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Based on the data relevant to China’s tourism industry and ecological environment from 2005 to 2018, the entropy method and the
coupling coordination degree model were used to analyze the coupling degree and coupling coordination degree of the tourism
industry’s development and the ecological environment, and the GM (1.1) gray model was used to predict these values in the
future. The model provided predictions and illustrated the trend in the changes in the degree of coordination between the
development of China’s tourism industry and the ecological environment for the next five years. The results show the following.
(1) The coupling degree between China’s tourism industry and the ecological environment was between 0.3 and 0.5. It was in the
low-level coupling stage in 2005 and 2006 and generally low in 2005-2009, lower than the average level of 0.4204. In 2018, the
coupling degree between the development of China’s tourism industry and the ecological environment was mainly in a stage of
antagonism, reaching a peak of 0.4998 in 2013. The coupling degree declined slightly from 2013 to 2015 and then began to show an
upward trend again in 2016. (2) The average coupling coordination level of China’s tourism industry development and ecological
environment was 0.4266, which is in the medium coupling coordination stage. From 2007 to 2013, it was mainly in the phase of
moderate coupling and coordination and high coupling and coordination from 2014 to 2018. (3) From the prediction results, the
coupling degree will enter the coupling degree running-in stage in 2021 and the extreme coordination stage in 2023, but the
coupling growth level during the running-in period will be significantly lower than the coupling coordination degree. Coordinated
development of the two systems will take a long time, and active economic policies need to be adopted to promote their
coordinated development.

1. Introduction

China’s tourism industry has been developing rapidly since
the reform and opening up in the late 1970s, which not only
promoted the growth of the national economy but also
provided a large number of jobs in society. For many years,
tourism, as a typical low-carbon industry, has been highly
regarded. However, with the rapid development of mass
tourism, problems including disorderly development and
blind planning of tourism resources have become increas-
ingly serious [1]. These problems have caused the disorderly
distribution of building facilities; the overexploitation of
land resources has damaged the ecological environment, to a
certain degree, and seriously threatened China’s country’s

environmental carrying capacity. Tourism, as one of the
main functions of modern cities, is an important means to
promote regional economic development and urbanization.
The quality of a region’s ecological environment directly
affects the development of the region’s tourism economy.
The rapid development of the tourism economy also pro-
duces a series of negative effects on the regional ecological
environment. Balancing the relationship between tourism
and the ecological environment to attain the sustainable
development of tourism is essential to the promotion of
regional economic development.

Coupling and coordination is a term in physics that is
used to describe the interaction, mutual influence, mutual
promotion, and even coevolution of two or more discrete
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subsystems of different natures in an open system based on a
certain type of the connection phenomenon [2]. In recent
years, with the application of sustainable development and
synergy theory in tourism research, scholars around the
world have conducted large amounts of research on the
relationship between tourism systems and gradually found
that the relationship between tourism systems shows sym-
biotic interactions and coupled development. Many studies
have been completed on the coupling and coordination of
tourism systems. At present, domestic research on the
coupling and coordination of tourism systems has mainly
focused on three systems: tourism, economy, and ecological
environment. The coupling and coordination degree of the
three systems has been quantitatively presented from the
perspectives of different scales, and the coupling and co-
ordination of the tourism industry and regional develop-
ment level and the main driving force have been discussed.
In general, large amounts of empirical research have been
performed to analyze the coupling and coordination rela-
tionship between tourism and the tourism environment. The
research is deepening, and the research content is becoming
increasingly abundant. However, the prior studies on
tourism environment mainly focused on the ecological and
economic environments. Services, information, trans-
portation, and other environmental elements have been
rarely considered, resulting in a failure to fully analyze the
tourism industry and to depict how the tourism industry and
the economic, ecological, service, and social environments
are coupled. In the context of the current development of
tourism, some scholars have begun to pay attention to the
relationship between forest ecotourism, ice and snow
tourism, and the tourism environment. However, the re-
search on the interactive relationship between tourism and
tourism environment is relatively scarce, and the research is
not sufficiently thorough. From the perspective of the
tourism system, research is lacking on the characteristics of
the evolution of the coupling relationship between tourism
and the environment [3]. Therefore, in the context of the
construction of an ecological civilization, it is practically
significant to evaluate the coupling degree and coupling
coordination degree of the development of China’s tourism
industry and the ecological environment. On this basis,
predicting the coupling degree and coupling coordination
degree of the two in the future will help promote China’s
tourism. The coordinated development of industry and the
ecological environment is essential. In this study, we pre-
dicted the future evolution and development trend of the
system based on the GM (1.1) gray prediction model. Based
on the above, targeted coupling and coordination measures
are proposed to provide a certain scientific reference for the
attainment of sustainable development and optimal
regulation.

The contributions of this paper are as follows. (1) An
evaluation index system is constructed for the coupling and
coordination of tourism industry development and the
ecological environment, and the entropy method combined
with expert advice is used to determine the weight of the
evaluation index, ensuring the scientific construction of the
index system from both subjective and objective
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perspectives. (2) The coupling degree and the coupling
coordination degree between the tourism industry and the
ecological environment are measured using the coupling
degree model, and their coupling relationship is determined.
(3) The GM (1.1) gray forecast model is used to predict the
coupling and coordination relationship between China’s
tourism industry and the ecological environment. (4)
Countermeasures and suggestions are proposed to improve
the coordinated development of the tourism industry and
the ecological environment on the basis of the aforemen-
tioned empirical analysis.

The rest of this article is organized as follows. Section 2 is
a literature review that provides an analysis of the previous
literature and a theoretical reference for this study. Section 3
introduces the research methods and describes the building
of an evaluation index system. Section 4 provides the results
and analysis; estimated on the basis of the coupling degree
and coupling coordination degree of the tourism industry
and the ecological environment, the prediction and analysis
for the next five years are carried out. Section 5 outlines the
conclusions and recommendations.

2. Literature Review

As one of the common topics explored by social develop-
ment, coordinating the relationship between the ecological
environment and tourism development is a cornerstone for
the sustainable development of human society. The tourism
industry has typical environmental and resource depen-
dence, and its development and ecological environment are
inseparable. According to the research results published by
foreign scholars, the relationship between the ecological
environment and the tourism industry is extremely close,
and the study of the two requires a study of the relationship
between the ecological environment and economic activities.
Many foreign scholars have studied the relationship between
environmental quality and income level based on the
Kuznets curve. With the rapid development of tourism in
the world after the 1960s, the academic community began to
pay attention to the development of the ecological envi-
ronment. Research in this field both at home and abroad has
mainly focused on the following aspects.

2.1. Impact of Tourism Industry on the Ecological
Environment. Wright and Wall proposed the concept of the
environmental impact of tourism and elaborated on the
mechanism through which the environment is impacted by
tourism activities [4]. Tsaura et al. stated that to achieve
sustainable ecotourism development, the relationship
among communities, resources, and tourists must be clar-
ified [5]. Mbaiwa noted the negative impact on the devel-
opment of tourism industry in Africa’s Okavango Delta
through in-depth research [2]. Based on noise, water, ani-
mals, plants, and soil, Stephen studied the impact of the
natural environment on the development of the tourism
industry and proposed that this impact is not only negative
but there is also a certain positive impact [6]. Anisimov et al.
conducted a detailed analysis of the long-term development
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of the tourism industry using institutional factors and found
that a sound environmental protection legal system is the
basis for ensuring the healthy development of the tourism
industry [7]. Cole stated that tourism development can
improve the environmental quality of tourist destinations
[8]. Lang analyzed the impact of tourism activities in Haikou
on the soil ecological environment, and the results showed
that the soil water, organic matter, and total nitrogen
contents in tourist-intensive areas are lower than those in
tourist-sparse areas [9]. Song analyzed the possible adverse
effects of ecotourism on the ecological environment of
nature reserves and proposed corresponding countermea-
sures around standardizing the development of ecotourism
and reducing the impact of ecotourism on the ecological
environment in nature reserves [10]. Zu, based on relevant
data in the Chonggqing Statistical Yearbook and through a
combination of correlation analysis and multiple linear
regression models, analyzed the impact of the development
of rural tourism in Chongging on the ecological environ-
ment, finding that Chongqing rural tourism income was
positively correlated with the amount of solid waste gen-
erated in the tourist area and the proportion of environ-
mental protection funds in the production value. The
income from rural tourism in Chongqing was negatively
correlated with the rate of good air quality and the per capita
forest area [11].

2.2. Coupling and Coordination of the Tourism Industry and
the Ecological Environment. In recent years, with the rapid
development of China’s tourism industry, many domestic
scholars have conducted research on industrial coupling and
integrated development. Many research results on the
coupling mechanism, coupling management, coupling
policy, and coupling path of ecological environment and
tourism industry have been published, including the in-
depth analysis of the interaction mechanism between the
ecological environment and tourism economies from the
perspective of system theory, resulting in many empirical
research and theoretical analysis results [12-16]. Foreign
scholars Lacitignola et al. [17, 18] and Petrosillo et al. [19]
studied the relationship between the two by establishing an
ecotourism system model; domestic scholars have analyzed
the coupling of the tourism industry and the ecological
environment and studies predicting the coupling and co-
ordination of the two are lacking, for example, Meng, by
combining the existing related research results, through the
construction of a rural tourism-ecological environment
evaluation index system, used the coupling and coordination
evaluation model and took Xinchang County as an empirical
study to explore the coupling and coordination relationship
between the two [20]. Zhang et al. selected Changji Hui
Autonomous Prefecture as the research area and used the
coupling coordination model and the GM (1.1) prediction
model to analyze the coupling and coordination relationship
among the three major systems of the economy, tourism,
and ecological environments. The results showed that the
overall evaluation index of the three major systems from
2007 to 2016 increased. Except for a few years, the

development of the economy and tourism was generally
consistent [21]. Zhao et al., using the coupling coordination
model to conduct a comprehensive empirical study on the
coordinated development of the three major systems in
Xinjiang from 2008 to 2017 and using the GM (1.1) gray
prediction model, predicted the degree of coupling coor-
dination in the next five years. The structure showed that the
degree of coupling coordination demonstrated a trend of
rising fluctuations. From the perspective of coordination
level, the overall coordination has gradually evolved from
primary to intermediate coordination; in the next few years,
the coupling of the three major systems in Xinjiang and the
degree of coordination generally should show a slight in-
crease, reaching a good level of coordination in 2021 [22].
Zhou regarded the regional economy-eco-environment-
tourism industry as a giant open system with extensive
connotations, a complex structure, and coupling charac-
teristics. Based on the coupling and coordination model, the
evolution of the coupling and coordination of the three
major systems in the Yangtze River Economic Belt was
analyzed from the time and space dimensions; the GM (1.1)
gray model was used to predict the future coupling and
coordination of the three major systems in the region. The
results showed that from the perspective of time, the cou-
pling coordination degree of the three major systems will
maintain stability and fluctuations. The spatial development
pattern is roughly high in the east and low in the west. The
main constraints of coupling development are different in
the east, middle, and west of the country. Except for indi-
vidual provinces, the degree of coupling and coordination of
the large-scale system showed a slight upward trend [23].
Zhang et al., based on the coupling model, calculated the
degree of coupling and coordination index between tourism
and ecological environment quality in China’s coastal re-
gions, analyzed their temporal and spatial patterns and their
evolution characteristics, and then used the GM (1.1) pre-
diction model to predict the future level of tourism in
China’s coastal areas and the coupling degree of the eco-
logical environment based on the gray system theory, hoping
to provide the government with decision-making reference
[24]. Zhang built a coupling and coordination model be-
tween the three systems based on the analysis of the in-
teraction and coupling mechanism of tourism, land use, and
ecological environment system and established the coupling
relationship between them in the Central Plains Economic
Zone. Quantitative evaluation and prediction of the coor-
dination relationship showed that the three experienced a
rapid growth trend from 2012 to 2014, and the degree of
coordination continued to increase [25].

In summary, domestic and foreign scholars conducted
considerable research on the relationship between envi-
ronment and tourism, including both qualitative and
quantitative research results. Compared with foreign
countries, Chinese scholars’ research started later on these
issues. The study of environmental and tourism relations has
mainly focused on sustainable tourism development, tour-
ism carrying capacity, and tourism capacity, whereas China
has focused on omnidirectional and multiangle analysis. The
academic research on coupling coordination degree is



mainly based on the coupling and coordinated development
of tourism economy and the environment, and the research
scope mostly focused on certain urban agglomerations or a
certain province [26-31]; few studies were conducted na-
tionwide using in-scale multiscale analysis, with research
lacking on predictive future issues. To this end, we selected
the national scope as the research object and introduced the
coupling degree and coupling coordination degree model to
measure the coupling degree and coupling coordination
degree between tourism industry development and the
ecological environment in China from 2005 to 2018 and
introduced the gray system. The theory predictions are
expected to provide a decision-making basis for future
sustainable development and provide a reference for the
future development of China’s tourism industry in coor-
dination with the ecological environment.

3. Methods

3.1. Entropy Method. Existing studies mostly used the expert
method and the analytic hierarchy process for determining
index weight. Such methods require subjective experience
when assigning weight. If different experts are selected, the
analysis results will differ. Compared with the subjective
weighting method, which has many shortcomings such as
more qualitative components and less persuasive power, the
entropy method is based on the original index data and
mathematically calculates the weight. The entropy method
objectively determines the weight of the evaluation index
using the size of the observation value information. If there
are m systems to be evaluated and » evaluation indices, then
the original indicator data matrix can be expressed as
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X = (%;j)yuun- 1f the difference between the index values X;;
is larger, the comprehensive evaluation effect is better; if the
index values are the same, the comprehensive evaluation is
invalid.

Entropy is mainly used to measure uncertainty in the
field of information theory. The size of the entropy depends
on the amount of information: the larger the amount of
information, the less the uncertainty and the lower the
entropy value; conversely, the larger the amount of infor-
mation, the higher the entropy value. Combined with the
entropy property, we can judge the disorder degree and
randomness of a certain scheme and the degree of dispersion
of a certain index. This means that we can calculate the
weight of each index based on the information entropy,
which provides an important basis for comprehensive multi-
index evaluation work. When using the entropy method to
determine the weight of each index, it is necessary to
standardize the data in advance. This reduces the bias of
results due to subjective factors. The specific steps are as
follows:

Step 1. Data standardization processing: The entropy
method can skip the standardization process without
any dimension influence. The principle is finding the
proportion of a certain indicator in different schemes in
the same indicator. If there are negative data, it needs to
be non-negative to process the data. The data should be
translated to ensure that the logarithm of the entropy is
meaningful.

The bigger the better indicator is calculated as follows:

X..—min(X,,X,,..., X, ;
= J (X, = ) +1, i=12...,mj=12,...,m (1)
max (X, j, X,j,. .., X,;) - min (X, X5}, .., X,,))
To calculate the smaller the better indicator,
max (X, X, ..., X, ;) — X,
X/ = (X1 % _ )~ X +1, i=1,2...,m j=12...,m )
max (X, X, .., X,,;) = min (X, X5, .., X,,;)

For convenience, the data after non-negative pro-
cessing are still recorded as X;;.

Step 2. Determine the weight of the indicator: The
method of determining the weight of an index based on
the entropy weight involves quantifying and compre-
hensively processing all the information of the unit to
be evaluated. The weighting of each factor based on the
entropy method can reduce the complexity of the
evaluation process. The entropy method was used to

study the determination of the index weights. First,
based on the selected evaluation indicators, an n X m
raw data matrix can be obtained as follows:

X1 X2 v X
Xo1 Xpp vt Xop

X=\ " 7 . , (3)
Xn1 Xm2 0 Xum dpxm
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where # is the number of systems and m is the eval-
uation index.

Secondly, the same trend is used to process the target
index, and a positive matrix is obtained. After the evaluation,
because the above indicators have advantages and disad-
vantages, to ensure that all indicators are high-quality in-
dicators, the low-quality index should be processed by the
inverse method. The corresponding matrix is obtained:

Yuu Yz ot Vi
Y = J’.zl )"22 y.2n (4)
Y1 Y2 " Vumduxm
The matrix is normalized as follows:
Yij .
Zi.: 7 5 ]:1,2,...,1’?1, 5
! Zi:IYij (5

where z;; is the element in the normalized matrix.
When calculating the entropy weight of the evaluation
index, the calculation formula is as follows:

H(xj):_kzn:zijln Zijp j=12,...,m, (6)
i=1

where k is the adjustment factor, k = 1/In n, and z;; is the
normalized value of the jth indicator of the first evaluation
unit. The result of converting the entropy value of the
evaluation index into the weight value is as follows:
1-H (x )
di=———~ 2 j=1,2,...,m, (7)
] m
m =37, H(x;)

m —
where 0<d;<1, ', d; = 1.

3.2. Coupling Coordination Degree Evaluation Method

3.2.1. Coupling Theory. The relationship between different
systems or elements and the degree of influence, that is, the
degree of coupling, is a concept in physics. The degree of
coordination and the interaction between different systems
or elements is called coordination, which reflects the sus-
tainable development between various systems or elements.
The coupling coordination degree is used to define the
degree of coordination and mutual influence between dif-
ferent systems or elements, which is a visual representation
of the degree of correlation between systems, and between
the systems, reflecting the degree of coordination. The
tourism industry development-ecological environment
system is particularly complex, including environmental,
social, and economic factors. The development of the
tourism industry, especially its sustainable development, is
inseparable from the support of a healthy ecological envi-
ronment. As an important part of the ecological environ-
ment, the tourism industry enriches the ecological
environment, and the two factors jointly form a coupling
system in which the two factors coordinate and influence
each other. The tourism industry has achieved its own

development relying on the natural elements of the eco-
logical environment (such as rivers, vegetation, and soil).
The tourism industry is an economic activity through which
humans develop and use natural resources. Knowledge of
environmental protection and reducing environmental
stress features is required.

The degree of coupling selected for this study is the
degree of correlation between the different indicators of the
development of the tourism industry and the ecological
environment and the degree of influence of those indicators.
The degree of coupling coordination is defined as the degree
of coordinated development of the two subsystems. An
evaluation index system should be constructed to determine
the degree of coupling and coupling coordination between
the two factors to understand the degree of coordination, the
degree of influence, and the level of mutual integration.

3.2.2. Coupling Degree Model. According to the capacity
coupling system model in physics, the coupling degree
model of tourism industry development and ecological
environment can be constructed:

1/m
o - u} ,
" {H(ui+uj)

uu ?
1t
[zl

The value range of C is Ce[0, 1]. When C=0, the
coupling degree between the tourism industry and ecological
environment is the lowest, reflecting that almost no corre-
lation between the two systems, and the coupling system
tends to develop in a disorderly manner. When C=1, the
coupling degree between the tourism industry and the
ecological environment is the largest, indicating that the two
subsystems are in the stage of amphoteric resonance cou-
pling, tending to orderly development. In the comparative
analysis of the coupling degree of provinces (regions and
cities) in the country, the coupling degree model alone
cannot reflect the degree of coordination between the
tourism industry and the ecological environment in all
provinces and cities. Given this problem, we constructed a
coupling degree model to contrast and analyze the coupling
and coordination of urban tourism industry development
and the ecological environment in different provinces and
cities and to clarify the differences in the coupling coordi-
nation degree of these provinces, combined with the com-
parative analysis results based on the coupling coordination
degree model for tourism industry development and eco-
logical environment systems. The degree of coordination
between the internal indicators was calculated as follows:

D=vVC-T,

(9)

T = au, + Pu,,
where D represents the degree of coupling coordination, T'is
the comprehensive coordination index of the two subsys-
tems of tourism industry development and ecological



environment, and « and f represent the importance of the
tourism industry subsystem and the ecological environment
subsystem, respectively, for analyzing the coupling of the
subsystems. When the relationship is the same, the two are
just as important. Therefore, referencing previous research
experience, both « and 5 were assigned a value of 0.5. On the
basis of previous studies, we divided the coupling degree and
coupling coordination degree of tourism industry devel-
opment and ecological environment into four grades. The
standards and types are shown in Table 1.

3.3. GM (1.1) Gray Prediction Method. The tourism industry
development and the eco-environment systems are quite
large, involving two major systems. They contain many in-
dicators and have a limited sample size. The entire coupling
trend cannot be predicted by ordinary linear or nonlinear
models, which have high uncertainty. Therefore, by com-
paring the difference with other research methods, we
thought that the GM (1.1) gray forecasting method would be
more suitable. The GM (1.1) gray forecasting method can be
used to solve systems with incomplete information, such as
series forecasting and catastrophe forecasting. The GM (1.1)
gray forecasting model is superior to traditional time series
forecasting methods when solving problems with small
samples or incomplete data and can maintain higher accuracy
when predicting future situations. As such, we built a tourism
and ecological environment evaluation index system based on
the entropy method and used the GM (1.1) model to predict
future changes, aiming to improve the coordinated devel-
opment of tourism and the ecological environment and
reasonably recommend policy measures based on the pre-
dicted results, providing a reference basis for government
decision-making. The modeling method and specific steps of
the GM (1.1) gray forecasting method are as follows.

Step 1. Data processing. First, the original time series is
processed using data to reduce the randomness of the
original time series, and the processed time series is named a
generated column.

Let X ={x©®(1),Xx©(2),x©(3),..., XD 1)} be
the raw data of an indicator to be predicted and calculate the
level ratio of the series A(t) =X -1)/X©®
(t), t =2,3,...,n. The GM (1.1) model prediction is valid
when most of the levels are added in the (e(-2"+D, e (2/m+D)
interval. Otherwise, the data need to be reprocessed. For
example, the data are opened, logarithmically processed, and
smoothed. The preprocessed data are smoothed using three-
point smoothing, which can be processed as follows:

B [X©t-1)+2X7 (1) + XV (£ +1)]

xO ) i

[3x” 1)+ x2)]
1 ,

x©) = (10)

. [X© (n-1)+3x (n)]

x© (n
4
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Completing the preprocessing accumulates the gener-
ated processing data. In this process, the first data of the
column are generated, that is, the data of the original se-
quence; then, the second data of the original sequence are
added to the first data of the original sequence to obtain the
generated sequence. The second data are then looped
continuously to obtain the complete generated column.

According to X (k) = Zﬁzl X (), we obtain a new
series:

xW={xWa),x@,xY @), xYml  an

The degree of randomness of this series is considerably
weakened, and the stationarity is considerably increased,
which can be described by the following:

x®
dt

where a represents the development gray number and u is
the endogenous control gray number.

+axW =y, (12)

Step 2. Model Y, = [X©@(2), X (3),
5 XOm)]T, where @ is the parameter vector to be eval-

uated, & = (a ):
u

solving.  Set

—% (xPm+xV@) 1]

[ )
— (X7 (2)+ X (3) 1
B= 2( ' ) ) (13)

—% (X(l) (n-1)+ xW (n)) 1

Then, the model can be expressed as follows:
Y, = Ba. (14)
From the least squares method, we obtain the following:
a=(B"B) By, (15)

Solving this differential equation yields a discrete time
response function for gray prediction as follows:

~ ul _ u
X(l)(t+1)=[X(0)(1)—f]e a t o021,
a a

(16)

where X (1)(t+ 1) is the resulting accumulated predicted
value, and the predicted value is restored as follows:

%+ =x¢+1)-x" 0. (17)

If the data are preprocessed, they must be transformed to
reflect the actual predicted value.
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TaBLE 1: Classification of coupling degree and coupling coordination degree.

C value interval Coupling type

D value interval Coupling coordination type

0<C<03 Low
03<C<0.5 Antagonistic
0.5<C<0.8 Run-in
0.8<C<1 High

0<D<0.3 Low
03<D<0.5 Moderate
05<D<0.8 High

0.8<D«<1 Extreme

Step 3. Through the error test of the gray prediction model
in Table 2, the accuracy of the result is judged according to
the P value and the C value.

4. Results and Discussion

4.1. Evaluation Index System Construction. From the above
analysis, a coupling relationship exists between the tourism
economy and the ecological environment, and the two show
the characteristics of mutual influence, mutual restriction,
and common development. Therefore, constructing an ap-
propriate evaluation index system would provide the basis
for evaluating the coordination degree of economic tourism
development and the ecological environment. However, no
unified measurement standard exists for the relevant indi-
cators of economic development and resource environ-
mental evaluation [32], and the tourism economy and
ecological environment system involve a wide range of
indicators, making it impossible to evaluate each one.
Therefore, the evaluation index system in this article was
constructed based on the research results of Chen [33] and
Feng [34] and according to the statistical data collected in
this study, following the overall correspondence, appropriate
proportions, prominent focus, the principle of the combi-
nation of the total and average indexes, data availability, and
comparability. The index system in this study was con-
structed as follows:

(1) Subjective Screening. The subjective component of
the indicator system was mainly using question-
naires. Questionnaires were issued to 20 experts,
business managers, government officials, and uni-
versity teachers in the field of tourism and ecological
environment, and the recovery rate and efficiency
were 100%. Then, the fuzzy comprehensive evalua-
tion method was used to analyze the results of the
questionnaire.

(2) Statistical Screening. The screened indicators were
determined and analyzed, and the coefficient of
difference of the remaining 30 indicators was cal-
culated. The boundary value of the coefficient of the
difference was set to 0.05, and any index with the
coefficient of difference less than this value was
removed.

(3) Index Weights. The deterministic evaluation index
weights were established based on the entropy
weight method, which is a method used to quantify
and comprehensively process the information of all
units to be evaluated. We used the entropy method to
determine the index weights.

TaBLE 2: Gray forecast accuracy test level standard.

Model accuracy level P C

1 pole (excellent) 0.95<P C<0.35

2 poles (good) 0.80<P<0.95 0.80<C<0.5
3 poles (qualified) 0.70<P<0.8 0.5<C<0.65
4 poles (failed) P<0.70 0.65<C

In summary, we divided the indicators into two major
systems as follows: the tourism industry system or the eco-
logical environment system. The former includes economic
benefits and infrastructure systems, and the latter is sub-
divided into four subsystems: social, service, ecological, and
economic environments (Table 3). To prevent subjective
factors from affecting the index weight calculation results, the
weights of all indicators were confirmed based on the entropy
weighting method to ensure scientific evaluation results.

4.2. Data Source. The raw tourism industry development
and ecological environment data were derived from the
annual China Tourism Statistics Yearbook and the statistical
yearbooks and statistical bulletins of various provinces and
cities; there are no raw data indicators in the statistical
yearbooks, which were mainly calculated based on the
original data from 2005 to 2018.

4.3. Results of Coupling Degree and Coordination Degree
Measurement. According to the abovementioned estab-
lished tourism industry and ecological environment eval-
uation index system, based on the coupling degree and
coupling coordination degree model, the coupling and co-
ordination degrees in 2005-2018 were calculated.

4.3.1. Analysis of Coupling Degree Results. From the cal-
culation results in Table 4, the coupling degree between
China’s tourism industry and the ecological environment
was between 0.3 and 0.5. According to the above classifi-
cation of coupling degrees, the coupling degree between
China’s tourism industry and the ecological environment
was in an antagonistic stage. Early 2005 and 2006 were in the
low-level coupling stage, indicating that the degree of
coupling was gradually increasing, but the overall level of
coupling during 2005-2009 was low, lower than the average
level of 0.4204, and the coupling degrees after 2009 were
higher than average. In 2013, the coupling degree between
the two reached the highest point, 0.4998, which is very low
in the running-in phase of the coupling type. In 2018, the
coupling degree between the tourism industry and the
ecological environment was 0.4825, which is 1.95 times that
of 2005. From the calculation results of the coupling degree,



8 Discrete Dynamics in Nature and Society

TaBLE 3: Coupling evaluation index system of the tourism industry and the ecological environment.

System Subsystem Evaluation index Nature ~ Weight
Number of tourists (10,000 people) + 0.1621
Tourism income growth rate (%) + 0.0522
Economy L
Tourism industry profits and taxes (10,000 yuan) + 0.0913
Tourism income as a percentage of GDP (%) + 0.0765
Tourism industry Proportion of tourism practitioners (%) + 0.1012
Number of tourist attractions + 0.1822
Infrastructure Tourist advisory service center + 0.1141
Tourism industry proportion of tertiary industry + 0.0912
Tourism infrastructure investment (10,000 yuan) + 0.1292
GDP per capita (yuan/person) + 0.0231
Total import and export (USD 10,000) + 0.0121
Per capita disposable income (yuan/person) + 0.0681
Economy . . .
Total retail sales of per capita social consumer goods (yuan/person) + 0.0231
The ratio of three production to GDP (%) + 0.0455
Average wage level of urban workers (yuan/person) + 0.0512
Per capita park green area (m*/person) + 0.0121
Pollution-free treatment rate of domestic garbage (%) + 0.0123
Proportion of natural reserves in the jurisdiction (%) + 0.0612
Ecology Industrial wastewater discharge (10,000 tons) - 0.0877
Ecological environment Industrial carbon dioxide emissions (10,000 tons) - 0.0887
Industrial soot emissions (10,000 tons) - 0.0888
Green coverage rate in built-up areas (%) + 0.0561
Railway density km/million km? + 0.0762
. Internet penetration rate (%) + 0.0632
Service . P
Grade road density (km/km®) + 0.0231
Mobile phone penetration rate (ministry/100 people) + 0.0581
Population urbanization rate (%) + 0.0486
Socie Average number of students per 10,000 persons + 0.0561
ty Urban population density (person/km?) + 0.0181
Electricity consumption per capita (kwh) + 0.0266
TaBLE 4: Value and grade of coupling degree of the tourism industry and ecological environment.
Tourism Eco- Comprehensive Couplin, Couplin Couplin,
industry environmental prehen Coupling pung Coupling pung piuns
Year . . coordination coordination coordination  coordination
composite  comprehensive . degree C level L
. . index T degree D level characteristics
index U, index U,
Tourism
2005 0.0311 0.4419 0.2365 0.2478 0.2421 Low Low industry
relatively
lagging
Tourism
2006 0.0349 0.4971 0.2660 0.2476 0.2566 Low Low n industry
relatively
lagging
Tourism
2007 0.0721 0.5812 0.3267 0.3133 03199  Antagonistic  Moderate industry
relatively
lagging
Tourism
2008 0.0912 0.6533 03723 0.3279 03494  Antagonistic = Moderate industry
relatively
lagging
Tourism
2009 0.1523 0.7512 0.4518 0.3744 04112  Antagonistic = Moderate industry
relatively

lagging




Discrete Dynamics in Nature and Society

TaBLE 4: Continued.

Tourism Eco-

industry environmental
composite  comprehensive

index U, index U,

Comprehensive
coordination
index T

Year

Coupling
degree C level

Coupling
coordination

Coupling
coordination
degree D level

Coupling
coordination
characteristics

Coupling

2010 0.2533 0.5632 0.4083

0.4626

Tourism
industry
relatively

lagging

0.4346 Antagonistic =~ Moderate

2011 0.3209 0.4834 0.4022

0.4897

Tourism
industry
relatively

lagging

0.4438 Antagonistic =~ Moderate

2012 0.4311 0.4612 0.4462

0.4997

Tourism
industry
relatively

lagging

0.4722 Antagonistic =~ Moderate

2013 0.4634 0.4312 0.4473

0.4998

Ecological
environment
relatively

lagging

0.4728 Antagonistic =~ Moderate

2014 0.5871 0.4287 0.5079

0.4939

Ecological
environment
relatively

lagging

0.5008 Antagonistic High

2015 0.6523 0.3903 0.5213

0.4840

Ecological
environment
relatively

lagging

0.5023 Antagonistic High

2016 0.6809 0.3912 0.5361

0.4814

Ecological
environment
relatively

lagging

0.5080 Antagonistic High

2017 0.7101 0.4096 0.5599

0.4817

Ecological
environment
relatively

lagging

0.5193 Antagonistic High

2018 0.7623 0.4455 0.6039

0.4825

Ecological
environment
relatively

lagging

0.5398 Antagonistic High

Average

0.3745
value

0.4949 0.4347

0.4204

Tourism
industry
relatively

lagging

0.4266 Antagonistic =~ Moderate

the coupling degree between China’s tourism industry and
ecological environment during 2005-2018 was poor, being
in a state of mutual competition for a long time. The two
interacted less, mainly due to the lack of development of the
tourism industry at the time and the ecological environment
was not a focus. The 18th National Congress of the Com-
munist Party of China introduced the overall layout of the
five-in-one, incorporating ecological civilization. As a result,
environmental protection received more attention; the in-
teractive relationship between tourism industry develop-
ment and the ecological environment has become the focus
of academia. From the measurement results of the coupling
degree, the coupling degree increased significantly after the
18th National Congress of the Communist Party of China,

reaching its peak in 2013. The coupling degree declined
slightly from 2013 to 2015 and then began to show an
upward trend in 2016, but the rate of increase tended to
stabilize the growth trend.

From the line chart of Figure 1, the coupling degree has
rose for a long time since 2005, and the fluctuation range was
not stable. The rising speed in 2005-2012 was the fastest
during the rapid development stage, showing that the
tourism industry developed rapidly during the period of
rapid economic growth. The policy measures implemented
to stabilize the growth of the structure promoted the rapid
improvement in the coupling between the two. During the
period of 2013-2018, although the growth rate was not high,
it was steady, indicating that China had paid more attention
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F1GUrE 1: Coupling degree and coupling coordination degree of China’s tourism industry development and the ecological environment in

2005-2018.

to quality improvement during the transition from the
high-speed to the high-quality growth stage, so the coupling
degree between the two continuously improved.

4.3.2. Analysis of Coupling Coordination Degree Results.
Table 4 shows that the coupling degree between China’s
tourism industry development and ecological environment
was not high. The average level during the whole sample
period was 0.4266, which is the moderate coupling and
coordination stage. Low coupling was found in 2005 and
2006, indicating that the development of the tourism in-
dustry and the ecological environment was basically in
disorder. The main reason for this finding is that the early
economic development was lagging. The main driver of the
country’s development was industry, with tertiary industry
developing slowly along with people’s disposable income.
Most of people’s income was used for daily consumption,
and the lagging concept of tourism restricted the develop-
ment of the tourism industry. Therefore, the tourism in-
dustry was relatively lagging, and the relationship with the
ecological environment was not obvious. In 2007-2013, the
degree of coupling further improved because China’s in-
vestment in the tourism industry and the quality of the
ecological environment were increasing. The interaction
between the two produced a preliminary link. The concept
further improved, and the requirements for the ecological
environment have been increasingly raised. Therefore, as the
development of the tourism industry became concerned
with the protection of the environment, the coupling and
coordination of the two improved significantly, and in 2013,
the tourism industry lagged behind. The ecological envi-
ronment is relatively lagging behind because the national
civilization has strengthened the construction of ecological
civilization since the 18th National Congress, paying more
attention to the protection of the ecological environment.
The coupling and coordination degree of the two further
improved; 2014-2018 demonstrated high coupling and

coordination, and the coupling degree of the two reached a
peak. The coupling coordination degree in 2018 reached
0.5398, which is 2023 times that of 2005. The coupling
coordination degree considerably improved in recent years.
The emergence of a series of new forms of tourism such as
ecotourism, recreation and tourism, and health tourism has
tied tourism and the ecological environment together, and
the people’s ecological concept has been continuously en-
hanced, so ecological environmental protection has been
viewed as an opportunity to promote the tourism industry.
Reforms and upgrading have accelerated the integration and
development of the two, and the coupling and coordination
between the two have achieved remarkable results.

From the line chart of China’s tourism industry and
ecological environment coupling degree (Figure 1), the
coupling coordination degree shows a growth trend; the
overall level is continuously improving with both rapid and
stable growth stages. During 2012 and 2013 to 2018, the
postcoupling coordination degree of the 18th National
Congress of the Communist Party of China increased steadily,
reflecting that the coordination between the development of
China’s tourism industry and the ecological environment has
continuously improved. In the past few years, there have been
calls for a beautiful China, quality tourism, and other policy
guidance. The coordination and efficiency of the two have
risen steadily, presenting a development trend.

In summary, the coupling degree and coupling coor-
dination degree of China’s tourism industry development
and ecological environment are generally increasing; this
rising trend is related to the implementation of China’s
economic policy. To determine whether the degree of
coupling and coupling coordination between the two stages
of development will maintain steady growth and whether the
integration stage and extreme coupling coordination be-
come the focus of social attention, we further used the GM
(1.1) gray prediction model. It is predicted that the coupling
degree and coupling coordination degree between China’s
tourism industry development and ecological environment
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TABLE 5: Error test based on the GM (1.1) gray prediction model.

11

Coupling degree C value

Coupling coordination D value

Year Observation Fitting Relative error ~ Relative Observation Fitting Relative error Relative error
value value (%) error value value (%) (%)
2005 0.2478 0.2698 -0.022 -8.8781 0.2421 0.2466 -0.0045 -0.0186
2006 0.2476 0.2602 -0.0126 —-5.0889 0.2566 0.2432 0.0134 0.0522
2007 0.3133 0.3012 0.0121 3.8621 0.3199 0.2891 0.0308 0.0963
2008 0.3279 0.3121 0.0158 4.8185 0.3494 0.3045 0.0449 0.1285
2009 0.3744 0.3534 0.021 5.6090 0.4112 0.4118 —-0.0006 -0.0015
2010 0.4626 0.4521 0.0105 2.2698 0.4346 0.4393 -0.0047 -0.0108
2011 0.4897 0.4834 0.0063 1.2865 0.4438 0.4521 -0.0083 -0.0187
2012 0.4997 0.4823 0.0174 3.4821 0.4722 0.4788 -0.0066 -0.0140
2013 0.4998 0.4882 0.0116 2.3209 0.4728 0.4823 —-0.0095 -0.0200
2014 0.4939 0.4833 0.0106 2.1462 0.5008 0.5021 -0.0013 —0.0030
2015 0.484 0.4856 -0.0016 -0.3306 0.5023 0.4902 0.0121 0.0241
2016 0.4814 0.4888 -0.0074 -1.5372 0.508 0.4899 0.0181 0.0356
2017 0.4817 0.4904 -0.0087 -1.8061 0.5193 0.4833 0.036 0.0693
2018 0.4825 0.4912 -0.0087 -1.8031 0.5398 0.5325 0.0073 0.0135
Test C=0.2561; P = 0.9677 C=0.1521; P = 0.9876
value
TABLE 6: Predicted values.
Year Coupling degree C value Coupling coordination D value
2019 0.4621 0.5521
2020 0.4901 0.6129
2021 0.5123 0.6712
2022 0.5212 0.7421
2023 0.5688 0.8018
2024 0.5839 0.8109
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FIGURE 2: Trends in the predictive indicators.
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in the next five years will provide theoretical reference for
the implementation of policies.

4.4. Prediction and Analysis of Coupling Coordination Degree
between China’s Tourism Industry Development and the
Ecological Environment. In 2018, Xi Jinping’s ecological
civilization thought was formally established. New devel-
opment concepts, ecological civilization, and beautiful
China were enshrined in the Constitution, and more em-
phasis was placed on the protection of the ecological en-
vironment. The report of the 19th National Congress
proposed that ecological civilization construction will be the
cornerstone of China’s sustainable development, the key to
which is the improvement in ecological efficiency. In the
high-quality development stage, China’s tourism industry
development and the ecological environment are in a critical
period of transformation. To understand the changing
trends of the two in the next five years, we adopted the GM
(1.1) gray prediction model. The degree of coupling and
coupling coordination was dynamically simulated. After
verification by the model, the coupling degree fit C=0. 2561
and P = 0.9677 and the coupling coordination fit C=0. 1521
and P = 0.9876 (Table 5). According to the accuracy level of
the previous model, 0.95<P and C<0.35, which are ex-
cellent for prediction. That is, the coupling degree of tourism
industry development and the ecological environment can
be predicted in China from 2019 to 2024. The prediction
results are provided in Table 6 and Figure 2, which show that
the degree of coupling will increase steadily from 2019 to
2024, the coupling degree is reached as of 2021, and the
growth rate will significantly improve. In addition, the
predicted value of coupling coordination degree also in-
creases significantly. In 2023, it enters the extreme coor-
dination stage, and the synergistic development effect of the
two will significantly improve. Generally, the coupling de-
gree of China’s tourism industry development and the
ecological environment in the five-year period will rise and
the coupling level and coordination level will increase by one
level, but from Figure 2, the degree of coupling and coupling
coordination can be improved. The development of the
tourism industry and the coordination of the ecological
environment will still take a long time, so it is necessary to
adopt positive economic policies to promote the coordinated
development of the two. In the next part of this paper, we
provide suggestions for the coordinated development of the
two.

5. Conclusions and Recommendations

5.1. Conclusions. Forty years since the reform and opening
up, the vigorous development of China’s tourism industry
has enhanced the public’s awareness of ecological envi-
ronmental protection and provided an important driving
force for environmental protection. However, the blind
development of tourism resources in recent years has created
problems for the ecological environment and its sustainable
development. This paper introduced the coupling coordi-
nation model and measured the coupling degree and
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coupling coordination degree of China’s tourism industry
development and the ecological environment in 2005-2018,
comparing tourism industry and ecology from two di-
mensions: time series evolution and prediction. The spatial
and temporal evolution of the coupling degree between the
two major systems was analyzed to provide policy reference
for the sustainable development of tourism and the eco-
logical environment. The main conclusions are as follows:

(1) The coupling degree between China’s tourism in-
dustry and the ecological environment was between
0.3 and 0.5. It was in the low-level coupling stage in
2005 and 2006 and was generally low in 2005-2009,
below the average level of 0.4204. From 2007 to 2018,
the coupling degree between the development of
China’s tourism industry and the ecological envi-
ronment was mainly in the antagonistic stage, and
the coupling degree was not high. It peaked at 0.4998
in 2013, which was close to the value in the running-
in period. The coupling degree declined slightly from
2013 to 2015 and then showed an upward trend
again, but the rate of increase slowed, tending to a
steady growth trend.

(2) China’s tourism industry development and ecolog-
ical environment coupling coordination degree was
not high. The average level during the whole sample
period was 0.4266, which is the moderate coupling
coordination stage. In 2005 and 2006, it was in the
low coupling coordination stage. In 2013, it was
mainly in the moderate coupling coordination stage
and 2014-2018 were in the high coupling coordi-
nation stage. The coupling coordination degree
considerably improved, the closeness of the two
deepened, and the interaction response increased.
The degree of coupling coordination also showed a
rising trend first and then slowing. The benefits of
coupling coordination steadily increased, and the
fluctuation range of coupling coordination degree
was slightly larger than coupling degree.

(3) Judging from the prediction results of the degree of
coupling and coordination, it will steadily increase
from 2019 to 2024, entering the stage of running-in
in 2021, with the growth rate increasing significantly.
In addition, the predicted value of the degree of
coupling coordination will significantly increase. In
2023, it will enter the stage of extreme coordination,
and the coordinated development effect of the two
will be significantly improved. However, the cou-
pling growth level during the running-in period will
be significantly lower than the coupling coordination
degree. The coordinated development of the two will
still require a long time, so it is necessary to adopt
active economic policies to promote the coordinated
development of the two areas.

5.2. Recommendations. Through the calculation of the
coupling coordination degree and the prediction of the
future, we found that the coordinated development of the
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two will still require a long time, so it is necessary to adopt
active economic policies to promote the coordinated de-
velopment of the two areas:

(1) Strengthening Ecological Environment Management.
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blocks, forest towns, beautiful towns and villages,
and county-level tourism, to strive to become a
national tourism demonstration unit and to build a
tourism-based infrastructure to build the tourism

Strengthening the level of ecological environment
governance can create favorable conditions for the
implementation of relevant policies and benefit the
tourism industry. The growth of the tourism industry
is also important to the balance of the ecosystem.
Given the current tourism and environment situa-
tion in the country, the coordination and coordi-
nation are insuflicient and there is still much room
for improvement in terms of coordination and
synchronization. In the future, all localities should
increase the intensity of reforming regional eco-
logical civilization systems, pay attention to the
coupling and coordination between tourism industry
development and ecological environment manage-
ment, and incorporate them into the system [35]. In
the comprehensive project management system,
especially in planning regional tourism, we must
adhere to the idea of macrocoordination, promote
work in stages, strive to achieve major results, and
eliminate some factors that hinder the development
of regional tourism systems and tourism industry
[36].

(2) The tourism industry development is ahead, and the

ecological environment is lagging behind. In some
places, the development of the tourism industry is
pursued in the form of sacrificing ecological re-
sources so that the degree of coupling and coordi-
nation between the two is declining. For regions that
do not pay attention to the construction of an
ecological civilization, it is necessary to promote the
concept of the ecological civilization and guide and
encourage them to launch green tourism products.
Considering the carrying capacity of the ecological
environment, the model of coupling and coordina-
tion between the development of the tourism in-
dustry and the construction of ecological civilization
must be explored, innovating the tourism + format
[37] and coordinating the relationship between the
tourism industry and the ecological environment,
making the tourism industry in this region develop
in a sustainable direction [38].

(3) Types of Advanced Ecological Environment Devel-

opment and Lagging Development of the Tourism
Industry. It is necessary to slightly support the
tourism industry to realize the value of ecological
environment resources to the maximum extent,
concentrating on improving the quality of the
tourism industry and maximizing the value of the
tourism industry. During the period of economic
restructuring in China, the development of the
tourism industry has faced many challenges. The
regional tourism industries can be actively cultivated
with tailor-made tourism products, such as cultural

industry. A new format cluster could be created for
the development of the regional tourism industry
[39].

(4) Strengthen the Role of the Government in Macro-
economic Regulation and Control. The coordinated
development of the eco-environment and tourism
industry depends on the government’s macro-
economic regulation and control. Therefore, a
tourism industry and eco-environment coordina-
tion policy committee should be set up to conduct
decision-making work [40]. Professionals should
develop supporting facilities for the relationship
and coordinated development of the two. The
strategy is adjusting the relationship between the
various aspects so that the degree of coupling and
coordination between the two can be improved.

5.3. Research Limitations. We studied the coupling and
coordination relationship between the development of the
tourism industry and the ecological environment. Although
some valuable conclusions were obtained, there are still
certain shortcomings, which are mainly reflected in the
following aspects:

(1) The tourism industry and the ecological environ-
ment are huge systems, and the many evaluation
indicators cannot all be listed. They can only be
determined by referring to the research results of
previous scholars and the indicator screening
method adopted in this article. Therefore, incom-
plete research indicators may cause differences in
results.

(2) The prediction of the degree of coupling between the
two systems in this article reflects the future change
trend, which is expected to provide the government
with a reference for decision-making. However, due
to China’s large area and the large differences be-
tween regions, the degree of coupling may differ in
different regions. Due to space limitations, we did
not study specific regional differences. Therefore, the
research in this article only reflects the overall change
trend in China as a whole and does not reflect the
change trend of specific regions in China. We will
further study regional differences in the future, fo-
cusing on specific areas.

(3) In terms of research method selection, many re-
search methods are available in this field. We
combined the research methods and content used by
most scholars and chose a relatively suitable method
for research. It was impossible to explore the ap-
plication of other methods. In future studies, we will
explore more research methods in this field.
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