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Question: How to quantify inequalities in 
air pollution exposure between socio-

demographic groups such as education?

  

Little discussion on 
differential exposure

(x)

Many discussions focus
differential vulnerability 

(β)



Motivation and Significance 

    

• Exposure matters not only in the sum /average 
level but also in terms of the extremes that one 
is exposed to (WHO 2021).

focuses on the individual 
mean (within a certain 
time frame such as a 
year) (e.g., Jbaily et al. 2022)

• This obscures heterogeneity within groups, 
making it difficult to target the truly over-
burdened subgroup(s) and resulting in 
overgeneralized policy suggestions.

focuses on between-group 
mean differences, despite 
the fact that much of the 
heterogeneities remain 
within-group.

• Inequalities do not act independently of one 
another and often "intersect" in various ways to 
produce disparate vulnerabilities (Pellow, 2018: 
37).

has not fully investigated 
the intersection of different 
sociodemographic 
characteristics.

Existing literature… 



Data and methods

    

Census Statistics 
from China, 2010 
(County-level)

Historical, predicted ground-level 
PM2.5 concentrations based on 
satellite remote sensing

Indicator trans-
formed individual 
exposure levels:

focuses on individual mean 
(within a certain time frame 
such as a year) (e.g., Jbaily et al. 
2022)

focuses on between-group 
mean differences, despite the 
fact that much of heteroge-
neities remain within-group.

has not fully investigated 
intersection of different socio-
demographic characteristics.

Existing literature… 

Intersectional cross-group P80/P20 or COV with 
different thresholds

Low data input 
requirements: 

Our approach… 

Within group inequality and across group 
inequality, measured with P80 to P20 ratio or 
COV



Overview of the results

Table 1

• Within-group (e.g., among less-educated) exposure inequality 
substantially larger than across-group (e.g., between less and more 
educated) inequality.

Table 2

• Group-specific mean of means is below critical pollution threshold, but 
large share of group are exposed to high pollution during parts of the 
year.

Figure 1
• Better-educated urban population is exposed to substantially more 

pollution, gradient sharper among urban non-migrants.

Table 3

• Zero education-exposure-inequality among rural migrants; sharp 
inequality among urban non-migrants as critical pollution threshold 
rises.



Key takeaways

Substantively

• In contrast to conventional wisdom that 
socially vulnerable groups are exposed to 
more pollution, we find that highly 
educated migrant populations were 
overburdened with air pollution 
compared to less-educated migrants, with 
regard to their population share. 

• In the discussion of environmental 
inequality, more attention should be paid 
to differential exposure, in addition to 
differential vulnerability.  

• The education-migration intersection is 
important in the Chinese context.

Methodologically

• To better understand the environmental 
inequality across socio-demographic 
groups, we need to examine the full 
distribution of air pollution in time and 
space.

• This study offers an intuitive  approach to 
measuring population exposure 
disparities that illuminates inequalities 
without intensive data requirements and 
can inform the development of targeted 
policies that reduce health risks for the 
overexposed groups.

• In quantifying environmental inequalities, 
P80/P20 ratio is more robust to outliers 
while COV is more sensitive to the tails, 
but these measures are complementary.  
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Mounting evidence over the past several decades has demonstrated
the inequitable distribution of air pollution among sociodemographic
groups. We develop novel group-based environmental measures to
investigate the distributional patterns of PM2.5 air pollution across
sociodemographic groups. We demonstrate the approach using
sociodemographic groups defined by age, education, area of residence
and migration status, but the approach can be used for any groupings for
which tabulated, geo-linked population data are available.

Takeaway 1: None of the binary sociodemographic factors account for a
substantial amount of variation, and greater heterogeneities remain within group,
suggesting that additional grouping may need to be considered. After accounting
for the exposure threshold, the inequality between groups is considerably greater.

For the full working paper with 
reference, please scan the QR code.
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We propose a indicator transformation function with a exposure 
threshold parameter:

We define         as the share of pollution burden for population group i
that is in excess of its population share as: 

Takeaway 2: To better understand the environmental inequality across socio-
demographic groups, we need to examine the full distribution of air pollution in
time and space.

This paper is part of the project "Prenatal Air Pollution Exposures and
Early Childhood Outcomes," which is supported by a grant from the
Penn China Research and Engagement Fund (PIs: Behrman and
Hannum) and by National Science Foundation Grant 1756738 (PI:
Hannum).

Within-individual distribution:

Within-group and across-group distribution:

Cross-group 
P80/P20 ratio

Takeaway 3: Better-educated urban population is exposed to
substantially more pollution, gradient sharper among urban non-
migrants.

Takeaway 4: Zero education-exposure-inequality among rural migrants;
sharp inequality among urban non-migrants as pollution critical
threshold rises.

WHO Recommended Air Quality Guideline and Interim Targets (WHO, 2021) 

Air pollution is closely related to
public health, and the threshold
35 𝜇𝜇 ⁄𝑔𝑔 𝑚𝑚3 demarcates the healthy
and unhealthy level of air quality.
Such a threshold is also the first
interim target recommended by the
recent AQG guidelines proposed by
medical, public health, and scientific
societies (WHO 2021). It is noticeable
that different thresholds are given
with different averaging time, and the

the 24-hour threshold is defined by the 99th percentile of the year. This
suggests that percentile-based measures are commonly used in policy
literature and that exposure does not only matter in terms of the sum or
average level but also in terms of the extremes that one is exposed to.

Data merging and defining the notations:

Existing literature… 

Notes: From green to red, the level of inequality increases from low to high.
Different inequality quantities under the “Threshold” columns are generated
based on the indicator transformation function shown in the Methodology section.

• Exposure matters not only in the 
sum /average level but also in 
terms of the extremes that one is 
exposed to (WHO 2021).

focuses on the individual 
mean (within a certain time 
frame such as a year) (e.g., 
Jbaily et al. 2022)

• This obscures heterogeneity within 
groups, making it difficult to target 
the truly over-burdened subgroup(s) 
and resulting in over-generalized 
policy suggestions.

focuses on between-group 
mean differences, despite 
the fact that much of the 
heterogeneities remain 
within-group.

• Inequalities do not act independently 
of one another and often "intersect" in 
various ways to produce disparate 
vulnerabilities (Pellow, 2018: 37).

has not fully investigated 
the intersection of different 
sociodemographic 
characteristics.
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