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Abstract: Tourism is the leading industry of island cities and the tourism carrying capacity is of great
significance to the sustainable development of cities. This paper adopts the state-space model to
construct an early warning indicator system for tourism carrying capacity from three aspects: nature,
economy, and society, explores the early warning status, and spatial and temporal differences of
tourism carrying capacity in Chinese island cities, and makes use of the BP(Back Propagation) neural
network model to predict the development trend of early warnings. The results show that (1) from
2012 to 2018, the early warning status of China’s island cities’ tourism carrying capacity is generally
on the rise, the natural carrying capacity system’s early warning situation has deteriorated, which is
in a state of severe warning interval. The economic carrying capacity and social carrying capacity
are on the rise, and the warning degree is from the super warning interval to the severe warning
interval and then to the moderate warning degree. The forecast of the overall tourism carrying
capacity early warning index from 2019 to 2021 presents an upward trend and is in the moderate
warning interval. (2) The tourism carrying capacity early warning in China’s island cities shows a
large spatial and temporal difference and the early warning values of each island city are different.
The early warning value of Putuo tourism carrying capacity always ranks first, and Changdao has
the worst performance. (3) In accordance with the contribution status of the subsystem to the total
system, the Chinese island cities show regional differences in the northern, central, and southern area,
showing two forms of pressure cities and pressure-carrying cities. The government can adopt different
policies and measures in accordance with different characteristics of human environmental activities.

Keywords: island city; tourism carrying capacity; early warning of carrying capacity; spatial state
model; BP neural network

1. Introduction

An island is a geographical area that is made up of a small piece of land surrounded by sea
areas, while an island city is the ecological, administrative, and economic entities that are made
up of a number of islands and surrounding seas. Compared with inland cities and coastal cities,
besides the natural environment characteristics, such as less land area, scarce fresh water resources,
and rich marine resources [1], island cities also have other social environment characteristics, such as
fragile ecological environment and single industrial structure, which is characterized by a complicated
“people–sea–land” coupling system [2]. In general, island cities are relatively isolated from land and
become a special type of regional unit. These special areas are called island counties, which are the
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most basic administrative area in Chinese urban management. There are 12 county-level island cities in
mainland China. Along the 18,000 km continental coastline, they are distributed in the four areas of the
Bo Sea, Yellow Sea, East China Sea, and South China Sea. The special natural conditions and industrial
characteristics of island cities have unique development models and paths [3]. Tourism is the leading
industry of island cities. This type of industry makes full use of island resources, such as seawater,
beaches, marine life, and the extended marine culture. Thus, island tourism not only involves a certain
scenic area, but also an urban tourism system that includes islands and sea areas. However, the special
ecological environment of island cities means that their industrial development must meet the island’s
carrying capacity [4]. The development and evolution of the tourism industry in island cities and their
interaction with resources and the environment have become one of the important issues that economic
geography is concerned about [5,6]. Objectively assessing the early warning tourism carrying capacity
is of great significance to promote the sustainable development of island cities.

The tourism carrying capacity is the combination of the existing state and structure of a certain
tourism environment (referring to the tourism environment system). It refers to the tourism behavior
and activities that the sightseeing place can bear in a certain period of time [7] without causing any
harmful changes to the contemporary people (including tourists and local residents) and future people
(such as environmental aesthetic values, ecosystem damage, environmental pollution, and weakening
of comfort, etc.). Scientifically evaluating the state of the tourism carrying capacity is a powerful
judging basis for the sustainable development of the tourism industry [8]. However, the monitoring of
tourism carrying capacity is only the description of the status quo and the key point is to do a good
job of early warning and prediction of carrying capacity. Once the human activities deviate from the
warning line, an early warning signal is issued, thereby making behavior activities controlled within
the bearable range through using management tools.

In recent years, the tourism economy in China’s island areas has experienced rapid development.
The coastal tourism revenue has increased from 625.8 billion yuan in 2011 to 1607.8 billion yuan
in 2018, with an average annual growth of 11.49%. The coastline’s ability to absorb tourism is not
unlimited. If the level of tourists’ recreational activities in island cities exceeds the level of the island’s
carrying capacity, the environment will degrade; if the facilities are saturated (exceeding the carrying
capacity of providing facilities), and the enjoyment of tourists will decline (perception or social
carrying capacity) [9]. However, with the unrestricted exploitation of resources, the contradiction
between the increase of demand for island resources and the maintenance of ecological balance is
becoming more and more acute. The problems of ecological environment are gradually emerging.
The island areas are facing unprecedented pressures and challenges from the ecological environment
and social development [2]. Therefore, the tourism carrying capacity in coastal cities has become
the focus of scholars’ research, which has also generated a lot of research achievements. In terms of
areas of interest, researchers have undertaken empirical research on the tourism carrying capacity
in geographical regions, such as the coastal areas [10,11], border on the sea [12,13], coasts [14],
sea areas [15], beaches [16,17], and islands [4,18]; in terms of the research methods, the quantitative
or quantitative and qualitative combination methods were adopted, such as fuzzy analytic hierarchy
process [19], ecological footprint method [20], linear programming [21], simulation and system
dynamics [22], geographic information technology [23], etc.; in terms of management tools, there is a
driving force-pressure-state-influence-response model [24], tourism carrying capacity early warning
system [25], tourist activity management procedures, etc.

Unlike inland areas [26], the characteristics of island tourism destinations are strong demand
growth and a large occupation of island space, both of which have a serious influence on the island’s
urban environment and society [11]. Thus, currently, the main task is to control and regulate the
effectiveness of human activities and balance the conflict between the human and island city natural
system so as to achieve sustainable development. Establishing an early warning model of the tourism
carrying capacity of island cities and timely monitoring the adaptability of tourism environment will
play a significant role in the development of tourism in island cities. From the search of domestic and
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foreign literature, currently, there are few relevant studies about early warning models of the tourism
carrying capacity of island cities. The existing research on early warning of carrying capacity are mostly
concerned about wetland parks [27], ocean parks [19], carbon cycle [28], and other broad resources of
carrying capacity of the environment [29]; in terms of early warning models and research methods,
the method that is consistent with carrying capacity is basically adopted. Some scholars have done
further research through improving the existing assessment methods, but most of them stay in the
description of the early warning status of a single method. Therefore, there is the urgent need to pay
attention to the following three important points: first, it is necessary to establish a set of early warning
index system of tourism carrying capacity of island area to objectively reflect the tourism carrying
capacity of island area; second, in terms of research methods, it is necessary to pay attention to not
only the static tourism carrying capacity, but also the dynamic tourism carrying capacity, that is to say,
it is necessary to comprehensively describe the island area tourism carrying capacity in time and space
and make a scientific prediction, so that the local governments can grasp the trend of early warning
of tourism carrying capacity; the third is to understand the characteristics of regional heterogeneity,
which reflect the geographical characteristics and tourism carrying capacity differences of different
island areas. These three concerns are also the contribution of this study.

This paper applies the state-space method to construct a three-dimensional early warning model
of tourism carrying capacity in three dimensions: natural carrying capacity, economic carrying capacity,
and social carrying capacity. The spatial and temporal difference of 10 island-county cities Changhai,
Changdao, Shengsi, Putuo, Daishan, Yuhuan, Dongtou, Pingto Tan, Dongshan, and Nan’ao shall
be analyzed regarding the 2012–2018 tourism carrying capacity early warning calculation, thereby
adopting the BP neural network model to predict the future state of tourism carrying capacity of
islands and counties. The purpose of this paper is to reveal the tourism carrying capacity of Chinese
island cities, the early warning status of the three subsystems of nature, economy, and society, as well
as the differences of different island cities, providing scientific references for the development of island
cities’ tourism and the formulation of policies.

2. The Construction of an Early Warning Indicator System and Data Source

2.1. The Construction of an Early Warning Indicator System

On the basis of the research of early warning indicators of carrying capacity and combined with
the actual situation of island cities and the acquisition of indicator data, 20 indicators were selected
from three aspects of nature, economy, and society so as to construct an early warning system of
tourism carrying capacity:

The indicator of natural carrying capacity system indicates the state of the natural resources and
environment in the tourism spatial system of island cities. (1) The tourism area of the island is mainly
on the coastline, and the beach is the main place for tourists. In this paper, the coastline length per
capita [5] and beach area per capita [17] are used to measure the impact of the development of human
tourism on natural resources. (2) Air pollution spreads over long distances, which may affect the
entire tourist destination; the forest coverage of a tourist area is also crucial to the environment, which
can also solve the land problem, so that the air pollution index (also known as “air quality index”;
the larger index suggests the higher pollution degree) [30] and the forest cover rate [4] are used to
measure the environmental impact of resource status on island tourism destinations.

The indicator of economic carrying capacity system indicates the carrying capacity of economy
on island city tourism space. (1) In this paper, the centralized sewage treatment rate [31], water
supply [4], and highway density [32] are used to measure the tourism economy carrying capacity of the
infrastructure construction to island cities in tourist areas. As an island city is a relatively independent
environmental system, sewage treatment is crucial to the island environment; water resources are the
basic resources for people to live, and the supply affects the development of tourism. Additionally,
the construction of traffic facilities plays a fundamental role in ensuring the development of tourism.
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(2) The facility carrying capacity of tourist destinations is measured by the number of buses, taxis,
star-rated hotels, travel agencies, and star-rated restaurants [13]. The number of buses and taxis show
the convenience of tourists traveling in island cities, and the number of hotels, restaurants, and travel
agencies affects the food, accommodation, and transportation provided for tourists, which is directly
related to the quality of tourist cities. (3) The tourism reception, the proportion of tourism revenue to
GDP, and GDP per capita [27] are used to measure the economic carrying capacity of tourist destinations
in this paper. The development of tourism city is directly and indirectly influenced by tourism area
reception, tourism income, and economic income. On the one hand, the increase of tourists brings
good income, on the other hand, the increase of tourists also affects the island ecological environment.

The indicator of social carrying capacity system indicates the carrying capacity of social psychology
and urban environment on island city tourism spaces. (1) The attraction of landscape resources [33]
and travel-to-residential ratio [34] are used to measure the carrying capacity of social psychology
in the tourist destinations. The psychological state of tourists, between tourists and local residents
has a great influence on the development of tourist areas. Additionally, the attraction of tourists to
scenic spots is the key to tourist destinations. (2) Perfect services play a protective role in tourism
development. In this paper, the number of employees in service industry and the number of beds in
medical institutions [13] are used to measure the urban service carrying capacity in tourist destinations.

Besides, in accordance with whether the evaluation of the nature of the indicators on the tourism
carrying capacity is positive or not, the indicators are divided into positive and negative. On the basis
of this, this research constructs an early warning index system for the tourism carrying capacity of
island cities (see Table 1 for details).

Table 1. Early warning indicator system of tourism carrying capacity of island cities.

Warning
Degree

Case of
Warning

Warning
Foretaste Warning Factor Indicator and

Direction
Variable

Name Weights

Early warning
of tourism
carrying

capacity in
island cities

Natural
carrying
capacity

The carrying
capacity of

natural
resources

Coastline length per
capita (km/10,000) + X1 0.0512

Beach area per capita
(km/10,000) + X2 0.0410

The carrying
capacity of

tourism
environment

Proportion of national
first-class and

second-class seawater
quality (%)

+ X3 0.0457

Air pollution index − X4 0.0161

Forest cover rate (%) + X5 0.0492

Economic
carrying
capacity

The carrying
capacity of

infrastructure

Centralized sewage
treatment rate (%) + X6 0.0104

Water resource supply
(10,000 tons) + X7 0.0803

Highway density
(km/10,000) + X8 0.0652

The carrying
capacity of

tourism facility

Number of bus
ownership + X9 0.0383

Number of taxi
ownership + X10 0.0869

Number of beds in
star hotels + X11 0.0553

Number of travel
agencies + X12 0.0638

Number of star hotels + X13 0.0587
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Table 1. Cont.

Warning
Degree

Case of
Warning

Warning
Foretaste Warning Factor Indicator and

Direction
Variable

Name Weights

The carrying
capacity of

economic scale

Tourism reception
(10,000 people) + X14 0.0787

Proportion of tourism
revenue to GDP (%) + X15 0.0399

GDP per capita
(10,000 yuan) + X16 0.0267

Social
carrying
capacity

Tourism
psychological

capacity

Attraction of
landscape resources

(%)
+ X17 0.0334

Travel-to-residential
ratio (%) − X18 0.0439

The carrying
capacity of

urban service

Number of employees
in service industry

(person)
+ X19 0.0454

Number of beds in
medical institutions + X20 0.0700

Note: “+” means the indicator orientation is positive; “-” means the indicator orientation is negative.

2.2. Data Sources

This research involves many sample cities and it is difficult to collect, thus, three rounds of
index were adopted for collection. In the first round, the investigators made use of the data from the
island and county yearbooks (2013–2019) and annual bulletins (2012–2018), local statistical yearbooks
(2013–2019), and provincial statistical yearbooks (2013–2019) to carry out collection, among which
the data of landscape attraction came from China Ctrip.com. The data of air pollution(quality) index
came from http://aqicn.org/map/china/ and https://www.aqistudy.cn/historydata/monthdata; in the
second round, for the data that could not be collected and the data that existed question, the statistical
departments of 10 islands and counties were visited to supplement the relevant data; the third round
carried on the statistical standards for the collected data regularity. Due to the large number of island
counties involved as well as the large annual span, there were four indicators which had inconsistent
statistical calibers for each county. For this reason, the research team unified the caliber on the basis
of consulting experts. Moreover, the data of the two counties in Chongming and Dinghai were not
included in the survey because of the large missing data. The collection methods mentioned above
ensured the scientific nature of the data.

3. Early Warning Models and Processes

3.1. Early Warning Model

The state-space method is an effective method for quantitatively describing system state in
Euclidean geometry space. It is an important method to describe and measure regional carrying
capacity and carrying state, which is also a relatively widely used method. The state space usually
consists of three-dimensional state space axes representing the state vectors of the elements of the
system. In this research, the three-dimensional state space axes were defined as the nature axis
(X), economy axis (Y), and society axis (Z). (Figure 1). In accordance with the state-space method,
a n-dimensional state space is constructed. The early warning value of the tourism carrying capacity
of the island city is represented by the vector mode in the state space, that is, the vector formed by
the state point in the space and the system origin (see OC in Figure 1) [28]. The early warning value
of tourism carrying capacity of island cities is a unified index weighted and integrated for each state

Ctrip.com
http://aqicn.org/map/china/
https://www.aqistudy.cn/historydata/monthdata
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value. On the basis of this, the space early warning model of the island city’s tourism carrying capacity
can be obtained as follows:

T = |E| =

√√ n∑
i=1

wiR2
i j

In the formula, T is the early warning value of the tourism carrying capacity of the island city,
and |E| is the directed vector module of the tourism carrying capacity of the island city, as shown in
Figure 2 |OC| model; Ri j is the spatial coordinate value after preprocessing of indicators in the early
warning system of island city tourism bearing, Wi is the weight of R2

i j which represents the weight
value of the i indicator, j = 0,1,2, . . . 10 represents 10 island counties, including Changhai County,
Changdao County . . . . . . Shengsi County.
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Figure 1. State space model.

In order to improve the accuracy of the early warning results, the model adopted the range
standardization method for index consistency. No matter the index value is positive or negative,
after the range change, the standardized indicator values are between [0,1], and both positive and
negative indicators are converted into positive indicators, with the optimal value of 1 and the worst
value of 0.

The calculation of tourism carrying capacity early warning index and the comparison of space–time
need to determine the ideal state value and index weight. Thus, ideal values are the basis for model
analysis. Currently, the determination of the ideal state value is mainly on the basis of questionnaire
survey methods, expert consultation methods, and on the basis of existing domestic and international
standards. In consideration of the particularity of the island cities involved in this research and
the demands for comparability and catch-up. With reference to the opinions of the main research
experts [36], this research adopted the value of the upper third sample point as the ideal value for the
pressure-carrying natural carrying capacity index. Additionally, for the indicators of economic and
social carrying capacity with pressure, the value of the lower third of the original point was adopted as
the ideal value.

The determination of indicator weights mainly includes expert scoring, analytic hierarchy process,
entropy evaluation method, principal component analysis, etc. The first two are relatively subjective,
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which require fewer indicators; the latter two are relatively flexible and objective. Thus, this research
adopted a wider range of entropy evaluation method to calculate the index weight.

3.2. Forecast Method

BP neural network is a multi-layer feedforward neural network trained in accordance with
the error back propagation algorithm. It is currently the most widely used neural network [37].
Compared with other traditional models, the BP model has better durability and timely predictability.
It has a three-layer feedforward network, that is, the input layer, the hidden layer, and the output
layer. The operating principle is the input signal acts on the output node through an intermediate
node (hidden nodes). The value of the connection strength between the node and the hidden node,
the connection strength between the hidden node and the output node, and the threshold value.
After nonlinear transformation, the error is reduced along the gradient direction. Through repeated
learning and training, the network parameters corresponding to the minimum error were determined
(weights and thresholds) (see Figure 2).
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Figure 2. BP neural network structure.

In the actual running process, this paper applied the neural network toolbox of MATLAB software
to first normalize the data of China’s island cities from 2012 to 2018, calculated 20 index values, and then
used the 20 index values as the BP neural network model. Three subsystems and the total system, as
the input vector, make use of the output vector and make use of the function newff network to create
the network. The number of hidden layers is 40. Additionally Tansig and purelin were used as the
transfer functions of the neurons. Other functions adopted the default form.

In order to verify the prediction accuracy and learning effect of the model, and to more accurately
predict the development trend of tourism carrying capacity, this research referred to the relevant results
and selected the correlation coefficient as well as the root mean square error as the prediction accuracy
and learning effect of the model. The higher the R value, the smaller the RMSE value, indicating
the better the fitting effect and accuracy of the prediction result. In general, R > 0.95 and RMSE <

0.04, which indicates that the prediction model has a good fitting effect, which can be used for actual
prediction [28].

3.3. Warning Interval

In accordance with the state space model, the early warning values were all within the [0,1]
interval. On the basis of the relevant research results [38] and the experts’ advice, the three subsystems



Sustainability 2020, 12, 1328 8 of 16

and the early warning of carbon carrying capacity were carried out. The warning degree was divided
into five levels: super warning, severe warning, moderate warning, mild warning, and no warning
(Table 2). The higher the warning degree, the worse the carrying capacity of the regional total system
and each subsystem.

Table 2. Warning degree of tourism carrying capacity of island cities.

Warning
Interval

Super Warning
Interval

Severe
Warning
Interval

Moderate
Warning
Interval

Mild Warning
Interval

No Warning
Interval

Natural
carrying
capacity

0–0.1386 0.1386–0.1667 0.1667–0.3165 0.3165–0.4218 0.4218–1

Economic
carrying
capacity

0–0.1680 0.1680–0.2308 0.2380–0.4113 0.4113–0.7119 0.7119–1

Social carrying
capacity 0–0.1001 0.1001–0.1491 0.1491–0.2556 0.2556–0.4999 0.4999–1

Tourism
carrying
capacity

0–0.1000 0.1000–0.1574 0.1574–0.3228 0.3228–0.4821 0.4821–1

4. Results and Analysis

According to the early warning model of spatial and temporal method and BP neural network
prediction model, the early warning index of the tourism carrying capacity of Chinese island cities in
2012–2021 is obtained, as shown in Figure 3.Sustainability 2020, 12, x FOR PEER REVIEW 9 of 18 
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Figure 3. Early warning index and development trend of tourism carrying capacity of Chinese
island cities.

The prediction is on the basis of the early warning values of the existing years and is implemented
in accordance with a BP neural network model. Refer to the existing research for details [28], and apply
the Matlab R2013 software design program to implement model network training. After running the
parameters multiple times, the model’s learning test results are shown in Table 3. The data shows that
the root mean square error of all values RMSE is < 0.04, and the correlation coefficient R is > 0.95.
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This model can be used to predict each subsystem and the total system’s early warning value from
2019 to 2021.

Table 3. Simulation results of the total system and subsystems.

Test Effect Natural Carrying
Capacity

Economic
Carrying Capacity

Social Carrying
Capacity

Tourism Carrying
Capacity

RMSE 0.0088 0.0041 0.0117 0.0086
R 0.9941 0.9995 0.9897 0.9953

4.1. Early Warning Analysis of Island City Comprehensive and Tourism Carrying Capacity of Each Subsystem

From 2012 to 2018, the early warning status of China’s island city’s tourism carrying capacity
showed an upward trend. The early warning value was from 0.1220 in 2012 to 0.2010 in 2018, and the
warning interval decreased from severe warning to moderate warning (see Table 4). In recent years,
Chinese island cities have continued to increase their investment in transportation infrastructure and
tourism infrastructure, and the island’s tourism environment and ecological space have continued to
improve. From the prediction results of the BP model, it can be seen that the tourism carrying capacity
of China’s island cities has shown an upward trend from 2019 to 2021, which will be 0.2011, 0.1886,
and 0.2155 in three years respectively, which are basically kept at the level of the moderate warning
and are relatively stable. However, there is still a gap from the level of no warning.

Early warning analysis of natural carrying capacity. From 2012 to 2018, the early warning situation
of the nature system of China’s island cities has deteriorated, and the warning degree has risen from
the moderate warning interval to the severe warning interval and then has declined. The early warning
value has changed from 0.1895 in 2012 to 0.1688 in 2018. There are two reasons for this result: on
the one hand, because of the vigorous development of industrial economy in China’s coastal cities,
the sea water quality has deteriorated and air pollution has worsened; on the other hand, with the
increase of the number of island tourists, the utilization rate of marine resources is increasing, and the
tourism environment of islands is increasing. To forecast and analyze the early warning situation from
2019 to 2021, the warning range of this system is from the severe warning interval to the moderate
warning interval.

Early warning analysis of economic carrying capacity. The system’s early warning situation is
on the rise, and the warning degree changed from the super warning interval to the severe warning
interval to the moderate warning interval. From 2012 to 2018, China’s coastal cities have developed
rapidly. The tourism economy has shown a “spout-type” development and the urban facilities have
continued to improve. The bridges connecting the mainland have been constructed continuously.
The highway mileage number on the island has increase continuously. The promotion of water
diversion projects on the mainland has increased the water resources of island cities; island tourism
development continues to accelerate, and the tourism infrastructure continues to improve. From 2019
to 2021, the system’s early warning value will continue to rise, and the warning degree will be above
the level of the moderate warning.

Early warning analysis of social carrying capacity. From 2012 to 2018, the system’s early warning
value maintained a growing trend, and the warning degree changed from the super warning interval
to the severe warning interval to the moderate warning interval, which indicates that the social
environment of Chinese island cities has gradually improved, especially the scenic spot attraction
degree has shown rapid growth. The psychological carrying capacity of Chinese residents’ “island tours”
has been increasing year by year. The level of urban tourism service has been greatly improved, which
is drastically reflected in the increasing number of tourism service personnel and the improvement
of medical and health service capabilities. The early warning values predicted by the system from
2019 to 2021 also maintain an upward trend, and the warning degree will be above the level of the
moderate warning.
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Table 4. Warning status of tourism carrying capacity of Chinese island cities.

Year Tourism Carrying
Capacity

Natural Carrying
Capacity

Economic
Carrying Capacity

Social Carrying
Capacity

2012 Severe Moderate Super Super
2013 Severe Moderate Severe Super
2014 Severe Moderate Severe Severe
2015 Severe Moderate Severe Severe
2016 Moderate Moderate Severe Severe
2017 Moderate Moderate Moderate Moderate
2018 Moderate Severe Moderate Moderate
2019 Moderate Severe Moderate Moderate
2020 Moderate Severe Moderate Moderate
2021 Moderate Moderate Moderate Moderate

4.2. Early Warning Analysis of Tourism Carrying Capacity of Each Island City

From Figures 4 and 5, it can be seen that the average early warning scores of tourism carrying
capacity of 10 island counties in China are ranked from highest to lowest: Putuo, Yuhuan, Pingtan,
Changdao, Dongtou, Dongshan, Shengsi, Daishan, Nan’ao, and Changhai. From 2012 to 2018, Putuo
County’s tourism carrying capacity has always been in the first place, with an average early warning
value of 0.3984 and an early warning interval value of 0.3276–0.4630. The warning degree is mild,
and it is basically in the first echelon. It is expected to maintain the status of mild warning from 2019 to
2021 (see Table 5).

Yuhuan County, Pingtan County, and Changdao County are basically in the second echelon.
The average early warning interval from 2012 to 2018 is [0.20–0.30], and the average early warning
values are 0.2088, 0.2083, and 0.2051 respectively. The tourism carrying capacity of Yuhuan County
from 2012 to 2018 has always maintained a steady growth, and the warning degree is in the state
of moderate warning. From 2019 to 2021, it went from the mild warning to the moderate warning
interval, which declined slightly. The tourism carrying capacity in Pingtan County has also maintained
a steady growth, and the warning degree is in the moderate warning degree. The warning value for
the forecast year went from rising to falling, but it was basically in the moderate warning interval. The
score of the early warning value of tourism carrying capacity of Changdao County also maintained a
steady increase, and the warning degree changed from the severe warning interval to the moderate
warning interval. The early warning value for the forecast year also gradually increased, and the
warning interval is in moderate warning condition.

Dongtou County, Dongshan County, Shengsi County, Daishan County, and Nan’ao County are in
the third echelon. The average warnings value was between [0.1 and 0.2] from the year of 2012 to 2018,
which were 0.1509, 0.1503, 0.1487, 0.1093, and 0.1038, respectively. Except for Dongshan County, the
other four island counties have basically maintained steady growth. Dongshan County fluctuated from
rising to falling and then rising. From the perspective of warning degree, Dongtou County was from
the severe warning interval to the moderate warning interval, Dongshan County was from the severe
warning interval to the moderate warning interval, Shengsi County was from the severe warning
interval to the moderate warning interval, and Daishan County was from the super warning interval
to the severe warning interval, Nan’ao County was from the super warning interval to the severe
warning interval and then to the moderate warning interval. Among these five cities, the tourism
carrying capacity in Daishan County was relatively poor. Judging from the change trend, Dongtou
County is in the state of the severe warning interval, and Nan’ao County is from the moderate warning
interval to the severe warning interval. The forecast and warning values of the other three cities are
above the level of the moderate warning interval level.

Changhai County was the city with the worst tourism carrying capacity among the 10 samples.
It was in the fourth echelon with an average early warning value of 0.0828, which was lower than 0.1.
The early warning value increased from 2012 to 2018, and the early warning value increased from 2012
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to 2016. Among them, it was the highest in 2016, reaching 0.1201, and it was in a downward trend
from 2017 to 2018. The warning degree ranged from the super warning interval to the severe warning
interval. On the basis of the forecast of the base year data evolution trend, the early warning value of
the county’s tourism carrying capacity from 2019 to 2021 was on the rise, the warning degree changed
from the severe warning interval to the moderate warning interval.

Table 5. Warning status of tourism carrying capacity of each island city.

Year Changhai Changdao Shengsi Daishan Putuo Yuhuan Dongtou Pingtan Dongshan Nan’ao

2012 Super Severe Severe Super Mild Moderate Severe Moderate Severe Super
2013 Super Moderate Severe Severe Mild Moderate Severe Moderate Severe Super
2014 Super Moderate Severe Severe Mild Moderate Severe Moderate Severe Super
2015 Super Moderate Severe Severe Mild Moderate Severe Moderate Severe Super
2016 Severe Moderate Moderate Severe Mild Moderate Severe Moderate Moderate Severe
2017 Severe Moderate Moderate Severe Mild Moderate Moderate Moderate Moderate Moderate
2018 Severe Moderate Moderate Severe Mild Moderate Moderate Moderate Moderate Moderate
2019 Severe Moderate Moderate Moderate Mild Moderate Severe Moderate Moderate Moderate
2020 Severe Moderate Moderate Moderate Mild Moderate Severe Moderate Moderate Moderate
2021 Moderate Moderate Moderate Moderate Mild Moderate Severe Moderate Moderate Severe
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4.3. Analysis of the Contribution Status of Each Subsystem to the Total System

Due to the large differences in the geographical location, policy environment, economic foundation,
resource conditions, and development methods of each island city, the early warning value of its
tourism carrying capacity will also change dramatically. It plays a very important role for cities in
formulating the control measures for the tourism carrying capacity.

According to the early warning average scores of the island city’s tourism carrying capacity system
and the three subsystems from 2012 to 2018 (see Figure 5), the scores of each subsystem in China’s island
cities are shown as regional differences in the northern, central, and southern regions. The contribution
of the overall system varies. The southern island cities, Pingtan, Dongshan, and Nan’ao, were not
significantly different in the three subsystems of nature, economy, and society, and the overall tourism
carrying capacity was also poor. The three island cities of Shengsi, Putuo, and Daishan in the central
part of the coast have shown spatial professions. The three cities’ nature subsystems performed poorly,
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which were basically in the state of super warning degree and severe warning degree. This is mainly
because of the low average temperature in the region and the poor seawater quality result from the
special location of the Yangtze River Estuary. However, it performed well in the economy system
and the society system. It was in a good state among 10 island counties (except Daishan) and had the
largest contribution to the total system. The northern island cities, Changhai and Changdao performed
well in the nature system, which were in the state of moderate degree and mild warning degree,
but performed poorly in economy system and the society system, which were in the super warning
state or severe warning state. The reasons lay in the long coastline of the northern cities, the abundant
marine resources, the good sea water quality, and air quality, however, these island cities had weak
reception capacity with poor urban infrastructure.

What is the behavior direction of island cities to enhance the tourism carrying capacity? This needs
to pay attention to the contribution status and influencing factors of the subsystems of each island city
to the industrial system. Among the 10 island cities, Putuo and Nan’ao island counties showed two
types of contribution states: pressure cities and pressure-carrying cities.

Pressure cities reflect the positive or negative pressure on the environment from human economic
and social activities. Putuo was the city with the worst natural environment subsystem among the
10 island cities. The average warning value was 0.098, and the warning degree was between the
super warning degree. This was mainly because of the poor seawater quality and low average annual
temperature, which reduced the natural environment adaptability of beach tourism. However, Putuo
had the best performance in terms of economic and social carrying capacity. Among them, the early
warning value of the economic carrying capacity in 2012–2018 was above 0.5, which was much higher
than that of other island cities. The average early warning value was 0.6083, and the warning degree
was in the mild warning state. The forecast warning degree in 2019–2021 will be in no warning state.
The average early warning value of social carrying capacity will be 0.3110, and the warning degree as
in the state of mild warning. The forecast degree of 2019–2021 will also be in the state of mild warning.
Thus, for such cities, the government shall devote greater efforts to improve the marine environment,
improve seawater quality, and enhance the beach tourism environment.

A pressure-carrying city is a city in which human behaviors exert pressure on natural resources
or the natural environment. From 2012 to 2018, the nature subsystem, Changdao County has been
unique, with average warning value of 0.3440. This is mainly because of the seawater’s quality is
good, the forest coverage is high, the weather and air quality are good, which are convenient for
beach tourism. However, the performance on the system of economic carrying capacity and the social
carrying capacity was not outstanding in the years. Among them, the average early warning value
of the economic carrying capacity from 2012 to 2018 was 0.2607. The warning degree has changed
from severe warning to moderate warning and the forecast warning degree has always been in the
mild warning state, indicating that the development level of tourism economy in Changdao County
has been increasing year by year and that the tourism infrastructure has been continuously improved.
From 2012 to 2018, the average warning value of the social carrying capacity was 0.1085, ranging
from super warning degree to severe warning degrees. It can be known that while such cities shall
continue to develop the tourism economy, they must continue to strengthen the construction of the
social environment, enhance the attraction of the landscape, and improve urban social construction.
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5. Conclusions and Discussion

5.1. Conclusions

On the basis of the analysis of the early warning results of China’s island cities as a whole and the
island cities, the following conclusions are obtained:

(1) From 2012 to 2018, the early warning status of tourism carrying capacity of Chinese island cities
showed an upward trend. However, the early warning situation of the nature system of island
cities continued to deteriorate, and the warning degree increased from the moderate warning
interval to the severe warning interval; the early warning situation of the economic carrying
capacity showed an upward trend, and the warning degree was from the severe warning interval
to the moderate warning interval; the social carrying capacity the early warning value kept
increasing, and the warning degree changes from the super warning interval to the severe warning
interval and then to the moderate warning interval. From 2019 to 2021, it is predicted that the
overall tourism carrying capacity early warning index will show an upward trend, which is at the
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level of moderate warning, but there is still a gap from the level of no warning; the government’s
marine environment governance policy has shown initial results; early warning value of economy
system’s carrying capacity kept increasing, and the warning degree is above the level of the
moderate warning; the early warning value of the society system has also maintained an upward
trend, and the warning degree has changed from the moderate warning interval to the mild
warning interval, indicating that the investment effect of the tourism economy of the Chinese
island and county governments has gradually emerged.

(2) The early warning status of the tourism carrying capacity of the 10 island counties in China has
significant differences. From 2012 to 2018, the early warning value of Putuo’s tourism carrying
capacity has always ranked first, and the average early warning value exceeded 0.3, which was in
the state of mild warning; Pingtan County, Yuhuan County, Changdao County were basically in
the second echelon with an average early warning score of 0.2–0.3, which was in a state of severe
warning; Dongshan County, Shengsi County, Dongtou County, Daishan County, and Nan’ao
County were in the third echelon with an early warning average of 0.1–0.2 Changdao County had
the worst performance which was in the fourth echelon, and the average early warning value was
lower than 0.1. From the forecast early warning value of 2019–2021, all cities will be increased,
Putuo, Changdao, and Nan’ao will gradually move to the mild warning interval; other cities will
be basically in the moderate warning interval, while Changhai County will perform poorly and
will be still in a severe warning interval.

(3) The scores of the various subsystems of Chinese island cities show the regional differences
between northern, central, and southern areas, and their contribution to the total system is
different. The differences among the three systems of nature, economy, and society, in southern
cities were not obvious; the central cities performed poorly in the nature subsystem, but performed
well in the economy and society subsystems; the northern cities showed better nature systems,
while economy and society systems performed relatively poorly. Based on this, the pressure cities
and pressure-carrying cities could be delineated. The governments could adopt different policy
measures on the basis of the environmental characteristics of human activities.

In general, from the perspectives of the early warning values of the year from 2012 to 2018 and
the predicted early warning values of the year from 2019 to 2021, the overall carrying capacity of
China’s island cities is better, but there is also a high level of warning, which is associated with the
poor seawater quality of island cities, low scenic spot attraction degree, tourist reception capacity,
and other factors are directly related. Next, in order to develop sustainable tourism, island cities need
to strengthen the management of the marine environment and improve the quality of sea water and air;
continue to invest funds to improve tourism reception capacity and the island transportation network,
and improve the level of tourism reception services; further enhance the uniqueness and regionality of
regional island tourism and enhance the attraction degree of the island scenic area.

5.2. Discussion

This paper covers the relevant conclusions based on a certain data model analysis, and the research
conclusions are reliable. Through the combination of state space model and BP neural network model,
this study obtains the early warning results of 2012–2018 and forecasting and early warning results of
2019–2021 so as to show the early warning trend of China’s island city’s tourism carrying capacity
and regional heterogeneity, and its manifestation is relatively clear. On the basis of this, combined
with the characteristics of islands, it puts forward a general significance to promote the sustainable
tourism of the island. However, there are still some deficiencies in this paper. First, in the selection
of early warning indicators, due to the lack of data, we did not include some indicators related to
the early warning of tourism carrying capacity, such as the designation of marine nature reserves,
the impact of human activities on marine species and resources, and the report of tourism crimes in
tourist destinations. Second, due to the complexity of island areas and tourism resources, this paper
does not measure the early-warning result of tourism carrying capacity through a specific research area,
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but only controls the difference of early-warning index of regional island tourism carrying capacity as
a whole. However, as far as the current research is concerned, a few scholars have calculated the island
tourism carrying capacity of specific research areas (such as beach and Ocean Park) by simple models.
Therefore, in the future research, the top priority is how to select the appropriate research area (such as
the comparison of whole islands) based on the island regional differences to quantitatively measure
the carrying capacity of island tourism resources.
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