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As an important pioneering city in western China, Chongqing’s urbanization and tourism development have brought increasing
pressure on the eco-environmental system. This paper presents a comprehensive index system for assessment of the level of
tourism based on four aspects: market size, tourism economy, tourism resources, and tourism services. In this paper, we use five
indices—economic urbanization, demographic urbanization, social urbanization, spatial urbanization, and cultural urban-
ization—to establishe a comprehensive index system for urbanization. The developed index system also characterizes the eco-
environment based on three factors: eco-environmental pressure, eco-environmental response, and eco-environmental state. A
coupling coordination degree model (CCDM) focusing on the degree of coupling coordination between tourism, urbanization,
and the eco-environment was established using panel data collected from 2000 to 2017 for Chongging, China. In addition, we used
the gray prediction model to predict the degree of coupling coordination of the three systems in Chonggqing from 2018 to 2023.
The results showed that (1) overall, despite the twists and turns in the middle of the time period, the degree of coupling co-
ordination of the three systems has become increasingly coordinated over time; (2) the three parameters (a-tourism, f-ur-
banization, and d-eco-environmental) that have been widely used in previous studies had little effect on the coupling coordinated
system; and (3) according to the prediction results, the degree of coupling coordination of the three systems will continue to rise
slowly, and the cooperation between the three systems will be close to perfect by 2023, which means that the development of one
system will greatly drive the other two systems.

1. Introduction

Tourism is an indispensable industry for economic devel-
opment and has become the main choice for many un-
derdeveloped regions to promote urbanization; its
development has always been concerned and supported by
the state and society. However, the development of tourism
and urbanization will inevitably have an impact on the
ecological environment. At present, the development of
economic is transforming from rapid development to high-
quality development, and the protection of the ecological
environment has received unprecedented attention in
China. How to coordinate the relationship among tourism,

urbanization, and the ecological environment has become
the key towards achieving sustainable development and has
attracted social attention. Chongqing is a city with better
economic development in underdeveloped western China,
especially tourism, but its ability to drive the surrounding
cities is insufficient. The spatial layout of the industrial
structure needs to be further regulated, and the ecological
environment is relatively deteriorating. Therefore, exploring
the coordinated development of Chongging’s tourism, ur-
banization, and ecological environment will help promote
the sustainable development of Chongqing and achieve
high-quality development. Secondly, Chongqing is an im-
portant part of the Belt and Road and the Yangtze River
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Economic Belt. Studying the coupling and coordinated
development of tourism, urbanization and ecological en-
vironment in Chonggqing will help promote the sustainable
development of the Yangtze River Economic Belt and help
the development of the Belt and Road. In addition,
Chongqing is a mega city with a population of more than 30
million. Choosing Chongqing as a research object is rep-
resentative, and it can also provide a case reference for other
mega cities in the world (such as Cairo) that are located in
underdeveloped areas and have good tourism development.

The possible contributions of this research are to (1)
reveal the dynamic trend of coordinated development of
tourism, urbanization, and eco-environment in mega city,
breaking through the traditional research that is limited to
the interaction between systems; (2) explore the impact of
model parameters (a-tourism, f-urbanization, and d-eco-
logical environment) change on the degree of coupling and
coordination, which can provide reference for other scholars
in choosing parameters; (3) predict the degree of coupling
and coordination of tourism, urbanization, and ecological
environment, hoping to improve the efficiency of govern-
ment management, provide scientific reference for formu-
lating work plans, and provide references for research in
similar fields.

2. Literature Review

At present, a large number of excellent results have been
achieved in research on tourism, urbanization, and eco-
environment. Mullins (1991) first proposed the concept of
tourism-urbanization [1]. Safavi (2012) pointed out that
urbanization and tourism coexist, and they share common
public services and infrastructure [2]. The interaction be-
tween tourism and urbanization has always attracted much
attention, but based on different research perspectives, no
consistent opinions have been obtained. Sonmez et al. (2012)
believe that the development of tourism is conducive to the
improvement of urbanization from the perspective of soil
utilization [3]. However, Jasenka et al. (2019) pointed out
that, in the future, tourism investment will be oriented to
private interests and will not be conducive to the devel-
opment of urbanization [4]. Therefore, the research on the
interaction between tourism and urbanization needs more
theoretical and empirical studies to supplement and
perfection.

The development of tourism is a double-edged sword for
the ecological environment. It not only produces negative
effects, such as noise pollution and garbage pollution, but
also produces positive effects, such as promoting the spread
of culture and improving road infrastructure [5]. But how to
balance the two? Holden (2009) believes that it is determined
by the environmental ethics of the market [6]. From the
perspective of sustainable development, Hunter et al. (2002)
linked sustainable tourism and ecological footprint and
proposed the concept of tourism-ecological footprint [7].
Ozturk et al. (2016) examined the environmental Kuznets
curve (EKC) hypothesis by utilizing the ecological footprint
as an environment indicator and GDP from tourism as the
economic indicator [8]. In recent years, eco-tourism has

Mathematical Problems in Engineering

been encouraged, and it was found that it is an effective way
to promote the development of tourism and protect the
environment [9, 10]. The research on the relationship be-
tween urbanization and eco-environment began in some
western countries where industrialization developed earlier.
Howard (1898) first proposed the garden cities [11].
Grossmangm (1995) proposed the environmental Kuznets
curve and found that the ecological environment presents an
inverted “U” shape with economic growth [12]. That is to
say, the early urbanization development will destroy the
ecological environment, such as water, air, and soil [13-16].
After that, the urbanization development will protect the
ecological environment.

In general, there has been a lot of research on the in-
teraction between tourism, urbanization, and the ecological
environment, but in the context of sustainable development,
it is not enough to study the relationship between the three.
Exploring the coordinated relationship between the three
and promoting the three to reach the level of coordinated
development as soon as possible is an urgent need for China
to achieve high-quality development. However, the research
on coupling coordination is concentrated between the two
systems [17-20], and there are few studies between the three
systems [21-23]. It is worth mentioning that there have been
some achievements in concept definition, index system, and
model construction. But we also found that there is no
uniform rule for the use of the three parameters (a-tourism,
B-urbanization, and §-eco-environmental) in CCDM.

3. Coupling Mechanism

3.1. Concept. "Coupling" was originally a concept used in
physics, which refers to the phenomenon that two or more
systems or forms of motion affect each other through various
interactions [24]. Geographical scholars borrowed this
concept and used it to explain a phenomenon or process of
complex interactions and adaptations that gradually tend
towards coordination. Later, scholars of tourism also used it
to study the coordination relationship between tourism and
other social development systems or natural subsystems and
to develop the concept of tourism coupling [25].

3.2. Coupling Mechanism. The tourism, urbanization, and
ecological environment systems all promote and restrict
each other while creating a coordinated relationship. The
coupling mechanism of the three is shown in Figure 1.
Tourism is a highly correlated industry, and the devel-
opment of tourism will also promote the development of
urbanization: (i) the development of tourism, in turn, brings
new vitality to the regional economy, which is conducive to
investment and the accumulationof economic capital and
facilitates urbanization. (ii) Tourism promotes urbanization
of the population since the tourism requires numerous
employees. According to the calculations of the UMWTO,
each additional direct employment in tourism results in an
increase of five indirect employment opportunities [25]. (iii)
It promotes the development of urban culture by shaping the
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F1GURE 1: Coupling mechanism of tourism, urbanization, and eco-environment system.

unique image and culture of the city and promoting the
protection and redevelopment of local traditional culture.

Urbanization has promoted the development of tourism
and laid a foundation for the development of tourism: i)
urbanization continuously improves the infrastructure and
superstructures, promotes the development of interregional
and intracity transportation, and provides tourists with food,
housing, transportation, shopping, and entertainment [26].
(ii) Urbanization is conducive to promoting the aggregation
of related industries, laying a foundation for the construc-
tion, extension, and improvement of the tourism industry.
(iii) The process of urbanization increases the disposable
income of residents, further stimulating the demand for
tourism, and is conducive to the upgrading of consumption
structure, the improvement of consumption levels, and
change in consumption concepts. Conversely, with the rapid
development of tourism, the influx of large numbers of
people will cause environmental pollution and traffic con-
gestion. In the process of urbanization, unreasonable and
unplanned industrial layout and transportation layout will
also hinder the development of tourism [27].

Tourism and urbanization must rely on the ecological
environment [28]. The ecological environment provides
resources for the development of tourism. It can generate
income by developing various ecological and human re-
sources, but overexploitation will destroy its character and
initial appeal. The ecological environment provides the
material foundation for urbanization. However, with the
acceleration of urbanization, construction waste, industrial
sewage, and dust have harmed freshwater and air resources.
Although the development of tourism and urbanization
accumulates wealth and provides financial support for the
governance of the ecological environment, the damage to the

ecological environment is generally irreversible. Therefore,
promoting the coordinated development of the three sys-
tems is a principal concern for regional sustainable
development.

4. Study Area

Located in the southwest of China, Chongging is at the
junction of the more developed eastern region and the re-
source-rich western region and has a total area of
82,400 km”. Chongqing is an important central city in China
(Figure 2). It is an economic, technological, and logistics
center on the upper reaches of the Yangtze River, and it is a
comprehensive transportation hub for the southwest. It is an
important strategic node of the Belt and Road Initiative and
the Yangtze River Economic Belt and an inland open
highland. Due to these economic and geographical char-
acteristics, Chongqing has an abundance of development
opportunities. Such as policy support, import and export
trade, and industrial upgrade.

We selected some indicators to show the development
process of Chongging’s tourism, urbanization, and eco-
logical environment (Table 1). It can be seen that, from 2000
to 2017, Chongqing’s tourism and urbanization have de-
veloped rapidly, but at the same time, the emission of
pollutants fluctuates, which damages the ecological envi-
ronment. The key to sustainable development is to develop
tourism and urbanization on one hand and protect the
ecological environment on the other. Therefore, it is urgent
to deepen our understanding of the degree of coupling
coordination between tourism, urbanization, and the eco-
environment.
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FIGURE 2: Study area in China.
TaBLE 1: Development trends of some indicators of tourism, urbanization, and ecological environment.
Systems Indicator 2000 2010 2017
Number of domestic tourists (10,000 people) 3069.67 16036.57 53871.86
Tourism system Number of inbound tourists (10,000 people) 26.61  137.02  358.35
Number of A-level scenic spots (unit) 32 95 224
Urban population (10,000 people) 1013.88 1529.55 1970.68

Urbanization system

Urbanization rate (%) 35.6 53 64.1

Built-up area (km?) 439.22  1136.53 1573.02
Total industrial wastewater discharge (10,000 t) 84344 45180 19303
Ecological environment Total industrial exhaust emissions (10,000 t) 1907.9 10943.13 9596.76
system Investment in pollution treatment projects completed this year (10,000 33504 77502 60702
yuan)
5. Methods eco-environmental pressure, eco-environmental response,

5.1. Construction of Index Evaluation System. Drawing on
the existing research results and comprehensively consid-
ering the scientific, representative, available, and comparable
principles of index selection, we combined the existing
statistical systems and indicators, taking into account
Chonggqing’s tourism, urbanization, and ecological envi-
ronment. For this study, we selected a total of 54 specific
indicators at 12 levels and constructed an evaluation index
system for the coordinated development of tourism, ur-
banization, and the ecological environment in Chongqing as
shown in Table 2. Among them, the tourism system consists
of four first-level indicators: market size, tourism economy,
tourism resources, and tourism services; the urbanization
system consists of five first-level indicators: population
urbanization, spatial urbanization, economic urbanization,
social urbanization, and cultural urbanization; the ecological
environment system consists of three first-level indicators:

and eco-environmental state.

5.2. Establishment of Indicator Weights. To make them
comparable, the indicators were first standardized as follows
[28]:

X = (X; - min X;)

= Positive index),
! (maxXi—minXi)( itive index)

(1)
. (maxX,- X))

i (max X; - min X;)

(Negative index).

In the formula, X; represents the data of the ith index
after standardization; X; represents the original data of the
ith index; maxX;, and minX; represent the original data of
the maximum and minimum values of the ith index in
Chonggqing. If a certain index is positively correlated with the
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coordination relationship, X} = (X; - minX;)/ (maxX;
—min X;) is used for standardization, and the nature in
Table 1 is "+", indicating a positive effect on coordination;
otherwise, X} = (maxX; - X;)/(max X; — min X;) is used,
and the nature is "-", indicating a negative effect on
coordination.

The weight of each indicator is determined by the co-
efficient of the variation method, which can eliminate the
bias. The specific formula is as follows [28]:

(2)
o Z?:1 V~i.

In the formula, w; represents the weight of the ith index;
v, represents the variation coefficient of the ith index; o;
represents the standard deviation of the ith index; andx;

represents the average number of the ith index.

5.3. Tourism-Urbanization-Eco-Environment Comprehensive
Evaluation Model

5.3.1. Comprehensive Development Level of Each System.
We referred to the research of Liao et al. (2018) and used the
following equation to quantify the comprehensive evalua-
tion function of tourism, urbanization, and the ecological
environment systems [26]:

n
U,= Z w;x,
i=1
n
Uy = D w;y) 3)
j=1
n
U3 = Z wkz,:.
k=1

In the formula, U,, U,, and U; represent the compre-
hensive evaluation function of tourism, urbanization, and
ecological environment, respectively; w;, wy, and wg rep-
resent the weight of tourism, urbanization, and ecological
environment; and x/, y}, and z; represent the dimensionless
values.

5.3.2. Coupling Degree Model. Using the model of coupling
and coordination developed, a coupling model of
Chonggqing’s tourism, urbanization, and ecological envi-
ronment was established [22, 27]:

U, xU, xU,

k
C= . 4
(U, +U, +U,)/3]° @

In the formula, C is the coupling degree of the system,
and C € [0,1]; the higher the value of C, the better the
coordination. k is the adjustment coefficient of the system,
and k=6 based on previous studies such as the one con-
ducted by Hu et al. (2015) [22].
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5.3.3. Coupling Coordination Degree Model. The coupling
degree can only indicate the strength of the mutual influence
of the systems but can indicate neither whether the systems
promote each other nor the level of mutual promotion.
Therefore, this article introduces the coupling coordination
degree model to reflect the overall level of coordination
between tourism, urbanization, and the ecological envi-
ronment. This was calculated as follows [22]:

D=+vVCxT,

(5)
T =aU, + U, + 6U;.

In the formula, D represents the degree of coupling
coordination; T represents the comprehensive index of
tourism, urbanization, and ecological environment; and «, f3,
and ¢ represent the weights. Some studies have used dif-
ferent weight values. Hu et al. (2015) held that although
tourism and urbanization promote each other, the rela-
tionship is not symmetrical, with the ecological environment
playing an important role in the development of tourism and
urbanization; for this reason, Hu et al. (2015) assigned the
following weight values: « =0.2, =0.4, and § = 0.4 [22]. Gao
et al. (2016) took into account the different contribution
rates of the three major systems, taking « =0.35, $=0.3, and
§=0.35 [23], while Wang (2018) argued that tourism and
urbanization promote each other, with the ecological en-
vironment as the basis for the development of tourism and
urbanization so that a=0.3, §=0.3, and §=0.4 [28]. Zhou
et al. (2016) held that tourism and urbanization are inte-
grated and thus assigned equal importance to each such that
a=0.4, $=0.4, and §=0.2 [30]. Finally, Deng et al. (2018)
conducted a comprehensive analysis using expert scoring
and a thorough inspection and decided to take a=0.25,
S =0.4,and § =0.35 [21]. In this article, we calculate different
values and compare them in Section 6.3. Using the existing
research results, combined with the research focus of this
paper, the degree of coupling coordination of tourism,
urbanization, and ecological environment was divided into 6
levels (Table 3) [21, 34].

5.4. Gray GM (1,1) Prediction. The gray system theory was
first proposed in China in 1982. The gray model is a
mathematical method based on the gray system theory, and
it can find the inherent rules from a series of data. The gray
model mainly predicts the data in the singular sequence. The
specific implementation steps are as follows [26]:

(1) Establish the original sequence and sort the n actual
observations: X, = {x, (1), x9(2), . . ., xo(n)}. Then, the
original sequence is accumulated to obtain a new
sequence: X;={x;(1), x1(2), ..., x1(n)}. The new
sequence is fitted by a first-order differential equa-
tion, and the corresponding differential equation of
the gray model is obtained [26]:

dXx
d—tl +aX, = i (6)
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TaBLE 3: Coordinated development level evaluation criteria.

Coordination state D value Description Types
Serious imbalance =~ 0<D<0.2 The nexus between the three systems is extremely poor Imbalance decav tvbe
Imbalance 02<D<0.4 The interaction between the three systems is weak Y P
Endangered 04<D<0.5  The interaction between the three systems is slightly increased . -

. - . . - . Intermediate transition type
Little coordination 0.5<D<0.6 The relationship between the three systems is slightly coordinated
Coordination 0.6<D<0.8 The relationship between the three systems is coordinated Coordination promotion tvpe
Good coordination 0.8<D<1 The coordination between the three systems is extremely good P P

where « is the development coefficient and y is the
gray effect.

(2) Let a be the parameter vector and a = (a/u), which
can  be  solved using least  squares:
a=(B"xB)'xB" xY,. After solving equation
(6), the prediction model is as follows [33]:

X, (k+1) =[x0(1)—§]e‘“"+g, (k=1,2,--,n).

(7)

(3) Finally, the accuracy test is performed, and the ac-
curacy level is shown in Table 4. If both P and C are
within the permitted range, this model can be used
for prediction [35].

5.5. Data Sources. The data used in this paper was obtained
from relevant websites such as The Chongging Statistical
Yearbook (2000-2017) [36] and the official website of the
National Bureau of Statistics of People’s Republic of China
[37]. Missing data were supplemented by the difference
method, which strives for completeness and accuracy of the
data.

6. Results

6.1. Analysis of The Comprehensive Evaluation Index. The
comprehensive evaluation index of Chongqing’s tourism,
urbanization, and ecological environment systems is shown
in Figure 3. The fluctuation trends of tourism and urbani-
zation are relatively consistent. The ecological environment
showed a trend of rising-fluctuating-rising steadily; it was
lower than that of the other two systems for the first time in
2013.

The development trend of tourism in Chongqing can be
roughly divided into 4 stages: a low-level and steady growth
stage from 2000 to 2008 followed by a fast-rising stage from
2008 to 2013, when its value exceeded the comprehensive
index of urbanization; from 2013 to 2016, the comprehensive
index of tourism was significantly higher than others, but its
growth trend slowed down; and from 2016 to 2017, there was
a sharp increase. Chongqing’s tourism development has
been mainly constrained by the amount of consumers’
disposable income. Due to the development of social
economy, more and more people travel, and thus tourism
has become a pillar industry for Chongqing that has further
stimulated the development of its tourism industry.

The increase in urbanization in Chongqing can be
roughly divided into three phases: from 2000 to 2008, the

comprehensive index of urbanization was in a volatile
growth stage with a relatively slow increase; from 2008 to
2016, the comprehensive index of urbanization was in a stage
of steady and rapid growth; and from 2016 to 2017, the
comprehensive index of urbanization showed a significant
downward trend. This change may be explained by the fact
that, in the earlier period, the large-scale influx of workers
into the city fueled the economic development and
accelerated urbanization. Subsequently, the rapid develop-
ment of real estate accelerated land urbanization. The
downward trend is mainly related to municipal government
policies and the quality of urbanization. For example, the
Special Work Plan for Chongging to Rectify and Regulate the
Intermediary Behavior of Real Estate Development and Sales
maintains the balance between supply and demand for real
estate and limits real estate speculation [38], while the
Chongqing City Fine Management Standard is committed
towards improving the quality of life of Chongqing residents
[39].

The development trend of Chongqing’s ecological en-
vironment is also roughly divided into three stages: from
2000 to 2008, the comprehensive index of ecological envi-
ronment showed a rising trend, while it showed large
fluctuations from 2008 to 2013, with no obvious upward
trend; in 2014, the volatility period ended, and a new rising
trend began. Before 2008, the increase in tourism and ur-
banization had not exceeded the carrying capacity of the
ecological environment; however, from 2008 to 2013, the
government and entrepreneurs were unaware of the im-
portance of the ecological environment, and thus the eco-
logical environment was severely damaged while developing
the economy. After 2013, there was increasing concern
regarding environmental pollution in Chongqing, and as a
result, environmental governance was strengthened leading
to an increase from 3-4 points to 8.5-9 points on the District
and County Economic and Social Development Performance
Evaluation Index System, which is higher than the GDP
(gross domestic product) growth evaluation score.

6.2. Analysis of the Coupling Degree. The development trend
of the coupling degree between Chongqing’s tourism, ur-
banization, and ecological environment is shown in Figure 4.
Among them, U,;-U, indicate the development trend of
Chongging’s tourism-urbanization system; U;-U; indicate
the development trend of Chongqing’s tourism-ecological
environment system; U,-Us indicate the development trend
of Chongqing’s urbanization-ecological environment sys-
tem; and U,;-U,-U; indicate the development trend of
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TaBLE 4: Gray prediction accuracy inspection level standards.

Model accuracy Model accuracy

P C p C

level level
>0.95 <0.35 First grade >0.80 <0.50  Second grade
>0.70 <0.65  Third grade = <0.70 >0.65 Fourth grade
1.0 -
0.8 - _ /lé'{
/’Q:/:;‘/A/’
0.6 - - ~
/A/kA/;/:/. A—A
e P 2
0.4 A/A\A/A -0
o _m
0.2 /.——.—O/ P o
p—® "
—a—"
00— "

T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016
Year

—=— Tourism
—e— Urbanization
—a— Ecological environment

Ficure 3: The comprehensive evaluation index of tourism, ur-
banization, and the eco-environment in Chongqing.
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FIGUre 4: The coupling degree of tourism, urbanization, and the
eco-environment in Chonggqing.

Chongqing’s tourism-urbanization-ecological environment
system.

The coupling degree of the tourism-urbanization system
is divided into three phases: a rapid growth phase from 2000
to 2004, indicating a closer relationship between Chongg-
ing’s tourism and urbanization, with the mutual promotion
between tourism development and urbanization gradually
becoming more significant. A period of gentle growth fol-
lowed from 2004 to 2008, but an anomaly occurred in 2006,
possibly because the rapid increase in urbanization did not
have a corresponding positive effect on tourism. The period
from 2008 to 2017 was stable, which is related to
Chonggqing’s efforts to build a global tourism city, and in-
dicated a close relationship between tourism and
urbanization.
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The coupling degree of the tourism-ecological envi-
ronment system can be divided into two phases: a rapid
growth phase from 2000 to 2009, where we see a change from
low-level coupling to high-level coupling, and a period with
a high coupling level from 2009 to 2017. At the beginning of
the first phase, tourism development is lagging and thus did
not have a large impact on the ecological environment. The
two systems seem to have little correlation. With the de-
velopment of tourism, there was a greater impact on the
ecological environment. There were small fluctuations in the
second phase from 2009 to 2017, but there was still a high
degree of coupling. The symbiotic relationship between
tourism and the ecological environment is more obvious; a
positive development in either system will have a positive
impact on the other.

The coupling degree between urbanization and the
ecological environment can also be divided into two stages:
before 2012, there was a period of significant fluctuation, but
the two systems were in the coupling stage, while after 2012,
the coupling degree of the two systems showed a gentle
upward trend. Development of urbanization has always been
associated with the ecological environment. The early de-
velopment of urbanization severely damaged the ecological
environment; however, in 2012, the 18th National Congress
of the Communist Party of China was held, and government
policy shifted towards new type and ecological urbanization,
which recognizes that urbanization and the ecological en-
vironment are inseparable, and as a result, these two systems
have become increasingly coordinated.

The coupling degree of the three systems can be divided
into two phases. From 2000 to 2009, it showed a steady
upward trend and increased rapidly from low-level coupling
to the running-in phase. Low-level coupling was mainly
caused by the lagging development of tourism and urban-
ization and the low degree of coupling between the tourism-
urbanization and tourism-ecological environment systems.
After 2009, the coupling degree of the three fluctuated, but
they were all still in a high-level coupling stage. Due to the
destruction of the ecological environment, the coordination
degree of the three fluctuated; however, after 2012, envi-
ronmental governance was strengthened, and the fluctuation
of the three has slowed down since then.

6.3. Analysis of the Degree of Coupling Coordination. To test
the influence of tourism, urbanization, and the ecological
environment on the degree of coupling coordination, this
study analyzed five cases with different parameters for
tourism, urbanization, and the ecological environment. The
degree of coupling coordination among the three are shown
in Figure 5. The comparison of the five cases of coupling
results revealed that the overall trends were consistent, despite
slight differences (Figure 6). These findings indicate that the
degree of coupling coordination is not greatly affected by the
weight of the three parameters (a-tourism, ff-urbanization,
and d-eco-environmental). Therefore, this article primarily
focused on the general trends of the results.

According to Table 2, the degree of coupling coordi-
nation of Chongging’s tourism, urbanization, and the
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Case Arar =02, =04,
§=04

Case B: a=0.35,$=0.3,
§=035

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Serious imbalance

Case C:a =03, =03,

Serious imbalance  Serious imbalance
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Case D: o= 0.4, f = 0.4,
§=02

Case E:a=0.25,f =04,

§=04 §=035

Serious imbalance Serious imbalance

Low level [

> High level

FiGure 5: Comparison of the degree of coupling coordination under different parameters.
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F1GUre 6: Development of the degree of coupling coordination
under different parameters.

ecological environment from 2000 to 2017 can be divided
into three types; from 2000 to 2007, D < 0.4, which is an
imbalance decay type; from 2007 to 2009, 0.4 < D<0.6,
which is an intermediate transition type; and from 2009 to
2017, 0.6 < D< 1, which is a coordinated promotion type.

According to the fluctuation curve of the degree of
coupling coordination, it can be roughly divided into three
stages:

(1) A steady upward trend from 2000 to 2012. The early
degree of coupling coordination is low, mainly be-
cause of the lagging development of tourism and
urbanization, and the coupling degree of the three is
at a low-level coupling stage. From 2008 to 2009, the
sharp increase in the curve was related to the

accelerated recovery of the economy and the
accelerated development of the tourism industry
after the subprime mortgage crisis.

(2) From 2012 to 2013, there was a slight decrease since,
despite the better development of tourism and ur-
banization in Chongging, the ecological environ-
ment had been severely damaged, which has affected
the degree of coupling coordination among the
three. Among the comprehensive evaluation indexes
of the ecological environment system, the coupling
degree of the three systems and the degree of cou-
pling coordination of the three declined in 2013,
indicating that the overall degree of coupling co-
ordination is consistent with the coupling degree
between the systems.

(3) From 2013 to 2017, there was a steady upward trend,
a result of the fact that Chongqing’s tourism, ur-
banization, and the ecological environment had
developed rapidly, and the coupling degree between
three systems had improved to reach a high level of
coupling. Any significant development of one of the
three will have an equal promotion effect on the
others.

6.4. Predictive Analysis. The weights of tourism, urbaniza-
tion, and the ecological environment have no significant
impact on the degree of coupling coordination among the
three. However, Chongqing’s ecological environment plays
an important role in both the development of tourism and
urbanization; urbanization is the foundation of tourism
development, and the tourism industry is vulnerable. In
general, the ecological environment and urbanization de-
velopment are more important than tourism. Therefore, we
selected the following weight calculation results for pre-
diction: «=0.2, $=0.4, and § =0.4. Based on the degree of
coupling coordination of tourism, urbanization, and the
ecological environment in Chongqing from 2011 to 2017, the
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FIGURE 7: Forecast of the degree of coupling coordination.

prediction model of the degree of coupling coordination was
obtained: X (K + 1) = 28.5244¢*92%8K _ 277936, We then
tested the accuracy of the prediction model and found that
C=0.40 and P=0.86. Referring to Table 4, the accuracy level
is between the first and second levels and can be used for
predicting the trend in the degree of coupling coordination.
The prediction results from 2018 to 2023 are shown in
Figure 7.

The results predict that, in the future, the degree of
coupling coordination will show a trend of steady growth,
but the growth rate will gradually slow down. If there are no
emergencies, the degree of coupling and coordination of
tourism, urbanization, and ecological environment will al-
ways be in a coordination promotion type, and the three
systems will achieve a positive mutual promotion effect and
reach a state of coordination.

7. Conclusion and Discussions

Taking Chongqing as an example, this paper studies the
dynamic changes of the degree of coupling coordination of
tourism, urbanization, and eco-environment of a megacity
in underdeveloped areas. The main findings are summarized
below.

First, the comprehensive evaluation indicators of the
tourism and urbanization systems in Chongqing generally
showed a steady upward trend. Before 2008, the compre-
hensive evaluation index of urbanization was always higher
than that of tourism, because tourism demand always lags
behind the demand for economic growth. As the develop-
ment of urbanization accumulates wealth and stimulates the
development of tourism, the comprehensive development
index of tourism is always higher than that of urbanization
after 2008. After 2012, the comprehensive evaluation index
of urbanization and ecological environment is lower than
that of tourism, and Chongqing has become a city with
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advanced tourism development. From the evaluation index
of eco-environment, Chongqing has a good ecological en-
vironment. However, from 2008 to 2013, there were fluc-
tuations; this is mainly due to the double pressure from the
economy and tourism that has destroyed the ecological
environment. After 2013, although urbanization and tour-
ism are still developing rapidly, the comprehensive evalu-
ation index of eco-environment has shown a steady upward
trend. This is because people’s awareness of environmental
protection has increased, and the government has imple-
mented environmental protection policies.

Second, the coupling degree value of U,-U; was rela-
tively large. This indicates that there is always significant
interaction between the development of urbanization and
eco-environment in Chongqing. The coupling degree of U;-
U,, U;-Us;, and U;-U,-U; generally showed an upward
trend over time. In the early years, the economy of
Chonggqing is backward, and economic growth is the main
task of Chongqing’s development. The government has not
paid much attention to the development of tourism, and
people lack tourism demand, resulting in a low degree of
interaction between tourism, urbanization, and the eco-
logical environment. Therefore, the coupling degree of
tourism, urbanization, and ecological environment is ex-
tremely low.

Third, the degree of coupling coordination of tourism,
urbanization, and the ecological environment has shown a
shift from an imbalance decay type to an intermediate
transition type to a coordination promotion type. Before
2008, it was mainly tourism and urbanization that restricted
the coordinated development of the three. The degree of
coupling coordination was less than 0.4, which was an
imbalance decay type. Since then, the economic effects of
tourism have gradually emerged. On one hand, Chonggqing
has built numerous projects to attract tourists; on the other
hand, people’s demand for tourism has increased. Therefore,
the rapid development of tourism has promoted the coor-
dinated development of the three in Chongqing. We found
that the three parameters (a-tourism, f-urbanization, and
0-eco-environmental) have had little effect on the degree of
coupling coordination. It may be because the comprehensive
evaluation indexes of tourism, urbanization, and ecological
environment are extremely close, leading to similar calcu-
lation results. The prediction results show that, from 2018 to
2023, the degree of coupling coordination between tourism,
urbanization, and the eco-environment in Chongqing as
well as the interconnectedness of the three systems is
increasing.

7.1. Theoretical Implications. First, the CCDM is established,
and the coupling degree between the three systems of
tourism, urbanization, and ecological environment is
quantitatively studied. The similar approaches can be ex-
tended to more interacting systems to carry out coupling
coordination research aimed at understanding the status quo
and finding ways to promote the development of more
systems. In addition, we have compared the influence of
different parameters (a-tourism, 3-urbanization, and J-eco-
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environmental) on the coordination results, which can
provide reference for other scholars in choosing parameters.

Second, we used the gray prediction model to predict the
degree of coupling and coordination of Chongqing’s future
tourism, urbanization, and ecological environment. The
above method can be applied to the prediction research of
coupling coordination degree in different regions and dif-
ferent systems. In addition, similar methods can also be
applied to more systems for predictive research aimed at
grasping the future development direction of the system and
providing scientific basis for the formulation of policies and
work plans.

7.2. Practical Implications. Before 2008, due to the low levels
of tourism, there was little interaction between tourism,
urbanization, and the ecological environment in Chongqing,
and the degree of coupling coordination of the three systems
was an imbalance decay type. Later, the Chongqing Tourism
Development Committee had issued a series of tourism
implementation plans and special plans such as The Twelfth
Five-Year Plan for Chongqing’s Tourism Development,
which provided a strong foundation for the development of
tourism. Since then, Chonggqing has successfully created a
number of boutique tourist attractions such as Nanshan’s
Golden Foshan and Liyang Taohuayuan, and Chonggqing is
now a trending Internet topic. It can be seen that the de-
velopment of Chongging’s tourism is closely related to
government support. Therefore, in the future, Chongqing
may strengthen and reform tourism regulations. In addition,
Chongging should continue to develop the market for senior
citizens and primary and middle school students, while
innovatively increasing Chongqing’s tourism profile. In the
era of big data, Chongqing should also accelerate the in-
tegration of tourism and the Internet.

From 2008 to 2013, the comprehensive evaluation in-
dicators of tourism and urbanization increased, but the
comprehensive evaluation indicators of the ecological en-
vironment showed large fluctuations, which shows that the
development of tourism and urbanization has had an ad-
verse impact on the ecological environment. Once the
ecological environment is destroyed, it is difficult to repair.
In the future, Chongging’s development of tourism and
urbanization must make the protection of the ecological
environment a priority. Chongging should continue to re-
form environmental protection systems and strengthen the
construction of environmental protection through invest-
ment in both talent and capital, while continuing to ac-
celerate the elimination of high-energy-consuming and
high-polluting enterprises, vigorously developing ecological
industries, and actively promoting ecological restoration
including increasing forest coverage.

As urbanization, tourism, and the eco-environment
become increasingly interconnected, the coupling and co-
ordination of the three systems also increase. The urbani-
zation of Chongging should take into account the overall
context and shift to high-quality development. This will not
only enhance economic development, but also enhance
cultural urbanization and reduce damage to the ecological
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environment. Historically, the primary problem for urban
development has been traffic reduction, and Chonggqing is
no exception. Its unique geographical location is an im-
portant advantage and a main factor in Chongqing’s rapid
development. In the future, Chongqing should continue to
take advantage of the transportation hub in the southwest to
solve the country’s traffic problem. This will further promote
the development of tourism, especially rural leisure tourism.
In addition, talent training is an indispensable key factor in
urbanization. Thus, Chongqing should further invest in
talent to enhance Chongqing’s sustainable development.

7.3. Limitation. Given the fact that our study was intended
to explore the coordination relationship between tourism,
urbanization, and the eco-environment in Chongging, the
design of the indicator systems was based on the compre-
hensive consideration of the development of tourism, ur-
banization, and eco-environment in Chongging. Although it
provides a new research indicator system in similar regions,
the indicator systems may not be applicable to other
countries and different regions. Future research should
update the indicator systems and the coordination state
criteria to meet the needs of various regions and periods. In
addition, the coupling and coordination of space should be
considered, and the factors that affect its coupling and
coordination should be further analyzed.
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