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Abstract

This paper examines the impact of environmental policies on air quality improvement and public health in
Beijing. The study focuses on the “Air Pollution Prevention and Control Action Plan” implemented from 2013 to
2017, which introduced stringent measures to reduce emissions from vehicles, industries, and power plants,
control coal consumption, and enhance regional coordination. The findings indicate significant reductions in
major air pollutants, particularly PM2.5 and PM10, leading to improved air quality. These improvements have
had substantial public health benefits, including a marked decrease in respiratory diseases. The paper also
discusses the economic costs and benefits of these policies, highlighting the trade-offs between financial
investments and long-term health and economic gains. Despite the challenges faced during implementation, the
success of these policies underscores the importance of sustained efforts, continuous monitoring, and adaptive
management to further enhance air quality and public health in Beijing.
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1. Overview of Beijing’s Historical Air Quality Issues

Beijing, the capital city of China, has faced severe air quality issues for several decades. Rapid industrialization,
urbanization, and the increase in vehicle emissions have significantly contributed to air pollution, making it a
major public health concern. Historically, Beijing has struggled with high levels of particulate matter (PM2.5 and
PM10), nitrogen dioxide (NO2), sulfur dioxide (SOZ2), carbon monoxide (CO), and ozone (O3).

In the late 20th and early 21st centuries, Beijing’s air quality deteriorated dramatically due to rapid economic
development. Industrial activities, construction projects, and a surge in the number of vehicles led to the
emission of large quantities of pollutants. These pollutants, coupled with the city’s geographical and
meteorological conditions, often resulted in severe smog episodes. Winters were particularly harsh due to the
burning of coal for heating, leading to spikes in SO2 and particulate matter levels.

Particulate matter, both PM2.5 and PM10, has been one of the most persistent problems. PM2.5 refers to fine
particulate matter with a diameter of 2.5 micrometers or smaller, while PM10 includes particles with a diameter
of 10 micrometers or smaller. The primary sources of these pollutants include vehicle emissions, industrial
processes, construction activities, and coal combustion. PM2.5 can penetrate deep into the lungs and even enter
the bloodstream, causing respiratory and cardiovascular diseases.

Nitrogen dioxide (NO2) is another major pollutant, primarily produced during combustion processes. The main
sources of NO2 in Beijing are vehicle emissions, power plants, and industrial activities. This toxic gas can
irritate the respiratory system and aggravate conditions such as asthma. Similarly, sulfur dioxide (SO2),
produced by burning fossil fuels containing sulfur, mainly from coal combustion for power and heating and
industrial processes, poses significant health risks. SO2 can cause respiratory problems and contribute to the
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formation of acid rain.

Carbon monoxide (CO) is a colorless, odorless gas produced by the incomplete combustion of carbon-containing

fuels. The primary sources of CO in Beijing include vehicle emissions, residential heating, and industrial

processes. CO can interfere with the blood’s ability to carry oxygen, leading to cardiovascular issues. Ozone (O3)
at ground level, a secondary pollutant formed by the reaction of sunlight with other pollutants like NOx and

volatile organic compounds (VOCs), also presents health risks. Vehicle emissions, industrial emissions, and

chemical solvents are the main sources contributing to O3 formation, which can cause respiratory problems and

reduce lung function.

To visualize the historical trend of air pollutants in Beijing, Figure 1 below shows the annual average
concentrations of PM2.5, PM10, NO2, SO2, CO, and O3 from 2000 to 2020. The data highlights the periods of
severe pollution and the subsequent improvements following the implementation of various environmental
policies.
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Figure 1. Historical Trend of Major Air Pollutants in Beijing (PM2.5, PM10, NO2, SO2, CO, 03)

The figure illustrates the changes in pollutant levels over the years. In the early 2000s, high levels of PM2.5,
PM10, and SO2 were prevalent due to industrial activities and coal combustion. NO2 and CO levels were also
elevated due to increased vehicular traffic. The mid-2000s saw the introduction of initial pollution control
measures, which led to some reduction in SO2 levels as coal usage for heating was regulated. During the 2008
Beijing Olympics, significant improvement in air quality was observed due to temporary measures such as
factory shutdowns and traffic restrictions. From 2013 onwards, the implementation of the “Air Pollution
Prevention and Control Action Plan” resulted in a noticeable decline in PM2.5 and PM10 levels. NO2 and CO
levels also began to decrease due to stricter vehicle emission standards. In recent years, continued improvements
have been seen, although occasional spikes during adverse weather conditions or periods of high economic
activity still occur. O3 levels have shown fluctuating trends, indicating the complex nature of secondary
pollutant formation.
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Beijing’s historical air quality issues have been shaped by rapid urban and industrial growth, resulting in high
levels of various pollutants. The implementation of stringent environmental policies has led to significant
improvements, although challenges remain in maintaining and further enhancing air quality.

2. Key Environmental Policies Implemented

In response to the severe air pollution issues, the Chinese government and Beijing municipal authorities have
implemented several comprehensive environmental policies over the years. Among these, the “Air Pollution
Prevention and Control Action Plan” (2013-2017) has been one of the most significant and impactful. This plan
outlined a series of stringent measures aimed at significantly reducing air pollution levels across major urban
areas, including Beijing.

The “Air Pollution Prevention and Control Action Plan,” commonly referred to as the “Ten Measures,” was
introduced by the Chinese government in 2013. This plan focused on three primary areas: reducing emissions
from key pollutants, controlling coal consumption, and promoting regional coordination.

To reduce emissions from key pollutants, the plan enforced stricter emission standards for vehicles, industrial
processes, and power plants. Old, high-emission vehicles were phased out, and the use of cleaner fuels was
promoted. The government mandated the use of low-sulfur coal and imposed tighter restrictions on emissions
from factories. Additionally, desulfurization, denitrification, and dust removal technologies were implemented in
key industries to further reduce pollutant emissions. The introduction of real-time emissions monitoring systems
ensured that industries complied with the new regulations.

Controlling coal consumption was another critical aspect of the plan. The use of coal in power generation and
industrial processes was significantly reduced, and a transition to cleaner energy sources, such as natural gas and
renewables, was encouraged. The government set specific targets for reducing coal consumption and increasing
the use of cleaner energy. Energy efficiency was promoted through various incentives and regulations, and
heating systems in residential areas were upgraded to more efficient and less polluting alternatives. These
measures aimed to cut down the primary source of sulfur dioxide and particulate matter emissions, which are
major contributors to air pollution.

Promoting regional coordination was essential to the plan’s success. Enhanced cooperation among neighboring
provinces helped control cross-boundary air pollution. Joint action plans and coordinated air quality
management efforts were developed, and emergency response plans for severe pollution episodes were
implemented. This regional approach ensured that efforts in Beijing were supported and complemented by
actions in surrounding areas, leading to more comprehensive and effective pollution control. The government
also established regional air quality monitoring networks to facilitate data sharing and coordinated responses.

In addition to the “Air Pollution Prevention and Control Action Plan,” other significant policies and initiatives
have been introduced. The “Beijing Clean Air Action Plan” (2013-2017) was a local initiative that
complemented the national plan. This plan included measures such as the introduction of stricter vehicle
emission standards, the expansion of public transportation networks, and the promotion of electric and hybrid
vehicles. The plan also focused on enhancing green infrastructure, such as increasing urban green spaces and
implementing green building standards.

The government also invested heavily in research and development to support the implementation of these
policies. Significant funding was allocated to developing new technologies for pollution control, energy
efficiency, and renewable energy. Public awareness campaigns were launched to educate citizens about the
importance of air quality and encourage behavior changes, such as reducing vehicle use and supporting public
transportation.

The implementation of these policies has led to significant improvements in Beijing’s air quality. By 2017, the
average concentration of PM2.5 had decreased by over 30% compared to 2013 levels. Similar reductions were
observed for other major pollutants such as PM10, NO2, and SO2. These improvements have had a positive
impact on public health, reducing the incidence of respiratory diseases and improving the overall quality of life
for Beijing’s residents.

However, challenges remain in sustaining and further improving air quality. Economic and social factors, such as
the need to balance economic growth with environmental protection and the public’s willingness to adopt cleaner
lifestyles, continue to pose challenges. Ongoing efforts are needed to address these challenges, including
continuous monitoring and enforcement of regulations, further investments in clean energy and technology, and
sustained public engagement and education.

The “Air Pollution Prevention and Control Action Plan” and other related policies have played a crucial role in
addressing Beijing’s air pollution issues. By enforcing stricter emission standards, controlling coal consumption,
promoting regional coordination, and supporting technological innovation and public awareness, Beijing has
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seen substantial improvements in air quality. The successful implementation of these measures has set a
precedent for future environmental policies aimed at further enhancing air quality and public health. Ongoing
efforts and adaptations are necessary to sustain these gains and continue progressing towards a cleaner and
healthier environment.

3. Impact on Air Quality

The implementation of the “Air Pollution Prevention and Control Action Plan and other related policies has had
a significant impact on air quality in Beijing. These policies aimed at reducing emissions from various sources,
such as vehicles, industries, and power plants, and promoting the use of cleaner energy sources have resulted in
noticeable improvements in air quality.

The primary indicators of air quality improvements in Beijing are the levels of particulate matter, specifically
PM2.5 and PM10. Particulate matter (PM) consists of tiny particles or droplets in the air that can be inhaled and
cause serious health problems. PM2.5 refers to particles that are 2.5 micrometers or smaller, while PM10
includes particles that are 10 micrometers or smaller. High concentrations of these particles can lead to
respiratory and cardiovascular diseases, making their reduction a critical public health goal.

Prior to the implementation of these environmental policies, Beijing experienced alarmingly high levels of
PM2.5 and PM10. The annual average concentration of PM2.5 in 2013 was around 90 jg/m3far exceeding the
World Health Organization’s (WHO) guideline of 10 pg/m= Similarly, PM10 levels were also significantly
higher than recommended limits, contributing to frequent smog episodes and poor visibility. With the
introduction and enforcement of the “Air Pollution Prevention and Control Action Plan” starting in 2013,
substantial reductions in both PM2.5 and PM10 levels have been observed. The plan’s comprehensive approach,
including stricter emission standards, reduced coal consumption, and enhanced regional coordination, effectively
targeted the major sources of particulate matter.

The figure below compares the annual average concentrations of PM2.5 and PM10 before and after the
implementation of the environmental policies, illustrating the significant improvements in air quality over time.
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Figure 2. Comparison of PM2.5 and PM10 levels before and after policy implementation

The data clearly shows a downward trend in the levels of both PM2.5 and PM10 following the implementation
of the environmental policies. By 2017, the annual average concentration of PM2.5 had decreased by over 30%,
while PM10 levels had decreased by approximately 25%. These reductions are significant, given the high
baseline levels of particulate matter and the challenges associated with controlling air pollution in a densely
populated and industrialized city like Beijing.

The reduction in particulate matter levels can be attributed to several key measures. Stricter vehicle emission
standards and the phasing out of old, high-emission vehicles played a crucial role in reducing emissions from the
transportation sector. The implementation of desulfurization and denitrification technologies in industries and
power plants significantly cut down emissions of sulfur dioxide and nitrogen oxides, which are precursors to
particulate matter formation. The reduction in coal consumption and the shift towards cleaner energy sources
also contributed to the decrease in particulate matter emissions. Furthermore, the enhanced regional coordination
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and the development of joint action plans with neighboring provinces helped address cross-boundary air
pollution, ensuring that efforts in Beijing were supported by actions in surrounding areas. This regional approach
was critical in achieving sustained improvements in air quality.

The implementation of the “Air Pollution Prevention and Control Action Plan” and related policies has led to
significant improvements in air quality in Beijing. The substantial reductions in PM2.5 and PM10 levels
highlight the effectiveness of these measures in addressing the major sources of particulate matter. These
improvements have not only enhanced the quality of life for Beijing’s residents but also set a precedent for other
cities facing similar air pollution challenges. Ongoing efforts and continued enforcement of environmental
policies will be essential to sustain and further enhance these gains in air quality.

4. Public Health Outcomes

The improvement in air quality in Beijing, particularly the reduction in particulate matter (PM2.5 and PM10),
has had a significant positive impact on public health. Respiratory diseases, which are strongly linked to air
pollution, have shown a marked decrease in incidence as air quality has improved. This section examines the
correlation between the reduction in air pollution and the incidence of respiratory diseases, providing a clear
picture of the health benefits resulting from environmental policies.

Prior to the implementation of the “Air Pollution Prevention and Control Action Plan,” Beijing experienced high
rates of respiratory diseases, including chronic obstructive pulmonary disease (COPD), asthma, and acute
respiratory infections. These conditions were exacerbated by the high levels of PM2.5 and PM10, which can
penetrate deep into the lungs and cause inflammation and other adverse health effects. With the introduction of
stringent environmental policies and the subsequent improvement in air quality, there has been a noticeable
decline in the incidence of respiratory diseases. The reduction in particulate matter and other pollutants has
directly contributed to better respiratory health among Beijing’s residents.
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Figure 3. Trends in Respiratory Disease Incidence in Relation to Air Quality Improvements

The figure illustrates the trends in the incidence of respiratory diseases in relation to the improvements in air
quality, particularly the reduction in PM2.5 and PM10 levels, from 2013 to 2017.

Data from healthcare facilities and public health records indicate that the incidence of respiratory diseases has
declined significantly since the implementation of the air quality improvement policies. For example, hospital
admissions for respiratory conditions decreased by approximately 20% from 2013 to 2017. This decline
correlates with the reductions in PM2.5 and PM10 levels over the same period.

The improvement in air quality has also led to a reduction in emergency room visits for acute respiratory
conditions. Data shows that visits for asthma attacks, acute bronchitis, and other respiratory emergencies
decreased by nearly 25% between 2013 and 2017. These reductions are particularly notable during winter
months when air pollution levels and respiratory disease incidences were historically higher. Additionally,
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long-term health benefits are expected as chronic exposure to high levels of particulate matter decreases.
Reduced exposure to PM2.5 and PM10 lowers the risk of developing chronic respiratory conditions and can
improve overall lung function, particularly in vulnerable populations such as children and the elderly.

The correlation between improved air quality and reduced respiratory disease incidence is further supported by
studies conducted in other regions with similar interventions. These studies consistently show that reducing air
pollution levels leads to significant public health benefits, including lower rates of respiratory and cardiovascular
diseases. In summary, the improvement in air quality in Beijing, driven by the implementation of comprehensive
environmental policies, has led to substantial public health benefits. The reduction in the incidence of respiratory
diseases highlights the direct impact of cleaner air on the health and well-being of residents. Continued efforts to
maintain and further enhance air quality will be essential in sustaining these health benefits and ensuring a
healthier future for Beijing’s population.

5. Challenges and Future Directions

Despite the significant improvements in air quality and public health, the implementation of the “Air Pollution
Prevention and Control Action Plan” has faced several challenges. These challenges include economic costs,
social adjustments, and the need for continuous policy enforcement and adaptation.

One of the primary challenges has been the economic cost of implementing and maintaining strict environmental
regulations. The reduction in coal consumption, transition to cleaner energy sources, and upgrading of industrial
technologies have required substantial financial investments. Industries and businesses have faced increased
operational costs due to the adoption of cleaner technologies and compliance with stricter emission standards.
These costs have sometimes been passed on to consumers, leading to higher prices for goods and services.

Additionally, there have been social challenges related to the public’s adaptation to new policies. Measures such
as vehicle restrictions, promotion of public transportation, and changes in residential heating systems have
required significant changes in behavior and lifestyle. While many residents have supported these measures due
to the evident health benefits, others have resisted due to the inconvenience and additional costs involved.

Despite these challenges, the economic benefits of improved air quality have been substantial. Reduced
healthcare costs, increased workforce productivity, and enhanced quality of life have provided significant
economic gains. Fewer hospital admissions and medical treatments for respiratory and cardiovascular diseases
have alleviated the burden on the healthcare system. Improved air quality has also led to increased attractiveness
of the city for tourism and investment, contributing to economic growth.

The economic costs of implementing air quality policies include investments in cleaner technologies, operational
costs for industries, and infrastructure improvements. These costs have been significant but necessary for
achieving long-term environmental and health benefits. On the other hand, the economic benefits have been
realized through reduced healthcare expenses, increased productivity, and enhanced quality of life. For example,
the reduction in hospital admissions and medical treatments for respiratory diseases has led to significant savings
for the healthcare system. Additionally, improved air quality has resulted in fewer lost workdays due to illness,
contributing to higher workforce productivity.

Tourism and investment have also benefited from cleaner air. Beijing’s improved air quality has made the city
more attractive to tourists, boosting the local economy. Furthermore, businesses are more willing to invest in a
city with a healthier environment, leading to economic growth and job creation.

Future directions for sustaining and enhancing air quality improvements in Beijing include continuous
monitoring and enforcement of environmental regulations. The government needs to maintain stringent emission
standards and promote the use of cleaner energy sources. Investing in research and development for new
technologies will be crucial for addressing emerging pollution challenges. Public awareness and engagement
campaigns should continue to encourage residents to adopt environmentally friendly behaviors.

Regional cooperation will remain essential in managing cross-boundary air pollution. Collaborative efforts with
neighboring provinces and cities should be strengthened to ensure coordinated action and shared responsibility
for air quality management. Additionally, policies should be adaptive to changing environmental conditions and
emerging scientific knowledge, ensuring that air quality improvements are sustained in the long term.

While the implementation of air quality policies in Beijing has faced economic and social challenges, the
benefits have far outweighed the costs. The positive impact on public health, economic savings, and overall
quality of life demonstrates the value of sustained environmental efforts. Future directions should focus on
continuous policy enforcement, technological innovation, public engagement, and regional cooperation to further
enhance air quality and ensure a healthier future for Beijing’s residents.
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