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Abstract 
Based on the panel data of 219 prefecture-level cities in China from 2014 to 2019 , the 
bivariate LISA model and the spatial panel Durbin model were used to explore the spatial 
correlation between air quality and inbound tourism in Chinese cities. The results show 
that the number of inbound tourists presents a "group" agglomeration in the spatial 
distribution and has a network-like filling development trend. The distribution of air 
quality index in my country shows the evolutionary characteristics of "core-edge" 
diffusion with Beijing-Tianjin-Hebei as the core area and expanding to surrounding 
cities. Air quality and the number of inbound tourists generally have strong spatial 
aggregation characteristics, and show a negative correlation in space, and the negative 
impact is constantly expanding. Air quality has increased the number of high- and low-
type cities where the number of inbound tourists gathers, the low- and high-type 
agglomeration areas in North China and Central China continue to expand, and the high-
level agglomeration areas have decreased. Air quality has become an important factor 
affecting tourism development, but it is not a single factor. Factors such as economic 
development, foreign relations, tourism development, ecological protection and 
transportation construction should be combined with air management for 
comprehensive management. 
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1. Introduction 

Many tourists from all over the world travel to China every year to appreciate the treasures and 
beautiful mountain and river scenery left by our country's five thousand years of culture. The 
rapid development of tourism has driven the development of my country's related industries 
and contributed to my country's economic development. According to the "Basic Situation of 
the Tourism Market in 2019" issued by the Ministry of Culture and Tourism of China, in 2019, 
my country's tourism industry achieved a total tourism revenue of 6.63 trillion yuan, a year-on-
year increase of 11%. The comprehensive contribution of tourism to GDP is 10.94 trillion yuan, 
accounting for 11.05% of the total GDP. In addition, the tourism industry directly created 28.25 
million employment opportunities and indirectly created 51.62 million employment 
opportunities. The number of direct and indirect employment in the tourism industry 
accounted for 10.31% of the total employment in the country. Since the reform and opening up, 
my country's inbound tourism has developed rapidly, which has made significant contributions 
to the accumulation of foreign exchange income and the development of tourism in my country. 
However, in recent years, the development speed of my country's inbound tourism has been 
relatively slow, showing a relatively weak growth trend, which is a shortcoming affecting the 
vigorous development of my country's tourism industry. According to the relevant data of the 
National Bureau of Statistics, from 2014 to 2019, the number of inbound tourists in my country 
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increased from 128.4983 million to 145.3078 million, while the number of domestic tourists in 
my country increased from 36.11 million to 6.006 million. 
The growth rate of inbound tourism is stagnant, and in order to find effective strategies to 
promote inbound tourism, it is very important to conduct a full analysis of the reasons that 
affect inbound tourism. There are many factors that affect tourists' choice of tourist 
destinations, and the air quality of tourist destinations is also one of the more important factors. 
Bad weather conditions in tourist destinations will increase tourists' perception of risk for 
tourist activities, and damage the image of tourist destinations, which in turn will reduce the 
possibility of potential tourists to travel to tourist destinations, resulting in a shrinking of the 
potential tourist market and tourism revenue. churn. The harsh environment and air pollution 
of tourist destinations will make tourists feel restless during the travel process, and changes in 
mood will reduce tourists' satisfaction with tourism activities. Severe air pollution will affect 
the visibility in tourist attractions, seriously affect the viewing of scenic spots and the mood of 
tourists. According to the Bulletin on the State of China's Ecological Environment, 180 of my 
country's 337 cities at the prefecture level and above have exceeded air quality standards. 
Compared with other countries in the world, my country's air pollution problem is more serious. 
Many countries with more developed inbound tourism also have lower levels of air pollution. 
such as Japan and South Korea. Therefore, air pollution is expected to have a negative impact 
on the number of tourists. Taking 219 prefecture-level cities in China as the object, this paper 
uses the bivariate LISA model and the spatial panel Durbin model to empirically study the 
influence of air quality on the number of inbound tourists from the perspective of spatial 
correlation. 

2. A Review of Literature 

Air quality in tourist destinations affects tourists' behavioral intentions. According to the 
relevant literature, the air quality affects the development and development path of tourism as 
follows. First, the air quality of the destination will affect the travel behavior, travel intention 
and destination choice of tourists. Luo Run and Juen Xing used the 2018-2019 Nanjing Air 
Quality Index and the passenger flow data of 4A and 5A tourist attractions, using HP filtering, 
wavelet analysis and multiple regression models, to study and verify the impact of air quality 
on tourism flow and tourist air quality. Moderating effects of mass sensitivity. Secondly, the air 
quality of tourist destinations will have a certain impact on the health status of tourists. Almeida 
et al. took Lisbon, a famous tourist resort in Spain as an example, and found that polluted air 
will cause damage to human cardiovascular and cerebrovascular and respiratory systems, and 
the concentration changes of pollutants such as PM10, NO2, O3 and cardiovascular and 
cerebrovascular and respiratory system diseases. There is a significant correlation between the 
mortality rates, which shows that the seriously polluted air has great harm to the health of local 
residents and tourists. Finally, air quality can have an impact on tourist satisfaction. The body 
and mind of tourists will have a risk perception of air pollution in tourist destinations, reducing 
the satisfaction and loyalty of tourist destinations. Therefore, the existence of air pollution has 
a certain negative impact on the development of tourism. Li Jing and Wu Bihu designed the 
tourist smog risk perception scale, and used the SEM model to verify, and found that the 
existence of smog risk will increase tourists' perception of tourism risk and reduce the 
satisfaction of tourist destinations. Higher tourism risk perception will have a certain negative 
impact on satisfaction. Overall, air pollution can have adverse effects on tourists' psychological 
and behavioral performance. Therefore, the argument that air quality affects the development 
of tourism is sound. 
Regarding the impact of China's air quality on the development of tourism, many scholars have 
used qualitative or quantitative methods to reveal the harm of poor air quality in regions to my 
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country's inbound tourism. Regarding the perception of air quality at the micro level for tourists, 
Wang Kejun and Ma Yaofeng (2015) conducted a questionnaire survey on inbound tourists and 
found that inbound tourists have very low perceived satisfaction with air quality, urban 
greening, and urban hygiene in Chengdu. Becken et al. (2017) conducted a survey on residents 
of the United States and Australia, and concluded that the air quality crisis had a relatively 
serious negative impact on my country's destination image and the intention to travel to China. 
If China does not take the initiative to conduct air quality control increase, then the 
international inbound tourism rate will remain at a low level. The quantification of air quality 
impact on inbound tourism at the macro level also shows that poor air quality will have a 
significant negative impact on my country's inbound tourism. Liu Jiayi, Chen Yuping and Xia Xin, 
based on the panel data of 31 provinces, autonomous regions and municipalities in mainland 
China from 2001 to 2015, and using research methods such as sys-GMM and GIS natural 
fracture method, demonstrate that surface air pollution has a significant negative impact on 
China's inbound tourism development. influences. Ye Li and Li Xinguang used a fixed effect 
model to empirically analyze the provincial panel data in my country from 2011 to 2015, and 
concluded that air pollution has a significant negative effect on my country's inbound tourism 
revenue. Based on the above literature, this paper hypothesizes that poor air quality will have 
a negative impact on the number of inbound tourists. 
The existing relevant literature has provided a solid research foundation and good research 
inspiration for our research, but there is still room for further research: First, in terms of 
comprehensive literature, most of the literature only uses a relatively single indicator to 
measure. In view of the degree of air pollution, there are few articles on the relationship 
between air quality and tourism using a comprehensive index, the urban air quality index (AQI). 
Second, less literature examines the relationship between air quality and inbound tourism at 
the spatial level. Therefore, this paper uses the AQI in China's air quality online testing platform 
as the air quality measurement index, and takes 219 domestic cities as the research object to 
investigate the impact of air pollution on the development of inbound tourism from the level of 
tourist numbers. 

3. Research Methods and Data Sources 

3.1. Bivariate LISA Model 
Any geographic feature in space is related, and the closer the distance, the greater the spatial 
correlation. Spatial autocorrelation can be further divided into global spatial autocorrelation 
and local spatial autocorrelation. Usually, the geographic elements described by spatial 
autocorrelation have only one variable, while spatial autocorrelation based on bivariate has 
high applicability and effectiveness in describing the spatial association and dependency 
characteristics of two geographic elements. This paper uses univariate global spatial 
autocorrelation to judge the spatial distribution characteristics of air quality and inbound 
tourists, and uses bivariate spatial autocorrelation to observe the spatial correlation 
characteristics of the two. The expression is: 
 

I =
w (x − x) y − y

s ∑ ∑ w
(1) 

 
In the formula: xi and yj are the observed values of different geographic attributes in regions i 
and j; n is the number of samples; s2 is the sample variance; wij is the spatial weight matrix 
constructed based on the proximity standard; I is the bivariate global spatial autocorrelation 
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coefficient, which represents The overall spatial distribution correlation of the independent 
variable in area i and the dependent variable in area j. 
The expression for the bivariate local space autocorrelation is: 
 

I = z z w (2) 

 
In the formula: zi and zj are the variance standardized values of the observed values in regions 
i and j; Ii is the local correlation between the independent variable in region i and the dependent 
variable in region j, which can be divided into HH (High-High), LL ( Low-Low), HL (High-Low) 
and LH (Low-High) 4 aggregation types. HH-type agglomeration indicates that both the 
independent variable value of region i and the dependent variable value of region j are higher, 
LL-type agglomeration indicates that the independent variable value of region i and the 
dependent variable value of region j are both lower, and HL-type agglomeration indicates that 
the independent variable value of region i is low The value of the variable is higher, while the 
value of the dependent variable is lower in its neighboring region j, and LH-type agglomeration 
means that the independent variable value of region i is lower, and the dependent variable 
value of its neighboring region j is higher. HH and LL clusters indicate that the independent 
variable values in region i are positively correlated with the dependent variable in region j, 
while HL and LH clusters indicate that the independent variable values in region i are negatively 
correlated with the dependent variable in region j. Indicates whether this positive or negative 
spatial relationship is obvious. 

3.2. Doberman Model of Space Panel 
The spatial panel Durbin model is the main model to examine the spatial correlation of 
geographical things. It includes the spatial dependence effects of both independent variables 
and dependent variables. Compared with the Spatial Panel Lag Model (SPLM) and the spatial 
panel lag model (Spatial Panel Error Model, SPEM) A more general form. The basic form is: 
 

Y = βX + ρ W Y + φ W X + u + v + ξ (3) 

 
where: Yit and Xit are the observed values of dependent variables and independent variables 
in regions i and j in year t; Wij is the spatial weight matrix; β is the parameter vector to be 
estimated for the independent variable; ρ is the spatial lag coefficient of the dependent variable; 
φ is the spatial regression coefficient of the independent variable; μi and νt represent the space 
effect and time effect, respectively; εit is the random error term that obeys the independent and 
identical distribution. When φ = 0, ρ ≠ 0, formula (3) is SPLM model; when φ+ρβ = 0, formula 
(3) is SPEM model. 

3.3. Variable Selection and Data Sources 
The data selected in this paper are panel data of 219 municipal-level cities across the country 
from 2014 to 2019. Among them, the air quality index comes from the historical data of the 
China Air Quality Online Monitoring and Analysis Platform, the number of inbound tourists and 
related control variables are from the official websites of the provincial statistical bureaus and 
the official websites of the municipal bureaus of statistics at the local level.  
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Core independent variable: Air Quality Index (AQI). The earliest use of air quality index in my 
country was in 2013. The concentrations of various air pollutants are simplified to the Air 
Quality Index, which measures the environmental quality of the atmosphere. The index can 
describe the comprehensive air quality of the urban environment, taking into account the 
pollution degree of pollutants, and the results are concise and intuitive, which is convenient for 
research and use. The spatial quality index is daily data, and the annual data used in this paper 
is the annual data obtained by averaging the daily data of a city.  
Dependent variable. The dependent variable of this paper is the number of inbound tourists 
(ITA) in 219 municipal-level cities across the country, in 10,000 person-times. 
Control variables. (1) The level of economic development (PGDP). The level of economic 
development determines the scale of tourism, so this paper selects the city-level per capita GDP 
to characterize, in ten thousand yuan (2) level of opening to the outside world (OP). (2009) 
showed that the higher the level of opening to the outside world, the better the development of 
inbound tourism. The degree of external connection is an important indicator reflecting the 
level of regional economic opening to the outside world, so the actual use of foreign direct 
investment is selected to represent the degree of external connection, and the unit is ten 
thousand US dollars (3) The level of transportation development (T). The level of traffic 
development affects the attractiveness and accessibility of a region to tourists. In this paper, 
the per capita paved road area is used to represent the level of traffic development, in square 
meters (4) Tourism accommodation and traffic conditions (H). Accommodation and catering 
are one of the basic elements of the tourism industry. Inbound tourists are mainly overnight 
tourists, which cannot be separated from the needs of accommodation and catering. This paper 
adopts the characterization of people in the accommodation and catering industry in the 
tertiary industry. 

4. Spatial Correlation Test between Air Quality and the Number of 
Inbound Tourists 

4.1. Spatial Distribution Characteristics of Air Quality and Inbound Tourism 
Based on the data of China's urban air quality index and the number of inbound tourists from 
2014 to 2019, two time periods from 2014 to 2016 and 2017 to 2019 were selected for spatial 
visualization using the numerical five-level natural breakpoint method. The spatial distribution 
of the number of inbound tourists in Chinese cities has the characteristics of high in the east 
and low in the west. Judging from the distribution of inbound tourism in 2014-2016 and 2017-
2019, total tourism showed an increasing trend. The number of inbound tourists in the eastern 
coastal areas presents a band-like distribution. The spatial distribution of the number of 
inbound tourists takes the central cities of urban agglomerations (such as the Beijing-Tianjin-
Hebei urban agglomeration, Guanzhong urban agglomeration, Chengdu-Chongqing urban 
agglomeration and the Yangtze River Delta urban agglomeration, etc.) The evolutionary 
characteristics of "diffusion" are spatially clustered and have a network-like filling 
development trend. The central city effect of the spatial distribution of the number of inbound 
tourists is obvious. The number of inbound tourists at ports of entry and well-known 
international tourism cities (such as Dalian, Xiamen, Lijiang, Guilin, Chongqing, etc.) is relatively 
high, and the spatial agglomeration effect of inbound tourism flows is relatively obvious. 
The air quality index generally shows a downward trend, and its distribution in my country 
shows an evolutionary characteristic of "core-edge" diffusion with Beijing-Tianjin-Hebei as the 
core area and expanding to the surrounding cities. The areas with high air quality index are 
mainly concentrated in Beijing, Tianjin, Hebei in North China, Henan, Shaanxi in Central China, 
Shandong in East China and other provinces and cities. The distribution of air quality index is 
related to the topography of China. In the Sichuan Basin, the Weihe Plain to the North China 
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Plain, and the middle and lower reaches of the Yangtze River plain, agglomeration areas with 
high air quality index have been formed. Haze, etc. are easily deposited in these areas. Some 
provincial capital cities (such as Beijing, Tianjin, Zhengzhou, Shijiazhuang, Xi'an, Jinan) have 
high air quality indexes, forming a trend of expanding to surrounding areas centered on these 
areas, and it is stable. This may be closely related to the higher population density of provincial 
capitals, the per capita car ownership and the development of the secondary industry. 

4.2. The Global Spatial Correlation between Air Quality and the Number of 
Inbound Tourists 

Bivariate Moran's I values of air quality and inbound tourist numbers were calculated by the 
multivariate LISA module in the exploratory spatial data analysis software OpenGeoda. Air 
quality and the number of inbound tourists generally have strong spatial clustering 
characteristics. The bivariate Moran's I values of air quality and inbound tourists are both 
negative, fluctuating between -0.21 and 0.1, indicating that air quality and inbound tourism are 
closely related. There is a negative spatial correlation between the numbers of people. 
 

Table 1. 1The bivariate Moran's I value of air quality and the number of inbound tourists 
years 2014 2015 2016 2017 2018 2019 

Bivariate Moran 's I -0.214 -0.154 -0.172 -0.154 -0.13 -0.155 

4.3. Local Spatial Correlation between Air Quality and the Number of Inbound 
Tourists 

Bivariate global spatial autocorrelation can only explain the overall correlation characteristics 
and changes between geographical variables, but cannot reveal the evolution of correlations 
between local geographical variables. To further explore the local spatial correlation 
characteristics between air quality and inbound tourist numbers, OpenGeoda It conducts a 
bivariate local spatial autocorrelation test, and selects the LISA cluster map of the test results 
from 2014 to 2019 for spatial visualization analysis. 
 During the study period, the negative impact of air quality on the number of inbound tourists 
continued to expand. The agglomeration area is reduced. The high-low agglomeration area and 
the low-low agglomeration area are the main areas where air quality affects the number of 
inbound tourists. Specifically, with the exception of insignificant areas and areas with missing 
data, the impact of air quality on high-inbound tourist arrivals during the study period (high air 
quality index - high inbound tourist arrivals) increased from 3 areas (Beijing, Tianjin, Luoyang) 
in 2014.) decreased to one area in Luoyang, indicating that the air quality in Beijing and Tianjin 
has been improved. The low and high agglomeration areas are mainly concentrated in parts of 
Hebei, Henan, Shandong, and Shanxi, and show a trend of continuous expansion. High and low 
clusters are mainly concentrated in southern coastal areas such as Guangdong and Fujian, 
indicating that tourists tend to flow to cities with better air quality. The low-low areas are 
mainly concentrated in Guangxi, Guangdong, Yunnan, Hainan and other regions, and show an 
expanding band-like distribution. 

4.4. Spatial Measurement Test of Air Quality on the Number of Inbound 
Tourists 

The spatial correlation test of air quality and the number of inbound tourists shows that there 
is an obvious spatial correlation between them. Therefore, we cannot ignore the geospatial 
elements when studying the impact of air quality on the number of inbound tourists. Using the 
spatial panel econometric model can solve this problem very well. Before estimating the model, 
first use the Lagrangian multiplier (LM) to test to get Table 2, and judge the existence form of 
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the spatial correlation (in the form of error term or lag term). exists), i.e. SPEM or SPLM is more 
appropriate. 
It can be seen from Table 2 that under the setting of the spatial weight matrix of geographic 
distance, the LM statistic of SPEM is significant at the 0.01 level, but the LM of SPLM fails the 
significance test, indicating that the impact model of air quality on inbound tourism is better 
than SPEM. SPLM also shows that the impact of air quality on inbound tourism is spatially 
dependent. At the same time, the Hausman test was carried out to reject the null hypothesis, 
and it was more appropriate to select the fixed effect for the panel model. 
 

Table 2. Test results of the spatial panel econometric model 
Testing method Statistics probability 

LM-spatial lag 79.205 0 

Robust LM-spatial lag 1.744 0.187 

LM-spatial error 158.451 0 

Robust LM-spatial error 80.989 0 

 
According to the model identification results, SPDM with spatial fixed effects was selected for 
parameter estimation, and Table 3 was obtained. It can be seen from the table that air quality 
has a significant negative effect on the development of tourism at the 0.01 significance level, 
which is consistent with the research of Yan Youbing, Tang Chengcai and other scholars. The 
air quality of most cities in China is difficult to improve in a short period of time, and the 
classical environmental Kuznets curve hypothesis shows its applicability to China's tourism 
industry. For a developing country like China, inbound tourism is an important characterization 
of an economic phenomenon, and it is unrealistic to ignore the inverted "U"-shaped relationship 
between environmental pollution and economic growth on the Environmental Kuznets Curve 
(EKC). International tourists are more sensitive to air quality because they live in a high-quality 
environment for a long time. In addition, most of them travel long distances. Distance cost is 
not the core factor affecting their destination choice. They will give priority to more tourism 
resources and facilities. Areas with better air quality. Since air quality is prone to spatial 
agglomeration and has obvious spillover effects, the air quality in this region is closely related 
to the local and adjacent inbound tourism markets. Therefore, the air quality governance must 
adopt a regional joint prevention and control strategy, otherwise it will cause "unilateral" 
"Efforts were in vain. 
In the spatial measurement model of the impact of air quality on the number of inbound tourists, 
air quality has a negative effect on the inbound tourism market, indicating that the better the 
air quality, the more attractive the inbound tourists are. Each control variable has more or less 
influence on the number of inbound tourists in the city. Among them, the level of economic 
development is still the primary factor in promoting the local inbound tourism market. The 
impact of external connection on the local tourism market is significantly positive, indicating 
that the higher the level of regional economic opening to the outside world, the better the 
development of the local tourism market and the surrounding tourism market. The level of 
transportation development has a negative effect on the inbound tourism market, which may 
be related to the inability to fully reflect the variables selected to measure the level of 
transportation development. Tourism practitioners measure the facilities of tourism, which has 
a negative impact on the number of inbound tourists, which may be a problem of indicator 
selection. 
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Table 3. Estimation results of inbound tourism spatial panel fixed effects model 
variable lnITA 

lnAQI -1.775*** 
(-4.81) 

lnH -0.618*** 
(-5.24) 

lnPGDP 0.430*** 
(3.52) 

lnT -0.169*** 
(-5.05) 

lnop 0.0131 
(0.46) 

_cons 11.07*** 
(6.50) 

N 846 

Note: *** , ** and * indicate significance at the 0.01 , 0.05 and 0.10 levels, respectively; the 
numbers in parentheses are t - statistics for coefficient estimates. 

5. Conclusion and Discussion 

Air quality issues in China and tourists' perceptions of destination air quality concerns and 
healthy living have a significant impact on inbound tourism travel behavior. This paper takes 
219 prefecture-level cities in China as the research object, and comprehensively uses the 
bivariate LISA model, the spatial panel Durbin model and other methods to explore the spatial 
correlation between air quality and inbound tourism in Chinese cities, and draws the following 
conclusions: 
(1) The spatial distribution of the number of inbound tourists takes the central cities of urban 
agglomerations (such as the Beijing-Tianjin-Hebei urban agglomeration, Guanzhong urban 
agglomeration, Chengdu-Chongqing urban agglomeration and the Yangtze River Delta urban 
agglomeration) as the core, and expands to the surrounding cities. The evolution characteristics 
of core-periphery diffusion are spatially clustered and have a network-like filling development 
trend. The distribution of air quality index in my country shows the evolutionary characteristics 
of "core-edge" diffusion with Beijing-Tianjin-Hebei as the core area and expanding to 
surrounding cities. Some provincial capital cities (such as Beijing, Tianjin, Zhengzhou, 
Shijiazhuang, Xi'an, Jinan) have high air quality indexes, forming a trend of expanding to 
surrounding areas centered on these areas, and it is stable. 
(2) Air quality and the number of inbound tourists generally have strong spatial clustering 
characteristics. The bivariate Moran's I values of air quality and number of inbound tourists are 
both negative, fluctuating between -0.21 and 0.1, indicating that air quality There is a negative 
spatial correlation with the number of inbound tourists. The negative impact of air quality on 
the number of inbound tourists is constantly expanding. The number of high- and low-type 
cities where air quality affects the number of inbound tourists has increased, and the low- and 
high-type agglomeration areas in North China and Central China have continued to expand, and 
high-level agglomeration areas have decreased. The high-low agglomeration area and the low-
low agglomeration area are the main areas where air quality affects the number of inbound 
tourists. 
(3) Due to differences in tourists' perception of air quality and their ability to travel, there is a 
significant negative impact on air quality in inbound tourism. Air quality has become an 
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important factor affecting tourism development, but it is not a single factor. Factors such as 
economic development, foreign relations, tourism development, ecological protection and 
transportation construction should be combined with air management for comprehensive 
management, in order to create a better tourism development. environment to achieve healthy, 
coordinated and sustainable high-quality development of international tourism. 
Under the background of increasingly prominent environmental problems in China and the 
rising status of the tourism industry, study the spatial correlation between air quality and 
inbound tourism, explore the spatial distribution of its impact on inbound tourism, and take 
active measures to improve air quality and inbound tourism development. It is of great 
theoretical significance and practical value to effectively carry out the spatial guidance and 
control of inbound tourism and promote the coordinated and cooperative development of 
regional tourism. There are still many deficiencies in this study, such as missing data, failing to 
obtain relevant data for all prefecture-level cities in the country, and failing to incorporate all 
influencing factors into the spatial model as much as possible. 
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