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Abstract: Air pollution has become a global environmental problem that directly affects the living
quality of city residents. It not only does damages to the physical health of the human body but
also has adverse effects on mood, outdoor activities, and social interactions, which further reduces
the vitality of the city. Dining out is an important way of social interaction for city residents. Using
Beijing as an example, this paper aims to study the impacts of different air pollutants on dining-out
activities and satisfaction of urban and suburban residents. The results show that: (1) Air pollution
can significantly reduce dining-out frequency and satisfaction; (2) Due to differences in environmental
and health awareness, the impact of air pollution on dining-out behaviors varies among urban and
suburban residents; and (3) O3 pollution has a greater emotional impact on suburban residents than
urban residents, possibly because of the differences in defense strategies and levels of pollution
exposure in the workplace. The findings imply that improving air quality can obtain not only health
benefits but also long-term social and economic vitality. The publicity of environment and health
information should be strengthened on key urban air pollutants, especially on particulate matter and
O3, and on disadvantaged groups to enhance environmental justice.

Keywords: air pollutants; dining-out activities; dining-out satisfaction; pollution aversion; urban
and suburban residents

1. Introduction

With the rapid development of the economy, China has become the world’s second-largest
economy and the engine of global economic growth. At the same time, China is facing the problems of
increased energy consumption and severe urban air pollution. According to the official statistics, in
2017, only 32.9% of the 380 cities met the national ambient air quality standard of PM; 5 (35 ug/m3 ), and
only Diqing Tibetan Autonomous Prefecture met the WHO guideline value of PM;, 5 (10 ug/m3 ). Some
studies have found that air pollution not only affects people’s physical health, but also has negative
impacts on individual activities and life satisfaction.

It has been widely recognized that air pollution directly affects human health. A large number of
toxicological studies have confirmed that air pollution is associated with respiratory diseases [1,2],
cardiovascular diseases [3,4], impaired cognitive function [5-7], and increased mortality [8-10].

Zeidner and Shechter believed that outdoor environments such as weather (temperature,
precipitation, wind speed, etc.), noise, and environmental pollution could affect the human mood [11].
The association between air pollution and mental health has been increasingly gaining attention.
Studies in different countries showed that both acute and long-term exposure to air pollution were
positively correlated with the occurrence of negative mood. Szyszkowicz et al. found that exposure to
air pollution was associated with increased risk of an emergency department visit for depression in
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Canada [12,13]. According to cohort or cross-sectional study, researchers pointed out that a lower level
of air quality caused anxiety and depression [14-16]. Furthermore, a number of researchers found that
air pollution could lower people’s expressed happiness [17-20] and life satisfaction [21,22]. The hazard
of air pollution on people’s physical and mental health may further affect behaviors. In a polluted
environment, residents will protect themselves by reducing exposure intensity and time, such as by
wearing a mask, driving a private car, and decreasing the frequency of outing. Zhang et al. found that
82% of the Beijing respondents purchased masks or air purifiers as the individual health protection
measure of haze [23]. Yu et al. found that ambient PM; 5 pollutions significantly discouraged the
physical activities of first-year students in universities in Beijing [24]. Ward and Beatty found that
when air pollution was severe, the average time that the American residents spent outside would
be reduced by 18%, and reduced by 59% for the elderly [25]. Heyes et al. showed that the mood
changes induced by air pollution could decrease risk tolerance operating and trading behavior of stock
investors, which reduced the stock yield [26]. Air pollution can also increase suicide and unethical
behavior when anxiety grows [27-29].

The objective of this paper is to study the influence of different air pollutants on the dining-out
activities and satisfaction of urban and suburban residents. Dining out is one of the important
consumption activities of city residents. It is a social platform for people to achieve face-to-face
interaction and communication, which can effectively stimulate creativity and achieve new business
cooperation. If air pollution is severe, people’s dining-out willingness will be reduced. By investigating
the impact of pollution on residents’ dining-out pattern, we could understand the influence of air
pollution on social interaction and urban vitality. Based on the research framework of Zheng et al. [30]
which studied the influence of PM; 5 on the dining-out frequency and satisfaction of Beijing residents,
this paper further studies the behavioral and emotional influence of different air pollutants on different
population groups.

The remainder of the paper is structured as follows. Section 2 describes the data and methodology,
and outlines hypotheses and models. Section 3 presents the empirical results, and Section 4 the
conclusions and policy recommendations.

2. Data and Methodology

2.1. Study Area

Beijing has developed rapidly in the past 20 years, with impressive GDP growth and prosperous
catering industry on the one hand, but severe air pollution and considerable differences of income
and educational level between urban and suburban areas on the other hand. Xicheng and Huairou
were randomly selected as the sample districts for the urban and suburban areas, respectively. Figure 1
shows the geographical location of the study areas. Table 1 describes the socioeconomic characteristics
of the study areas in 2016.

As can be seen from Table 1, Xicheng is the core functional area of Beijing with a dense population
and convenient transportation. Huairou is an ecological conservation development zone with a small
population density. There are considerable differences between Xicheng and Huairou in economic
structure, residents’ income, and educational level. The proportion of tertiary industry and annual per
capita income and expenditure in Xicheng are twice that in Huairou, and the population with higher
education in Xicheng is nearly three times that in Huairou.
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Figure 1. Distribution map of the study areas.

Table 1. Socio-economic characteristics of Xicheng District and Huairou District.

Indicator Xicheng District Huairou District
Resident population 1,259,000 393,000
Population density (People/km?) 24,832 185
Proportion of tertiary industry 91.2% 45.8%
Annual per capita disposable income (CNY) 71,863 36,013
Annual per capita consumption expenditure (CNY) 45,329 23,633
The proportion of college graduates and above 41% 15%

2.2. Data

2.2.1. Dining-Out Data

We collected residents’ dining-out frequency, satisfaction, and consumption level from the
Dianping website. Dianping is an independent third-party website which mainly provides users
with restaurant information, consumer reviews, and ratings (5 point scales) of restaurants and other
information services. The number of monthly active users in Dianping exceeds 200 million and
the monthly page views (websites and mobile devices) exceeds 20 billion. The high traffic and
popularity of the website ensure the representativeness of data. Fifty restaurants in Xicheng District
and 60 restaurants in Huairou District were selected using systematic sampling. We used the daily
total number of reviews, daily average scores, and weighted average of per capita consumption level
of 50 (60) sample restaurants in Xicheng District (Huairou District) to measure the urban (suburban)
residents’ dining-out frequency, satisfaction, and consumption level of the day. Although not all diners
make comments online, the total number of reviews is less than the actual number of dining out, but
the two numbers are highly correlated. If the number of dining out increases, the number of reviews
will increase, and vice versa. Therefore, the change direction and degree of the number of reviews can
be used to represent the change in the number of people dining out. Dining satisfaction is people’s
overall feeling of the food taste and quality of service in the restaurant. A person’s rating of a meal can
reflect their satisfaction with the meal. Studies have shown that subjective satisfaction decreases when
air pollution is severe [21,22]. It can be inferred that even if the food taste and quality of service are the
same, people in polluted environments may score lower.
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2.2.2. Air Pollution and Weather Data

Air pollution data in 2016 were collected from Beijing Environmental Protection Monitoring
Center, including station-level daily concentrations of five kinds of air pollutants (PMjy 5, PM1g, NO»,
SO;,, O3) from two monitoring stations, Guanyuan and Huairou, indicating the air pollution situation
of Xicheng and Huairou District, respectively.

In addition to air pollution, some weather factors also affect mood and frequency of outdoor
activities. We collected the daily data of average temperature, relative humidity, precipitation, wind
speed, and visibility of Beijing from Weather Underground (www.wunderground.com/weather/cn/
beijing), a website reporting real-time city-level meteorological data around the world, data of which
have been used in a number of scientific studies [31,32].

2.3. Hypotheses and Models

Four hypotheses are developed and to be tested in this study.

Hypothesis 1. Air pollution could reduce residents’ dining-out frequency, which could be shown as a reduction
in the number of reviews.

The measurement model is as follows:
INREVIEWS; = ﬁo + ﬁIPOLLUTIONt + ﬁth + ﬁgHOLIDAYt + T+ 0 + & (1)

where t indicates the day, REVIEWS is the daily total number of sample restaurants’ reviews.
POLLUTION is the daily concentration of one of the five pollutants (PM; 5, PM;g, NO,, SO,, O3). X
is the weather control variables (average temperature, relative humidity, precipitation, wind speed,
and visibility). HOLIDAY is a dummy variable that indicates whether a day is a holiday (including
weekends) to control the effect of increased eating out (including local residents and cross-region
residents) on the frequency and satisfaction of dining out during the holidays. T is a linear time trend,
with a value of 1 on the first day and an increase of 1 on each passing day, and a value of 366 on the
last day of 2016. This variable is used to control the changes of people dining out over time. 0 is the
monthly fixed effect and ¢ represents the error term.

Hypothesis 2. Air pollution could reduce residents’ dining-out satisfaction.

Air pollution might have a direct impact on people’s mood and could result in reduced satisfaction.
Therefore, a decrease in their ratings of restaurants. The rating function reads:

InRATING; = ﬁo + ﬁ]’POLLUTIONt + ﬁZ/Xt + ﬁg/HOLIDAYt + ﬁ4'1nEXPDTt + T+ 061 + & (2)

where RATING is the daily average scores of sample restaurants. EXPDT is the daily weighted average
of per capita consumption level of sample restaurants to control the influence of the restaurant quality
on the rating. The other variables are the same as Equation (1).

Hypothesis 3. Air pollution could have different effects on residents in urban and suburban districts.
Due to factors such as educational level [33,34], income level [35,36], and information
disclosure [37,38], urban and suburban residents may have different behavioral and emotional

responses to air pollution.

Hypothesis 4. Different air pollutants could have different effects on people’s dining-out behavior and satisfaction.
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Compared with NO,, SO,, and Os, particulate matter is more easily perceived. PMjg and PM; 5 are
highly correlated with atmospheric visibility [39,40]. Most of the PM;( can be adhered to or removed
by the cilia-mucus layer on the surface of the respiratory tract, but excessive particle deposition will
irritate the airway. PM, 5 is small enough to penetrate the deepest part of lungs, which causes oxidative
stress and other toxicological effects [41].

People who are exposed to high concentrations of NO,, SO, and O3 may have uncomfortable
symptom of respiratory tract. NO, has a small stimulation effect on the upper respiratory tract and eye
conjunctiva, and mainly acts on the deep respiratory tract and alveoli. Prolonged exposure to NO, can
cause chest tightness, respiratory distress, cough, and other symptoms [42]. SO, is mainly absorbed by
the nasal cavity and upper respiratory mucosa with irritating odor. The concentration above 0.5 ppm
of SO, in the atmosphere has a potential impact on the upper respiratory tract of the human body. At
the concentration of 1 to 3 ppm, most people begin to feel shortness of breath [43]. O3 may trigger
more intense physiological and emotional responses to sensitive populations. Exposure to a high
concentration of O3 results in cough, dyspnea, and weakened lung function [44,45]. Additionally, O3
has a significant negative impact on life satisfaction, and people with environmental worries are more
affected by O3 pollution [46].

Differences in perceptibility and damage mechanisms of various pollutants may cause different
levels of behavioral and emotional responses.

3. Results and Analysis

3.1. Air Quality in Urban and Suburban Areas of Beijing

Air pollution can be classified into six grades, according to the concentration limits for each
pollutant in the Ambient Air Quality Index (AQI) Technical Regulations (HJ 633-2012) (see Table 2).
The higher the AQI, the more significant impact of air pollution on human health. Annual
distribution of AQI levels of five air pollutants in Xicheng and Huairou District in 2016 are shown in
Figures 2 and 3.

Table 2. Air quality index and corresponding pollutant concentration limits.

Concentration Limits of Pollutants

AOI Values Pollution Level 24-h Average 8-h Average
PM, 5 PMyo NO, SO, 03
(ng/m3®  (ug/m3  (ug/m3  (ug/md) (ug/m3)

50 Excellent 35 50 40 50 100

100 Good 75 150 80 150 160

150 Light level pollution 115 250 180 475 215

200 Middle level pollution 150 350 280 800 265

300 Heavy level pollution 250 420 565 1600 800

400 Severe level pollution 350 200 750 2100 /

500 500 600 940 2620 /

Figures 2 and 3 show that among the five pollutants, the pollution levels of PM, 5 and PMjq
are more severe. Compared with other pollutants, both PM; 5 and PM;y have more days of heavy
and severe pollution and fewer days of excellent and good air quality. According to the source
apportionment result of PM; 5 in Beijing released by the Beijing Municipal Environmental Protection
Bureau in 2017, mobile sources account for up to 45% of the local pollution sources, with diesel vehicles
making the largest contribution. Industrial sources account for 12% of the local sources, among which
petrochemical industry, automotive industry, printing industry, and other volatile organic emission
industries contribute more. Due to the great efforts of Beijing in energy structure adjustment and
industrial pollution control in recent years, the pollution of SO, has been well controlled, as more than
99% of the days are of excellent level. With the increasing numbers of motor vehicle, NOy and O3
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become the important characteristic pollutants in Beijing. In 2016, the days with light or above level
pollution of NO,, and O3 accounted for 16% and 18%, respectively. On the whole, the air quality in the
suburban area is much better than that in urban areas.
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Figure 2. Annual distribution of AQI levels of five air pollutants in Xicheng District in 2016.
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Figure 3. Annual distribution of AQI levels of five air pollutants in Huairou District in 2016.

3.2. Impact of Air Pollution on Dining-Out Frequency

Table 3 describes the variables of dining-out and air pollutants.

In Table 3, the number of reviews and per capita consumption of urban restaurants is higher than
those of suburban restaurants. Moreover, all the daily average concentrations of the five air pollutants
in urban areas are higher than those in suburban areas.

The influencing factors of the dining-out frequency of urban and suburban residents are shown in
Tables 4 and 5, respectively.

Tables 4 and 5 show that F statistics of all the models are significant and the adjusted R? is high,
which suggests the model could well explain the relationship between dining-out frequency and
air pollutants. The dummy variable HOLIDAY has a positive and significant effect on dining-out
frequency, indicating that residents eat out more frequently during the holidays.
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Table 3. Description of variables.

Variables Description Urban Suburban
Mean S.D. Mean S.D.
REVIEWS Daily total num"ber c?f sample 102 3 55 o7
restaurants’ reviews
RATING Daily average scores of sample restaurants 44 0.1 44 0.5
Daily per capita consumption of sample
EXPDT restaurants (CNY) 13 7 88 16
PM, 5 Daily concentration of PMy 5 (ng/m3) 77.6 68.5 62.3 58.5
PM;, Daily concentration of PMy (j1g/m?) 113.8 80.2 95.0 71.6
NO, Daily concentration of NO, (ug/m3) 53.7 27.2 28.0 20.1
50O, Daily concentration of SO, (ng/m?) 11.4 119 6.6 6.5
O3 8-hour concentration of O3 (pg/m3) 90.3 65.5 84.9 63.9
Table 4. Influencing factors of dining-out frequency of urban residents.
Variables Dependent Variable: InNREVIEWS(U)
(1) (2) 3) 4) (5)
—0.0593 ***
InPM3 5(U) (0.0227) i . . -
—0.0631 ***
InPM;(U) - (0.0208) ) ) )
—0.0582 **
InNO2(U) - - (0.0306) - -
-0.0135
InO5(V) i i i (0.0145) -
—-0.0015
SO, (U) - - - B (0.0011)
0.2934 *** 0.2940 *** 0.2904 *** 0.2925 *** 0.2931 ***
HOLIDAY (0.0182) (0.0182) (0.0183) (0.0183) (0.0184)
Weather variables Yes Yes Yes Yes Yes
Time trend Yes Yes Yes Yes Yes
Monthly fixed effect Yes Yes Yes Yes Yes
5.0404 *** 5.0826 *** 5.0628 *** 4.6417 *** 4.7749 ***
Constant
(0.1430) (0.1419) (0.1707) (0.0840) (0.0797)
Sample size 366 366 366 366 366
F 98.007 *** 98.753 *** 97.360 *** 95.884 *** 96.186 ***
Adjusted R? 0.705 0.707 0.704 0.703 0.701

Note: “Yes” means the variable is added to the model; Weather variables include average temperature, relative
humidity, precipitation, wind speed, and visibility; Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10.

Table 4 indicates that PM; 5, PM;g, and NO, negatively influence the dining-out frequency of
urban residents—that is, the higher the concentration of pollutants, the lower the dining-out frequency
of urban residents. For every 1% increase in the concentrations of PM; 5, PM;(, and NO,, the dining-out
frequency of urban residents reduces 0.059%, 0.063%, and 0.058%, respectively. Beijing has made great
efforts to control SO, emissions in recent years. In 2016, the mean concentration of SO, in Xicheng
District is 11.4 pg/m® and the highest concentration is 62.0 pg/m>. The daily air quality of SO, in
2016 was excellent or good throughout the year, so it did not significantly affect the behavior of urban
residents. Since there is no significant effect on the visibility and odor of the atmosphere, O3 pollution
is not easy to perceive, so it has no significant impact on the behavior of residents.

Table 5 presents that all the five pollutants have no significant effect on the dining-out frequency
of suburban residents. The above results support hypothesis 1 that air pollution could reduce residents’
dining-out frequency and hypothesis 3 that air pollution could have different effects on residents in
urban and suburban districts. Except for O3 and SO,, the other three pollutants have impacts on the
dining-out frequency of urban residents, while no pollutants affect the behavior of suburban residents.
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The possible reasons are that urban residents have a higher level of education and better access to
information, thus having a stronger environmental health awareness and more significant behavioral
responses to air pollution.

Table 5. Influencing factors of dining-out frequency of suburban residents.

Dependent Variable: INREVIEWS(S)

Variables
(V)] (2) 3) 4) (5)
—0.0095
InPM; 5(5) (0.0337) i il i i
—0.0008
InPMio(S) il (0.0335) il i i
—-0.0332
InNO,(5) . i (0.0391) . i
—0.0323
InO5(S) i i i (0.0249) i
—0.0040
SO, (S) - - B B (0.0033)
0.5140 *** 0.5135 *** 0.5143 *** 0.5168 *** 0.5149 ***
HOLIDAY (0.0330) (0.0331) (0.0330) (0.0330) (0.0329)
Weather variables Yes Yes Yes Yes Yes
Time trend Yes Yes Yes Yes Yes
Monthly fixed effect Yes Yes Yes Yes Yes
Constant 2.9068 *** 2.8508 *** 2.6992 *** 2.7108 *** 2.9552 ***
(0.2071) (0.2211) (0.2092) (0.0991) (0.1283)
Sample size 366 366 366 366 366
F 95.928 *** 95.898 *** 96.172 *** 96.538 *** 96.463 ***
Adjusted R? 0.701 0.701 0.701 0.702 0.702

Note: “Yes” means the variable is added to the model; Weather variables include average temperature, relative
humidity, precipitation, wind speed, and visibility; Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10.

3.3. Impact of Air Pollution on Dining-Out Satisfaction

Tables 6 and 7 present the findings for the influencing factors of dining-out satisfaction of urban
and suburban residents.

F statistics of all the models in Tables 6 and 7 are significant, which suggest that the models
can partly explain the change of dining-out satisfaction. Oj pollution has a significant effect on
the dining-out satisfaction of residents in a suburban area (p < 0.05, see Table 7). The higher the
concentration of Os, the lower the dining-out satisfaction of suburban residents. These are consistent
with the findings of other researchers [46], indicating that O3 pollution not only reduces overall
satisfaction with life, but also reduces the satisfaction of specific activities such as dining out. This
result supports the hypothesis 2 that air pollution could reduce residents” dining-out satisfaction.

Unlike the significant impact of O3 on suburban residents, none of the five pollutants had an
observable effect on the satisfaction of urban residents (see Table 6). The possible reasons are that
people with different incomes and education levels invest differently in environmental defensive
strategies [47]. People with higher incomes and education tend to buy more expensive and effective
defensive products, such as masks and air filters, to reduce exposure risks to outdoor and indoor
pollution. They also usually spend less time working outdoors, so the pollution exposure level is
relatively low. Compared with suburban residents, the per capita income and education level of urban
residents in Beijing are much higher. It can be inferred that urban residents have a higher willingness
and ability to protect themselves from pollution damage than suburban residents. Therefore, in Beijing,
the harm of O3 to the mental health of urban residents is less than that of suburban residents. This
result supports the hypothesis 3 that air pollution could have different effects on residents in both
urban and suburban districts.



Sustainability 2020, 12, 2746 90of 13

Table 6. Influencing factors of dining-out satisfaction of urban residents.

Dependent Variable: INRATING(U)

Variables
@ 2 3) 4) (5)
—0.0028
InPM2 5(U) (0.0033) i i i i
—0.0023
InPM;o(U) - (0.0030) ) ) )
—0.0050
InNO,(U) i i (0.0044) i i
—0.0026
InO5(U) il i . (0.0020) i
—0.0001
SO2(V) ) ) ) ) (0.0002)
-0.0210 * -0.0212 * -0.0221 * —0.0226 -0.0227 *
InEXPDT(U) (0.0214) (0.0214) (0.0212) (0.0212) (0.0212)
—0.0022 —0.0020 —0.0024 —0.0022 —0.0022
HOLIDAY (0.0026) (0.0026) (0.0026) (0.0026) (0.0026)
Weather variables Yes Yes Yes Yes Yes
Time trend Yes Yes Yes Yes Yes
Monthly fixed effect Yes Yes Yes Yes Yes
Constant 1.5952 1.5947 1.6095 1.5984 1.5906
(0.1000) (0.1000) (0.1011) (0.0999) (0.0999)
Sample size 366 366 366 366 366
F 1.287 ** 1.273 ** 1.349 ** 1.384 ** 1.228 **
Adjusted R? 0.008 0.007 0.009 0.010 0.006

Note: “Yes” means the variable is added to the model; Weather variables include average temperature, relative
humidity, precipitation, wind speed, and visibility; Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10.

Table 7. Influencing factors of dining-out satisfaction of suburban residents.

Dependent Variable: INRATING(S)

Variables
1) () 3) @ (5)
0.0047
InPM25(5) (0.0060) i . . i
0.0054
InPMyo(S) - (0.0060) - - -
—0.0022
InNO2(5) - - (0.0070) - -
—0.0086 **
InO5(S) . i il (0.0045) i
—0.0004
S02(5) ) ) ) ) (0.0006)
—0.0261 —0.0265 —0.0263 —0.0240 —0.0259
InEXPDT(S) (0.0330) (0.0330) (0.0330) (0.0329) (0.0330)
—0.0236 *** —0.0237 *** —0.0234 *** —0.0242 *** —0.0232 ***
HOLIDAY (0.0059) (0.0060) (0.0059) (0.0059) (0.0059)
Weather variables Yes Yes Yes Yes Yes
Time trend Yes Yes Yes Yes Yes
Monthly fixed effect Yes Yes Yes Yes Yes
Constant 1.5856 *** 1.5810 *** 1.6220 *** 1.6403 *** 1.6182 ***
ons (0.1501) (0.1502) (0.1488) (0.1459) (0.1462)
Sample size 366 366 366 366 366
F 2.564 *** 2.585 *** 2.510 *** 2.900 *** 2.533 ***
Adjusted R? 0.041 0.042 0.040 0.049 0.040

Note: “Yes” means the variable is added to the model; Weather variables include average temperature, relative
humidity, precipitation, wind speed, and visibility; Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.10.
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Based on the results of regression analysis, we summarize the effects of five pollutants on the
dining-out behavior and satisfaction of urban and suburban residents in Table 8.

Table 8. Effects of different air pollutants on dining-out behavior and satisfaction.

PM, 5 PMy, NO, 0; SO,
Urban areas  Frequency (<) ¥ (=) (-)** / /
Satisfaction / / / / /
Suburban
areas Frequency / / / / /
Satisfaction / / / (=) ** /

Note: “(-)” indicates a significantly negative impact, and “/” indicates the impact is insignificant; *** p < 0.01,
**p <0.05,*p <0.10.

Table 8 shows that for urban residents, the pollution of PM; 5, PMjp, and NO, lower their
dining-out frequency. O3 reduces the dining-out satisfaction of suburban residents. These results
support hypothesis 4 that different air pollutants could have different effects on people’s dining-out
behavior and satisfaction. The results show that air pollution directly affects people’s outdoor activities
and satisfaction. The main reason people reduce the frequency of eating out is to prevent pollution
exposure from damaging health. The mechanism by which pollution triggers negative moods and
then changes in dining-out frequencies is not observed.

4. Conclusions

This paper contributes to a better understanding of the emotional and behavioral influence of
different air pollutants on different population groups. The main results are: (1) Air pollution can
reduce willingness and satisfaction in outdoor activities; (2) Due to differences in environmental
and health awareness, the impact of air pollution on dining-out behaviors varies among urban and
suburban residents; and (3) O3 pollution has a greater emotional impact on suburban residents than
urban residents possibly due to the differences in defense strategies and levels of pollution exposure in
the workplace.

Consistent with previous studies, we find a negative and significant association between air
pollution and people’s behavior and satisfaction. Furthermore, we compare the effects of different
pollutants on people living in different areas. We find that people’s understanding of air pollutants
is insufficient and it is urgent to enhance information disclosure and publicity of environmental
knowledge. The results indicate the multidimensional effects of air pollution, which should be paid
more attention to and studied in depth.

Air pollution affects all aspects of people’s lives. The impact of air pollution on people’s behavior
and satisfaction could reduce the frequency of social interaction and its positive spillover effect in
cities, thus further decreasing the social and economic vitality of the city. The findings of this paper
imply that improving air quality can obtain not only health benefits, but also long-term social and
economic vitality. Through strict regulations, China has made great achievements in controlling sulfur
dioxide emissions and has brought huge environmental and social benefits. Next, more effective
policies should be implemented to reduce emissions of particulate matter, and ozone precursors such
as NOx and VOCs. The prevention and control of these pollutants requires the joint participation of
government, companies, and citizens.

It is necessary to strengthen the publicity of the environment and health information on crucial air
pollutants, especially on particulate matter and O3, which are nowadays the important characteristic
pollutants in most large cities globally. Moreover, more emphasis on this information services
should be targeted on people with low educational and income level to improve the environmental
health awareness and defensive capability of these disadvantaged groups. This could contribute to
strengthening environmental justice to promote the equal sharing of negative environmental impacts
of social and economic development by people with different social and economic attributes.
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