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Urban China's high level of ambient air pollution lowers quality of life and raises mortality risk. China's wealthy
can purchase private products such as portable room air filters that offset some of their pollution exposure risk.
Using a unique data set of Internet purchases, we document that households invest more in masks and air filter
productswhen ambient pollution levels exceed key alert thresholds. Richer people aremore likely to invest in air
filters, which aremuchmore expensive andmore effective thanmasks. Our findings have implications for trends
in quality of life inequality in urban China.
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1. Introduction

Income inequality has been rising sharply in China. The Gini coeffi-
cient peaked at 0.491 in 2008, which was much higher than the recog-
nized level of 0.4 (National Bureau of Statistics of China, thereafter
NBSC).1 Xie and Zhou (2014) estimate that China's Gini even reached
0.50 in the year 2010. At a timewhen there is great interest in the causes
of income inequality (Piketty, 2014), it is important to examine the
quality of life consequences of this trend.We study howprivatemarkets
help richer people to protect themselves from China's high levels of
urban air pollution. We document that richer people invest more in
self protection than poorer people. Such differentials in private precau-
tionary investments means that inequality in air pollution exposure
rises as income inequality increases.

China's urban air pollution challenges have been well documented
(Zheng and Kahn, 2013). At the beginning of the economic reform in
the 1980s, Chinese cities suffered from black smoke produced by
heavy industry, high levels of coal burning by power plants and winter
heatingunits. This activity created extremely high levels of acid rain pol-
lution in southern cities (He et al., 2002). In recent years, the major air
pollutant has been PM10 and PM2.5 (particles with an aerodynamic
diameter b 10 μm or 2.5 μm) which is largely produced as a byproduct
of manufacturing production, car driving and coal burning. The Asian
Development Bank reports that fewer than 1% of the 500 cities in

China meet the air quality standards recommended by the World
Health Organization, and seven of these cities are ranked among the
top ten polluted cities in the world (Asian Development Bank, 2012).

Pollution exposure impacts both the quantity and quality of life
(MacKerron and Mourato, 2009; Hall et al., 2010). Breathing polluted
air as measured by particulate matter (PM) raises one's risk of heart
and lung disease (Chay and Greenstone, 2003; Evans and Smith, 2005;
Moretti and Neidell, 2011; Pope et al., 2011). Chen et al. (2013) use
theHuai Riverwinter heating policy as a natural experiment to examine
the impact of air pollution on life expectancy reduction in China. They
find that the higher particulate matter concentrations in the north,
caused by subsidized coal based winter heating, led to a reduction of
5.5 years in people's life expectancy relative to the south.2 Ebenstein
et al. (2015) document that life expectancy in China has increased by
less than what would be predicted given its per-capita income growth.
They argue that rising air pollution levels is a key explanation for this life
expectancy gap.

Pollution exposure also has direct impacts on human capital accu-
mulation and utilization. James Heckman's research posits a dynamic
complementarity effect such that young children learn more in school
if they are healthier (Heckman, 2007). Children in worse health learn
less in school and this compounds over time so that these children are
less likely to achieve their full potential. Pollution exposure increases
school absences and lowers test performance (see Currie et al., 2009,
2014; Zweig et al., 2014). Human capital attainment is negatively affect-
ed by life time pollution exposure (Graff Zivin and Neidell, 2013). Given
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China's one child policy, parents have strong incentives to invest in a va-
riety of strategies to protect their only child's health in the face of very
high levels of local pollution.

There are two strategies for reducing the damage caused by air pol-
lution. First, the government can introduce regulations to reduce emis-
sions from various polluting sectors such as power generation, industry,
transportation, and construction. Second, private individuals can invest
in variety of environmental defensive strategies for reducing their expo-
sure to current levels of outdoor pollution. While investments in public
goods (the first strategy) broadly benefit everyone, investments in pri-
vate self protection mainly benefit the individuals who choose this op-
tion (Antoci, 2009). Individuals gain private benefits from investing in
self-protection and averting behavior (Smith et al., 1995; Graff Zivin
and Neidell, 2009; Janke, 2014).

We use data from China to study private household investments to
reduce their exposure to outdoor air pollution. To study private protec-
tive actions, we use a unique panel data base of online sales indices as-
sembled by Taobao.com (see Section 3 for details). From Taobao.com, we
obtained daily sales indices by city for all buyers, and alsomonthly sales
indices by city for sub-groups of buyers (such as high-income, middle-
income and low-income buyers). We use the city level data to study
howhousehold private investment in self protection varies as a function
of government announcements concerning the severity of the level of
air pollution.We also study how protection investments vary as a func-
tion of household income. We find that all groups respond to govern-
ment announcements of severe pollution by investing more in self
protection but that only the richest group increase their purchases of
the most effective, and most expensive anti-pollution devices (portable
room air filters) when local pollution levels are higher.

The rest of the paper is organized as follows: Section 2 reviews the
empirical and theoretical studies on self-protection strategies and pollu-
tion exposure inequality. Section 3 describes the data and our empirical
strategy. Section 4 presents the empirical results. Section 5 concludes.

2. Self-protection Strategies and Pollution Exposure Inequality

2.1. Self-protection against Air Pollution

By choosing a city and a neighborhood within that city, urban resi-
dents have some control over their exposure to air pollution. Cross-
county migration research documents that households reveal a high
willingness to pay for clean air in the United States (Bayer et al., 2009;
Chay and Greenstone, 2005). Using data from within the Los Angeles
metro region, Sieg et al. (2004) document that when the Clean Air
Act's successful implementation reduced smog levels in specific com-
munities that this attracted richer people tomove to such communities.

China's central government has been reforming the hukou registra-
tion system in the past three decades, and the restriction on labor mo-
bility has been largely relaxed. People are free to choose which city
and which location within a city to live. Job opportunity and quality of
life are two major attractions a city can provide. Local public services
(such as schools, healthcare facilities) and environmental quality are
key determinants of local quality of life. Zheng et al. (2014) study stan-
dardized home prices across China's major cities and find that, all else
equal, a 10% decrease in imported neighbor pollution is associated
with a 0.76% increase in local home prices. They also report that the
marginal valuation for clean air is larger in richer Chinese cities. Within
Beijing, people have a higher willingness to pay for those locations with
better air quality, such as the northwest part in Beijing. Using cross-
sectional data on real estate prices across Beijing, Zheng and Kahn
(2008) find that, all else equal, a home's price is 4.1% higher at the loca-
tion with a 10 μg/m3 lower average PM10 concentration.

One's residential location alone is not sufficient for describing one's
pollution exposure. When the outdoor air is polluted, people will prefer
to drive private cars (rather than walking on the street), and they will
also decrease their time spent outdoors (Neidell, 2009). Based on the

estimate in Chen and Zhao (2011), the indoor particulate matter con-
centration is on average about 80% of the outdoor concentration in Chi-
nese cities, so people can breathe less polluted air when they are
indoors on polluted days. Moreover, modern buildings in Chinese cities
have HVAC air conditioning systemswith air filteringwhich further im-
proves the indoor air quality.

China's nascent market economy offers households a growing array
of products intended to improve day to day quality of life. In the case of
avoiding air pollution, masks and air filters represent key examples of
such market products. During a hazy week at the end of 2013, mask
and portable room air filter sales reached 760,000 and 140,000 respec-
tively. Sales that week of masks and room air filters rose by 52.35%
and 74.1%, respectively, relative to the previous week. Air filters are
more effective thanmasks in protecting people against air pollution. Re-
search conducted by the Department of Building Science at Tsinghua
University, and tests conducted by China Consumer Association show
that the mean effectiveness of masks and air filters is 33.0% and 92.0%
respectively. That is, people with masks or air filters are exposed to
67.0% or 8.0% of the original PM2.5 concentration, respectively.3

2.2. Pollution Exposure Inequality Due to Differences in Self Protection

Differential purchases of these items between the rich and poor will
exacerbate pollution exposure differences and hence increase health in-
equality. As shown in the cross-city and within-city compensation dif-
ferentials studies in Chinese cities discussed above (Zheng et al., 2014;
Zheng and Kahn, 2008), real estate prices are higher and housing de-
mand is higher in less polluted geographic areas. Thus, the poor live in
dirtier areas within a city.

Richer people have a higher probability of owning cars, which pro-
tect them from the outdoor dirty air. Using micro-data from the 2006
Chinese Urban Household Survey conducted by NBSC, Zheng et al.
(2011) estimate the income elasticity of car ownership is 0.81. Poorer
people are more likely to commute to work by public transit or by mo-
torbike and this requires them to stay outside for longer time. Low-
skilled workers are also more likely to work in outdoor occupations
such as construction, street cleaning and package delivery. In contrast,
high-skilled workers work indoors. According to the Environmental Ex-
posure RelatedActivity Patterns Survey in China, the ratio of office staff's
average daily outdoor time to that for all workers is 0.64. Furthermore,
richer people are more likely to have air conditioning, which means
that windows can be closed on hot days with high pollution levels.

Air filters aremore expensive thanmasks. An average portable room
air filter costs $490 US dollars, while an average mask only costs and
$0.9 US dollars. Consumers have to change the air filter's strainer once
per year but a mask lasts for only ten days. Thus, the daily user cost (in-
cluding electricity expenditure) of an air filter is more than ten times
that of a mask. The sales data of masks and air filters on Taobao.com in
2013 reveals that the high-income group (the top 25% of total con-
sumers) bought 31.9% of masks and 47.9% of air filters.

Recent research has studied the consequences of inequality for mit-
igating pollution exposure. Hotte and Winer (2012) model the optimal
investment in private mitigation efforts to reduce pollution exposure.
Their model yields the prediction that pollution mitigation efforts in-
crease with the pollution level and with income. This means that poor
people spend less to protect themselves. They present a general equilib-
rium model featuring both the production of pollution and the
population's optimal response to exposure to this pollution. Antoci
et al. (2012) also explicitlywrite out a general equilibriummodel of pol-
lution production and exposure. Bernard et al. (2014)model private self
protection and environmental regulation as substitutes. In this case, ef-
fective regulation is likely to crowd out individual self protection.

3 See: http://www.cca.org.cn/web/xfzd/newsShow.jsp?id=67720.
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