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,e vulnerability assessment indicator system (VAIS), including the tourism economic sensitivity and respondence, is modified
and established in this paper. According to the collected data, during 2014–2018 of the 31 provinces of China, of the tourism
economy sensitivity and respondence, the improved comprehensive evaluation projection pursuit clustering (PPC) model is
established, and the vulnerability indexes of the 31 provinces are calculated, thus expanding the tourism economic vulnerability
assessment methods. Our empirical results show that, during the period of 2014 to 2018, the sensitivity, the respondence, and the
vulnerability indexes are unbalanced overall. ,e tourism economy sensitivity and the respondence show that the spatiotemporal
distribution characteristics are high in the east and low in the west. On the contrary, as for the vulnerability, the spatiotemporal
distribution characteristics are low in the east and high in the west. Among the 40 indicators, the ratio of industrial solid waste
utilized (%), urbanization rate, and the density of grade highway and railway network (km/km2) have the greatest impact on the
respondence, while the proportion of the population affected by natural disasters, the diversification index of industrial structure,
and the number of traffic accident casualties have the most significant impact on the sensitivity, which are the indicators that have
the greatest impact on vulnerability.,erefore, in order to effectively reduce sensitivity, improve respondence, and thus reduce the
vulnerability index of the tourism economy, the provinces should first improve the above-mentioned evaluation indicators with
the largest weights. Our research results in this paper enrich the theory of sustainable development of the tourism industry and
derive managerial and policy insights for further achieving the high-quality development of the tourism economy.

1. Introduction

Vulnerability is an important issue in sustainable and high-
quality development. It has expanded from geosciences and
natural disasters to ecology, economics, management, and
other fields [1–6]. Vulnerability mainly involves the concepts
of “sensitivity,” “adaptability,” “respondence,” and so on
[2, 7–11]. As China has promoted high-quality economic
development, tourism has become a “fashion” and daily
demand for people’s pursuit of a better life. ,e tourism
economy has also become an important part of the high-
quality development of the regional economy. In 2018,
China’s domestic tourism revenue exceeded five trillion

yuan, with 79.91 million direct and indirect employments,
accounting for 10.3% of the total employment. ,e added
value of related industries has reached 4.15 trillion yuan,
accounting for 4.5% of GDP. Provinces and cities such as
Shanghai have formulated relevant policies to further de-
velop the tourism industry and even listed it as a strategic
pillar industry. ,e tourism economy system is highly
complex. It requires the comprehensive development and
utilization of tourism resources, tourism ecosystem, and
tourism-related industries such as accommodation, catering,
and sports. Its development is related to regional economic
development, social service system, natural resources, and
ecological environment. ,e vulnerability of the tourism
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economic system refers to the fact that the tourism economy
is constrained by regional natural resource endowment and
the basis of social and economic development, which mainly
involves the following two issues. First, the tourism industry
is apt to be affected by factors such as ecological resources,
economy, society, and medical security. ,emore developed
the tourism industry is, the more sensitive it is. Second, the
vulnerability of the tourism economy directly affects the
healthy development of tourism in a region and also depends
on the ability to deal with the changes of external factors.
,erefore, the study of tourism economy vulnerability and
its influencing factors is of theoretical and practical sig-
nificance for promoting the high-quality development of the
regional tourism economy.

,e research on tourism economy vulnerability started
in the 1970s and has become an active research topic in the
tourism economy [2, 6–22]. ,e research on the evaluation
of tourism economy vulnerability mainly involves two re-
search streams. ,e first one is to establish a systematic and
reasonable evaluation index system. However, the index
systems established by different scholars can be quite dif-
ferent. For example, the index systems are composed of only
14 indicators [10, 12, 14] and 24 and 34 indicators [18, 19],
respectively. ,e second research stream aims to determine
the indicator weights first or directly applies an appropriate
model to comprehensive evaluation. ,e main methods in
the second stream include weighted comprehensive evalu-
ation (WCE) [12, 13, 15, 17, 19], set pair analysis (SPA)
[9, 10, 14, 16, 18, 21, 22], BPNN model [19], factor analysis
(FA) and principal component analysis (PCA) [11], pro-
jection pursuit (PPC [23, 24] and PPR [25]) model, and
TOPSIS [20]. When such methods as SPA, WCE, TOPSIS,
and linear weighted indexmethod are applied, the weights of
the evaluation indices must be obtained in advance; oth-
erwise, those weights are assumed to be equal. In theory,
when FA and PCAmodeling are applied, requirements must
be met that the number of samples is 3–5 times greater than
the number of indicators and that the sample data (ap-
proximately) follow normal distribution so that stable and
reliable results can be obtained. When BPNN and PPR
models are used, some other methods must be used in
advance to obtain reasonably expected results, which is
a problem to be solved by the comprehensive evaluation
method. Moreover, BPNN and PPR also have the charac-
teristics of “garbage in and garbage out.” ,at is, the re-
liability and rationality of the modeling results of BPNN [19]
and PPR [25] depend on the expected value. In addition,
when modeling BPNN, verification samples must be used to
monitor the training process in the training process to avoid
overtraining; otherwise, the model might have no general-
ization ability or practical value. ,erefore, BPNN modeling
can be very difficult and complicated to determine rea-
sonable parameters such as the number of neurons on the
hidden layer as well as to judge whether overtraining occurs
or not. Consequently, the results vary from person to person
and are not unique [26, 27].

,erefore, this paper aims to obtain the global optimi-
zation of the PPC model based on the judgment criterion of
whether the optimization process obtains the real global

optimal solution, manages to correctly and reliably apply
PPC technology to the comprehensive evaluation of tourism
economic vulnerability, obtains the weight of each evalua-
tion indicator, constructs the tourism economy vulnerability
evaluation function, and avoids the subjectivity and fuzzi-
ness of determining the weights. ,us, the subsequent ap-
plications of the PPC model are convenient, and
shortcomings of the IEW-SPAmethod and the BPNNmodel
can be overcome. In addition, it can clearly reveal the re-
lationship between the tourism economy vulnerability and
each evaluation indicator. Based on the obtained objective
weights, the impact degree and importance ranking of each
evaluation indicator on the tourism economy vulnerability
can be directly determined, and the obstacle degree can be
analyzed. ,is paper makes a comprehensive evaluation and
research on the vulnerability of the tourism economy system
in 31 provinces, municipalities, and autonomous regions
(hereinafter referred to as provinces) from 2014 to 2018 and
clarifies the overall situation, time span, provincial spatial
differences, and the main impacting (as well as obstacles)
factors related to the vulnerability of China’s tourism
economy system, so as to provide decision-making and
planning guidance for the prevention and control of tourism
crisis in China and provinces, as well as the reduction of the
vulnerability of the tourism economy system.

,e remainder of this paper is organized as follows. In
Section 2, literature reviews on tourism economy vulnera-
bility and projection pursuit clustering (PPC) model are
described. In Section 3, the comprehensive evaluation sys-
tem for tourism economy vulnerability is put forward and
modified. In Section 4, the samples data are collected, and
the comprehensive evaluation PPC models for sensitivity
index and respondence index of tourism economy are
established and thus the vulnerability index. In Section 5, the
results and analysis of the spatiotemporal difference of the
sensitivity, respondence, and vulnerability of the tourism
economy among provinces are presented. ,e conclusions
and discussions are finally drawn in Section 6.

2. Literature Review

,is section mainly reviews the literature related to tourism
economy vulnerability and the application of the PPC
model. ,e first paper [28] on tourism economy vulnera-
bility in developed and developing countries was published
in China in 1989 and without empirical research. In 2013, Li
[9] applied the set pair analysis method based on in-
formation entropy weight (IEW-SPA) to a comprehensive
evaluation of the changes and rules of China’s tourism
economy vulnerability from 1983 to 2011, defined the
concept of vulnerability as sensitivity (including 16 evalu-
ation indicators) and respondence (including 15 evaluation
indicators), obtained the indicators’ weights by information
entropy method, got the evaluation values of sensitivity,
respondence, and vulnerability respectively, and then con-
structed the linear relationship among vulnerability, sensi-
tivity, and respondence. Since then, the IEW-SPA method
has been widely used in tourism economy vulnerability
assessment [10, 14–16, 21, 22], but there is a nonlinear
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relationship among the vulnerability, sensitivity, and
respondence [12, 17, 19]. Although both the linear and
nonlinear relationships have shown that vulnerability is
positively correlated with sensitivity and negatively corre-
lated with respondence, the differences are obvious. In the
nonlinear relationship, the vulnerability index increases
significantly with the decrease of respondence, and in the
linear relationship, the sensitivity decreases and respond-
ence increases in the same order (but the coefficients are
different), while in the nonlinear relationship, the changes
are not in the same order. Ma et al. [19] constructed the
sensitivity and respondence evaluation index system com-
posed of 17 indicators, respectively. Based on the data of 30
provinces in 2017, through expert research, each evaluation
index value is put into one of the three equally spaced in-
tervals (referred to as single index evaluation standard in-
terval), and within each interval, 300 samples are generated
through equidistant interpolation, from which 50 samples
are randomly selected as test samples, and then the sensi-
tivity evaluation model and the respondence evaluation
model with network structure of 16-17-1 are established by
using BPNN technology. ,ey used the above-mentioned
nonlinear relationship to calculate vulnerability, and the
information entropy weight, subjective weight, and com-
bination weight are also obtained, but it is not clear how they
set the expected output value of the BPNNmodel, what is the
purpose of obtaining combination weight, or how to nor-
malize the index data. ,e article did not explain how to
prevent overtraining when the BPNN model is constructed.
,e obtained evaluation values of sensitivity and respond-
ence are very small (less than 0.3). In the process of mod-
eling, sensitivity, respondence, and vulnerability are divided
into three levels, while in the results and analysis part,
sensitivity is divided into four levels, which is obviously
inconsistent.

It can be seen from the above analyses that although
many exploratory studies have been carried out and some
results have been achieved in the comprehensive evaluation
of tourism economy vulnerability, there are still many
problems to be further addressed.

On the other hand, projection pursuit clustering (PPC)
technology can be applied to the modeling of high-di-
mensional nonlinear and abnormal distribution data
[29–35]. ,e basic concept of PPC modeling is completely
consistent with the human thinking mode of comprehensive
evaluation, ranking, and classification and has been widely
used in the fields of management science, social science,
natural science, and so on. PPC model has been applied to
vulnerability research in other fields [23–25], and 23 papers
in Chinese and English have been published, but some
problems still arise in the practical applications described in
these papers.,emain problems include the following: First,
when constructing the PPC model, the adopted radius of
density window R � 0.1Sz is unreasonable, and a real-coded
accelerated genetic algorithm (RAGA) is used for optimi-
zation, but the global optimal solution was not obtained.
Second, it is to establish a PPR model with too few samples,
which is less than the number of evaluation indicators, so it
is impossible to establish a stable and reliable PPR model.

,ird, Zhang and Huang [33] adopted a dynamic clustering
PPC model (namely, DCPP) and used RAGA for optimi-
zation, and the objective function used is wrong. ,e correct
objective function is put forward [34]. Fourth, there are 3
papers using the Data Process System (DPS) [36] software,
and it is impossible to take the density window radius to be
R � m, because R of the DPS can only be the times of Sz, such
as 0.20 Sz, 0.1 Sz, and 0.05 Sz.

3. Constructing a Comprehensive Evaluation
Index System of Tourism
Economy Vulnerability

Based on the evaluation index system of Ma et al. [19],
a vulnerability evaluation index system including tourism
economy sensitivity and respondence is constructed by
adding six indicators and modifying one indicator as
follows:

(1) A total of 20 sensitivity evaluation indicators
(namely, S1–S20) are selected: the proportion of
tourism earnings to GDP (%), proportion of tourism
foreign exchange earnings to total foreign trade
export (%), elasticity coefficient of tourism growth,
proportion of tourism foreign exchange earnings to
total tourism earnings (%), diversification index of
industrial structure, proportion of foreign visitors
arrivals to total tourists (%), ratio of dependence on
foreign trade (%), proportion of tourism employees
to total employees (%), registered unemployment
rate in urban area (%), number of traffic accidents
(cases), number of traffic accident casualties (per-
sons), traffic accident property loss (10,000 yuan),
illiteracy rate (%), social security and stability (%),
proportion of economic losses from natural disasters
(%), proportion of population affected by natural
disasters (%), forest coverage (%), percentage of
employment in tertiary industry (%), tourist resident
ratio (%), and proportion of output value of tertiary
industry to GDP (%). Since the “crime rate” data
cannot be obtained from the China Law Yearbook
and judicial reports, it is expressed by “the number of
approved (transferred) arrests (criminal) crimes
(suspects)/the number of residents (10000)” ob-
tained from the work reports of the people’s pro-
curatorate of the provinces. ,e industrial diversity
index is S5 � −Ii ln(Ii), in which Ii is the pro-
portion of the added value of the primary, secondary,
and tertiary industries to GDP, thus becoming
a positive index.

(2) ,ere are 20 respondence indicators (namely,
R1–R20), which are the per capita tourism GDP
(10000 yuan), tourism earnings growth rate (%),
tourism labor productivity (%), tourism resource
richness, proportion of hotels and catering service
earnings to the tourism earnings (%), total retail
sales of social consumer goods (100 million yuan),
proportion of public service expenditure to fiscal
expenditure (%), proportion of education
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expenditure to fiscal expenditure (%), density of
grade highway and railway network (km/km2),
popularization rate of mobile phone (set/100 per-
sons), business volume of postal and telecommu-
nication services (100 million yuan), proportion of
culture and sports investment (%), urbanization
rate (%), number of healthcare institutions (unit),
harmless disposal rate of municipal waste (%), ratio
of industrial solid waste utilized (%), growth rate of
environmental protection investment (%), per
capita disposable income of urban households
(10000 yuan), total amount of foreign investment
actually utilized as percentage of GDP (%), and
number of personnel of environmental protection
institutions (person).

,e 40 indicators listed above constitute the vulnerability
evaluation index system, in which the forest coverage rate
(S17) is a negative indicator. For vulnerability, all
respondence indicators are negative indicators. However,
because the respondence is the “denominator” of the vul-
nerability, these respondence indicators can thus be nor-
malized as positive indicators.

4. Establishing a Comprehensive Evaluation
PPC Model of the Tourism
Economy Vulnerability

4.1. Appropriate Preprocessing of the Indicators’ Data.
According to the evaluation index system shown in Table 1,
a total of 155 observations from 2014 to 2018 are collected
(due to the large amount of data, the data is omitted from
this paper, but it is available upon request). ,ere are both
dynamic indicators such as the tourism earnings growth
rate and static indicators such as business volume of postal
and telecommunication services. ,e values of different
indicators vary greatly. ,erefore, the indicators’ original
data should be standardized to eliminate the adverse im-
pact on the modeling results caused by different
dimensions.

Considering that the values of these indicators may
exceed the range of modeling sample data in practical ap-
plication, the normalization (normalization) preprocessing
method with themean being zero and the variation being 1 is
adopted. After the preprocessing described above, only half
of the indicators’ values are distributed in the range of [−3, 3]
and follow the normal distribution. For example, as shown
in Figure 1(a), which is the histogram of S5, the distribution
is obviously skewed.

Since the maximum value of the indicator is greater than
3 (or the minimum value is less than −3), it is very likely that
the modeling results would be distorted. ,erefore, the
sigmoid function is used for nonlinear normalization for the
above-normalized value. Consequently, the distribution
characteristics of most indicators are thus improved, with
some indicators’ value transformed to nearly follow the
normal distribution. For example, Figure 1(b) shows the
improved distribution histogram of S5. So far, all indicators’
values are transformed to the range of [0, 1].

4.2. Principle of Constructing PPC Model. Friedman and
Tukey [35] put forward the PPC model. ,e high-di-
mensional data are projected to low-dimensional subspaces
such as one-dimensional or two-dimensional in the “di-
rection of interest.” ,e optimization results are the pro-
jection points (values) of the sample data in low-dimension
are forming several classes (clusters) as separate as possible
and as close as possible in one class. In this paper, an im-
proved projection pursuit index function based on a one-
dimensional PPC model is constructed as follows:

Q(a) � max
S(a) · D(a)

k4
 ,

s.t. 
m

j�1
a
2
(j) � 1, a(j) ∈ [−1, 1].

(1)

In (1), the sample projection values
z(i) � 

m
j�1 a(j)x(i, j), a(j) is the optimal weight of the

jth evaluation indicator, and x(i, j) is the nonlinear nor-
malized value of indicator j of sample i. ,e standard de-
viation of all sample projection values is S(a) ����������������������


n
i�1 [z(i) − z]2 /(n − 1)


, in which the larger the S(a)

value is, the more dispersed the sample projection points are
in general. n and m are the number of samples and the
number of evaluation indicators, respectively. z is the mean
value of z(i). Local density is represented by
D(a) � 

n
i�1 

n
j�1(R − ri,j) · f(R − ri,j), which indicates the

local density of the projection points of all sample.,e larger
the D(a) value is, the greater the local density is. ri,j �

|z(i) − z(j)| represents the absolute distance between the
sample i and the sample j. rmax is the maximum value of ri,j.
R is the radius of the projection window, with a reasonable
range of rmax/5≤R≤ rmax/3. f(R − ri,j) is a unit step
function. It is 1 when R> ri,j; otherwise, it is 0.
k4 � E[[z(i) − z]4]/σ4 is the kurtosis coefficient of the
sample projection values. ,e smaller the value of k4 is, the
smoother the distribution of the projection values is, which
makes the sample projection values more dispersed.

4.3. /e Principle and Characters of Parasitism-Predation
Algorithm (PPA) [37]. Model (1) is a very complicated
function with constraints on nonlinear equality and in-
equality, as well as high power and high dimensionality. It is
very difficult to get the real optimal of the model (1). As
a rule, metaheuristic algorithms that are nature inspired are
prominent because of their considerable and efficient per-
formance when it comes to dealing with projection index
function that is complex; this has been observed in the past
two decades [23–25, 29–34].

,e parasitism-predation algorithm (PPA) is inspired by
the multi-interactions among cuckoos, crows, and cats,
which mimics the interaction between the predator (cats),
the parasite (cuckoos), and the host (crows) in the
crow–cuckoo–cat system model to overcome the problems
of low convergence and the curse of dimensionality of large
data. ,e proposed hybrid framework combines the relative
advantages of cat swarm optimization (CSO), cuckoo search
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Table 1: ,e changing of the sensitivity index, respondence index, and vulnerability index of the tourism economy from 2014 to 2018 in
provinces.

Province
S(i) R(i) V(i)

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
Beijing 0.868 0.852 0.858 0.854 0.851 0.912 0.880 0.905 0.891 0.913 0.952 0.968 0.947 0.958 0.932
Tianjin 0.813 0.809 0.822 0.807 0.761 0.796 0.792 0.799 0.823 0.839 1.021 1.022 1.028 0.980 0.907
Hebei 0.506 0.479 0.476 0.544 0.559 0.473 0.493 0.522 0.551 0.596 1.070 0.972 0.912 0.988 0.937
Shanxi 0.523 0.484 0.519 0.525 0.570 0.504 0.543 0.534 0.508 0.547 1.037 0.891 0.972 1.033 1.042
Inner Mongolia 0.493 0.476 0.468 0.463 0.496 0.489 0.509 0.503 0.542 0.570 1.008 0.933 0.931 0.853 0.870
Liaoning 0.666 0.614 0.637 0.577 0.566 0.535 0.603 0.591 0.647 0.664 1.246 1.017 1.079 0.891 0.851
Jilin 0.398 0.468 0.558 0.492 0.504 0.560 0.519 0.535 0.534 0.566 0.710 0.902 1.044 0.922 0.891
Heilongjiang 0.578 0.536 0.519 0.568 0.587 0.539 0.506 0.528 0.564 0.570 1.073 1.060 0.984 1.007 1.031
Shanghai 0.873 0.861 0.859 0.855 0.859 0.943 0.953 0.961 0.967 1.000 0.926 0.903 0.893 0.885 0.859
Jiangsu 0.803 0.799 0.814 0.805 0.806 0.820 0.863 0.857 0.898 0.929 0.979 0.926 0.950 0.896 0.868
Zhejiang 0.852 0.830 0.805 0.806 0.807 0.781 0.849 0.847 0.858 0.893 1.090 0.977 0.950 0.939 0.904
Anhui 0.661 0.639 0.574 0.666 0.636 0.616 0.685 0.688 0.706 0.759 1.073 0.933 0.834 0.943 0.837
Fujian 0.749 0.692 0.676 0.716 0.657 0.642 0.659 0.671 0.663 0.698 1.166 1.050 1.008 1.081 0.942
Jiangxi 0.509 0.502 0.497 0.497 0.528 0.464 0.480 0.500 0.549 0.588 1.097 1.047 0.993 0.904 0.898
Shandong 0.714 0.710 0.739 0.729 0.718 0.647 0.681 0.707 0.729 0.754 1.104 1.042 1.046 1.000 0.952
Henan 0.474 0.554 0.554 0.541 0.690 0.570 0.591 0.599 0.646 0.669 0.832 0.939 0.925 0.838 1.032
Hubei 0.544 0.551 0.597 0.654 0.740 0.574 0.585 0.638 0.627 0.659 0.948 0.941 0.937 1.043 1.123
Hunan 0.563 0.598 0.538 0.469 0.566 0.508 0.539 0.538 0.567 0.643 1.110 1.109 0.999 0.827 0.880
Guangdong 0.971 0.946 0.982 1.000 0.982 0.830 0.841 0.873 0.888 0.883 1.170 1.124 1.126 1.127 1.112
Guangxi 0.449 0.484 0.496 0.459 0.677 0.476 0.495 0.486 0.531 0.554 0.944 0.978 1.021 0.864 1.222
Hainan 0.434 0.559 0.465 0.618 0.640 0.535 0.561 0.572 0.557 0.595 0.813 0.996 0.813 1.109 1.075
Chongqing 0.588 0.642 0.612 0.622 0.627 0.679 0.690 0.715 0.726 0.754 0.867 0.929 0.855 0.857 0.832
Sichuan 0.538 0.554 0.556 0.561 0.594 0.494 0.514 0.554 0.562 0.608 1.090 1.077 1.004 0.998 0.977
Guizhou 0.250 0.332 0.488 0.552 0.530 0.459 0.473 0.479 0.521 0.574 0.544 0.702 1.020 1.060 0.924
Yunnan 0.425 0.458 0.435 0.479 0.478 0.446 0.485 0.460 0.467 0.540 0.953 0.944 0.945 1.026 0.885
Tibet 0.572 0.439 0.449 0.465 0.471 0.266 0.250 0.288 0.313 0.313 2.149 1.755 1.561 1.488 1.503
Shaanxi 0.485 0.541 0.553 0.534 0.594 0.509 0.525 0.564 0.531 0.595 0.952 1.030 0.979 1.006 0.998
Gansu 0.379 0.424 0.382 0.395 0.355 0.336 0.368 0.381 0.415 0.465 1.128 1.153 1.001 0.952 0.764
Qinghai 0.451 0.422 0.445 0.433 0.503 0.409 0.408 0.423 0.432 0.467 1.102 1.036 1.053 1.004 1.077
Ningxia 0.432 0.475 0.460 0.454 0.551 0.535 0.514 0.497 0.491 0.558 0.808 0.924 0.926 0.923 0.987
Xinjiang 0.521 0.530 0.557 0.585 0.577 0.416 0.397 0.396 0.442 0.473 1.253 1.338 1.405 1.324 1.219

Mean value=.52
Standard deviation=.18
N=155
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Figure 1: Histogram comparison of index S5 before and after sigmoid normalization.
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(CS), and crow search algorithm (CSA) to boost up the
accuracy. Nesting, parasitism, and predation phases are
supposed to help exploration ability and balance in the
context of solving classification problems.

,e PPA method is designed and implemented to
combine the merits, to overcome the drawbacks of the three
optimization algorithms CSO, CSA, and CS, to design an
efficient and robust new method which can be faster and
better search capability, and to obtain their optimal in
various problems. ,is enables the PPA to make a suitable
trade-off between exploration and exploitation abilities.

,e experimental results indicate that the PPA is both
suitable and useful as a heuristic method and is able to avoid
local minima very well compared to CS, CSA, CSA, and
WOA algorithms. ,e PPA is thus used to solve the model
(1) in this paper. ,e more detailed principle and calculation
formula are referred to [37].

4.4. /e /eorem and the Inference Proposed by Lou et al.
[30, 31] to Judge Whether to Get the Global Optimal of Model
(1) or Not. Although the metaheuristic algorithms such as
PPA possess the search capability and get their optimal,
there is no guarantee that the global optimal will be reached
every time. Lou et al. [30, 31] proposed three theorems and
two inferences to judge whether the optimization process
reaches the real global optimal or not, which are as follows.

Theorem 1. If an indicator is with negative normalization
mode and positive mode, its optimized weights must be op-
posite value with the real global optimal.

Inference 1. If the weight a(j) is optimal, the weight −a(j)

must be optimal too.

Inference 2. If the values of the indicator p are constant, its
optimal weight a(p) must be zero.

Theorem 2. If the values of two indicators are totally equal,
their optimal weights must be equal too.

Theorem 3. If the constraint is that all indicators’ weights
must be equal or greater than zeroes, a negative indicator’s
optimal weight must be zero.

With the above-mentioned three theorems and two
inferences, by changing the normalization mode of some
indicators or adding some dummy indicators with equal
values, we can judge whether the optimization process
reaches the real global optimal or not. ,e more detailed
proof processes are referred to [30, 31].

4.5.ToEstablishaPPCModel forComprehensiveEvaluationof
Tourism Economy Vulnerability in Provinces. Two PPC
models were established for the sensitivity index and the
respondence index, respectively.

Firstly, the nonlinear normalized data of the above 20
sensitivity indicators are imported into the PPC program
based on the parasitism-predation algorithm (PPA) [37].

According to the theorems and inferences proposed by Lou
et al. [30, 31] and taking R � rmax/5, the global optimal
solution of the PPC model is obtained, and the optimal
weights of the indicators are a

→
a(1), a(2), . . . , a(20){ } �

{−0.2541, −0.0182, −0.0859, 0.3031, −0.3370, 0.1231, 0.2815,
0.1540, −0.1159, 0.3174, 0.2843, 0.2444, −0.1127, −0.0229,
−0.2356, −0.4031, −0.0611, 0.1937, −0.0034, 0.2773),
Q(a) � 363.51, S(a) � 0.3713, D(a) � 2680.26, R � 0.3659,
rmax � 1.8294, and k4 � 2.7381. ,e sensitivity index value
(PPC projection value) of each province from 2014 to 2018 is
calculated and obtained. From the optimal weights of the
indicators, it can be seen that the weights of 12 indicators
(S(1) − S(3), S(5), S(9), S(13) − S(17), S(19) are less than
zero, indicating that these 12 indicators are “positive in-
dicators” in theory, but in reality, these indicators are
negatively correlated with other indicators. ,is indicates
that the “theoretical attribute” of these indicators is in-
consistent with their “actual attribute.” ,at is, the smaller
the value of the evaluation indicator S(1) is, the greater the
sensitivity index is. On the contrary, the value of the evaluate
indicator S(4) must be larger. ,erefore, for the sensitivity
index, the “theoretical attribute” of the evaluation indicators
S(1) and S(4) is positive. However, there is a negative
correlation between the two indicators’ data. According to
the correlation analysis results, it can be seen that the in-
dicator S(16) with the largest weight has a significant
negative correlation with indexes S(4), S(6) − S(8), S(10),
and S(18) − S(20). Also, there is a significant positive
correlation between S(16) and S (3), S (5), S (13), and S (15).
,erefore, by the established PPC model, we can reliably
analyze and judge the “actual attribute” relationship among
different indicators and put forward more targeted measures
and suggestions to reduce the tourism economy vulnera-
bility in provinces.

Similarly, the nonlinear normalized data of the above 20
respondence evaluation indicators are imported into the
PPC program and taking R � rmax/5. We obtain the in-
dicators’ optimal weights being (0.1882, −0.2333, 0.0448,
0.0946, 0.1281, 0.1922, −0.2560, 0.0618, 0.3272, 0.2350,
0.1823, −0.1368, 0.3289, −0.3146, 0.1004, 0.3723, 0.0556,
0.2832, 0.2480, 0.2481), Q(a) � 635.28, S(a) � 0.5153,
D(a) � 3245.55, R � 0.4739, rmax � 2.3694, and k4 � 2.6328.
,e respondence index of each province from 2014 to 2018 is
calculated and obtained. It can be seen that only the weights
of four indicators (R(2), R(7), R(12), R(14)) are less than
zero, indicating that the “theoretical attribute” of these four
indicators is inconsistent with their “actual attribute.”

For the inconsistency between “theoretical attribute” and
“actual attribute,” the optimal weights being less than zero
correctly reflects its characteristics.

4.6. To Obtain the Tourism Economy Vulnerability Index in
Provinces Based on the Established PPC Model. Some sen-
sitivity indexes and respondence indexes above-obtained are
greater than 0, some are less than 0, and the others are almost
equal to 0. If the vulnerability index is calculated directly
using V(i) � S(i)/R(i), the value of V(i) might be seriously
distorted. For example, when S(i) � 0.5 and R(i) � 0.05,
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V(i) will amount to 10, while when S(i) � 0.9 and
R(i) � 0.45, V(i) will only be 2. However, the differences
between S(i) and R(i) in both cases are 0.45. ,erefore, in
order to maintain generality, the values of R(i) and S(i)

should be uniformly and linearly transformed into the range
of [0.25, 1.0].,is gives V(i) ∈ [0.25, 4], which is easier to be
classified and understood. ,e values of sensitivity and
respondence index linearly transformed into the range of
[0.25, 1] are shown in columns “S(i)” and “R(i)” of Table 1,
and the vulnerability index is shown in column “V(i)” of
Table 1.

It can be seen from the S(i) values shown in Table 1 from
2014 to 2018 that the sensitivity indexes of 11, 12, 11, 12, and
13 provinces such as Beijing and Shanghai were higher than
the average level, respectively. ,e respondence indexes of
11, 12, 11, 13, and 13 provinces such as Beijing and Shanghai
were higher than the average level, corresponding to the
vulnerability indexes of 15, 13, 11, 14, and 12 provinces such
as Guangdong and Sichuan which are higher than the av-
erage level. ,e vulnerability indexes of 18, 14, 13, 13, and 10
provinces, respectively, from 2014 to 2018, were greater than
1. ,ese studied results indicate that more and more
provinces take the tourism industry as a pillar industry, aim
to promote green development, and have gained greater
momentum as the idea that “lucid waters and lush moun-
tains are invaluable assets.” As a result, most provinces have
improved the tourism economy vulnerability, either taking
measures with low sensitivity indexes or improving their
respondence remarkably, embarking on a relatively healthy
road of green growth development of tourism economy.
However, a few provinces such as Tibet, Xinjiang, Guang-
dong, and Hainan have high vulnerability index, which puts
great pressure on the balanced development of the tourism
industry and the protection of the ecological environment.

5. Results and Analysis

5.1. /e Analysis of the Spatiotemporal Differentiation
Characteristics of Tourism Economy Vulnerability,
Sensitivity, and Respondence of Provinces

5.1.1. To Embody Differentiation Characteristics with Dif-
ferent Levels. For convenience, the sensitivity, respondence,
and vulnerability index are classified into five levels: low,
relatively low, medium, relatively high, and high. ,e sen-
sitivity index (S), respondence index (R), and vulnerability
index (V) from 2014 to 2018 were classified by the optimal
segmentation method with ranked samples [36] into five
levels. ,e comparison between the classification results of
2014 and 2018 year is shown in Figure 2, and that of 2018 is
shown in Table 2.

As for the sensitivity index, most provinces were at low
and medium levels in 2014 (in the early stage) and at me-
dium and high levels in 2018 (in the late stage), indicating
that most provinces pay attention to improving the tourism
economy sensitivity. ,is is especially true in Hainan,
changing from “low” to “relatively high” level. For Hainan
province, the values of four important indicators changing
greatly thus lead to its sensitivity changing obviously. For

example, the two positive indicators are as follows: the
proportion of output value of the tertiary industry to GDP
(%) changes from 58.1% to 69.5% and the proportion of
tourism foreign exchange earnings to total tourism earnings
(%) changes from 51.4% to 66.3; the actual negative in-
dicators are as follows: the proportion of economic losses
from natural disasters (%) changes from 68.8% to 6.4% and
the proportion of the population affected by natural disasters
(%) changes from 5.07% to 0.12%. In Guizhou and Ningxia,
it promoted from “low” to “medium” level. Most provinces
were promoted by one level, except for Liaoning, which
changed from “high” to “medium.” Overall, the number of
15, 37, 46, 26, and 27 samples are at “low,” “relatively low,”
“medium,” “relatively high,” and “high” levels, respectively.
,is accounts for 9.6%, 23.9%, 29.7%, 17.4%, and 19.4%,
respectively. Hence, the number of samples at “medium”
and “relatively low” sensitivity levels is the greatest, the
number of samples at a “low” sensitivity level is the smallest,
and the number of samples at “relatively high” and “high”
sensitivity levels is basically the same.

,e distribution characteristic of the respondence index
is basically similar to that of the sensitivity index. Most
provinces had “low” and “medium” respondence levels in
2014 and “medium” and “high” levels in 2018, indicating that
the tourism economy respondence of most provinces has
been promoted rapidly, especially that of Hunan, changing
from “relatively low” to “relatively high” level, and 11
provinces such as Gansu and Xinjiang have promoted by one
level. ,ere are no provinces whose respondence drops by
one level or more.

,ere are 16, 36, 46, 26, and 27 samples with “low,”
“relatively low,” “medium,” “relatively high,” and “high”
respondence levels, accounting for 10.3%, 23.2%, 29.7%,
17.4%, and 19.4% respectively, which show that most
samples are located at “medium” and “relatively low”
respondence levels, the number of samples with “low”
respondence is the smallest, and the number of samples with
“relatively high” and “high” respondence levels is basically
the same.

In terms of tourism economy vulnerability index, in
2014, 15 provinces such as Hebei were at a “relatively high”
level, while 6 provinces such as Guizhou and other seven
provinces such as Shanghai were at “low” and “relatively
low” levels, respectively, and only Tibet was at “high” level.
In 2018, only six provinces were at a “relatively high” level,
and 10, 9, and 5 provinces were at “low,” “relatively low,” and
“medium” levels, respectively. ,e results indicate that the
tourism economy vulnerability of most provinces has been
dropped, especially in Gansu, Anhui, Liaoning, and Hunan
provinces, rapidly changing from “relatively high” to “rel-
atively low.” Only that of Guizhou has promoted from “low”
to “relatively low” level.

,ere are 30, 49, 39, 29, and 8 samples at “low,” “rela-
tively low,” “medium,” “relatively high,” and “high” vul-
nerability, accounting for 19.3%, 31.6%, 25.2%, 18.7%, and
5.2%, respectively. ,e results show that most samples are at
“medium” and “relatively low” vulnerability levels, the
number of samples at “low” and “relatively high” vulnera-
bility is basically the same, and the number of samples at
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“high” vulnerability is the smallest. Eight samples are at
“high” vulnerability, that is, Xinjiang from 2015 to 2017 and
Tibet from 2014 to 2018.

5.1.2. To Embody Spatiotemporal Distribution Characteristics
with Agglomeration. ,e sensitivity index has a strong re-
gional agglomeration. For example, in 2014 and 2018, among
10 provinces in East China, except Hebei and Hainan, six
provinces such as Beijing and Shanghai were at “high”

sensitivity, and Fujian and Shandong were at “relatively
high” sensitivity; six provinces in Central China including
Shanxi were generally at “relatively low”-“medium” sensi-
tivity in 2014, and at “medium”-“relatively high” sensitivity
in 2018; 12 provinces in Western China, except Gansu with
low sensitivity, were generally with “low”-“relatively low”
sensitivity in 2014 and “relatively low”-“medium” sensitivity
in 2018.

Similar to the sensitivity index, among the 10 provinces
in Eastern China, eight provinces (except Hebei and Hainan
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Figure 2: ,e comparison of the sensitivity, respondence, and vulnerability index of all provinces in 2014 (a) and 2018 (b).

Table 2: Classification results and comparison of sensitivity, respondence, and vulnerability index of provinces in 2018.

I (low) II (relatively low) III (medium) IV (relatively high) V (high)

S Gansu
Tibet, Yunnan, Inner
Mongolia, Qinghai,

and Jilin

Jiangxi, Guizhou, Ningxia,
Hebei, Liaoning, Hunan, Shanxi,
Xinjiang, Heilongjiang, Shaanxi,

and Sichuan

Chongqing, Anhui,
Hainan, Fujian,
Guangxi, Henan,

Shandong, and Hubei

Tianjin, Jiangsu,
Zhejiang, Beijing,
Shanghai, and
Guangdong

R Tibet Gansu, Qinghai, and
Xinjiang

Yunnan, Shanxi, Guangxi,
Ningxia, Jilin, Inner Mongolia,
Heilongjiang, Guizhou, Jiangxi,
Shaanxi, Hainan, Hebei, and

Sichuan

Hunan, Hubei,
Liaoning, Henan,
Fujian, Shandong,

Chongqing, and Anhui

Tianjin, Guangdong,
Zhejiang, Beijing,

Jiangsu, and
Shanghai

V

Gansu, Chongqing, Anhui,
Liaoning, Shanghai,

Jiangsu, Inner Mongolia,
Hunan, Yunnan, and Jilin

Jiangxi, Zhejiang,
Tianjin, Guizhou,

Beijing, Hebei, Fujian,
Shandong, and

Sichuan

Ningxia, Shaanxi, Heilongjiang,
Henan, and Shanxi

Hainan, Qinghai,
Guangdong, Hubei,

Xinjiang, and Guangxi
Tibet
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being at “relatively low”) were at “relatively high” and “high”
respondence. ,ree provinces in Northeast China were at
“medium” and “relatively high” respondence. Tibet, Xin-
jiang, Qinghai, and Gansu were at “low” and “relatively low”
respondence. Other provinces inWestern and Central China
were at “relatively low”-“medium” respondence in 2014 and
at “medium”-“relatively high” respondence in 2018.

,ere are obvious spatiotemporal differences among
the three types of indexes. Tibet is at high vulnerability;
Xinjiang, Gansu, Qinghai, and some other provinces are at
“relatively high” vulnerability. In 2014, five provinces in
Eastern China, such as Hebei, Zhejiang, Guangdong,
Shandong, and Fujian, are at “relatively high” vulnerability,
as well as the provinces in Northeastern China, including
Liaoning and Heilongjiang, and provinces in Central
China, including Hunan, Jiangxi, and others. In 2018, the
provinces in Eastern China such as Hainan and Guangdong
were also at “relatively high” vulnerability. Except
Guangdong and Hainan provinces, the other eight prov-
inces in Eastern China were at “low” and “relatively low”
vulnerability.

5.2. /e Analysis of Indicators’ Importance and Ranking

5.2.1. /e Importance and Ranking of Sensitivity Evaluation
Indicators. Based on the sensitivity index
zS(i) � 

m
j�1 aS(j)S(i, j), the greater the optimal weight

aS(j) of the indicator j, the greater the impact of the in-
dicator j on the sensitivity index is. ,erefore, among the 20
sensitivity evaluation indicators, the indicator S(16) has
the greatest impact, and its optimal weight is 0.4031, fol-
lowed by S(5) and then S(10). After that, we have
S(4)> S(11)> S(7)> S(20)>S(1)> S(12)> S(15)> S(18)>
S(8) > S(6)> S(9) > S(13) > S(3)> S(17) > S(14) > S(2) >
S(19). ,e weights of the last three indicators are in-
significant enough to ignore. ,e weights of the first four
indicators are greater than 0.30, confirming that they are the
most important ones. ,e weights of the 5th–10th indicators
are between 0.20 and 0.30, indicating their importance. ,e
weights of the 11th–15th indicators are between 0.10 and
0.20, indicating their moderate importance. ,e weights of
the 16th-17th indicators are between 0.05 and 0.10, in-
dicating that they are secondary ones. Finally, the last three
indicators are unimportant and can be deleted.

5.2.2. /e Importance and Ranking of the Respondence
Evaluation Indicators. Among the 20 respondence evalua-
tion indicators, the most important one is the indicator
R(16), followed by R(13) and then R(9). After that, we
have R(14)>R(18)>R(7)>R(20)>R(19)>R(10)>R(2)

>R(6)>R(1)>R(11)>R(12)>R(5)>R(15)>R(4)>R(8)

>R(17)>R(3). ,e top four are the most important in-
dicators, the 5th to 10th are important indicators, the 11th to
16th are moderately important indicators, and the last four
are secondary important indicators. ,e ratio of maximum
to minimum weight is less than 9, indicating that all eval-
uation indicators are important.

5.2.3. /e Importance and Ranking of the Vulnerability
Evaluation Indicators. From the calculation formula of
vulnerability index V � S/R, it can be seen that the more
important indicators for sensitivity index and respondence
index are also the more important ones for vulnerability
index. However, because there is a “quotient” relationship
between S and R, increasing or decreasing the value of R has
a more obvious effect on reducing or increasing the vul-
nerability index. If the difference of weights between the
sensitivity and the respondence indicator is small, the
respondence indicator has a greater impact on the vulner-
ability index. ,erefore, provinces should try to take more
targeted measures to improve respondence indicator and
thus to reduce the vulnerability index more conductively.
Specifically, we should first take measures to improve the
respondence indicators with large weight such as the ratio of
industrial solid waste utilized and urbanization rate. For
economically developed provinces such as Guangdong,
while vigorously developing the economy, the government
must take effective measures to improve their respondence.

6. Conclusion and Discussions

6.1. Conclusion

6.1.1. Distribution Characteristics of Spatiotemporal Differ-
ences among Tourism Economy Vulnerability, Sensitivity,
and Respondence. From 2014 to 2018, the tourism economy
vulnerability of 31 provinces in China has improved year by
year, indicating that all provinces’ government has achieved
good results in basing themselves on the new development
stage, carried out the new development concept, set up a new
development pattern, and thus broke a new path to im-
plement high-quality development since the 18th National
Congress of the Communist Party of China.

At the same time, the studied results show that there are
obvious development imbalance and “agglomeration”
characteristics of the tourism economy vulnerability among
the provinces in Eastern, Northeast, Central, and Western
China. Generally speaking, the overall vulnerability of the
provinces in Eastern China is at a low level, and that of
provinces in Northeast, Central China, and some provinces
in Western China is at a medium level. Although the sen-
sitivity index of provinces in Western China is not at a high
level, their respondence is at a relatively low level, resulting
in relatively high tourism economy vulnerability. For ex-
ample, Tibet, Xinjiang, Qinghai, and Gansu provinces are at
“high” vulnerability. ,erefore, when vigorously developing
tourism economy, the provinces’ government in Western
China must pay more attention to the protection of the
ecological environment, consider the construction of roads
and other infrastructures, strengthen traffic management,
and reduce casualties and direct economic losses caused by
accidents. Otherwise, they will be at “high” vulnerability for
a long time, which will inevitably lead to the rapid recession
of the tourism economy. ,e vulnerability of the provinces
in Central China, Northeast China, and some provinces in
Western China is basically at “relatively low” and “medium”
vulnerability. ,ese provinces must take precautions to
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realize the high-quality coupling and coordinated devel-
opment of economy, society, and ecological environment.
For provinces in Eastern China, except Guangdong and
Hainan, they are basically in the state of “low” and “relatively
low” vulnerability, indicating that remarkable results have
been achieved in the full implementation of the new de-
velopment concept. While vigorously developing the tour-
ism economy, provinces such as Guangdong and Hainan
must pay more attention to improving their respondence.
Otherwise, the high-quality development of the tourism
economy will become a tree without a root or water without
resource, and the tourism resources will soon be exhausted.
In short, provinces’ government in both economically de-
veloped and developing regions should implement the new
development concept and unswervingly take the road of
green development with ecological protection as the priority.

In terms of sensitivity and respondence, on the one hand,
there is imbalance and “agglomeration,” and on the other
hand, there is the difference in the distribution of spatio-
temporal differentiation characteristics. Overall, the sensi-
tivity and the respondence of provinces in Eastern China are
at a relatively high level, those in Western China are at
a relatively low level, and those in Northeast China, Central
China, and some provinces inWestern China are at medium
level, which is basically opposite to the distribution char-
acteristics of the vulnerability index. For example, Tibet and
Qinghai are at relatively low sensitivity and respondence but
at the highest vulnerability.

6.1.2. /e Importance and Ranking of the Evaluation
Indicators

(1) Sensitivity evaluation indicators: Natural disaster-
affected population/total population, industrial di-
versification index, number of traffic accidents, and
tourism foreign exchange earnings/tourism earnings
are the four most important indicators. Six in-
dicators, including the number of traffic accident
casualties, are important indicators. Tertiary in-
dustry added value/GDP and some other indicators
are medium important indicators. ,erefore, in
practice, all provinces should first strengthen the
prediction, early warning, and prevention of natural
disasters, reduce the affected population as much as
possible, strengthen and optimize traffic control, and
strengthen extreme weather forecast so as to effec-
tively reduce the number of traffic accident deaths
and injuries and property losses.

(2) Respondence evaluation indicators: ,e ratio of
industrial solid waste utilized, urbanization rate, the
density of grade highway and railway, and the
number of healthcare institutions are the four most
important indicators, and six indicators, including
per capita disposable income of urban households,
public service expenditure/fiscal expenditure, and
the number of personnel of environmental pro-
tection institutions, are important indicators. In
practice, provinces should first take measures to

improve the ratio of industrial solid waste utilized,
promote the development of urbanization, and speed
up the construction of roads and other
infrastructures.

(3) Vulnerability evaluation indicators: Based on the
vulnerability index V � S/R, in order to effectively
reduce the vulnerability of the tourism economy, all
provinces should consider and take comprehensive
measures to improve respondence and reduce sen-
sitivity. In particular, priority should be given to
improving respondence.

6.1.3. /e Establishment of PPC Model for Tourism Economy
Evaluation of the Sensitivity, Respondence, and Vulnerability.
Based on Ma et al. [19], the evaluation index system of
tourism economy sensitivity, respondence, and vulnerability
is set up, and the data are normalized with themean zero and
the variation one and sigmoid normalized to improve the
distribution of indicator data and eliminate the negative
impact of different dimensions on the modeling results, so as
to make the modeling results more reliable, stable, and
reasonable.

An improved PPC model is established to compre-
hensively model and evaluate the sensitivity and respond-
ence of the tourism economy in 31 provinces from 2014 to
2018 and calculate the vulnerability index using V � S/R.
,e empirical research results show that, from 2014 to 2018,
all provinces have well implemented the new development
concept, set up a new development pattern, achieved co-
ordinated, green, and high-quality development of econ-
omy, society, and ecology, reduced the vulnerability of the
tourism economy to a certain extent, and laid a good
foundation for the sustainable development of tourism
economy. However, there are still unbalanced problems
overall. In terms of sensitivity and respondence, this research
shows the characteristics of temporal and spatial differen-
tiation: those of provinces in Eastern China are at a high
level, those of provinces in Western China such as Tibet are
at a low level, and those of provinces in Central China,
Northeast China, and some provinces in Western China are
at medium level. ,e vulnerability distribution character-
istics are just the opposite. Most provinces inWestern China
such as Tibet are at “high” and “relatively high” vulnerability
levels, the provinces in Eastern China (except Guangdong
and Hainan) are at “low” and “relatively low” vulnerability
levels, and some provinces in Northeast China, Central
China, and Western China are at “relatively low” and
“medium” vulnerability levels.

6.2. Discussions. ,e research on tourism economy vul-
nerability can reveal and help judge the main restrictive
factors affecting the high-quality development of tourism,
which has important theoretical significance and practical
value for continuously promoting the high-quality devel-
opment of tourism under the background of global tourism.
Current research methods mainly manage to construct
sensitivity evaluation index and respondence evaluation
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index, respectively, and then obtain sensitivity index (S) and
respondence index (R), so as to obtain vulnerability index by
using V � S/R or V � a0 + a1S + a2R.

Different scholars have different algorithms for solving
the values of sensitivity index (S) and respondence index (R).
,emain methods used include the set pair analysis method,
IEW-SPA-based on information entropy weight, linear
weighting method based on information entropy weight,
and BPNN. ,ese methods have different principles; thus,
the results are bound to be different. As above-mentioned,
the information entropy weight cannot reveal the negative
correlation between the actual data of the indicator, and the
set pair analysis (SPA) has some defects such as asymmetry.
,e BPNNmodel has the ability of nonlinear approximation
in theory, but the demand of adequate samples must be met,
a network structure as compact as possible must be adopted,
and the validation samples must be used to monitor the
training process to avoid overtraining; otherwise, the
established BPNN model might have no generalization
ability or practical value.
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