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Abstract
This paper looks at the problem of information control behind the unsustainable
levels of air pollution in Chinese cities. In particular, it focuses on a large urban area,
Beijing, and it examines the role of the public information and the adaptation choices of
households in response to high pollution. Our analysis is based on an empirically analysis
of two air pollution indexes from different sources, one public and one foreign. We also
examine agents’ behaviour in response to pollution peaks in an original household survey
collected in Beijing. We find that the official air pollution values are systematically
distorted, creating perverse incentives for households to react to bad air quality, especially
for people who rely on government-controlled sources of information.
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Introduction
Air quality affects in many different ways a country’s economy and society, including its
ecosystems, productive capacity and human health. However, many developing countries are still
far from ensuring a sustainable amount of clean air,1 especially in their urban centres. China
is a striking example of this problem, as it prioritized over the years economic growth over
pollution reduction, and has not managed insofar to ensure sustainable environmental quality.2
In addition to the challenges of rapid urbanization and industrialization, however, Chinese people
face a further difficulty in their path towards sustainability, since they live in a country tightly
controlled by a single party, which may not have incentives to reduce air pollution. In particular,
in China we observe that information about pollution is under the control that the Communist
Party, through the national media. Any private effort to demand cleaner air or to defend against
pollution could be diverted using information controls by the government. In this research,
we analyse how this creates large difficulties in achieving sustainable air quality, i.e. at levels
that are not beyond thresholds of significant health damage. To do so, we explore why the
government may want to release misleading pollution data, if indeed there is evidence for this
distorted signal, and how it can affects households’ adaptive choices with respect to this crucial
environmental issue in urban China.
Air quality is a key problem for Chinese cities: 7 out of 10 of the most polluted cities in the
world are in China, Beijing being one of them (Bank, 2007). Moreover, air pollution is not
only a significant issue for the population of Chinese cities, but it also affects the surrounding
ecosystems and can even be relevant at the global level for international actions such as climate
change mitigation. 3 Nonetheless, it is fundamental to consider that the incentives that an
autocratic government faces in dealing with local air pollution are quite different from those
of a democratic country. In a single party regime with virtually full control of the media, the
government may act as a stumbling block between environmental sustainability and the demand
of the population, rather than as a solution.
In this study, we first model the behaviour of the (autocratic) social planner when choosing
pollution levels and information about it, and that of households when choosing about labour
provision in polluted cities and adaptation to bad air quality. Then we analyse how the Chinese
government deals with pollution information: we examine the discrepancy between Chinese
1

The concept of sustainability applied to air pollution relates mostly to its harmful effect on human health, i.e.
a concentration of particulates and chemical substances sufficiently low not to cause in the population hazardous
rates of airborne diseases. This concentration is usually measured in terms of air quality indexes, which are
discussed in detail in section 2.1.
2
Consider for instance the fact that, for the 10th Five-Year Plan period (2001 − 2005), almost half of the
environmental protection targets set were not met. Some significant pollution indicators, such as sulfur dioxide
(SO2) and particulate emissions, rose instead of falling as required by the plan (Bank, 2007).
3
Since there exist many complementarities in the policies that reduce local and global pollutants (Pittel and
Rubbelke (2008)), China could reap some tangible and localized benefits from reducing global emissions. This
could provide a significant incentive for a developing country like China to participate in international climate
change negotiation, while improving the domestic environment.
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reported levels of pollution and those indicated by the US embassy in Beijing and we find that
the two differ substantially, especially around important thresholds. Afterwards, we analyse the
household dimension of the problem, focusing on the choice of various self-protecting measures,
such as wearing a mask, reducing leisure time outdoor, or changing means of transportation.
We identify the role of the information signal on those people who rely on the government
information and consider it sufficient, as opposed to those who prefer to use the internet, those
who do not care, and those who would like more information. We find that most households rely
on the public (government controlled) media, and those who fully trust it are then those who,
during high pollution days, take less protective actions.
The rest of the paper is organized as follows: the Background section contextualizes this research
within the existing literature; next, the section on Government explores the evidence about data
distortions in Beijing’s air pollution index; and then the section on Households moves to the
private dimension and proposes some empirical findings about averting behaviour with different
sources of information.

1

Background

The problem of air pollution damages to humans has been well studied from an environmental
and health perspective. In the epidemiological literature, a positive relationship between air
pollutants and adverse health outcomes has been identified consistently across a variety of
studies in developed countries (Ren and Tong, 2008). In the developing world, the research on
mortality and morbidity outcomes of air pollution is scarcer, but to date a number of studies
elicit exposure-response functions specific to poorer countries.4 In mainland China, the key
epidemiological studies have been summed up in a comprehensive meta-analysis by Aunan and
Pan (2004), to which we can add some recent cohort studies, such as Qiu et al. (2012) or Zhang
et al. (2012) . Although the magnitude of the air-pollution effects varies across studies and
pollutants, the literature mostly agrees that exposure to air pollution is damaging for health
even in the short run.
This medical literature, however, assumes no adaptation mechanisms from the side of economic
agents, and this can be problematic whenever the exact individual exposure to pollutants cannot
be measured - as it is often the case in developing country’s studies. Depending on people’s
awareness of the problem, there can be different attempts to avoid the negative consequences
of bad outdoor air. Therefore, building on the well-established epidemiological relationship
between pollution and airborne diseases, a number of papers have explored the socio-economic
mechanisms that surround this relation. The key question is to what extent people can and want
to defend themselves against the damages of pollution, and therefore would “buy” air quality.
4

See, for example, El-Fadel and Massoud (2000) for Lebanon, Sakulniyomporn et al. (2011) for Thailand,
Braga et al. (2001) for Brazil, Foster and Kumar (2011) for India.
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For this purpose, two strands of microeconomic research have developed, tackling the problem in
different, interlinked ways: a) the rich literature on stated willingness to pay for a public goods
and for avoiding incurring the cost of illness, and b) various measures of averting behaviour and
averting expenditures. The former can also be extended to the determinants of the value of
a statistical life, and usually exploit an experimental approach focused on individual choices.
Prominent examples in developing countries include Alberini et al. (1997) for Taiwan, Cifuentes
et al. (2001) for Chile, Viscusi and Aldy (2003) for a cross country comparison.
The literature on averting behaviour studies self-protective measures against environmental
hazards: beginning with Ehrlich and Becker (1972), it diffused the idea that people could allocate
part of their income or efforts to risk-reduction. This is especially important whenever insurance
markets are not perfect and in the presence of intangible values which have no market substitutes,
such as good health (Simmons and Kruse (2000), Cook and Graham (1977b)). Empirical
research in this direction finds that indeed people combine market and non-market strategies
to avoid uncertain damages (Simmons and Kruse (2000), Talberth et al. (2006), Whitehead
(2005)). However this empirical literature encounters several methodological difficulties, due to
the endogeneity of averting behaviour.
A small fraction of these studies focuses on aspects concerning the level of information that
people can obtain regarding the risks and damages of a pollutant. This can be a substantial issue
for developing countries, where the flow of information and data to the general population might
be, for various reasons, less efficient (Somanathan, 2010). For example, Jalan and Ravallion
(2003) noted that clean water can be effective in improving children’s health (reducing diarrhoea),
but it requires a level of knowledge and awareness of the mothers to reach the poorest children.5
The case of China is particularly interesting for the peculiar interplay between an environmental
problem, air pollution, information regarding it, and household adaptation. In a context of
tightly controlled data and media communication by the Communist Party, Beijing offers an
interesting case study for the comparison between the official Chinese data on air pollution from
the Ministry of Environmental Protection (MEP) and an alternative source of information about
air quality, provided by the hourly tweet from the US embassy in Beijing. People living in the
capital can therefore choose whether to trust the government or to look for alternative sources
of information, such as the internet, self-perception of air pollution, word of mouth from other
people, etc.
The contribution of our research is twofold: firstly, we want to explain why an autocratic
government should decide to distort information about pollution, and then identify in the data
if indeed the Chinese government manipulates air pollution information, by contrasting it with
the US index. Secondly, we would like to examine how this distorted signal can reflect into
household behavioural choices and attitudes towards pollution. In order to d that, we motivate
our empirical analysis with a simple theory explaining the choices of households and of the
government.
5

See also Jalan and Somanathan (2008) for the importance of information about environmental risks for
averting behaviour, again in the case of water.
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2

Government

First of all, what measures and tools does the government use to communicate to a public
audience the monitored levels of pollutants’ concentration at a given point in time? Typically,
public agencies monitor and diffuse the information about a city’s pollution parameters through
air quality indexes, providing a public good which otherwise is likely to be under-supplied by
the private sector. The government has a pivotal role in determining the population’s awareness
of pollution risks, even on a daily basis.

2.1

Indexes of air pollution

The standard tools used in the USA, Canada, the European Union and many other countries
to communicate to the general public the level of pollution are standardized indexes - Air
Quality Indexes or AQI - that can easily convey information about the level of pollution through
a simple rating of air quality. This is more understandable than reporting concentration of
individual pollutants. The index score reported is then associated with the potential health
damages that can derive from it. Generally cities and municipalities are required to report a
simple scale, coloured to highlight the gravity of the environmental situation. China has also
an Air Pollution Index (API) that is in many aspects similar to the one developed by the US
Environmental Protection Agency (EPA). Both US AQI and Chinese API are non-linear in
pollution concentration. A comparison is presented in Figure 3 in the Appendix.
The Chinese Air Pollution Index or the US Air Quality index on a given day corresponds to the
highest index value given by any of the pollutants which compose it.

AP I = max(I1 , I2 , ...In )

(1)

In order to construct the index for an observed concentration C of pollutant i, the following
formula is used:

Ii = (C − Clow )

Ihigh − Ilow
+ Ilow
Chigh − Clow

(2)

where high and low indicate the boundaries of each category mentioned in Fig. 3 (Beijing
Municipal Environment Monitoring Centre and US-EPA 2006). While the construction of the
index is identical between the two countries, the boundaries of concentration for some of the
pollutants are sometimes different (see for instance SOx), and between 100 and 300 some of the
categories are defined differently. But generally, it is clear that a scale above 100 indicates the
presence of pollution, and anything above 300 is highly polluted and hazardous.
5

2.2

Local incentives to distort information

The literature suggests that some incentive to manipulate data may occur at the local level. The
institutional framework of Chinese politics presents a strongly hierarchical relationship between
local and central government. 6 This structure is based on a system of vertical bureaucratic
control, which allows some flexibility at the local level, but no true decentralization (Tsui and
Wang, 2004). Local government officers are responsible for economic targets and, more recently,
also for some environmental performance evaluations, which however still represent a secondary
concern (Xu, 2011).
It is therefore important to consider that there can be also local incentives for distorting
information about environmental problems, to make them appear less significant to the central
government. A clear incentive for such distortions comes from the National Environmental
Protection Model City award, started in 2003, which prizes cities that, among other things, can
achieve more than 85% of “ blue sky days” in a year (API less than 100). Some evidence of
this local effects has been found by Andrews (2008) and Chen et al. (2013), who analysed API
data and found that air pollution data had been manipulated in various ways: from shifting
monitoring stations to less polluted areas, to discontinuities just around the threshold of blue
sky days .

2.3

Comparing the US AQI with Chinese API

Beijing is an excellent case study to search for distortions in the API, since it has the unique
feature of having one useful counter-check to official data: the United States Embassy, which
has its own monitor for particulate matter. Therefore, it is possible to conduct a comparative
analysis of the two indexes produced by the Chinese and the US for the same time period,
and see if the discrepancy between the two presents any pattern. Fig. 1 below shows a simple
comparison of the two daily indexes during some months of 2008.
Even from such a stylized graphical comparison, it is clear that the two indexes can take very
different values in the same day. This could be due to some measurement error, but we notice
that a pattern seems to exist. The Chinese index, in red, tends to be lower than the US one
(blue) and rarely surpasses the blue sky day limit of an API of 100. Moreover, the Chinese index
tends to be downward biased especially in highly polluted days, when the difference from the US
AQI becomes greater, while for not so polluted days the two become more similar. Nonetheless,
this the image depicts only a short period of time, so we extend our analysis to a longer time
6

The observation that organization and hierarchy can generate different incentives and outcomes is not new,
Maskin et al. (2000) for instance test this hypothesis with Chinese data on managers’ incentives, using a broader
model applicable to government structures.
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Figure 1: Mismatch between Chinese and US pollution indexes

frame, from 2008 to 2013, the period for which data was available from both the two sources7 .
Note that the US embassy produces several measurements during the day, so it could also be a
problem of how the data is aggregated. Even looking even at minimum daily values from the US
AQI, the pattern still persists (see Fig.4 in the Appendix), but one of the robustness checks of
our analysis will be to try different daily measures (average, minima, midday, etc.).
In order to gather more formal insights into any systematic ways in which the Chinese officials
might manipulate Beijing’s API, we conduct the following time-series analysis, to see how the US
AQI can bee translated into the Chinese API. This under the assumption that the US embassy
does not have itself any political incentive to distort pollution reporting (especially upwards,
which would easily cause diplomatic tensions).
7

Note that on December 14, 2012 the U.S. Environmental Protection Agency (EPA) strengthened the nation’s
air quality standards for fine particle pollution. This however falls at the very end of our sample, so should not
affect the whole time series analysis and surely did not affect households’ perceptions of air pollution. Also in
China the current API is under revision and both English translations and tightness of standards are being
modified: in February 2012 (regulation HJ 633—2012), China defined a new air quality index that includes
PM2.5 and ozone. This will not take effect nationwide until 2016, but Beijing and many other cities have already
started pilot uses of it. Source: * http://www.livefrombeijing.com/2013/01/demystifying-air-quality-numbers/
Ministry of Environmental Protection

7

The time series model specification is the following:
p
q
r
X
X
AP It
AP It−i X
= α + β1 AQIt + β2 P oliticst +
+
γi T hresholdsi +
θi t−i + ηm + σy + t
φi
AQIt
AQIt−i i=1
i=1
i=1

We take the two pollution indexes as logarithms, so to be able to measure the responsiveness of
one to the other in terms of elasticities. Particularly we consider whether the AQI affects the
ratio API/AQI in any significant ways. If the two indexes are very similar,8 the ratio will take
values close to one and the effect should be insignificant; the more discrepancy between the two,
however, and the more of a (negative) significant impact we should observe.
We also include dummies for the various thresholds, such as the API at 100 which divides blue
sky days from polluted ones, and the most noticeable ones in the AQI scale. Considering the
way air quality indexes are constructed (see again Fig. 3 in the appendix) we include a threshold
for T100, T200 and T300. In addition, to capture persistence in shocks and in the stock of
pollution cumulated in the air, we add an autoregressive component and a moving average
term, for which the exact number of lags can be determined comparing different models using
standard time-series techniques. Finally, we add month and year fixed effects, in order to capture
any particular event in our sample. Of course, following the above discussion on how the two
pollution indexes are constructed, we consider only those days when PM10 is the main pollutant,
since for SOx or NOx (or unknown main pollutant, as it is sometimes the case) the comparison
would not be possible. The results of various autoregressive-moving average specifications are
presented in Table 1.

8

The two series are stationary according to a simple Dickey-Fuller test.
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Table 1: Chinese/US air pollution indexes
.
(1)
(2)
(3)
(4)
(5)

(6)

(7)

AQI

-0.79***
(0.02)

-0.79***
(0.02)

-0.79***
(0.02)

-0.79***
(0.02)

-0.79***
(0.02)

-0.79***
(0.02)

-0.79***
(0.02)

AQI threshold(100)

-1.58***
(0.30)

-1.59***
(0.30)

-1.53***
(0.31)

-1.60***
(0.30)

-1.59***
(0.30)

-1.59***
(0.30)

-1.58***
(0.31)

AQI threshold(200)

0.10
(0.89)

0.03
(0.90)

0.15
(0.91)

0.07
(0.90)

0.03
(0.90)

0.02
(0.90)

0.03
(0.90)

AQI threshold(300)

-2.14**
(1.05)

-2.02*
(1.06)

-2.35**
(1.06)

-2.07*
(1.06)

-2.02*
(1.07)

-2.02*
(1.07)

-2.04*
(1.07)

T100*avg. AQI

0.33***
(0.06)

0.33***
(0.06)

0.32***
(0.06)

0.34***
(0.06)

0.33***
(0.06)

0.33***
(0.06)

0.33***
(0.06)

T200*avg. AQI

0.00
(0.16)

0.02
(0.17)

-0.01
(0.17)

0.01
(0.17)

0.02
(0.17)

0.02
(0.17)

0.02
(0.17)

T300*avg. AQI

0.38**
(0.19)

0.36*
(0.19)

0.41**
(0.19)

0.36*
(0.19)

0.35*
(0.19)

0.36*
(0.19)

0.36*
(0.19)

Constant

3.05***
(0.14)

3.04***
(0.14)

3.04***
(0.14)

3.06***
(0.14)

3.04***
(0.14)

3.04***
(0.14)

3.04***
(0.15)

0.34***
(0.03)

0.32***
(0.03)

0.41*
(0.22)

0.34
(0.79)

-0.15
(3.10)

0.04
(0.27)

0.29
(1.36)

-0.02
(0.80)

0.47
(3.10)

ARMA
L.ar
L2.ar

0.05
(0.03)

L.ma

0.30***
(0.03)

L2.ma
sigma
Constant
Observations
AIC
BIC

0.31***
(0.03)

-0.09
(0.22)

0.14***
(0.03)

0.02
(0.08)

-0.10
(0.36)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

876
-197.63
-73.47

876
-197.29
-68.35

876
-183.31
-59.15

876
-193.82
-64.89

876
-195.32
-61.61

876
-195.29
-61.58

876
-193.30
-54.81

Standard errors in parentheses
* p < 0.10, ** p < 0.05, *** p < 0.01

9

The average value over the time period 2008-2013 of the dependent variable is 0.87, indicating
that the Chinese API tends to be slightly smaller, on average, than the US index. The
negative and significant coefficient of AQI indicates that, whenever pollution (as registered by
the US AQI) rises, the effect on the ratio is unambiguously downwards: a 1% increase in the
AQI causes a fall in the Chinese/US ratio of 0.8%. This result could be foreseen given the
graphs showed before: the Chinese pollution index does not increase as much as the US one,
so whenever pollution increases the ration between the two indexes goes down.
But perhaps more interestingly, thresholds play an important role in moving the asymmetric
relation between the Chinese API and the US AQI. This gives a stronger indication of political
will than the previous result, which could come from some differences in the measurements of
the US Embassy. Both the 100 and 300 points thresholds are significant and large, as one
could expect given the blue sky days policy and the dangerous health zone above 300. As
foreseeable, the effect of being above 100 or 300 diminishes as the AQI increases (see the
positive and significant effect of the interaction between thresholds and AQI): it is easier to
downplay pollution levels just above the threshold (e.g. 101 or 302), to move to the category
below, than values way above the threshold. Anyway, the interaction terms do not fully
outweigh the negative coefficients of the thresholds T100 and T300, so there is always a
temptation to reduce reported pollution when entering the dangerous levels of the scale.
The various specifications can be compared on the basis of the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion (BIC), which are used for model selection by
indicating the relative goodness of fit of various statistical models9 . Choosing the two models
with lowest information criteria, i.e. the MA (1) and the MA(2) models, we can compute
in-sample forecasts to see which of the specified models performs best in terms of predictive
power. Comparing the mean squared errors of our forecasts (or alternatively the absolute
value of the predicted errors), we can select the most suitable model among all the ones
examined, which is the moving average with one period lag, MA(1).
Overall, this analysis shows that the relationship between the Chinese reported Air Quality
Index and the actual levels of pollution in Beijing during a given day do not match, and this
suggests that, as hypothesized in the model, the benefits for the government of declaring that
the air is cleaner outweigh the costs. The next section will then be dedicated to the analysis
of household responses to this air pollution information for averting the health damages of
pollution exposure.

9

Note that these criteria are only interpretable as relative measures to compare different models, they have
no absolute meaning relative to goodness of fit, as the classical R squared would have.
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3

Households

Individuals who decide to live and work in Beijing can choose if and how to respond to
the environmental and health hazard presented by air pollution, by virtue of incurring a
cost (monetary or in terms of time) for protecting themselves and their families from the
damages of pollution. 10 Furthermore, agents can decide how to obtain information about air
pollution, either by relying on government controlled sources (TV, newspapers, radio), on
their own perception of pollution (for instance basing their judgement on the visibility), or on
alternative sources of information, which are still relatively less popular in China, such as the
internet. Note that, for example, the US Embassy measurements are available hourly through
an online tweet, which can even be downloaded on a mobile device as an application. The
internet is quite restricted in China, but young people are nowadays able to access this sort
of information through the web.
In order to examine the behaviour of households with respect to air pollution and health,
we collected a household survey in urban Beijing, which elicits the expenditure and time
allocation to averting activities. Particular attention is dedicated to information effects, in
order to identify which groups are more capable of adapting during peak pollution days.
The data is described below and an English version11 of the questionnaire is included in the
Appendix.

3.1

Household Survey

The household survey was administered in three districts of Beijing, Haidian, Chaoyan and
Dongcheng, for a total of 1672 individuals (578 households). Due to time and financial
constraints we could naturally survey only some districts, and within each district only some
streets and some communities. Hence sample selection was designed to ensure representativeness using probability proportional to size (PPS) at the district and street level and random
selection at the community and household level, so that all households in Beijing had equal
chances of selection (see Equation 3).

p0

[NH ]D1
[Nh ]T OT

District choice (PPS)

∗ p1

[[NH ]S1 ]D1
∗
[Nh ]D1

Street choice (PPS)

p2

1
[[NC1 ]S1 ]D1

Community choice (Random)

∗

x
[[[NH ]C1 ]S1 ]D1

= c (3)

Household choice (Random)

10
This decision is here conceptualized as an individual decision, but it could be extended to an and
intra-household allocation of a public good, clean air, which can then translate into better health for the
whole family. Each household member faces a trade-off between income and non-market activities (leisure,
averting behaviour, taking care of children or elderly people, etc.). Within the household, agents bargain for
who should dedicate more time to income or non-market tasks, depending on relative opportunity costs. For
a formal analysis of the possible bargaining solutions inside the household, see a review of intra-household
allocation model by Browning et al. (2010)
11
The survey was administered in Chinese, after numerous pilot tests for its understandability and repeated
checks that the Chinese and English version corresponded exactly.
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The questionnaire inquired in detail about a) the socio-economic characteristics of the
household, b) various habits and averting behaviours (wearing masks, reducing time outdoor,
changing means of transportation, doing preventive health checks - more detail about these
below), c) how the family gathered information about air pollution and d) health of family
members and particularly airborne diseases, cost of illness and insurance. The respondents
(one per household) could only answer for themselves and for close family members who
spent most of the time in the household. The average household size is around 3, which is
reasonable given the one child policy. We also compare various demographic characteristics of
our sample with data from the Statistics Bureau of Beijing (gender, age, education) and the
sample is in line with the characteristics of the total population of those districts.
The data from the household survey varies over three dimensions: across individuals, within
households and somewhat over time. We asked to the respondents to recall their averting
behaviour choices in periods of extreme pollution peaks and over the rest of the year, which
gives us variation between normal times and extreme pollution events. To define extreme
and normal times, we asked the respondents if they could recall the two worst episodes of
air pollution in Beijing in the previous year, and if they could locate them in time. In the
year before the survey, in fact, there were two pollution alerts during extremely hazardous
days. We defined an extremely polluted days those situations. Hence averting behaviour
could optimally shift in such extreme circumstances, even if normally a person would not
avert air pollution. The use of recall data to introduce this artificial time dimension is not
free from limitations, but allows us to at least get a general sense of people’s variation in
behaviour in relation to pollution.

3.2
3.2.1

Stylized facts
Health and pollution

Preliminary analysis of the data indicates that for our sample we can observe the standard
epidemiological correlation between air pollution and illness episodes outcomes (Fig. 2). This
is interesting to observe, however it could be driven by a number of different factors, as medical
experiments showed with more precise exposure data and physiological parameters. What is
more interesting for the purpose of this study is to examine how the adaptive behaviour of
the household comes into play and what is the role of information access.
Overall there seems to be scope for averting behaviour, given that the private cost of illness
obtained for our sample was quite high: from airborne diseases, the average annual expenditure
including medical costs, medicines and foregone wage12 was more than 3000 yuan, almost a
month of average salary. Table 2 illustrates the breakdown of costs.

12

Wage loss is computed multiplying the wage by the days at home, net of those covered by sick-leave:
wage x (days lost-sick leave).
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Figure 2: Correlation between P M10 and number of disease episodes

Table 2: Private cost of illness

Average (airborne
diseases only)
Average
(including other
illnesses)

3.2.2

Direct
costs

Days of
work lost

Paid sick
leave

Days of
inactivity

Indirect
costs

Total
costs

2514 yuan

1.4

0.5

9

812 yuan

3326 yuan

5184 yuan

18

13

53

305 yuan

5489 yuan

Averting behaviours

The averting behaviours we consider range from activities that are mostly time consuming
to more expensive ones. Some are undertaken by almost everybody, while other ones are
rarely adopted. Table 3 below illustrates the characteristics of the averting choices, their
correlation with income and also, following the original literature on self-protection versus
market protection, with insurance.
Reducing time outdoor means spending less time outside for leisure and for exercise purposes,
so it captures changes in the free-time schedule of a person. This behaviour was much more
frequent during extremely polluted days (77 % of our sample declared they did it). Transport
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Table 3: Characteristics of averting behaviours during a normal day
AVERTING BEHAVIOUR

FRENQUENCY

INCOME

INSURANCE

Reduce time outdoor

58 %

0.01

-0.02

Transport change

6%

-0.01

0.03

Mask

11 %

0.1 **

0.01

Preventive health checks

62 %

0.1 ***

0.1 **

change instead implies moving from means of transportation with very high exposure to
pollution (i.e. walking or bicycle) to relatively safer ones, such as using a car or a taxi. The
percentage of people adopting this behaviour in the extremely polluted days almost doubles,
but still this is not a common strategy that people choose or can afford. Facial masks are also
a relatively infrequent behaviour. We looked also at the use of protective masks, and asked
the respondents also to mention if they choose a common, paper mask or a more sophisticated
one (there exist more expensive masks on the market that can filter much more efficiently
particulate matter), but only few people used the higher quality masks (2-3 % of the sample).
Finally, a different, more expensive strategy is considered: going for preventive medical checks,
and here we consider only those check-ups for which the person had to pay some individual
contribution. The price paid for preventive health checks annually ranged from 10 to 15,000
yuan. The latter behaviour clearly correlate more strongly with income and hence also to
private insurance expenditure. It is quite different in nature from the previous adaptation
strategies, because it does not respond to pollution peaks, but rather is undertaken in advance.

3.2.3

Information about pollution

Internet usage for the purpose of collecting information about air pollution is still limited. The
vast majority of people interviewed relied on government controlled sources of information,
such as TV, radio or newspapers - see Table 4. Furthermore, 70 % of our sample considers
the information available on air pollution sufficient. Therefore, it seems that the government
can exert a direct influence on the choices of a large fraction of the population when deciding
what data to publish for the API.
Table 4: Different sources of information about air pollution
SOURCE OF INFORMATION
FREQUENCY
Government sources (TV, radio, newspapers)

77 %

Internet (PC or mobile device)

6%

Self-perception, other people

17 %

Doesn’t care

0.1 %
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3.2.4

Awareness of the problem

Despite not being a primary goal of the survey (e.g. we did not use any experimental setting
to elicit the exact value that our interviewees give to clean air), from a number of answers
we can get a sense about their level of awareness of the environmental problem posed by air
pollution and how much people give importance to it. For instance, the fact that only 66 % of
respondents had noticed and remembered the extremely polluted haze days in Beijing already
indicates that the individual perception and interest in the issue might be still relatively
limited. For those who did recognize the bad haze days, Table 5 shows how people reacted
afterwards:
Table 5: What did you do after the peak pollution days last year?
Nothing
38 %

3.3

I started worrying more about air pollution

25 %

I look for more information

9%

I worry more about air pollution and look for more information about it

27 %

Other

1%

Empirical model

Starting from these stylized facts, we can analyse the determinants of averting behaviour and
of the choice of source of information.

3.3.1

Information

First of all, we want to characterize the agents that use government media as opposed to
the internet or neither of the two. This can tell us what groups are more affected by the
government’s signal. We set a general empirical model of information, as follows:
Inf oh = β0 + Individual Xi β1 + Household Xh β2 + β3 Incomeh + it

(4)

and we test this using as a dependent variable different types of information sources. Such a
specification may pose some problems in terms of reverse causality, so we prefer a parsimonious
model that uses only exogenous observables. Overall, we will be cautious in making any causal
statement, since there could be biases arising also from potential omitted variables. The
individual controls are age, gender, education level and smoking status (to capture somehow
risk attitude towards pollution and lung diseases). At the household level we have income
and household size.
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First of all, we consider as left-hand-side variable the binary choice between using or not
government controlled media to check air pollution information. The dependent variable is
then a dummy equals to 1 if the respondent said that (s)he use TV, radio or newspapers as
a source of information, and zero otherwise (so if he uses internet or no information about
pollution at all, or self-perception). Then we distinguish between government media versus
internet users, and government media versus self-perception users, to see what is driving the
results. We also look at internet users versus everyone else.13
The results are displayed in Table ??. People who use government media are generally older,
and this is driven by the internet users, who are generally younger, and more educated
(but this is instead determined by those who prefer to use self-perception to know about air
pollution, as they tend to have lower education status). Interestingly, smokers declare to
use the internet more than anything else. Larger households (families) rely a lot more on
government sources than on the internet. Finally, income is strongly correlated with internet
usage. This gives us an initial picture of those people who typically rely on the government’s
information.

Table 6: Internet vs Government information
.
Government media Govt vs. Internet Govt vs. Self

Internet

Age

0.01***
(0.00)

0.04***
(0.01)

0.00
(0.00)

-0.03***
(0.01)

Male

0.06
(0.10)

0.13
(0.17)

0.03
(0.11)

-0.15
(0.15)

Education

0.15**
(0.06)

-0.08
(0.12)

0.22***
(0.07)

0.13
(0.11)

Smoker

-0.48***
(0.18)

-0.69***
(0.27)

-0.41*
(0.21)

0.56**
(0.25)

Migrant

-0.46
(0.35)

0.16
(0.89)

-0.61
(0.37)

-0.30
(0.80)

Household size

0.25**
(0.11)

0.69**
(0.32)

0.12
(0.12)

-0.67**
(0.29)

Household Income

-2.13
(1.45)

-5.66***
(1.93)

-0.10
(1.90)

5.45***
(1.63)

Constant

-0.76
(0.50)

-0.51
(0.96)

-0.04
(0.57)

-0.13
(0.84)

Observations

1490

1260

1408

1490

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

13

For the determinants of internet, since the occurrence of a 1 is quite rare, we use a complementary log-log
specification to account for the asymmetric nature of the dependent variable (Hilbe (1996)).
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3.3.2

Averting behaviour

In order to analyse averting behaviours, we can specify a similar model as the one above, but
as soon as we include information sources we might introduce an endogeneity problem, as it is
not clear whether it’s the information source that determines the averting choice, or viceversa
those who, for some unobserved reason, prefer to avert more use a particular information tool.
Therefore we try to overcome this problem through a two stage model, with the determinants
of information sources in the first stage (Eq. 6) identifying those who not only use the public
media, but also consider it sufficient (i.e. fully rely on it).

Avertik = α0 + Individual Xi α1 + Household Xh α2 + α3 Mediah + ηit

(5)

Mediah = β0 + Individual Xi β1 + Household Xh β2 + β3 Suf f icienth + it

(6)

Averting behaviours vary over k, covering masks, transport, time outdoor and preventive
health checks. With the exception of the latter, the dependent variable is measured in changes
(i.e. if a person switches to more averting behaviour in extremely polluted days compared to
normal days). Beyond the controls used in the previous specification, we add other controls:
a dummy for workers, to distinguish individuals with more time flexibility from those with
less; a control for car ownership in the transport specification, which may be particularly
important as a sunk investment in averting; and a dummy for households with children, which
could be possibly more careful about the health damages of pollution. Moreover we need to
control for whether the person was the survey respondent or not, because when talking about
family members, respondent knew less and tended to downplay their capacity to avert.
Table 7 shows that, first of all, the first stage probit predicts quite well whether a person uses
publicly controlled public media, thanks to the sufficiency variable. Then those who use TV,
radio and newspapers controlled by the Communist Party are less likely to switch to more
averting behaviours during peak pollution days, both in terms of time spent outdoors and for
wearing masks. In the case of transport, information does not play a significant role, but we
can see that car ownership is a very strong determinant of this behaviour. It is harder for
people to adopt safer means of transport if they do not own a car. A different story applies
to preventive health checks: those do not respond to the information signal negatively, but
on the contrary correlate positively and significantly to it. This is not surprising, however:
preventive checks do not need to be done distinguishing between peak pollution days and
cleaner ones.
These results fit well with what was suggested in section 2 about government reporting
optimistic values for pollution: since we identify here people who use such information and
consider it sufficient for their choices, clearly these people will not be alerted much in high
pollution days, and therefore, even for those behaviours they can easily modify, such as time
outdoor and masks, they will be less likely to implement them.
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Table 7: Averting Behaviours Bi-Probit
Outdoor (∆)

Mask (∆)

Transport(∆)

Health checks

Smoker

-0.21*
(0.13)

-0.46**
(0.20)

0.04
(0.15)

-0.10
(0.11)

Worker

-0.06
(0.14)

0.35*
(0.20)

0.21
(0.24)

-0.06
(0.12)

Children

0.17
(0.15)

0.29
(0.18)

-0.18
(0.24)

0.28*
(0.15)

Household Income

-0.05
(1.02)

-0.33
(1.08)

0.06
(1.35)

3.09***
(0.73)

-1.37***
(0.48)

-2.18***
(0.56)

-0.45
(0.50)

1.73***
(0.29)

Public Media
Car

0.57***
(0.21)

Sufficient info

0.39**
(0.16)

0.37**
(0.17)

0.38**
(0.17)

0.29**
(0.13)

Smoker

-0.34**
(0.13)

-0.33**
(0.13)

-0.29**
(0.13)

-0.28**
(0.12)

Worker

0.06
(0.16)

0.06
(0.16)

0.09
(0.17)

0.08
(0.14)

Children

-0.22
(0.20)

-0.17
(0.20)

-0.17
(0.21)

-0.02
(0.18)

Household Income

-0.15
(1.10)

0.16
(1.08)

-0.42
(1.03)

-1.15
(0.77)

Observations

1147

1146

1133

1428

Clustered standard errors (household) in brackets. * (p<0.10), ** (p<0.05), *** (p<0.01)
Respondent, Age, Male, Education controls and Constants not reported.
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Conclusion

The above analysis shows that the Chinese government does not have much incentive to
improve air quality to sustainable levels, as it can give an information signal about pollution
that is lower than actual values. In particular, we find that it can simply reduce the Air
Quality index some points below certain critical thresholds for human health. As a result,
those urban dwellers who rely fully on this government controlled source of information adopt
less averting measures to protect themselves during peak pollution days. We propose that the
mechanism behind government’s choice of distorting information is a simple social planner’s
problem, in which the government tries to attract workers to polluted cities. Announcing
that the air is clean might be costly if people avert less and total medical costs rise, but this
happens only indirectly and for a fraction of the population, while the migrant workforce
directly contributes to output. Therefore it is optimal for an autocratic government to use
this information tool, even if this induces less averting behaviour.
These results indicates that, whenever an autocratic country can exercise ample government
control over the media, it is not unlikely that this will sacrifice environmental sustainability
in order to achieve higher output production. This in turn will spill onto the households that
take less self-protective actions. Unless there is some process of learning about pollution, this
situation is just going to perpetrate itself, as long as urban production requires immigrant
cheap workers and pollution emissions. In this system, as there is no pressure from below to
start tackling pollution, the cycle of incorrect information and distorted adaptation incentives
continues, similarly to a snake (or better in this case a dragon) eating its own tail. In the
future, it is likely that the Chinese population will pressure more the government to disclose
the true levels of pollution, so to increase the credibility cost to the Communist Party of
manipulating information. But as we have shown here, it will require quite a substantial effort
to overcome the benefits that the government can currently reap from this information tool.
For further extensions of this analysis, it would be interesting to model and to explore
empirically a mechanism for interaction between several cities and rural areas, rather than
focusing just on one city, Beijing, and an urban versus rural model. If some migrants
communicate back to rural areas the true level of pollution, the cost of cheating about
pollution might increase over time for the government; or people could move across cities
depending on their income levels and job opportunities, coupled with air quality. It could
even be that the role of the government not only consist of allocating migrants, but also firms
and productive activities. Furthermore, it would also be interesting as a future extension of
this work to consider a general equilibrium framework, in which migration flows can affect
wages as well, so that the government could trade pollution off for income payments, and
maybe even for different levels of health insurance. But for this, a different set of data would
be needed, possibly about a wider range of rural and urban dwellers.
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APPENDIX

Figure 3: US versus China’s pollution indexes (Source: own elaboration from US EPA and
MEP)

Robustness: minima
Since the US air pollution index is constructed from hourly observations, we might want to
check if the official Chinese air quality index is somehow closer to the US Embassy one when
using daily minima, or other forms of aggregation. A graph of comparison between the US
minimum value and the usual Beijing index is shown in figure 4.

Figure 4: Mismatch even with daily minima

The results are also robust when we use instead the maximum daily observation for the US
Embassy data.
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Table 8: Chinese/USA air pollution indexes (minimum of US hourly observations)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

min. AQI

-0.92***
(0.01)

-0.92***
(0.01)

-0.92***
(0.01)

-0.92***
(0.01)

-0.92***
(0.01)

-0.92***
(0.01)

-0.92***
(0.01)

AQI threshold(100)

-1.86***
(0.29)

-1.86***
(0.30)

-1.81***
(0.30)

-1.86***
(0.30)

-1.86***
(0.30)

-1.86***
(0.30)

-1.85***
(0.30)

AQI threshold(200)

0.41
(0.87)

0.35
(0.87)

0.47
(0.88)

0.37
(0.88)

0.34
(0.87)

0.34
(0.88)

0.35
(0.88)

AQI threshold(300)

-2.56**
(1.04)

-2.48**
(1.05)

-2.78***
(1.05)

-2.52**
(1.05)

-2.48**
(1.05)

-2.48**
(1.05)

-2.49**
(1.05)

T100*avg. AQI

0.40***
(0.06)

0.40***
(0.06)

0.39***
(0.06)

0.40***
(0.06)

0.40***
(0.06)

0.40***
(0.06)

0.40***
(0.06)

T200*avg. AQI

-0.05
(0.16)

-0.04
(0.16)

-0.06
(0.16)

-0.05
(0.16)

-0.04
(0.16)

-0.04
(0.16)

-0.04
(0.16)

T300*avg. AQI

0.45**
(0.18)

0.44**
(0.19)

0.49***
(0.19)

0.44**
(0.19)

0.44**
(0.19)

0.44**
(0.19)

0.44**
(0.19)

Constant

3.69***
(0.11)

3.69***
(0.11)

3.68***
(0.10)

3.70***
(0.11)

3.69***
(0.11)

3.69***
(0.11)

3.69***
(0.11)

0.34***
(0.03)

0.32***
(0.03)

0.44
(0.97)

0.43*
(0.23)

-0.15
(2.22)

0.04
(0.03)

-0.00
(0.32)

ARMA
L.ar
L2.ar
L.ma

0.30***
(0.03)

L2.ma
sigma
Constant
Observations
AIC
BIC

0.32***
(0.03)

-0.11
(0.97)

0.12***
(0.03)

0.27
(0.91)
-0.11
(0.23)

0.47
(2.22)

-0.00
(0.08)

-0.09
(0.21)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

0.21***
(0.00)

876
-159.64
-35.48

876
-158.62
-29.68

876
-147.24
-23.08

876
-155.81
-26.87

876
-156.64
-22.93

876
-156.64
-22.93

876
-154.73
-16.25

Standard errors in parentheses
* p < 0.10, ** p < 0.05, *** p < 0.01
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