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Particulate Matter and Composition

❖ PM
2.5

 is the largest environmental risk factor impacting both environment and health, but the sources are complex 
which make estimation highly challenging. 

❖ PM
2.5

 composition has strong and diverse impacts, especially for its highly toxic BC component. These effects are not 
well understood for limited surface observations and uncertainties in chemical model simulations.

Wildfires

Fossil fuels



❖ How have the surface PM
2.5

 mass and its fraction of BC 
changed in the past two decades in the continental US? 

❖ how much change (if any) in mortality burden due to PM
2.5 

exposure may be attributed to fires? 

The long-term improvement trends in air quality and public health in the US were obscured in the past decade 
by the increase of fire emissions that potentially counterbalanced the decline in anthropogenic emissions. 

We tackle both questions by building upon the advances enabled by 
deriving surface 1 km PM

2.5
 and BC from 2000 to 2020 in the US 

with full spatial coverage via the deep learning approach and 
estimated the mortality burden. 

Ground truth: three national networks, including US Forest Service 
(USFS) AirSis & Western Regional Climate Center (WRCC) network to 

enhance AI modeling during wildfire smoke events.

Background (US air quality)

~5100 sites 

~400 sites 

Total ≈ 5,500 sites



Model development (Stage I)

❖ We derived gapless daily PM
2.5

 by training the SWDF model to build the nonlinear relationships between PM
2.5

 
measurements and satellite AOD together with PM

2.5
 components, meteorology, anthropogenic emissions of PM

2.5
 

precursors, and land-use and population variables. 

❖ MAIAC AOD was the primary input, and MERRA2 AOD data is used to fill the satellite gaps where MAIAC AOD was missing. 
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❖ Once PM
2.5

 estimates were made, they were subsequently used as the main constraint in the SWDF model to predict BC 
mass concentration. Additional factors highly associated with BC, e.g., satellite and modelled absorbing AOD, and 
MERRA2 BC AOD, and BC surface mass simulations and emissions, were also used as inputs in training.

Model development (Stage II)
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10-fold cross-validation (randomly)

Daily (monthly) PM
2.5

 and BC estimates are reliable, with CV-R2 of 0.82 (0.97) and 0.80 (0.95), respectively. 

Training: 9 folds

Testing: left-out 1 fold 



They provide valuable insights into the life cycle of smoke particles, including their formation, their local spread and 
long-range transport to downstream regions, and eventual disappearance from the atmosphere.   

Day-to-day evolution of wildfires in western US (2020)

Daily gapless PM2.5 maps Daily gapless BC maps



Annual Trends in PM
2.5

, BC, and Mortality Burden (2000–2020)

❖ High BC concentrations along highways due to traffic-related emissions (from diesel trucks) are well captured.

❖ Annual PM
2.5

 and BC show steadily declining trends in EUS, significant increasing trends were found in WUS.

❖ Death rates reduced in EUS; it shows notable rises in eastern and northern California, as well as southwestern Oregon, 
where elevated levels of PM

2.5
 and BC are evident.
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RR (relative risk): from 
a recent cohort study 
in the USA

Concentration–respons
e function:



Fire-season PM
2.5
, BC, and BC/PM

2.5
 ratio trends

❖ During the first decade, there was a significant overall reduction across the WUS, particularly in the central and southern 
areas. However, a dramatic reversal occurred with sharp increase in the second decade.

❖ BC-to-PM
2.5

 ratio in Fire Season for the US as a whole shows a significant increase, primarily for the reduction of inorganic 
emissions and suggesting a potential increase in relative toxicity of PM

2.5
.

Comparison vs. FEER fire emissions

Strong correlations and consistent changes between 
PM

2.5
 and BC and their emissions from wildfires

PM
2.

5
B

C
B

C
/P

M
2.

5
2000-2020 2000-2010 2010-2020



Time series variations in PM
2.5

, BC, and Mortality Burden

❖ When the greater toxicity of BC is (not) considered, PM
2.5

 led to an increase of ~930 (670) deaths per year in the western US. 
This is over 10 times higher than the number of casualties directly caused by wildfires (~89 deaths per year in the US). 

❖ The health benefits from air quality improvement measures are significantly offset by wildfires.

� A national slowdown 
and a regional reversal 
in the WUS of the 
decreasing trends of air 
quality and mortality 
burden.

� The fire-season air 
pollution and health 
burden surpassed 3–4 
times the annual 
averages;



Short-term daily exposure risk assessment 

❖ During 2000-2020, 100%, 99%, and 86% of US 
populated areas would experience unhealthy 
air exposure risk for at least 1, 7, and 30 days.

❖ Emissions from increasing wildfires play a 
crucial role in the increase of daily exposure 
risk in the northwestern US and California. 

❖ More importantly, an increase in polluted days 
in the Midwestern US was also observed, 
possibly due to the long-range wildfire 
smoke-particle transport from the WUS .

❖ If wildfires in the western US are not 
effectively controlled, people in the eastern US 
will be affected due to long-distance 
transmission (e.g., Eastern Canada wildfires).

Percentage of days exceeding the WHO daily air quality standards
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Our findings were reported by >70 Major Medias
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❖ PM
2.5

 pollution in 80% of countries has decreased, presumably in response to the implementation of the strictest 
lockdown measures, saving approximately 19.0 thousand lives. 

❖ After the pandemic, 59% of countries experienced a rebound in PM
2.5

 than 2020, resulting in 14.4 thousand lives lost; 
merely 32% of countries have reverted to the PM

2.5
 levels experienced prior to the pandemic. Wei et al., NC, 2023

Short-term PM
2.5

 and mortality change during COVID-19 lockdown

PM
2.5

 

Death



PM2.5

PM2.5 composition

Surface NO2

Surface O3

Surface SO2 and CO
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Online data sharing and applications

https://weijing-rs.github.io/product.html 

The global and regional air quality datasets have 
been widely used in environmental health 

studies, among others, by hundreds of 
institutions!

GitHub

https://zenodo.org/records/10081359 
Published > 330 papers in leading journals like Nature Medicine, 

The Lancet Regional Health, Circulation, ES&T, GRL, et al.!

https://weijing-rs.github.io/product.html
https://zenodo.org/records/10081359


Take-home message

Conclusions: 

❖ We have reconstructed, to date, the longest 1 km daily seamless PM
2.5

 and BC data records (2000 to present) in the US.

❖ In the past decade, the decline rates of air quality and health burden have slowed down nationally, and have even 

reversed to increase in the western US, due to increased fire emissions.

❖ We have also generated global daily high-resolution datasets for both PM and polluted gases from space using AI.

Future plans: 

❖ Integrating aerosol layer height into AI-based modeling to enhance PM
2.5

 estimation under smoke conditions.

❖ Leveraging AI models with high-frequency geostationary earth orbit (GEO) satellite data, such as GOES-R and TEMPO, to 

better capture the diurnal variations of wildfire events.
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That is all for my talk and thanks 
for your attention!


