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a b s t r a c t

Tourism is largely dependent on climate and weather, and thus climatic attributes are expected to alter
decisions of tourists. Utilising transaction data from a leading online travel agent (OTA) in China, this
study explores the impacts of air quality, a critical environmental indicator, on outbound tourism de-
mand whilst considering the moderating effects of disposable income at the city level. Empirical results
show that air quality in the place of origin creates a pushing effect as local outbound tourism demand
increases as air quality deteriorates. This relationship is negatively moderated by local disposable income
level. This study also identifies a delay effect of five days in the impacts of air quality on outbound
tourism demand. The theoretical contributions and implications of these findings for the operation
management of OTAs and tourism destinations are presented at the end of this study.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Tourism is a climate-dependent industry, and climatic variations
can either facilitate or inhibit tourist participation in various des-
tinations (Becken & Wilson, 2013). According to de Freitas (2003),
climate has three facets, namely, aesthetic, physical and thermal
aspects which are interdependent on each other. Aesthetic aspects,
which greatly determine the attractiveness of a place as a tourism
destination, are mainly affected by physical elements, such as
sunlight, cloudiness and air quality of the location (Goh, 2012).
Tourism researchers investigated impacts of climate on the tourism
industry, ranging from geographical space and supply to demand
ang), fangbin@xmu.edu.cn
and market agent of the tourism system (Martín, 2005). The
rationale behind is that climate and weather conditions are major
criteria to assess the suitability of tourism activities and ultimately
determine destination choices (Amelung, Nicholls, & Viner, 2007;
Becken, 2013; Goh, 2012; Rossell�oeNadal, 2014).

Changes in climate and weather conditions can also lead to
tourism demand variations. For example, Goh (2012) moved
beyond the conventional tourism demand framework by including
non-economic factors (i.e. the socio-psychological variable of
climate). Her findings confirm the proposed significance of climate
in affecting tourism demand to Hong Kong from four source mar-
kets (i.e. the US, the UK, Japan and mainland China). Climate and
weather conditions can also influence outbound tourism demand.
Using transfer function models, Rossell�o-Nadal, Riera-Font, and
C�ardenas (2011) found that the dynamics of outbound British flows
are contingent on a series of climatic variables, such as tempera-
ture, heat, air frost, sunshine days and short-term weather
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conditions. In accordance with the simple and useful pullepush
framework, which explains driving forces underlying tourist
mobility, climatic variables represent both a push and a pull factor
in shaping the patterns of tourism demand.

A noteworthy feature of relevant literature is that research on
the pulling aspects of climatic variables in tourism destinations
discusses mainly the relationship between tourism demand and
climatic conditions. The pushing effects of climatic variables are
underlying the pulling effects. According to Dann (1977), ‘push
factors precede pull factors’ (p. 207). Analytically, decisions on
where to go and what to see come down to one essential choice:
whether to go. In addition, the pulling effects of climatic attributes
involved in selecting among alternative tourism destinations
correspond closely to ambient environment in their place of resi-
dence (i.e., perceived differences of climate in the
originedestination pairs). McKercher, Shoval, Park, and Kahani
(2015) suggested that the notions of tourists about weather are
largely contingent on their perceived discrepancy between the
weather in the destination (a novel place) and the familiar weather
in the place of origin.

Most studies investigating the pushing effects of climate con-
ditions on outbound tourism demand only consider the meteoro-
logical variables of rainfall, sunshine and temperature (Agnew &
Palutikof, 2006; Rossell�o-Nadal et al., 2011; Alvarez-Díaz &
Rossell�o-Nadal, 2010). Few academic efforts have been devoted to
the impacts of air quality on outbound tourism demand. Like other
climatic variables, air quality pertains to the physical comfort which
is crucial to tourist experiences. In recent years, air quality has
become a severe concern for human health. Evidence produced in
medicine suggests that short-term and long-term exposures to
ambient air pollution can engender a wide variety of acute and
chronic health problems (Seaton, Godden, MacNee, & Donaldson,
1995).

Therefore, seeking for fresh air can become a critical motiva-
tional stimulator for spatial mobility at the international level that
may ultimately affect international tourism flows and outbound
tourism demand. Behavioural finance researchers found that
environmental stimuli such as air quality can trigger mood swings
which can bias the decision-making process at the time of making a
choice (Kourtidis, �Sevi�c, & Chatzoglou, 2016; Li & Peng, 2016). In
line with this finding, air quality is expected to strongly influence
outbound tourist flows. However, verification of this effect is scarce
in existing research.

This study aims to fill this research void and strengthen the
theoretical and empirical foundation of the tourism demand liter-
ature. Firstly, this study focuses on the climatic element in places of
origin instead of that in tourism destinations. Climatic attributes
discussed in extant literature include sunny weather, cosy tem-
perature, quality beaches and water-based activities which pull
tourists away from their home places (Day, Chin, Sydnor, &
Cherkauer, 2013). However, underlying these pull factors is a
push concept that defines destination as a place of escape for self-
recovery and recreation that gives tourists a sense of intimacy
(Prayag & Ryan, 2011; Trauer & Ryan, 2005). Analysing climate el-
ements in tourists’ home countries as a push factor offers a new
angle to understand tourism demand.

Secondly, this study avoids providing a general overview of the
concept of climate. Rather, this study focuses on the specific cli-
matic variable of air quality. McKercher et al. (2015) found that air
quality is the most significant factor, and based on this finding, they
highlighted air quality as an influential behavioural indicator for
future research. Although many studies consider air quality a core
external cost in the tourism industry (e.g. Saenz-de-Miera &
Rossell�o, 2014), few studies examine the effects of air quality on
tourism demand. Evidence from air quality is normally associated
with health costs, such as the acute and chronic effects of partic-
ulate matter (PM, PM10 and PM2.5) on human health (Chen,
Ebenstein, Greenstone, & Li, 2013; Kampa & Castanas, 2008). Res-
idents more likely exhibit denial and adopt exaggerated percep-
tions than new tourists because air quality is closely interrelated
with home, work and social interaction settings (Evans, Jacobs, &
Frager, 1982).

Thirdly, apart from precisely identifying the influence of air
quality on tourism demand, this study considers the moderating
effect of disposable income. Tourism scholars generally incorpo-
rated disposable income into the orthodox tourism demand
framework and their empirical analyses depict disposal income as a
crucial determinant for demand (e.g. Cai, Hu, & Feng, 2002; Wang,
2010; Yang, Liu,& Qi, 2014). In previous studies, a straightforwardly
linear relationship between disposable income and tourism de-
mand exists. That is, high-level income denotes high automobility.
People with higher income than others are more capable of
removing constraints to participating in tourism activities. Facing
the ambient environment of worsening air quality, can disposable
income still drive people overseas to escape the severe smog back
home? The existing literature has not resolved this question.

This study seeks to address this research gap by evaluating the
impact of a specific climatic variable (i.e. air quality) on outbound
tourism demand whilst considering the moderating role of per-
sonal disposable income in such a relationship. Data for this study
were gathered from a dominant online travel agent (OTA) in China.
Given the difficulty of obtaining information related to the travel
demand of individual tourists, this study follows previous studies,
such as Granados, Gupta, and Kauffman (2012) and Li, Granados,
and Netessine (2014) by using the number of orders tourists
placed on this OTA within a single day as a proxy for tourism
demand.

2. Literature review

2.1. Climate and tourism

Extensive studies on the travel motivations of tourists reveal
multiple factors, including climate, discretionary time, travel costs
and scenery (Jang & Wu, 2006), that are all connected to climate
and weather to an extent (G€ossling, Scott, Hall, Ceron, & Dubois,
2012). Smith (1993) identified two types of tourists, namely,
climate-dependent and weather-sensitive tourists. The former re-
fers to tourists who are attracted by favourable weather conditions
in tourism destinations, whereas the latter refers to those who
emphasise the critical role of weather in their decision-making
process. These two categories correspond to pull-push factors
relating to distinct decisions which are made at two separate
timepoints. The pull-push provides a basic frame to analyse the
impacts of climatic variables on the tourism industry.

Becken and Wilson (2013) found that half of their surveyed
tourists changed their trip plans due to climatic conditions,
whereas Martín (2005) found that temperate climatic variations
merely drive tourists to switch from outdoor to indoor activities.
Destination choice and tourism demand are also contingent on the
climate in tourists’ place of origin. Asymmetries exist in climate
preferences across different source markets as the discrepancy
between the climate in home places of tourists and that in their
selected tourist destination frames their perceptions of climate
(Bigano, Hamilton, & Tol, 2006). Scott, Gossling and de Freitas
(2008) suggested that the preferred temperature of Swedish re-
spondents is higher by almost 4 �C and 2 �C than that of their New
Zealand and Canadian counterparts, respectively. Climate as a
pulling force leads to a cross-regional substituting effect in desti-
nation selection. Pulling effect concerns where to go andwhat to do
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which come after the issue of whether to go, a decision which
closely relates to the push effect of climate.

Climatic variables can also be push factors on tourism demand.
Eugenio-Martin and Campos-Soria (2010) examined the relation-
ship between climate in the residence regions and choice between
travelling domestically and abroad. The results of these studies
demonstrate that residents from regions with good climate indices
tend to travel domestically and less likely to travel overseas.
Saverimuttu and Varua (2014) found that climate variability in the
US is an important push factor to motivate American tourists
travelling to the Philippines as the US tourist arrivals in the
Philippines increase significantly when the US experiences La Ni~na-
like weather conditions (i.e. cold season).

Ridderstaat, Oduber, Croes, Nijkamp, and Martens (2014)
empirically identified rainfall, windspeed and temperature as sig-
nificant push factors of seasonal US tourism demand for Aruba,
whereas rainfall is a push factor for tourism demand for Venezuela.
These studies assessing pushing effects of climatic elements on
tourism demand mainly focus on calculations of thermal comfort
for both domestic and international tourism demand. Ambient air
quality should attract more academic attention than thermal
comfort and aesthetic dimension of physical environment as the
former is closely related to health risks. However, the existing
literature places a relatively low attention on the effects of air
quality on outbound tourism demand.

2.2. Air pollution as a health hazard and tourism factor

In addition to the hedonic dimension that is widely investigated
in previous studies, climatic variables can cause concerns for hu-
man health. Air pollution has become a critical environmental issue
nowadays. For example, smog, a relatively constant and calculable
form of hazard, is becoming increasingly frequent and may cause
severe consequences on the environment and public health
(Adgate, Goldstein, & McKenzie, 2014). The London Smog of 1952
reveals that dense particulate-based smog dramatically increases
daily mortality (Schwartz, 1994).

Intuitively, a contaminated environment, such as that with
polluted water and air, inhibits the development of the tourism
industry in a certain place. For example, the nuclear accident in
Fukushima, Japan in 2011 greatly affected the inbound tourism of
the whole country (Nikkei Asian Review, 2017). As risk avoidance is
inherent in the motivations of tourists and the global climate
change is continuing, it is reasonable to argue that air quality is an
expeller pushing tourists away from their resident places.

Urban air pollution is a complex mixture of hazardous elements,
among which particulate matter is a major air pollutant for public
health. Its seasonal variation is complicated and location-
dependent, making it an air quality problem year-round (Jacob &
Winner, 2009). Epidemiological studies constantly suggest that
particulate air pollution not only exacerbates illness in people with
respiratory disease but also increases mortality from cardiovascular
and respiratory disease among elders (Seaton, MacNee, Donaldson,
& Godden, 1995). However, public awareness of poor air quality is
far from universal as perceived environmental risk of air pollution
is inextricably tied to socially localised context (Bickerstaff &
Walker, 2001). Direct experience is more crucial in developing
perceptions of air quality than secondary information and media
coverage.

Tourism scholars also shared similar observations. For example,
Evans et al. (1982) found that residents are more likely to exhibit
denial and adopt exaggerated perceptions than new tourists
because air quality is closely interrelated with home, work and
social interaction settings. Scholars generally agreed that fresh air is
fundamental to the competitiveness of a tourism destination (e.g.
Gao & Kerstetter, 2016; Li, 2004). This consensus signifies that the
relatively high-level air quality in the intent destination as demand
for climate-related elements mainly stems from discrepancy be-
tween tourism destinations and places of origin (Bigano et al.,
2006). Therefore, considering the year-round dynamic changes,
air quality can be regarded as a critical pushing escape stimulator.

2.3. Outbound tourism in China

Outbound tourism has become an important sector that ex-
pands rapidly along with the high-income growth rates in devel-
oped and newly industrialised countries as well as the substantially
decreasing international transportation costs (Lim, 1997). The rapid
growth of China's tourism market has attracted much attention in
recent years. Within two decades, the number of outbound tourists
in the country increased from 2,988,700 to 70,250,000, making
China an important export market for many eastern and western
countries from an international perspective (Dai, Jiang, Yang, &Ma,
2017).

Such a momentum is facilitated by a series of macroeconomic
factors economically and politically, such as the increase of GDP and
the removal of institutional and economic policy restrictions
(Keating & Kriz, 2008). Outbound tourism in China is managed and
regulated by the Approved Destination Status (ADS) scheme, under
which 140 countries were approved as ADS countries by the end of
2011 (People's Daily, 2011). During the transition from central-
planned economy to a market-driven economy, outbound Chi-
nese tourists are mainly geared towards shoppingwhich is partially
based on the conclusion of Dai et al. (2017) that outbound tourism
in China is still in the preliminary developmental stage.

Dai et al. (2017) also observed that the Chinese outbound mar-
ket is maturing as more focus is given to enjoying a pleasant travel
experience than to other factors. Fresh air is a critical factor in
creating a pleasant journey as it not only relates to local physical
atmosphere but also a health issue. Seeking for fresh air has become
a strong pushing factor for Chinese outbound tourists. In December
2016, Ctrip, the largest OTA in China, released a haze travel report
which recorded up to 150,000 Chinese travelling overseas specif-
ically for fresh air (Forbes, 2017). According to this report, a clear
correlation between severity of air pollution and number of pop-
ulation urging to escape exists as cities in this dirtymarket segment
were among the top 10 haze evading cities, such as Beijing and
Shanghai.

Air pollution continues to be a fact of life in most cities (Forbes,
2016), despite the achievements of the Chinese government in
maintaining a healthy and sustainable environment. More impor-
tantly, anticipated improvements in air quality may be modulated
by climate change variations, such as global warming. Principal
components of particulate matter such as sulfate, nitrate and car-
bon particles particularly depend on temperature and greenhouse
gas emissions (Jacob & Winner, 2009). Therefore, seeking for fresh
air can be a strong pushing motivator for the Chinese outbound
tourism market in the future.

3. Hypothesis development

3.1. Effect of air quality on outbound tourism demand

Previous studies mainly conceptualise weather and climate as
pull factors and focus on the stimulating roles of climatic variables
in destination selection. Scholars also discussed the pushing effects
of climate variables (e.g. sunshine, temperature, rainfall pre-
cipitations) in generating outward tourism flows (Agnew &
Palutikof, 2006). In addition, previous studies reveal that the
meteorological variables in places of origin are significant
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indicators of outbound tourism demand and their incorporation in
demand models can increase their predictive power (Rossell�o-
Nadal et al., 2011). However, literature on the impacts of air qual-
ity, a climatic variable which is gaining growing concerns in
contemporary society, on outbound tourism demand is scant. The
current study is a natural extension of extant literature regarding
the relationship between outbound tourism and climate in tourists’
place of origin.

Worsening ambient air quality is significantly associated with
depressed moods, such as annoyance, depression and tension (Li &
Peng, 2016; Stenlund, Lid�en, Andersson, Garvill, & Nordin, 2009).
Given its close connections to mood, behavioural financial re-
searchers often used air quality as a proxy for people's mood (Levy
& Yagil, 2011). In the tourism context, scholars generally agreed
that tourists' mood intensity is imperative in the product and ser-
vice evaluation which determines tourist experience and satisfac-
tion to a great extent (Huang, Scott, Ding, & Cheng, 2012).
Therefore, arguing that air quality influences the decision-making
process of tourists is reasonable.

Based on affirmative evidence from the field of medicine, day-
to-day particulate air pollution is a significant environmental risk
factor of various health problems, such as lung cancer (Pope III
et al., 2002). Such adverse health outcomes are more sensitively
perceived by locals than by new tourists (Evans et al., 1982), which
means the perceived utility of staying in a city becomes low. Ac-
cording to the utility theory, consumers will choose the highest
perceived utility option. Residents can opt to stay or escape. The
perceived utility of escaping (outbound trip) which comprises the
cost of money and time and the gain of enjoying high air quality is
fixed or even increasing, whereas the perceived utility of staying is
decreasing. Eventually, when the perceived utility of escaping is
high, individuals are likely take an outbound trip.

Amelung et al. (2007) claimed that pushing factors are ‘origin
related and refer to factors such as travellers’ desires and the
negative or undesirable aspects of the climate in their home region’
(p. 286). Giles and Perry (1998) treated the abnormal weather in
1995 as a temporal analogue to examine the impacts of projected
global warming on the UK tourism industry. Their research iden-
tifies a strong relationship between weather and intentions to
travel abroad. Poor air quality (air pollution) can be regarded as a
kind of abnormal weather. Therefore, air quality is likely to exert
pushing effects on outbound tourism demand.

In practice, the time and location of the haze travel in eastern
China provided evidence that air quality may exert a causal pushing
effect on the outbound tourism market. At the end of 2016, a haze
travel report issued by Ctrip indicated that the number of overseas
tourists would exceed 150,000 in December 2016 when the red
smog alert was on in many Chinese cities (Forbes, 2017). Based on
findings from the extant literature and practical observations, we
hypothesise the following:

H1. The severity of air quality (i.e. low air quality represented by high
air quality index) in the place of origin negatively influences outbound
tourism demand.
3.2. Moderating effect of disposable personal income (DPI)

Tourism is regarded as symbolic consumption and is often
accorded a degree of social status (Dimanche & Samdahl, 1994).
Conspicuous consumption can deliberately and visually serve as a
signal of the social position and status of individuals (Campbell,
1995). International tourism clearly fits the conspicuous con-
sumption profile, under which touristic gaze is a conspicuous
manifestation of agentetarget power relations (Cheong & Miller,
2000). Outbound tourists are visibly distinguished from locals in
terms of their language and dressing styles, thereby making them
objects of the gaze (Trauer & Ryan, 2005).

International tourism offers people an arena to distinguish
themselves from their significant others, such as friends, relatives
and neighbours. In examining the Japanese language, Moeran
(1983) found that the characteristics of outbound travel, such as
choice of destination and length of stay, are greatly contingent on
the social status of tourists. Tourism activities cannot easily become
invisible to others because such activities can be manifested in
many ways, such as photos, souvenirs and verbal descriptions. If
tourists want to symbolise their social status, then purchasing
positioned goods of luxury products and consuming fancy local
food (Kim, Eves, & Scarles, 2009; Park, Reisinger, & Noh, 2010) can
be an option.

The conspicuous nature of tourism is largely due to the nature of
tourism experiences. The materialization of the consumption of
tourist objects is associated with high-level disposable income and
extended leisure time (Todd, 2001). Disposable income is a relative
concept compared to the absolute term of personal income. Given
the inherent nature of tourism as a conspicuous consumption,
disposable income must be adopted in discussing tourism demand
due to the intrinsically comparative feature of tourism activities. In
addition to the conspicuous nature of tourism, its mobility-related
costs, such as those related to transportation and accommodation,
highlight the importance of economic factors in removing the ob-
stacles to participating in tourism activities. Taking the high fiscal
and time costs involved in international tourism into account, in-
ternational tourists are considered rich in money and time.

The influence of social status on conspicuous tourism con-
sumption can be more significant in China than in other countries.
Mok and DeFranco (2000) posited that the Chinese culture values
the symbolic significance of goods and products which are closely
embedded in people's daily lives. Faced with a deteriorating air
quality, people with high disposable income can invest in air pu-
rifiers and healthcare to scale down air-related health hazards.
These people also consider travel as a means to maintain their
social status because both travel and shopping are social status
symbols (Kim et al., 2009; Park et al., 2010). At the regional level,
signalling wealth status has a determining role in international
tourism demand for areas with high average income. Therefore, the
impacts of air quality on outbound tourism demand can be
moderated by disposable income. The travel decisions of people
with high disposable income are less likely influenced by extrinsic
factors, such as air quality, than that of people with low disposable
income. Thus, this study proposes the following:

H2. The local disposable income level negatively moderates the
relationship between air quality and outbound tourism demand, that
is, the influential power of air quality lessens when the local disposable
income level is high.
4. Data and variables

Data used in this study were obtained from multiple sources.
Firstly, similar to the approaches of Granados et al. (2012) and Li
et al. (2014), the number of tourists in a city who placed their or-
ders within a day was used as a proxy for tourism demand because
obtaining actual figures for the actual outbound tourism demand of
individuals is difficult. Data for outbound travel were obtained from
a leading OTA company in Chinawhich ranked as one of the top five
OTAs (TravelDaily, 2017). The overseas travel package orders for
2016 in a province in eastern China were used for subsequent
analysis. A total of 36,314 orders were recorded which tracked
several attributes including placement date, placement city, price
and number of tourists. A city-day level panel dataset (with 11



Table 2
Descriptive statistics of the variables of interest.

Variable # of Obs. Mean S. D. Min. Max.

Tourists 4026 35.370 89.8156 0 1334
AQI7 4026 73.370 21.8348 24.286 171.143
DPI 4026 35,600.64 5554.448 25,080.66 42,734.54

Table 3
Correlation coefficient matrix of the variables of interest.

Tourists AQI7 ln(DPI)

Tourists 1
AQI7 0.083 1
ln(DPI) 0.319 0.207 1
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cities� 366 daily observations) was constructed based on data
characteristics. Secondly, the daily air quality index (AQI) data for
each city in 2016 were retrieved from www.aqistudy.cn, a non-
profit platform that records the climatic information of up to 367
cities in China on an hourly basis. Given the widely recognised
lagging effect in the behavioural responses of consumers to
weather, this study recorded the AQI for seven consecutive days
(we also tried 3 and 14 days in robustness check), and the average
AQI was used for the analysis. Thirdly, the local disposable income
level, which is measured by the capita disposable income (DPI) of
each city in 2015, was collected from the provincial Bureau of
Statistics. Descriptions of these three variables are presented in
Table 1, their descriptive statistics in Table 2 and their correlation
matrix in Table 3.
5. Results of the empirical analysis

5.1. Empirical econometric model

This study used a linear regression model with panel data as the
base model to identify the effect of air quality on outbound tourism
demand. The analysis unit is city-day, i.e., the observation for each
city in each day. An important issue in panel data analysis is the
choice between the fixed effects model and the random effects
model. Tourist behaviour is greatly shaped by social norms and
values which are closely contingent on geographical locations
(Pizam & Milman, 1986). In this case, outbound travel behaviour
may differ across cities, and a city-specific heterogeneity is
observed. Therefore, using the fixed effects model is more appro-
priate to account for such city-specific heterogeneity than adopting
the random effects model. The Hausman test also suggests the
superiority of the fixed effects model as the test statistics reject the
random effects model (17.63 with p-value< 0.001). Therefore, the
fixed effects model is used as the base model which is expressed as
follows:

Touristsi;t ¼ b0 þ b1AQI7i;t þ ai þ mi;t (1)

where ai is the unobservable time invariant individual effect, and
mi;t represents the idiosyncratic error that varies over time and
across individuals.

An interaction term between AQI7 and DPI must be included to
further investigate themoderation effect of local disposable income
level on the relationship between air quality and outbound tourism
demand. Given that the scale of DPI is larger than AQI7 and Tourists,
a natural logarithm transformation was performed for DPI: ln
(DPIi)¼ ln (DPIi þ 1). The interaction term between AQI7 and DPI,
which is denoted by AQI7i;t*ln ðDPIiÞ, was then included in the base
model expressed as follows:

Touristsi;t ¼ b0 þ b1AQI7i;t þ b2AQI7i;t*ln ðDPIiÞ þ ai þ mi;t (2)

Given that the dependent variable Tourists measures the sales
performance of outbound travel products, this variable is expected
to vary across time. Such a variation is well recognised as a sea-
sonality pattern in the tourism demand literature (Goh & Law,
2002; Hwang, Lin, & Matzarakis, 2011; Lim & McAleer, 2001). For
Table 1
Description of the variables of interest.

Name of variables Description

Touristsi,t The number of people
AQI7i,t Average air quality ind
DPIi Capita disposable incom
example, public holidays can help remove the time constraints
imposed on the travel motivations of people. Therefore, orders that
are placed one or twomonths prior to holidays are overwhelmingly
higher than those placed in other periods. In contrast with climate-
induced seasonality, institutional factors can produce seasonal
patterns or institutional seasonality (Amelung et al., 2007; Scott,
Jones, & Konopek, 2007). To control for these time fixed effects,
two sets of dummy variables were included in the model as shown
in Equation (3). One of these variables denotes the month of day t
(the matrix M in Equation (3)) to control for the monthly fixed
effects, whereas the other variable denotes the day of the week of
day t (the matrix D) to control the day of the weekly fixed effects.

Touristsi;t ¼ b0 þ b1AQI7i;t þ b2AQI7i;t*ln ðDPIiÞ þ g1Mi;t

þ g2Di;t þ ai þ mi;t (3)

Serial correlation is a common estimation issue in time series
data analysis. The Wooldridge test was performed to measure the
first order autocorrelation (Wooldridge, 2006), and the result in-
dicates a serial correlation (F (1, 10)¼ 20.784 with p-value< 0.001).
An AR (1) process was included in the empirical econometric model
to address this issue.
5.2. Results

This study applied OLS, which is considered unbiased for the
fixed effect linear regressionmodel with AR (1) process, to estimate
the proposed models. The results of the full empirical model
(Equation (3)) are presented in Table 4. Dummy variable co-
efficients for time fixed effects were not reported in this paper
because of space limitations.

Table 4 shows a positive connection between AQI7 (i.e. average
AQI in the last seven days) and the number of outbound tourists.
Given that a high AQI indicates a low air quality and that the
outbound tourism demand ismeasured by the number of outbound
tourists in OTA, H1 is supported. In addition, the coefficient value of
13.09 means that a one-unit increment of AQI7 leads to more than
13 people travelling abroad. Given that AQI considerably varies over
time (the standard deviation of AQI7 is 21.83) and that the mean of
Tourists is only 35.37, this variable exhibits great influential power.
who placed outbound trip orders in the OTA in city i on day t.
ex of city i seven days before day t (i.e., from day t-1 to day t-7).
e of city i in the previous year (i.e., 2015).

http://www.aqistudy.cn


Table 4
Main results of the regression model.

Tourists Coef. (Std. Error)

AQI7 13.09(5.226) **

AQI7*ln(DPI) �1.270(0.498) **

Month fixed effects Yes
Day fixed effects Yes
City fixed effects Yes
Constant 31.22(6.338) ***

# of obs. 4015
AIC 44,649.7
BIC 44,775.6
F 13.35

***p < 0.01, **p < 0.05, *p < 0.1, standard errors are reported in
parentheses.

Fig. 1. Trends of air quality's effect and DPI's moderation effect.
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Table 4 also reports the results regarding the moderating effect
of disposable income. The negative sign of the interaction term
AQI7*ln (DPI) reveals that local disposable income level negatively
moderates the impacts of AQI on outbound tourism demand. That
is, the influential power of AQI7 on the number of outbound tourists
decreases as the local disposable income level increases. Conse-
quently, H2 is empirically supported.

Apart from examining the relationship between tourism de-
mand in day t and air quality from day t-1 to day t-7, this study
further investigates the delay effect that depicts how long the
impact of air quality lasts. This study replaced the dependent var-
iable of Touristsi,t with Touristsi,tþk, where k¼ 1, 2, 3, 4, 5, 6 to
address the delay effect. Table 5 presents the results of delay effect.
The direct influences of AQI7 as well as the interaction terms are
positively significant across the first five models, indicating that the
influence of air quality can be delayed by up to five days. Further-
more, the influence power of AQI7 reaches its peak on day tþ1 and
then decreases with time. Fig. 1 shows this trend by plotting the
coefficients of AQI7 and AQI7*ln (DPI) in all seven models (i.e. the
full model and the six delay effect models) with a 90% confidence
interval.
Fig. 2. Distribution of Tourists.
5.3. Robustness check

Several robustness checks were performed to examine the
robustness of results. The model specifications were changed in the
first check. Given that the distribution of Tourists looks similar to a
censored normal distribution (Fig. 2), a Tobit regression model
(Equation (4)) can be applied, where y* is a latent variable.
Table 5
Results of the delay effect of AQI.

Tourists þ1 day þ2 days

AQI7 14.12*** 13.21**

(5.213) (5.212)
AQI7*ln(DPI) �1.371*** �1.283***

(0.497) (0.497)
Month fixed effects Yes Yes
Day of the week fixed effects Yes Yes
City fixed effects Yes Yes
Constant 54.18*** 55.28***

(6.287) (6.291)

# of obs. 4015 4015
AIC 44,650.2 44,650.5
BIC 44,776.2 44,776.5
F 13.34 13.32

***p < 0.01, **p < 0.05, *p < 0.1, standard errors are reported in parentheses.
�
Touristsi;t ¼ 0 if y* � 0
Touristsi;t ¼ y* if y* >0

;

þ3 days þ4 days þ5 days þ6 days

11.86** 12.01** 8.895* 7.942
(5.219) (5.218) (5.209) (5.197)
�1.149** �1.161** �0.855* �0.762
(0.498) (0.497) (0.497) (0.495)
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
49.14*** 39.20*** 33.31*** 11.25*

(6.293) (6.298) (6.285) (6.275)

4015 4015 4015 4015
44,651.4 44,655.1 44,654.9 44,656.2
44,777.3 44,781.1 44,780.9 44,782.2
13.24 13.04 13.03 12.95



Table 7
Result of models with an alternative time window.

Tourists AQI in 3 days AQI in 14 days

AQI 7.760(3.977) * 14.01(6.624) **

AQI*ln(DPI) �0.751(0.379) ** �1.355(0.631) **

Month fixed effects Yes Yes
Day of the week fixed effects Yes Yes
City fixed effects Yes Yes
Constant 21.19(5.157) *** 28.88(8.231) ***

# of obs. 4015 4015
AIC 44,655.2 44,655.0
BIC 44,781.1 44,780.9
F 13.01 13.04

***p < 0.01, **p < 0.05, *p < 0.1, standard errors are reported in parentheses.
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where y* ¼ b0 þ b1AQI7i;t þ b2AQI7i;t*lnðDPIiÞ þ g1Mi;t

þ g2Di;t þ ai þ mi;t (4)

This study added a one-period lagged dependent variable
because including the AR (1) process in a nonlinear model like the
Tobit model is difficult. The results in Table 6 clearly show that both
hypotheses are supported because AQI7 is significantly positive and
AQI7*ln (DPI) is significantly negative. Although coefficient values
differ, the Tobit model results are largely consistent with the main
results.

In addition to changing the model specifications, the time
window of the average AQI calculation was changed. The AQI7 in
our main full model (Equation (3)) was replaced by average AQI in
the recent 3 and 14 days before running the regressionmodel again.
The results of the models with an alternative time window are
presented in Table 7 and are consistent with the main results
presented in Table 4.

We replaced the dependent variable Touristsi,t with Ordersi,t
which denotes the number of outbound travel orders placed in city
i in day t. We ran the full model and all six delay effects models. The
hypotheses are supported by the results of the one-day delaymodel
and the two-days delay model, as shown in Table 8. Such results are
expected because the analyses were performed at the order level.
The relationship between the number of tourists and orders is
complex. One order can contain any number of tourists as wanted
by a customer (i.e. one order in our data contains 158 tourists) as
long as the OTA permits. In addition, such a relationship is unlikely
to be linear. Therefore, the number of orders can only roughly
reflect the outbound tourism demand. As a result, the insignificant
relationship between AQI and the number of orders is expected.
However, the results of the one-day delay model and the two-day
delay model offer additional evidence to support the robustness
of our main results.
6. Discussion and conclusions

Tourism is dependent on natural resources and air quality is a
climatic element imperative for the tourism industry. Well
acknowledging the pervasiveness of this element, a few researchers
examined connections between air quality and the tourism in-
dustry from two broad perspectives, that of air quality determining
destination competitiveness (e.g. Mihali�c, 2000) and that of
tourism growth changing air quality (e.g. Koenen, Chor, &
Christianson, 1995). These studies examine air quality in the
context of tourism destination and focus on the pulling effects of air
quality while overlooking its equally, if not more, indispensable
effect as a pushing stimulator. To fill this research void, the current
study focuses on the impacts of air quality in tourists’ places of
origin on outbound tourism demand while considering the
Table 6
The results of the Tobit model.

Tourists Coef. (Std. error)

AQI7 8.830(3.327) ***

AQI7*ln(DPI) �0.857(0.317) ***

Tourists lag(1) 0.388(0.0145) ***

Month fixed effects Yes
Day of the week fixed effects Yes
City fixed effects Yes
Constant 135.1(9.991) ***

# of obs. 4015
AIC 44,671.9
BIC 44,873.5

***p < 0.01, **p < 0.05, *p < 0.1, standard errors are reported in parentheses.
moderating effect of disposable income.
Firstly, this study empirically verified the proposed pushing ef-

fect of air quality on outbound tourism demand in the context of
China. In the tourism context, air quality is regarded as an impor-
tant factor to thermal, physical, and aesthetic conditions at desti-
nations (de Freitas, 2003). The current study reveals that the
pushing effect of poor air quality is equally important in stimulating
people to travel outbound. Unlike overwhelming natural hazards
such as earthquakes and tsunami, poor air quality causes chronic
and continuous health problems shift tourist flows to places with
better air quality. The smoke haze in China is a predictable recur-
rence that normally reaches its peak during late winter and early
spring, especially in December and January. Therefore, in addition
to the widely identified climatic factors (e.g. temperature and
sunlight), air quality is an equally important climatic factor causing
seasonality in tourism. This finding may rewrite the landscape of
international tourism considering the momentums of outbound
tourism development in China. China started 2017 with the first
ever nationwide red level fog alarm. Search engines in China also
noted record numbers for the search terms ‘where to go’, ‘wash the
lungs’, and ‘forests’ (Forbes, 2017).

Secondly, this study contributes to the literature by suggesting a
distinctive form of mobility, the haze-induced seasonal migration,
consisting of haze-avoidance tourists. This type of tourists differs
from escape travellers who are trying to be free from their routines,
and tourism offers these travellers a transformative experience
(Pritchard, Morgan, & Ateljevic, 2011). Haze travellers are unlike
the fresh air seekers who are motivated by physical comfort (Wang,
2017). Patterns of haze travellers are relatively persistent and
somewhat predictable, at least in terms of occurrence time and
destination features.

Thirdly, this study reveals that disposable income can moderate
the influences of air quality on outbound tourism demand. Scholars
widely acknowledged that the level of disposable income de-
termines tourism demand (e.g. Papatheodorou, 2001). Similarly,
our study shows that disposable income exerts an indirect effect on
tourism demand. The influence of air quality on the tourism de-
mand of people with high disposable income will be lower than
that of people with low disposable income. Therefore, when using
air quality as an indicator of outbound tourism demand, the level of
disposable income in a certain place should be considered. In this
case, OTAs must pay more attention to less developed areas (lower
DPI) than developed ones (higher DPI) because the outbound
tourism demand of their residents tends to be influenced by air
quality.

Fourthly, this study discovers a time delay in the effect of air
quality on outbound tourism demand. Falk (2014) reported that the
lagging effect of weather on foreign (outbound) tourism demand
can extend up to one year. Agnew and Palutikof (2006) presented
similar observations that outbound tourism flows are significantly



Table 8
The effect of AQI on the number of placed orders.

Orders Delay effect

1 day 2 days 3 days 4 days 5 days 6 days

AQI7 1.012 1.999* 1.970* 1.651 1.661 0.529 0.0408
(1.023) (1.021) (1.021) (1.025) (1.028) (1.028) (1.026)

AQI7*ln(DPI) �0.0982 �0.194** �0.192** �0.161 �0.160 �0.0503 �0.00315
(0.0976) (0.0974) (0.0974) (0.0978) (0.0980) (0.0980) (0.0978)

Month fixed effects Yes Yes Yes Yes Yes Yes Yes
Day of the week fixed effects Yes Yes Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes Yes Yes
Constant 5.575*** 12.26*** 13.12*** 11.59*** 8.439*** 7.380*** 2.738***

(0.896) (0.879) (0.879) (0.878) (0.881) (0.879) (0.879)

# of obs. 4015 4015 4015 4015 4015 4015 4015
AIC 29,587.1 29,579.8 29,585.3 29,581.4 29,599.8 29,592.8 29,599.2
BIC 29,713.0 29,705.7 29,711.2 29,707.4 29,725.8 29,718.7 29,725.1
F 18.56 18.95 18.64 18.77 17.73 18.09 17.72

***p < 0.01, **p < 0.05, *p < 0.1, standard errors are reported in parentheses.

L. Wang et al. / Tourism Management 68 (2018) 152e161 159
affected by rain precipitation and sunshine days in the previous
year. By contrast, the current study reveals that the influence of air
quality on outbound tourism can lag behind for up to five days.
Such a noteworthy discrepancy in the length of lagging effect can
be credited to the adverse health outcomes of air pollution. The
selected meteorological variables in studies such as Falk (2014) and
Agnew and Palutikof (2006) are sunshine, temperature, and rain-
fall. The reaction time of people to factors whichmay harm their life
can be much more spontaneous and instant compared with their
reaction time to hedonic factors. Therefore, the current study
strongly encourages tourism marketers to keep a close eye on AQI,
particularly on air quality records for the past five days. As
mentioned above, OTAs must pay more attention to the less
developed areas (lower DPI) than developed areas (higher DPI)
because the outbound tourism demand of the residents tends to be
more influenced by air quality.

This study also yields managerial implications for travel agents
and governments. Firstly, given that air quality can significantly
influence the outbound tourism demand of people, travel agents
should plan their ability to supply outbound tourism products in
consonance with their local air quality. Although predicting short-
term air quality is challenging, the seasonality of air quality enables
long-term predictions. For example, in northern China, municipal
heating by coal substantially contributes to air pollution, raising
levels of air pollution many times above the standard permitted by
World Health Organization and setting off a red or orange smog
alert alarm. Air quality is correlated with monsoon and tempera-
ture. Mohan and Kandya (2007) supported such an observation as
they recorded the worst air quality during winter and the best air
quality duringmonsoon. Results in the current study are valuable to
travel agents in designing outbound tourism products and mar-
keting activities.

Secondly, the moderating effect of disposable income level
suggests that travel agents must customise marketing strategies to
accommodate divergent needs and wants from targeted customers.
As air quality exerts a large marginal effect for individuals with low
disposable income, marketing activities of travel agents should
emphasise the negative effects of air pollution and the health-
related benefits of travel products. On the contrary, tourism mar-
keters need to offer customers of high disposable income products
with alternative types of benefits, instead of investing in adver-
tising air pollution and products about personal health because air
quality exerts a low marginal effect on this population.

Thirdly, air quality can be an important selling point in
designing an attractive tour route. For example, travel agents can
design a ‘fresh air enjoyment’ tour route because air quality is an
important driver of outbound tourism. Marketing organizations in
destination countries targeting Chinese outbound travellers can
develop some tourist attractions with fresh air to attract tourists
from areas with low air quality.

Despite addressing an important issue in the tourism demand
literature, this study has several limitations. Firstly, following pre-
vious academic attempts, this study used actual orders that are
placed on a dominant OTA platform to measure tourism demand.
While acknowledging the ubiquitous nature of the Internet and
hence OTA platforms, there are many other sales channels utilized
by people, such as the elders, for tourism products. Therefore, a
possible gap exists between those orders that are placed on
transaction platforms and the actual number of tourists who travel
overseas in a given time because people can place their outbound
orders in other OTA platforms or through offline travel agents. Our
data do not allow the examination of the influence of air quality on
actual tourism demand. Future study should collect more data from
other OTAs and offline travel agents. Secondly, although the
employed dataset in this study covered orders from 11 cities over a
year, its representativeness was limited because only one eastern
province in Chinawas included. thanks to its broad land area, China
generally has six temperature zones from south to north, including
equatorial, tropical, sub-tropical, warm-temperate, temperate, and
cold-temperate. The unbalanced economic development across the
whole nation further complicates the measurement of air quality in
China. Therefore, future studies can check for data at the national
level. Thirdly, considering the ongoing climate change that can also
change the situation of air quality, data of a single year is not
enough to fully picture how air quality influences tourism demand.
However, as the smoke haze in China is a predictable recurrence,
our conclusion remains valuable. Becken (2013) found that impacts
of climatic variables (i.e. sunshine, rain, and temperature) on
annual variations of visitor nights are insignificant, suggesting that
datawithin a given year are, to an extent, adequately representative
and reflective. We still firmly believe that a larger data set is more
effective in capturing the effects of air quality on tourism demand.
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