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We don’t all breathe the same air

Jesse Marquez

Redlining 
(1933-1977) 

Racial covenants 
(1920-1968)

Racial segregation: long-standing, structural
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“Said lots or structures shall not be rented, leased, or 
occupied by persons other than those of the white 
race, except domestic servants.”

Developer: Foster R. Palmer, 2/21/1940.
Properties covered: 36 
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Background: Housing segregation
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1926: US Supreme Court supports restrictive covenants and 
exclusionary zoning

1933: Home Owners’ Loan Corporation (redlining)

1934: Federal Housing Administration

1938: Federal Highway Aid

1948: US Supreme Court strikes down restrictive covenants

1949: Housing Act

1968: Fair Housing Act

What is environmental justice?

Local

Process

Outcome

CDC/ Dawn Arlotta

Systemic

“undue burden”, “disproportionate impacts”
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Erin Petenko | NJ Advance Media

CDC/ Dawn Arlotta

Jesse Marquez

WA State Supreme Court“fair treatment”, “meaningful involvement”
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1. The way things are
- Existing disparities
- Who causes the pollution?

2. The way things could be
- Emission-reductions by source & location 
to reduce impacts & disparities

3. Conclusions

Outline

Spatial precision nationally?

AirNow.gov – AQI for Seattle, WA
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Spatial precision nationally
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are given in Table S2 in the Supporting Information. For 86% of
the 500 models, the first four parameters selected for the model
were, in order, impervious surfaces (buffer distance between 3000
and 8000m), satelliteNO2, tree canopy (buffer distances between
800 and 3000 m), and major roads (buffer distances between 200
and 800 m), that is, the same variables and inclusion order as in
the core model (Table 3).
We tested spatial autocorrelation of the model residuals by

calculating Moran’s I, a local indicator of spatial association
(LISA), at the 95% confidence interval42 using ArcGIS. Through
this process, 66 monitor outliers were suggested for removal. We
created an LUR model using this new data set and compared it to
the existing model. Predicted concentrations are nearly identical
between the core and test models (see Figure S4; R2 = 0.97),
suggesting that spatial autocorrelation does not have a major impact
on our model results.
We also investigated the extent to which monitor locations

span the (independent) variable space, an important issue for any
LUR. For example, monitors shouldmeasure near and away from
roadways, and in more and less populated locations. As shown in
Table S3, station locations range from 1 to 41 000m from amajor
road. Of the EPA monitors used here, 24 are within 50 m of a
major road, 31 are 50!100 m from a major road, and 51 are
100!200 m from a major road. Similar findings hold for other
independent variables: the EPA monitors generally span the
variable space. Among monitoring locations, impervious surface
within 6000 m ranges from 0 to 74%, length of major roads
within 800 m ranges from 0 to 22 km, and percent tree canopy
within 1000 m ranges from 0 to 77%. Monitors are roughly
evenly divided between urban (34%), suburban (39%), and rural
(27%) locations.
3.4. Application of the Model. To provide visual representa-

tion of the LUR, we applied the core model (Table 2) to the
centroid locations for all ∼8 million Census blocks in the
contiguous United States (blocks are the smallest area enumer-
ated by the United States Census; average population per block:
∼35 people) and to 30m grids for metropolitanMinneapolis/St.
Paul, MN and Los Angeles, CA (Figure 1). For visual depiction
on these maps, modeled values between 0 and 1 ppb were
rounded to 1 ppb. Highest concentrations are near roadways and

in more populated areas, with peak (median) concentrations of
22 (4.9) ppb in Minneapolis and 43 (20) ppb in Los Angeles.
The predictedmean population-weighted (unweighted) outdoor

concentration for the contiguous United States is 10.7 (4.8) ppb.
Figure 1 also showsNO2 concentration estimates along urban cross
sections for the same two cities. Concentrations exhibit urban-to-
rural and near-roadway concentration gradients,43!46 with simu-
lated concentration spikes nearmajor highways∼200!500mwide,
broadly consistent with available estimates.27,47

3.5. Temporal Variability. Seasonal and day-type (weekends,
weekdays) models, given in the Supporting Information (Table
S4), exhibit only minor differences in performance as compared
to the core model. For example, R2 values are 0.74 versus 0.76 for
summer and winter models, respectively, and 0.78 versus 0.75 for
weekday and weekend models, respectively.
Diel annual models (24 models: one per hour-of-day) and hourly

seasonal models (96 models: one per hour-of-day for each season)
showedmodest variability inmodel performance.ModelR2 values are
higher around midday than at night (Figure 2A). Diel patterns in R2

values depend on the inclusion ofOMINO2 satellite data in the LUR
(Figure 2B); including the OMI data provides the greatest perfor-
mance enhancement during mid-day, around the time of the Aura
satellite overpass.
3.6. Spatial Variability.The core model performs moderately

better for urban and suburban areas (R2 = 0.72 and 0.68,
respectively) than for rural areas (0.60). This finding supports
the use of our LUR for exposure assessment and environmental
epidemiology, because most people (∼80%48) in the United
States live in urban or suburban areas. On the other hand, it also
indicates that the model is less reliable for predicting NO2 levels
in low-population areas. NO2 sources (e.g., motor vehicles,
electricity generation) may be more directly correlated with
land-use for urban than for rural areas. Results by geographic
region show that model performance is highest for the East Coast
domain (R2 = 0.83) and is similar among the remaining three
regions (R2≈ 0.75). The East Coast region is themost populated
of the four areas, with ∼37% of the United States population.48

Comparing model performance based on station distance from a
major roadway yielded the following R2 values: 0.74 (comparing
only to stations 0!200 m from major road; n = 106), 0.71

Figure 1. Modeled ground-level year-2006 annual-average NO2 concentrations for all U.S. Census Blocks in the contiguous United States. Zoom-in
panels show concentrations in Los Angeles (LA) and Minneapolis/St. Paul (MSP), employing a 30 m grid for display purposes. Line plots provide
concentration estimates along the cross sections shown in the zoom-in plots for LA and MSP.

Novotny et al., 2011 9

NO2, year-2006

NO2, year-2006
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(n=8 cities)
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10Clark et al., 2014

National gaps by race and income

Race and income matter; ra
ce matters m

ore
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Who causes vs benefits from activities?

Tessum et al, PNAS, 2019 12
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Who causes vs benefits from activities?

Tessum et al, PNAS, 2019 13
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1. The way things are
- Existing disparities
- Who causes the pollution?

2. The way things could be
- Emission-reductions by source & location 
to reduce impacts & disparities

3. Conclusions

Outline
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Air quality engineering: source control

emissions à concentration à exposure à intake à dose à health effectsemissions

Marshall and Nazaroff, 2007 15

Source Location

Impact Which sources/locations matter 
most for total health impacts?

Marginal impact Largest impact per emission 
reduction (“bang for the buck”)?

Equity/justice Are benefits distributed fairly; do 
they address existing inequities?
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Goodkind et al., PNAS, 2019

Impact by source
PM2.5, USA

17

Nguyen et al., ERL, 2017

Where to target pollution reductions?
Diesel PM2.5, Southern California
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Where to target pollution reductions?

Nguyen et al., ERL, 2017

Diesel PM2.5, Southern California

Source Location

Impact Which sources/locations matter 
most for total health impacts?

Marginal impact Largest impact per emission 
reduction (“bang for the buck”)?

Equity/justice Are benefits distributed fairly; do 
they address existing inequities?
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Health impact =

people km
person

energy
km

mass emitted
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mass inhaled
mass emitted

risk
mass inhaled

Conventional vehicle Electric vehicle

Role of electric vehicles?

Health impact =

people km
person

energy
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Conventional vehicle Electric vehicle

Role of electric vehicles?

EVs: lo
ng term advantages (à

cleaner electric
 grid)

Urban-EVs sh
ift p

ollution to rural, lo
w-income populations
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Summary

1. The way things are
• Spatial patterns of people (segregation) and 

pollution result in disparities by race / income / SES
• Cleaner air reduces absolute disparities

2. The way things could be
• Differences by emission source & location
• Impact, efficiency, disparities
• Improve air-quality, especially for those most at risk

Publicity is… a 
remedy for social and 
industrial diseases. 

Sunlight is said to be 
the best of 

disinfectants; electric 
light the most 

efficient policeman.

US Supreme Court Justice 
Louis Brandeis, 1913
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Short- & long-term
Local & systemic

Process & outcomes.
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