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Tourism ecological security (TES) is an important index reflecting the sustainable 
development of the regional economy. The construction of the China and 
ASEAN Free Trade Area has increased the total tourist consumption of Guangxi 
province by 36.48%. Unfortunately, overconsumption of resources, air pollution, 
disturbance of indigenous life, and other environmental degradation problems 
emerged due to the significant increase in tourists. Measuring the resilience of the 
tourism ecosystem is an urgent need to promote the high-quality development 
of tourism in Guangxi. To explore the dynamic changes in TES and its driving 
mechanism, the DPSIR (driver–pressure–state–impact–response) model for the 
tourism ecosystem was developed. The dynamic changes in TES and its driving 
mechanism from 2010 to 2019 were analyzed using fuzzy matter-element analysis, 
Markov chains, Geodetector, and other methods. The results show that: (1) the 
TES value increased steadily by 72.73%; the improvement speed was Northeast 
> Southwest > Southeast > Northwest; (2) TES was negatively correlated with 
location, 14 cities developed independently; (3) the TES has a smaller probability 
to shift the lower level; (4) urbanization, water consumption, green area, tourism 
revenue, and the number of students in colleges had significant effects on TES. 
Four policies were proposed to improve TES: (1) developing forest tourism;  
(2) implementing greening projects in abandoned mining areas; (3) increasing 
tourism technical personnel; and (4) reducing clearance time for inbound tourists.
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1. Introduction

Tourism ecological security (TES) is the key to ensuring the sustainable development of 
tourism (Tepelus and Córdoba, 2005; Liu et  al., 2009). One requirement for the sound 
management of tourism as an intermediary between tourists and destination ecosystems is the 
need to ensure the sustainability of the resources on which they depend (Sati, 2018; Chiaka et al., 
2022; Liang et al., 2023). In 1995, the Charter for Sustainable Tourism was adopted at the First 
World Conference on Sustainable Tourism (Gateway, 2008), which emphasized that the 
development of tourism must be based on the carrying capacity of the ecological environment. 
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Tourism has always been considered an “environmentally friendly” 
industry (McCool and Lime, 2001; Li and Zhang, 2022), and tourism 
nature resource consumption dictates a dichotomy between tourism 
and the ecological environment (Hsiao et al., 2021). Tourism activities 
are a major proximate driver of habitat loss and fragmentation, waste 
discharge, resource overconsumption, and other environmental 
degradation, often with irreversible impacts on ecosystems (Laurance 
et al., 2014).

The purpose of studying TES is its importance in reconciling 
ecological conservation and tourism economic development (Paiano 
et al., 2020). In 2019, Guangxi’s tourism income was 102.44 billion 
CNY, accounting for 17.89% of the country’s total tourism spending. 
However, the percentage of days with air quality standards fell from 
98.80% (2010) to 88.50% (2015), and sewage discharge reached its 
highest level in nearly two decades. Therefore, enhancing the tourism 
economy to reduce environmental pollution is an urgent problem in 
Guangxi. As the only province on China’s southwest border connected 
to the Association of Southeast Asian Nations (ASEAN) by land and 
sea, Guangxi is a key gateway in China’s “Belt & Road” initiative. It 
ranked first in China for the proportion of water quality, ecological 
quality of vegetation, and mangrove area. The forest coverage rate was 
62.30%, while the proportion of good air quality days was 93.50%, all 
of which were in the higher rankings in China (Government, G, 2020). 
The advantages of ecological resources made it the most rapidly 
developing province for ecotourism in southwestern China. In 2022, 
the Chinese government emphasized that “Guangxi should make 
every effort to promote the construction of a strong cultural tourism 
province and a world tourism destination.” Guangxi, therefore, can 
serve as an example for improving the TES of the southwestern border 
provinces of China.

Ecological security belongs to the category of security. It was 
introduced by the International Institute for Applied Systems Analysis 
Institution in 1989 (Shi et al., 2006). Since the 1990s, research focuses 
on the impact of tourism on ecological security (Morrison and 
Selman, 1991; Ruan et  al., 2019). TES is an important part of 
sustainable tourism development, a derivative concept introduced into 
tourism research by ecological security (Liu and Yin, 2022). The 
research initially focused on phenomenological description and 
relational analysis and introduced methods such as geospatial studies. 
Then, the research involved the evaluation and quantification of TES 
using several methods (Table 1). In the construction of evaluation 
indicators, most researchers consider refining specific indicators from 
the economic, social, and natural environment (Zheng et al., 2022), in 
particular, focussing on impact factors (Sun and Pratt, 2014; Pena-
Alonso et al., 2018), spatial patterns (Ma et al., 2022), trend predictions 
(Xu et al., 2017), driving mechanisms (Liang et al., 2020; Biswas and 
Rai, 2022; Sampath et  al., 2022), and integrated early warning 
construction (Bahraminejad et al., 2018; Jiao et al., 2021; Zou et al., 
2022). Notably, as TES-related research is still in its infancy, there are 
some shortcomings in the above study. First, ignoring the 
comprehensive indicators and dynamic development (Tang et  al., 
2018), the results were unilateral. Second, exploring influences can 
identify barriers to TES, but there were fewer of such studies (Peng 
et al., 2018; Tang et al., 2018). Third, the systematic construction of 
driving mechanisms remains an unresolved issue.

The necessity of this study to explore the innovation and key 
driving mechanism of the TES evaluation method was that the 

limitation of a single indicator was broken through and the problem 
of incompatibility among indicators was solved. Therefore, we used 
the DPSIR model that can objectively reflect the interaction and 
impact between tourism activities and the ecological environment 
(Kagalou et al., 2012; Asmelash and Kumar, 2019; He et al., 2022; 
Quevedo et al., 2023). It fully reflects the affinity between tourists, 
tourist destinations, and the environment, evaluating the multilevel 
characteristics of evaluation factors and paying attention to the 
characteristics of the dynamic development of the system. In addition, 
the fuzzy matter-element model used the fuzzy mathematical theory 
of affiliation to convert uncertainty into certainty, which can also 
be used in the TES (Xu et al., 2021). The model was used by our study 
to avoid the effects of uncertainty in the TES evaluation criteria and is 
important to estimate the inputs and outputs of tourism activities to 
the ecosystem. Finally, this study used the Geodetector to identify the 
core influencing factors of TES and constructed the driving 
mechanism of TES based on the DPSIR model in an all-round and 
multilevel manner, which is a key contribution.

The research objectives of this study were as follows: (1) developed 
the DPSIR model adapted to Guangxi province, combined with 
economic, social, ecological factors, and constructed an evaluation 
system for TES; (2) quantified the spatial and temporal evolution 
patterns, spatial correlation, and transfer laws of TES; and (3) analyzed 
the main influencing factors related to policy implementation and 
construct a driving mechanism for TES.

2. Materials and methods

2.1. Study area

Guangxi province is the intersection of the South China Economic 
Circle, the Southwest China Economic Circle, and the ASEAN 
Economic Circle. It is located on China’s southwestern border and 
serves as an important bridge between China and Southeast Asia 
(Figure  1). There are 14 cities in Guangxi, which are Nanning, 
Liuzhou, Guilin, Wuzhou, Beihai, Fangchenggang, Qinzhou, Guigang, 
Yulin, Baise, Hezhou, Hechi, Laibin, and Chongzuo. The 
administrative area covers 237,600 km2. In 2019, there were 49,820 
thousand people in Guangxi, a gross domestic product (GDP) of 2,124 
billion CNY, and 557 scenic spots of grade A and above. Guangxi has 
29 longevity villages, the most in China, because of its rich natural 
resources and unique environmental advantages. Ecological tourism 
is the focus of tourism development in Guangxi.

2.2. Index selection

The DPSIR model was improved and developed from the PSR 
model proposed by the European environment agency and includes 
the driver (D), pressure (P), state (S), impact (I), response (R) 
sub-systems (Svarstad et al., 2008; Ness et al., 2010; Benitez-Capistros 
et al., 2014). The model was comprehensive and logical (Ehara et al., 
2018), which could effectively measure the operation of the tourism 
ecosystem in Guangxi. The ecological models and ecosystem theory 
stressed that the internal elements of tourism ecosystems were 
functioning in a state of interaction and cyclicality. The response 
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sub-system should be  based on the principle of sustainable 
development, emphasizing the maximum use of resources and 
minimum damage to the ecosystem, which in turn has a cyclic 
feedback effect on the driver, pressure, state, and impact sub-system 
(Qiu et al., 2022). By upgrading or controlling the key factors, each 
sub-system ensures the stable operation of local TES as a whole (Xu 
et al., 2022).

Because Guangxi was located on the southwest border of 
China, 26 factors that could reflect its ecological environment and 
tourism development were selected from three dimensions of 
social, economic, and tourism development to construct the TES 
comprehensive evaluation system, while generic factors, such as 
disposable income per capita and national A-grade scenic  
spots, could be  ignored in the selection of indicators (Table  2)  
(Liu N. et al., 2023).

2.3. Methods

The DPSIR model was used as the core of this study, and five 
research methods were adopted to measure the Guangxi TES 
evaluation system, among which Criteria Importance Through 
Intercrieria Correlation (CRITIC) was used to reduce the 
limitations brought by statistical data and calculate the 
comprehensive weight of each index of TES evaluation system 
(Diakoulaki et al., 1995; Zhong et al., 2023); the fuzzy matter-
element model was utilized to solve the problem of incompatibility 
among individual indicators (Cai, 1999; Gong et al., 2012; Zhang 
et al., 2017), and its results characterize the composite index of 
TES to the degree of the Euclid approach (Han et  al., 2019); 
Moran’s I was employed to explain its internal spatial correlation 

FIGURE 1

Location and DEM of the study area.

TABLE 1 Partial listing of research methods and models for tourism ecological security.

Topic Description Research priorities Literature

Method

Analytic hierarchy processing Assessment and dynamic warning Liu et al. (2009)

The entropy weight method Determining index weights Jun et al. (2019)

Criteria importance through intercriteria 

correlation

Determining index weights Xu et al. (2021)

Ecological footprint Tourism and ecosystem complementary relationships Castellani and Sala (2012),  

Li et al. (2014)

Grey model To predict the tourism ecological carrying capacity Chen (2017)

Obstacle factors analysis To explore the obstacle factors of TES Peng et al. (2018)

Matter-element analysis Solve the problem of incompatibility between individual indicators Xu et al. (2021)

Technique for order preference by similarity to 

an ideal solution

No strict restrictions on data distribution, sample size, and number 

of indicators

Zhang et al. (2013)

Data envelopment analysis Evaluate relative efficiency Wang et al. (2019)

Evaluation 

model

PSR Pressure-State-Response He et al. (2018)

DPSIR Driver-Pressure-State-Impact-Response Liu and Yin (2022)

PSR-EES Pressure-State-Respond with Economic-Environment-Society Zhou et al. (2016)

ECDA Ecological-Conservation-Development-Areas Tang et al. (2018)
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(Zhang et  al., 2023); Markov chains measured its horizontal 
transfer probability and revealed the dynamic transfer 
characteristics (Mu et al., 2022). The Geodetector was mainly 
adopted to detect the differences in geographical elements and 

the influencing factors of spatial distribution and to measure the 
degree of influence of each index within the system on the TES 
of Guangxi through q-values (Wang and Xu, 2017; Liu K.  
et al., 2023).

TABLE 2 Guangxi tourism ecological security DPSIR model.

Evaluation system Selection basis Index Explanation Weight

Driver (D) The potential factor that brings 

pressure to the tourism 

ecosystem (He et al., 2022)

D1: tourism income growth rate Tourism economic growth potential 0.026

D2: tourist growth rate The attractiveness of tourist places to visitors 0.029

D3: GDP growth rate Economic growth potential 0.039

D4: GDP per capita Socio-economic development level 0.051

D5: natural population growth rate Impact of population growth on ecosystems 

in tourist destinations

0.033

D6: urbanization rate The urbanization effect on the ecosystem of 

tourist destinations

0.062

Pressure (P) The factors that pose a threat to 

the ecological security of 

Guangxi tourism through the 

direct influence of the “Driver” 

(Zhou et al., 2022)

P1: per capita daily water 

consumption

Water demand and resource pressure in 

tourist destinations

0.052

P2: industrial wastewater discharge The pressure of sewage discharge on the 

ecology of tourist destinations

0.024

P3: industrial SO2 emissions Impact of industrial emissions on air quality 

in tourist destinations

0.031

P4: population density Demographic pressure in tourist destinations 0.067

P5: tourist density Pressure on the environmental capacity of 

tourist destinations caused by tourism 

activities

0.039

State (S) The coordination state of 

Guangxi’s economy, ecological 

environment, and tourism 

development (Ma et al., 2021)

S1: proportion of tertiary industry 

in GDP

Macro environment of tourism development 0.033

S2: total tourism revenue in GDP Contribution of tourism to the economy of 

tourist destinations

0.036

S3: area of parks and green area Residents living environment security 0.042

S4: green covered area as % of 

completed area

Greening of tourist destinations 0.038

Impact (I) Impact on tourism economic 

contribution, tourism carrying 

capacity, and atmospheric 

pollution (Chen and Xu, 2023)

I1: tourism economic density The relationship between tourism revenue 

and tourism carrying capacity

0.034

I2: tourist reception volume and 

population ratio

The level of service provision for tourists in 

tourism destinations

0.039

I3: earnings from domestic tourism Domestic tourism market experience 0.033

I4: earnings from international 

tourism

International tourism market experience 0.028

I5: percentage of days with air 

quality at level 2 or higher

Comprehensive status of air quality in tourist 

destinations

0.039

Response (R) Responses to maintain the 

stable functioning of tourism 

ecosystems include prevention, 

compensation, and 

improvement (Cooper, 2013; 

Ma et al., 2022)

R1: The proportion of fiscal 

expenditure to GDP

Investment in ecological protection by the 

government

0.050

R2: treatment rate of polluted water Wastewater treatment capacity 0.042

R3: comprehensive utilization rate 

of industrial solid wastes

Solid waste disposal in tourism destinations 0.052

R4: rate of garbage no harmful 

disposal

Ability to treat and recycle domestic waste 0.017

R5: the number of students in 

ordinary higher schools

Supply level of tourism service personnel and 

education level of residents

0.038

R6: per capita tourism income The extent to which residents benefit from 

tourism development

0.02

https://doi.org/10.3389/fevo.2023.1163498
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Liang et al. 10.3389/fevo.2023.1163498

Frontiers in Ecology and Evolution 05 frontiersin.org

2.3.1. Ecological security measurements
The TES was measured in five steps. First, the comprehensive weight 

of TES in Guangxi was calculated using the CRITIC method (Figure 2). 
Second, according to the matter element formula R M C X= ( ), , , 
construct the compound fuzzy object element Rmn. Third, the values of 
each index were normalized depending on the principle of subordinate 
affiliation, from which the optimal fuzzy membership matrix Rmn′  can 
be  constructed. Fourth, maximum and minimum values for each 
evaluation index affiliation in the optimal fuzzy membership matrix Rmn′  
form the standard substance element matrix R n0 . Fifth, the standard 
deviation squared fuzzy matter-element matrix R∆ was to calculate the 
variance components of each of the optimal fuzzy membership matrix 
and standard matter element. Then, the Euclid approach degree of TES 
was calculated based on the results of R∆  matrix by the formula. The 
above were calculated by the equations in Figure 2.

2.3.2. Spatial–temporal pattern measurement
The global spatial autocorrelation was used to measure the spatial 

agglomeration characteristics of TES in Guangxi, and Moran’s I was 
employed to show the results (Michael, 2002). Refer to Eqs 1 and 2:
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The n in the equations denotes the total number of grids, W ij′  
is the spatial weight matrix, Xi and Xj are the attribute values on 
the i and j study units, respectively;  X  is the average value, and 
Moran’s I value ranges from [−1,1], where positive values indicate 
a positive correlation, negative values indicate a negative 
correlation, and 0 indicates random distribution.

Using Markov chains, TES data were discretized into k types, and 
then, the probability distribution and transfer of each type were 
calculated. The probability distribution of TES types in year t is 
expressed as a 1× k  state probability vector Pt , denoted as 
P P t P t P tt k= …[ ]1 2, , , , , , and the transfer between TES classes in 

FIGURE 2

Equations for CRITIC and fuzzy matter-element model.
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different years can be represented by an k k×  of the matrix M  to 
represent. The composite matrix was as shown in Eq. 3:
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(3)

where mij is the probability that the city of type i in the year t  moves 
to type j  in the year t +1.

2.3.3. Driving factor analysis
The Geodetector is mainly used to detect differences in geographic 

elements and factors influencing their spatial distribution. The degree 
of influence of the independent variable on the dependent variable can 
be calculated by using the divergence and factor detection modules. 
Using the q-value metric (Wang and Hu, 2012), the larger the q-value, 
the more influential the factor is on the DPSIR model, the expression 
is as shown in Eq. 4:

 
q

n

n
i
m

t t
= − =∑
1 1

2

2

σ

σ   
(4)

where n  denotes the sample size of the whole region, nt  denotes the 
sample size of the stratum t , σ 2 denotes the variance of TES of the 
whole region, and σ t

2 denotes the variance of TES of the stratum t .

2.4. Data sources and processes

In 2010, the China and ASEAN Free Trade Area was launched in 
Guangxi, and tourism began to develop rapidly. However, the advent 
of COVID-19 in 2020 had a great impact on tourism, which came to 
a halt. Given that TES should reflect the characteristics of its system 
operation, 2010–2019 was chosen as the study period. Air quality data 
were collected from the China Air Quality Online Inspection and 
Analysis platform.1 The natural population growth, rate urbanization 
rate, green covered area as % of completed area, industrial wastewater 
discharge, industrial SO2 emissions, and the comprehensive utilization 
rate of industrial solid wastes were collected from the Chinese urban 
statistical yearbook (2010–2019).2 Land area, GDP per capita, total 
population, per capita daily water consumption, GDP, tertiary 
industry GDP, tourism earnings (earnings from international tourism 
and earnings from domestic tourism), area of parks and green area, 
central public budget expenditure, treatment rate of polluted water, 
rate of garbage no harmful disposal, and the number of students in 
ordinary higher schools were collected from the Guangxi statistical 
yearbook (2010–2019).3 The tourism income growth rate, tourist 
growth rate, and GDP growth rate were calculated based on the 
growth rate formula “growth rate = incremental volume/original total”. 

1 www.aqistudy.cn

2 www.stats.gov.cn

3 tjj.gxzf.gov.cn

Population density and tourist density were calculated by the formula 
“population density = the number of people/land area”. The per capita 
tourism income was calculated by “per capita tourism 
income = tourism earnings/population”. Missing data in  “industrial 
SO2 emissions” and “percentage of days with air quality at level 2 or 
higher” were supplemented by linear interpolation.

A global autocorrelation analysis was performed using the spatial 
autocorrelation (Moran’s I) module in ArcGIS10.9; the spatial module 
was used for visualization as well as for data discretization; MATLAB 
R2022a software was used for Markov chains analysis; the impact 
factor q-values were calculated with the help of factor detector block 
of the Geodetector.

TES was divided into seven levels, namely, deterioration, risk, 
sensitive, critical safety, general safety, comparative safety, and very 
safe (Table  3) (Xu et  al., 2017). This was the same in Guangxi in 
this study.

3. Results and analysis

3.1. Spatiotemporal patterns

3.1.1. Spatial and temporal characterization
From 2010 to 2019, the TES in Guangxi steadily increased by 72.73% 

from 0.20–0.30 to 0.30–0.40 (Figure  3). Economic growth and the 
emphasis on environmental protection have led to an increase in the TES 
level. By 2019, the total tourism consumption in Guangxi (1024.14 billion 
CNY) increased by 34.40% compared to 2018 (761.99 billion CNY). The 
ratio of good days of urban air quality was 91.70%, the rate of harmless 
urban domestic waste disposal was over 99.00%, and the TES of all cities 
had reached the risk tier and above. Meanwhile, the TES index was an 
obvious difference among 14 cities (Figure  4). More economically 
developed Nanning and Guilin had a higher TES index, showing a 
decreasing trend outward from the two cities.

As an ethnic autonomous region in China, Guangxi was able to 
develop its economy rapidly with the support of the government’s 
superior ethnic policies, such as prioritizing construction projects, 
increasing financial support, and preferential taxation. Due to 
Nanning’s location in the capital of Guangxi, and the construction of 
the China and ASEAN Free Trade Area, the economic development 
rate is higher than that of other cities, and the per capita GDP was 
44.32% higher than the average of Guangxi (42,778 CNY cap−1). The 
TES index of Nanning had been at the highest level in Guangxi, 
increasing from 0.34 to 0.49. Followed by Guilin, which increased 
from 0.30 to 0.48, a higher increase than Nanning. Guilin had a 
greater impact on TES in the surrounding areas than Nanning. With 
the “creating an international tourism mecca in Guilin” policy issued 
by the Chinese government (Government, C, 2009), Guilin’s total 
consumption of tourism has increased tenfold from 16.83 to 187.43 
billion CNY. The rapid rise of tourism led to the development of 
related industries in the surrounding cities. Beihai and Fangchenggang, 
located in the coastal area, have rapidly improved their TES, while 
Beihai increased by 66.67% from 0.24, and Fangchenggang increased 
by 95.00% from 0.20. In 2017, the Chinese government released the 
“Beibu Gulf urban cluster development plan” under the “Belt & Road” 
initiative, Beihai and Fangchenggang, as the major cities in the China–
ASEAN port city cooperation network, rapid economic development 
has been accompanied by a great improvement in TES. Industrial 
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waste has been ranked as a highly environmentally unfriendly source 
of pollution that tends to limit the growth of some cities. The TES of 
environmentally unfriendly cities such as Baise was at the lowest level 
and increased slowly in Guangxi. Since the eleventh five-year plan of 
China, the comprehensive utilization rate of industrial solid waste in 
Baise (17.32–58.43%) has been the lowest in Guangxi, which was 
greatly lower than the other 13 cities (>90%). In addition, tourism 
resources also limit the improvement of TES in some cities, for 
example, Guigang had relatively few tourism resources and the total 
tourism consumption only accounted for 34.77% of GDP (2019), 
which was lower in Guangxi. The lack of tourism attractiveness leads 
to a tourist reception-to-population ratio of only 8.59% (2019), which 
was much lower than the average value of 22.09% in Guangxi.

Notably, TES in Guangxi was rising faster in the plains than in the 
mountains, along the coast than inland, and in capital cities than other 
areas. Therefore, the tourism development in each region was ranked 
as follows: Northeast (Guilin, Liuzhou, Laibin) > Southwest (Nanning, 
Chongzuo, Qinzhou, Beihai, Fangchenggang) > Southeast (Hezhou, 
Guigang, Yulin, Wuzhou) > Northwest (Baise, Hechi).

The results showed that the degree of TES in Guangxi all between 
grades I (deterioration) − IV (crucial safety). From 2010 to 2011, the 
TES level was dominated by deterioration, accounting for 85.71% of 
the total area. However, there was no longer a deterioration level area 
in 2018, the risk level area rose to 57.14%. Fortunately, Nanning and 
Guilin cities reaching the crucial safety level. In 2019, the coastal cities 
of Qinzhou, Guigang, Hezhou, Hechi, and Laibin were at the risk level; 
the seven inland cities of Liuzhou, Wuzhou, Beihai, Fangchenggang, 
Yulin, Baise, and Chongzuo were in the sensitive level; and the two 
economically good cities of Nanning and Guilin were in the crucial 
safety level. The overall level of TES has improved significantly since 
2010 and has been raised to level II (risk).

To reflect the general change trend of TES in Guangxi, the natural 
fracture method was used to analyze the nuclear density of TES in 
2010, 2013, 2016, and 2019 (Figure 5). It showed that the center of the 

overall distribution curve and the change interval moved to the right, 
which indicated that the TES improved steadily every year and 
without a declining stage. In 2010, the right-trailing characteristics of 
the curve were obvious, which showed that most of the cities gather 
in low-value TES and a small number of cities are close to high-value 
TES. From 2013 to 2019, the right tail of the core density curve of TES 
in Guangxi increased slightly, indicating that the higher level units of 
TES had an expanding trend. In 2019, the height of the main peak of 
the curve decreased and the wave peak widened, indicating that the 
TES was in a gradual smooth trend, and the gap between the values of 
TES in various cities narrowed.

3.1.2. Global spatial autocorrelation
The values of Moran’s I for TES in Guangxi were negative (Table 4) 

and the normal statistics of values for all years were not significant (Li 
et  al., 2018). The fluctuation of Moran’s I  value with time evolution 
indicated that TES showed a random distribution of spatial characteristics 
from 2010 to 2019. Its distribution trend fluctuates and changes with time, 
and the spatial correlation effect was negative. There were significant 
differences in the economic, social, and environmental development of 
the cities in Guangxi province, which also affected the overall TES. For 
example, Nanning was the most economically developed city in Guangxi, 
and the TES value was always at the highest level in Guangxi, while its 
impact on the surrounding cities was not significant. Nanning increased 
by 20.59% from 0.34 to 0.41 between 2010 and 2014. The TES level of 
Qinzhou and Guigang, which were adjacent to Nanning, was always in 
the I level. The value of Qinzhou was increased from 0.19 to 0.23, while 
Guigang was increased from 0.20 to 0.22. As a result, it was the 
municipalities’ resource allocation and economic development that was 
the key factor in TES, rather than spatial location. This was due to 
improved transportation and changes in consumption habits in the 
tourism market. The TES level in Guangxi was less influenced by the 
surrounding areas, the internal circularity was stronger, and no spatial 
spillover effect occurred during the study time.

3.1.3. Markov transition probability matrix
The values on the diagonal in the Markov chains (Table  5) 

indicated the probability of no shift in the TES level, and the values on 
the non-diagonal indicate the probability of a shift in the security level.

From the matrix of Guangxi TES transfer in the table, the values 
of I level (Deterioration) and IV level (Crucial Safety) on the diagonal 
line (0.686, 0.984) were larger than the non-diagonal line, which 
means that both levels I and IV have “path dependence” and “self-
locking” effects. It means that if the TES level of a region was at level 
I and level IV, the probability of maintaining this level at a later stage 
was as high as 68.60 and 98.40%, respectively. This can also explain the 
fact that from 2010 to 2011, the areas in level I accounted for 85.71% 
of all Guangxi, while until 2014, the areas in level I still accounted for 
35.71%, which was improved slowly.

The probability of positive transfer of diagonal values was greater 
than the probability of negative transfer, indicating that the overall 

TABLE 3 Tourism ecological security level standard.

Security status Deterioration Risk Sensitive Crucial 
safety

General 
safety

Comparative 
security

Very safe

Level I II III IV V VI VII

Euclid approach degree (0, 0.250] (0.250, 0.350] (0.350, 0.450] (0.450, 0.550] (0.550, 0.650] (0.650, 0.750] (0.750, 1]

FIGURE 3

Box map for tourism ecological security in Guangxi.
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level of TES in Guangxi was more likely to be  raised, with the 
probability of upward transfer of level III being 57.10%, reflecting 
the urgency of upward upgrade of TES in level III cities. By 2019, a 
total of seven cities in Guangxi, including Liuzhou, Wuzhou, Beihai, 
Fangchenggang, Yulin, Hezhou, and Chongzuo, had reached the TES 
level of III, which means that more attention should be paid to the 
systematic and synergistic development of special planning, 

ecological environmental protection, and territorial spatial 
development planning in these regions.

Elements equal to 0 were far from diagonal. On this chart, the 
diagonal values showed the probability of staying at the same 
level. The value, which was adjacent to and on the next higher 
level of the diagonal value, was higher than values on other levels. 
For example, if a city was in level II, the probability of remaining 
at level II was 28.60%, transferring to level III was 35.70%, 
transferring across ranks to level IV was 21.40%, and transferring 
to level I in the opposite direction was 14.30%. It indicated that 
the TES level of Guangxi was usually shifted between adjacent 
levels. The probability of cross-grade transfer was low, and the 
probability of reverse transfer was extremely low.

3.2. Driving mechanism

3.2.1. Factor detection
To investigate its driving mechanism and influencing factors, this 

study examined the influence effects of 26 evaluation indicators in the 
DPSIR model of TES in Guangxi (Figure 6).

FIGURE 4

Spatial patterns of tourism ecological security in Guangxi from 2010 to 2019.

FIGURE 5

Kernel density estimation for tourism ecological security in Guangxi.
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 1. Driver consists of indicators D1 to D6, with the largest changes 
in D1 (tourism income growth rate) and D5 (natural 
population growth rate). The q-value of D1 reached the lowest 
point of 0.024 in 2014, then peaked at 0.741 in 2015, indicating 
that the impact of D1 on TES in Guangxi was the highest in 
2015, and then gradually decreased. In 2015, Guangxi, a major 
province of the Chinese tourism economy, took the initiative 
to integrate itself into the Chinese “Belt & Road” initiative, and 
the tourism industry in various cities has since developed 
rapidly. The tourism economy promotes the willingness of 
these regions to invest more resources to keep the tourism 
ecosystem in good working order. The degree of impact of D5 
fluctuates upward, from 0.076 in 2010 to 0.690 in 2016, and 
then begins to fall again, reflecting the support or coercion of 
population growth on the ecosystem maintenance of tourist 
sites. While the q-value of D3 (GDP growth rate) decreased 
from 0.532 in 2010 to 0.124 in 2019. These indicate that the 
economic dynamics have a diminishing impact on the TES of 
Guangxi, while the social drive was gradually increasing. D6 
(urbanization rate) kept a high impact indicating that the rapid 
expansion of cities has brought great impact and 
influence on TES.

 2. Pressure was made up of indicators P1 to P5. The q-value of P3 
(industrial SO2 emissions) reached the highest level of 0.719 in 
2014. Air quality caused great concern in China after the 
Copenhagen Summit. Data released by the Guangxi 
Environmental Protection Department revealed that the 
annual average concentration of respirable particulate matter 
(PM 10) in ambient air in Guangxi rose by 7.81% in 2014 
(0.069 mg m−3) compared with 2013 (0.064 mg m−3) (Bureau, 
2015). However, with the improvement of environmental 
protection, air quality has not become a constraint for tourists 
to travel. The q-values of P1 (per capita daily water 
consumption) and P5 (tourist density) were relatively large. 
Tourist density reflects the number of visitors to the city, once 
the tourist density exceeds the maximum carrying capacity of 

the destination environment, it will cause a local ecological 
imbalance. Tourists are an uncontrollable variable with 
subjective consciousness in the tourism ecosystem. For 
example, due to an individual’s conscious or unconscious 
demand, some tourists will deviate from the norm, which may 
cause environmental pollution and will cause a series of 
knock-on effects on the local tourism ecosystem. In addition, 
the per capita daily water consumption reflected the level of 
local water consumption, and its increase would put pressure 
on the local ecological environment.

 3. State was composed of indicators S1 to S4. The q-value of S1 
(proportion of tertiary industry in GDP) decreases from 0.734 
(2010) to 0.443 (2019). The tertiary sector of the economy is 
less constrained by resources such as land and has a larger 
capacity for employment. In 2010, Guangxi’s TES began to 
improve in general, and the tertiary industry began to develop 
rapidly, with S1 having a greater influence on it. With the 
steady improvement of TES, the influence of each factor tends 
to be balanced, and the influence of S1 gradually weakens. The 
park green area has a significant contribution to the tourism 
ecosystem, and its increase in quantity helps to guarantee 
ecological balance. Urban green space can play the function of 
purifying air, regulating atmospheric temperature, absorbing 
dust and sterilizing, reducing noise, and other functions. 
Therefore, S3 (area of parks and green area) has a greater 
influence on the TES of Guangxi.

 4. Impact was composed of indicators I1 to I5. The q-values of 
most impact factors showed a decrease. However, the q-value 
of I4 (earnings from international tourism) improved by 
229.00% from 0.383 to 0.876. This meant that the cross-border 
tourism in Guangxi’s TES impact could not be  ignored. 
Tourism economic development was still an important driving 
force affecting TES, which was reflected in I3 (earnings from 
domestic tourism) maintaining a high q-value. Guangxi is 
trying to build an international tourist destination, in which 
each city has distinctive tourist attractions and products, and 
tourism revenues have increased significantly in the context of 
industrial structure reform and innovative development.

 5. Response consists of indicators R1 to R6. The degree of 
influence of all impact factors in this sub-system was lower, and 
the q-values were smaller compared to the others. Only R5 (the 
number of students in ordinary higher schools) accounts for a 
higher percentage, reflecting the significant role of talent 
investment in improving TES and promoting the green 
transformation of the tourism industry. The cultivation of 
talents will not only affect the application of ecological 

TABLE 4 Overall Moran’s I index of tourism ecological security in Guangxi from 2010 to 2019.

Year Moran’s I Z p-valuea Year Moran’s I Z p-valuea

2010 −0.172 −0.607 0.272 2015 −0.199 −0.824 0.205

2011 −0.140 −0.406 0.343 2016 −0.226 −0.996 0.160

2012 −0.176 −0.668 0.252 2017 −0.181 −0.665 0.253

2013 −0.152 −0.490 0.312 2018 −0.152 −0.473 0.318

2014 −0.180 −0.730 0.233 2019 −0.173 −0.594 0.276

aZ > 1.96, p < 0.05, significant; Z ≤ 1.96, p ≥ 0.05, not significant.

TABLE 5 Markov transition probability matrix of tourism ecological 
security types in Guangxi from 2010 to 2019.

t I II III IV n

I 0.686 0.200 0.086 0.029 35.000

II 0.143 0.286 0.357 0.214 14.000

III 0 0.071 0.357 0.571 14.000

IV 0 0 0.016 0.984 63.000
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management and innovative technology but also indirectly 
improve the environmental awareness and social responsibility 
of tourists. In recent years, as Guangxi attaches great 
importance to the training of talents, the training of tourism 
professionals has gradually increased, and the influence on TES 
has gradually increased.

3.2.2. Driving mechanism
Based on the DPSIR model and the detection of its influencing 

factors, the driving mechanism of TES in Guangxi was derived 
(Figure  7). The internal elements of the Guangxi tourism 
ecosystem were in a state of mutual influence and cyclic 
operation, and the enhancement or control of key elements was 
helpful to maintain the stable operation of the tourism ecosystem. 
Driven by the level of economic development and the growth of 
the tertiary industry in Guangxi cities, the driver sub-system (D) 
has changed the speed of regional tourism development. With the 
rapid development of tourism, a series of resource consumption, 
and pollutant emissions caused by tourism activities have also 
brought about population, resource consumption, and 
environmental pressure. Pressure sub-system (P) internal 
structure and state changes produce disturbance and impact on 
the state sub-system (S) of the Guangxi tourism ecosystem, like 
the total tourism income and park green area. The change of state 
sub-system (S) has many impacts (I) on Guangxi’s TES, which 
caused the increase or decrease of factors such as the tourism 
revenue growth rate. To continue the positive effect and preserve 
the sustainable development of tourism and the ecological 
environment, positive responses (R), such as increasing financial 
investment, improving the rate of pollutant treatment, and 
increasing the training of tourism talents, have been adopted by 
the Guangxi provincial government. The response sub-system, 
however, in turn, impedes or regulates pressure while improving 
or inhibiting the driver sub-system’s results. In addition, the 

implemented response policy might have the effect of maintaining 
or enhancing the factors in the state sub-system. Driver, pressure, 
state, impact, and response individual sub-system and through 
the internal integration of each element produced Guangxi TES 
overall system to produce a virtuous cycle.

4. Discussion

4.1. Model uncertainties

The study provided a DPSIR model to adapt to the TES of 
Guangxi. We explored the spatial and temporal distribution patterns 
and key drivers of its TES level and constructed a model of the driving 
mechanism of TES development. Our results can contribute to TES 
management and reduce key influencing factors for environmental 
damage in tourism activities while serving as a model for other areas. 
However, our model has uncertainties in the following aspects. First, 
we only choose the most representative 26 indicators according to the 
characteristics of Guangxi tourism development in the DPSIR model, 
while the number of hotels and scenic spots was ignored. Second, as 
some data from the statistical yearbook were missing, we supplemented 
the data using linear interpolation.

Reducing the uncertainties will use the comparative method. In 
terms of the output results and trends of TES, the output results were 
similar to other studies (Li et al., 2017a,b; Liu and Yin, 2022), which 
proves the reliability of our model. Furthermore, we found that TES 
in Guangxi showed an increasing trend, which was similar to the other 
tourism provinces in China, such as Yunnan and Guizhou (Qin and 
Cheng, 2019; Zhao et al., 2021). This is related to the development of 
tourism in Guangxi province following the ecological tourism 
resources of different places to create unique tourist attractions. The 
ecological region centered on Guilin focuses on the development of 
forest land ecotourism relying on scenic spots; the ecological region 
centered on Nanning focuses on the protection of tourism natural 
resources and the development of coastal ecotourism; and the 
ecological region centered on Baise focuses on the development of 
ecotourism to limit high water consumption and reduce pollution 
(Government, G, 2007). Of course, our results are within the range of 
the results of other studies (Li et al., 2017; Liu and Yin, 2022). In 
addition, the economic development, social effects, environmental 
governance and protection, and system response had significant 
positive effects on TES in Guangxi, this is similar to the other studies 
(Castellani and Sala, 2012; Li et  al., 2014; Peng et  al., 2018; Xu 
et al., 2021).

4.2. Policy implications

Government policies improved the level of TES and 
stimulated the transformation of the tourism industry, with four 
types of policies playing a role. First is the development of forest 
tourism resources, with Guangxi government implementing the 
“Forest Tourism Development Strategy” (Government, G, 2022). 
Forestry ecotourism resource richness has more attraction 
compared with others. Adding one forest ecotourism area will 
bring 1.61 million tourists and increase 1.67 billion CNY tourism 
revenue. The development of forest tourism also has three 

FIGURE 6

Guangxi tourism ecological security impact factor q-values 
detection.
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benefits, which are to disperse urban tourists, reduce the pressure 
on other urban scenic spots, and improve the TES. The second 
policy is the greening of abandoned mines. In 2019, Guilin has 
completed the ecological restoration of 42 abandoned mines, 
including 21 greening mines in the Lijiang area, which increased 
tourism revenue by 12 million CNY. Greening of abandoned 
mines has also increased the built-up areas, which has a positive 
impact on enhancing the regional TES. By 2022, Guangxi still had 
237 km2 of abandoned mines (Daily, 2023), and the space for 
ecological restoration and enhancement is enormous. The third 
policy is training tourism technical personnel. Tourism ecosystem 
drivers were shifting from GDP growth to population growth 
rates. Impact and response factors further corroborate that talent 
development was a key measure of TES. Policies should be based 
on short-term environmental inputs and long-term talent 
outputs. Only approximately ten thousand people were employed 
in star-rated hotels and A-grade scenic spots in Chongzuo in 
2019, while the tourism reception was 460.72 million people. 
Each tourism technical personnel could ease the local tourism 
reception pressure of 4,600 people and promote the growth of the 
tourism economy. Therefore, accelerating the establishment of a 
long-term talent pool and strengthening education and training 
and human resource management are the keys to promoting the 
improvement of TES in Guangxi. The fourth policy is to reduce 
clearance time for inbound tourists. Earnings from international 
tourism became one of the most influencing factors on the TES 
of Guangxi. The increase in inbound tourists can increase 
earnings from international tourism and TES level. This study 
focuses on the evolution of TES in Guangxi from 2010 to 2019, 
while COVID-19 had impacts on tourism in 2020 that brought 
tourism to a standstill. However, with the changing entry policy 

of the Chinese government, reducing the clearance time for 
tourists has become an effective way to revive inbound tourism. 
Fangchenggang Dongxing Port implemented a new clearance 
process on June 18th, 2018, which shortened the clearance time 
to less than 30 minutes (Government, G, 2018). The policy was 
implemented with an increase of inbound tourists of 11,485 per 
day compared with 2017.

4.3. Limitations and future research

The limitations of this study include the following. First, limited 
by the blurred boundaries and high crossover of the tourism industry, 
it is difficult to strip out the data on environmental pollution and 
ecological damage directly caused by tourism. The future study can 
improve the basis of index selection, broaden the research data 
sources, and explore how to establish a more standardized and 
effective evaluation mechanism based on the operational 
characteristics of TES. Second, due to lack of data, this study only 
takes province and city scales, however, the driving mechanisms of 
TES that may interact between tourism ecosystems at the county level 
may be more pronounced. Future research can investigate the spatial 
correlation and driving mechanisms of the county scale of TES. In 
addition, the Geodetector was used in this study to carry out the test 
of key drivers of TES in Guangxi, and a theoretical model of its driving 
mechanism was established. However, the conduction channels and 
the mechanism of action among the elements of the Guangxi tourism 
ecosystem have not been thoroughly tested. The model is still in a 
hypothetical state and will be  validated using structural equation 
modeling (SEM) in the future. It is worthwhile to note that tourism 
activities were tourist-oriented, relying on statistical data alone cannot 

FIGURE 7

Driving mechanism of tourism ecological security system based on the DPSIR model.
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thoroughly quantify the damage to the ecological environment in 
tourism activities due to the uncertainty of behavior caused by the 
autonomy of tourist groups. Adding questionnaire data in future 
studies will make the results more reasonable to facilitate the 
prediction and early warning of TES, and the development of 
corresponding control strategies.

Notably, previous studies focused on improving TES in terms of 
ecological conservation and ignored the impact of tourism itself. Our 
study took into account tourism sustainability and paid attention to 
ecological conservation while adopting effective methods to maximize 
the tourism economy within the tourism carrying capacity. In future 
studies, the model could be used to provide a measure of the level of 
TES and serve as an example for other regions in China.

5. Conclusion

In this study, the spatial–temporal pattern measurement evolution 
characteristics and driving mechanisms of TES in Guangxi were 
systematically and thoroughly studied. Based on the DPSIR model, 
we used the fuzzy matter-element model to measure TES in Guangxi 
from 2010 to 2019. The results showed that TES in Guangxi improved 
annually, but the overall development was unbalanced, which was 
related to the different geographical positions and 
development priorities.

 1. Spatial–temporal evolution: The overall TES in Guangxi was 
improved continuously, but there were differences in the 
enhancement speed of each city. The speed of upgrading was 
Northeast > Southeast > Southwest > Northwest. Guilin had a 
greater impact on neighboring cities than Nanning, while 
coastal cities improved more quickly than inland cities. The 
biggest change was in Fangchenggang, followed by Guilin. 
Baise and Guigang had the least significant change. By 2019, 
the TES level of Guangxi had been upgraded to II (risk).

 2. Global spatial autocorrelation: For the random distribution of 
spatial characteristics of TES in Guangxi, Moran’s I was negative 
and insignificant. Description of the inputs and outputs in the 
internal system of TES indicates less influence and disturbance by 
the external ecosystem. The spatial location was not the main 
reason to restrict the TES, however, economic development, 
environmental protection efforts, and the resource allocation of 
each city were the key factors to influence the TES.

 3. Dynamic transfer: The probability of Guangxi TES’s gradual 
upgrading was high and would hardly decline. The TES with 
levels (I, II) will maintain the present state， while level III will 
be raised to the next state.

 4. Driving mechanism: There were significant differences in the 
decision-making levels of TES impact factors. The key 
influencing factors include tourism income growth rate, 
natural population growth rate, per capita daily water 
consumption, tourist density, area of parks and green area, 
earnings from domestic tourism, earnings from international 
tourism, and the number of students in ordinary higher 
schools. Economic and ecological indicators have a significant 
positive impact on the TES of Guangxi, and not only 

short-term investment in ecological construction but also 
talent training must be areas of focus.

Driver (D) was composed of both economic and social 
aspects and generates a series of environmental pressures, 
pressure (P) changes the state (S) of the TES of Guangxi, thus 
causing a series of impacts (I) on it, and each stakeholder of 
Guangxi tourism further responds (R) according to the impacts. 
Response policies adopted by the government can effectively 
improve the driving force while reducing the pressure, making 
the TES system a virtuous cycle.
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