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PRC has launched three phases of Clean Air Actions

2013-2017 2018-2020 2023-2025

Since 2013, PRC has successively

Phase | Phase Il Phase IlI

launched three actions to address
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PM, ; air quality in PRC improved significantly

National population weighted mean PM, s concentrations
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PM, ; variations are influenced by complex natural and
anthropogenic drivers

Anthropogenic drivers Air pollutant emissions Natural drivers  PM, 5 variations
COVID-19
Control SO,
Meteorology
Energy
Structure NO, |
i Atmospheric
Industrial
Structure ~ PM, 5 transport
‘e —
Transportation . _
Copntrol | NMVOC Chemical
reactions
End-of-pipe
Control NH;
Source Deposition
Substitution CcO

Y 5 Y

How can we scientifically quantify their contributions to PM, ; reduction
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Emission variation and its drivers

( Control measures i COVID-19 quarantineA'
~and related statistics ~and related statistics

MEIC emission model

PM, s variation and its drivers
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Methodology framework to estimate the drivers
underlying PM, ; improvements

Health benefit
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Baseline mortality
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Unit-level industrial model
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Voyage-based shipping model
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Development of MEIC emission model

On-road fleet turn-over model
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Develop a non-aggregated model system for the high-resolution estimation of mass emission
sources in order to improve the spatio-temporal resolution of emission inventory.
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Strengthen industrial

emission standards

Phase out small and
polluting factories

Phase out outdated
industrial capacities

Upgrades on
industrial boilers

Enforce ultra-low emission retrofits in power sector

Enforce ultra-low emission retrofits in iron and steel

Tighten emission limit for cement industry

“Small and polluting” enterprises were phased out

Phase out outdated coal-fired power generation
Phase out outdated iron and steel capacity
Phase out outdated cement capacity

Phase out outdated flat glass capacity

Promote new emission standard

Phase out small boilers
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770 GW

Emission limit in
GB 4915-2013

62,000 enterprises

25 GW
200 million ton
250 million ton
110 million weight box

GB 13271-2014

200 thousand

Systematically examine the implementation status of
different measures

Phase I

170 GW
620 millon ton

Special emission limit in
GB 4915-2013

360,000 enterprises

20 GW
120 million ton
140 million ton
50 million weight box

Ultra-low emission limit
for large boilers
in key regions

110 thousand
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Promote clean fuels in

the residential sector

Control of mobile
source emissions

Management of
VOC emissions

Management of
agricultural source

Upgraded to clean stoves
Applied washed clean coal
Coal substituded by natural gas and electricity

Tighten emission standard for light duty vehicles
Tighten emission standard for heavy duty vehicles
Eliminate old and yellow label vehicles

Promote new energy vehicles

“Highway to Railway”: Railway cargo volume
“Highway to Waterway": Waterway cargo volume

Release VOC emission control standard

Release VOC content limit standard

Promote the use of water-based paints

Croplands applied with soil testing and formula
fertilization technology

Reduce national fertilizer consumption
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lower sulfur and ash

6 million households

China 5
China 5
20 million
increased by 1.5 million
decreased by 7%
increased by 19%

35% water-based paints
in 2017

decreased by 1%

Systematically examine the implementation status of
different measures

Phase ll

23 million households

China 6a
China 5
6 million
increased by 3.4 million
increased by 23%
increased by 14%

GB 37823-2019, GB 37824-2019,
GB 37822-2019

GB 18581-2020, GB 18582-2020,
GB 33372-2020, GB 38508-2020

48% water-based paints
in 2020

13.3 milliton ha

decreased by 10%




Multi-driver decomposition method for air pollution changes

Policy drivers

Meteorological
variations

Standards strengthening Clean coal replacement

PM, ; variations and »

mortality risk

I Coal-fired boiler control Small enterprises phaseout

Emission changes Outdated capacity phaseout Mobile source control

Power plants retrofit

Chemical transport Emission Emission change Concentration &
model changes drivers health drivers

+ Policy measure decomposition BF scenario matrix simulation
Brute-force scenario matrix

AEmis = f(AA,AX, AEF, An) Emissions Meteorology
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Drivers of PM, . variations in PRC, 2013-2020
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Zhang et al., PNAS, 2019; Geng et al., Nature Geoscience, 2024
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Impacts of meteorology variations

Variations in meteorology contributed 3.3 ug/m?to
the PM, s decline.

Compared with 2017, 2020 experienced higher
wind speeds, more precipitation, and fewer
stagnant-air days.

Higher wind speeds in winter 2020 were driven by
the “Warm Arctic—cold Eurasia” pattern, which
enhanced cold-air outbreaks and strong winds.

Increased precipitation was linked to the strong
2019 Indian Ocean Dipole, which led to sustained
Indian Ocean warming and anomalously heavy
rainfall in PRC during summer 2020.
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COVID-19 impacts
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» The study attributed the emission reductions during the first four months of 2020, relative to the same
period in 2019, to the impacts of COVID-19 control measures.

» These reductions lowered the annual mean PM, 5 exposure by 1.5 ug/m3, accounting for about 14% of
the total decline during 2017-2020.
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Impacts of emission reduction measures

During Phase I, the contributions of strengthening
industrial emission standards, upgrades on industrial
boilers, phasing out outdated industrial capacity, and
phasing out small and polluting factories to PM, 5

improvement were markedly lower than during Phase I.

During Phase Il , Promoting clean fuels in the residential
sector, control of mobile source emissions, management of
NMVOC emissions, and management of agriculture

sources achieved PM, s reductions comparable to or

greater than those during Phase |I.

Geng et al., Nature Geoscience, 2024



Air Actions
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« During Phase I, the unit cost of reducing national PM, 5 exposure by 1 pg/m?® was about RMB 100 billion,

roughly twice that during Phase |I.

« Upgrades on industrial boilers and promoting clean fuels in the residential sector were relatively cost-
effective, whereas mobile source emission controls were less cost-effective.
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Cost-effectiveness is influenced by the nonlinear
emission-concentration response relationship

Upgrades on industrial boilers and
promoting clean fuels in the residential
sector primarily reduced primary PM, 5
(e.g., BC and OC) and SO, emissions,
with near-linear responses yielding higher

cost effectiveness.

Control of mobile source emissions
primarily reduced NOx and NMVOC

emissions, with lower cost-effectiveness

affected by nonlinear responses.

Geng et al., Nature Geoscience, 2024



Conclusions and policy implications

« After excluding the impacts of meteorology variations and COVID-19 lockdowns, emission
reduction measures reduced annual PM, ; exposure by 4.5 ug/m? in Phase | and 2.3 pug/m?

in Phase Il, indicating a marked narrowing of effectiveness during Phase Il.

* During Phase Il, strengthened structural adjustment and VOC and NH; controls effectively

reduced emissions, while the effectiveness of end-of-pipe measures weakened.

* During 2018-2020, the unit cost of reducing PM, s was roughly twice that of 2013-2017,

indicating increasing mitigation difficulty.

* Future efforts should further unlock the emission reduction potential of structural
adjustment and implement strengthened, balanced measures for coordinated multi-

pollutant control.
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