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Abstract: The scale of tourism has continued to expand in recent years, and many associated
activities cause damage to the natural environment. The tourism, economy and natural environment
constitute a system: destruction of the natural environment reduces the value of tourism and a lack
of tourism affects the development of the economy. To explore the relationship between the tourism,
economy and natural environment, and to explore possibilities for sustainable development, this paper
takes Hangzhou, a tourist city in China, as a research object. An analysis of time series data is
carried out. First, the tourism, economy and natural environment subsystems are constructed by
extracting time series data acquired between 2010 and 2020. Second, a tourism evaluation model
with coupled economic and natural environment data is constructed and the coupling degree and
coupling coordination level in Hangzhou are evaluated. Third, the time series of each subsystem and
the coupling coordination level of the whole system are analyzed. Finally, an optimization strategy is
proposed for the coupled coordinated development of the tourism, economy and natural environment
in Hangzhou. A key result is that the tertiary industry represented by tourism has become the main
source of local income. Hangzhou’s tourism coupling coordination level has changed from slight
disorder in 2010 to good in 2020. It is also found that the COVID-19 pandemic has become a major
factor restricting the development of tourism. Before the outbreak of COVID-19, Hangzhou’s tourism
industry and economy were synchronized. After the outbreak of COVID-19, both the number of
tourists and tourism revenue in Hangzhou fell by nearly 15%.

Keywords: tourism; economics; natural environment; coupling coordinated development; remote
sensing images; Hangzhou

1. Introduction

The tourism bureau founded by Thomas Cook in 1841 is a symbol of the birth of modern
tourism [1]. Since the birth of tourism, the attention of countries around the world has mainly been
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focused on economic development. Tourism has grown rapidly to become the world’s largest
emerging industry and a new engine for economic development [2]. Although a booming tourism
sector strengthens the economy, it can also cause harm to the natural environment. Heavier tourist
traffic leads to sharp increases in automobile exhaust emissions, polluting the atmospheric
environment. A large number of tourists also produces a large amount of garbage, which can not only
damage the beauty of scenic areas but also the arable environment on which vegetation depends for
survival. Building tourist facilities without adequate planning and care for the environment and
historical features will cause tourism resources to be damaged. The development of tourism activities
can promote the development of the economy, but at the same time, frequent tourism activities will
certainly cause damage to the natural environment [3]. Tourism, the economy and the natural
environment therefore form an interrelated feedback system [4].

A good natural environment is a prerequisite for tourism activities, yet booming tourism can not
only reflect the value of the natural environment but also promote economic development. If there is
no tourism, the economic and social value of natural resources cannot be well-realized [5, 6]. The
scale of the tourism industry expands year after year. The negative impact of tourism activities on the
natural environment is becoming apparent [7]. Around the world, more and more natural
environments have been compromised by tourism. The destruction of the natural environment leads to
a reduction in the value of tourism. The absence of tourism will inevitably affect the development of
economies [8]. The tourism, economy, and natural environment are related to each other, forming a
mutual influence system [9, 10]. Researching the relationships between various factors in this system
can help us understand the coupling coordinated development of the system. Therefore, the
relationship between tourism, the economy and the natural environment has become a hot topic of
research among scholars [11].

Although many scholars have researched tourism and the environment, most of them have focused
on environmental change in a specific region, with few studies investigating the system of tourism,
the economy and the natural environment across an entire region [12]. To research the relationship
between tourism, the economy and the natural environment, this paper takes Hangzhou, a tourist city
in China, as its research object. The main contributions of this work are as follows:

1) A coupling coordination evaluation indicator system of the tourism, economy, and natural
environment is constructed, and multi-source time series data are used to ensure the scientific
validity of the system.

2) The evaluation level, coupling degree and coupling coordination level between tourism, the
economy and the natural environment are calculated using the proposed method. The coupling
coordination relationships between these subsystems are determined.

3) Based on the above empirical analysis, countermeasures and suggestions to promote the
coordinated development of tourism, the economy and the natural environment of Hangzhou are
proposed.

2. Literature review

2.1. Research on the relationship between tourism and the economy

Researchers have paid significant attention to the concepts and methods related to the relationship
between tourism and the economy. In the last three years, the keyword ‘“circular economy”
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appeared 33 times in [13], “tourism” appeared 93 times in [14] and “strategy” appeared 28 times
in [15]. The consensus of many scholars is that “in order to achieve sustainable development of
tourism and economy, the traditional mode of obtaining economic benefits by destroying the nature
sources must be changed” [16, 17].

In an analysis of the tradition and evolution of Japanese tourism geography, it was found that the
empirical research into micro-tourism and the practical methods of intergenerational inheritance
based on the perspective of regional geography have significance and applicability for related research
in China [18, 19]. Based on analysis of the concept of “low-carbon tourism”, it is believed that energy
savings, emission reductions, and cost cutting are important ways to achieve low-carbon tourism, and
that the realization of a low-carbon economy should not be forced by deliberate constraints [20-22].
Global and local tourism (in wilderness, rural, and urban areas) was analyzed comparatively in
emerging economies (China, Malaysia, Thailand), a developed country (Spain), and developing
countries (Peru, Argentina, Bolivia). The results suggest that policies should be changed to prevent
pollution from the economy and damaging activities associated with tourism [23]. Based on an
application of triple bottom line theory, it is believed that the trade-off between the three dimensions
of the economy, society, and the environment can change ecologically harmful behavior so as to
successfully realize the sustainable development of rural tourism [24,25].

As can be seen from the research described above, the relevant theories and methods of tourism
and economic research are still in the exploratory stage, and the results are mostly based on past and
foreign experience and references to relevant disciplines. A complete theoretical system has not yet
been formed.

2.2. Research on the relationship between tourism and sustainable development

In the last three years, the keyword “sustainable” appeared 104 times in [26], “development”
appeared 166 times in [27], “rural tourism” appeared 32 times in [28], and “policies” appeared 82
times in [29, 30]. It can also be found from the above works that the importance of “sustainable
development” is closely followed by that of “tourism”, and that the two are closely related. The
consensus of many scholars is that the method of interconnection between development and
management should be adopted, and that effective management methods should be selected to
promote coordinated development. In the context of green development, the method of “grasping the
large, linking up and releasing the small” should be adopted, highly competitive tourism projects
should be promoted and small projects in characteristic regions should be encouraged to give full play
to the advantages of comprehensiveness [31, 32]. From the Belt and Road perspective, the
development opportunity of national strategic policies should be seized, and the trade and cultural
network of the Silk Road should be developed to fully display its unique style and charm [33-35].

As can be seen from the research described above, regardless of context, factors such as social
background and contemporary trends should be fully considered to ensure the timeliness and inform
the characteristics of sustainable development research. Research should take the promotion of all-
around balanced development as the primary development goal and pay attention to cooperation and
exchanges with various parties.
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2.3. Research on the relationship between tourism and the natural environment

Protection of the natural environment is a key goal in the development of tourism and the wider
economy. By analyzing environmental conditions under different development scenarios, this research
explores countermeasures devised to ensure harmonious economic development and environmental
protection, and provides a development direction for tourism and the economy. In the last three years,
the keyword ‘“nature environment” appeared 68 times in [36], “biodiversity”” appeared 62 times in [6,
37], “bearing capacity” appeared 23 times in [38], and “nature reserve” appeared 62 times in [39].
These research topics were therefore adopted in this research. The consensus of many scholars is that
the entropy weight method is well suited to the analysis of tourism carrying capacity [40].

The rational development of tourism resources, the improvement of reception facilities, and the
establishment of a brand effect for tourist attractions can improve the carrying capacity of tourism
environments [41]. Through the construction of an indicator system and use of the coordinated
development degree model, it has been shown that the coordinated development of economic benefits
and the natural environment need to take into account its superior geographical environment and
steadily promote the process of urban and rural environmental governance [42, 43]. Through the
application of the relevant coupling system and the entropy value method, it was found that the
natural environment and economy as a whole belong to a harmonious state of development. However,
there are sharp differences between regions, and the economic benefits of tourism and the natural
environment in some regions are retrospective [44].

As can be seen from the above-described research, promoting environmental protection can be
carried out with respect to both resources and external influences simultaneously. Control over external
negative forces should be strengthened while improving the ability of resources to resist and repair, and
the efficiency of the economy and the natural environment should be developed in coordination so as
to promote the rational progress of ecological protection.

3. Study area

In the past 10 years, Hangzhou’s economy has developed rapidly. In 2020, its GDP ranked among
the top eight cities in China for the first time, having risen from 604.956 billion yuan in 2010
to 1610.6 billion yuan in 2020. In 2020, the tertiary industry represented by tourism accounted
for 68% of the total GDP. With its rapid economic growth, the urban extent of Hangzhou has also
expanded rapidly, a large amount of undeveloped land has been built upon, the quality of the urban
living environment has decreased, the ecosystem service function has decreased, and the urban heat
island effect has increased. However, in October 2016, Hangzhou was officially identified as the
world’s first ISO 37101 (Sustainable development in communities) pilot city by the International
Organization for Standardization Technical Committee for Urban Sustainable Development
(ISO/TC268). Hangzhou has, therefore, become a leader in global urban sustainable development.
The Hangzhou government proposed to prevent and resolve various risks and challenges with a
pre-planned layout, and to constantly enhance the resilience of urban development. It is thus
appropriate to take Hangzhou as a case study for the sustainable and coordinated development of
tourism, the economy and the natural environment.

Hangzhou is one of China’s National Famous Historical and Cultural Cities. Humans have lived
and thrived there for over 8,000 years, and it is known as “heaven on earth” because of its scenic
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environment [45]. Hangzhou is located in northern Zhejiang Province in eastern China, and its
geographical coordinates are 29° 11’-30° 33" N, 118° 21’-120° 30" E. Hangzhou comprises the ten
districts of Shangcheng, Gongshu, West Lake, Binjiang, Xiaoshan, Yuhang, Linping, Qiantang,
Fuyang and Linan, the two counties of Tonglu and Chunan and the county-level city of Jiande, as
shown in Figure 1.
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Figure 1. The map of the study area.

In 2021, Hangzhou received 895.18 million tourists from China and abroad, an increase of 5.9%
from the previous year. Total tourism revenue reached 152.418 billion yuan, an increase of 6.9%. The
added value of the city’s tourism and leisure industry was 106.8 billion yuan, an increase of 4.5%. The
industry accounted for 5.9% of the city’s GDP. Statistics on the tourism industries of major regions and
cities in 2021 are shown in Figure 2. There were 848 travel agencies of various types, up by 11.0%,
and there were 109 A scenic areas, of which three were SA [46]. (A and 5A are quality levels of scenic
areas in China. They are divided into five levels, from high to low, 5A, 4A, 3A, 2A and A.)
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Figure 2. The tourism industry of major regions and cities in 2021.

In 2021, Hangzhou’s gross domestic product (GDP) reached 1810.9 billion yuan, an increase
of 8.5% over 2020, which is 0.4 percentage points higher than the national increase and equal to that
of the whole province. The average GDP growth over the past two years was 6.2%, which is 1.1
percentage points higher than the national GDP growth and 0.2 percentage points higher than the
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provincial GDP growth. The per capita regional GDP was 149,857 yuan. The added value of the
primary industry was 33.3 billion yuan, up by 1.8% over 2020, with a two-year average growth
of 0.6%; the added value of secondary industry was 548.9 billion yuan, up by 8.6% over 2020, with
an average two-year growth of 5.4%; and the added value of tertiary industry was 1,228.7 billion
yuan, up by 8.7% over 2020 and up 6.8% on average in two years. The growth of the secondary and
tertiary industries tended to be synchronized. The structure of added value of the three industries
changed from 2.0:29.8:68.2 in the previous year to 1.8:30.3:67.9, with industrial added value
accounting for 26.5%, an increase of 0.4% over the previous year. The total fiscal revenue for the
whole year was 456.17 billion yuan, an increase of 18.4%. The general public budget revenue
was 238.66 billion yuan, an increase of 14.0%, of which tax revenue was 223.36 billion yuan, an
increase of 12.9%, accounting for 93.6% of the general public revenue. The general public budget
expenditure was 239.26 billion yuan, an increase of 15.6%, of which the people’s livelihood
expenditure was 183.97 billion yuan, accounting for 76.9% of the general public expenditure.

4. Data and research methods

4.1. Selection and processing of evaluation indicators
4.1.1. Selection of evaluation indicators

In this paper, six evaluation indicators were selected from each subsystem in the city of Hangzhou:
the tourism, economy, and natural environment. All the indicator data in this paper are from the
website of the Zhejiang provincial government [47]. It was necessary to conduct the research with a
small volume of data, because much of the authoritative data on tourism is not publicly available. We
must therefore make a trade-off between reliability and appropriateness.

Table 1. The indicators of tourism system with coupled economic and remote sensing data.

Evaluation System Evaluation indicators Weights Character
Number of domestic tourists 0.366 positive

Domestic tourism revenue 0.264 positive

Tourism subsystem Number of travel agencies 0.112 pos?t?ve
Number of star hotels 0.106 positive

Number of accommodation enterprises 0.093 positive

Number of Catering Enterprises 0.059 positive

Gross domestic product 0.180 positive

GDP of the primary industry 0.264 positive

. GDP of the tertiary industry 0.112 positive
Economic subsystem Total retail sales 0.106 positive
Total fixed asset investment 0.093 positive

Number of employees of the tertiary industry 0.059 positive

Area of water 0.226 positive

Area of forestry 0.185 positive

natural environment Area of cultivated land 0.214 positive
subsystem Area of grassland 0.146 positive
Area of urban and rural residential land 0.106 negative

Amount of fertilizer applied 0.123 negative

However, there is no unified indicator for evaluating the tourism, economic and natural
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environment. There are many indicators involved in these subsystems, and it is impossible to evaluate
them all. When constructing the evaluation indicators system, we follow the principles of combining
total indicators and average indicators, highlighting focus, maintaining appropriate proportions, and
ensuring that the data are characterizable, measurable, usable and authentic. The establishment of the
evaluation indicator system in this paper refers to the work of [48]. The indicator system is
constructed as follows:

1) Subjective screening. A questionnaire was used to determine the subjective component of the
indicator system. A total of 24 questionnaires were sent out and 24 were recovered, with a
valid questionnaire ratio of 100%. The survey subjects were primarily professionals such as
industry experts, government administrators and teachers. The diversity of the sample ensures the
universal significance of the survey.

2) Statistical analysis. This study involves 18 evaluation indicators. The SPSS statistical analysis
software was used. The process of defining variables, performing data entry and conducting
statistical analysis depended on the type of question.

3) Indicator weights. The Delphi method [49] and the entropy method were used to determine
the weights of the indicators for each subsystem, which were used to quantify and synthesize
information on all indicators.

The indicators of the tourism system with coupled economic and remote sensing data are shown in
Table 1.

4.1.2. Dimensionless processing of evaluation indicators

Dimensionless processing eliminates the original metric dimension effect through a certain
mathematical transformation. Understanding the levels of coupling and coordinated development of
the three subsystems to be researched in Hangzhou required a wide range of evaluation indicators.
There was no unified metric standard across these multiple indicators, making comparisons difficult.
Therefore, to integrate the evaluation indicators for the three subsystems and jointly characterize their
coupling and coordinated development levels, it was necessary to carry out dimensionless processing
of each subsystem indicator to eliminate the influence of the different dimensions of each subsystem
on the overall evaluation results. We evaluated several commonly used normalization methods:

1) Z-score normalization. This method subtracts the mean and divides by the variance for each data
point, which requires knowledge of the overall mean and standard deviation. This is difficult to
achieve when there is a large volume of data.

2) 0-1 normalization. This method performs a linear transformation of the data to the interval [0,1].
However, when adding new data, it is necessary to redefine the standardized variables, which
significantly increases the computational complexity. After standardization, only the distribution
of data can be compared, limiting the applicability.

3) RobustScaler. This method uses quartiles for normalization. However, it is not appropriate for
large quantities of data or high-dimensional data.

4) Range normalization. This method is often used in scenarios with large volumes of data, as it
retains the relationships existing in the original data, and is the most effective method to eliminate
the influence of dimensionality and the data value ranges.
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In light of the research content of this paper and the interrelation between each indicator, the range
normalization method [50-52] was adopted to carry out dimensionless processing on the selected
original indicator data. The normalization transformation formula for a positive indicator is as
follows: )

x; _ X; — minx; (41)

maxx; — minx;.
The normalization transformation formula for a negative indicator is as follows:

xl{ _ maxx; — X; (42)

maxx; — minx;.

where maxx; and minx; represent the maximum and minimum values of the selected metric i,
respectively. After dimensionless processing, the maximum value of each indicator is 1, the minimum
value is 0, and the indicator value of each subsystem is between 0 and 1. Thus, the processed indicator
values no longer have the original dimensions, making them more convenient for comparison.

4.1.3. Weights of evaluation indicators

After selecting the evaluation indicators for each subsystem and performing dimensionless
processing, the values for each subsystem can be compared. However, as the indicators for each
subsystem have different levels of importance to the research questions, methods should be used to
determine the weight of each subsystem indicator in the overall evaluation. The Delphi method [49]
and the entropy method were used to determine the weights of the indicators for each subsystem. The
weights of each indicator in the overall system are shown in Table 1.

4.2. Collection of tourism data

The tourism-related data used in this paper were collected from the Data Zhejiang website of the
Zhejiang Provincial People’s Government and cover the period from 2010 to 2020 [47]. Table 2 shows
the tourism data for the city of Hangzhou used in this research.

Table 2. The tourism data for Hangzhou.

Number of Revenue of

. . Number of Number of Number of

domestic domestic . Total number . .
Year . . [ tourists accommodation catering

tourists (100 tourists (billion . of star hotels . .

. agencies enterprises enterprises

million people) yuan)

2020 1.7559 3331.3 926 121 510 626
2019 2.0700 3953.7 895 123 531 594
2018 1.7983 3335.6 848 143 449 518
2017 1.5884 2802.1 767 148 446 506
2016 1.3695 2362.6 717 173 417 477
2015 1.2040 2019.7 685 186 417 477
2014 1.0606 1743.9 658 199 409 464
2013 0.9409 1469.9 632 208 413 461
2012 0.8237 1253.2 606 217 408 426
2011 0.7181 1063.8 562 230 425 428
2010 0.6305 910.9 504 236 383 378

After obtaining the original indicator data for the tourism subsystem, but before performing
dimensionless processing, the selected indicator data were expressed in different units, meaning that
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Table 3. The standard data of the tourism subsystem.

Number of Revenue of Number of Number of Number of
. . . Total number . .
Year domestic domestic tourists accommodation catering
. . . of star hotels . .
tourists tourists agencies enterprises enterprises
2020 0.7818 0.7955 1.0000 0.0000 0.8581 1.0000
2019 1.0000 1.0000 0.9265 0.0174 1.0000 0.8710
2018 0.8113 0.7969 0.8152 0.1913 0.4459 0.5645
2017 0.6654 0.6215 0.6232 0.2348 0.4257 0.5161
2016 0.5134 0.4771 0.5047 0.4522 0.2297 0.3992
2015 0.3984 0.3644 0.4289 0.5652 0.2297 0.3992
2014 0.2988 0.2738 0.3649 0.6783 0.1757 0.3468
2013 0.2156 0.1837 0.3033 0.7565 0.2027 0.3347
2012 0.1342 0.1125 0.2417 0.8348 0.1689 0.1935
2011 0.0609 0.0502 0.1374 0.9478 0.2838 0.2016
2010 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000

their values could not be directly compared. Therefore, it was necessary to carry out dimensionless
processing on the original indicator data to obtain the final standardized data representing the tourism
subsystem. The data for the tourism subsystem after standardization using dimensionless processing
are shown in Table 3.

4.3. Collection of economic data

Table 4. The economic data for Hangzhou.

Total retail

. GDP of the GDP of the Total People working

Gross domestic . . sales of . . . .

o1 primary tertiary nvestment 1n in the tertiary

Year product (billion . . consumer .
industry industry L fixed assets industry (ten
yuan) (billion yuan)  (billion yuan) goo‘isugr)“w“ (billion yuan) thousand)

2020 16106.00 326.00 10959.00 7820.55 426.73 6055.47
2019 15373.05 325.70 10172.28 7207.88 406.70 6187.60
2018 14306.72 305.56 9307.10 6401.32 392.10 5715.33
2017 13160.72 299.96 8407.32 5856.65 357.17 5717.43
2016 11709.45 293.63 7188.96 5842.42 349.06 5176.20
2015 10495.28 278.98 6082.38 5556.32 324.08 4697.23
2014 9502.21 266.62 5282.07 4952.70 301.54 4201.46
2013 8639.91 254.74 4735.54 4263.87 288.93 3531.17
2012 7968.58 249.44 4165.95 3722.75 264.58 2944.63
2011 7153.03 232.32 3594.38 3100.02 224.04 2548.36
2010 6049.56 205.34 2982.77 2753.13 24431 2146.08

The economic data used in this paper were obtained from the Data Zhejiang website of the
Zhejiang Provincial People’s Government and represent the period 2010 to 2020 [47]. Table 4 shows
the economic data for Hangzhou used in this research.

Similarly to the tourism data, for the economic subsystem, it was necessary to transform the
economic indicators using dimensionless processing to enable direct comparisons. The data for the
economic subsystem after standardization using dimensionless processing are shown in Table 5.
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Table 5. The standard data of the economic subsystem.

Total retail

. GDP of the GDP of the Total People working
Gross domestic . . sales of . . . .
Year primary tertiary mvestment 1n in the tertiary
product . . consumer .
industry industry fixed assets industry
goods
2020 1.0000 1.0000 1.0000 1.0000 1.0000 0.9673
2019 0.9271 0.9975 0.9014 0.8791 0.9012 1.0000
2018 0.8211 0.8306 0.7929 0.7199 0.8291 0.8831
2017 0.7071 0.7842 0.6801 0.6124 0.6568 0.8837
2016 0.5628 0.7317 0.5273 0.6096 0.6168 0.7497
2015 0.4421 0.6103 0.3886 0.5532 0.4936 0.6312
2014 0.3433 0.5079 0.2883 0.4341 0.3824 0.5086
2013 0.2576 0.4094 0.2197 0.2981 0.3201 0.3427
2012 0.1908 0.3655 0.1483 0.1913 0.2000 0.1976
2011 0.1097 0.2236 0.0767 0.0685 0.0000 0.0995
2010 0.0000 0.0000 0.0000 0.0000 0.1111 0.0000

4.4. Collection of natural environment data

The steps taken to extract natural environment information are as follows: First, a representative
set of areas was selected for unsupervised classification of remote sensing images from each year.
These areas included as many elements of ecological indicators as possible. Second, using existing
knowledge and experience for discrimination and verification of the field investigation, the prior
knowledge of each category was obtained, and the most suitable feature was selected for further
classification. Third, a classifier was designed based on the acquired prior knowledge and sample data
to classify all remote sensing images of Hangzhou and obtain the corresponding indicators of the
natural environment. Full details are provided in Appendix.

The accuracy was verified based on the confusion matrix obtained using the ground truth regions of
interest (ROIs) feature of the toolbox in the ENVI software. Regardless of the classification method,
some small patches will inevitably be produced in the classification results, which can affect their
validity and must be dealt with accordingly. The majority/minority method was used to deal with
these small patches. The processed results were saved in the required file format and imported into the
ArcGIS software, in which the colors of the classification indicators were adjusted to obtain the final
remote sensing classification results, which are shown in Figure 3. Finally, the relevant statistics were
calculated for the research area. The interpretation results for the remote sensing images are shown in
Table 6.

(a) 2010 (b) 2015 (c) 2020

Figure 3. Time series interpretation result from 2010 to 2020.
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Table 6. The interpretation results of the remote sensing images.

Natur.al §nV1ronment Code Year Area Rate
indicators

2010 807238 4.31%

Water 11 2015 808806 4.32%
2020 809599 4.32%

2010 10428720 55.67%

Forest 22 2015 10736207 57.31%
2020 10943018 58.42%

2010 4829328 25.78%

Cultivated land 33 2015 4782304 25.53%
2020 4740791 25.31%

2010 61593 0.33%

Grassland 44 2015 54700 0.29%
2020 44554 0.24%
Land for urban 2010 2605147 13.91%
55 2015 2350009 12.55%

and rural residents
2020 2194064 11.71%

According to the Data Zhejiang website [47], 922,000 tons of chemical fertilizer were applied
in 2010, 875,200 tons in 2015, and 696,100 tons in 2020. The original natural environment indicator
data were obtained through remote sensing image interpretation, as shown in Table 7. The standardized
data for the natural environment subsystem after dimensionless processing are shown in Table 8.

Table 7. The original data of natural environment indicators.

Land for urban Amount of
Year ‘Water Forest Cultivated land Grassland and rural chemical
residents fertilizer
2010 807238 10428720 4829328 61593 2605147 92.20
2015 808806 10736207 4782304 54700 2350009 87.52
2020 809599 10943018 4740791 44554 2194064 69.61

Table 8. The standard data of natural environment subsystem after dimensionlessness

processing.
Land for urban Amount of
Year Water Forest Cultivated land Grassland and rural chemical
residents fertilizer
2010 0.00 0.00 1.00 1.00 1.00 1.00
2015 0.66 0.60 0.47 0.60 0.38 0.79
2020 1.00 1.00 0.00 0.00 0.00 0.00

4.5. Evaluation method based on coupled tourism, economic and natural environment data

The evaluation functions for each subsystem (tourism, economy, natural environment) are denoted
by f(x), g(y) and h(z), respectively. The calculation methods are as follows:

m

fx) = ax. 4.3)

i=1
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80) = ) biy;. (4.4)
i=1
k

h(z) = Z i) 4.5)

i=1
where a;, b; and c; represent the weights of the tourism, economy and natural environment
subsystems, respectively; x, y. and z; represent the indicators of the corresponding subsystems; and
all values are dimensionless. Referring to the definition of coupling and the coupling coefficient
model used in physics [53], the -calculation model for the coupling degree of the
tourism—economy—natural environment system can be expressed as

o _ 3T X g0) <A
fO) +g0) +h@)

The result of Eq (4.6) represents the strength of the interaction between the tourism, economy and
natural environment subsystems. However, it does not reflect the level of coupling and coordinated
development of the entire system. Coordination refers to the phenomenon in which two or more
subsystems influence each other through various interactions. The coordination degree is an important
indicator to describe the interaction between subsystems, and it is important to distinguish the
intensity of each subsystem. However, due to the staggered, dynamic, and unbalanced characteristics
of each subsystem, the coordination degree cannot reflect the overall “efficacy” and “synergy” of the
interactions between the subsystems. For this reason, the concept of coupling coordination level is
introduced in this paper. The coupling coordination level reflects the overall level of coordination
development between subsystems, which synthesizes the coordination status and development level
between subsystems. As a quantitative indicator to measure the level of coordinated development of
tourism, the economy and the natural environment, the coupling coordination level takes into account
not only the coordination C of tourism, the economy and the natural environment, but also the
combination 7 of the benefits of these subsystems, so it comprehensively reflects their overall synergy
or contribution. The coupling coordination level is calculated as follows:

D= VCxT. (4.7)

(4.6)

T =af(x)+Bg(y) + 6h(z). 4.8)

Based on the existing literature and opinions of experts and scholars, this article argues that the three
systems’ values are « = 0.3, 8 = 0.3 and 6 = 0.4. The classification criteria for the coupling
coordination level are shown in Table 9.

Table 9. The classification criteria of coupling coordination level.

Coupling coordination level Description Coupling coordination level Description
0.90-1.00 Best 0.40-0.49 Slight disorder
0.80-0.89 Good 0.30-0.39 Mild disorder
0.70-0.79 Medium 0.20-0.29 Moderate disorder
0.60-0.69 Elementary 0.10-0.19 Severe disorder
0.50-0.59 Barely 0-0.09 Extreme disorder
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5. Results

5.1. Calculation results

In the previous section, the relevant data for the tourism, economy and natural environment
evaluation indicators were presented and considered separately, and dimensionless processing was
carried out. Combined with the weights of each indicator, the comprehensive evaluation functions
f(x), g(y) and h(z) for each subsystem were first calculated using Eqs (4.3)—(4.5). The calculation
results are shown in Tables 10—-12. It can be seen from these results that the values of f(x) and g(y)
increase from 2010 to 2020. The value of A(z) does not change significantly from 2010 to 2020.

Table 10. The evaluation functions of the tourism subsystem.

Weights 0.366 0.264 0.112 0.106 0.093 0.059 f(x)
Year
2010 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.1060
2015 0.3984 0.3644 0.4289 0.5652 0.2297 0.3992 0.3949
2020 0.7818 0.7955 1.0000 1.0000 0.8581 1.0000 0.8530

Table 11. The evaluation functions of the economic subsystem.

Weights 0.180 0.142 0.174 0.143 0.185 0.176 2(y)
Year
2010 0.0000 0.0000 0.1060 0.1460 0.1111 0.0000 0.0599
2015 0.4421 0.6103 0.3886 0.5532 0.4936 0.6312 0.5154
2020 1.0000 1.0000 1.0000 1.0000 1.0000 0.9673 0.9942

Table 12. The evaluation functions of the natural environment subsystem.

Weights 0.185 0.226 0.106 0.146 0.214 0.123 h(z)
Year
2010 0.0000 0.0000 1.0000 1.0000 1.0000 1.0000 0.5890
2015 0.6600 0.6000 0.4700 0.6000 0.3800 0.7900 0.5736
2020 1.0000 1.0000 0.0000 0.0000 0.0000 0.9673 0.5300

Next, Eqs (4.6)—(4.8) were used to calculate the comprehensive evaluation indicator, coupling
degree and coupling coordination level indicators for townships in Hangzhou in the research area
in 2010, 2015 and 2020. The results are shown in Table 13.

Table 13. Calculation results.

Year Evaluation level (T') Coupling degree (C) Coupling coordination level (D)
Ours CCDEM Outs CCDEM Ours CCDEM
2010 0.2854 0.2763 0.5087 0.4856 0.7662 0.7639
2015 0.6168 0.6231 0.9881 0.9854 0.9667 0.9774
2020 0.4195 0.3979 0.7090 0.6979 0.8606 0.8548

It can be seen from Tables 11-13 that the values of the valuation level T, the coupling degree C and
the coupling coordination level D, increased from 2010 to 2015, decreased slightly by 2020. We also
compared the results produced using the method proposed in this paper with the CCDM (Coupling
Coordination Degree Model), which is proposed in [48]. It can be seen from Table 13 that the overall
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trends in the evaluation level, coupling degree and coupling coordination level are consistent between
the two methods. However, the indicators used in this paper are lower than those used in the CCDM
method. This shows that the proposed method has higher computational efficiency and robustness.

5.2. Time series analysis of coupling coordination level

Based on the calculation results, the comprehensive 7, C and D values of each subsystem
in 2010, 2015 and 2020 are shown in Figure 4. In 2010, when the tourism industry in the research
area was less developed, the evaluation indicator of each subsystem was low (only 0.27), indicating
that the overall development of Hangzhou was relatively slow at that time. In 2010, the State Council
officially approved the implementation of the Yangtze Delta Regional Plan [54], which positioned
Hangzhou as an “internationally important tourism and leisure center.” However, in the first few
years, the development of tourism was slow. The coupling degree of the tourist sector, the economy
and the natural environment system was 0.5087, and the connections between the subsystems were
not strong, indicating that the economic benefits brought by tourism to the local area were not
significant at this time.

1.00

0.80

T
0.60

EC

0.40

0.20

0.00 -
2010 2015 2020

Figure 4. The comprehensive evaluation level, the coupling degree and the coupling
coordination level of each subsystem.

5.3. Time series analysis of the economy subsystem

In 2015, the gross output of the tertiary sector in Hangzhou (including tourism) was 608.238
billion yuan, accounting for 57.95% of the regional GDP, and the total output value of primary
industry was 27.898 billion yuan. Thus, the total output of tertiary industries was more than 21 times
that of primary industries. The trend of Hangzhou’s economic development from 2010 to 2020 is
shown in Figure 5. As shown in the figure, between 2010 and 2020, the overall economy of Hangzhou
steadily grew, the regional GDP increased year after year, and tertiary industry (including tourism)
also expanded each year, consistent with the trend of increasing regional GDP. This indicates that
tourism became the pillar industry of Hangzhou’s economy, the Yangtze River Delta Regional Plan
issued by the State Council in 2010 had significant effects, and Hangzhou gradually developed into an
international center for tourism and leisure.

The impact of tourism can be seen even more clearly in the annual growth rate, shown in Figure 6,
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Figure 5. The economic development trend of Hangzhou from 2010 to 2020.

which indicates that Hangzhou’s annual economic growth rate is roughly consistent with the annual
growth rate of tourism revenue. The change in tourism revenue directly affects the trend in the growth
of tertiary industry and the GDP. Between 2010 and 2020, the relationship between tourism and the
economy became increasingly close, with the coupling degree increasing from 0.46 to 0.94. In 2020,
due to the impact of the COVID-19 pandemic, the growth rate of tourism revenue declined significantly,
and the economic output of the whole region fell sharply.
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Figure 6. The economic annual growth rate trend of Hangzhou from 2010 to 2020.
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5.4. Time series analysis of the tourism subsystem

The development of tourism is accompanied by a large increase in tourists, which can in turn greatly
promote the development of the economy. Figure 7 indicates that both the number of domestic tourists
and domestic tourism revenue showed a linear growth trend from 2010 to 2019. The development
of tourism led to an increase in the number of accommodation and catering enterprises, which can
effectively promote local employment and raise incomes. Similarly, due to the impact of COVID-

19, both the number of domestic tourists and the revenue from domestic tourism declined from 2019
to 2020.

1.2000

) 07
. Y/
/s
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2‘5-10 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
ber of domestic touri illi 0.0000 | 0.0609 | 0.1342 | 0.2156 | 0.2988 | 0.3984 | 0.5134 | 0.6654 | 0.8113 | 1.0000 | 0.7818
== Domestic tourism revenue(Billion) 0.0000 | 0.0963 | 0.1862 | 0.2808 | 0.3777 | 0.4784 | 0.5929 | 0.7445 | 0.8837 | 1.0000 | 0.6793
=< Number of accommodation enterprises| 0.0000 | 0.2838 | 0.1689 | 0.2027 | 0.1757 | 0.2297 | 0.2297 | 0.4257 | 0.4459 | 1.0000 | 0.8581
== Number of catering enterprises 0.0000 | 0.2016 | 0.1935 | 0.3347 | 0.3468 | 0.3992 | 0.3992 | 0.5161 | 0.5645 | 0.8710 | 1.0000

Figure 7. Tourism trends in Hangzhou from 2010 to 2020.

As can be seen from these statistics, the development of tourism in Hangzhou drove the development
of the economy, and Hangzhou gradually emerged as an important center for tourism and leisure.
The continuous development and growth of tertiary industry, dominated by tourism, has changed the
previous primary industrial structure of Hangzhou’s economy, and the number of residents choosing to
engage in tourism has increased year after year. From 2010 to 2020, the number of employees nearly
tripled, greatly easing local unemployment.

5.5. Time series analysis of the natural environment subsystem

W Water M Forest M Cultivated land W Grassland M Land for urban and rural residents M Water M Forest M Cultivated land M Grassland M Land for urban and rural residents W Water M Forest W Cultivated land M Grassland M Land for urban and rural residents

13.9074% 45054%

125454%  4.3178% 117129%  4.3220%

0.2378%

(a) 2010 (b) 2015 (c) 2020
Figure 8. The natural environment status of Hangzhou from 2010 to 2020.
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The information extracted from the remote sensing images was used to obtain a measure of the
natural environment status of Hangzhou in 2010, 2015 and 2020, as shown in Figure 8.

To maintain the development of tourism, the local government adopted a series of environmental
protection measures, such as restoring farmland to lakes and grazing land to grassland, and several
programs conducive to environmental protection were implemented in rapid succession. From 2010
to 2020, the extent of forest and wetland areas in Hangzhou increased, and the natural environment
improved. A good natural environment led to the emergence of tourism, which lead to economic
development that ultimately promoted the protection of the natural environment.

As can be seen from Figure 8, with the introduction of a series of environmental protection plans,
many local residents responded to the government’s call to restore farmland to forest. The size of the
cultivated land area shows a decreasing trend year after year. As shown in Figure 9, the amount of
fertilizer used also decreased each year, from 92.2 tons in 2010 to 69.61 tons in 2020, a reduction of
almost 25%. These are important drivers for improving the local natural environment.
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Figure 9. The amount of fertilizer in Hangzhou from 2010 to 2020.

6. Discussion and optimization strategies

The development of tourism has brought substantial economic benefits to Hangzhou. The GDP of
tertiary industry, dominated by tourism, more than tripled within the study period from 2,982.77
billion yuan in 2010 to 10,959.00 billion yuan in 2020. During this period, the local government
continuously introduced relevant policies and launched many new tourism projects. Implementing
environmental protection measures, such as setting a list of polluting enterprises prohibited from
entering Hangzhou, and closing a large number of highly polluting enterprises, delivered significant
positive results. At the same time, Hangzhou made full use of the advantages of tourism to strengthen
its external publicity and enhance local tourism brand awareness, attracting foreign investments,
developing a local tea culture, expanding sales, and bringing new vitality to local economic
development. The coupling and coordination of tourism, the economy and the natural environment
also changed from a primary imbalance in 2010 to good coordination in 2020. Tourism in Hangzhou
is maturing, and the development trend is consistently improving.

To promote the coupling and coordinated development of the tourism, economy and the natural
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environment in Hangzhou and realize sustainable development, an optimization strategy is proposed
based on the previously described research results:

1) Improve the overall plan and promote the construction of supporting facilities. We recommend
promoting the integration of the Hangzhou Tourism Development Master Plan with other
relevant plans. From Table 13, it can be seen that from 2010 to 2015, the coupling coordination
level increased from 0.7662 to 0.9667, which indicates that through the joint efforts of
Hangzhou’s government and citizens, its tourism—economy—natural environment system has
gradually entered a new stage of benign coupling. However, the COVID-19 outbreak in 2019
greatly affected Hangzhou’s economy and tourism industry, resulting in the coupling
coordination level decreasing from 0.9667 to 0.8606. As can be seen from the above, due to the
continuous development of tourism in Hangzhou, the number of hotels and restaurants is
continuously increasing to meet the needs of tourists. However, the hotels and restaurants are
generally driven by the interests of the market economy, and the facilities are often rudimentary,
making it difficult to meet the different consumption needs of various tourists. In some scenic
areas, due to poor infrastructure, there is not enough parking space to accommodate vehicles,
and some vehicles can only be parked on grassland. Improving Hangzhou’s tourism service
facilities depends on the unified planning of the government, taking into account local
conditions.

2) Strengthen the management of tourism activities and protect tourism resources. From Table 12,
it can be seen that from 2010 to 2015, the overall natural environment status of Hangzhou has
seen little change (h(z) between 0.5 and 0.6). From Tables 10 and 12, it can be seen that
from 2010 to 2015, the development of Hangzhou’s natural environment has been ahead of the
development of tourism (h(z) > f(x)). However, by 2020, Hangzhou’s natural environment
development began to lag behind the development of the tourist industry (h(z) < f(x)), which
underscores the importance of paying attention to environmental protection while developing the
economy and tourism. Through field investigations, it was found that private shopping vendors
can be seen throughout forest areas, selling souvenirs at high prices to tourists in crowded areas.
These individual activities undertaken without the approval of the local government can cause a
large number of people to be stranded, often in the core areas of tourist attractions, resulting in
irreparable damage to local vegetation.  Thus, we recommend regularly carrying out
comprehensive tourism market rectification activities, resolutely investigate and deal with
violations of laws and regulations that damage the tourism environment, strengthen
environmental education for residents and tourists, set up harmonious tourism scenic spots,
gradually standardize tourism management, continuously improve tourism quality, protect
tourism resources, and emphasize long-term development of tourism.

3) Standardize the tourism market management and improve tourism quality. From Tables 10
and 11, it can be seen that from 2010 to 2015, Hangzhou’s economic development was ahead of
tourism (g(y) > f(y)), and the economy and tourism showed a positive trend of simultaneous
progress. This demonstrates that Hangzhou’s economic foundation is strong, and that this solid
economic foundation has driven the vigorous development of tourism. We recommend gradually
standardizing tourism management, continuously improving tourism quality, protecting tourism
resources and emphasizing the long-term development of tourism. From the results of this
research, it can be seen that, since the State Council officially approved the implementation of
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the Yangtze River Delta Regional Plan in 2010, the tertiary industry represented by tourism has
become a pillar industry in Hangzhou. Therefore, gradually standardizing tourism management,
continuously improving tourism quality, protecting tourism resources, and realizing the
long-term development of tourism should be the main priorities for future projects.

4) Improve tourism shopping. In 2021, Hangzhou ranked first in the Zhejiang province for its per
capita domestic tourism expenditure, higher than the provincial average of 205.31 yuan. From
the perspective of consumption structure, accommodation, catering, tourist attractions, shopping,
culture, and entertainment are the main expenditures of domestic tourists in Hangzhou, together
accounting for 83.05%. Shopping accounts for the highest proportion, at 36.26%. This shows
that tourism shopping, as a component of the non-basic consumption of the tourism industry,
plays an important role in improving tourism consumption. Based on the above data analysis, we
suggest that, on the one hand, innovation should be promoted in cultural and tourism integration
products in culture and art, so as to increase the proportion of culture, art and entertainment
consumption, and further optimize the tourism consumption structure. On the other hand, tourism
shopping accounts for the highest proportion of tourism consumption, and it is also a way for
tourism to enrich people’s wellbeing, so we should strengthen the guidance for tourism shopping
practitioners and focus on improving the characteristics and quality of tourism products.

5) Improve transportation infrastructure, especially for self-driving tourists. In 2021, the proportion
of domestic one-day tours in Hangzhou was 37.20% and the proportion of overnight tours
was 62.80%. The proportion of overnight tours was 3.37% lower than the average for Zhejiang
Province, and the proportion of overnight tours decreased by 11.08% compared with 2020.
External factors, such as transportation convenience, the richness of tourism experiences, and
COVID-19, all contributed to the decline in the proportion of overnight tours. Among domestic
tourists, more than half take public transportation, significantly higher than the average level of
4.99% for Zhejiang Province, and ranking second in the province, which is correlated with the
convenience of public transportation such as Hangzhou Airlines and high-speed rail. The
proportion of self-driving tours is the lowest in the province, so attention should be paid to
providing basic services for self-driving, such as parking services, guidance services and
charging services.

6) Improve the service quality of accommodation. In 2021, the proportion of overnight tourists in
Hangzhou staying in star-rated hotels decreased by 14.18% compared with 2020, the proportion
staying in non-star-rated hotels increased by 36.23% and the proportion staying in relatives’ and
friends’ homes decreased by 24.46%. According to field research, overnight tourists have higher
requirements for the quality of accommodation settings, and tourists increasingly prefer to stay
in non-star-rated hotels such as homestays rather than relatives’ and friends’ homes. The
accommodation demand of overnight tourists in Hangzhou is differentiated and personalized,
and the proportion of non-star-rated hotels has increased significantly. Hangzhou should pay
attention to improving the service quality of different types of accommodation facilities to meet
the increasingly high quality requirements of overnight tourists. Among overnight tourists, the
number of nights spent in non-star hotels is significantly higher than for other types of tourists,
which indicates that non-star hotels such as homestays have advantages for tourists who stay
longer. Therefore, improving the quality of non-star-rated hotels is conducive to lengthening the
stay time of overnight visitors in Hangzhou.
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7) During the COVID-19 pandemic, shift the focus away from long-distance tourism and instead
vigorously develop local leisure tourism. The recurrence of COVID-19 outbreaks has brought
unprecedented difficulties to the tourism industry. People’s travel plans have slowed down, and
all types of tourism businesses have stalled. Tourism practitioners have struggled to support
themselves in light of the challenges of decreasing numbers of tourists and declining incomes.
From the previously summarized research results, it can be seen that Hangzhou’s tourism
revenue fell by 23% from 2019 to 2020. This is because the number of domestic and foreign
tourists dropped sharply due to the COVID-19 pandemic.  However, local residents’
short-distance tourism, inner-city tourism and camping (including luxury camping) have allowed
new types of businesses to meet citizens’ demands for outdoor leisure and consumption
upgrades. Data provided by platforms such as Meituan show that, in the first quarter of 2022, the
search volume for camping products in Hangzhou increased by 240.8% and product sales
increased by 342.0% on online platforms. Therefore, against the backdrop of the COVID-19
pandemic, vigorously developing local leisure tourism is an effective means of promoting the
growth of the tourism economy.

8) Adhere to the basic principles of natural environment protection and promote harmonious
coexistence between humanity and nature.  Development must simultaneously promote
environmental protection and rewilding. Socioeconomic development is inseparable from
natural resources, which necessitates appropriate handling of the relationship between
environmental protections and the development and utilization of natural resources, reducing the
use of chemical fertilizers and pesticides, and applying more organic fertilizers. We also
recommend controlling the number of tourists, and emphasizing sustainable development of
local tourism, the economy and the natural environment. As can be seen from Figure 3 and
Tables A2 and A3, the size of Hangzhou’s urban area has decreased from 2,605,147 to
2,194,064. The reduction of hardened surfaces is beneficial for animal survival and normal
hydrological processes. Therefore, it is necessary to plan construction land well, reduce the
impact of social and economic development on the natural environment, and thus achieve
harmonious coexistence between humanity and nature.

Further details of the justifications for these recommendations are presented in Table 14.
7. Conclusions and research limitations

7.1. Conclusions

In this work, tourism, economy and the natural environment are regarded as an open system. They
are interconnected and inseparable, forming a cycle of mutual influence and interaction. The coupling
system of tourism, economy and the natural environment was qualitatively analyzed, and the
interactions between each subsystem were defined. The main conclusions of this paper are as follows:

1) A method with a solid theoretical foundation was employed, drawing on the concept of coupling
from physics, and connecting the tourism, economic and natural environment processes in the
research area to build a model that treats them as a strongly coupled system. Appropriate
evaluation indicators were selected for each system, and the coupling system was qualitatively
analyzed. The results show that the coordinated coupling level of the economy, tourism and
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Table 14. The summary of the result analysis and suggestions.

Subsystems  Phenomenon Reasons Suggestions
The hotels and restaurants are increasing, but The planning cannot combine

e . . . . Improve the overall plan and

the facilities are rudimentary. There is not with the local conditions, and .
. . . promote the construction of
. enough parking, some vehicles parked on lack of overall planning, and . O
Tourism . supporting facilities.

grassland. unified deployment.
In 2021, the one-day tour in Hangzhou is
37.20%, and the overnight tour is 62.80%. The  External environment affects to . .

. . . . Enhance the ability to resist
overnight tour is 3.37% lower than the average  the decline of overnight tour. .

- . . . . . external risks and pay more
of Zhejiang Province. The overnight tourists The infrastructure construction attention to providine basic
decreased by 11.08% compared with 2020. for the self-driving tour is not . p ne

L . . . services for self-driving.
The self-driving tour is the lowest in the convenient enough.
province
In 2021, the overnight tourists staying in
star-rated hotels decreased by 14.18% The accommodation demand
compared with 2020, the staying in of overnight tourists is Improving the service quality
non-star-rated hotels increased by 36.23%, and  differentiated and personalized, of different types of
the staying in relatives and friends’ homes and the non-star-rated hotels accommodation facilities.
decreased by 24.46%. The number of days of have increased significantly. Improving the quality of
tourists staying in non-star hotels is Non-star hotels have more non-star products.
significantly higher than that of other types of significant holiday attributes.
tourists.

s . Hangzhou’s economic Standardize tourism
Hangzhou’s economic development was ahead . . . .

. . foundation is very strong, it has  management, improve tourism
of tourism, the economy and tourism showed a . . . .

. . driven the vigorous quality and protect tourism
Economic good trend of simultaneous progress. .
development of tourism. resources.
. . . . Tourism shopping, as one of . .
Accommodation, catering, tourist attractions, PPIS . Strengthen the innovation of
. . the non-basic consumptions of .. .
shopping, culture and entertainment are the N cultural and tourism integration
. . . the tourism industry, plays a
main expenses in Hangzhou, accounting for . . products. Improve the
. . . very important role in . .
83.05%. The proportion of tourism shopping . . . characteristics, quality and
. . improving tourism .
consumption is the highest. . taste of tourism products.
consumption.
Hangzhou’s tourism revenue fell by 23% from o Against the COVID-19
. R . In the situation of the L
2019 to 2020. Local residents’ short-distance . . pandemic, vigorously
. . . . ) COVID-19 pandemic, avoid . .
tourism, inner-city tourism and camping have . . developing local leisure
. traveling far and instead L. .
become a new type of business to meet . tourism is an effective means
.. , . vigorously develop local . .
citizens’ demands for outdoor leisure and : . of promoting the tourism
. leisure tourism.
consumption upgrades. economy.
o o Deal with violations of laws
. These individual activities .
The development of the natural environment . and regulations that damage
. . undertaken without the . .
lag behind the development of tourism and the tourism environment,
. . . approval of the local .
. economic processes. Private shopping vendors . strengthen environmental
Environment government in the core areas of

can be seen throughout forest areas, selling
souvenirs at high prices.

tourist attractions cause
damage to vegetation.

education for residents and
tourists. Standardize tourism
management.

The size of Hangzhou’s urban areas has
decreased from 2,605,147 to 2,194,064. The
reduction of hardened surfaces is beneficial for
animal survival and for normal hydrological
processes.

Adhere to the basic principles
of natural environment
protection and promote
harmonious coexistence
between humanity and nature.

Land for construction should
be well-planned, reduce the
impact of social and economic
development on the natural
environment.
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natural environment in Hangzhou was between 0.7662 and 0.966 from 2010 to 2020. In 2010, it
was in the medium-level coupling stage; a series of policies issued by Hangzhou’s government
subsequently promoted the development of the tourism sector, and the coupling reached a peak
in 2015. The COVID-19 outbreak in 2019 has severely affected both tourism and the wider
economy in many cities, including Hangzhou. By 2020, the coordination coupling level of
Hangzhou’s economy, tourism and natural environment had decreased to 0.8606. The research
results show that the method proposed in this paper can capture the coupling state of tourism, the
economy and the natural environment.

2) To quantitatively evaluate the status of tourism, the economy and the natural environment,
combined with the existing research results, this paper proposed an evaluation function for
quantitatively calculating the overall development of these three subsystems in the research area.
The results show that Hangzhou’s economic development was ahead of tourism from 2010
to 2020, and the economy and tourism showed positive trend of simultaneous progress. They
also show that Hangzhou’s economic foundation is strong, and that this has driven the vigorous
development of tourism.

3) The coupling relationship between tourism, economy and natural environment was analyzed and
calculated. The evaluation indicators, evaluation levels, coupling degrees and coupling
coordination levels of the three subsystems were calculated. From the results, it can be seen that
Hangzhou’s tourism industry has changed from moderate disorder in 2010 to elementary
coordination in 2020. The research results show that the overall natural environment status of
Hangzhou has changed little. The development of Hangzhou’s natural environment was ahead of
the development of tourism from 2010 to 2015. However, by 2020, Hangzhou’s natural
environment development began to lag behind the development of tourism and the economy,
which highlights the need to pay attention to ecological protection while developing tourism and
the wider economy.

4) The method employs long time series of tourism, economic and natural environment data to
avoid the impact of short-term or discrete fluctuations on the analysis, so as to achieve an
accurate assessment of the sustainable development status of these three subsystems and to
forecast development trends. A time series analysis of the coupling coordination degree
from 2010 to 2020 was carried out, and optimization strategies have been proposed to realize the
sustainable development of tourism, the economy and the natural environment in the study area.
The coupling coordination level steadily improved from 2010 to 2015. In addition, the degree of
coupling increased significantly and reached a peak in 2015, at which point the coordinated
development effect of the coupling coordination level and coupling degree were significantly
improved. However, the growth of coupling degree was lower than that of the coupling
coordination level. The coordinated development of the two will take many years, so it is
necessary to adopt active policies to promote their coordinated development.

5) Comprehensive evaluation functions representing the overall development of each subsystem, a
coupling development level calculation model representing the interaction strength of each
subsystem, and a coupling coordination degree calculation model representing the development
level of the coupling coordination degree between each subsystem were constructed. The
coupling coordination degree of tourism, the economy and the natural environment in the study
area was calculated quantitatively.
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7.2. Research limitations

Although some conclusions can be drawn from the results presented in this work, and these
conclusions can be used to guide future decision-making, the results have certain limitations, which
mainly fall into the following categories:

1) This research regards tourism, the economy and the natural environment as a coupled system, and
chooses some indicators to represent the three subsystems. However, these subsystems are all
complex systems in themselves, and it is difficult to describe each system accurately with a small
number of indicators. Therefore, different choices of indicators describe different aspects of the
system and may produce different results.

2) The evaluation level, coupling degree and coupling coordination level reflect the sustainable and
coordinated development state and predict future trends to help governments make decisions.
However, different study areas have substantially different economies, tourism industries and
natural environments, and so the choice of study areas could greatly affect the results. Therefore,
the generalizability of the results needs further research.

3) Although we have carried out qualitative and quantitative analysis on the tourism industry,
economy and natural environment of the study area, this study is still in the primary research
stage. To better reveal the sustainable development status of these three subsystems, long-term
time series assessment is needed. This will be the main direction of our future research.
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Appendix

A.1.1. Remote sensing image processing

The data selected to represent natural environment indicators in this paper encompass six categories:

water, forest, cultivated land, grassland, land for urban and rural residents and fertilizer application
amount. The natural environment indicators refer to the remote sensing monitoring data from Resource
and Environment Science and Data Center in Chinese Academy of Sciences [55]. These data are used
in the construction of a national natural environment monitoring network. These data can reflect the
state of China’s natural environment. To easily and quickly obtain natural environmental indicator data
for the research area in the years 2010, 2015 and 2020, remote sensing technology was used to extract
the necessary original natural environment indicator data from remote sensing images of the research
area in the corresponding years.
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In this paper, natural environment data for Hangzhou were extracted from Landsat images. The
strip and flight numbers of Landsat satellite images of Hangzhou were searched and downloaded from
the Geospatial Data Cloud [55]. The specific parameters of each remote sensing image used are shown
in Table Al.

Table A1l. The parameters of remote sensing images.

Remote sensing images Strip number Flight number Date
Landsat8 119 39 2020-05-03
Landsat8 119 40 2020-11-11
Landsat8 120 39 2020-10-01
Landsat8 120 40 2020-02-20
Landsat8 119 39 2015-05-22
Landsat8 119 40 2015-10-13
Landsat8 120 39 2015-01-21
Landsat8 120 40 2015-04-11
Landsat5 119 39 2010-05-24
Landsat5 119 40 2010-05-24
Landsat5 120 39 2010-12-09
Landsat5 120 40 2010-12-09

Table A2. Specific band information for Landsat 8.

Landset 8 Band Wavelength (micron) Resolution (m)
Band1-aerosol 0.43-0.45 30
Band2-blue 0.45-0.51 30
Band3-green 0.53-0.59 30
. Band4-red 0.64-0.67 30
Lai(;::it—ISm(ZgZiz;t;(()jnal Band5-near red 0.85-0.88 30
TIRS Thermal Band6-SWIR1 1.57-1.65 30
Infrared sensors Band7-SWIR2 . 2.11-2.29 30
Band8-panchromatic 0.50-0.68 15

Band9-Cirrus 1.36-1.38 30
Band10-TIRS1 10.60-11.19 100
Band11-TIRS2 11.50-12.51 100

The Landsat 8 satellite was launched by NASA on February 11, 2013. It is used to provide long-
term Earth observation and reliable data for resources, water, forest, environment, and urban planning.
Landsat 8 carries the Operational Land Imager and thermal infrared sensors and has 11 bands. The
spatial resolution of bands 1-7 and 9-11 is 30 meters, while band 8 is a panchromatic band with a
resolution of 15 meters. Table A2 details specific band information.

Band combinations for multispectral images can help highlight features of interest. Taking Landsat
8 as an example and the natural environment of Hangzhou as the research context, it is necessary to
extract the cultivated land, forest land, grassland, water area, and information on other elements from
the remote sensing images, which encompass a wide range of content. Thus, it is difficult for any
special band combination method to meet the needs of all research elements. Therefore, the natural
true-color combination of bands 2—4 was selected to obtain the true-color composite image of the
research area, which is convenient for the recognition and classification of various ground objects, as
shown in Figure Al.
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A.1.2. Establishment of interpretation labels

According to the national classification standard for remote sensing image interpretation, the
research area was divided into cultivated land (11), forest land (22), grassland (33), water (44), and
land for urban and rural residents (55). The natural environment interpretation labels established for
Hangzhou are described in Table A3.

(a) 2010

(b) 2015 () 2020

Figure A1l. Remote sensing image of the research area from 2010 to 2020.

Table A3. The natural environment interpretation labels of Hangzhou.

Natural environment

o Code Annotation Labels
indicators
Refers to land where crops are grown, including mature arable land, newly opened
. land, recreational land, rotational land, grass field and crop rotation land; land for
Cultivated land 11 . . . . . .
agricultural fruits, agricultural mulberry, agriculture and forestry mainly for growing
crops; beach and tidal flats that have been cultivated for more than three years.
Refers to forestry land for the growth of trees, shrubs, bamboos, and coastal mangrove
Forest 22
woodlands.
Refers to all kinds of grasslands that mainly grow herbs and cover more than 5%,
Grassland 33 including shrub grasslands dominated by pasture and thinly forested grasslands with
canopy closure of less than 10%.
Water 44 Refers to natural land waters and land for water conservancy facilities.
Land for urban and rural 55 Refers to urban and rural settlements and other industrial and mining land,

residents

transportation and other land.
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