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Research 
Question
ARE THERE INTERACTION EFFECTS (OR OVERLAPPING 
NEIGHBORHOOD DEMOGRAPHICS)  FOR 
ENVIRONMENTAL HEALTH RISK ACROSS CENSUS 
TRACTS IN THE UNITED STATES?
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Unit of analysis
Unit of analysis is census 
tract

Using census tract as 
proxy of neighborhood or 
community

Sample=72,103 census 
tracts from the United 
States
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Data
Dependent Variable: 2014 annual 
estimated cancer risk from air toxics 
(EPA’s National Air Toxics Assessment)

Neighborhood Demographic Data
comes from U.S. Census’ American 
Community Survey and USDA’s 2013 
Rural-Urban Continuum Codes .
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Moving multilevel groups from 
administrated groups to theoretically-
informed groups
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Analytical Strategy



Intersectional Strata of Tracts
_ _ _ _ _
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Racial and ethnic 
composition
(4 categories)

Female-headed 
household
(3 categories)

Educational 
Attainment
(3 categories)

Median 
Household 
Income
(3 categories)

Urbanicity
(2 categories)

4*3*3*3*2=216
total intersectional strata

Strata ID =



Stratum ID: 23331
2 – upper-tile % Black & % lower-tile Latinx residents
3 – upper tertile % of single 

female-headed household
3 – upper tertile % of % some college and up
3 – upper tertile of median household income
1 -- metro
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The PCV between the null model and main effects model 85.4%. 
This suggests that approximately 15% of the between-stratum 
variance may be attributed to interaction effects

Figure 2: Expected values of total air pollution by stratum ranking

Considerable amount of 
interaction effects across strata.
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Null model VPC = 18.33%
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Stratum ID 23131 with 
expected value= 51.01

Stratum ID 11330
with expected value= 19.41

2.6 times difference

Figure 3: Up-close of high- and low-risk air pollution exposure by stratum ranking



Figure 2: Expected values of total air pollution by stratum ranking

Considerable amount of 
interaction effects across strata.
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Figure 3: Up-close of high- and low-risk air pollution exposure by stratum ranking

Considerable amount of 
interaction effects across strata.



Conclusion
We find evidence of significant, 
intersectional inequalities in 
environmental health risk from 
air toxics between strata of 
census tracts.

Our approach reconceptualizes 
how environmental justice, 
intersectionality theory, and 
social determinants of health can 
inform each other and 
understand social and 
environmental inequalities. 

Intersectionality

Social 
Determinants 

of Health

Environmental 
Justice
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Intersectional strata of tracts 
tableStrata sample size of 

census tracts strata
Frequency of 
strata N

(%)

100 or more 117 54.17%
50 or more 143 66.20%
30 or more 162 75%
20 or more 169 78.24%
10 or more 185 85.65%
5 or more 194 89.84%
1 or more 216 100%
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Out of 216 possible strata 



Analytical Strategy: EIM 
modeling
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Interactions grow linearly instead of 
geometrically. 

Model parsimony is kept by having the 
estimate residual give the effect of the 
interaction.

MAIDHA has shown through stimulation 
that the model is robust to different 
sample sizes (Evans 2015; Evans et al 
2018; Bell, Holman & Jones 2019). 

!"# = %&# + ()# + *)"#

+()#~-(0, 123

+*)"#~-(0, 143



Variance
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Variance Partition Coef-icient (VPC)
VPC = 123

1234153
×100%

Proportional Change in Variance PCV
PCV= 12, ?2@@ABC5@

3 D12, ?BE E2@@ ABC5@
3

12,E2@@ ABC5@
3 ×100%


