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Abstract: Haze pollution in China has reshaped daily life for the Chinese and led to serious health
issues. At the same time, the Chinese have enjoyed the rapid economic growth that has contributed
to this pollution. While questionnaire-based studies have been conducted within certain regions of
China to learn the public’s opinions of haze pollution, little work has been done to understand how
Chinese citizens value haze treatment in relation to their nation’s economic growth at a nationwide
scale. To fill this knowledge gap, this project conducted a nationwide investigation of Chinese
opinions on the benefits of economic growth versus the disadvantages of haze pollution, as well as
their responses to efforts by the Chinese government to combat haze and to the influence of haze
on Chinese daily life and on personal health. The study also sought suggestions for combatting
haze. In particular, an anonymous questionnaire consisting of 29 questions was given in the summer
and fall of 2017 to 1233 people of different genders, ages, child statuses, educational backgrounds,
occupations, living areas (rural, suburban, and urban), and living regions. The statistical Chi squared
test was then used to identify the demographic group of respondents supporting the economic
slowdown policy or requesting more efforts from the Chinese government to combat haze pollution.
A multivariate statistical approach—principal component analysis—was further applied to visualize
respondents’ feedback on the impact of haze on their daily life and personal health, as well as the
change of environment and economic conditions in the last 10 years. The results show that more than
50% of respondents, especially those with children, those between the ages of 31 to 50, and those
living in high-pollution regions, supported the economic slowdown policy. Totally 40.63% of the
entire group of respondents believed the government’s efforts to control haze were small or very
small. Only 27.84% of respondents held the opposite opinions. In total, 72.91% of respondents
believed the environment in China became worse or much worse in the past 10 years; however,
most responded positively to the idea of resolving the haze issue within 15 or more years. Haze
has caused health issues in and around half of the respondents and has significantly reshaped their
outdoor activities.

Keywords: haze pollution; statistical survey; principal component analysis; Chi squared test

1. Introduction

The economic boom in China following the reforms introduced by Deng Xiaoping during the
1980s turned the country into a global powerhouse [1]. Specifically, while 27.6% of China was urbanized
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in 1992, this percentage increased to 52.6% in 2012 (cited from China Statistical Yearbooks). The Gross
domestic product (GDP) grew by an average of 9% or more each year from the late 1980s to 2014 [2].
This economic growth in China is largely reliant on the large industries powered by fossil fuels,
including steel factories. For instance, the 6.9% GDP growth in the second quarter of 2017 was largely
due to the growth of the steel, coal, and cement industries, which are regarded as some of the most
damaging industries for the environment [3]. China has developed as the top producer of coal in
the world, producing 3.46 billion tons in 2016 alone, according to the Chinese National Bureau of
Statistics. Coal is proven to be harmful to the environment: emissions due to coal often release mercury
upon combustion [4-6]. Additionally, coal has contributed to 40% of all fossil fuel CO, emissions [7].
The rapid infrastructure construction and urban expansion in China impose the highest demand
for cement in the world. In particular, China produced around 57% of global cement production
(i.e., 1.87 billion metric tons of cement) in 2010, with an average annual growth rate of 11.6% in cement
production over the past two decades. China’s recent rapid industrial and urban growth has resulted in
environmental complications such as the haze that is the focus of this study. A slight obscuration of the
atmosphere by small solid or liquid particles, haze represents a form of air pollution that has become
a prevalent concern in China, especially near city clusters [1]. Particles in the air with a diameter of less
than 2.5 micrometers (so-called PM 5) has caused 652,000 premature deaths in 2015 in 161 cities within
nine regions across China, accounting for a total of 6.92% of all deaths that year [8]. The air quality
in China as of the winter of 2016 has far exceeded dangerous levels, causing cancelled flights, closed
schools, and poor visibility. While a concentration of 300 micrograms per cubic meter of PM, 5 particles
is considered hazardous, 74 Chinese cities exceeded this number in 2013, with some even reporting
numbers as high as 700 [9]. The problem posed by Chinese air pollution can no longer be ignored.
The rapid economic growth that is driven by coal, steel, cement and other industries presents a growing
contrast between the country’s economic and environmental goals. It is thus crucial to understand
where the public stands on the issue because it can reveal to government policy makers and industrial
owners the best course of action for implementing changes that will most effectively improve the
quality of life for the Chinese populations. It may influence future economic endeavors that China can
take on to maintain an environmentally sustainable but also economically successful nation.

To address the aforementioned issues, this project presents a questionnaire to survey the opinions
of the Chinese public on how they prioritize controlling haze pollution versus encouraging economic
growth and their thoughts on efforts that might be made by the Chinese government to reduce
haze pollution. Questionnaire survey approaches have been widely implemented as a means to
obtain Chinese opinions on topics that are related to China’s haze pollution problem: (1) the annual
consumption of various energy varieties (e.g., coal and fuel gas) in rural areas of northern China [10];
(2) tourists” perception of haze pollution and the potential impacts on travel to Beijing in China [11];
(3) public awareness of smog pollution in China [12-16]; (4) the public’s willingness to pay (WTP)
for reducing or tracking haze pollution [17-22]; (5) the public’s adaptive behavior responses to haze
pollution in urban China [23,24]; (6) personal protection strategies from haze pollution [23,25]; and (7)
consumers’ purchase intentions related to products that deal with haze pollution [26].

These studies indicate that the questionnaire-based survey is an effective approach for obtaining
the public’s opinions on haze pollution in China. However, few of these studies have covered the topic
of how far people are willing to go in sacrificing economic growth and halting the exacerbation of the
environmental situation in China. This project aims to fill this knowledge gap. While several studies
have been conducted to evaluate the government’s performance in responding to and controlling
haze pollution [12,19], these were limited to either local areas (e.g., Xinjie, a rural area in central
China) or specific populations (e.g., skilled workers). We revisit this question here by exposing it
to more general populations with various demographic backgrounds (i.e., gender, age, child status,
educational background, occupation, living area (rural, suburban, and urban), and living region
in China). In addition, this work implements advanced multivariate statistics methods to extract
important patterns from the wealth of data obtained through the 29-question survey, which includes
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seven demographics questions concerning gender, child status, age, education background, occupation,
population density of the living area, and living region in China; 18 multiple choice questions
surveying opinions regarding haze pollution and economic growth; three checklist questions (select all
applicable answers); and one open-ended question asking for suggestions on battling the haze in China.
The findings from this work can provide Chinese policymakers with information such as: (1) which
demographic groups are satisfied /dissatisfied with the government’s performance in reducing haze
pollution; (2) which demographic groups want to encourage/discourage slowing down economic
growth to treat haze pollution; (3) a nation-wide investigation of the impact of haze pollution on
Chinese daily life and public health; and (4) respondent’s suggestions on how to reduce haze pollution.

2. Materials and Methods

2.1. Questionnaire Design and Sampling

The questionnaire designed for this project relied on psychometric paradigm methods [27,28].
The detailed decription of the questionnaire is provided as follows. The questionnaire includes
the following topics: (1) respondents” demographic information; (2) respondents” opinions on the
relationship between haze pollution and economic growth in China; (3) respondents” comments
on the treatment of haze pollution in China; and (4) the impact of haze pollution on respondents’
daily life and personal heath. The demographic parameters included in the questionnaire have been
found important for studying people’s opinions on haze pollution. In particular, the respondent’s age,
gender, education [24], living regions [14], and occupation [29] were found to play an important role in
determining respondents’ opinions on haze pollution. The study presented in Reference [16] considered
all these demographic parameters. The aforementioned demographic parameters were investigated in
Questions 1-7. Specifically, Questions 1-3 surveyed general information of the respondents including
their gender, age, and child status; Questions 4 and 5 ascertained the level of knowledge of the
respondent by questioning his/her education and occupation; and Questions 6 and 7 determined the
location and living area of the respondent. These questions allowed us to analyze the severity of haze
pollution in different parts of China and analyze the concern and awareness of the problem by those
who experience it firsthand.

Questions 8-29 surveyed the respondent’s opinions on the experience with several issues
regarding haze pollution versus the economic growth, haze pollution treatment, impact of haze
pollution on the respondent” daily life and personal health. In particular, Questions 8-12 studied the
respondent” opinions on quality of life and the environment pollution in China, including: whether the
haze had negative impact on respondents’ life in the past 10 years (Question 8); how the environment
changed in the past 10 years in China (Question 9); how the environment will change in China in the
future (Question 10); how long the respondent thinks it will take for China to resolve the haze problem
(Question 11); and how the respondent’ quality of life (with the consideration of both environment and
economic conditions) has changed in the past 10 years (Question 12). Questions 13-17 further surveyed
the respondent’s willingness to sacrifice economic growth in favor of controlling haze pollution:
Question 15 asked about whether the government had done enough to combat haze; Question 16 was
about whether the respondents supported potential policies that might slow down economic growth
to work toward reducing haze pollution; and Question 17 listed options respondents could select
to prioritize economic growth over reducing haze pollution or to prioritize reducing haze pollution
over economic growth. Questions 18-22 were focused on haze pollution and its treatment, including:
approaches for reducing haze pollution (Question 18); determinations of the global warming effect
of haze pollution (Question 19); daily assessments by respondents to check the daily haze value, i.e.,
PM2.5 (Question 20); existence in the respondent’s city of haze pollution (Question 21); and possible
troubles the haze may have caused in the respondent’s daily life or work (Question 22). Questions
23-28 collected information on the respondents’ personal experiences with haze pollution and the
effects it had on the respondents’ families. Question 23 asked how much respondents had reduced their
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outdoor activities. Question 24 surveyed whether respondents changed their habits (e.g., taking buses
instead of driving personal cars) due to the haze pollution. Question 25 studied whether respondents
intended to leave if their city had haze. Question 26 investigated the approaches respondents used
to protect themselves. Question 27 asked how often the respondents or their immediate families
had contracted haze related health complications. Question 28 further studied the affected area in
the respondents’ bodies if they got sick during periods of high haze pollution. Question 29 was an
open-ended question that allowed respondents to input comments on haze pollution and thoughts on
moving toward a sustainable environment in China.

The questionnaire survey was mainly conducted through one of the most popular online
surveying websites in China (www.diaochapai.com) and distributed through the most common
social media apps (e.g., WeChat) used by Chinese. To make as many Chinese aware of this survey as
possible, the survey was disseminated by local Chinese people from different educational backgrounds
throughout different regions of China and to as many people as they knew. The questionnaire ultimately
surveyed 1233 people in total, gathering the demographics of each respondent and their opinions
on many different subjects concerning haze pollution and the Chinese economy. The samples were
mainly collected in the summer and fall of 2017. Since the policies in China may change with time,
the survey results may not reflect the latest opinions on haze pollution and economic growth. To get
more complete (e.g., more samples) and timely Chinese opinions on these issues, questionnaires need
to be manually and frequently handed to people living all over China. With the consideration of time,
the legal permit, and the cost for conducting such a survey in China, we conclude that a more complete
and timely survey can only be done by the Chinese government. Nevertheless, this work aims to
provide a reference that reflects the opinions of some Chinese people on the haze pollution.

2.2. Statistical Analyses

The survey data were analyzed to get the histogram for each of Questions 1-28. This can indicate
the preference of respondents for the options listed for each question. Once the result for each question
was shown, multivariate statistical methods, including Chi-squared test (CST) and principal component
analysis (PCA), were further implemented to analyze respondents’ opinions on the key problems
that this work was focused on. These problems are mainly related to respondents’ satisfaction on the
government’s effort in preventing the haze pollution, respondents’” preference on slowing economics
to prevent the haze pollution, and respondents’ opinions on the change in living environment, quality
of life, and daily activities caused by haze pollution.

In this work, the CST is mainly used to determine whether respondents’ opinions on Question
15 (i.e., whether the government had done enough to combat haze,) and Question 16 (i.e., whether
respondents supported the policy to slow down economic growth for reducing haze pollution) are
independent of their demographic backgrounds (i.e., gender, child status, age, educational background,
occupation, population density of the living area, and living region in China). For example, Table 1
shows the results of respondents” opinions on Question 16 based on their ages. The null hypothesis
is that respondents’ opinions are independent of their ages. As for the respondents between the
ages of 41 and 50 years, they take 35.5% (calculated by 438/1233) of the whole 1233 respondents.
It is thus expected that 35.5% of the 669 respondents who support the policy should be between
the ages of 41 and 50 years. This expected number, represented by neyxpected,i in Equation (1),
equals 237 (calculated by 35.5% x 669). It is observed from the table that there are actually 273 people
between 41 and 50 years supporting the policy. The difference between this observed number
(represented by fopserved,i) and the expected number feypected,i contributes one term in Equation
(1) in the CST, i.e., (273 — 237)?/237 = 5.47. The same approach is used to quantify the difference
between the observed and expected numbers for other age categories so that all age categories are
considered in the Chi-squared value (i.e., x?). The Chi-squared value, along with the number of age
categories (i.e., five age groups) and opinion categories (i.e., four different opinion, is then used as the
input of the Chi-squared distribution to determine whether the difference is statistically significant.
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Typically, a p-value less than 0.05 is used to reject the null hypothesis (i.e., respondents” opinions are
independent of ages in this case). The command chisg.test in R was used in this work to perform the
CST. Since the calculated p-value is 2.0 x 10~°, much less than 0.05, it is concluded that the alternative
hypothesis (i.e., respondents’ opinions depend on ages) is correct. A CST was performed for all
demographic categories for Questions 15 and 16 in this project.

2
(nohserved,i - nexpected,i)

k
=Y 1)
i=1

Mexpected,i

Table 1. The opinions of respondents to policy that would slow down economic growth to reduce
haze pollution.

Respondents’ Opinions of Policy That Would Slow down

Economic Growth in Order to Reduce Haze Pollution Total
No Support Neutral Support No Opinion
Below 21 years 10 23 18 1 52
21 to 30 years 39 81 93 3 216
Ages 31 to 40 years 33 57 86 4 180
41 to 50 years 62 92 273 11 438
Above 50 years 55 82 199 11 347
Total 199 335 669 30 1233

Note: the highlighted numbers in the table are used to illustrate the principal of the CST.

While the CST is used to identify the demographic groups who expect more efforts from the
government toward haze prevention (Question 15) and who prefer to slow down economic growth for
haze prevention (Question 16), principal component analysis is further used to visualize respondents’
opinions on the impact of haze pollution in respondents’ living environment, quality of life, and daily
activities over the last few years. Principal component analysis (PCA) is one of the most commonly used
multivariate statistical tools to analyze and visualize high-dimensional datasets [30,31]. The idea of
PCA is to represent the original data using fewer new orthogonal variables called principal components
that are obtained as linear combinations of the original coordinate variables. As shown in Figure 1,
PCA can use a two-dimensional space that is represented by the first two principal components
(i.e., PC1 and PC2) to present the original three-dimensional data. Each of individual principal
components is essentially a linear combination of original coordinate variables. The essential idea
of PCA is to rotate the original coordinate system so that the projections of the original data onto
PC1 have the largest variance, which means that the PC1 can retain the largest portion of information
from the original data. PC2 is orthogonal to PC1 and retains the second largest portion of information
from the original data. Typically, the original data can be shown by the reduced dimensional space
represented by the first few principal components. This explains why PCA has been widely used
in high-dimensional data reduction and visualization. In this work, PCA was used to visualize the
opinions of 1233 respondents on Question 8 (i.e., whether the negative impact on daily life was large),
Question 9 (i.e., whether the environment became worse and worse in the last 10 years), Question 12
(i.e., whether the living quality, with the consideration of both economic and environment situations,
became worse in the last 10 years), Question 22 (i.e., whether the haze pollution caused troubles
in respondents” work and daily life), and Question 23 (i.e., whether respondents reduced outdoor
activities due to the haze pollution). The command prcomp in R, which is a popular programming
language widely used in statistics analysis of statistical data [32] and data in engineering [33], was used
to perform principal component analysis.
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X

Figure 1. An illustrative diagram for principal component analysis. The red color points show the
three-dimensional data, which can be represented by their projections onto a two-dimensional space
coordinated by the first two principal components (i.e., PC1 and PC2). In this figure, the projects onto
PC1 has higher variance than those onto PC2.

3. Results

After analyzing the statistics, an overview of the results for all questions in the survey is shown
below. This is followed by the analysis of respondents’ opinions on Question 16 to study the influence
from demographic parameters like age and educational background on respondents’ opinions on
the policy that would slow down the economy to combat haze. This is followed by respondents’
satisfaction with government efforts in haze prevention (i.e., Question 15). While the CST can be
applied to study other questions, this work is mainly focused on Questions 15 and 16, which were
seldom studied in a nationwide scale in China. To get a comprehensive viewpoint of respondents
on the change in their living environment, the life quality, and daily activities in the last few years,
principal component analysis was used to project respondents’ feedback for Questions 8, 9, 12, 23 and
24 onto a two-dimensional space. Finally, results from the impact of haze on respondents’ daily life
and personal health and from respondents’ suggestions for combating haze were presented.

3.1. Overview of the Survey Results

Questions 1-7 were designed for the demographic analysis of gender, child status, age, educational
background, occupation, population density of the living area, and living region in China. Questions
8-29 then showed respondents” opinions on the haze pollution and economic growth. Figures 2-29
show Questions 1-28 and the survey results one by one. Both the question and the discussion of
the result are given in the title of each figure. The result for Question 29, which was an open-ended
question for respondents to input their comments on the haze pollution, is shown in the Section 3.5.
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Gender

= Male = Female

Figure 2. The result for Question 1 “What is your gender?”: The number of males and females that
responded to the survey were roughly equal.

Child Status

Doesn't have,
6.6

Figure 3. The result Question 2 “Do you have children?”: Most respondents had children, and only
6.67% of respondents did not plan to have children.

Age

20 or younger, 4.22%

AN

Figure 4. The result for Question 3 “How old are you?”: There were more older people than younger

people, with 63.66% of the respondents being above 40.
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Education

No education, 0.00%
‘Middle School, 3.16%
Elementary School, 0.08% \

‘ ’Hl;h School, 13.87%

8 of 30

Figure 5. The result for Question 4 “What is your education background?”: The respondents were

generally well-educated, with 82.88% having college diplomas or higher.

Occupation

Other, 4.06% . Farmer, 1.14%

I

Self-employed, 10.30% __

\
\

Office worker, 20.11% Student, 10.79%
Doctor, 4.14%
Researcher, 11.52% _/ /
Soldier, 0.32% Business Person,
8.11%
" Farmer = Laborer " Teacher Student = Doctor = Civil Servant
® Business Person ® Soldier ® Researcher = Office worker ~ ® Self-employed ® Other

Figure 6. The result for Question 5 “What is your occupation?”: Office workers pulled ahead

numerically, making up 20.11% of the participants.
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Living Area

Rural, 4.54%

-~

Figure 7. The result for Question 6 “What area (population density) do you live in?”: Most of the
people surveyed live in cities.

Region of China

Hong Kong, Macao and
Northeast, 3.33%\ Taiwan, 0.00%

<

Southwest, 8.52%

Northwest, 2.03%

Figure 8. The result for Question 7 “What region of China do you live in?”: It seems that 67.40% of the
respondents lived in northern, eastern, or northeastern China.
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The Negative Impact of Haze on Your Life
Not applicable

(egliving

abroad), 2.68% I"

Figure 9. The result for Question 8 “What impact did haze have on your life in the past 10 years?”:
28.39% of respondents stated that haze had a medium level negative impact on their lives. Overall,
22.47% of respondents said haze had a big impact on their lives, and 18.82% stated it had a very large

impact. A small impact was selected by 18.57%, and very small impact was selected by 9.08%.

Environmental changes over the past 10 years

/ Not applicable (eg living abroad),
3.41%

So much better,
4.95%

Change better,
10.06%

No change,
8.68%

T

W

Figure 10. The result for Question 9 “How did the environment change in the past 10 years?”: 72.91%
of those surveyed stated that the environment had gotten worse or much worse in the past ten years.
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applicable

(eg livi Future Environmental Change Predictions
abroa\(?)g,\
3.57%

g€,
.62%

Figure 11. The result for Question 10 “How will the environment change in China in the future?”:

It is noted that 35.44% of people had a negative prediction on the potential for improvement of the
environment China, but 50.36% believed the environment would get better.

Less than 5
ears, 8.52%

Not
applicable

No opinion, _(eg [jyi \
446%  gprosd)

Haze Solution Time Prediction ,
2.84% |
Less than 25( .
years, 6.73%

Figure 12. The result for Question 11 “How long do you think Chinese can get haze resolved?”:
27.33% of people believed that haze pollution in China would be solved in 5-10 years, with 8.52% of
people choosing less than 5 years; 13.79% of people chose 10-15 years; 15.25% of people chose in
15-20 years; and 27.82% of people chose 20 years or longer to solve haze.
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Your Quality of Life in the Past 10 Years

Not applicable (eg living
abroad), 3.33%

b

Figure 13. The result for Question 12 “How did your life quality (with the consideration of both
environment and economic conditions) in the past 10 years?”: 49.07% and 13.54% of people agreed
that quality of life (with the consideration of economic conditions) in the past years for the general
population changed for the “better” and “much better”, respectively. On the contrary, 15.9% said
quality of life got worse, and for 6.24%, it got much worse, while 11.92% said their life quality did

not change.
No Economic Development is an Important Cause of the Haze ~ Not
opinion, applicable
2.27% (eg living

\ // abroad),
’ 2.76%

Figure 14. The result for Question 13 “Do you think the economic development is a prominent
cause of haze?”: 53.12% of respondents agreed that economic development and haze are connected
by causation. In contrast, 15.82% disagreed that economic development has led to haze pollution,
and 26.03% were neutral.
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Haze Affects Economic Development

o Not applicable (eg
No opinion, 3.33% N living abroad), 2.92%

\

Figure 15. The result for Question 14 “Do you agree the haze pollution impair the economic growth?”:
59.77% of respondents agreed that haze affected economic development, 12.65% disagreed that haze
affected economic development, and 21.33% were neutral.

The Daily National Effort to Control the Haze

Not applicable (eg living abroad), 3.24%

6.73% =

Very big,

-\

-

Figure 16. The result for Question 15 “How do you rate the government’s effort in handling the
haze pollution?”: 24.57% believed national efforts to control haze were small, and 16.06% believed
the efforts were very small, totaling 40.63% who believed efforts were small or very small. Overall,
17.11% believed the efforts were big, 6.73% believed the efforts were very big, for a total of 23.84% who
believed there was a large effort. Overall, 32.28% believed there was medium national effort.
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Slow Down Economic Development as Government Environment
(Haze) Policy

No opinion,
2.43%

L

Figure 17. The result for Question 16 “Do you support the policy of slowing down the economic
growth to reduce the haze pollution?”: 54.26% of respondents stood by a government policy that would
slow down economic growth to focus on haze policy and prevention. Overall, 27.17% were neutral,
and 16.14% disagreed with such a policy.

No opinion,  What Measures Should Be Taken to Control the Haze Slow down

9 economic
e development,
Other measures, m\;lf:grzl:'.s;yzle
2.11% 3
’ 17.44%
/ First economic
development,
and then haze,
2.35%
Looking for clean
economic
development
program, 76.32%

Figure 18. The result for Question 17 “Which option do you agree to handle the economic growth
versus the haze pollution?”: 76.32% of people agreed that a clean economic development plan would
be the best course of action as a measure to control the haze. This is opposed to 17.44% who believed
that haze prevention should be vigorously managed before economic growth is considered, and only
2.35% who believed in an economy-first plan over environmental protection.
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Approved Haze Measures (Pick up to 3)

No opinion, 0.65%

Control the number of real estate
construction, 15.49%

Control the number of motor
vehicles, 21.49%

Figure 19. The result for Question 18 “Which three approaches do you choose to handle the haze

pollution?”: A majority of people supported the need for an increase in environmental awareness, strict
environmental monitoring, the development of clean energy, and the adjustment of energy structure.
Specifically, 67.88% of those surveyed preferred the development of clean energy.

Global Warming (Such as Climate Change) Affects Haze

y

Figure 20. The result for Question 19 “Does the global warming affect the haze pollution?”: Almost
half the people (46.47%) thought that climate change affected haze.
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Not applicable Are You Concerned About the Haze?
(eg living Do not care,

abroad), 2.84% / 5.76%

Figure 21. The result for Question 20 “Are you concerned about the haze pollution (e.g., check daily
PM2.5)?”: 91.40% of the Chinese people were sometimes or very concerned about the haze and checked
daily PM; 5 value.

Is There Haze in Your City?

Not applicable (eg living abroad),
3.41%

O

Figure 22. The result for Question 21 “Is there haze in the city you live in?”: Only 4.14% said that there
was no haze in their city, while 50.20% had serious or very serious haze in their cities.
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Does Haze Cause Trouble in Your Life and Work?
Absolutely not,

(eg living
abroad), 3.49% r 3.57%

Figure 23. The result for Question 22 “Does haze cause trouble in your daily life or work?”: 74.13% of

Not applicable

those surveyed were affected in life and at work.

Does the Haze Reduce Your Outdoor Activities?

There is no change at all, 2.84%

Not applicable (eg living
abroad), 3.97%

=

Figure 24. The result for Question 23 “Does haze change your outdoor activities?”: 75.27% reduced
outdoor activity because of the haze.
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Do You Change Your Habits for Managing Haze?

Not applicable (eg living
abroad), 3.33%

‘\Not atall, 2.19%

&

Figure 25. The result for Question 24 “Do you change your habits (e.g., taking buses instead of driving

personal cars) due to the haze pollution?”: 65.62% changed their habits to adjust to the haze.

If Your City has Haze, Do You Intend to Leave?

Not applicable (eg living abroad),

j

Figure 26. The result for Question 25 “Do you intend to leave if your city has haze?”: 48.82% of the
people did not know if they would leave their city because of the haze, but 33.98% of them planned

to leave.
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Your Haze Protection Measures

Not applicable (eg living abroad),
4.06%

Figure 27. The result for Question 26 “Which approaches did you use to protect yourself (multiple
options can be chosen)?”: Many people said they used an air purifier (46.07%), went out less (67.56%),
and wore masks (61.15%) to protect themselves from haze.

Do You or Your Family Suffer from the Haze?

Not applicable (eg living abroad),
T e

Often have (> 10
times), 5.19%

4.14%

45.01%
® Never (<2 times) ® QOccasionally (5-10 times)
= Often have (> 10 times) = Not applicable (eg living abroad)

Figure 28. The result for Question 27 “Did you or your family members get sick during the haze
period?”: 45.66% of respondents had family that suffered from haze or suffered from it themselves,
but another half did not.
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If You are Sick, What is the Affected Area?

Skipped, 1.95%

\

Other disease (please specify), —
0.74%
Heart, 2.40%

Figure 29. The result for Question 28 “If you are sick, what is the affected area in your body?”: 54.59% of
respondents were affected in their respiratory tract by haze. The lungs and eyes were the other major
areas where respondents got sick.

3.2. Respondents” Opinions on Haze versus the Economic Growth

Respondents’ feedback on Questions 13 and 14 indicated that more than 50% of respondents agreed
that the economic growth and the haze pollution were highly correlated, and that the rapid economic
growth was one of the major factors leading to the haze pollution. Here, we further investigated
respondents’ preference on rapid economic growth versus lower haze pollution (i.e., Question 16).
The CST indicated that respondents’ opinions on the policy to slow down economic growth to combat
haze were dependent on their genders (p-value of 1.06 x 1073), their child statuses (p-value of
1.37 x 10™%), their ages (p-value of 1.98 x 1075), and the regions they lived in (p-value of 3.52 x 1074).
Since the CSTs on respondents’ child statuses and ages were of the smallest p-value, detailed analysis
of the results on these two demographic categories is given below. The results on respondents’ genders
and living regions were then briefly summarized.

As shown in the previous section, 54.26% of respondents generally supported the policy to slow
down economic growth to combat haze (i.e., Question 16). This implied that Chinese people may
be willing to sacrifice economic growth for a better living environment. We further investigated
respondents’ opinions from different demographic groups (i.e., gender, child status, age, educational
background, occupation, population density of the living area, and living region). As shown in
Figure 30, 57.48% of those currently with children stated that they would support government policy
that slowed down the economy to prevent haze from worsening. This is compared to the weaker
support coming from those planning to have children, only 39.51% of whom support the policy,
and those not planning to have children, 45.69% of whom support the policy. For all three demographic
groups, the percentage of people supporting the policy was much larger than the one opposing the



Sustainability 2018, 10, 1970 21 of 30

policy and the one without preference (i.e., neutral). Among these three groups, the respondents with
children were more supportive of government policies against haze. This is likely because the parents
were more stressed by the health issues caused by haze pollution on their young children. We further
analyzed respondents’ opinions to Question 16 based on respondents’ ages (Figure 31). A majority
of respondents between the ages of 31 and 50 believed that the economic development should be
slowed down to control the haze. However, for the older group (above 50 years old) or younger
group (below 30 years old), people were more reserved and were neutral about economic slow-down
as a government policy. This may be because these respondents need more stable employment or
financial help. While economic slowdown may be beneficial for middle aged respondents in stable
lifestyles, those just entering or about to leave the workforce may experience adverse results.

Question 16: Would you support a policy that slowed down the
economy to combat haze?
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Figure 30. Grouping of support for potential government policy by respondents’ child status.
The percentage on the Y-Axis represents the percent of respondents in the specific group. For example,
summing the percentages for all the bars representing people with children yield 100%.

Question 16: Would you support a policy that slowed down the economy to
combat haze?
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Figure 31. Grouping of support for potential government policy by ages. Respondents were categorized
into five age groups: 0-20, 21-30, 31-40, 41-50, and above 50.
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Similar analysis was performed on respondents’ opinions on the economic-slowdown policy
according respondents’ genders and living regions. While more than 53% of respondents in each of the
female and male categories supported the economic-slowdown policy, 19.2% of the male respondents,
versus 13.8% of female respondents, opposed the policy. That may be because husbands contribute
to the major financial income in most Chinese families. As for living regions, respondents from East
China (55.8%), North China (56.4%), Northwest China (64%), and Southwest China (59.0%) showed
stronger support of the economic-slowdown policy than other regions. On the other hand, respondents
from Northeast China (34.14%) showed the least support on the policy. Since economic growth in
Northeast China has slowed down recently, it is understandable that people living there are against
the economic-slowdown policy.

3.3. Respondents” Opinions about the Government Effort in Haze Prevention

A CST was performed for the seven demographic categories in Question 15 (i.e., whether the
government’s effort in handling haze pollution was significant). It indicated that respondents’ opinions
depended on their genders (p-value of 545 x 1072), ages (p-value of 5.07 x 10~°), educational
backgrounds (p-value of 1.45 x 10~°), occupations (p-value of 2.89 x 10~°), living area population
density (p-value of 1.07 x 10~!1), and living region (p-value of 2.2 x 1071%). As mentioned above,
40.63% of all respondents believed the government’s efforts to control haze were small or very small,
which represented the largest portion of respondents in the five options of “very small effort”, “small
effort”, “medium effort”, “large effort”, and “very large effort”. A sum percentage of larger than
40.63% in the options of “very small effort” and “small effort” thus indicates the corresponding
demographic categories of respondents desired more government effort to combat haze pollution.
This may indicate that Chinese people are expecting more effort from the Chinese government to
control haze. The following demographic categories of respondents requested more efforts from the
government in handling the haze pollution: female respondents in the gender category, respondents
below 40 in the age category, respondents with bachelor or high-school degrees in the education
category, respondents working as farmers, doctors, students, and regular company employees in
the occupation category, respondents living in rural areas in the category of population density,
and respondents from Northeast China, South China, and Southwest China in the category of living
region. It is interesting to see in Figure 32 that people with a Bachelor’s degree or lower mostly
said that the government was not doing much about the haze problem, while people with Master’s
degrees were less inclined to respond that way. People with PhDs were evenly split in their responses.
The respondents with higher education levels may know more about the (technical) challenges involved
in reducing haze pollution in a short time frame and thus appreciate the government’s effort. While at
first glance it may seem that the national environmental effort is small, a deeper understanding of the
laws and regulations being implemented may reveal stronger efforts by the government to treat haze.
People from areas with less severe haze pollution, such as rural residents and people from Northeast
China, South China, and Southwest China, requested more government effort in handling the haze
pollution. A potential reason for this is that most of the government’s policies on haze pollution were
applied to those areas with severe haze pollution. Respondents not living in those areas thus may not
feel the government’s effort in handling the haze pollution.
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Question 15: How large are the government's efforts against haze?

60 00°
60.00%
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Percentage of Respondents
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Answer Choice

. Middle School [} High School College Diploma Master's Degree . PhD

Figure 32. Respondents’ opinion on government’s current policies against haze according to their
educational backgrounds.

3.4. The Impact of Haze on Respondents’ Daily Life and Personal Health

The following questions in the survey are related to the influence of haze on respondents” daily
life: Question 8 (i.e., whether the negative impact on daily life was large), Question 9 (i.e., whether
the environment worsened progressively over the last 10 years), Question 12 (i.e., whether living
quality—considering both economic and environmental situations—worsened over the last 10 years),
Question 22 (i.e., whether the haze pollution caused troubles in respondents’” work and daily
life), and Question 23 (i.e., whether respondents reduced outdoor activities due to haze pollution).
Respondents’ opinions on these five questions may be correlated to each other. For instance, respondents
agreeing with that the haze pollution caused troubles in their work and daily life (i.e., Question 23)
may also feel that the negative impact of the haze pollution on their daily life was large. To project the
opinions of respondents on these five questions, principal component analysis was implemented to
identify a two-dimensional space defined by the first two principal components PC1 and PC2 that are
orthogonal (or uncorrelated). Both PC1 and PC2 are the linear combination of the variables representing
the respondents’ answers to the five questions. To facilitate the understanding of the projections of
original data onto the PC1-PC2 space, vectors representing respondents” opinions of the five questions
were also plotted in Figure 33. Vectors in similar directions indicate that respondents” answers to those
questions are correlated. For instance, respondents whose daily life was impaired by haze (Question 8)
tended to agree that haze caused troubles in their work and daily life (Question 22). Similarly,
respondents who thought the environment got worse or much worse in the last 10 years (Question 9)
tended to agree that life quality got worse (Question 12) and tended to reduce outdoor activities
(Question 23). The power of principal component analysis is in its ability to visualize five-dimensional
data so that we can get a more comprehensive view. In Figure 33, bubbles were used to represent an
assembly of respondents, with larger sizes indicating more respondents. For example, the large bubble
along the direction of Question 8 indicated that many respondents agreed that the negative impact on
their daily life was large. Similar, the respondents’ opinions on other questions can be visualized in the
figure. Figure 33 also shows that the large bubbles are mainly located in the sector from vector Q#12
clockwise to Q#22. This means that respondents generally agreed that the environment became worse
and that haze caused trouble in their daily life. This resulted in reduced outdoor activities. Figure 34
shows the reduction of outdoor activities for respondents living in areas with different population
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densities (Q#23). Those living in rural districts did not reduce their outdoor activity (due to haze) as
much as those living in urban and suburban zones.

PCA of Relationship between Effects of
Haze and Lifestyle Changes

&
x
:
=

PC2 [Y-AXIS)

Figure 33. Projections of respondents’ opinions on Q#8 (i.e., whether the negative impact on daily
life was large), Q#9 (i.e., whether the environment became worse and worse in the last 10 years),
Q#12 (i.e., whether the living quality, with the consideration of both economic and environment
situations, became worse in the last 10 years), Q#22 (i.e., whether the haze pollution caused troubles in
respondents” work and daily life), and Q#23 (i.e., whether respondents reduced outdoor activities due
to the haze pollution) onto a two-dimensional space coordinated by the first two principal components,
i.e.,, PC1 and PC2. Bubbles represent an assembly of respondents, with larger sizes indicating more
respondents. Vectors representing the five questions are shown in White color. The bubbles show the
distribution of respondents’ opinions among the five questions.

Question 23: How much change have you made
to your outdoor activity due to haze?

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%
Not Applicable No Change at Small Change Some Change Major Change
All

Answer Choice

Percentage of Respondents
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Figure 34. The change of outdoor activities in respondents living in rural, suburban, and urban areas.

While Figures 5 and 6 show that respondents’” daily life was significantly influenced by haze,
we further studied the impact of the haze pollution on respondents” personal heath. Since most
respondents were adults, the results shown below were not applied to young children who generally
have weaker immune systems to defend against diseases. As mentioned before, 45.66% of respondents
had family members suffering from haze, but another half did not (Question 27). A CST indicated that
respondents’ feedback was mainly dependent on the regions they lived in (Figure 35). Specifically,
respondents living in Northeast China, South China, Southwest China, and East China were mostly
unaffected or affected relatively little by haze in terms of health. On the other hand, respondents living
in the more polluted regions such as Northern, Central and Northwestern China were more likely
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to be afflicted by health problems. Among those respondents having health issues during the haze
periods, a majority (54.59%) of respondents had complications with their respiratory tracts (Figure 36).
In addition, 21.51% of them had lung problems.

Question 27: How often have you or your family
contracted haze related health complications?
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Figure 35. Grouping of frequency of haze related sickness by respondents’ living regions. Respondents
living in North China, Central China, and Northwest China suffered more in their health.

Question 28: What regions of the body have
you contracted illnesses in due to haze?

Respiratory Tract (such as sore throat)
Lungs (such as cough)

Eye

Heart

Other Disease

No Sickness

Decrease in Immunity

Not Applicable

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%
Percentage of Respondents

Figure 36. Areas of the body of respondents having health issues likely caused by haze. Multiple choices
could be selected by respondents. No sickness option shown in the figure means the respondents did
not have any illness during the haze periods.

While haze has reshaped Chinese daily life and caused health issues, people in China have
found or created different solutions for protecting themselves during the haze attack (Question 26).
Figure 37 shows that 67.56% of the people surveyed combatted haze by going out less and another
majority (61.15%) wore masks. Another common haze protection approach used by 46.07% of people
was installing air purifiers in homes. In the survey, respondents were allowed to choose multiple
approaches they used to protect themselves from haze. Therefore, respondents might simultaneously
reduce outdoor activities, wear masks, and install air purifiers at home.
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What precautions have you taken to protect yourself from haze?
Wear Mask
Reduced Outdoor Activity
Air Purifier
Other
No Protection

Not Applicable

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%

Percentage of Respondents

Figure 37. Actions taken or items used by respondents to protect themselves from haze pollution.
Multiple choices could be selected by respondents.

3.5. Respondents” Suggestions for Combating Haze

Although more than 35% of respondents did not think the environment in China would be
better in the coming 10 years, more than 50% of respondents still expressed positive feelings about
the improvement of the environment in China (Question 10). On the other hand, more than 43% of
respondents agreed that it will take 15 years or longer to resolve the haze pollution issue in China
(Question 11). This section shows the suggestions provided by respondents for handling haze pollution.
Question 18 asked respondents to select all applicable solutions for reducing the haze pollution
(Figure 38). The most popular solutions chosen by respondents were as follows: develop new forms
of clean energy (67.9% of respondents); design and strictly enforce environmental law (67.7% of
respondents); increase the use of existing clean energy (63.5% of respondents); and prioritize haze
prevention policy (64.5% of respondents). In total, 45.2% of respondents thought that companies with
high energy consumption should face penalties. Only 25.5% thought that establishing organizations
similar to the United States Environmental Protection Agency in China would be beneficial for haze
prevention, with even fewer people supporting strict regulation of the number of motor vehicles or the
development of real estate (21.5% and 15.5%, respectively).

Question 18: What strategies can be taken to combat haze?

Shift to Cleaner Energy
Research New Forms of Clean Energy
Strictly Enforce Environmental Laws
Prioritize Haze Prevention
Control the Number of Motor Vehicles
Control the Development of Real Estate
Regulate Companies with High Energy Consumption I’

Establish Chinese Environmental Protection Agency

No Opinion

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%
Percentage of Respondents

Figure 38. Strategies selected by respondents for combatting haze. Multiple choices could be selected
by respondents.



Sustainability 2018, 10, 1970 27 of 30

While Question 18 allowed respondents to select among several suggested strategies for combatting
the haze pollution, Question 29, which was an open-ended question, offered a chance for the
respondents to input their own suggestions for haze prevention/protection (Figure 39). The most
popular comments given by respondents focused on the use of alternative vehicle transportation or
the reduction of automobile exhaust. This was found in 39 responses. Many who were polled felt
that industrial emissions were too high. Suggestions included supervision and reduction of polluting
enterprises (36 mentions), complete shutdown of those polluting enterprises (13 mentions), and stronger
governmental legislation and enforcement of pollution-preventing policies (30 mentions). The following
suggestions/comments were mentioned more than eight times by respondents: a need for public
awareness (25 mentions), decreasing coal usage (18 mentions), afforestation (17 mentions), use of
clean/renewable energy (15 mentions), reducing construction/infrastructure projects (11 mentions),
decentralizing overcrowded urban population (10 mentions), enforcing effective waste treatment
(9 mentions), and reshaping economic structure (8 mentions). In terms of general solutions to the haze
issue, it was unsurprising that most respondents endorsed the search and production of clean energy,
which, when replacing traditional energy gradually, can maintain the nation’s needs while fighting
haze. Controlling the number of cars or the development of real estate was not as popular as expected,
as this approach would require direct sacrifice on the part of respondents. Another trend observed
from respondents’ comments was the willingness of respondents to support a shift from traditional
fossil fuel emissions toward new renewable and efficient energy methods. All of these suggestions
show that respondents were willing to seek change, minor and drastic, in order to suit the needs of
haze prevention, through decreased industrial pollution.

Public Suggestions for Haze Prevention/Protection

Low Carbon ifestyle/General Conservation
Lower Construction/Infrastructure

Shut Down High Poliuting Enterpr ses
Economic Restructure

Waste Treatment

Decrease Overpopulation of Urban Centers
Vehicle Exhaust/Transportaion

Air Purifcaion M ethods

Afforestation

TopicAddressed

Public Awareness

ndustrial Emission Reduction/Supervision
Use of Clean or Renewable Energy
Decrease Coal Usage

Government Legisiation/Law Enforcement
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Figure 39. Suggestions from the public for haze prevention or protection.
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4. Discussion

It is interesting to see from the results that most respondents supported the policy of slowing
down economic growth to prevent the deterioration of the haze pollution. Certain respondents also
suggested switching coal energy to clean energy so that China can still keep the rapid economic growth
without causing more pollution. In addition, more than 40% of respondents expected more effort
from the government in treating the haze pollution. All of these are helpful for the policy makers in
China to make the right regulation on their economic and environmental policies. While tremendous
effort was spent in outreach to as many respondents as possible in China, the sampled respondents
may not completely reflect the opinions of most Chinese on the haze pollution and economic growth
issues in China. In addition, questionnaires were mainly distributed via social media, and people
living in remote areas with limited access to internet may not have been able to participate in the
survey. As shown in Figure 34, urban residents changed their outdoor habits the most compared to
their suburban and rural counterparts. This is because haze is most densely concentrated in industrial
zones, which are often located near cities. Another issue is that the samples were mainly collected
in the summer and fall of 2017. Thus, the results shown in this work mainly reflect the opinions of
respondents in that period. To obtain the public’s opinion in a timely manner, the survey should
be provided more frequently to more people in various locations across China. This can only be
done by the Chinese government. Nevertheless, the obtained results can still provide a reference that
reflects the opinions of some Chinese people on the haze pollution. Relating to the collected data
itself, more analysis still needs to be performed. While a thorough breakdown of Questions 1-7 was
conducted along with specific cases pertaining to the questions addressed in this study, the influence
of the combination of these seven demographic questions on respondents’ opinions has not been
thoroughly explored, which would be time-consuming and thus delay the publication of these timely
survey results.

5. Conclusions

This study presented the first nationwide investigation of Chinese opinions on economic growth
in relation to haze pollution. It applied multivariate statistical methods to analyze questionnaire data
from 1233 respondents. Most respondents agreed that rapid economic growth was one of the main
causes of haze pollution. More than half of respondents supported a policy that would slow down
economic growth to combat haze, especially the respondents that had children at the time of the
study, that were aged 31-50, or that were living in regions with high haze pollution. The respondents
who believed the government’s efforts to control haze to be small or very small outnumbered those
with opposite opinions almost two times. CST showed that the respondents below 40 years of age,
with Bachelor’s degrees or high-school diploma, working as farmers, doctors, students, and regular
company employees, desired more effort from the government to control haze. Most respondents
thought the environment became worse or much worse in the past 10 years. The haze pollution also
significantly influenced their daily life and personal health, especially for the respondents living in
the more polluted regions such as Northern, Central, and Northwestern China. Most respondents
protected themselves from the haze pollution by going out less, wearing masks, and installing air
purifiers in their homes. Most respondents were positive about the potential improvement of the
environment in China, although most of them thought it would take more than 10 years to resolve
the haze issue. Suggestions from respondents for reducing pollution included, but were not limited
to: developing new forms of clean energy, designing and strictly enforcing environmental law, using
alternative vehicle transportation to decrease automobile exhaust, prioritizing haze prevention policy,
and regulating highly-polluting enterprises. There are many elements to explore that can develop
from this project. The most obvious would be to obtain a larger sample. Certain demographics were
not fully represented because there were not enough of respondents. This would need the support of
the Chinese government. Nevertheless, this work serves as a starting point for getting a more timely
and complete survey of Chinese opinions on haze pollution and its relation to economic growth.
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