Air pollution in China 2019
Key messages
● There has been major progress in Beijing and Shanghai priority regions this winter,
with both regions on track to exceed winter targets.
● Xi'an priority region is off track for it’s winter pollution targets, as PM2.5 levels
increased in the first three months of the winter period (October-March).
● PM2.5 levels in the rest of the country increased, particularly in the south, as
industrial output and fossil fuel consumption kept climbing.
● There is dramatic progress on reducing national average PM2.5 and SO2 levels from
2015 to 2019, exceeding targets.
● Ozone pollution levels are getting worse, and progress on reducing NO2 levels has
been slow. This is undermining some of the public health gains from reduced PM2.5
levels.
● Coal industry expansion has slowed or reversed progress on air quality in western
provinces.
● As coal and oil consumption increased in 2019, progress on air quality relied
entirely on better filters and other end-of-pipe measures. These measures are
being exhausted, making a shift away from polluting energy sources increasingly
important.
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Overview
With two years to go to the Beijing Winter Olympics, the city has seen dramatic
improvements in air quality, but continues to suffer from severe smog episodes. China has
winter action plans in place for the October-March period, aimed at improving the air
quality in key regions, around Beijing, Shanghai and Xi’an. The Beijing region missed its
targets last year but seems to be making up for the setback this winter, with PM2.5
reductions exceeding targets.
In the first three months of the winter period (October-March), PM2.5 levels improved in
line with targets in the priority regions around Beijing and Shanghai, but rebounded in the
rest of the country, including in the priority region around Xi’an. The largest increases took
place in the south, in Guangdong and surrounding provinces, and in the northeast, areas
that also saw sharp increases in industrial output and coal-fired power generation. The
national average PM2.5 level in October-December was unchanged on year, with the
progress in key regions and backward slide in other areas offsetting each other.
Once again, it seems that the winter action plans are pushing pollution from some regions
of the country to others. For example, the largest steel producing province Hebei cut iron
and steel output by more than 10% in October-November, compared with the same period
the year before, while national output increased.
Looking at the whole year, the nationwide average PM2.5 level improved, but progress
was the slowest it has been since the start of the war on air pollution in 2013, with the
environmental ministry reporting a reduction of 2.9% in the countrywide average levels in
the first 11 months. Two priority provinces, Henan and Shandong, in particular, went
backwards.
Since the start of the 13th five-year period in 2015, there has been very impressive
progress in reducing two key pollutants: national average PM2.5 fell 27% and SO2 fell 55%.
However, ozone increased 11%, and progress with reducing NO2 was very slow, with a
reduction of only 9%. These pollutants could be the next frontiers in China’s war on
pollution.

In provinces targeted for large-scale coal industry expansion (so-called “coal bases”), NO2
pollution levels increased or stayed flat from 2015 to 2019, showing the effects of
concentrating polluting industries in these provinces.
The dramatic improvements in PM2.5 and SO2 levels were achieved regardless of the fact
that coal consumption was stable and oil consumption kept increasing from 2015 to 2019,
and both coal and oil increased in 2019. Major increases in renewable energy, nuclear and
natural gas use only sufficed to slow down the growth in coal demand. Consequently, air
quality gains were maintained in the short-term through heroic efforts and unparalleled
expenditures in improving emissions controls, governance and enforcement. There are,
however, limits on squeezing out air quality improvements while fossil fuel use continues
to increase - and China has a long way to go in reducing air pollution, with much of the
population living in PM2.5 levels more than four times the WHO guideline.
The environmental ministry, responsible for squaring the circle, has consistently
emphasized the need to address the structural causes of pollution ‒ energy structure,
economic structure and transport structure, but this requires collaboration from other
parts of the government.
Lack of progress on NOx and the increase in ozone show the limits of policies focused on
end of pipe measures - these pollutants are harder to control with filters. Exposure to NO2
pollution is responsible for an estimated 350,000 premature deaths and 760,000 new cases
of child asthma per year in China. Exposure to ground-level ozone caused approximately
300,000 premature deaths and 900,000 asthma emergency room visits in 2017.

Changes in pollutant levels, year-on-year
October-December 2019

Note: The Ministry of Ecology and Environment has revised the technical standards for air quality monitoring, affecting data from the
beginning of 2019. Data for previous years has been revised to conform with the new standard, according to the ministry, but revised data
has not been made available. This can cause differences of up to several percentage-points, but data is reflective of overall trends.

Winter action plans: Progress around Beijing
and Shanghai, rebound in rest of the country
For the winter 2019-2020, the environmental ministry has issued air quality targets and
action plans for three priority regions. The action plans target reductions in PM2.5
concentrations of 4% around Beijing, 2% around Shanghai and 3% around Xi’an in
October-March, compared with the same period a year ago. The air pollution control
regions around each city, known respectively as Jing-jin-ji and surroundings (“2+26” for
Beijing, Tianjin and 26 surrounding cities), Yangtze River Delta Region and Fenwei Plain,
span hundreds of kilometers and dozens of cities, in recognition of the fact that the smog
is a large scale regional problem that has to be addressed at the source, including the
major industrial belts surrounding each city.
The air quality priority region around Beijing includes the largest concentration of iron and
steel factories, and non-ferrous metals industries in the country, as well as 14% of national
thermal power generation. As local emissions sources have been controlled more
effectively, or moved elsewhere, Beijing's smog has become increasingly episodic,
depending on whether wind comes from industrial areas in the south or grasslands in the
north.
The winter action plans have resulted in some real air pollutant emissions reductions,
particularly from the industrial and heating sectors, where coal has been replaced with
natural gas and electricity. The plans have however also had the result of moving output
from winter to summer, as factories and construction projects make up for lost time
during last winter and anticipate curbs before next winter. They have also resulted in
wintertime output moving further away from the Beijing region to the rest of the country.
From 2015 to 2019, summertime pig iron production in the region increased by 20% while
wintertime production didn’t grow at all, indicating a shift to more production during the
summer. Cement production in the region fell by 10% while output in the rest of the
country was unchanged, and non-ferrous metals output in the Beijing region stayed at
2015 level, while output in the rest of the country increased by almost 20%, indicating
outsourcing of industrial production.
This winter, in the first two months of the winter period, October-November, Hebei cut the
output of crude steel by 14%, pig iron by 11% and cement by 7%, while national output
increased by 5%, 5% and 6%, respectively. Shandong cut the output of non-ferrous metals

by 6% and thermal power by 28%, even as national output expanded 12% and 6%. In
particular, neighboring Inner Mongolia, Liaoning and Shanxi increased output.
As the Beijing region remains the focus of China’s clean air efforts, a key question is do air
quality policies in the region pave the way for the rest of the country to implement similar
policies, or rather increase pressure on air quality elsewhere by relocating polluting
production.

History of Beijing region’s winter air pollution action plans
The first winter action plan, in 2017-18, oversaw a major campaign to reduce
small-scale coal burning in factories and households, replacing coal with natural gas
and electricity. Iron and steel, coke, cement and non-ferrous metals production was
curtailed heavily. Combined with favorable weather conditions, these measures
brought the PM2.5 levels in the region down by 25% in one year, enabling Beijing to
meet the ambitious air quality target for 2017. The heavy-handed approach caused
hundreds of thousands of households to be left without heating at the start of the
winter, and led to natural gas shortages that forced termination of supply to industries.
The strict controls on industrial output also faced criticism of representing a “one size
fits all” approach that didn’t take into account local conditions and relative emission
control performance of different polluting plants and firms. At the same time, industrial
output surged outside of the air pollution control region, and with it, air pollution levels.
The next winter, 2018-2019, the PM2.5 reduction targets set for the Beijing region were
much less ambitious on paper, targeting an 3% reduction. But 2017-2018 was a very
hard baseline, due to the strict controls on industrial output, and in particular the
exceptionally favorable weather conditions. In response to criticism of “one size fits all”
approach, municipal governments were given a lot of leeway to design the policies they
would use to meet the targets. At the same time, macroeconomic policy was becoming
more expansive, driving a boom in steel production and coal-fired power generation.
Predictably, the result was a dramatic increase in industrial output in the region, and an
increase of 6.5% in PM2.5 levels.

Industrial output growth, 2019 Oct-Nov on year

Coal-fired power generation and industrial output increased almost everywhere in the country,
except for the Beijing-Tianjin-Hebei region, which saw major improvements in air quality.

Major progress on PM2.5 from since 2015 but
new challenges emerging
The five-year plan period from 2015 to 2020 is the first since the start of the “war on air
pollution”. With one year to go, the target of 18% reduction in PM2.5 levels1 from 2015 to
2020 has already been achieved, with PM2.5 levels falling 27% by 2019. Average
concentrations of SO2, the pollutant most closely associated with coal-burning, fell 55%,
thanks to the deployment of emission controls and reductions in coal use.
However, progress in 2019 was slowest since the start of the war on air pollution, with the
environmental ministry reporting a reduction of 2.9% in the countrywide average levels in
the first 11 months. Two priority provinces, Henan and Shandong, in particular, went
backwards. 2019 also saw the first significant increase in coal consumption since 2013,
with Global Carbon Budget estimating that coal-burning grew 3% on year2.

Ozone and nitrogen dioxide emerging as challenges
The trends for two other health-harming pollutants, ozone and NO2, are more alarming.
These pollutants could be the next frontiers in China’s war on pollution.
Summertime ozone concentrations increased 11% nationwide from 2015 to 2019. Levels
increased in all but four provinces, with the largest increases taking place in Anhui, Tianjin
and Shanxi.
Progress with reducing NO2 was very slow, with a reduction of only 9%. In provinces with
coal bases, NO2 increased or stayed flat from 2015 to 2019, showing the effects of
concentrating polluting industries in these provinces. Power plants and industry are the
main sources of NOx emissions in China, followed by transport3.
NO2 is a precursor of both PM2.5 and ozone, as well as a dangerous pollutant in its own
right. NOx has already become a more important contributor to smog episodes than SO2,

China’s 13th 5-year plan on environmental protection:
http://www.gov.cn/zhengce/content/2016-12/05/content_5143290.htm
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Friedlingstein et al 2019: Global Carbon Budget 2019. https://www.earth-syst-sci-data.net/11/1783/2019/
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Zheng et al 2019: Trends in China’s anthropogenic emissions since 2010 as the
consequence of clean air actions. https://www.atmos-chem-phys.net/18/14095/2018/acp-18-14095-2018.pdf
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as SO2 emissions have been cut dramatically. Without much faster progress on NO2, it will
also be challenging to keep up progress on PM2.5.
Tsinghua professor Kebin He recently identified coordinated measures to control PM2.5
and ozone as the most important next steps for air quality policies, emphasizing that
PM2.5 is the primary issue but ozone pollution cannot be ignored4.
Lack of progress on NOx and increase in ozone show the limits of policies focused on end
of pipe measures - these pollutants are harder to control with filters. For example, in
coal-fired power plants, SO2 scrubbers can achieve control efficiencies of 99% or more,
while NOx control devices top out at 90%. To maintain progress on PM2.5 and start
reducing ozone and NO2, reducing the use of polluting fuels will be central.

Diverging trends among provinces
Henan is now the most polluted province in terms of average PM2.5 levels, having made
less progress than Hebei. Tianjin had the highest NO2 and summertime ozone levels, and
second-highest PM2.5 levels. After Tianjin, the highest ozone levels are found in Hebei,
Beijing, Henan and Shanxi. Shanghai, Hebei, Shanxi, Chongqing and Sha’anxi had the
highest NO2 levels after Tianjin.
Shanxi, Sha’anxi and Xinjiang, all among the provinces with highest PM2.5 levels and
largest expansions in coal industry, made the least progress over the past four years.
NO2 levels increased from 2015 to 2019 in Shanxi, Ningxia, Anhui, Xinjiang and Sha’anxi.

财新网2020年01月03日：北京PM2.5年均浓度创新低 交通污染仍突出。[Caixin Jan 3, 2020: Beijing’s annual
average PM2.5 concentration reaches a new low; transport sector pollution still stands out.[
http://science.caixin.com/2020-01-03/101500857.html
4

Average pollutant levels by province 2019

Unit: μg/m3

Changes in pollutant levels 2015 to 2019

Key air pollutants and their health impacts
PM2.5
Particulate matter smaller than 2.5 micrometers in diameter (PM2.5) is the most
dangerous air pollutant in China and globally. The particles enter the human lungs and
bloodstream, affecting the entire circulatory system and all internal organs. People living
in areas with high PM2.5 levels have significantly elevated risk of diseases such as stroke,
lung cancer, ischaemic heart disease and chronic respiratory diseases, resulting in an
estimated 770,000 to 990,000 air-pollution-related deaths in 2017 in China5. At 2016 levels
of PM2.5 pollution, the average life expectancy in the country was estimated to be lowered
by almost three years6.
PM2.5 is emitted from coal, oil and biomass combustion, industrial processes such as
cement production, as well as from road and construction dust and from deserts during
dust storms. Around half of PM2.5 in the air is formed from SO2 and NOx emissions, mainly
from fossil fuel combustion and ammonia, predominantly from agriculture, industry and
vehicles.
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Global Burden of Disease 2017 results.

http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2017-permalink/a80d2d01765a1f0640d96f626af263bc

Ebenstein et al. (2017) “New evidence on the impact of sustained exposure to air pollution on life expectancy
from China’s Huai River policy,” Proceedings of the National Academy of Sciences, 114(39): 10384-10389.
https://aqli.epic.uchicago.edu/the-index/
6

NO2
Nitrogen dioxide (NO2) is a toxic gas that inflames the lining of the lungs, causing
problems such as wheezing, coughing, colds, flu and bronchitis. Long-term exposure is
associated with diseases such as diabetes mellitus, hypertension, stroke, chronic
obstructive pulmonary disease (COPD) and asthma7. Exposure to NO2 pollution is
responsible for an estimated 350,000 premature deaths8 and 760,000 new cases of child
asthma9 per year in China.
The dominant source of NO2 emissions is combustion of coal, oil and gas in power plants
and industry, and combustion of oil in vehicles.

German Environment Agency UBA: Nitrogen dioxide has serious impact on health.
https://www.umweltbundesamt.de/en/press/pressinformation/nitrogen-dioxide-has-serious-impact-on-health
8
CREA assessment using NO2 concentration data from Larkin et al 2017
(https://www.ncbi.nlm.nih.gov/pubmed/28520422) and World Health Organization recommendations for health
impact assessment of air pollution
(http://www.euro.who.int/en/health-topics/environment-and-health/air-quality/publications/2013/health-risksof-air-pollution-in-europe-hrapie-project.-recommendations-for-concentrationresponse-functions-for-costbene
fit-analysis-of-particulate-matter,-ozone-and-nitrogen-dioxide).
9
Achakulwisut et al. 2019: Global, national, and urban burdens of paediatric asthma incidence attributable to
ambient NO2 pollution: estimates from global datasets.
https://www.thelancet.com/article/S2542-5196(19)30046-4/fulltext
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Ozone
Ozone is a highly reactive gas that aggressively reacts with lung tissue, causing cell
damage. Short-term ozone exposure results in irritation of throat and eyes, coughing,
wheezing, inflammation of lungs and difficulties in breathing. Over a longer period of time,
chronic damage to lung tissue may occur.
Ozone pollution triggers asthma attacks and may also worsen other respiratory illnesses
such as pneumonia and bronchitis. Exposure to ground-level ozone caused approximately
300,000 premature deaths10 and 900,000 asthma emergency room visits11 in China in 2017.
Ground-level ozone pollution is created when NOx and volatile organic compounds react
in the presence of sunlight. The dominant human-made sources of ozone in China are
industrial (average contribution 31%), transport (20%) and power plant (16%) emissions12.

Malley et al 2017: Updated Global Estimates of Respiratory Mortality in Adults ≥ 30 Years of Age Attributable to
Long-Term Ozone Exposure. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5880233/
11
Anenberg et al 2018: Estimates of the Global Burden of Ambient PM2.5, Ozone, and NO2 on Asthma Incidence
and Emergency Room Visits. https://ehp.niehs.nih.gov/doi/10.1289/EHP3766
12
Wang et al 2019: Source apportionment of summertime ozone in China using a source-oriented chemical
transport model. https://www.sciencedirect.com/science/article/abs/pii/S1352231019303061
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Methodology notes
The air quality data in this briefing is based on a dataset collected hourly from real-time
measurements reported on Chinese government websites. City and province averages are
calculated as a simple average of measurements from all monitoring stations in the
region. Stations and cities with missing data are excluded following Chinese Ministry of
Ecology and Environment criteria, and PM2.5 and PM10 measurements during dust storm
periods are excluded using criteria that follow the official methodology as closely as
possible.
The Ministry of Ecology and Environment (MEE) recently revised the technical standards
for air quality monitoring, affecting data from the beginning of 2019. Data for previous
years has been revised to conform with the new standard, according to the ministry, but
revised data has not been made available. This can cause differences between
year-on-year changes calculated from the real-time data and those reported by the
ministry, but the data is reflective of overall trends. The findings have been compared
with data reported by the MEE until November 2019, as well as aerosol, SO2 and NO2
measurements from NASA OMI and MODIS satellites as well as U.S. State Department
PM2.5 measurements from embassies and consulates as an additional sanity check.
Data on energy consumption and industrial activity is similarly based on reporting by
Chinese central and provincial statistical bureaus accessed through the WIND financial
terminal. Implicit revisions of previous years’ statistical data have been accounted for by
back-calculating volumes using year-on-year growth rates.
China doesn’t have an annual air quality standard for ozone concentration, so the metric
most relevant for public health impacts of ozone pollution is used: average of daily 8-hour
maximum concentration during the period from April to September.

