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• Between 2015 and 2021, China 
cut its air pollution-related 
disease burden by 19%, 
outperforming other 
high-pollution nations like India 
and Indonesia.

• Aggressive action plans since 
2013 have slashed PM2.5 levels 
significantly across three major 
phases.

• If we stick to a low-emission path, 
China could reduce 
pollution-related deaths by over 
57% by 2040, smashing the 
WHO’s 50% target.

Background: Benefits from Clean Air Actions
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How to Track Benefits by Risk 
Assessments
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Outline: Why High-Resolution?
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Improve Resolution by Data Fusion
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Improve Resolution by Data Fusion
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Monitor SimulationSatellite

Machine Learning Data 
Fusion

Gridded, Spatiotemporal continuous, 

Accurate, Open-Assessed
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• A major challenge is that China's air quality 
monitoring network started since 2013 
and has limited spatial coverage. 

• As a result, station-based risk assessments 
are incomplete. According to the first risk 
assessment regarding the first stage Clean 
Air Action in China (Huang et al. in The 
Lancet Planetary Health), this site-based 
approach ignores about 59% of the total 
population, underscoring the need to 
move beyond just ground-level data.

• By utilizing a machine learning method, we 
develop spatiotemporally continuous grid 
exposure data for PM2.5 and O3. We can 
conduct assessments covering the whole 
population.
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• To build a complete 
exposure-response function across all 
concentration levels, we integrated 
findings from multi-center studies.

• The challenge here is that each center 
only covers a partial concentration 
range. 

• Because of this, our statistical power 
depends almost entirely on the 
exposure variation within each specific 
center. 

• Consequently, if our spatial resolution 
is low, we lose that crucial local 
variation, which directly reduces our 
statistical efficiency.

How to Get an Exposure-Response 
Function?
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f(x)
Multi-centre Effects Integration



• Looking at the example, the raw data is misleading. It shows that dead cases had slightly lower ozone 
exposure than controls. 

• This happens because directly comparing different regions introduces massive bias from unmeasured 
confounders. 

• To find the true, unbiased health effect, we have to look strictly at the exposure variation within each 
individual center. 

• The within-center variation accounts for only 7.7% of the total data variance. Because of that, having 
high-resolution spatial data is absolutely critical to capture these local differences and get accurate results.

High-Resolution Within-Center Exposure 
Variation Helps to Show Unbiased Health 
Effects

10From Monitoring to Impact:  Strengthening the Air Quality-Health Evidence Chain for Policy Making 



Outline: Why High-Resolution?

11From Monitoring to Impact:  Strengthening the Air Quality-Health Evidence Chain for Policy Making 

 

③ Why the 
High-Resolution 

Data is Important 
for Better 

Policy-Oriented 
Risk 

Characterization?

① How to Improve Exposure Resolution?

② Why the 
High-Resolution 

Data is Important 
to Build an 

Exposure-Respons
e Function?



• We must ask not only "how much health 
benefit was generated?" but "who received 
it?". 

• We quantified the two dimensions of health 
impacts from clean air actions using two 
metrics: Gain of Life Expectancy (GLE) and 
the Gini index to measure geographic 
inequality.

• During the first stage, from 2013 to 2017, 
the mean GLE was 1.87 months. However, 
this benefit was highly unequal, with a Gini 
index of 0.44. Half of all health benefits 
were concentrated in just 25% of the 
population.

• The second stage, from 2017 to 2020, tells 
a very different story. The mean GLE more 
than doubled to 3.94 months, and the 
geographic inequality reduced to a Gini 
index of 0.18.

Two Dimensions of Clean Air Actions
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Exp Subgroup 
feature Pop Total 

risk
Risk 
level

c1 [x1, y1, z1] N1  n1   n1/N1
c2 [x2, y2, z2] N2  n2 n2/N2
c3 [x3, y3, z3]

cn [xn, yn, zn]  Nn  nn nn/Nn

Method: From High-Resolution Risk 
Assessment to Environmental Inequality (Gini 
Index)
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Inputs by Grid & Subgroups

Concentration Population

Exposure assessment by sex-age groups

                  

① Group of equal risk, ② Rank by risk, 
③ Calculate cumulative probabilities for 
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Method: From High-Resolution Risk 
Assessment to Environmental Inequality (Gini 
Index)
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Inputs by Grid & Subgroups

Concentration Population

Exposure assessment by sex-age groups

Lorenz Curve to Measure Inequality



Take-home Messages

• (AI-based) Data Fusion Models 
can help to improve the resolution 
of data to track air pollution 
exposure and risk;

• High-resolution Exposure is 
needed to accurately display 
Within-Center (e.g., city or region) Variation in air pollution 
exposure, which is critical to 
develop an exposure-response 
function;

• High-resolution Exposure and 
other inputs (e.g., population structure) is 
necessary to measure 
environmental inequality.
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