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Geographic Information Systems (GIS) organize and clarify the patterns of human activities 
on the Earth’s surface and their interaction with each other. GIS data, in the form of maps, can 
quickly and powerfully convey relationships to policymakers and the public. This department 
of Cityscape includes maps that convey important housing or community development policy 
issues or solutions. If you have made such a map and are willing to share it in a future issue of 
Cityscape, please contact alexander.m.din@hud.gov.
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Abstract

Urban greenery has considerable advantages to populations, particularly mental and physical health 
benefits. Tree canopy in urban areas is linked to reductions in surface temperature, reductions in chronic 
illnesses, improvements in air quality, and more. A new dataset, the Tree Equity Score, is a metric that 
describes the intersection between urban tree canopy cover and socioeconomic factors. This analysis 
examines Tree Equity Scores in six cities chosen on the basis of their participation in the C40 Cities 
Climate Leadership Group, then evaluates if differences exist between neighborhoods where Housing 
Choice Voucher households are present and neighborhoods where they are absent. In five of six cities, Tree 
Equity Scores are higher in neighborhoods where Housing Choice Voucher households are absent.
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Background
Co-benefits of urban greenery1 have been associated with greater physical and mental well-being, 
ecosystem services, social support, and even economic opportunities (Beyer et al., 2014; Bowler et 
al., 2010; Maas et al., 2006). Those benefits often are realized locally but distributed unequally, 
spurring environmental justice conversations about the need for more equitable green planning. 
Housing Choice Voucher (HCV) households frequently live in low-opportunity neighborhoods, 
and previous studies have shown that lower-income neighborhoods tend to have less greenery than 
higher-income neighborhoods (Locke et al., 2021). The purpose of this analysis is to further 
explore the relationship between HCV presence in block groups and Tree Equity Scores (TES).

Data
The HCV program subsidizes housing for more than 2.2 million low-income households (HUD, 
n.d.). HCV households have the potential to choose their own rental location but often remain 
spatially concentrated, particularly in areas of poverty and low opportunity (McClure, Schwartz, 
and Taghavi, 2015). HCV households are present in 72.7 percent–82.2 percent of block groups in 
the six cities included in this analysis, reflecting findings in previous HCV location research 
(Devine et al., 2003; McClure, Schwartz, and Taghavi, 2015).

The TES was released in November 2020 by American Forests2 to identify neighborhoods that have 
sufficient (or insufficient) tree coverage to ensure that neighborhoods equitably experience the 
benefits of green space (American Forests, n.d.). The TES incorporates environmental data such as 
existing tree canopy and surface temperature along with socioeconomic data into its formula.3 Tree 
Equity Scores are adjusted by American Forests in each city to account for local biomes.

This study analyzed HCV and TES data in Boston, Los Angeles, New York City, Portland (Oregon), 
Seattle, and Washington, D.C. These six cities were chosen because they have chosen to participate in 
the C40 Cities Climate Leadership Group (C40), an initiative for cities committed to tackling climate 
change and driving urban action that improves the health, well-being, and economic opportunities of 
urban citizens (C40 Cities, n.d.). These cities have committed to inclusive climate action goals set 
forth by the Paris Agreement.4 Because of those commitments, the authors believe that analysis of 
low-income rental subsidized households and urban green equity is particularly relevant.

Analysis
Exhibit 1 visualizes the distribution of TES values for each city, delineated by the presence of HCV 
households in the block group as box and whisker plots. Outliers are shown as dots outside the 
whiskers. Values for the TES skew toward a score of 100 because this score represents “acceptable” 

1 Urban greenery is defined by the U.S. Environmental Protection Agency as “all vegetated land, including agriculture, lawns, 
forests, wetlands, and gardens. Barren land and impervious surfaces such as concrete and asphalt are excluded.”
2 American Forests, founded in 1875, is the oldest nonprofit environmental conservation organization in the United States.
3 The socioeconomic data include income, employment, race, age, climate, health, existing tree canopy, surface temperature, 
and population density.
4 C40 Cities commit to limiting global temperatures to 1.5 degrees Celsius above preindustrial levels.
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tree equity. The TES formula does not produce a “perfect” tree equity score; therefore, a wide range 
between tree equity scores is not as apparent. All cities had lower TES values in their HCV-present 
block groups than HCV-absent block groups, suggesting that HCV neighborhoods tend to have lower 
mean TES and higher variance in TES than non-HCV neighborhoods. Los Angeles had the lowest 
median TES in HCV-present and HCV-absent neighborhoods. Boston showed a minimal difference 
(0.6) in the median TES between HCV-present and HCV-absent neighborhoods. Portland HCV-absent 
neighborhoods had the lowest median TES compared with HCV-present neighborhoods.

Exhibit 1

Box Plot of Tree Equity Scores by City and Housing Choice Voucher Presence

Tree Equity Score by City and Housing Choice 
Voucher Presence — Block Group Geography
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Tr
ee

 E
q

ui
ty

 S
co

re
Tr

ee
 E

q
ui

ty
 S

co
re

Tr
ee

 E
q

ui
ty

 S
co

re

100

90

80

70

60

50

40

100

90

80

70

60

50

40

100

90

80

70

60

50

40

100

90

80

70

60

50

40

100

90

80

70

60

50

40

100

90

80

70

60

50

40
Absent AbsentPresent Present

HCV Presence HCV Presence

HCV = Housing Choice Voucher.
Source: American Forests, n.d., with calculations and visualizations created by the authors
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Because of the patterns observed from visual inspection of the distributions in the box plots, a 
comparison was made between the TES means of each group in each city. The TES means were 
bootstrapped at the 95th confidence interval to produce non-parametric 95th-percent confidence 
intervals for TES mean scores to determine if the values between HCV-present and HCV-absent 
neighborhoods are different (Pezzullo, 2013). This method was used instead of more traditional 
measures because of the non-normal distributions and unequal numbers of observations in each 
group. The results are shown in exhibit 2. In five of the six cites, the confidence interval values for 
TES means between HCV-present and HCV-absent block groups do not overlap; each pair of 
distributions is statistically significant, therefore the difference in TES means in each city is 
significant at the 0.05 level. Only in Boston, which had the lowest difference in TES medians 
(shown in the box plot in exhibit 1), did the means confidence intervals overlap, suggesting that no 
significant difference exists in TES values between HCV-present and HCV-absent neighborhoods in 
Boston. Portland had the largest gap between HCV-present and HCV-absent neighborhoods. 
Portland also had the largest difference in visual analysis of the box plot set and the largest 
difference between confidence interval sets, suggesting that Portland has relatively greater 
discrepancy between TES values across neighborhoods.

Exhibit 2

Bootstrap Means (95th Confidence Interval)

City

Bootstrapped TES Means

HCV-Present Block Groups HCV-Absent Block Groups

2.5 Percentile 97.5 Percentile 2.5 Percentile 97.5 Percentile

Boston 90.37 91.67 89.70 93.19

Los Angeles 78.53 79.39 83.17 84.62

New York City 92.97 93.29 94.57 95.12

Portland 82.17 84.21 90.78 93.64

Seattle 89.81 91.53 92.65 95.26

Washington, D.C. 91.47 93.25 93.80 96.58

HCV = Housing Choice Voucher. TES = Tree Equity Score.
Source: Bootstrapped 95th Confidence Interval for Tree Equity Score by city and presence of HCV households from Tree Equity Score values

Exhibit 3 maps TES values and the presence of HCV households in Portland. The choropleth 
symbology indicates TES value; darker colors refer to higher TES. The dotted symbology indicates 
the presence of HCV households in a block group. A significant amount of greenery in Portland is 
west of downtown. This area contains several large parks, Lewis & Clark College, the Hoyt 
Arboretum, and the Oregon Zoo. The average TES value in the South Hills (Southwest Portland) 
and Forest Parks (Northwest Portland) neighborhoods is 95–100, and those neighborhoods have 
little to no HCV presence. Southwestern and northwestern Portland contains many of the 
wealthiest neighborhoods, which aligns with previous studies showing a correlation between 
neighborhood greenery and neighborhood incomes (Wolch, Byrne, and Newell, 2014). Outside 
those wealthy neighborhoods, most other neighborhoods in Portland have HCV households. Tree 
Equity Score values vary in those neighborhoods, but the majority have a score of 85 or less.
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Exhibit 3

Tree Equity Score and HCV Presence by Block Group in Portland, Oregon

HCV = Housing Choice Voucher.
Note: Tree Equity Score is mapped by quartiles regardless of the presence of HCV neighborhoods.
Sources: Tree Equity Score; HUD Longitudinal Files

Exhibit 4 focuses on Northeast Portland, where many block groups do not have any HCV 
households and have higher TES values. Northeast Portland was formerly a working-class area but 
has experienced renewed interest in the area due to its proximity to downtown Portland and other 
amenities. Between the King and Alameda neighborhoods is the Alberta neighborhood, not shown 
with a label because its name is not included in Portland’s neighborhood spatial layer. This 
neighborhood, historically known as Albina, was a once a small, predominantly Black community 
that was disenfranchised (Gibson, 2007) and has experienced intense gentrification over the past 
several decades (Sullivan and Shaw, 2011). Alameda has higher TES values and no HCV 
households, whereas King has lower TES values and HCV households.
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Exhibit 4

Tree Equity Score and HCV Presence by Block Group in Northeast Portland, Oregon

HCV = Housing Choice Voucher.
Note: Tree Equity Score is mapped by quartiles regardless of the presence of HCV neighborhoods.
Sources: Tree Equity Score; HUD Longitudinal Files

Conclusion
Given the wealth of research indicating that HCV households locate in low-quality neighborhoods, 
it is unsurprising that HCV households are not only spatially concentrated in neighborhoods of 
poverty but also neighborhoods with low tree equity. Five of the six cities analyzed had TES values 
higher in HCV-absent neighborhoods compared with HCV-present neighborhoods. Given the 
noted benefits to urban greenery and the consistent disparity between HCV-present and HCV-
absent neighborhoods, this analysis suggests that further investigation is necessary to demonstrate 
the benefits of greenery where America’s most vulnerable low-income renters live.

Notes
Housing Choice Voucher data were retrieved from the 2018 Longitudinal Household file, an annual 
snapshot of Public and Indian Housing Information Center/Tenant Rental Assistance Certification 
System database. TES data was retrieved from the American Forests Tree Equity Score, which 
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contained tree canopy data from various sources and socioeconomic data from the 2018 American 
Community Survey 5-Year Estimates. More information about the Tree Equity Score can be found 
here: https://www.treeequityscore.org/methodology/.

Acknowledgments

The authors thank Brent Mast for his expertise with statistics.

Authors

Alexander Din is a social science analyst in the Office of Policy Development & Research at the U.S. 
Department of Housing and Urban Development. Perrin Krisko is a graduating Global Environmental 
MPH student at the George Washington University. She works part time as a graduate research 
assistant with the Climate, Health, and Air Research Lab. She is a Fulbright Research Grant recipient 
and begins her work analyzing air pollution exposures in Nepal in July 2022.

References

American Forests. n.d. Tree Equity Score. https://treeequityscore.org/about/.

Beyer, Kirsten M.M., Andrea Kaltenbach, Aniko Szabo, Sandra Bogar, F. Javier Nieto, and Kristen M. 
Malecki. 2014. “Exposure to Neighborhood Green Space and Mental Health: Evidence from the 
Survey of the Health of Wisconsin,” International Journal of Environmental Research and Public Health 
11 (3): 3453–3472.

Bowler, Diana E., Lisette M. Buyung-Ali, Teri M. Knight, and Andrew S. Pulliin. 2010. “A 
Systematic Review of Evidence for the Added Benefits to Health of Exposure to Natural 
Environments,” BMC Public Health 10: Article 456. https://doi.org/10.1186/1471-2458-10-456.

C40 Cities. n.d. C40 Cities Website. https://www.c40.org/.

Devine, Deborah J., Robert Gray, Lester Rubin, Lydia B. Taghavi. 2003. Housing Choice Voucher 
Location Patterns: Implications for Participant and Neighborhood Welfare. Washington, DC: U.S. 
Department of Housing and Urban Development (HUD), Office of Policy Development and 
Research (PD&R). https://www.huduser.gov/publications/pdf/location_paper.pdf.

Gibson, Karen. 2007. “Bleeding Albina: A History of Community Disinvestment, 1940–2000.” 
Transforming Anthropology 15 (1): 3–25. https://pdxscholar.library.pdx.edu/cgi/viewcontent.
cgi?article=1289&context=usp_fac.

Locke, Dexter H., Billy Hall, J. Morgan Grover, Steward T.A. Pickett, Laura Ogden, Carissa Aoki, 
Christopher G. Boone, and Jarlath P.M. O’Neil-Dunne. 2021. “Residential Housing Segregation and 

https://www.treeequityscore.org/methodology/
https://treeequityscore.org/about/
https://doi.org/10.1186/1471-2458-10-456
https://www.c40.org/
https://www.huduser.gov/publications/pdf/location_paper.pdf
https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1289&context=usp_fac
https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1289&context=usp_fac


Din and Krisko

212 Graphic Detail

Urban Tree Canopy in 37 U.S. Cities,” Urban Sustainability 1 (15). https://doi.org/10.1038/s42949-
021-00022-0.

Maas, Jolanda, Robert A. Verheij, Peter P. Groenewegen, Sjerp de Vries, and Peter Spreeuwenberg. 
2006. “Green Space, Urbanity, and Health: How Strong is the Relation?” Journal of Epidemiology and 
Community Health 60 (7): 587–592.

McClure, Kirk, Alex F. Schwartz, and Lydia B. Taghavi. 2015. “Housing Choice Voucher Location 
Patterns a Decade Later,” Housing Policy Debate 25 (2): 215–233. https://www.tandfonline.com/doi/
pdf/10.1080/10511482.2014.921223.

Pezzullo, John. 2013. “The Bootstrap Method for Standard Errors and Confidence Intervals.” In 
Biostatistics for Dummies. Hoboken, NJ: John Wiley & Sons. https://www.dummies.com/article/
academics-the-arts/science/biology/the-bootstrap-method-for-standard-errors-and-confidence-
intervals-164614/.

Sullivan, Daniel Monroe, and Samuel C. Shaw. 2011. “Retail Gentrification and Race: The  
Case of Alberta Street in Portland, Oregon,” Urban Affairs Review 47 (3): 413–432.  
https://doi.org/10.1177/1078087410393472.

U.S. Department of Housing and Urban Development (HUD). n.d. “Housing Choice Voucher 
(HCV) Data Dashboard.” https://www.hud.gov/program_offices/public_indian_housing/programs/
hcv/dashboard.

Wolch, Jennifer R., Jason Byrne, and Joshua P. Newell. 2014. “Urban Green Space, Public Health, 
and Environmental Justice: The Challenge of Making Cities ‘Just Green Enough,’” Landscape and 
Urban Planning 125 (May): 234–244. https://doi.org/10.1016/j.landurbplan.2014.01.017.

https://doi.org/10.1038/s42949-021-00022-0
https://doi.org/10.1038/s42949-021-00022-0
https://www.tandfonline.com/doi/pdf/10.1080/10511482.2014.921223
https://www.tandfonline.com/doi/pdf/10.1080/10511482.2014.921223
https://www.dummies.com/article/academics-the-arts/science/biology/the-bootstrap-method-for-standard-errors-and-confidence-intervals-164614/
https://www.dummies.com/article/academics-the-arts/science/biology/the-bootstrap-method-for-standard-errors-and-confidence-intervals-164614/
https://www.dummies.com/article/academics-the-arts/science/biology/the-bootstrap-method-for-standard-errors-and-confidence-intervals-164614/
https://doi.org/10.1177/1078087410393472
https://www.hud.gov/program_offices/public_indian_housing/programs/hcv/dashboard
https://www.hud.gov/program_offices/public_indian_housing/programs/hcv/dashboard
https://doi.org/10.1016/j.landurbplan.2014.01.017



