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Abstract 

 
Not only can air pollution reduce the overall competitiveness of tourist destinations, but also 
changes tourists' travel decisions, thereby affecting the tourism flows. The study presents a 
machine learning method to analyze how the haze pollution puts spatial effect on tourism flows 
in China from 2001 to 2018, and reveals the regional differences in heterogeneity among 
eastern, central, and western China. Our investigation reveals three interesting observations. 
First, the Environmental Kuznets Curve of the impact of haze pollution on tourism flows is 
not significant. In the eastern and western regions, the interaction between haze pollution and 
domestic tourism flows as well as inbound tourism flows shows an inverted U-shaped curve 
respectively. Second, there is an significantly positive spillover effect of tourism flows in all 
of the eastern, central, and western regions. As to the intensity of spillover, domestic tourism 
flows is higher than that of the inbound tourism flows. Both of the above figures are greatest 
in the eastern. Third, the Chinese haze pollution mainly reduces the inbound tourism flows, 
and only imposes significantly negative direct effects on the domestic tourism flows in the 
central region. In the central and eastern regions, significantly negative direct effects and 
spillover effects are exerted on inbound tourism. 
 
 
Keywords: Haze Pollution, Machine Learning, Tourism Flows, Spatial Effect, Regional 
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1. Introduction 
China's urbanization rate and GDP per capita have been increasing along with the rapid 
development of society. However, following the technological progress and the development 
of large-scale industrial production, environmental problems have become increasingly 
prominent, especially air pollution [1-3]. Although haze, as a global problem, is not a "patent" 
of any country or region, large-scale haze weather with PM2.5 as the primary pollutant, which 
happens frequently in China in recent years, has attracted widespread attention home and 
abroad. The persistent aggravation of regional haze pollution and the thorough media coverage 
deeply damages the international tourism images and urban tourism attractiveness of many 
cities [4-8]. The municipal unit is an important spatial vehicle for tourists' haze risk perception 
and selection of travel destinations at the regional scale. Hence, conducting research on the 
haze pollution’s impact on tourism from the municipal level has essential significance. 

The spillover effect is an economic term often mentioned in many studies. It refers to an 
element in an area that not only affects the area, but also indirectly affects related elements in 
other areas nearby. Previous studies found that both haze and tourism flows can be spatially 
dispersed, affecting local and adjacent areas and creating spatial spillover effects [9-12]. Air 
pollution slows down the development of tourism [13-16], but it is unclear whether this 
negative effect is significant. For example, in the practice of tourism development in mainland 
China, there is no significant evidence that haze pollution is negatively correlated with local 
tourism development. As an industrial cluster, eastern China has more serious haze pollution 
and prosperous tourism development inversely, while western China has relatively lighter haze 
pollution and lower levels of tourism development. The rapid development of industry and 
agriculture has brought some drawbacks, such as the decline in air quality. Recently, there 
have been frequent occurrences of haze pollution weather, but the tourist quantity (especially 
domestic tourists) has also grown rapidly. Therefore, how haze pollution impacts urban 
tourism and what’s the exact relationship between the two factors remain to be clarified, and 
urgent attention should be paid to the effect of haze on tourism flows in urban 
travel destinations. 

2. Literature Review 

Haze pollution is a kind of mixed air pollution that is mainly caused by industrial waste gas, 
coal smoke, and vehicle exhaust emissions [17-19]. PM2.5 (particulate matter with 
aerodynamic diameter ≤ 2.5μm in ambient air) is identified as the primary pollutant of haze 
which can be directly inhaled into the lungs [20,21]. Haze poses serious harm to human health, 
which increases the incidence of respiratory tract, cardiovascular, cerebrovascular diseases, 
and nervous system diseases. Existing studies mainly focus on the composition and sources of 
haze [22,23], its distribution characteristics [24,25], and its influence, etc. Because haze will 
spread with the wind, it will affect other regions and produce a spatial spillover effect, which 
has attracted the attention of many scholars in recent years [26-29]. 

Human tourism activities are greatly affected by weather and climate due to their long-term 
exposure to air [30-32]. Suitable climate and good weather will increase the comprehensive 
competitiveness of tourist destinations, improve the images, and pull up the rapid and healthy 
development of the tourism industry [33]. On the contrary, bad weather not only causes serious 
harm to tourists' health [14], but also increases the risk perception of tourists [15], leading to 
declining quality of tourism experience and causing tourists to change or even cancel their 
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itineraries [34]. Up to now, the previous literature mainly explored the impact of haze pollution 
on tourism from two aspects. First is the impact on tourism development [35]. Most of the 
studies use the arrival of tourists as the measurement standard of tourism development [36]. 
Based on Poisson Regression Analysis, the impact of haze pollution on the number of tourists 
and the economic development of the tourism industry is empirically illustrated in Brunei 
Darussalam [37]. Taking Beijing as an example, it is found that air pollution had negative 
effects on tourist arrivals in the long-run, but not in the short-run [38]. It is also confirmed that 
haze pollution and inbound tourism growth in mid-eastern China have apparent spatial auto-
correlation and significant spatial spillover effects [39]. On the other hand, haze pollution has 
impact on tourists' perception. It is suggested that international tourists did not have a strong 
perception of Hong Kong's air quality, and they were willing to fund environmental 
improvement, which was conducive to promote the growth of tourism flows [6]. Some 
researchers used questionnaire survey to discover the impact of haze on Beijing residents' risk 
perception and experience of tourism [13]. The study found that haze pollution had a 
significant impact on the image of Beijing, and potential tourists were constantly decreasing. 
Others proposed a spatial analytical framework to explore tourist experiences from geotagged 
social media data in Beijing in 2013 [40]. They investigated tourists who reported fewer 
positive sentiments and more health issues due to increasing air pollution. 

Admittedly, natural disasters represented by haze weather have brought significant 
negative impacts on tourism, and such negative impacts have regional heterogeneity. However, 
the current academic research on haze pollution and tourism flows is still at a relatively isolated 
level, and there is a lack of comparative studies from the two aspects of regional differences 
and domestic and inbound tourism flows. Therefore, our research attempts to explain the 
effects and regional heterogeneity characteristics of haze on tourism flows in China, including 
domestic and inbound tourism flows, from the perspective of cities from 2001 to 2018, so as 
to fill in gaps in the research on the impact of haze on urban tourism and provide the tourism 
industry with policy suggestions.  

3. Methodology 

3.1 Methodology 

Spatial econometric models are regression models that are dealing with spatial dependence 
and spatial heterogeneity in the system of computer-aided learning methods. Spatial Lag 
Model (SLM), Spatial Error Model (SEM) and Spatial Durbin Model (SDM) are the most 
commonly used models. 
     SDM has a more general form than SEM and SLM. SEM includes the interaction effect 
among the random error terms of the explanatory variables, and SLM includes the endogenous 
spatial interaction effect of the explained variables, while SDM encompasses the spatial 
dependence effect of both the explanatory and explained variables, taking both endogenous 
and exogenous interaction effects into consideration. Therefore, SDM is constructed in this 
study to estimate the spatial dependence effect of explanatory variables such as haze pollution 
and the explained variable of tourism flows (including domestic and inbound tourism flows), 
and then to estimate the direct and indirect effects of explanatory variables such as haze 
pollution on the explained variable of tourism flows [41,42]. SDM is formulated as follows: 
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2  + 0= + + Y WY X WX Nρ β ϕ ε ε δ, （ , ）                           (1) 

where Y is the n × 1-dimensional vector matrix of explained variables. If there are k 
explained variables, X is the n × k-dimensional matrix of explanatory variables. ρ is the spatial 
lag coefficient of the explained variables, i.e., the coefficient of the endogenous interaction 
effect. β is the regression coefficient of the explanatory variables. W is the spatial weight 
matrix constructed based on the proximity criterion. φ is the coefficient of the spatial 
interaction effect of the explanatory variables on the explained variables. ε is the random error 
term that is independent and identically distributed. It can be found that: when φ=0 and ρ≠0, 
the SDM is simplified to the SLM; when φ+ρβ=0, SDM is simplified to the SEM model. The 
significance level of φ determines the strength of the spatial interaction among the explanatory 
variables [11,41,42]. 

 

3.2 Indicator Selection and Data Sources 

In the regression model, the explained variable is tourism flows, which is characterized by 
the arrival of tourists to a city in one year, including domestic and inbound tourism. The 
explanatory variable is the concentration of haze, which is characterized by the concentration 
of PM2.5 (in μg/m³). Considering that the logarithmic treatment of data can eliminate the effect 
of variance, the results of logarithmic treatment of data for tourism flows, domestic tourism 
flows, inbound tourism flows, and core explanatory variable haze pollution are noted as LnTf, 
LnDtf, LnItf, and LnPm respectively. The changing of tourism flows is subject to the 
combined effect of many elements. In addition to the influence of haze, resource endowment, 
market development, infrastructure, and the degree of opening up also play an important role 
in tourism flows. Therefore, in this paper, factors such as economic development, tourism 
resources, infrastructure, transportation location, market size, and external linkage that affect 
tourism flows in municipal units are included in the model as control variables [14,37,39]. 
Among them, (1) the economic development factor (Eco) is a prerequisite and important 
foundation for tourism development, and GDP per capita (10,000 yuan) is selected to represent 
it. The GDP index is deflated with 2001 as the base year. (2) Tourism resource endowment 
(Res) characterizes tourism development and the ability to attract tourists, and the number of 
tourist attractions above 4A level in each city is selected. (3) Transportation location factor 
(Tra) is a prerequisite for tourism development, and the indicator of road network density is 
used to characterize the regional transportation status. (4) Tourism infrastructure (Inf) is a 
foundation for the development of urban tourism, which reflects the city’s ability to receive 
users. Accommodation facilities and reception facilities are important content of Inf. Therefore, 
star-rated hotels and travel agencies are selected. (5) The market size factor (Mar) 
characterizes the actual and potential source markets for tourism and is expressed by using the 
indicator of urban population density, which is not included in the econometric model of the 
influence of haze pollution on inbound tourism flows. (6) The external linkage (FDI) 
characterizes the attractiveness to the inbound tourism market, and the amount of actually 
utilized foreign direct investment is selected. This indicator is not included in the econometric 
model of the influence of haze pollution on domestic tourism flows. 

The statistical data of control variables selected for this paper is mainly obtained from 
China City Statistical Yearbook, China Regional Economic Statistical Yearbook, as well as 
the provincial and prefecture-level city statistical yearbooks, national development statistical 
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bulletins, and official tourism websites. The haze pollution data are characterized by the annual 
average PM2.5 concentration (μg/m3) data of each city. The data is mainly obtained from the 
Atmospheric Composition Analysis Group (ACAG) of Dalhousie University, which were 
raster data estimated by using NASA satellites and a combination of data from ground-based 
monitoring stations. The data were parsed using ArcGIS and can be used directly at the city 
levels (http://fizz.phys.dal.ca/~atmos/martin/?page_id=140). Given the availability of data, 
our research selects 342 cities in China as the research objects, including 101 cities in the 
eastern, 122 cities in the middle, and 119 cities in the western. 

4. Performance Analysis of Haze Pollution on Urban Tourism Flows 

4.1 Correlation Feature Analysis 

The Environmental Kuznets Curve (EKC) is the most widely used mathematical model to 
verify the synergistic relationship between economic growth and environmental issues [43]. 
In order to verify whether there is a phenomenon similar to the EKC hypothesis in the 
economic development process between haze pollution and tourism flows, the time series data 
of PM2.5 concentration and tourism flows of China as a whole as well as detailed data of cities 
in the eastern, central, and western regions from 2001 to 2018 are used to draw scatter plots of 
haze pollution and tourism flows, and the relationship between variables is modeled with the 
help of quadratic polynomial fitting (Fig. 1 and Fig. 2). The R2 values of the quadratic 
polynomial fit between haze pollution and domestic tourism flows and inbound tourism flows 
are 0.0887 and 0.0078 respectively. The inverted U-shaped curve relationship between haze 
pollution and domestic tourism flows is present only in the eastern and western regions, while 
the inverted U-shaped curve relationship between haze pollution and inbound tourism flows 
is present only in the western region, which is not significant, and in the central region, there 
is a weak U-shaped curve relationship. In general, the Environmental Kuznets Curve between 
haze pollution and tourism flows is not significant, and there are some inverted U-shaped curve 
relationships between haze pollution and domestic and inbound tourism flows in the eastern 
and western regions. 
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Fig. 1. Scatter plot of haze pollution and domestic tourism flows 

 

 

Fig. 2. Scatter plot of haze pollution and inbound tourism flow 

4.2 Analysis of the Estimation Results 

The results of the spatial correlation test indicates that haze pollution and tourism flows in 
Chinese cities have essential spatial dependence. Hence, the spatial element cannot be 
neglected when studying their relationship. Before model estimation,  a (Robust) LM test is 
required (Table 1). According to Table 1, several test methods of the econometric models of 
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the effects of haze pollution on domestic tourism flows and inbound tourism flows all pass the 
significance level test of 0.01, making it difficult to determine which is optimal among SEM, 
SLM, and SDM. Moreover, Walds and Likelihood Ratio (LR) tests are used to determine 
whether SDM is able to be reduced to SEM and SLM [41,42,44]. Both Walds and LR statistics 
in Table 1 pass at least the significance level test of 0.05, indicating that SDM cannot be 
simplified to SLM or SEM. SDM is therefore the optimal spatial econometric model. For 
comparison, the variables are also estimated by the OLS model, SLM, and SEM, the estimation 
results are shown in Tables 2 and 3. 

 

Table 1. Spatial econometric models identification test results  

Test Methods 

Domestic Tourism 

 Flows  

Inbound Tourism 

Flows 

 Statistics Statistics 

LM-lag 21.244*** 18.320*** 

Robust LM-lag 16.125*** 11.257*** 

LM-error 48.258*** 12.689*** 

Robust LM-error 16.285*** 14.218*** 

Wald-spatial lag 32.172*** 22.369** 

LR-spatial lag 36.650*** 25.369*** 

Wald -spatial error 42.187*** 36.284*** 

LR-spatial error 39.547*** 28.465*** 

Note: ***, ** and * represent significance at the levels of 0.01, 0.05 and 0.10, respectively. 

Table 2. OLS, SEM, SLM and SDM estimation results of the impact of haze pollution on domestic 

tourism flows 

Variables OLS SEM SLM SDM 

LnPm 0.157 0.169 0.296 0.258 

LnEco 0.560*** 0.534** 0.501*** 0.618*** 

LnRes 0.401** 0.495*** 0.396* 0.325** 

LnTra 0.232*** 0.308** 0.277** 0.240** 

LnInf 0.202** 0.198** 0.401* 0.217** 

LnMar 0.656*** 0.521** 0.498*** 0.569*** 

LnFDI — — — — 

W×LnPm    0.160 
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W×LnEco    0.271** 

W×LnRes    -0.169 

W×LnTra    -0.101** 

W×LnInf    0.229** 

W×LnMar    0.337*** 

W×LnFDI    — 

ρ   0.416*** 0.455*** 

λ  0.251***   

Adjusted R2 0.589 0.829 0.824 0.898 

Loglikelihood 125.366 275.041 279.255 355.232 

Note: ***, ** and * respresent significance at the levels of 0.01, 0.05 and 0.10, respectively. 
 

Based on the estimation results in Tables 2 and 3, SDM is also the optimal model to explain 
the impact of haze pollution on domestic and inbound tourism flows. The estimation results 
of SEM for the effect of haze pollution on domestic and inbound tourism flows show λ values 
of 0.251 and 0.360 respectively, and pass the significance level test of 0.01, indicating that 
there is also a possibility of omitting explanatory variables in the regression model, and there 
may be more omitted explanatory variables in the regression model for the impact of haze 
pollution on inbound tourism flows, which are also interacted spatially. The values of spatial 
lag term ρ in SDM on domestic and inbound tourism flows are 0.455 and 0.280 respectively, 
and both pass the significance level test of 0.01, indicating that there is a significant positive 
spatial spillover effect for both domestic and inbound tourism flows in geographic space, and 
the spatial spillover intensity of domestic tourism flows is significantly higher than that of 
inbound tourism flows. Provided that other explanatory variables are controlled, a 1% increase 
in domestic and inbound tourism flows in a neighboring municipal unit will lead to a 0.455% 
and 0.280% increase in the local city’s domestic and inbound tourism flows respectively, that 
is consistent with the findings of existing studies [33] [53]. 

From the view of spatial interaction coefficients of the control variables, the factors of 
economic development, tourism infrastructure, and market scale have significant positive 
spatial spillover effects on domestic tourism flows, with the spatial spillover coefficients being 
0.271, 0.229, and 0.337 respectively. All of them pass the significance level test of at least 
0.05. The transportation location factor has significant negative spatial spillover effect on 
domestic tourism flows. The spatial spillover coefficient is −0.101 and passes the significance 
level test of 0.05. The spatial spillover coefficient of tourism resource endowment on domestic 
tourism flows is −0.169, but it does not pass the significance level test.  

The economic development factor and tourism infrastructure have significant positive 
spatial spillover effects on inbound tourism flows, with the coefficients being 0.204 and 0.120 
respectively, and both pass the significance level test of 0.10. The transportation location factor 
also has significant negative spatial spillover effects on inbound tourism flows, with a 
coefficient of −0.175, which passes the significance level test of 0.10, indicating that the 
improvement of local tourism transportation conditions has a shielding effect on the inbound 
tourism market of neighboring municipal units and accelerates its decline. The spatial spillover 
coefficients of tourism resource endowment and external linkage on inbound tourism flows 
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are 0.108 and −0.387 respectively, which do not pass the significance level test, indicating that 
the improvement of local tourism resource endowment and external linkage has not yet had a 
negative influence on the inbound tourism market of neighboring municipal units. 

Table 3. OLS, SEM, SLM and SDM estimation results of the effect of haze pollution on inbound 
tourism flows 

Variables OLS SEM SLM SDM 

LnPm -0.154* -0.110* -0.102** -0.109** 

LnEco 0.412** 0.512* 0.478** 0.562*** 

LnRes 0.298* 0.265 0.304* 0.279* 

LnTra 0.193* 0.107** 0.209** 0.118* 

LnInf 0.375** 0.301** 0.300* 0.295* 

LnMar — — — — 

LnFDI 0.303*** 0.319** 0.322*** 0.469** 

W×LnPm    -0.067* 

W×LnEco    0.204** 

W×LnRes    0.108 

W×LnTra    -0.175* 

W×LnInf    0.120* 

W×LnMar    — 

W×LnFDI    -0.387 

ρ   0.301*** 0.280** 

λ  0.360***   

Adjusted R2 0.585 0.764 0.799 0.809 

Loglikelihood 198.982 223.027 236.280 298.064 

Note: ***, ** and * represent significance at the levels of 0.01, 0.05 and 0.10, respectively. 

4.3 Spatial Effect Decomposition 

When studying the decomposition results of the spatial impacts of haze pollution on tourism 
flows (Table 4), the direct and spatial spillover effects of haze pollution on domestic tourism 
flows are 0.229 and −0.008 respectively, which did not pass the significance test. The direct 
effect and spatial spillover effects of haze pollution on inbound tourism flows are −0.124 and 
−0.055 respectively, which pass the significance test of 0.05. Each 1% increase in haze 
pollution in the local unit reduces the local inbound tourist number by 0.229%, while each 1% 
increase in haze pollution in neighboring urban units leads to a 0.008% decrease in the local 
number of inbound tourists. This indicates that haze pollution mainly has bad effect on 
inbound tourism, rather than domestic tourism flows at present. Since haze is prone to 
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agglomeration and has obvious spillover effect, haze pollution in local and neighboring areas 
is closely related to the local inbound tourism market, which means that for the development 
of inbound tourism, haze pollution must be managed through a regional joint prevention and 
control strategy. Otherwise, "unilateral" efforts to combat the haze will be futile. 

Table 4. Spatial effect decomposition results of SDM 

explanatory 

variables 

 domestic tourism flows inbound tourist flows 

direct effect 
spillover 

effect 
direct effect 

 spillover 

effect 

LnPm 0.229 -0.008 -0.124** -0.055** 

LnEco 0.604*** 0.256* 0.501*** 0.289* 

LnRes 0.221** -0.158 0.220* -0.103 

LnTra 0.239*** -0.128*** 0.109** -0.168 

LnInf 0.281* 0.175* 0.278 0.094* 

LnMar 0.508*** 0.312* — — 

LnFDI — — 0.402*** 0.366 

Note: ***, ** and * represent significance at the levels of 0.01, 0.05 and 0.10, respectively. 
Control variables, namely economic development factor, market size factor, tourism 

infrastructure, transportation location factor and tourism resource endowment are arranged in 
descending order considering their direct effects on domestic tourism flows, with the 
coefficients of 0.604, 0.508, 0.281, 0.239, and 0.221 respectively, all of which pass the 
significance test of at least 0.10. The economic development factor is also the most critical 
factor affecting domestic tourism flows. Each 1% increase in the economic development factor, 
the market size factor, the tourism infrastructure, the transportation location factor, and the 
tourism resource endowment of the municipal unit will contribute to an increase of 0.604%, 
0.508%, 0.281%, 0.239%, and 0.221% respectively, in the domestic tourism flows of the 
municipal unit. The spatial spillover impacts of each control variable on domestic tourism 
flows in descending order are market size factor, economic development factor, tourism 
infrastructure factor, transportation location factor, with spatial spillover coefficients of 0.312, 
0.256, 0.175, and −0.128 respectively, all of which pass the significance level test of at least 
0.10. Market size factor, economic development factor, and tourism infrastructure have 
positive spatial spillover effects. A 1% positive change in these three variables in the 
neighboring municipal units will promote the increase of domestic tourism flows in local 
municipal unit by 0.312%, 0.256%, and 0.175% respectively, while each 1% positive change 
in the transportation location factor of the neighboring municipal units will lead to a decrease 
of 0.128% in the tourism flows in this municipal unit. The shielding effect caused by 
improvement in transportation conditions on domestic tourism flows is greater. 

As to the decomposition results of the spatial effects of each control variable on inbound 
tourism flows, the influence of each control variable differs significantly from its impact on 
domestic tourism flows. Control variables whose direct effects on inbound tourism flows 
descend are arranged in the order of economic development factor, external linkage, tourism 
resource endowment, and transportation location factor, with direct effect coefficients of 0.501, 
0.402, 0.220, and 0.109 respectively, all passing the significance test of at least 0.10. The 
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economic development factor is also the most critical factor affecting inbound tourism flows, 
and it was followed by external linkage. Each 1% increase in the economic development factor, 
the external linkage, the tourism resource endowment, and the transportation location factor 
of this municipal unit will promote the growth of inbound tourism flows of the municipal unit 
by 0.501%, 0.402%, 0.220% and 0.109% respectively. Among the control variables, only the 
spatial spillover coefficients of the economic development factor and tourism infrastructure 
for inbound tourism flows passe the significance level test of 0.10, at 0.289 and 0.094 
respectively, indicating that each 1% positive change in the economic development factor and 
tourism infrastructure of the neighboring municipal units will promote 0.289% and 0.094% 
growth in the inbound tourism flows of the local municipal unit. The spatial spillover 
coefficients of the external linkage, tourism resource endowment, and transportation location 
factors are 0.366, −0.103, and −0.168 respectively, all of which do not pass the significance 
test and are not statistically significant, indicating that the external linkage, tourism 
infrastructure, tourism resource endowment, and transportation location factors of the 
neighboring municipal units do not have essential impacts on the growth of inbound tourism 
in this municipal unit for the time being. 

5. Regional Heterogeneity of Effects 

5.1 Estimation Results for Eastern, Central, and Western Regions 

Using SDM to estimate the impact of haze pollution on tourism flows, it is found (Table 5) 
that in the eastern, central, and western regions, SDM is better fitted in the central region on 
domestic tourism flows with Loglikelihood and adjusted R2 being 90.126 and 0.869 
respectively, while on inbound tourism flows SDM is better fitted in the eastern region with 
Loglikelihood and adjusted R2 being 90.780 and 0.898 respectively. The ρ values of SDM for 
the impact on domestic tourism flows are 0.495, 0.418, and 0.327 respectively, while for the 
impact on inbound tourism flows are 0.322, 0.294, and 0.150 respectively. All the ρ values at 
least pass the significance level test of 0.10, indicating that there are significant positive spatial 
spillover effects of both domestic and inbound tourism flows in the eastern, central, and 
western regions, and the positive spatial spillover intensity of domestic tourism flows is 
significantly higher than that of inbound tourism flows in all the regions. The results further 
indicate that both domestic and inbound tourism flows have the highest spatial spillover effect 
in the eastern region, followed by the central region, and then the western region. Provided 
that other explanatory variables are controlled, each 1% increase in domestic tourism flows 
and inbound tourism flows of the neighboring cities in the eastern, central, and western regions 
will lead to an increase of 0.495%, 0.418%, and 0.327% in domestic tourism flows and an 
increase of 0.322%, 0.294%, and 0.150% in inbound tourism flows of local cities respectively. 

Table 5. SDM estimation results of the impact of haze pollution in the eastern, middle and western on 
tourism flows. 

variable 
 tourism flows  domestic tourism flows inbound tourism flows 

eastern middle western eastern middle western eastern middle western 

LnPm 0.208 -0.211* 0.124 0.201 -0.275* 0.129 -0.245* -0.327** -0.012 

LnEco 0.501** 0.639*** 0.597** 0.500** 0.644*** 0.586* 0.401*** 0.578** 0.555** 
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LnRes 0.249 0.245* 0.169** 0.255 0.247* 0.162** 0.312*** 0.255* 0.201 

LnTra 0.171** 0.272** 0.311* 0.177* 0.289** 0.301* 0.208** 0.247** 0.159* 

LnInf 0.198** 0.326* 0.301* 0.220* 0.369* 0.307* 0.321** 0.301 0.224 

LnMar 0.498** 0.599* 0.526** 0.509** 0.601* 0.530*** — — — 

LnFDI 0.196* 0.101 0.128 — — — 0.475** 0.401* 0.318 

W×LnPm 0.149 -0.097 0.111 0.185 -0.122 0.021 -0.072* -0.096* -0.007 

W×LnEco 0.298** 0.201* 0.006 0.300* 0.245** 0.024 0.275* 0.201** 0.182** 

W×LnRes -0.175* 0.076 0.054 -0.199* 0.124* 0.076 -0.096 0.124 0.169 

W×LnTra -0.119** -0.086 0.121* -0.137** -0.067* 0.104* -0.189* 0.101* 0.078* 

W×LnInf 0.219 0.284** 0.202 0.225* 0.298** 0.201 0.175** 0.204* 0.166 

W×LnMar 0.274** 0.398*** 0.201*** 0.280** 0.412*** 0.223* — — — 

W×LnFDI -0.142* 0.056 -0.079 — — — 0.299* 0.251 0.089 

ρ 0.454*** 0.407*** 0.309* 0.495** 0.418*** 0.327** 0.322** 0.294* 0.150* 

Adjusted R2 0.841 0.852 0.708 0.827 0.869 0.722 0.898 0.801 0.707 

Loglikelihood 90.844 93.020 78.369 92.018 90.126 79.028 90.780 89.021 74.198 

Note: ***, ** and * represent significance at the levels of 0.01, 0.05 and 0.10, respectively. 

5.2 Analysis of Differences in Regional Heterogeneity in Estimation Results 

Taking the decomposition results of the spatial impacts of haze pollution on tourism flows in 
the eastern, central, and western regions (Table 6), haze pollution only has an obvious negative 
direct effect on tourism flows and domestic tourism flows in the central region, and the direct 
effect coefficients are −0.203 and −0.255 respectively, indicating that each 1% increase in 
haze pollution in the local city in the central region will lead to a decrease of 0.203% and 
0.255% in the overall tourism flows and domestic tourism flows respectively. In the eastern 
and central regions, there is an obvious negative direct effect and spatial spillover effect of 
haze pollution on inbound tourism flows. The coefficients of direct effect and spatial spillover 
effect in the eastern  regions are −0.169 and −0.087 respectively, while the data in the central 
region are −0.297 and −0.125 respectively, indicating that in the eastern region, each 1% 
increase in the level of haze pollution in the local city will lead to a 0.169% decrease in the 
inbound tourism flows, while each 1% increase of the haze pollution in the neighboring city 
will lead to a 0.087% decrease in the inbound tourism flows in the local city. In the central 
regions, a 1% increase in haze pollution in the local city will lead to a 0.297% decrease in its 
inbound tourism flows, while a 1% increase in neighboring city will lead to a 0.125% decrease 
in inbound tourism flows in the local city. In recent years, the central and eastern regions of 
China have seen a high incidence of haze pollution, coupled with the high sensitivity of 
inbound tourists to haze. The bad effects of haze pollution on tourism flows in China mainly 
centered on the inbound tourism in the central and eastern regions, so the treatment and 
prevention of haze pollution and the creation of a healthy international tourism image become 
particularly urgent for the regions willing to achieve high-quality tourism development. 
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Table 6. Spatial Effect Decomposition Results of SDM in the Eastern, Middle and Western. 

Explanatory 

Variables 
Region 

 Tourism Flows 
 Domestic Tourism 

Flows 
Inbound Tourism Flows 

Direct Effect 
Spillover 

Effect  

Direct 

Effect 

Spillover 

Effect 

Direct 

Effect 

Spillover 

Effect 

LnPm 

Eastern 0.234 0.125 0.209 0.168 -0.169* -0.087* 

Middle  -0.203* -0.084 -0.255* -0.134 -0.297** -0.125*** 

 Western 0.101 0.059 0.098 0.094 -0.101 -0.042 

LnEco 

Eastern 0.551*** 0.289** 0.574*** 0.291** 0.474*** 0.205** 

Middle 0.601*** 0.258** 0.592*** 0.252** 0.508*** 0.126* 

Western 0.475*** 0.201* 0.479** 0.214* 0.407** 0.104 

LnRes 

Eastern 0.222* -0.111* 0.231* -0.166* 0.279** -0.099 

Middle 0.237** -0.146 0.247** -0.179 0.289* 0.125 

Western 0.201* 0.102 0.209* 0.194 0.201* 0.111 

LnTra 

Eastern 0.178** -0.184* 0.182* -0.176* 0.147** -0.175* 

Middle 0.202*** -0.129 0.209*** -0.125 0.208** 0.196* 

Western 0.259** 0.095 0.260** 0.102 0.096* 0.101* 

LnInf 

Eastern 0.301** 0.105** 0.312*** 0.107** 0.301* 0.198* 

Middle 0.333** 0.286 0.347* 0.294* 0.256 0.215** 

Western 0.214* 0.100 0.216* 0.105 0.201 0.154 

LnMar 

Eastern 0.478*** 0.301** 0.479*** 0.304** — — 

Middle 0.554*** 0.307** 0.560** 0.325** — — 

Western 0.402** 0.290** 0.412*** 0.294* — — 

LnFDI 

Eastern 0.185** -0.131* — — 0.387* 0.306* 

Middle 0.142 0.102 — — 0.324* 0.261 

Western 0.101 -0.085 — — 0.240 0.085 

Note: ***, ** and * represent significance at the levels of 0.01, 0.05 and 0.10, respectively. 

The direct and spillover effects of each control variable on tourism flows differ from region to 
region, coming to the decomposition results of the spatial effects of each control variable  
(Table 6). Specifically, the positive direct effect coefficients and spatial spillover effect 
coefficients on both domestic and inbound tourism flows are also significantly positive, with 
the largest positive direct effect on domestic and inbound tourism flows being in the central 
regions and the largest spatial spillover effect on domestic and inbound tourism flows being 
in the eastern regions. Tourism resource endowment has significantly positive direct effects 
on both domestic and inbound tourism flows in the cities of the eastern, central, and western 



2044                                       Gu et al.: Machine Learning Aided Tracking Analysis of Haze Pollution and Regional Heterogeneity 

regions. The largest direct effect coefficients on domestic and inbound tourism flows are 0.247 
and 0.289 respectively in the central regions, while the smallest direct effect coefficients are 
0.209 and 0.201 respectively in the western regions. Tourism resource endowment has 
significantly negative spatial spillover effects on municipal domestic tourism flows in the 
cities of the eastern regions, while the spatial spillover effects on the municipal domestic 
tourism flows in the central and western regions was not significant. The spatial spillover 
effects on the inbound tourism flows in the eastern, central, and western regions are also not 
significant. The transportation location factor also has significantly positive direct effect on 
both domestic and inbound tourism flows in the cities of the eastern, central, and western 
regions, with the largest direct effect on domestic tourism flows being in the western regions 
and the largest direct effect coefficient on inbound tourism flows occurring in the central 
regions. Every 1% increase in the transportation location factor in the central region will 
promote a 0.208% increase in the elasticity of inbound tourism flows in the local city. The 
spatial spillover impacts of transportation location factor on domestic tourism flows and 
inbound tourism flows in the eastern regions are significantly negative, and the spatial 
spillover effects on inbound tourism flows in the central and western regions are significantly 
positive. Each 1% increase in the transportation location factor of the neighboring city in the 
central and western regions will promote a 0.101% increase in the elasticity of inbound tourism 
flows in the local city.  

6. Conclusion and Discussion 

The impact of global climate changing and continuous air quality deterioration on tourism 
markets is increasing. Haze weather has caused a significant impact on tourism that cannot be 
ignored. However, in the urban area, the impact of haze pollution on tourism flows has not 
attracted enough attention, and there is a lack of exploration on their possible spatial effects of 
tourism flows and haze pollution, or on the differences in their action ranges. Therefore, this 
paper constructs a variety of spatial econometric models of the effects of haze pollution on 
tourism flows, empirically demonstrates the effects of haze pollution on tourism flows, 
including domestic and inbound tourism flows, in China's cities from 2001 to 2018, and reveals 
the regional heterogeneity differences of these effects in eastern, central, and western China. 
The main contributions of the paper are summarized as follows: 

Firstly, the Environmental Kuznets Curve between haze pollution and tourism flows is not 
significant, and there is an inverted U-shaped relationship between haze pollution and 
municipal domestic and inbound tourism flows in the eastern and western regions. Secondly, 
there is a significantly positive spillover effect of tourism flows in the eastern, central, and 
western regions, and the intensity of spillover is higher for domestic tourism flows than for 
inbound tourism flows, and the spillover effect of both is greatest in the eastern. Thirdly, in all 
of the regions, the negative effect of Chinese haze pollution on tourism flows mainly exists in 
inbound tourism, and haze pollution imposes more prominent negative direct effect on 
domestic tourism flows in the central region, and there is remarkable negative direct effect and 
spillover impact on inbound tourism flows in the central and eastern regions. 

China already secures a big tourism market, but it is not yet a strong tourism power. The 
core of building a world tourism power is quality. To enhance the comprehensive 
competitiveness and international influence of China's tourism, we must actively adopt the 
coping strategies of tourism development. The following countermeasures are proposed: 
Firstly, China needs to increase air pollution prevention and control efforts, vigorously 
promoting and calling for low-carbon lifestyle and business philosophy to strengthen 
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environmental education. Secondly, it is wise to establish cross-regional tourism cooperation 
mechanisms and cross-departmental internal coordination mechanisms, and adopt coping 
measures of regional joint prevention and control, joint management of departments, and 
active participation of social forces. Thirdly, develop a system of innovative tourism products 
and strive to develop emerging tourism industry formats. 

Tourism flows have always been the key research direction and core content of tourist cities. 
However, due to the complex process of urban tourism development, tourism flows are 
affected by many internal and external factors. Because there are no unified standard or factor 
index system can be followed academically, this research still has shortcomings and needs to 
be further improved and deepened. First of all, in terms of research measurement, subsequent 
studies can start from the internal thrust of tourists and explore the influencing mechanism of 
haze pollution on tourism flows from the perspectives of per capita GDP, leisure time and 
tourism motivation of tourists. 

Secondly, in terms of research data, we can use different index data, such as air quality 
index (AQI), and more detailed time-series data, such as a month, a week and a day, to analyze 
the impact of haze pollution on the tourists flows. 

In addition, by digging big data such as online text data and geo-tagged photos, we can also 
study the impact of haze on tourists' perception and behaviors, so as to discover more general 
mechanism of haze pollution on tourism flows. 
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