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Significances

= 0.55 pg/m? (air quality 7-12% more Disability-Adjusted Life
measure, lower is better) Years (DALYs)

200+ years of healthy life

would be saved for Seattle's homeless population if they were
housed — even Iin the lowest-income neighborhoods

_ _ The first quantitative study to translate PM,.5; exposure disparities into attributable
Higher PM,.5 at tent encampments than housed tax lots every year — driven by disease burden across housed, sheltered, and unsheltered populations — statistically

encampment clearances forcing unhoused residents into high-pollution corridors significant at the location level

Abstract Spatial disparity of air pollution directly translates Methods

This study provides the first quantitative comparison of Marked Poisson point process — cross G-functions and mark

into an unequal burden of disease . . .
sustained PM,.; exposure and attributable health burden . correlation p( r ) tested against Complete Spatial Randomness

Distribution of Population Attributable Fractions by Disease and Group

across housed, sheltered, and unsheltered populations o 8 s 25 St 8 v DALY calculation — GBD 2021 risk curves — location-level RR
within a single U.S. city. Tent encampments in Seattle are Lung Lowr Resp — population-weighted E(RR) — PAF x WA baseline DALY rate,
systematically located in the city's highest-pollution — _% S summed across 6 disease pathways
corridors =0.55 yg/m® above housed tax lots across all six | l
é1:2.8% upper
study years. Translating this exposure gap into health £ E(RRgq) = frr(e)p(e)de
. .. 0 PP —r + lower
consequences, unhoused individuals accumulate 7-11% 2
i _attri . E(RR,4) — 1
more cumulative PM,.s-attributable DALY's over 32 years : . — - - _ PAF, 4 = (RRg,a)
(1990-2021) than housed residents, with uncertainty 5 E(RRy,q)
intervals excluding zero. We conclude that homelessness
. . . . L 6 59  ——— 16.4% + o —
Is fundamentally an environmental justice crisis, and stable Uncertainty — 1,000 Monte Carlo draws from GBD RR bounds: excess

indoor housing must be recognized as a material reduction Fig. 2 — Population attributable fractions by disease and group (1,000 Monte Carlo draws DALY's computed within each draw to preserve group correlation

: : | from GBD RR uncertainty bounds). Shelter and tent PAFs consistently exceed housed
in environmental risk. across all six disease pathways.

Seattle's geography of housing insecurity is also its

Background Cumulative per-capita PM..;-attributable DALYs, 1990-2021 geography of disproportionate environmental hazard:
 PM,.; linked to IHD, stroke, lung cancer, LRI, type 2

diabetes, COPD — a leading cause of preventable Ho;losc?og . bos o 0222TT Unhoused locations concentrate in the high-exposure

. n=720, - ref. .
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* Marginalized groups bear disproportionate air pollution n = 5,748 +0.0226 (+8.8%)

burden; unhoused populations nearly absent from th|S Tent _ 0l2779 Cross G-Function: Nearest-Neighbor Distance Distribution

literature n =7,620 +0.0202 (+7.8%) o
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Neighborhood income expands the difference

DALY Ratio by Population Group
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burden for unhoused vs. housed within the same city Monte Garlo 9% C1 | Ref. group = 1.0 (dashed lne 3.
@ Homeless -@ Housed ©
ResearCh QueStlon Reference: Q4 (Highest Income) Reference: Q1 (Lowest Income)
* Does housing status, independent of a1 Lovestcome) ad | -
neighborhood income, produce a spatially Qz (Lower-id) | o e |
structured PM , . exposure gap in Seattle? s uppersia) | Fed . |
. ' 0.955 ' 0.00
 Does that gap translate into a measurable excess ¢ Highest Income) | o | 0 500 I 1500 200
| | istance (meters
of PM , . -attributable health consequences for Shetered | o | o
. : : Mark Correlation Function: PM2.5 Spatial Autocorrelation
sheltered and unsheltered residents? onshelered Fent) | o ; -
o o o Ratio of (31L11n2‘1ulative Pgi%)apita DAOLif; o e o o
Data & sample Counterfactual Total DALYs: Homeless vs. If Housed in Each Income Quartile
. . Combined homeless population (n = 13,368), cumulative 1990-2021 110
> Setting: Seattle, WA (King County), 2016-2021 for exposure ek
analysis; 1990-2021 for chronic DALY calculation. Hofligless
Q1 (Lowest) @ o

Housed tax lots — stratified random sample from

716 gseattie parcels (4x4 density/parcel strata x 45 < 108
blocks x 1 IOt) Q2 (Lower-Mid) e = \.— — /\

675 Tent encampment sites — ETS REACH street-
outreach geocoded database

125 Shelters / transitional housing — Sutton et al. 2026 Q3 (Upper-Mid) H@H = 1.00 == smme o= s o e e e e e e e e s e e e s e e e ems s s s e s e e e e
32 yr Exposure window for DALYs — 1990-2021 long- — §£§§£¥§3(csm
Q4 (Highest) HOH = e 021 (N correlation)
term mean
Counterfactual (if housed) 0 °00 Distanggtz(r)neters) 1500 200
3400 3500 . 3600 3700
PM2.5 Exposure Surface Map (2016-2021) Total PM2.5-Attributable DALY's
Autokriging interpolation (Ste variogram) | Grid: 100m | Locations within Seattle boundary Flg 1 — Spa’“al d|ag nostic funCt|OnS (Cross G) and PMZ-S mark correlation.
g e Location Density Comparison: Tent vs Tax Lot vs Shelter All p <0.005 vs. CSR.
5| Kernel Density Estimation (Scott's bandwidth)
Tent Location Density Tax Lot (Housing) Location Density Shelter Location Density
n =675 locations n =716 locations n = 125 locations Refe rences

Blanco, M. N., Gassett, A., Gould, T., Doubleday, A., Slager, D. L., Austin, E., Seto, E., Larson, T. V., Marshall, J. D., & Sheppard, L. (2022).
Characterization of annual average traffic-related air pollution concentrations in the greater Seattle area from a year-long mobile
monitoring campaign. Environmental Science & Technology, 56(16), 11460-11472. https://doi.org/10.1021/acs.est.2c01077

Clark, L. P, Millet, D. B., & Marshall, J. D. (2017). Changes in transportation-related air pollution exposures by race-ethnicity and
socioeconomic status: Outdoor nitrogen dioxide in the United States in 2000 and 2010. Environmental Health Perspectives, 125(9),
097012. https://doi.org/10.1289/EHP959

de Sousa, T., Henry, M., & Abt Global. (2024). 2024 annual homelessness assessment report (AHAR) to Congress, Part 1: Point-in-time

Relat!ve estimates of homelessness. U.S. Department of Housing and Urban Development.
Den1s(;t0¥)/o https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf

Deryugina, T., Heutel, G., Miller, N. H., Molitor, D., & Reif, J. (2019). The mortality and medical costs of air pollution: Evidence from changes
in wind direction. American Economic Review, 109(12), 4178-4219. https://doi.org/10.1257/aer.20180279

Ebenstein, A., Fan, M., Greenstone, M., He, G., & Zhou, M. (2017). New evidence on the impact of sustained exposure to air pollution on life

75% expectancy from China's Huai River Policy. Proceedings of the National Academy of Sciences, 114(39).
https://doi.org/10.1073/pnas.1616784114

Hajat, A., Diez-Roux, A. V., Adar, S. D., Auchincloss, A. H., Lovasi, G. S., O'Neill, M. S., Sheppard, L., & Kaufman, J. D. (2013). Air pollution and
individual and neighborhood socioeconomic status: Evidence from the Multi-Ethnic Study of Atherosclerosis (MESA). Environmental

50% Health Perspectives, 121(11-12), 1325-1333. https://doi.org/10.1289/ehp.1206337
IHME. (2024a). Global Burden of Disease Study 2021 (GBD 2021): Cause-specific mortality, 1990-2021. Institute for Health Metrics and
Evaluation.
IHME. (2024b). Global Burden of Disease Study 2021 (GBD 2021): Air pollution exposure estimates and risk curves, 1990-2021. Institute for
Health Metrics and Evaluation. https://doi.org/10.6069/vkdr-qy60
Pebesma, E., & Graeler, B. (2003). gstat: Spatial and spatio-temporal geostatistical modelling, prediction and simulation [R package]. CRAN.
Schaffnit, S., & Danielson, T. (2025). Health service utilization among Apple Health clients by housing status (Research Report No. 9.131).
0% Washington State Department of Social and Health Services, Research and Data Analysis Division.
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf
Sutton, A., Walker, W., Hagopian, A., & Almquist, Z. W. (2026). Encampments as neighbors: Encampment location and proximity to
amenities among Seattle, WA's unhoused population. Cities, 168, 106348.

Relative

Density
100%

75% 75%

50% 50%

25% 25% 25%

0% 0%

Contact — zalmquist@uw.edu (Lead PI) - ydeng117/@uw.edu - Funding — NIA/NIEHS RO1ES026187 - NIEHS
T32ES007032 - HEI (EPA CR 83998101) - EPA STAR RD831697 (MESA Air) - Kresge Foundation 243365 - NSF
CAREER SES-2142964 - NICHD P2C HD042828 - UW PHI Tier 3



mailto:zalmquist@uw.edu
mailto:ydeng117@uw.edu
https://doi.org/10.1021/acs.est.2c01077
https://doi.org/10.1289/EHP959
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://www.huduser.gov/portal/sites/default/files/pdf/2024-AHAR-Part-1.pdf
https://doi.org/10.1257/aer.20180279
https://doi.org/10.1073/pnas.1616784114
https://doi.org/10.1289/ehp.1206337
https://doi.org/10.6069/vkdr-qy60
https://doi.org/10.6069/vkdr-qy60
https://doi.org/10.6069/vkdr-qy60
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf
https://www.dshs.wa.gov/sites/default/files/rda/reports/research-9-131.pdf

	Slide 1

