the tourism economy. The tourism
economy began to pick up again in 2014 and maintained
sustained growth until 2019, reaching the highest value of
0.2189 at this stage. From Figure 3, we also observe that the
development of the tourism economy suffered a sharply
declining trend from 2019 to 2020, including tourism
benefits, tourism scale, and tourism status. This reflected the
global outbreak of COVID-19 at the end of 2019 causing a
huge loss to the tourism economy, in which tourism foreign
currency earnings and domestic tourism income declined
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TaBLE 2: Evaluation criteria of coupling coordination degree between urban tourism environment quality and the tourism economy.

Evaluation grade

Coupling coordination

degree(D)

Description

Extreme unbalance
Serious unbalance
Moderate unbalance
Mild unbalance
Slightly unbalance
Barely coordination
Primary coordination
Moderate coordination
Good coordination
Superior coordination

0<D<0.1
0.1<D<0.2
0.2<D<0.3
03<D<04
04<D<0.5
0.5<D<0.6
0.6<D<0.7
0.7<D<0.8
0.8<D<0.9

09<D<1

The development of the two systems is extremely unbalanced
The development of the two systems is seriously unbalanced
The development of the two systems is moderately unbalanced
The development of the two systems is mildly unbalanced
The development of the two systems is slightly unbalanced
The development of the two systems is barely coordinated
The development of the two systems is primarily coordinated
The development of the two systems is moderately coordinated
The development of the two systems is favorably coordinated
The development of the two systems is superiorly coordinated

TasLE 3: Weights of indexes of the two subsystems.
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FIGURE 2: Trends of the comprehensive levels in the urban tourism environment.

59.13% and 25.54% over the same period compared with
2019. Meanwhile, Nanjing’s tourism status also declined
significantly after 2019, and thus tourism revenue only
accounted for 19.58% of the output value of the tertiary
industry, dropping 38.83% compared with 2019. Further-
more, the comprehensive development level of tourism scale
and tourism benefits showed a similar trend to the tourism
economic system, which indicated that tourism scale and

tourism benefits are the most important factors affecting the
comprehensive development level of the tourism environ-
ment system.

4.3. Analysis of the Degree of Coupling Coordination.
Based on the results calculated by formulas (1)-(6) and
according to formulas (7) and (8), the coupling coordination
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degree between Nanjing’s tourism environment quality
system and the tourism economic system from 2009 to 2020
is obtained (Figure 4), of which the average coupling co-
ordination degree between the two systems is 0.47, indi-
cating that the two systems are slightly imbalanced
development. From Figure 4, it can be seen that the coupling
coordination degree curve of the two systems rises slowly at
first, then falls, and again go slowly upward and finally
rapidly downward, which is mostly consistent with the
development curve of tourism environment quality system.
Based on the evaluation standard of coupling coordination
degree, the coupling coordination level of the two systems is
divided into the following three stages.

The first stage (2009-2016) is a slightly imbalanced state.
During this stage, the tourism environment quality system
and tourism economic system experienced slightly low-level
coupling, except in 2012, indicating that the development of
the two systems is unbalanced. In 2012, the two systems
reached a barely coordinated development trend. This may
be due to the two systems interacting more with each other
and the improvement of urban tourism environment quality
attracting more tourists and creating more tourism income.
Because of the global outbreak of bird flu in 2013 causing
huge losses to the tourism economy, during 2012-2013, the
coupling coordination degree of the two systems dropped
from 0.5066 to 0.4553. However, the tourism environment
quality increased significantly over the same period; this was
based on the Nanjing Municipal Government’s proposal that
2011 is a crucial year for ecological construction and con-
tinuous improvement of the quality of the ecological en-
vironment. Ecological environmental protection became the
focus of work. This fluctuation strongly indicated that the
two systems were consistent with a state of low level of
coupling coordination during this period. Moreover, the
coupling coordination degree curve of the two systems
continued to decline to 0.4043 from 2013 to 2014; this low-
level coupling reflects the serious decline in the quality of
Nanjing’s tourism environment due to smog, which resulted

in imbalance and uncoordinated situation between the two
systems. From 2014 to 2016, the level of coupling coordi-
nation showed a stable upward trend. The development of
urban tourism has always been closely related to the quality
of urban ecological environment, which indicates that the
two systems are becoming more harmonious.

The second stage (2016-2019) is a barely coordinated
state. During this period, the coupling coordination level
between the urban tourism environment quality system and
the tourism economic system gradually increased, and the
coordination degree became higher. Nanjing Municipal
Government continued to focus on ecological sustainable
development and vigorously promoted the construction of
tourism infrastructure and continuously improved trans-
portation facilities. In the construction of tourism infra-
structure, the evaluation standards for star-rated scenic spots
and star-rated hotels have become more standardized and
the number of travel agencies established have also increased
year by year. In addition, Nanjing provides a convenient
transportation environment, with 2.542 million passenger
vehicles in 2019. The high-standard requirements of tourism
environment quality result in the provision of better service
to tourists, thus attracting more tourists to travel to Nanjing
and driving the development of tourism economy. Although
the development level of the urban tourism quality system
was still higher than that of the tourism economic system,
the gap between the two gradually narrowed to 0.1702 by
2019. The coupling coordination degree of the two systems is
transitioning from barely coordinated to the edge of primary
coordination. It is still far away from high-quality coordi-
nation; however, the two systems have established a good
interaction relationship.

The third stage (2019-2020) is a mildly imbalanced state.
From Figure 4, we observe that the tourism economy expe-
rienced a downturn trend, resulting in a decrease in the
coupling coordination degree of the two systems. From 2019 to
2020, there was a qualitative change in coupling coordination
from barely coordinated to mildly imbalanced. Due to the
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global COVID-19 outbreak, the government encouraged
people not to go out unless necessary; this reduced the number
of tourists and caused the tourism economy to experience a
serious recession. As a result, in 2020, the development of the
tourism economy lagged far behind the development of the
tourism environment quality, and the overall coupling coor-
dination degree was in a state of disharmony.

5. Conclusions

Urban tourism environment quality and tourism economy
are important components of sustainable development of
urban tourism. Taking Nanjing as an example, this paper
constructs a comprehensive evaluation system of urban
tourism environment quality and tourism economy and
empirically analyzes the coupling coordination level of the
two systems by adopting the coupling coordination model.
Specifically, our research finds the following: (1) from 2009
to 2020, the comprehensive development level of Nanjing’s
tourism environment quality system gradually increased,
with slight fluctuation. In 2014, due to the increase in
emissions of sulfur dioxide and nitrogen dioxide, the de-
velopment of Nanjing tourism environment quality suffered
immensely. After 2014, a new upward trend emerged.
Furthermore, the trends in the comprehensive evaluation
curves of traffic environment and urban tourism environ-
ment quality are the most similar, indicating that the traffic
environment has the most significant impact on the tourism
environment quality system. (2) Although the compre-
hensive evaluation value of Nanjing’s tourism economy was
relatively low from 2009 to 2020, the development of the
tourism economy showed an overall uptrend trend, except
for a few years. In 2013, Nanjing’s foreign currency income
from tourism dropped significantly due to the global bird flu
epidemic. Similarity, because of the global outbreak of
COVID-19 at the end of 2019, the tourism economy system
development level was the lowest in 2020. (3) The coupling
coordination of tourism environment quality system and
tourism economic system is divided into three stages: the

slightly imbalanced state from 2009 to 2016, the barely
coordinated state from 2016 to 2019, and the mildly im-
balanced state from 2019 to 2020. From 2009 to 2019, the
coupling level of the two systems gradually transitioned
from a slightly imbalanced state to the primary coordination
state. Although the development level of tourism economy
still lagged behind that of the tourism environment quality,
the coupling coordination degree of the two systems finally
changed from imbalance to coordination, and the gap be-
tween the two gradually narrowed. However, in 2020, the
overall coupling coordination degree experienced a state of
disharmony due to the global COVID-19 outbreak.

To sum up, the entropy weight model and coupling
coordination model proposed in this paper can objectively
and accurately reflect the relationship between urban
tourism environment quality and tourism economy and help
decision-makers to effectively identify the influencing fac-
tors of urban tourism environment quality system and
tourism economic system and the relationship between the
two. Therefore, in order to rapidly achieve high-quality and
coordinated development of the two systems, the following
measures are proposed:

(1) Governments should attach importance to urban
ecological construction, intensify the publicity related
to environmental protection and the supervision of
pollutant emissions, implement centralized and
classified management of waste, improve the utili-
zation rate of resources, and form a green industrial
chain; enterprises need to upgrade outdated operation
methods, reduce the discharge of industrial waste gas
and wastewater, and establish a green environmental
assessment system. Furthermore, the urban greening
rate should be constantly improved to create a green
and diversified ecological environment.

(2) The management of the tourism transportation in-
dustry should be strengthened and direct vehicles for
cities and scenic spots should be provided to facil-
itate people to choose green travel modes; the
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rectification and supervision of the tourism man-
agement market need to be intensified to create a
good tourism atmosphere; scientific standardization
of tourism infrastructure should be carried out to
upgrade hardware and software to improve the
quality of service and the popularity of tourist
attractions.

(3) New technologies should be injected into the eco-
nomic system to change the economic growth mode,
transform the low-end industries in the industrial
structure to medium- and high-end industries, and
optimize the upgrading of industries; the tertiary
industry needs to be actively developed to increase
the number of employees and improve people’s
consumption level; advantages of the tourism en-
vironment quality should be fully mobilized, and
innovative and feasible operation modes of the
tourism industry should be actively explored to
improve the efficiency of the tourism industry and
increase revenue.

(4) As for responding to public health emergencies, the
impact of the epidemic on tourism should be viewed
dialectically. On the one hand, we need to fully
understand the crisis that epidemics have caused for
tourism. On the other hand epidemics are also an
opportunity to enhance the governance capacity of
the tourism industry. In addition, tourism workers
should respond calmly to epidemic crises and turn
them into an opportunity for development, because
an epidemic is only temporary.

This study also has certain limitations. First, in order to
meet the requirements of the research, the tourism envi-
ronment quality system only involves three aspects: eco-
logical environment, infrastructure, and traffic environment;
however, the system is extremely complex and more indi-
cators should be considered to ensure the comprehensive-
ness of the evaluation. Second, the development structure
and tourism industry process of different cities are incon-
sistent and a spatiotemporal heterogeneity exists; thus,
spatial analysis and other new methods can be attempted to
study the coupling relationship. Furthermore, a comparative
study can be carried out. The comprehensive coupling study
of urban tourism environment quality system and tourism
economic system proposed in this paper has not been
attempted by scholars in other cities in China; as a result, this
method cannot yet be used for comparative study. Future
research should adopt coupling coordination model to study
the relationship between tourism environment quality and
tourism economy in more cities at home and abroad.

Data Availability

To guarantee the availability and continuity of data, this
paper selects 25 indicators of urban tourism environment
quality system and tourism economic system to evaluate the
data from Jiangsu Statistical Yearbook and Nanjing Statis-
tical Yearbook (http://tj.jiangsu.gov.cn/col/col76362/index.
html http://tjj.nanjing.gov.cn/bmfw/njtjnj/).
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