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Urban parks provide vital social, environmental and health benefits to
residents. However, the spatial distribution of parks, and the amenities they
provide, may not be equitably distributed within cities. We examine the
accessibility of urban parks with different social, environmental and health
amenities by race and ethnicity. We identified 122,988 urban parks across
the USA, measured the racial/ethnic population distribution within a10-min
walkshed around each park and compared these distributions to the overall
demographics of the city. We found that the spatial distribution of parks as
well as park amenities differ according to the neighborhood demographics.
Racial/ethnic compositions of neighborhoods surrounding parks tend

to be whiter than other parts of the same cities, though there are regional
differences. Parks in predominantly white neighborhoods are cooler in the
summer and have more tree cover compared with parks in neighborhoods
with greater proportions of Hispanic and Black residents. Differences in
amenities hold across regions of the country. Our study demonstrates that
inequitiesin access to high-quality parks are widespread across the USA.

Parks areimportant featuresinurbanlandscapesbecause they provide
social, environmental, economic and health benefits to urban residents.
Parks create spaces for people to gather and socialize and be connected
to a diverse public'?. Vegetated parks address critical urban environ-
mental issues by providing cool spaces in the summer, reducing air
pollution and absorbing stormwater runoff>~, Well-maintained parks
may raise nearby property values and boost pedestrian foot traffic for
commercial venues®’. Trails and recreational amenities in parks create

opportunities for physical activity®, and green spaces support mental
health’. However, studies conducted in multiple cities across North
Americasuggest widespreadinequitiesin park and green space access,
highlighting persistent environmental and climate justice issues'*".
Racially discriminatory housing policies from the 1930s have been
linked to inequities in green space access today'>>. These inequities
have been reproduced through greening efforts over the last four
decades'". A systematic review of 49 studies of park access found that
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Fig.1| Analyzing all parks within the contiguous USA where the 10-min
walkshed around a park falls within an urban area. Walkshed and park data

are obtained from the ParkServe database (TPL, 2022). Any park that was marked
“inaccessible” did not have a10-minwalkshed, so we removed it from the analysis.

Urban areas: 273

South Atlantic
Parks: 19,334
Urban areas: 547

East South Central %

Parks: 3,765
Urban areas: 299

Urban areas are defined following the US Census Bureau designation (Census
2010). We define regions using the census divisions, as shown with differentiated
colors on the map. The map notes the number of urban parks and the number of
urban areas studied within each region.

residents fromwhiter and wealthier neighborhoods have greater access
to parks than low-income communities and communities of color™.
However, the review found mixed results based on proximity to parks,
finding that Black and Latino residents lived closer to parks than white
residents in some cities and the opposite in others.

Systematic comparisons of park access are complicated by the
multidimensional nature of access. Access includes proximity to a
park, quality of the park, ability of individuals to utilize park ameni-
ties' and an individual’s sense of belonging in parks". Most studies
have focused on proximity due to the availability of spatial data and
the ease with which distance-based calculations can be completed
using a geographic information system'®. An increasing number of
studies have started to include quality, recognizing that living near a
poor-quality park does not provide the same benefits as living near a
high-quality park'. Measures of park quality have included facilities,
amenities, aesthetics, maintenance, acreage and programming™ %,
but few studies have combined both proximity and park quality in
determininginequities in park access within or across cities.

Studies that have included proximity and quality highlight the
importance of measuringboth dimensions. Forinstance, in Baltimore,
Black residents lived in closer proximity to parks than white residents;
however, parks located near Black residents provided fewer acres per
person®. Astudy inasoutheastern US county and an additional study
in Phoenix found that parks were equitably distributed across both
places, but there were disparities in park quality, with racial and ethnic
minorities living in proximity to poorer-quality parks than white resi-
dents'®”. Although most studies of park quality are based in a single city
or county, one national study focused on the quality of 100 urban park
systems based onthe ParkScore data (TPL). This study of inequitiesin
park quality between cities found that cities with higher-quality park
systems were wealthy and white*.

Our study examines racial/ethnic differencesin access to higher-
quality parks within cities. We focus on race/ethnicity because cities
tend to be segregated by racial/ethnic differences as well as the availa-
bility of census block-level data, though other factors likeincome or age
may also shapeinequitiesin parkaccess andinteract withraceinimpor-
tantways. The study addresses two knowledge gaps on equitable park
access. First, we provide one of the first nationwide multidimensional

studies of park access within cities by evaluating park equity based on
proximity and quality in 3,524 urban areas across the contiguous USA.

Second, this study expands the conceptualizations of park quality
to new dimensions. To date, studies have measured quality based on
infrastructure (for example, facilities and acreage) and services (for
example, programming), which areimportant but may not adequately
capture the social, environmental or health benefits of parks. We con-
ceptualize park quality based on social, environmental and health
amenities that parks can provide by including six park features previ-
ously not well considered. These include trail length and playground
area, since they can facilitate physical exercise, social interaction and
child development”, as well as provide recreational amenities; water
features (blue spaces), which are associated with better mental health,
physical activity and reduced obesity?’; tree canopy cover, which miti-
gates urban heat®,improves physical and mental health”, and provides
habitat structure for urban biodiversity; and heat and noise mitigation
(Supplementary Table1).

Heat mitigation is increasingly important for well-being as tem-
peraturesrise with climate change and heat waves become more com-
mon**?,and is especially important under extreme heat conditions?,
Parksare often the coolest areain a city?*°. Still, the cooling effects of
parksvary, ranging from 0.30 t0 9.50 °C depending on climatic region
and park structure?. Certain forms of urban noise (traffic, sirensand so
on) interfere with sleep, and elevated noise levels have been associated
with numerous psychophysiological outcomes and health effects’.
Parks are often considered quiet spaces inwhich people can seek shel-
ter from urban noise** and have been shown to attenuate urban noise
by 6-27 dB(A)™.

To understand how equitable the access to urban parks is, we
address three questions. (1) What is the racial/ethnic composition of
the population living within a 10-min walk of urban parks compared
with that city as a whole? (2) Does the distribution of park amenities
vary according to the racial/ethnic composition of the surrounding
neighborhoods? (3) How do these patterns in proximity and ameni-
ties vary across different regions of the contiguous US? We use data
fromthe 2020 US Census at the block level to measure demographics
withina10-minwalk of urban parks (hereafter walksheds), as defined
by the ParkServe database of the Trust for Public Lands (TPL)* (Fig. 1).
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Fig.2|Identification of urban parks, park walksheds and park
characteristics. We identified urban parks as portion of parks in the TPL dataset
inwhich the associated 10-min walkshed intersected with an urban area or urban
cluster (leftmost image). Next, we identified census blocks that intersect with
urban parks’10-min walksheds (from TPL data) and counted people living within
those blocks (Census 2020) as those living proximate to the park (in the center
image, adarker color is the park and a lighter version of the same color is the

1 Walkshed Census blocks — Trails

walkshed). If walksheds overlapped, as seen in the green and brown parkin the
center images, residents in overlapping walksheds were associated with both
parks. Therefore, it was possible for individuals to be counted as living proximate
to multiple, different parks. Finally, we linked the characteristics of each park
(forexample, trails, water features and so on) to the residents that live proximate
toit (rightmostimage).

Awalkshed represents the time it takes an average person to walk a half-
mile*, and provides a link between neighborhoods and surrounding
parks. This metric has become the most widely adopted park access
measure among park and recreation agencies across the country—95
out of the 100 most populous US cities have incorporated itinto their
park planning or visioning goals (https://10minutewalk.org/about-us/),
making this measure management relevant.

Our research designisrooted in comparative logic, nesting parks
and their associated walksheds within the broader urban areain which
they are located (Fig. 2). The key explanatory variables of interest are
measures of the representativeness of each racial/ethnic group in park
walksheds compared with their representativeness in the broader
urban area. The approach follows the same logic as commonly used
measures of evenness in residential segregation (for example, Theil’s
entropy index or the dissimilarity index), allowing us to compare the
racial/ethnic composition of the population living proximate to any
park with the racial/ethnic composition of that same urban area as a
whole. We also compare the amenity characteristics of each park with
their distribution across the urbanarea. Thus, resultsidentify (1) which
groups are under- or over-represented near parks compared with
their representationin the urban areaas awhole, (2) which parks have
above- or below-average representation of amenities (playgrounds,
trails, water features, tree cover, heat mitigation and noise mitiga-
tion) compared with other parks in the same urban area and (3) cor-
relation between racial/ethnic group representation in the walkshed
and representation of park amenities. These methods ensure that the
size of a population group in the city does not impact results and that
regional variations in climate or environmental conditions do not
skew park-specific environmental data, by holding comparisons to
withinurbanareas.

Results

Across most of the US, the racial/ethnic compositions of park walksheds
(neighborhoods surrounding parks) are whiter than other parts of
the city (Fig. 3). Hispanics were the most under-represented group
in neighborhoods surrounding parks in all regions, except for the

East South Central (AL, KY, MS and TN) where they were over-repre-
sented near parks and white people were under-represented. Asians
were under-represented near parksinallbut the Pacific region. Blacks
were under-represented near parks in New England, Middle Atlantic,
Mountain and Pacific regions, but over-represented near parks across
muchofthe South (South Atlantic, East South Central and West South
Central) and East North Central. Out of all the census divisions,
New England had the highest over-representation of white residents
in neighborhoods near parks and consistently had lower representa-
tion of other racial/ethnic groups in park walksheds. In New England,
the percentage of the population who was white in the average park
walkshed was nearly six percentage points higher than the urban area
average, and the percentage of Hispanic people in the average park
walkshed was four percentage points lower than the urbanareaaverage.
Inthe East South Central region, on the other hand, Black and Hispanic
people were more likely to live near parks and white people were less
represented in park walksheds.

Regression models investigating the relationship betweenracial/
ethnic composition and six park amenities that improve park qual-
ity indicate that the racial/ethnic composition of neighborhoods
surrounding parks significantly predicts heat mitigation, tree cover
and noise mitigation (Table 1). For other park amenities, only certain
racial/ethnic group compositions were significantly different from
whites (Supplementary Table 3). Trail length was negatively associated
with the percentage of Black and Hispanic residents living in the walk-
shed surrounding a park. Parks with higher shares of Asian, Black and
Hispanic residents in surrounding walksheds were associated with
less water area. The share of Hispanics in the neighborhood showed a
significant negative relationship with playgrounds. Overall, Hispanics
werethe least represented group in neighborhoods surrounding parks
with more amenities, and whites were the most represented.

Beta coefficients (Table 1) show correlations between the racial/
ethnic makeup of park walksheds and the extent to which parks miti-
gate heat and noise and add tree cover compared with the urban area
average values for summer land surface temperatures (LSTs), noise and
percentage of land area with tree canopy cover. The model controls for
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Fig.3 | Average differences between the proportion of residents living within
a10-min walkshed of a park who identify with each racial/ethnic group and
the proportion of the urban area population identifying with that group, by
census division. The dotted line is centered at zero, indicating that the number
of residents living within a10-min walk matches the overall demographics of the
city. Values above the zero line indicate that the group is over-represented near
parks, and values below the zero line indicate that the group is under-represented
near parks. Note that the scale is different in the top row versus the bottomby a
factor of 10. AIAN, Multiracial, NHPI and Other groups show values near zero in
all theregions, suggesting that they are similarly represented near parks as they
areacross the urban area. Error bars show standard errors around the mean.
Underlying data are available in Supplementary Table 2. All the racial/ethnic
classifications are for that race ‘alone’ (except for Multiracial) and count NH
individuals, except for Hispanic (which includes all races and Hispanic ethnicity).

park size and population size in park walksheds, both of which show
statistically significant relationships with the park quality indicators.
Larger parks are associated with better heat and noise mitigation and
moretree cover, whereas larger neighborhood populations are associ-
ated with less heat and noise mitigation and less tree cover. Predicted
values are included to aid interpretation. They estimate the level of
heat and noise mitigation and difference in tree canopy cover that an
average-sized park withan average populationin the walkshed provides
inneighborhoods with a hypothetical 100% population of each racial/
ethnic group compared with another average park in the same urban
areawith a100% white population.

We found that parks in neighborhoods with greater Hispanic,
Black, Asian, American Indian or Alaska Native (AIAN) and Multira-
cial populations mitigated less heat and noise and had less tree cover
than parksinneighborhoods with greater white populations. For heat
mitigation, the model predicted that an average park with100% white
populationin the walkshed (represented as the intercept) would have
asummer LST about1.1°C (2 F) cooler than thecityitislocated in. How-
ever, parks with a greater share of people with different racial/ethnic

identities were hotter (beta coefficients are negative). For example,
aparkinal00% white neighborhood is predicted to be 4.3 °C (7.7 F)
coolerinthe summerthana park within a100% Hispanic neighborhood
(1.1minus -3.2) if both parks are located in the same city, are the same
size and have the same population in the walkshed. Similarly, parks
in 100% Black neighborhoods have summer temperatures lower by
approximately 2.9 °C (5.2 F) than parks in 100% white neighborhoods
(1.1minus -1.8). Predicted values for 100% AIAN and 100% Multiracial
populations are also statistically significant and predict even greater
differences from whites, but given the smaller population sizes of these
groups, the predicted values are less practically meaningful (unlikely
to have a100% population of over 2,000 people in a park walkshed).

Similarly, resultsindicate that parks in AIAN, Asian, Black, Hispanic,
Multiracial, and Native Hawaiian or Pacific Islander (NHPI) neighbor-
hoods are associated with significantly less tree cover than parks in
white neighborhoods. The proportion of park area covered in tree
canopy would be about 15 percentage points less in a100% Hispanic
neighborhood than a park in a100% white neighborhood (predicted
values are —16.5% minus -1.5%), if the park was of the average size and
had the average number of residents living within its walkshed. The
model also predicted that parks in 100% Hispanic, Black and AIAN
neighborhoods would reduce noise by 4-5 dB less than parks in100%
white neighborhoods. Although the direction of the results is clear and
significant, a difference of4-5 dBishardly perceptible to the humanear
and so may notbe biologicallyimportant to human health or well-being.

We also evaluated racial/ethnic differentials in access to park
amenities by examining the racial/ethnic composition of parks with
above and below the urban area averages for the measurement of
each park amenity (Fig. 4). These descriptive results are consistent
with the findings from the models described above. Whites were over-
represented near parks with above-average amenities (higher quality),
whereas Blacks and Hispanics were over-represented near parks with
below-average amenities (lower quality).

For each of the park amenities we studied, whites were over-
represented in neighborhoods near parks with above-average ameni-
tiesfortheirurban areas, but they were under-represented in parks with
below-average tree cover and in parks that are hotter and noisier than
average. In contrast, Hispanics and Blacks were under-represented in
parks thatare quieter, cooler and that have more trees, trails and water
featuresthanaverage. Blacks and Hispanics were over-represented near
parksthatare noisier than average. Blacks were also over-represented
near parks that are hotter than average and near parks that have below-
average trails and water features. For playgrounds, we found few differ-
ences by racial/ethnic group. Representation values for most groups
in neighborhoods near parks with either above- or below-average
playgrounds fell near the zero line, meaning that representation near
parks was similar to the group’s representationin the urban area.

Finally, we analyzed differences by census region in how park
amenities were distributed by racial/ethnic group for the largest groups
(Asian, Black, Hispanic and white) and the park characteristics with
the largest differences in representation, heat, noise and tree canopy
(Fig. 5). The results are generally consistent with the national analy-
sis, showing that across all regions, whites were more represented in
neighborhoods near parks with above-average amenities than they
were in neighborhoods with below-average amenities. Conversely,
Blacks and Hispanics were almost always more represented in neigh-
borhoods near parks with below-average amenities. The distribution
of Asians was generally not associated with park quality in either direc-
tion. Still, there were regional differences with greater racial/ethnic
differentials in some regions than others.

New England showed the largest gapsin park quality between white
populations and everyone else. Black and Hispanic New Englanders
were over-represented in neighborhoods near parks with below-
average amenities and especially under-represented in parks
with above-average amenities. Whites in New England showed the
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Table 1| Results of linear mixed models

Heat mitigation (°C) Noise mitigation (dB(A)) Difference in tree cover (%)

Predicted Beta estimate Predicted Beta estimate Predicted Beta estimate

value and 95% Cl value and 95% Cl value and 95% ClI
Intercept m 1.32* (0.67/1.96) 0.32 0.84* (0.46/1.22) -1.49 0.53(-3.29]4.34)
AIAN -3.26 -0.04* (-0.06|-0.03) -4.98 -0.05* (-0.06|-0.05) -13.29 -0.12* (-0.18|-0.06)
Asian -0.49 -0.02* (-0.02|-0.01) -3.32 -0.04* (-0.04]-0.03) -1.23 -01* (-0.11]-0.08)
Black -1.8 -0.03* (-0.03|-0.03) -419 -0.05* (-0.05/-0.05) -15.21 -0.14* (-0.14]-013)
Hispanic =317 -0.04* (-0.05|-0.04) -4.24 -0.05* (-0.05/-0.04) -16.47 -015* (-0.16]-0.14)
NHPI m -0.04 (-0.10]|0.02) -8.54 -0.09* (-0.11]-0.06) -46.02 -0.45* (-0.65|-0.24)
Multiracial -1.3 -0.08* (-0.10|-0.07) -8.37 -0.09* (-0.09|-0.08) -52.64 -0.51* (-0.56|-0.46)

Total population (1,000s) = -0.07* (-0.08]-0.07) -

-0.19* (-0.19|-0.18) = -0.563* (-0.55|-0.51)

Park area (km) - 0% (0l0) -

0*(0[0) - 0*(0[0)

The models test whether park amenities are correlated with the racial/ethnic composition of the walkshed surrounding the park, controlling for the region of the country and park size and

with an urban area effect (equation (2)). Predicted values are when 100% of the walkshed population identifies with the given racial/ethnic group for the otherwise average park (average
population=2,780; average size, 2.26 km?) by urban area and region. Non-Hispanic whites are the comparison group and represented by the intercept (0% of any of the shown race/ethnic groups
and average park size and area). Negative numbers in the predicted value indicate a park in which 100% of the corresponding population was associated with less heat or noise mitigation

(more heat and noise) or less tree cover than the average park within the same urban area. Beta estimates that are significant (P<0.05, 122,976 degrees of freedom) are denoted with * beside the
confidence intervals (Cl). Exact P values are shown in Supplementary Table 3. All the racial/ethnic classifications are for that race ‘alone’ (except for Multiracial) and count NH individuals, except for
Hispanic (which includes all races and Hispanic ethnicity). To prevent rank deficiency (duplicated predictors if we include all the racial/ethnic groups), the white racial/ethnic group was dropped
from this analysis and can be interpreted based on the intercept. A variance inflation factor test indicated no concern for multicollinearity. For full model results, see Supplementary Table 3.
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Fig. 4 | Average representativeness of racial/ethnic groups living within a
10-min walkshed of parks with above- and below-average amenities compared
with the representativeness of the racial/ethnic group inthe urbanarea
overall. The scaleis in percentage points. Therefore, a value of 5 could indicate a
population thatis 25% in the average park walkshed versus 20% in the urban area
for that race/ethnic group. The dotted line is centered at zero, which is where the
number of residents living within a10-min walk matches the overall demographics
ofthe city the parkis located in. Values to the right of 0 indicate that the group is
over-represented near parks with above- or below-average amenities, and values
to theleft of O indicate that the group is under-represented near parks with above-
or below-average amenities. Parks with above-average amenities are shown in
blue circles, and parks with below-average amenities are shown with red triangles.
The symbols are designed to be large enough to cover the range of standard

error around the means, so that overlapping symbols indicate that the difference
between the representation in parks with above- versus below-average amenities
falls within the standard error. All the racial/ethnic classifications are for that

race ‘alone’ (except for Multiracial) and count NH individuals, except for Hispanic
(whichincludes all races and Hispanic ethnicity).

opposite pattern—they were over-represented in parks with above-
average tree canopy and less noise and heat and under-represented
in parks with below-average amenities.

In other regions, differences were less stark. In the East North
Central, West North Central and West South Central regions, most
values fall nearer to O, indicating more equal representation. The East
South Central region stands out as different, where whites were under-
represented near parks with both above-and below-average amenities.
Still, whites were least likely to live near parks that are hotter and noisier
and that have fewer trees. Blacks in the East South Central region, on
the other hand, were over-represented near parks withboth above-and
below-average amenities. Yet, Blacks were more over-represented near
hotter and noisier parks with less tree canopy.

Discussion

We found strong evidence that people of color (Black, Hispanic, Asian
and AIAN) across the contiguous US have less access to higher-quality
urban parks and the ecosystem services they provide compared to white
people. Parks are more likely to be in whiter neighborhoods, and this
isespecially true for higher-quality parks. Parksin disproportionately
white neighborhoods do more to mitigate summer heat than parksin
neighborhoods with different racial/ethnic compositions, and they
aremore likely to have above-average tree canopy, water features and
trails, as well as tend to be quieter. Conversely, there are fewer parks
inneighborhoods with more Black and Hispanic residents, and those
parkstendtobe hotter and have less tree canopy and fewer amenities.
Although such parks may offer important gathering and recreational
spaces, they lack important environmental health benefits.

Our findings align with previous literature on park access dis-
parities, which has consistently shown that communities of color,
particularly Hispanic and Black populations, face challengesin access-
ing parks'*>**, However, our study is unique in that it integrates envi-
ronmental health measures of park quality, along with proximity, and
in its scale of analysis. Our findings show that across several social,
environmental and health amenities, park quality varies according to
theracial/ethnic makeup of the surrounding neighborhood, across all
regions of the contiguous USA.

Ourstudy is one of the first to investigate park noise and heat miti-
gation in relation to neighborhood race/ethnicity at a national scale.
These factors are increasingly important as ambient-noise levels are
increasing® and temperatures and the likelihood of urban heat waves
areincreasing with climate change®. The heat mitigation findings are
especially striking, with parks in white neighborhoods estimated to
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Comparative representation of racial/ethnic groups in walksheds

Representation near parks with above-average amenities

Representation near parks with below-average amenities

Fig. 5| Average representativeness of racial/ethnic groupsliving withina
10-min walkshed of parks with above- and below-average amenities
compared with the representativeness of the racial/ethnic group, in

each census division. The dotted line is centered at zero, which indicates

that the number of residents living within a 10-min walk matches the overall
demographics of the city. Values to the right of O indicate that the group is over-
represented near parks with above- or below-average amenities, and values to the
left of O indicate that the group is under-represented near parks with above- or
below-average amenities. Parks with above-average amenities are shown in blue
circles, and parks with below-average amenities are shown with red triangles.

The symbols are designed to be large enough to cover the range of standard error
around the means, so that the overlapping symbols indicate that the difference
between the representation in parks with above- versus below-average amenities
falls within the standard error. All the racial/ethnic classifications are for that race
‘alone’ and count NH individuals, except for Hispanic (whichincludes all the races
and Hispanic ethnicity).

reduce summer heat by almost 8 F more than parks in Hispanic neigh-
borhoods and 5 F more than parks in Black neighborhoods. Although
the noise findings indicate a statistically significant benefit in white
neighborhoods, the magnitude of this difference is small and may have
little effect on peoples’ lives. The noise data we use are modeled and
hasa270 mpixel size, whichis coarse enough thatit may smooth over
subtle noise differences. Future studies mightinvestigate noise effects
withalternative and smaller-scale data (for example, the National Trans-
portation Noise Map) or different study designs that may allow a deeper
understanding of how parksin different neighborhoods differentially
mitigate noise, including noise context given that some types of noise
(for example, sirens, vehicles and construction) might elicit different
reactions thanothers (for example, music or conversation-based noise).

Considering study limitations, our analysis was based onawalking-
time proximity approach, focusing on people who reside within a
10-minwalkshed around urban parks. Although this approach provides
a standardized measure of access, it may not capture the nuances of
individual preferences or physical abilities, cultural barriers, safety
issues or varying transportation modes across different communi-
ties. Future research might use alternative measures of access, suchas
travel times that are flexible to different travel modes, crime or other
safety measures, transportation options, visitation observations or
surveys to measure park access more comprehensively. Although
our study focuses on racial/ethnic differentials, other factors, such as
income and age, canalso affect park access and may interact with race
and ethnicity inimportant ways™. Income data are not available at the
block unit of analysis used for this study and age data at this scale are
not as accurate, but these would be important to consider in future
research. Organizing data around parks as the unit of analysis means
thatindividuals who live within multiple park walksheds getincluded
inour measures of park access multiple times, but for different parks.
Also, we show results for park averages rather than for people, which
means our results may beinconsistent with studies that examine racial/
ethnic differences inindividuals with access to one or more parks.

Demographic data are from Census 2020, which—even though
aiming for a full and accurate population count—is subject to differ-
ential overcounts and undercounts by racial/ethnic groups, and the
application of differentially private disclosure avoidance techniques
reduces the accuracy of block-level data*®. Although block-level popu-
lation count data seem to have few inaccuracies, block-level data on
racial/ethnic distributions areless accurate®. Intheory, any inaccura-
ciesintroduced viadifferentially private disclosure techniques would
be reduced through our study design, which aggregated blocks into
larger geographic areas (walksheds).

Our study focused specifically on public parks and did notencom-
pass other types of urban green space (for example, residential yards,
community gardens and vacant lots converted into green spaces),
which also provide amenities. Our analysis is restricted to a specific
subset of park amenities, and does not include alternative measures
of quality, which could be defined in myriad ways. Moreover, if the
ParkScore data (TPL) areincomplete, then this study may have under-
estimated some access and amenities. Exploring alternative measures
of access to and quality of multiple types of urban green space would
provide amore comprehensive understanding of equitable access to
nature and its benefits.

Our study focuses on equity distributions within cities. Another
recent nationwide study using the ParkScore data (TPL)*? showed
equity differences in park quality based on park size, walking access,
facilities and programming, examining differences in park systems
between cities. Together, these findings demonstrate that focusing on
proximity alone overlooks disparities in the quality of parks (including
environmental and health amenities) that people with different racial/
ethnic identities can access. Inequitable distribution of park ameni-
ties further exacerbates other forms of environmental racism faced
by communities of color, perpetuating unequal access to healthy and
enjoyable park environments meant to be public goods*****°. Coupling
the findings presented here with across-city analyses calls attention to
multilevel inequities in access to quality parks.

Ensuring that different communities receive the full socioeco-
logical benefits of a spatially equitable distribution of public space
is critical to promote environmental and climate justice*. Proactive
urban planning and park management decisions might better address
these inequities by considering multiple aspects of park quality that
represent the benefits of parks and meet the diverse needs of urban
populations. Recognizing that not all populations have the same prefer-
ences for park characteristics and engaging community membersinthe
planning and design process can ensure that parks are tailored to meet
their specific needs, preferences and cultural values*. For instance,
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some park users enjoy parks with heavy vegetation, whereas others
may perceive such spaces as unsafe®. Further, previous research has
found that new parks and improvements to existing parks can lead to
green gentrification™**, When park investments are combined with
measures such as the provision or expansion of affordable housing,
they can better prevent green gentrification and residential displace-
ment*. Additionally, planners may consider incorporating informal
green spaces*® or adding small green spaces to reduce gentrification
impacts in neighborhoods®.

Methods

The dataare organized hierarchically, with parks as the key geographi-
calunitof analysis. The first task is toidentify urban parks (our universe
of investigation) and to geographically associate the relevant attri-
butes with each park. To address the research questions, we review
descriptive summary statistics examining racial/ethnic differences
inthe population living within a10-minwalk of a park, compared with
the proportion of that group inthe urban area as a whole. Then, we fit
linear mixed models with regional and urbanarearandominterceptsin
programR (v4.3.2) to test whether the distribution of park amenities is
associated with the racial/ethnic distribution of the population living
near the park, by region. Details of variables and sources are included
inSupplementary Table1.

Data and measures
Urban parks. We identified parks using the ParkServe database (TPL),
which includes information on the shape and distribution of parks
managed for public use withinthe US andis collected in collaboration
with local governments®*. In addition to curating information on the
distribution of parks, TPL creates 10-min walksheds associated with
each park entrance based on available access routes around the park.
Using ArcGIS Pro, we included all the parks within the contiguous US
in which people who live within the associated walkshed reside in an
urbanarea. In other words, the park’s10-minwalkshed intersects with
an urban area, defined by the US Census Bureau for urban areas and
urban clusters following the 2010 decennial census. Since many parksin
the ParkServe database (TPL) are on the edge of urban landscapes or not
entirely contained within urbanlandscapes, we only used the portion of
each parkthatoverlapped with 10-min walkshedsinurbanareas when
we investigated park amenities (Fig. 2). As such, only a small share of
some geographically large parks (such as some national parks) located
atthefringe of urbanareasareincluded for calculating park amenities.
To measure park access, most studies focus on simple proximity
to parks due to the availability of spatial data and the ease with which
distance-based calculations can be completed using a geographic
information system'®. A common way to measure proximity is by con-
sidering walksheds. Walksheds provide a realistic representation of
the area around a park that is accessible given a specified amount of
time it would take to walk to the park, based on the transportation
infrastructure’'. The walkshed approachimproves onsimpler proxim-
ity measures (for example, buffers) thatignore road networks in park
accessibility analyses***.

Park amenities. We used the ParkServe database to identify the total
length of trails (m) within a park and the total area (m?) of playgrounds
within parks. Trails and playgrounds data are added by the TPL based
ondatacollected and maintained by park managers as well as remotely
sourced images. TPL defines playgrounds based on a crowd-sourced
layer in OpenStreetMap (https://www.openstreetmap.org/), which
includes play equipment and structures (swings, slides and so on), as
well as sports courts, fields and swimming pools.

Datafor the distribution of water features and tree canopy cover
came from the US Geological Survey (USGS) National Land Cover
Database, which classifies land cover at the 30 m resolution for 2019
(ref. 50). We measured water features asthe park areain square meters

covered in water, including ponds, lakes, creeks and rivers. We meas-
ured the tree cover as the proportion of park area with tree-canopy
land cover, measured between 0% (no tree canopy) and 100% (full
canopy cover)*%,

To consider the extent towhich parks moderate heat, we measure
land surface temperature (LST) (°C) within parks, calculated as the aver-
age of summer temperatures using acompilation of available images of
Landsat 8 thermal band. Landsat 8 measures the surface temperature
of alocation every 16 days at a100-m resolution®. We extracted LST
from all the viable Landsat 8 scenes using the USGS Landsat 8 Level
2, Collection 2 portal, on Google Earth Engine filtering for location
(Continental USA) and dates (June,July and August for 2018,2019 and
2020). We applied scaling factors following USGS-established proce-
dures®, and used the Landsat pixel quality assessment data to remove
clouds from each scene. We mosaiced scenes to extract the final LST
layer for further analysis. Finally, we calculated the zonal statistics to
compute the average LST within parks and within urban areas. This
approach allows us to measure heat (average summer LST) within
parks and heat mitigation (difference between the average summer
LST in the park compared with the average summer LST in the urban
areathe parkislocatedin).

To measure noise, we calculated the average level of noise
(in decibels) within each park based on the US National Parks Service
Mapping Sound Project®’. The Mapping Sound Project is overseen by
the Natural Sounds and Night Skies Division and utilizes sound-data
loggers placed throughout the continental USA. The dataset, created
in2014, extrapolates noise caused by anthropogenic sourcesat270 m
resolution®. We calculated zonal statistics to compute the average
noise within parks and urban areas. This method allows us to measure
noise (average decibels) within parks and noise mitigation (the differ-
ence between average decibels in the park compared with the average
decibelsinthe urbanareathe parkislocatedin; Table1).

Demographic characteristics of park walksheds. We used block-level
data from the US Decennial Census 2020 (table P2 in the Redistrict-
ing File, Public Law 94-171 Dataset) to identify the race and ethnicity
of those living within 10-min walksheds of parks as well as the over-
all demographics of the urban area in which the park is located. On
the basis of the census data, we conceptualize racial/ethnic groups
as follows: Hispanic, non-Hispanic (NH) AIAN alone, NH Asian alone,
NH Black alone, NH Multiracial, NH NHPI, NH Other Race alone and
NH White alone. Hereafter, we refer to these groups as AIAN, Asian,
Black, Hispanic, Multiracial, NHPI, other and white.

Blocks were chosen because they are the smallest spatial unit for
which census data are available. We aggregated blocks to constitute
walkshed demographics, using areal interpolation with proportional
coverage when blocks do not perfectly nest within walkshed bounda-
ries*. Blocks were processed to exclude water, and multipart polygons
were converted into single-part polygons; this has been shown to
increase the precision and realism of areal interpolation when using
census data®. In other words, for each park walkshed, we selected all
the censusblocks or portions of blocks that were within the walkshed.
For blocks that were only partially within the walkshed, we calculated
what percentage of the non-water portion of the block was within the
walkshed. We then assumed that people were uniformly distributed
throughout the non-water portion of the block and multiplied the
percentage of the block within the walkshed (a decimal point) by the
total population of the block to estimate the share of people in that
block within 10-min of the park. We summed the total populations of
eachfulland partial block within the walkshed to determine the demo-
graphics of those who live within a 10-min walk to the corresponding
park, resultinginestimates of the total population and estimates for the
population per racial/ethnic group for each park walkshed as of 1 April
2020. We then calculated a proportion variable for each group—the
percentage of the total population of the walkshed identifying as that
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race/ethnicity. We aggregated data to urban areas following the same
process described above.

Analytical approach

Comparing proximity to parks by racial/ethnic group. The key
explanatory variables are measures of the representativeness of each
racial/ethnicgroup in park walksheds compared with the surrounding
urban area (Figs. 3-5). Like many residential segregation indices (for
example, dissimilarity index and Theil’s entropy index), the approach
measures the evenness of the spatial distribution of a group in par-
ticular neighborhoods (for example, park walksheds) compared with
their distribution across the urban area as a whole. For each park, we
calculated the representation variables (equation (1)) by subtracting
the proportionvariable for the total urban area (for example, percent-
age ofthe total urban area population identifying as Hispanic) from the
proportion variable within a park walkshed (for example, percentage
of'the walkshed population identifying as Hispanic).

Walkshed representation (WR,,) =
(Pop(W),./Pop(W),) — (Pop(UA),./Pop(UA),),

@

where Pop(W) isthe population within al0-min walk of anurban park,
Pop(UA) isthe population of the urban area the parkislocatedin, reis
theracial/ethnic category and tis the total population.

If a greater share of individuals of a certain racial/ethnic group
lived within awalkshed than the urban area, the comparison would be
positive (above zero), and we could conclude that the group is over-rep-
resented inthe park walkshed. Values would be negative if the inverse is
true, and we could conclude that the group is under-representedin the
parkwalkshed. A value of zero would indicate that the group is equally
represented in the park walkshed as that in the urban area (equitable
access to parks and their associated amenities), which would be the
default expectation given a perfectly uniform spatial distribution of
all the racial/ethnic groups across the urban area.

Comparing park amenities. To assess differences in the park quality
thatresidents have access to, we fit linear mixed models to assess how
the racial/ethnic representation in park walksheds correlated with
park amenities and controlling for regional (census division) and local
(urbanarea) factors. The model generally follows this equation:

Park amenity; ~ N (i, 0?), @

)i + (Race or ethnicity),, + ParkSize; + TotalPopulation;,

K = ijk

where i is an individual park,jis the urban area which the park lies in
and kis the census division which the park lies in.

We explored each park amenity (trails, playgrounds, water, tree
cover, noise, heat, and heat and noise mitigation) as dependent vari-
ables predicted by the percentage of the total populationidentifying
with each racial/ethnic group (explanatory variables of interest) and
controlling for park size and with urban area and census division as
random intercepts. Park size was included as a control variable to
account for the influence of park area on the explanatory variables (for
example, larger parks have more space for trails and playgrounds and
can provide larger buffers from heat and noise). The urban area effect
accounts for unmeasured characteristics of the urban area that might
influence park quality, such as populationsize, urbanarea population
shares in each racial/ethnic group, and climate and environmental
conditionsinthatarea. To prevent rank deficiency (duplicated predic-
tors if we include all the racial/ethnic groups), the white racial/ethnic
group was dropped from thisanalysis and canbeinterpreted based on
the intercept. We ran a variance inflation factor to ensure models did
not have multicollinearity.

Wefurther explored racial/ethnic differentials in park access based
onparkquality by dividing allthe parks within each urban areainto those
which are above and below the urban area average for each measure of
park amenities. For trails, playgrounds and water variables, we compare
featuresinthe parktofeatures of other parks within the same urbanarea,
finding the average value for the park characteristic across all the parks
withinan urban area. We then compared the characteristic within each
parktotheaverage characteristicin parksacross theurbanareato deter-
mine whether the park was above or below the average value. For tree
canopy, heatand noise, weinvestigated how the characteristics of parks
compared withtheirurbanareastoidentify whether the park provided an
increased benefit (accesstotrees, heat mitigation and noise mitigation)
compared with the surrounding landscape. We generated variables for
the difference in noise, tree cover and LST within each park compared
with the average value for the entire urban area the park is located in.
We then averaged the value of this difference for all the parks within an
urbanareatodivide parksinto those which provided above- and below-
average benefits, compared with other parks in the same urban area.

Finally, we compare racial/ethnic representation in the walk-
sheds of below-average parks to the walksheds of above-average parks
(Figs. 4 and 5). To assess whether racial/ethnic representation in the
walkshed differed by park amenities, we rana two-way analysis of vari-
ance comparingthe average racial/ethnic representation of ‘above’ and
‘below’ average parks across the US and by census division using Tukey’s
honest significant difference’ to examine the pairwise comparison.
This comparison indicates whether racial/ethnic representation in
neighborhoods proximate to parks significantly varies depending on
whether the park offers above- or below-average social, environmental
and health amenities. Results from these pairwise statistics are pre-
sented in another dataset”. Of the 216 pairwise comparisons, 191(88%)
showed a statistically significantly different value (z score > absolute
value of 1.96) for the racial/ethnic group in walksheds around parks
with above- versus below-average amenities.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All data used in this study are publicly available, as described in Sup-
plementary Table 1. Processed data are available for public access in
the US Forest Service Research Dataarchive at https://doi.org/10.2737/
RDS-2024-0039 (ref. 57).

Code availability

The analytical code that supports the findings of this study is depos-
itedinthe US Forest Service Research Data archive at https://doi.org/
10.2737/RDS-2024-0039 (ref. 57).
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