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Executive Summary 

INCREASING EQUITY THROUGH PASSIVE RECREATION 
IN NORTHEASTERN NORTH CAROLINA 

by 
Andrew Pericak 

29 April 2016 

 Viewing public parks as environmental goods that provide benefits to people, society 
should strive to equitably distribute parks so that all individuals, regardless of racial or 
socioeconomic background, can use parks. This project emphasizes passive recreation parks, 
public parks such as nature preserves or hiking trails that do not require built park infrastructure 
as would a soccer field or a baseball diamond. These parks provide opportunities for outdoor 
recreation, but importantly also maintain many ecosystem service benefits which a “built” park 
would eliminate.  
 Prior research has analyzed the distribution of parks for city residents, inconclusively 
finding that poor and minority populations may or may not reside physically closer to parks than 
do wealthy, white populations. Generally, though, the environmental justice literature 
emphasizes how privileged members of society tend to reside near quality parks, so achieving 
distributional equity requires creating new parks near less-privileged people. Perhaps 
surprisingly, few studies have examined the distribution of parks in rural areas; parks are just as 
important here because rural residents contend with the extensive agricultural environment, one 
not necessarily conducive to outdoor recreation. A critical need exists to assess the distributional 
equity of passive recreation parks in low-income, rural, agricultural counties, and to determine 
whether establishing new parks in those counties would lead to greater equity. 
 To address this need, I examined park access for residents of five rural counties in 
northeastern North Carolina: Beaufort, Edgecombe, Halifax, Nash, and Rockingham. I first 
created an objective definition of equity for this study; namely, an equitable situation results 
when residents of poor, high people-of-color (POC) Census block groups (BGs) have statistically 
equal drive times to their closest parks as do residents of wealthy, low POC BGs. Notably, this 
definition does not take into account some important determinants about how people choose 
what park to visit, such as park size, quality, or amenities. The definition also assumes people 
own a car and are willing to drive to their closest park, and presumes people actually know the 
location of their closest park and choose to visit it because of its proximity. Nonetheless, I 
employed this definition so as to take an objective survey of current park distribution. 

Using this definition of equity, I then ascertained the “local context” of each BG within all 
five counties. Using American Community Survey data, I compared a BG’s median income and 
percent POC population to the average values of those metrics for surrounding BGs; the local 
neighborhood for comparison derived from the average commute time of the target BG, with the 
assumption that people would willingly spend about the same amount of time to drive to a park 
as they would to their workplace. From this process, I categorized each block group as having 
higher or lower income and higher or lower percent POC in comparison to their local neighbors. 
I then located public, passive recreation parks within the five counties and within neighboring 
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counties. An algorithm found the closest park in terms of shortest driving time for each BG within 
the five counties, correlating these drive times to the race and income categories derived from the 
local context operation.  

Per this study’s definition of equity, I found certain counties demonstrated inequities in 
park distribution. Beaufort County actually exhibited similar drive times from all BGs, suggesting 
parks are equitably distributed in that county. Contrastingly, Halifax County’s poor, high POC 
BGs had significantly longer drive times to their closest parks than did any other populations. 
Edgecombe, Nash, and Rockingham Counties showed the opposite result of Halifax; the poor, 
high POC BGs had significantly shorter drive times to their closest parks than did rich, white 
areas. Nonetheless, all counties but Beaufort demonstrate inequitable outcomes. 

Since Halifax County met the environmental justice assumption that environmental goods 
favor wealthy, white populations, I ran a series of case studies on that county to determine if 
establishing new parks would make drive times equal among the various BGs. In one model, I 
pinpointed the BG with the greatest drive time to its closest park, identified government-owned 
land within that county, chose one parcel to become a hypothetical park, and re-ran the closest 
park analysis. I repeated this process until there were no significant differences among the race 
and income categories; this required establishing 11 new parks. In another model, I replicated 
this process but only established new parks in the poor, high POC BGs; here, I only needed six 
new parks until an equitable outcome resulted. 

This study shows that rural counties tend to have inequities in park distribution, but that 
in some cases low-income, POC populations do have better access to parks than do wealthier, 
whiter populations. Careful planning about where to site new parks can eventually lead to 
distributional equity, at least in Halifax County, but the county’s limited resources may prevent 
it from establishing multiple new parks in a short time period. This study does not consider 
important variables that actually determine what parks people want to visit, or where local 
residents would want a new park. Future studies can combine the objective information 
generated from this study with community discussions and demands to decide where best to 
locate new parks. Future research can also use the local context operation to investigate different 
definitions of distributional equity—for example, is it equitable that residents of one must drive 
on average only 15 minutes to their closest park if it takes 30 minutes in another county? 

In sum, the distributional equity of passive recreation parks suffers for rural, agricultural 
counties, meaning that certain privileged individuals within those counties receive an unjust 
share of the parks’ environmental and health benefits. This finding holds especially true for 
residents living the farthest away from these counties’ towns and cities. By using the local context 
to identify specific areas within counties most in need of parks, however, this study shows that 
careful planning can lead to greater distributional equity.  
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Introduction 
Benefits of Public Parks 
 As the population of the United States continues to grow,1 public parks take on an even 

greater role as a natural “refuge” within a crowded, human-oriented environment.2 A large, 

expansive park lets people avoid the noise of traffic, picnic with friends and neighbors, and walk 

by shade trees and small streams. A small park might not provide as much isolation from human 

influences, but it still offers individuals the chance to step outdoors and walk around. Clearly the 

American society values public parks; the 100 largest cities collectively have over 1.5 million acres 

of park land,3 and over 307 million people recreated in National Park system in 2015.4 

People value public parks in part because they offer a range of benefits to humans and the 

environment. Perhaps the most direct and quantified benefits parks grant to humans relate to 

health and physical activity.5 While proving direct causal relationships remains difficult,6 the 

literature suggests that improvements in physical and mental health correlate with access and 

proximity to parks. For instance, people’s perceived general health increases the closer they live 

to a park.7 Likewise, levels of individual stress caused by major life events decrease with better 

park access.8 Broadly speaking, any increases in physical activity can deliver notable physical and 

                                                 
1 World Bank, “Population Growth (Annual %),” last accessed March 30, 2016, 
http://data.worldbank.org/indicator/SP.POP.GROW.  

2 Paul H. Gobster, “Visions of Nature: Conflict and Compatibility in Urban Park Restoration,” Landscape and Urban Planning 56 
(2001), 44. 

3 The Trust for Public Land, 2011 City Park Facts (San Francisco: The Trust for Public Parks, 2011), 9, 
https://www.tpl.org/sites/default/files/cloud.tpl.org/pubs/ccpe-city-park-facts-2011.pdf.  

4 National Park Service, “Annual Visitation Summary Report for: 2015,” last accessed March 30, 2016, 
https://irma.nps.gov/Stats/SSRSReports/National%20Reports/Annual%20Visitation%20Summary%20Report%20(1979%20-
%20Last%20Calendar%20Year).  

5 For a good summary of these benefits, some of which are paraphrased here, see Erica Gies, The Health Benefits of Parks (San 
Francisco: The Trust for Public Land, 2006), 
https://www.tpl.org/sites/default/files/cloud.tpl.org/pubs/benefits_HealthBenefitsReport.pdf.  

6 Andrew C. K. Lee and Ravi Maheswaran, “The Health Benefits of Urban Green Spaces: A Review of the Evidence,” Journal of 
Public Health 33, no. 2 (2010), 219.  

7 Jolanda Maas et al., “Green Space, Urbanity, and Health: How Strong Is the Relation?,” Journal of Epidemiology & Community 
Health 60 (2006), 591. 

8 Agnes E. van den Berg et al., “Green Space as a Buffer Between Stressful Life Events and Health,” Social Science & Medicine 70 
(2010), 1208. 
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psychological health improvements,9 and parks offer an opportunity for people to undertake 

physical activity.10 Indeed, researchers suggest that simply having access to places for physical 

activity, such as parks, can significantly increase the percentage of people participating in those 

activities, thus leading to the associated health benefits.11 

 Parks fall into two broad categories in terms of the type of recreation they provide: active 

and passive. Spaces designed for active recreation include baseball diamonds, tennis courts, or 

soccer fields, most often park areas with specific, built infrastructure for some structured team or 

individual activity.12 Active recreation sites encourage sports and other high-energy activities, 

leading most directly to the health benefits attained from increased physical activity. Passive 

recreation sites, on the other hand, include those spaces where people can undertake more 

traditional outdoor activities, such as walking, biking, camping, swimming, fishing, bird 

watching, or picnicking; these activities do not require formalized infrastructure.13 Of note, many 

parks or green spaces offer both active and passive recreation opportunities simultaneously, even 

if those parks have a “dominant” active or passive function.14 Passive recreation sites can offer 

the physical health benefits too, although people tend to exhibit a lower level of physical activity 

for passive than active recreation. 

 In addition to health and exercise, parks offer benefits to humans via their provision of 

ecosystem services. Broadly defined, ecosystem services are the natural processes and features 

that provide goods and services for human use;15 they can be categorized as regulation functions, 

habitat functions, production functions, and information functions.16 In varying degrees, public 

                                                 
9 U.S. Department of Health and Human Services, Physical Activity and Health: A Report of the Surgeon General (Atlanta: U.S. 
Department of Heath and Human Services, Centers for Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, 1996), 3, http://www.cdc.gov/nccdphp/sgr/pdf/sgrfull.pdf. 

10 Gies, The Health Benefits of Parks, 8.  

11 Emily B. Kahn et al., “The Effectiveness of Interventions to Increase Physical Activity: A Systematic Review,” American Journal 
of Preventive Medicine 22, no. 4S, (2002), 89.  

12 U.S. Environmental Protection Agency, Meeting Community Needs, Protecting Human Health and the Environment: Active and Passive 
Recreation Opportunities at Abandoned Mine Lands (Washington: U.S. Environmental Protection Agency, 2003), 2. 

13 Ibid. 

14 Ibid. 

15 Rudolf S. de Groot, Matthew A. Wilson, and Roelof M. J. Boumans, “A Typology for the Classification, Description and 
Valuation of Ecosystem Functions, Goods and Services,” Ecological Economics 41 (2002), 394. 

16 See de Groot, Wilson, and Boumans, “A Typology for the Classification, Description and Valuation of Ecosystem Functions,” 
395, for full explanations of these four categories.  
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parks can offer all these functions. Parks can provide regulation functions like air pollution 

filtration, micro-climate control via dissipation of the urban heat island effect, and noise 

reduction,17 all of which improve human quality of life and reduce health concerns. Achieving 

land conservation through park creation ensures these regulation benefits into the future. Parks 

offer habitat functions simply by providing habitat patches for plant and animal species; this 

habitat can benefit people by allowing opportunities to view wildlife,18 and by offering living 

spaces for pollinator species like moths and butterflies that assist with agriculture.19 Parks deliver 

production functions mostly in the lens of “ornamental resources,” 20  in that people—albeit 

illegally, usually—may harvest flowers or mineral formations from parks for decorative use. For 

instance, the case of individuals stealing petrified wood from the Petrified Forest National Park 

has received much attention;21 this theft nonetheless constitutes a production function enabled 

by parks. Finally, parks plainly offer information functions, which include the aesthetic values 

like wanting to relax and to be “in nature”;22 the recreation and cultural value experienced by the 

local population;23 and the potential for artistic inspiration, historic preservation, and scientific 

opportunity that parks can convey. 24  

 Active and passive recreation parks, however, deliver different types and quantities of 

ecosystem services, representing the key difference between these two categories. Active 

recreation parks—again, places like baseball diamonds or soccer fields—offer information 

functions, namely the opportunity for outdoor recreation. These active recreation sites could also 

offer some regulation functions like water filtration or local climate regulation, depending on 

their specific infrastructure. Passive recreation parks, on the other hand, can offer a much wider 

range of ecosystem services since these parks maintain at least some semblance of “natural” 

                                                 
17 Per Bolund and Sven Hunhammar, “Ecosystem Services in Urban Areas,” Ecological Economics 29 (1999), 295 – 297.  

18 Such as birders hoping to spot certain avian species; see Joan L. Morrison and William C. Chapman, “Can Urban Parks Provide 
Habitat for Woodpeckers?,” Northeastern Naturalist 12, no. 3 (2005), 259. 

19 William M. Giuliano and Amanda K. Accamando, “Lepidoptera-Habitat Relationships in Urban Parks,” Urban Ecosystems 7 
(2004), 369. 

20 De Groot, Wilson, and Boumans, “A Typology for the Classification, Description and Valuation of Ecosystem Functions,” 401. 

21 Bob Janiskee, “Petrified Forest National Park Is Still Being Stolen One Piece at a Time,” National Parks Traveler, December 10, 
2008, http://www.nationalparkstraveler.com/2008/12/petrified-forest-national-park-still-being-stolen-one-piece-time.  

22 Anna Chiesura, “The Role of Urban Parks for the Sustainable City,” Landscape and Urban Planning 68 (2004), 133. 

23 Bolund and Hunhammar, “Ecosystem Services in Urban Areas,” 298. 

24 De Groot, Wilson, and Boumans, “A Typology for the Classification, Description and Valuation of Ecosystem Functions,” 402. 
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features. Because passive recreation parks require minimal built park infrastructure, these parks 

ensure a wide range of regulation, habitat, information, and potentially even production 

functions. A community might desire having tennis courts and running tracks, especially if it 

wishes to increase its average levels of physical activity. But that community can also greatly 

benefit by having access to passive recreation parks, since these can deliver that gamut of 

ecosystem services in addition to physical activity benefits. Due to their ability to offer so many 

ecosystem services, I subsequently focus on passive recreation parks in this research, while 

acknowledging that active recreation parks play an important role for public park access too. 

Equitable Access to Parks 
 All people should have equitable access to the benefits created by public, passive 

recreation parks. Equality of access to any resource usually considers both race and 

socioeconomic status, in that differences in access tend to vary based on these characteristics. 

Environmental justice concepts of distributive justice, which state that all people should have an 

equal distribution of environmental goods and services regardless of race or income, 25 help 

illuminate these differences and offer methods for ameliorating them. In this paper, I similarly 

look at the access to parks experienced by poor people and by people of color (POC).26 Of note, I 

use “people of color” to collectively describe the racial and ethnic groups including black, African 

American, Hispanic, Latino, American Indian, Asian, and Pacific Island populations.27 In other 

words, I describe “white” people as matching the Census Bureau’s classification “White alone, 

not Hispanic or Latino”, and “POC” as inclusive of every other racial background. I avoid using 

“minority” as the minority population in a certain area may very well be white individuals, or 

because no one racial group might actually constitute the majority in an area. Describing an area 

as having high POC populations does not imply the absence of white individuals, but rather that 

the other racial categories have relatively high populations in comparison to the white 

population. Moreover, I draw this line between white and POC to match environmental justice 

                                                 
25 Robert R. Kuehn, “A Taxonomy of Environmental Justice,” Environmental Law Reporter 30 (2000), 10683. 

26 Rosetta Thurman, “Why I Wish Nonprofits Would Stop Using the Word ‘Minorities’,” Stanford Social Innovation Review, 
February 12, 2009, http://ssir.org/articles/entry/why_i_wish_nonprofits_would_stop_using_the_word_minorities; Kee 
Malesky, “The Journey from ‘Colored’ to ‘Minorities’ to ‘People of Color’,” National Public Radio: Code Switch, March 30, 2014, 
http://www.npr.org/sections/codeswitch/2014/03/30/295931070/the-journey-from-colored-to-minorities-to-people-of-
color. 

27 I borrow these terms directly from the U.S. Census Bureau. 
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literature, which tends to find differences in access to resources as favoring white populations 

and disfavoring POC. 

Environmental justice researchers have already devoted much time looking at the 

distribution of public parks in urban areas. Findings have varied and depend largely on the local 

circumstances. Some studies, matching predictions from environmental justice literature, do 

point to disparities in park distribution for poor and POC neighborhoods.28 Others fail to reveal 

trends, showing no significant difference in access and even suggesting that the poor, POC 

neighborhoods might have quantitatively better park access.29 Some research tempers these two 

polar extremes, noting that poor, POC areas have more parks but the quality of these parks is 

lower than in wealthy, white areas.30 Of note, these studies have not differentiated between park 

access to passive versus active recreation sites, tending instead to group these two categories 

together. Regardless, these contrasting results demonstrate that environmental managers cannot 

generalize park trends for urban areas; equity of access to parks will depend on the local context. 

 While the distribution of parks in cities does have great implications for attaining 

environmental justice, a focus on cities alone ignores the distribution of parks in small towns and 

rural areas. At first glance, such a concern seems unwarranted; why would people need parks in 

rural areas, places devoid of the urban “concrete jungle”? But in most cases, these rural areas have 

just as much development as a city, except this development occurs as intensive agriculture rather 

than extensive impervious surface. Population densities in rural areas certainly cannot match 

those of cities, but such a disparity does not mean society should deprive rural residents of park 

benefits simply because they live in a rural area. Moreover, while neighborhoods within cities do 

exhibit high rates of poverty and large POC populations, many rural counties have similar—if 

                                                 
28 Jennifer Wolch, John P. Wilson, and Jed Fehrenbach, Parks and Park Funding in Los Angeles: An Equity Mapping Analysis (Los 
Angeles: University of Southern California, 2002), 3, 
https://lusk.usc.edu/sites/default/files/working_papers/Wolch.parks_.pdf; Lisa M. Powell, Sandy Slater, and Frank J. 
Chaloupka, “The Relationship Between Community Physical Activity Settings and Race, Ethnicity, and Socioeconomic Status,” 
Evidence-Based Preventive Medicine 1, no. 2 (2004), 143. 
29 Jason Gilliland et al., “Environmental Equity Is Child’s Play: Mapping Public Provision of Recreation Opportunities in Urban 
Neighbourhoods,” Vulnerable Children and Youth Studies 1, no. 3 (2006), 263 – 264. 
30 Katherine B. Vaughan et al., “Exploring the Distribution of Park Availability, Features, and Quality Across Kansas city, 
Missouri by Income and Race/Ethnicity: An Environmental Justice Investigation,” Annals of Behavioral Medicine 45, no. S1 (2013), 
S34 – S36.  
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not higher—levels of poverty and POC populations across larger extents.31 If environmental 

justice seeks to provide an equitable distribution of parks to all people, regardless of race or 

socioeconomic background, then society needs to consider the park distribution in rural areas 

too.  

Perhaps surprisingly, little academic research has examined the rural park distribution, 

although at least one study suggests that poor, POC areas in rural spaces are farther away from 

parks as compared to wealthy, white areas.32 As demonstrated by the urban research, no clear 

trend exists between the demographic factors and park access, so county planners cannot assume 

that their county’s poor, POC areas automatically will have better or worse park access than the 

rich, white areas. Instead, each locality faces a critical need to analyze the distribution, with a 

special focus on passive recreation parks. Prior to such analysis, planners should adopt the 

precautionary principle, assuming until they can prove otherwise that their underprivileged 

citizens do experience an inequitable level of park access. If this assumption holds true, additional 

analysis can help reveal how careful, informed park planning can lead toward greater equity in 

park distribution.  

Study Overview and Hypotheses 
 As a demonstration of how a rural park distribution analysis could proceed, I assessed 

the current park distribution of five counties in northeastern North Carolina in relation to income 

and race, and analyzed whether the hypothetical creation of new parks in those counties might 

lead toward greater environmental equity. In particular, I investigated parks that include 

opportunities for passive recreation, assuming that such parks provide greater ecosystem service 

benefits than parks purely intended for active recreation, and assuming that more people can use 

passive recreation parks for more diverse reasons. 33  The North Carolina Department of 

                                                 
31 For example, see Tracey Farrigan, “Poverty Demographics,” U.S. Department of Agriculture Economic Research Service, last 
modified November 30, 2015, http://www.ers.usda.gov/topics/rural-economy-population/rural-poverty-well-being/poverty-
demographics.aspx, for a breakdown of urban versus rural poverty by race; and see Economic Research Service, “Racial and 
Ethnic Diversity is Increasing in Rural America,” U.S. Department of Agriculture Economic Research Service, last accessed 
March 31, 2015, http://www.ers.usda.gov/media/176091/page7.pdf, for an explanation of the geography of rural POC. 

32 Ming Wen et al., “Spatial Disparities in the Distribution of Parks and Green Spaces in the USA,” Annals of Behavioral Medicine 
45, supplement 1 (2013), S24. 

33 In other words, while some residents may make frequent use of a park that solely consists of a baseball diamond, many other 
people who do not play baseball cannot use this park. On the other hand, a passive recreation park generally enables multiple 
uses, such as walking, picnicking, or playing simple catch or tag games; all people can take advantage of these activities. 
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Commerce classified each of the five counties—Beaufort, Edgecombe, Halifax, Nash, and 

Rockingham (Figure 1)—as “Tier One” for 2015, signifying that in comparison to all other North 

Carolina counties they have some combination of high unemployment, low household income, 

low population growth, and low property tax base per capita.34 Moreover, these are primarily 

agricultural counties, with only a few large towns or small cities present (Table 1). Census 

information further suggests that these counties contain POC populations higher than average 

for North Carolina (Table 1). In short, the data show that these five counties have higher-than-

average POC population rates, lower-than-average income levels, and extensive tracts of 

intensely-developed agricultural land. While likely not the only counties in North Carolina with 

these three characteristics, they nonetheless present good examples to assess the distribution of 

passive recreation parks for rural residents. 

To determine whether these counties have equitably distributed parks, I first specify what 

I mean by “equitable”. As these are rural counties with limited access to public transportation, I 

make the broad assumption that residents must drive to visit a park, representing an investment 

of travel time (opportunity cost) and money (gasoline, regular car maintenance) which varies by 

an individual’s proximity to their closest park. Using the Census block group (BG) as the unit of 

analysis,35 I therefore define the equitable distribution of parks as occurring when all populations 

have statistically similar drive times or distances to their closest parks, regardless of race and 

income level. More specifically, a county is “equitable” when residents of BGs with above-

average POC populations and/or below-average income levels have statistically similar drive 

times to their closest park as do residents of BGs with below-average POC populations and/or 

above-average income levels. If a BG is primarily poor and has high POC as compared to other, 

nearby BGs, then the residents there should be able to access their nearest park just as readily as 

residents of rich, white BGs. If not, an inequitable situation occurs, wherein the BGs with longer 

                                                 
34 North Carolina Department of Commerce, “2015 North Carolina Development Tier Designations” (Raleigh: North Carolina 
Department of Commerce, 2015), 5 – 6. Notably, the State released its updated tier rankings in November 2015, after I had 
started research on this project. For those updated rankings, Rockingham County moved from Tier One (the lowest tier) to Tier 
Two (the mid-level tier), signifying general economic improvement in comparison to the other Tier One counties. Regardless, I 
continue to investigate Rockingham County in this study and to assess it as a Tier One county. 

35 A block group is the second-smallest Census unit, after blocks, and contains between 600 and 3,000 people. BGs cover 
contiguous areas but will not cross state, county, or Census tract boundaries. U.S. Census Bureau, “Geographic Terms and 
Concepts – Block Groups,” last updated December 6, 2012, https://www.census.gov/geo/reference/gtc/gtc_bg.html. I chose 
BGs rather than blocks because BGs have updated race and income information via the 2013 American Community Survey, 
whereas blocks most recently have race and income data for the 2010 Census. 
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drive times and distances—regardless of that BG’s race and socioeconomic status—face the 

inequity of distribution.36 

Using the above definition for equitable distribution of parks, I looked at the current 

distribution of parks in these five counties and in neighboring counties—residents of the five 

target counties will not necessarily constrain themselves to travelling to parks only within their 

home county. I hypothesized that residents of BGs with lower-than-average income levels and 

higher-than-average POC populations will have statistically greater drive times and drive 

distances to their closest parks than will residents of BGs with higher-than-average income levels 

and lower-than-average POC populations, due to disparities between park locations and the 

locations of BGs where poor people / POC choose to live. In other words, I hypothesize that I 

will find examples of environmental injustice in these counties in regards to equitable park access. 

Following this analysis, I then examined the potential for new parks created in these 

counties to improve any demonstrated injustices. In the case of inequity of access to parks for 

poor residents / POC, I ask whether establishing a new park somewhere in their county makes 

this distribution of access more equitable. In particular, I considered “unused” lands already 

owned by the county or state government; i.e., government-owned land not containing any built 

infrastructure. Since each county’s specific layout of publicly-owned parcels differs, I could not 

make any specific hypotheses regarding this question. Nevertheless, I aimed to illustrate that an 

informed selection of potential park lands can lead to greater environmental justice. 

This paper proceeds by detailing my methods and their justifications. It then presents the 

results of both research questions—how are parks currently distributed in regard to race and 

income, and can hypothetical new parks in certain locations improve the equity of distribution—

and continues by discussing those results and explaining their implications. A brief conclusion 

summarizes the research and presents avenues for future research and exploration. 

Materials & Methods 
I conducted my research in three main steps. I first acquired Census data per BG and used 

those data to establish each BG’s “local context”—in other words, does a BG have a higher or 

                                                 
36 There are, of course, caveats and limitations to this definition. I detail these below in the Discussion; for now, however, I point 
out that since this study’s goals include getting a general picture of equity of park distribution for these five counties and deciding 
the best locations to site hypothetical new parks, the caveats do not fatally subtract from these goals.  
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lower median income than its neighbors, and does it have a higher or lower percent POC? Second, 

I identified locations of currently-existing parks within my five study counties, using each BG’s 

local context to determine if these parks were equitably distributed according to this study’s 

definition of equity. Third, I proposed the establishment of hypothetical new parks within a 

county, to see how many new parks a county would have to create before an equitable outcome 

resulted.  

Census Data 
 As the Census BG represents my unit of analysis, I first acquired spatial polygon data for 

all BGs within North Carolina and Virginia.37 I then acquired Census data tables from the 2013 

American Community Survey (ACS) describing each BG’s population, median household 

income, racial composition, and commute time to work (Table 2). The ACS is an ongoing survey 

effort conducted by the Census Bureau to provide updated demographic information during the 

ten-year Census interim.38 I opted to use the 2013 ACS rather than the 2010 Census to have the 

most temporally-recent data per BG.39 I processed the race tables to determine the percent POC 

per BG; I processed the commute time tables to determine the average commute time per BG.40 I 

did not perform any additional processing on the population or median income tables, instead 

just adopting their given values since they already described the BG as a whole. 

Local Context Explanation and Justification 
 The Census data reveals each BG’s median income and percent POC. In order to address 

my first research question—do residents of poor / POC BGs have similar drive times and 

distances to their nearest parks as do residents of wealthy / white BGs—I needed to choose a 

threshold for what constitutes a “poor” BG versus a “wealthy” BG, and what constitutes a “POC” 

BG versus a “white” BG. The simplest approach involves setting an absolute, unchanging 

                                                 
37 U.S. Census Bureau, 2013 TIGER/Line Shapefiles (Washington: U.S. Department of Commerce, 2013), 
https://www.census.gov/geo/maps-data/data/tiger-line.html.  

38 U.S. Census Bureau, “What is the American Community Survey?”, last accessed February 19, 2016, 
https://www.census.gov/programs-surveys/acs/about.html. 

39 The Census published the most recent ACS in 2014, but this dataset did not contain complete information for the North 
Carolina BGs. 

40 The “processing” for the race tables is merely simple arithmetic to get the percent of POC per BG population. For the 
commute time tables, the Census delivers categories of commute times (0 – 5 minutes, 5 – 10 minutes, etc.) and the number of 
people per BG with that class of commute time. I used the minimum time for each class (i.e., 5 minutes for the 5 – 10 minute 
class; this means I excluded the 0 – 5 minute class) and multiplied that value by the number of people reported to fall in that 
class. I then could approximate average commute times for all people within the BG. 
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threshold, either per county or for all five target counties. For example, counties with median 

incomes under $30,000 would be considered “poor,” and counties with at least 40% non-white 

population would be considered “POC.” Setting this general threshold, however, requires perfect 

knowledge of all local conditions, including the standard of living and local housing and taxation 

policies. It also draws a hard line that fails to acknowledge varying conditions within the county 

and even within a BG. In short, these general, universal thresholds likely obscure fine-scale 

differences and thus are not the best options for gaining an in-depth understanding of local race 

and income. 

 Instead, I employed a “local context” threshold that varied per each individual BG in the 

target counties.41 The average race and income values of surrounding BGs sets the threshold for 

a target BG, so that each BG will have its own, unique threshold values. I determined what 

constitutes the “surrounding” BGs by looking at a target BG’s average commute time and 

converting that time to a rough estimate of distance. For example, if residents of a BG commute 

on average 20 minutes to work, and presuming an average travel speed of 60 km per hour 

(approximately 37 miles per hour, or 1 km per minute), then the direct “neighborhood” of that 

given BG would include BGs with any area overlapping a 20 km radius of the given BG. Note 

that these neighbors can include BGs not sharing a physical border with a target BG. 

Some theoretical examples best explain this method. Focusing only on income (although 

these examples work the same way for race), imagine a BG (called “A”) that has a median income 

of $35,000 and has five neighboring BGs, as determined by A’s average commute time. If all five 

surrounding BGs have median incomes of $50,000, A is clearly, disproportionately poor given its 

context. Had I set an arbitrary income threshold of $30,000, A would fall into the “rich” category 

too, despite the clear inequity of the actual income numbers. Instead, my method finds the 

average median income for the surrounding BGs (in this example, $50,000), and compares that 

average value to A’s median income. Since A’s median income is less than the average median 

income of its surrounding BGs, A is rightly placed in the “poor” category. Despite this income 

disparity, this example would be equitable for park access—according to the definition of equity 

                                                 
41 This approach extends methodologies offered by Xingyou Zhang, Hua Lu, and James B. Holt, “Modeling Spatial Accessibility to 
Parks: A National Study,” International Journal of Health Geographics 10 (2011); Wen et al. 2013, “Spatial Disparities in the 
Distribution of Parks and Green Spaces in the USA”; and Matthew Ringel and Devin Tokizawa, “Equitable Park Access in King 
County: An Analysis for King County Department of Natural Resources and Parks” (Seattle: University of Washington, 2014). 
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as proposed in this study—if residents living in A had equal drive times to their nearest park as 

do residents of the other BGs.  

Consider another, more realistic example where A’s surrounding BGs have incomes 

ranging from $20,000 to $50,000, so that the average income of those surrounding BGs is $32,000. 

In this example, it is hard to tell on face value whether A would be rich or poor since its income 

($35,000) is above the neighbors’ average but is also relatively low compared to the maximum. 

Setting the threshold arbitrarily at $30,000 would categorize A as “rich”, which in this case 

matches the categorization of my proposed method (A’s median income exceeds the average 

median income of its surroundings.) But had the threshold income been $40,000, suddenly A 

would be considered poor, even if in context to its neighbors A is actually better off. 

Another way to think about the merits of comparing a BG to its local context is to imagine 

a resident of A, who has an income of $35,000. If that resident looks at their neighbors living in 

different BGs and senses that all those neighbors have a better financial situation than they do, as 

in the first example, that person will feel relatively disadvantaged. If all those other BGs have 

good access to parks but the resident in A does not, resident A experiences distributional injustice 

resulting from their income. If they look and see that some neighbors are better off but some are 

worse off, as in the second example, that person may not feel the same degree of disadvantage. 

In this case, to determine whether A is relatively rich or poor requires comparing its median 

income to the average median income of the surrounding BGs. 

As mentioned, this local context threshold varies for each BG in the target counties. 

Recalling the first example, equally wealthy BGs surround the relatively poor A. If one of those 

wealthy BGs (called “B”; $50,000) also has five neighbors, including A, but the other four 

neighbors have median incomes of $70,000, B is also clearly worse off than most of its neighbors. 

In this case, the average median income of B’s surrounding BGs is $62,000, so B would also fall 

into the “poor” category, just like A. Perhaps this seems like an absurd result—how can both A 

and B be “poor” if B’s income is so much higher than A’s? On the contrary, this outcome reveals 

the importance of using a local context threshold based on the local context. Setting the threshold 

even at $35,000, to match A’s median income, would label B as rich. But if a resident of B looks at 

its neighbors and realizes that most neighbors are doing better off than they are, the resident of B 

would feel disadvantaged, especially if their park access was limited in comparison to the other 

BGs.  
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In sum, rather than use one threshold for each county to define the break point between 

rich / poor and white / POC, I use local context threshold levels that take into account the race 

and income of “surrounding” BGs as compared to a target BG. This method reveals—at a finer 

scale than the entire county—which areas have situation-specific low incomes and/or high POC 

populations. This model could result in some BGs in one location of a county having drastically 

higher or lower threshold values than other BGs, but so long as a BG’s threshold uses the values 

from the surrounding BGs, such discrepancies do not by themselves contribute to inequity. 

Knowing this context-specific BG classification enables analysis of this research’s overall goal, 

seeing if residents of poor / POC BGs have relatively equal drive times and distances to existing 

parks as do residents of rich / white BGs. 

Local Context Operationalization 
 To implement the local context analysis—i.e., to figure out whether each BG within all 

five target counties is rich / poor and white / POC compared to its neighbors—I created a series 

of geoprocessing models (ArcGIS 10.3.1.)42 Rather than explain those models in fine detail, I 

instead offer here a quick summary. For full, technical explanation, refer to Appendix B: Detailed 

Local Context Operationalization. 

 I assigned to each BG within North Carolina and Virginia the race, income, and commute 

time data I acquired from the ACS. Looking at my five target counties, I chose one BG at a time 

(the “target BG”), noting its values for the three variables. I used the commute time of that BG to 

determine the “surrounding” BGs, selecting neighboring BGs that a person from the target BG 

could drive to in the same length of time as the target BG’s average commute time. I found 

average values for median income and for percent POC of the neighboring BGs; I compared these 

average values to the absolute values for the target BG. I finally labeled the target BG into one of 

three categories: 

• Category “0” meant the target BG was rich and white compared to its neighbors; the target 

BG had higher-than-average income values and lower-than-average race values. 

• Category “2” meant the target BG was poor and high POC compared to its neighbors; the 

target BG had lower-than-average income values and higher-than-average race values. 

                                                 
42 Esri, ArcGIS 10.3.1 for Desktop (Redlands, CA: Esri, 2015.) 
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• Category “1” signified a combination of the above two categories. The target BG was 

either [rich and high POC] or [poor and white]; in other words, the BG only exhibited one 

of the two environmental justice indicators. This category does not indicate which of the 

two situations occurs, essentially weighting race and income equally—having lower-than-

average income has the same weight in this model as does having higher-than-average 

percent POC. 

I performed this process for every BG within each of the target counties. In sum, each county’s 

BGs were labeled into one of these three categories, signifying that BG’s local context of race and 

income. 

Currently-Existing Parks 
 I searched for a comprehensive, nationwide dataset for public park boundaries or 

locations; a resident of one county might travel to a different county or even a different state if 

their closest park resides in those places. Perhaps surprisingly, I could not find a complete, 

inclusive, freely-accessible dataset of all public parks at this nationwide scale, nor could I find 

any at a regional, state, or county scale.43 Some national datasets do exist, such as the USGS 

Protected Areas Database or the “Parks” layer included with Esri’s Streetmap North America 

data. 44  However, these national datasets tend to omit certain, smaller parks, although they 

accurately show locations of large parks, such as State Parks or National Parks.  

 To create a regionally-appropriate parks database given this lack of a complete national 

database, I compiled data from a variety of national, regional, and local data sources (Table 3). I 

selectively excluded certain parks and areas from this compilation: those intended for active 

recreation only (such as baseball diamonds or soccer fields), those whose purpose was specifically 

                                                 
43 In Wen et al., “Spatial Disparities in the Distribution of Parks and Green Spaces in the USA,” the authors note how they 
acquired a national park dataset from the Homeland Security Infrastructure Program, a division of the U.S. Department of 
Homeland Security. As of July 2015, however, access to this database was limited to government agencies, making it inaccessible 
for this study. See Homeland Infrastructure Foundation-Level Data Subcommittee, “Homeland Security Infrastructure Program 
(HSIP)”, last accessed April 18, 2016, https://gii.dhs.gov/HIFLD/hsip-guest.  

44 U.S. Geological Survey, Gap Analysis Program (GAP), “Protected Areas Database of the United States (PADUS), Version 1.3 
Combined Feature Class,” last updated November 30, 2012, http://gapanalysis.usgs.gov/padus/; Esri, “2013 – StreetMap 
North America, U.S. and Canada Parks,” last updated June 1, 2013, 
http://library.duke.edu/data/files/esri/esridm/2013/streetmap_na/data/parks.html.  
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hunting (i.e., State Game Lands),45 and those with limited or no public access (generally, private 

conservation easements).  

In addition, for the five target counties, I searched the counties’ websites and the websites 

of cities and towns within those counties for public park listings, matching addresses to a state-

wide parcel database to identify the spatial polygon extent of the park.46 I used high-resolution 

satellite imagery (ArcGIS “Imagery” basemap) to visually inspect these park parcels, adding 

them to my park compilation unless their sole use clearly entailed active recreation. For example, 

some park parcels only included tennis courts and baseball diamonds, so I excluded those parks 

from my database; others had tennis courts but also open space and walking trails, so I included 

those parks. I likewise used aerial imagery to include and exclude certain parks from the Esri 

Streetmap North America “Parks” data, as this data did not include attribute information about 

the intended use. 

Closest Park Analysis 
 I created another geoprocessing model to determine the distance from each BG to its 

closest park. As above, I present here a summary of this model; for a full, technical explanation 

of the model, see Appendix C: Detailed Closest Park Analysis. 

 I overlaid the spatial park location data over the BGs as labeled by the three race/income 

categories. Again choosing one BG at a time, the “target BG,” I found the least-time and list-

distance road route from the geographic center of the target BG to the closest park (Network 

Analyst extension), similar to Google Maps’s driving directions. Unlike Google Maps, though, 

my model allowed many potential destinations (i.e., any park in the database), so the model could 

choose the closest destination by drive time and separately by drive distance. This model both 

highlighted the closest park and revealed the specific drive time and drive distance from the BG’s 

center to that closest park. 

                                                 
45 One could make the argument that I should have included State Game Lands, as they do present an opportunity for outdoor 
recreation and fit a passive recreation definition of not requiring substantial built park infrastructure. I chose to exclude State 
Game Lands, however, for two reasons. First, they also somewhat fit the definition of active recreation in that users require very 
specific equipment (i.e., bows or guns); second, potential users of the State Game Land who do not want to hunt practically 
cannot go there due to the risk of hunting-related injury. In other words, I include parks that allow for multiple, simultaneous, 
passive uses, and thus State Game Lands do not qualify. 

46 State of North Carolina, “NC Parcel Boundaries and Standard Fields – Download,” last updated 2015, last accessed January 1, 
2016, http://data.nconemap.gov/geoportal/catalog/search/resource/details.page?uuid=%7B8D3DA0B4-8F4E-4723-9978-
8A89D40A5430%7D.  
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I ran this process for each BG within each of the five counties. For each county, I essentially 

created a table of each BG, its drive time to its closest park, its drive distance to its closest park, 

and the BG’s race/income category from before (0, 1, or 2). I then split that table into three 

separate tables based on the race/income category; in other words, I had a list of drive times and 

drive distances for all BGs of a specific category. I ran statistical tests on these three separate tables 

(STATA 13;47 Kruskal-Wallis equality-of-populations rank test [K-W test]), one county at a time. 

The tests compared the statistical distribution of drive times for each of the three categories. If the 

tests indicated a significant result, at least one category of drive times / drive distances would be 

significantly different from at least one other category; if the test indicated no significant results, 

each category would have statistically similar drive times / drive distances. When the tests 

delivered significant results, I ran separate tests to determine which specific categories 

significantly differed from the others (Dunn’s Kruskal-Wallis test of multiple comparisons.48)  

I finally performed another statistical test looking only at the race or the income values 

per BG, grouping them by both drive times and drive distances (Wilcoxon / Mann-Whitney rank-

sum). This test helped reveal which variables had explanatory power in causing drive times / 

drive distances to significantly differ for the various race and income categories. 

Proposing Hypothetical New Park Locations 
 My second research question asked whether establishing a new park on publicly-owned 

land would reduce or eliminate instances of significantly different drive times or distances to 

nearest parks. To approach this problem, I employed a case study approach, looking at those 

counties with statistically significant drive times or distances among the three categories. I also 

used two different algorithms for locating new parks. 

With the first algorithm, I examined one county at a time and identified the BG within 

that county with the longest drive time/distance to its closest park.49 I then inspected parcel data 

                                                 
47 StataCorp, Stata Statistical Software: Release 13 (College Station, TX: StataCorp LP, 2013). 

48 STATA does not have Dunn’s test built-in to the software, so I downloaded the STATA add-on “dunntest” 1.2.14. Alexis 
Dinno, “dunntest version 1.2.14”, last updated January 7, 2016, http://www.alexisdinno.com/stata/dunntest.html.  

49 I chose these BGs regardless of if they fell into the “0” grouping (above-average income and below-average percent POC), or if 
they fell into the “1” or “2” grouping. While placing a park in a “2” BG (below-average income and above-average percent POC) 
makes sense when viewed through the lens of distributive justice, this placement method might not as efficiently achieve my 
study’s definition of equity of access to parks. Namely, this study defines “equitable access” as equal drive times for various BG 
groupings. So, if drive times were made equal for all BGs because a park is placed in a “0” BG, such an outcome would be 
equitable under this study’s definition. 
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for that BG, identifying public lands within the BG.50 Using high-resolution imagery as before 

(ArcGIS “Imagery” basemap), I visually inspected the public parcels to determine if a park could 

theoretically be established on that land. If the land contained government buildings or other 

major structures, or if the land was mostly cleared of forests, I ignored the parcel; otherwise, I 

added that parcel to a list.51 I randomly selected one applicable parcel from that list and added 

that parcel to my compiled parks dataset. I then re-ran the entire procedure described in the 

“Closest Park Analysis” subsection, looking to see if the results from the statistical tests for that 

county still indicated significant differences in drive times or distances. If significant differences 

did exist, I re-ran this subsection’s procedure, but this time finding a parcel within the BG that 

would be farthest away from its closest park had the first hypothetical park been established.52 I 

continued iterating this subsection’s procedure until the results of the statistical tests indicated 

no significant differences in travel time and distance between the various BG categories, tallying 

the number of iterations of this procedure. 

The second algorithm closely approximated the first, with one key difference. Rather than 

establish a new park in whichever BG had the greatest drive time/distance, regardless of its 

race/income category, in this method I only considered establishing new parks in category “2” 

BGs (below-average income and above-average percent POC). This algorithm, in other words, 

represented the pure “environmental justice” scenario in that it would provide new 

environmental benefits—i.e., passive recreation parks—only in those areas that were both poor 

and high POC. All other details of this algorithm, however, were the same as the previous one. 

                                                 
50 Since parcel boundaries did not align with the BG boundaries, I only inspected parcels that had their centroid within the BG’s 
boundaries. This selection procedure roughly approximates choosing those parcels with a majority of their area within the BG. 

51 This decision ignores the current use of the land, but since these case studies are hypothetical scenarios, I can justifiably ignore 
the current use. 

52 In other words, I assume that county planners, intending to equitably distribute parks, would not build two parks within one 
BG just because that BG initially had the farthest drive time or distance to its closest park. Instead, a smarter allocation of parks 
would attempt to minimize drive times for all BGs, and thus would space out new parks around the county to achieve this aim. 
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Results 
Block Group Local Context 
 Using local context thresholds to identify 

relative local differences among BGs’ race and income 

levels shows qualitative differences from using 

universal thresholds (Figure 2). These qualitative 

differences suggest the local context operation does 

classify BGs differently; in other words, using the local 

context thresholds does not merely duplicate the 

simple process of using a universal threshold. While the overall trends remain the same, using 

the local context thresholds presents a more nuanced picture of small-scale conditions on the 

ground and presents a closer approximation of local perceptions of poverty and racial 

characteristics. 

Closest Park Analysis 
 Summary statistics for the BGs of the five counties and of the “merged” counties scenario 

(considering the BGs for all five counties simultaneously) show relatively similar BG populations 

across counties, but widely differing average median incomes, percent POC populations, and 

nearest park drive time and distances (Table 4). Such discrepancies further attest to the usefulness 

of local context thresholds; even within these study counties conditions vary considerably. Park 

counts per county vary, with total area of passive parks per county ranging from 43.22 ha to 

1942.96 ha (Table 5). Considering all BGs simultaneously, the average drive time to a BG’s nearest 

park is approximately 16 minutes, although this ranges from under 1 minute to greater than 75 

minutes (Table 4; Figure 3). Likewise, the average distance to a nearest park is 12.39 km, although 

this ranges from 0.34 km to 50.12 km (Table 4).  

Correlation coefficients reveal only a few strong relationships between the variables by 

BG (Table 6). Namely, median income and percent POC tend to demonstrate a strong inverse 

relationship, and drive time and drive distance demonstrate a nearly linear, positive relationship. 

Due to this latter relationship, I only ran the closest park analysis based off of shortest drive time 

rather than shortest drive distance. 

Race/Income Category Definitions 

“0”: BG has above-average income 
and below-average percent POC 

“1”: BG has either above-average 
income and above-average percent 
POC or below-average income and 

below-average percent POC 

“2”: BG has below-average income 
and above-average percent POC 
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  Four of the five target counties (all but Beaufort) demonstrate significant p values at the α 

= 0.05 level for the K-W tests comparing total drive time among the three race/income categories 

(Table 7). Likewise, three of four target counties (all but Beaufort and Nash) demonstrate 

significant p values at the α = 0.05 for the K-W tests comparing total drive distance among the 

three race/income categories (Table 7). The merged counties scenario shows no significant p 

values for either K-W test (Table 7). 

 For all four counties with significant differences in drive times among the categories 

(Table 7), the Dunn’s tests show significant differences between category “1” (above-average 

income and percent POC, or below-average income and percent POC) and category “2” (below-

average income and above-average percent POC). The Dunn’s tests also indicate significant 

differences for all counties between categories “0” (above-average income and below-average 

percent POC) and “2”, except for Nash. No counties have significant differences between 

categories “0” and “1”. For the three counties with significant differences in drive distances 

among the categories, the Dunn’s tests show significant differences between categories “1” and 

“2” and categories “0” and “2”. Only Edgecombe has significant differences between categories 

“0” and “1”.  

Knowing the significant differences among categories via the Dunn’s tests, summary 

statistics per race/income category per county show that drive times and distances in Halifax 

were significantly greater for category “2” than for any other category (Table 8). For Edgecombe, 

Nash, and Rockingham Counties, drive times and distances were significantly lower for category 

“2” than for any other category (Table 8). For Nash County, drive times and distances were 

highest for category “1” but relatively similar for categories “0” and “2” (Table 8). 

For Edgecombe, Halifax, and Rockingham, the Wilcoxon rank-sum tests find that drive 

times and drive distances for below-average POC BGs were significantly different than for above-

average percent POC BGs (Table 9). Only Rockingham’s drive distance and Edgecombe’s drive 

time and drive distance significantly varied between above- and below-average income BGs. In 

other words, differences in percent POC tended to correlate better with differences in drive times 

from any BG than did differences in median income. The Wilcoxon rank-sum tests find no 

significant results for Beaufort or Nash, nor are the results significant for the merged counties 

scenario (Table 9). That Nash and Beaufort had no significant findings in these Wilcoxon tests 

aligns well with their low or lack of significance from the K-W tests.  
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New Park Locations 
 I performed my case study looking at Halifax County, as only this county matched my 

prediction that the drive time to a closest park would be greater for poor, POC BGs in comparison 

to rich, white BGs. I first ran this case study, as discussed above, with the algorithm to construct 

a new park in whichever BG had the longest drive time to its closest park, regardless of its 

race/income category. The first BG I chose, a relatively large BG of category “1” located in the 

easternmost third of the county, had a drive time of 53.7 minutes to its nearest park, and a drive 

distance of 46.93 km. This BG contained 735 parcels, of which 16 had clear local or state 

government ownership, according to the parcel data’s attribute information.53 Upon inspecting 

these parcels with the aerial imagery basemap, I determined 14 of these parcels contained no 

buildings and had not been cleared, meaning they could theoretically host a new passive 

recreation park. After randomly selecting one applicable parcel and adding it to the aggregated 

parks dataset, the statistical analyses continue to show significant differences between the three 

categories of BGs, with category “0” having the least drive time and category “2” having the 

greatest (Table 10). Therefore, I identified the BG that now had the longest drive time and 

repeated the analysis. I ran this analysis 11 times—i.e., establishing 11 new, hypothetical parks—

before the results of the K-W tests indicated no significant differences in drive times between the 

three race/income categories. 

 I then ran the alternate algorithm, where I constructed a new park in whichever BG had 

the longest drive time to its closest park but only opting to locate parks in BGs with the 

race/income category “2” (below-average income and above-average percent POC). Using the 

same procedure as above, I ran this algorithm six times before the results of the K-W tests were 

non-significant (Table 11). 

                                                 
53 Of note, identifying government-owned lands via inspecting attribute information is an imperfect method. Some parcels are 
clearly labeled as publicly-owned, such as those owned by “State of North Carolina” or “Town of Halifax”. Most other parcels 
have private owners, such as individuals or companies. Some parcels have no listed ownership information, however, and I 
assume that those parcels without clear government ownership are not actually public lands.  
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Discussion 
Summary of Major Results 
 The following sections contain detailed 

explanations of findings and technical analyses. Here, 

though, I briefly summarize major findings. 

 First, I hypothesized that each county’s BGs 

would demonstrate significantly different drive times 

and distances from a BG to the closest park. My results 

support this hypothesis for all counties except 

Beaufort. In other words, residents of Beaufort County all have statistically similar drive times to 

parks. However, in Beaufort County, average drive times were considerably higher than any 

other county (Table 4; Figure 3). For the four other counties, certain areas of the county have 

greater drive times than others. 

Second, I hypothesized that in the counties with different drive times the poor, high POC 

communities would have the longest drive times and distances to their closest parks. Per this 

study’s definition of equity, counties meeting this hypothesis would be inequitable. My results 

support this hypothesis only for Halifax County, where the drive times for poor / POC 

communities were much higher than for any other communities (Table 8; Figure 4). The other 

three counties had the opposite result, where the poor / POC communities had the shortest drive 

times of any category to their closest parks. This unexpected result could reflect population trends 

within these counties; the poorer, higher-POC communities tend to live in towns and cities, and 

these areas also tend to have more passive recreation parks than the rural, affluent, white areas 

(Figure 3). 

Third, BGs that are either [white but POC] or [poor but white] have varying results in 

terms of drive times and distances (Table 8; Figure 4). In Halifax County, these BGs had lesser 

drive times than the poorest / most-POC areas, but still greater than the wealthiest / least-POC 

areas. In Rockingham and Edgecombe Counties, these BGs had greater drive times than the 

poorest / most-POC areas, but still lesser than the wealthiest / least-POC areas. Finally, for Nash 

County, these BGs had the largest drive times compared to any other category. Results for drive 

distances closely reflected these results for drive times. 

Race/Income Category Definitions 

“0”: BG has above-average income 
and below-average percent POC 

“1”: BG has either above-average 
income and above-average percent 
POC or below-average income and 

below-average percent POC 

“2”: BG has below-average income 
and above-average percent POC 



    

21 
 

Fourth, I sought to “improve equity” by establishing hypothetical new parks within 

Halifax County, since only that county met my drive time hypothesis in regards to race and 

income. With the first algorithm, I constructed a new park in whichever BG had the greatest drive 

time to its closest park, regardless of its race or income status. In order to see no differences in 

drive times for any BG—again, the definition of equity employed in this study—I needed to 

establish 11 new parks (Table 10). This number is so high because building new parks will benefit 

everybody in the county, not just the poorest / highest-POC communities (Figure 5). With this 

knowledge, I ran the second algorithm by establishing a new park only in the poor / high POC 

areas, again choosing those BGs with the greatest drive time to their closest parks. This algorithm 

improved upon the first by requiring only six new parks (Table 11). Since these counties are low-

income, however, it may not be realistic to expect these county governments to build even this 

many new parks. 

Drive Times to Closest Parks 
 In only one of the five counties included in this study do residents of BGs with local-

context-specific low income and high percent POC populations have statistically similar drive 

times to their nearest passive recreation park as do residents of BGs with high income and low 

percent POC populations. In other words, only in Beaufort County are parks currently distributed 

in such a way that people of any racial or socioeconomic background would spend similar 

amounts of time driving to their nearest park, meeting the definition of equity as proposed in this 

study. This outcome suggests that the other four counties currently suffer from distributional 

injustice: residents of the different race/income BG categories spend significantly different 

amounts of time driving to their closest passive recreation park.  

 Beaufort’s apparent equity, however, needs further exploration. While its residents may 

have equal drive times and distances from every BG to the nearest park, Beaufort’s average drive 

time from a BG to a park is about 35 minutes and their average drive distance is 26.5 km (Table 

4). Both these values exceed any other counties’ metrics; Halifax has the second-largest drive time 

at 19.5 minutes and the second-largest drive distance at 17.1 km. In other words, just because 

Beaufort has an equitable distribution of parks does not necessarily mean people living in 

Beaufort’s BGs can readily access their closest park. Moreover, Beaufort’s average commute time 
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to work for all BGs is 23 minutes (Table 1),54 substantially lower than the average drive time (35 

minutes) to the closest park (Table 4). While further, participatory research may definitively 

inform this assumption, it seems likely that people will not routinely visit a park if they have to 

drive even longer than their average commute to reach it. In short, just because Beaufort has a 

demonstrated equitable distribution of parks does not mean that planners should ignore the 

possibility of building new parks there, in an attempt to lower the average drive time and distance 

for all BGs. 

 The other four counties exhibit significant differences between drive times among the 

three BG categories (Table 7). The Dunn’s tests show that, in all cases, drive times significantly 

vary when comparing category “1” (BGs with either below-average median income or above-

average percent POC, but not both) and category “2” (BGs with below-average median income 

and above-average percent POC). Except for Nash, which demonstrates significant difference at 

the α = 0.10 level, the Dunn’s tests also show significant differences when comparing category 

“0” (above-average median income and below-average percent POC) and category “2”, 

suggesting that the rich, white BGs have different drive times to the closest parks than do poor, 

less-white BGs. In other words, the BGs that are poorer and less white when compared to their 

local context all experience different travel times to their closest park than any other BG 

categories. Notably, there are no significant differences when directly comparing categories “0” 

and “1” for any county, suggesting that BGs that are [poor and white] or [rich and POC] (i.e., 

fitting category “1”) have relatively similar drive times to the closest parks as do BGs that are rich 

and white (fitting category “0”). Taken as a whole, these results imply that unequal drive times 

to closest parks, for these four counties, only occur for BGs that are both poor and POC in 

comparison to its surrounding BGs.55 

 While the K-W and Dunn’s tests indicate different drive times, they do not show which 

BG categories have longer or shorter drive times. Looking at the average and range of drive time 

values for each of the three categories helps answer this question (Table 8). I hypothesized that 

                                                 
54 In other words, when determining the “neighboring” BGs, I found that on average residents of BGs within Beaufort County will 
commute 23 minutes to work. 

55 Again, Nash is the exception, where differences between groups “1” and “2” were significant but differences between groups 
“0” and “2” were not. This suggests a curious outcome; namely, that drive times to the closest park are actually similar for groups 
“0” and “2”, but different for group “1”. This could suggest that Nash County has either purposefully or unintentionally sited its 
current passive recreation parks in areas that they identified as either poor or POC, explaining why the drive times are different 
for group “1”. Since there is a significant difference between groups, however, this situation is still inequitable. 
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BGs in category “2” should have significantly longer drive times to their closest parks than BGs 

in category “0”. Again excluding Beaufort, the data support this hypothesis for Halifax County 

only, where the average drive time to the closest park for category “2” (24.9 minutes) greatly 

exceeds that of category “1” (18.5 minutes), which itself exceeds that of category “0” (10.4 

minutes). Residents of the poorest, highest POC areas—i.e., category “2” BGs—spend the most 

time reaching their closest park in Halifax County. 

 Both Edgecombe and Rockingham directly contradict my hypothesis. Rather than 

exhibiting longer average drive times for category “2” than category “0”, these counties actually 

have the shortest drive times for category “2”, longer drive times for category “1”, and the longest 

drive times for category “0” (Table 8). It appears that the residents of the relatively poor, high-

POC BGs in these counties have shorter drive times to their closest parks than do residents of 

relatively wealthy, white BGs. A few potential explanations can explain this unexpected result. 

These conditions could reflect progressive park siting decisions in these counties, choosing to 

place parks in poor areas with high percent POC. Even if this is the case, these counties still fail 

to reach distributional justice since some BGs still have unequal drive times to their closest 

parks—it just so happens that these are the BGs with richer, whiter populations. Or, more 

plausibly, the POC, poorer residents of these counties tend to live closer to the counties’ towns 

and cities, where parks tend to be more frequently located (Figure 3). The BGs in category “2” for 

Edgecombe and Rockingham Counties are qualitatively closer to city and town centers than other 

BG classifications (Figure 6). The parks in these counties also appear to “clump” closer to the 

urban areas; indeed, when creating my aggregated park dataset, I noticed throughout my study 

extent that most public parks were located in or near relatively urban areas than in a strictly rural 

area. The BGs falling into category “2”, therefore, tend to exist primarily around towns and cities, 

areas that already have passive recreation parks. The wealthier, whiter populations, living farther 

away from these urban areas, tend to live in BGs with class “0” but consequently must drive 

longer to access their closest park. 

 Nash County partially validates my hypothesis. The K-W and Dunn’s tests suggested that 

the drive times for category “1” in this county significantly differ from those of categories “0” and 

“2”, and that “0” and “2” have no significant difference between them (Table 7). The average 

drive time for category “1” (18.2 minutes) exceeds the drive times of both category “0” (12.9 

minutes) and category “2” (10.4 minutes) (Table 8). While Nash County also tends to have 



    

24 
 

category “2” BGs closer to urban areas, its drive time differences are better explained by its 

distribution of parks—or notably, its relative lack thereof (Figure 7). Most of Nash’s passive 

recreation parks lie in the Rocky Mount metropolitan area, a place with BGs tending to fall into 

either category “0” or “2”, perhaps explaining why these categories have no significant difference 

in travel time. Nash’s BGs of class “1” tend to congregate in the western half of the county, far 

away from Rocky Mount and far as well from other nearby parks. In other words, because so few 

parks exist in Nash County, and given the distribution of BG classes, BGs in both classes “0” and 

“2” consequently benefit as demonstrated by their relatively equal drive times, whereas BGs in 

class “1” suffer. 

 While race and income do not represent the only demographic variables that could 

influence or correlate with park access and use,56 exploring these two variables via the Wilcoxon 

tests suggests that a county’s racial composition better correlates with its drive time than does its 

median income (Table 9). For Edgecombe, Halifax, and Rockingham Counties, BGs with above-

average percent POC had significantly different drive times than BGs with below-average percent 

POC. Contrastingly, only in Edgecombe County did BGs with above-average median incomes 

have significantly different drive times than BGs with below-average median incomes. In other 

words, for three of the five counties did drive times closely relate to a BG’s percent POC, but for 

only one county did drive time closely relate to a BG’s median income. This outcome suggests 

that a BG’s percent POC has a better explanatory power for differences in drive time to a closest 

park. However, given the variations in race and income that exist among counties, I likely cannot 

generalize this statement to all North Carolina counties. Nonetheless, planners working in 

Edgecombe, Halifax, and Rockingham could use this information to specifically construct new 

parks in BGs with high POC, as parks in these areas would help reduce drive time discrepancies. 

Notably, drive time did not significantly relate to differences either in percent POC or in median 

income for Beaufort and Nash Counties. 

Finally, I note that no statistical tests found any significant results when considering the 

BGs of all five counties simultaneously (Tables 7, 9). This outcome likely results from the much 

larger sample sizes available for the three BG categories. Since each individual county’s average 

drive times from any BG category vary considerably in comparison to other counties (Tables 4, 

                                                 
56 For instance, I could have also explored variables like educational attainment, employment rate, car ownership, specific racial 
background, or age structure, among others. 
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8), it makes sense that aggregating these counties together would create a more normal 

distribution for each category. It is therefore not surprising that the statistical tests found no 

significant variation among the categories. This illustrates the importance of conducting this 

analysis at the county scale; an aggregated analysis would average out any variations among 

counties, but these variations are nonetheless vitally important for determining park access at a 

local level. 

Drive Distances to Closest Parks 
 Many of the findings and ideas discussed in the previous subsection apply here, since 

drive time and drive distance were so highly correlated in these counties (Table 6). Rather than 

fully explaining those trends again, I merely highlight here any notable differences. 

 Nash County has no significant differences in drive distances among any of the three BG 

categories (Table 7). For Nash County, BGs in category “1” do have the greatest average drive 

distance (13.9 km) (Table 8), which corresponds to their significantly greater drive time. One 

potential but unexplored explanation for why Nash shows no significance in drive distance 

although it does for drive time relates to speed limits. When considering drive times, the speed 

limits of the roads people travel on average out over the journey; the total drive time always takes 

into account speed limits. Drive distance, however, does not consider speed limits inherently. 

Thus, even if BGs have relatively equal drive distances to their closest park, residents of some 

BGs might reach those parks in less time if they can utilize high-speed roads en route.  

 Edgecombe, Halifax, and Rockingham all have significantly different drive distances 

between categories “1” and “2” and between categories “0” and “2”; Edgecombe also has the sole 

example in this study where significant differences exist between categories “0” and “1” (Table 

7). In other words, for Edgecombe County, merely living in a BG with either below-average 

median income or above-average percent POC means residents will experience different drive 

distances. 

 The magnitude and direction of the different drive distances matches the trends for drive 

time for Edgecombe, Halifax, and Rockingham. As before, Halifax alone supports my hypothesis 

that BGs of category “2” will have the greatest drive distances to parks. Likewise, both 

Edgecombe and Rockingham have the greatest drive distances for category “0” and the least 

distances for category “2”. If poorer, POC populations do actually live in the more-urban areas—

the rationale I previously used to explain the short drive times for these two counties—this effect 
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can also give credibility to the similarly short drive distances. Since urban areas tend to have a 

greater road density (road length per unit area), the physical distance somebody must travel to a 

park would likely decrease if that person goes directly through an urban area; that urban area 

would have more-direct routes leading through the city and toward the park. 

 Just as for drive time, the Wilcoxon test reveals that for Edgecombe, Halifax, and 

Rockingham Counties, BGs with above-average percent POC have significantly different drive 

distances to their closest park than do BGs with below-average percent POC (Table 9). For drive 

distance, however, both Edgecombe and Rockingham Counties demonstrate that BGs with 

above-average median incomes have significantly different drive distances than do BGs with 

below-average median incomes. This change—that Rockingham now has significant differences 

for drive time—may not be too surprising, as Rockingham barely missed the α = 0.05 significance 

level for drive time (p = 0.0588; Table 9). In other words, in all likelihood the drive time for 

Rockingham County actually significantly differed between above- and below-average median 

incomes, so that Rockingham assuredly differed too for drive distance and median income is 

expected. Nevertheless, the percent POC still seems to have greater explanatory power for 

differences in drive distance, so county planners could use this finding to specifically build new 

parks in high POC BGs. Again, though, this result cannot likely be extended to the entirety of the 

state. 

Hypothetical New Park Locations 
 Since only Halifax County met my hypothesis that poor, POC areas (i.e., category “2”) 

would have the greatest drive times and drive distances to their closest parks, I solely focused on 

Halifax as my case study for establishing new parks. Using my first model algorithm, wherein I 

sought to establish a hypothetical new park in whichever BG had the greatest drive time to its 

closest park irrespective of race/income category, I needed 11 iterations until I found no 

significant differences in drive times among categories (Table 10). In other words, using this 

decision-making algorithm for siting new parks would require Halifax to build 11 new parks 

until drive times were equalized across the county. Such a result seems surprising; why would 

the county require so many new parks? The likely explanation is that new parks benefit 

everybody, not just the poorest or highest-POC areas. With each model iteration, the maximum 

drive time from any BG to the closest park decreased as compared to the prior iteration (Table 
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10).57 But significantly different discrepancies in average drive time continued to exist between 

the three race/income categories because establishing a new park in a BG of category “2”, for 

instance, could have reduced the drive time to the closest park for a neighboring BG of category 

“0.” (Figure 5). In other words, only after establishing 11 new parks did the average drive times 

from all three categories fall enough so that no statistical differences existed among them. This 

result could imply that simply establishing new parks in the BG with the absolute farthest drive 

time may not represent the efficient park distribution solution for a county—a county with 

limited resources would likely not afford the constructing 11 new parks, even if passive recreation 

parks are cheaper to build than active recreation parks. 

 The second algorithm, establishing new parks in whichever BG of category “2” had the 

greatest drive time to its closest park, seems to improve on the first algorithm by reducing the 

number of new parks to six (Table 11). This algorithm essentially assumes that the poor, POC 

areas (category “2”) will always be lacking in environmental benefits such as parks, and thus that 

these areas require new parks above any others; this algorithm represents the “pure” 

environmental justice solution. At least for Halifax County, where the category “2” BGs tended 

to have greater drive times anyway, using this algorithm makes more sense. However, just 

because this algorithm performed better than the first algorithm for Halifax County does not 

imply it will always perform better in other counties. Since constructing six new parks certainly 

seems more feasible than 11—although still ambitious—this finding suggests that each county 

seeking to build new parks to improve equity should consider a range of park placement 

algorithms, including but not limited to the two I utilized here. 

 A few other general considerations about the new park algorithms deserve attention. First, 

I ran each algorithm only once (i.e., I did not replicate the trials); while I did try to randomize the 

process of selecting potential park parcels to add to the aggregated park dataset, I simply may 

have been “unlucky” in finding results that required establishing so many new parks. Second, as 

mentioned previously I did not investigate the actual land use of the parcels I added; the county 

or state may have a very good reason to not turn these lands into parks. When choosing these 

parcels, I also assumed the whole parcel would become a park, even when the parcels were 

                                                 
57 Although curiously, in one iteration the maximum drive distance actually increased from the prior iteration. This likely 
occurred from the “fast roads” effect discussed before. A resident of a BG could reach their closest park in the new model 
iteration by traveling on roads with high speed limits; this new park was physically farther away than the previously-closest park, 
but the resident could travel to the new park in less time because the roads had greater speed limits. 
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exceedingly large. While the government owner may not be willing to actually give up that much 

land, they could potentially split the parcel for partial park use. Third, I did not consider siting 

new parks outside of the county boundaries; perhaps more BGs within Halifax would have 

benefitted had a park been established in an adjacent county. Determining in what county and 

BG to create this park, however, would have required a deeper analysis of the distribution of BGs 

by their race/income categories.  

In sum, the new park algorithms do show that equity, as defined in this study, can be 

attained by establishing new parks. Whether a county can realistically construct the number of 

parks required to achieve this equity, though, is the greatest limitation of this approach. 

General Study Observations 
 At least for these five counties, this study demonstrates that there are not clear trends 

relating park access and race/income characteristics in rural areas. In some places, residents of 

relatively poor, high POC BGs have greater drive times to their closest passive recreation parks 

than do rich, white residents, but in other places the opposite outcome results. Beyond reaching 

this useful conclusion, however, I noticed some other trends in the course of this research. I do 

not quantify any of these observations in this study, but nonetheless highlight their importance 

for park planning.  

First, rural counties do have parks, especially located near towns and cities, but many 

parks are intended expressly for active recreation. While having an outdoor recreation space 

delivers benefits to the county and its residents, these active recreation parks cannot deliver the 

same level of ecosystem benefits as could passive recreation parks. On the other hand, these rural 

counties are home to some North Carolina State Parks, large parks which primarily encourage 

passive recreation. Yet if most parks within a county are near its towns and cities—i.e., near the 

population centers—the county residents may not frequent even these large, passive State Parks. 

 Second, some counties take a more proactive role in identifying their parks than do others. 

As mentioned above, when creating my aggregated park dataset, I consulted county and town 

websites for park listings. Some localities’ websites clearly list parks and park amenities, 

presumably making it easy for county residents with internet access to learn about nearby parks. 

Other localities, however, do not as readily publish this information, if at all. Even county 

employees do not have this information; only one of the five counties I studied maintained a GIS 
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layer for parks in their county. If parks exist but county residents do not know about them, those 

residents’ perceived closest park might be much farther away than the actual closest park.  

 Third, the local context analysis for determining a BG’s race and income thresholds can 

have wide applicability beyond this present study. While not necessarily a novel approach, the 

geoprocessing model can easily be modified to use different Census spatial units, to employ 

differing neighborhood distances (including distances that do not rely on average commute time), 

and to cover different portions of North Carolina or of the country. Analyzing demographic 

variables via the local context approach can reveal not-immediately-obvious trends in data, such 

as pockets of poverty or high POC populations within a county. 

Study Limitations 
 I acknowledge some limitations with this study and suggest ways for future 

improvement. First, this analysis can only be as accurate as the input, aggregated park dataset. 

While I spent considerable time making sure my dataset included all currently-existing parks, the 

incompleteness of all my source datasets and my lack of familiarity with conditions on the ground 

implies that I might have missed some parks. Moreover, I did not look through county websites 

for park listings for those approximately 20 counties immediately adjacent to my five study 

counties. I may have excluded some local parks lying close to the county border, parks that 

residents of my target county could likely easily visit. Future efforts could spend additional time 

refining the input parks dataset, for instance by gaining access to county records and meeting 

with local residents to make sure no parks remain excluded.  

 Second, I did not nor could not solidly justify the ultimate decision about what distance 

to use to define a BG’s local context (in other words, which BGs should be a target BG’s 

neighbors). In this study, I used the average commute time of individuals living within that target 

BG, with the assumption that those residents would not want to travel farther to a park than they 

do to get to work. While such a justification makes logical sense, one could make equally logical 

justifications for using a set absolute drive time (e.g., any BG within a 15 minute drive) or for 

using a varying drive based on income and opportunity cost (e.g., set the distance so that the 

benefits of visiting a park equal the opportunity costs for a BG’s resident). 

 Third, I assumed that all rural residents have access to personal vehicles, and that the 

residents are not using public transportation within these counties to access parks. Testing the 

former assumption lies beyond the scope of this study; nevertheless, that some BGs within this 
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study area had average median incomes under $10,000 (Table 4) implies perhaps not all residents 

can afford to purchase or maintain cars. Regarding the latter assumption, many of these counties 

do have some form of public transportation, but using these systems to access parks would at 

best not change the travel time to a park, and at worse significantly increase it. Future research 

could model which BGs receive public transportation service, predict the travel time to the closest 

park using public transportation, and see if those BGs have significantly different travel times to 

parks as compared to parks without public transportation. The race and income variables could 

further inform this analysis—do poor, POC BGs have or lack public transportation to travel to 

parks? 

 Fourth, for sake of modeling, I assumed that residents of a BG knew the exact location of 

their closest park and would choose to visit that park because of its proximity. These assumptions 

ignore the absolute size of the park, any admission fee to the park, the park’s quality, and the 

multiple cultural uses a park might represent. Indeed, certain residents may derive great benefits 

from traveling to far away parks because of the specific features of that park; similarly, some 

people may prefer a three-acre park over a 5,000-acre park, even if the larger park is physically 

closer. Ideally, achieving true distributive justice for park access would mean that each person, 

regardless of racial and socioeconomic background, can easily reach their desired park, not 

necessarily the closest one. Future studies could address this goal for one county, but scaling up 

such research or modeling it with a GIS may prove difficult and unrealistic. 

 Fifth, when finding drive times and distances from a BG to a closest park, I use the BG’s 

geographic center as a representation for the entire BG. This simplification hides the variation in 

BG size and shape present in these counties. For BGs near towns and cities, the BG’s absolute size 

decreases and thus the centroid can relatively accurately represent the entire BG. Some rural BGs, 

however, cover wide expanses of land and can have irregular shapes. Consequently, using the 

BG’s center might add substantial drive time or drive distance when finding the nearest park. If 

the poorest residents of a BG live near the edge of one of these large BGs, they actually might 

have better park access than this model suggests. Future efforts could identify ways to use cost 

surfaces or other raster datasets to model park access at a sub-BG (or even sub-Census block) 

level.  
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Conclusion 
 Passive recreation parks provide a variety of benefits to people and to nature, but their 

distribution has the potential to favor wealth, white populations, especially in rural counties—an 

unjust outcome that could easily be fixed by the wise construction of new parks. For four of five 

studied counties in northeastern North Carolina, I find that residents of relatively poor, high 

person-of-color block groups have significantly different drive times to their nearest passive 

recreation park. Interestingly, in only one county were those drive times significantly greater for 

the poorest, most POC areas; in the three others, those underprivileged areas actually had the 

shortest drive times. Nevertheless, because not all BGs have equal access (regardless of their racial 

and socioeconomic statuses), this study has demonstrated the existence of environmental 

injustice for park distribution in these counties. 

 Knowing these inequities exist, future research could work with the actual people living 

in these areas to collectively identify desired locations and features for future parks, and to 

establish true baseline conditions about which parks these people visit. While identifying that 

problems exist (i.e., this present study) will help county officials allocate funds and time toward 

establishing new parks, the county residents—the eventual users of those parks—must be 

involved in deciding where those parks should go and what they should look like. After all, 

constructing a park that fails to take these community interests to heart will likely result in an 

underutilized park and thus a waste of county resources, not to mention a failure of procedural 

justice. Once residents have identified their desired park location, this present analysis could be 

run again to ensure that the new park will maintain or improve the equity of park access within 

that county. 

 Extending the scale beyond northeastern North Carolina, future research could also 

identify ways to widen the breadth of this research, such as conducting it for all counties in a 

region or even all counties in a state. I chose to look at these five counties on the advice of expert 

consultation, because I wanted to explore park access in rural areas, and because I knew in 

advance they were classified as “Tier One” counties. But environmental inequities do not only 

open happen in poor, rural locations. Being able to run this study at a wider scale—which first 

depends on having a detailed, accurate, wide-scale parks database—would help identify areas in 

particular need of new parks. Moreover, such efforts could lead to an academic understanding of 

how parks have historically been distributed.  



    

32 
 

 In both dense urban and intensive rural/agricultural environments, parks offer the 

opportunity for citizens to recreate in a natural setting, to benefit from the wide range of 

ecosystem service benefits that public parks provide. In the long, multifaceted path toward 

reaching true environmental equity, government officials must make sure that all people have 

equal access to passive recreation parks. Using a detailed but replicable analysis, such as the one 

presented here, could help decision-makers assess their county’s current park access and will 

allow them—in consultation with their citizens—to make wise choices about where to establish 

future parks. 
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Appendix A: Figures and Tables 
 

 
Figure 1. Study focus counties (bright yellow) and North Carolina Department of Commerce 
Development Tier Designations. Tier 1 counties, which include the five target counties, are 
considered by the State of North Carolina to be the least economically developed of all North 
Carolina counties, whereas Tier 3 counties are considered to be the most economically 
developed. 
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Table 1. Selected demographic and environmental data of each study county and the state of 
North Carolina. 

County / 
State 

Land 
area 
(mi2) 

(2010)1 

Population 
(2014)1 

Population 
density 

(people mile-1) 

(2014)1 

Percent 
POC 

(2014)1 

Median 
household 

income 
(2014)1 

Percent 
agricultural 
land (2012)2 

Average 
commute 

time (min.) 
(2014)1 

Beaufort 827.19 47,585 57.53 34.0 $40,671 28.00 23.7 
Edgecombe 505.34 54,933 108.71 63.0 $33,892 39.16 21.6 

Halifax 724.09 52,970 73.15 60.9 $32,834 42.27 23.2 
Nash 540.41 94,357 174.60 48.2 $43,341 40.66 21.1 

Rockingham 565.55 91,696 162.14 37.1 $38,946 30.99 25.6 
North 

Carolina 48,617.91 9,943,964 204.53 35.9 $46,693 27.04 25.7 

1 = U.S. Census Bureau, “QuickFacts,” last accessed April 18, 2016, https://www.census.gov/quickfacts/.  
2 = U.S. Department of Agriculture, “County Summary Highlights: 2012” in 2012 Census of Agriculture (Washington: 
U.S. Department of Agriculture, 2014), 229 – 241.  
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Table 2. Census data table sources. All data tables were downloaded from the Census Bureau’s 
American FactFinder website 
(http://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml).  

Table name Table code Survey 

Total Population B01003 2009 – 2013 American Community 
Survey 5-Year Estimates 

Median Household Income in the Past 12 Months (in 
2013 Inflation-Adjusted Dollars) B19013 2009 – 2013 American Community 

Survey 5-Year Estimates 

Race B02001 2009 – 2013 American Community 
Survey 5-Year Estimates 

Travel Time to Work B08303 2009 – 2013 American Community 
Survey 5-Year Estimates 
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Table 3. Spatial park data sources.  

Dataset name Last 
updated Dataset owner 

Area Landmark Shapefile 2015 U.S. Census Bureau 

Protected Areas Database of the United States 2012 U.S. Geological Survey, Gap Analysis 
Program (GAP) 

State-Owned Lands 2015 North Carolina Department of 
Administration, State Property Office 

StreetMap North America: U.S. and Canada Parks 2013 Esri 
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Figure 2. Qualitative comparison of using local context thresholds (top) versus using universal 
thresholds (bottom). The universal thresholds shown here use the statewide values for North 
Carolina: median household income of $46,334 and percent POC of 35.9%.58 Note that 
Rockingham County (top left) has similar trends with the two methods, but that Halifax County 
(top right) looks drastically different. In other words, Halifax County’s BGs are poor and have 
many POC compared to the average in North Carolina. But there are nonetheless relatively 
wealthy and lower-POC areas within that county, as the local context method demonstrates. 
 
 
  

                                                 
58 U.S. Census Bureau, “QuickFacts,” last accessed April 18, 2016, https://www.census.gov/quickfacts/. 
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Table 4. Summary statistics of variables at the BG scale. 
County (n BGs) Variable Mean St. Dev Min Max 

Beaufort (35) 

Population 1359.29 632.88 333 2675 
Median income ($) 39,942.91 15,181.21 9276.00 77,064.00 

% POC 34.35 24.85 0.87 99.70 
Nearest park drive time (minutes) 34.68 15.70 8.91 75.94 
Nearest park drive distance (km) 26.52 11.51 4.13 50.16 

Edgecombe (47) 

Population 1192.53 503.23 414 2534 
Median income ($) 34,324.47 13,388.59 11,607.00 83,080.00 

% POC 64.38 28.36 13.75 100.00 
Nearest park drive time (minutes) 10.37 8.33 0.69 27.94 
Nearest park drive distance (km) 8.13 7.67 0.34 24.74 

Halifax (51) 

Population 1063.75 444.05 356 2249 
Median income ($) 32,433.14 12,337.51 12,388.00 72,625.00 

% POC 59.92 27.58 1.22 100.00 
Nearest park drive time (minutes) 19.43 14.36 1.22 53.70 
Nearest park drive distance (km) 17.10 14.14 0.652 46.93 

Nash (65) 

Population 1470.32 613.52 426 2872 
Median income ($) 42,765.22 16,565.46 9566.00 81,250.00 

% POC 46.89 24.02 3.83 100.00 
Nearest park drive time (minutes) 13.13 9.54 1.03 40.65 
Nearest park drive distance (km) 10.30 8.73 0.55 30.01 

Rockingham (69) 

Population 1347.45 450.76 414 2320 
Median income ($) 39,640.67 12,700.05 14,115.00 78,190.00 

% POC 24.34 18.11 0.00 82.93 
Nearest park drive time (minutes) 10.11 6.22 2.48 26.87 
Nearest park drive distance (km) 6.60 4.69 1.43 21.51 

Merged (267) 

Population 1297.45 543.53 333 2872 
Median income ($) 38,128.42 14,538.98 9276.00 83,080.00 

% POC 44.99 28.62 0.00 100.00 
Nearest park drive time (minutes) 15.90 13.37 0.69 75.94 
Nearest park drive distance (km) 12.39 11.49 0.34 50.16 
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Table 5. Summary statistics of passive recreation parks per county. In some cases, parks share 
borders but are considered two separate units in their source dataset, meaning one contiguous 
piece of land may constitute two parks, for example. 

County nparks 
Total park area 

(ha | acre) 
Average park 

area (ha | acre) 

Minimum park 
area (ha | acre) 

Maximum park 
area (ha | acre) 

Beaufort 4 1405.03 | 3471.89 351.26 | 867.97 0.78 | 1.92 686.09 | 1695.37 
Edgecombe 5 43.22 | 106.81 8.64 | 21.36 1.19 | 2.95 20.34 | 50.27 

Halifax 3 1942.96 | 4801.16 647.65 | 1600.39 0.90 | 2.23 978.27 | 2417.36 
Nash 6 72.09 | 178.12 12.01 | 29.69 1.46 | 3.62 26.33 | 65.06 

Rockingham 23 1087.47 | 2687.20 47.28 | 116.83 1.45 | 3.59 157.11 | 388.23 
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Figure 3. Drive times per BG to the closest park (top), and the local context categories (bottom). 
The bottom half of this figure duplicates the local context map from Figure 2, with an inset 
showing Rocky Mount and Tarboro. The top half of the figure shows drive times, again with the 
same inset. Note, at least qualitatively, that drive times to the closest parks tend to be smallest in 
areas near cities (see the inset), and that these same areas tend to fall into the low-income, high 
POC (red) category.  
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Table 6. Pearson’s correlation coefficients among BG-level variables. Strong linear relationships 
are marked with one asterisk (*) and very strong linear relationships are marked with two 
asterisks (**).59   

County Variables Population Med income ($) % POC Drive time (min.) 

Beaufort 

Med. income ($) 0.2297    
% POC -0.3024 -0.7561*   

Drive time (min.) -0.2833 0.1759 0.0555  
Drive distance (km) -0.3154 0.1185 0.1360 0.9250** 

Edgecombe 

Med. income ($) 0.2887    
% POC -0.3256 -0.4849   

Drive time (min.) 0.2612 0.4040 -0.5022  
Drive distance (km) 0.1539 0.3729 -0.4949 0.9658** 

Halifax 

Med. income ($) 0.0906    
% POC -0.0186 -0.6652*   

Drive time (min.) -0.2381 -0.2344 0.5360  
Drive distance (km) -0.3035 -0.2318 0.5281 0.9690** 

Nash 

Med. income ($) 0.3680    
% POC -0.2698 -0.7441*   

Drive time (min.) 0.0962 0.1218 -0.3147  
Drive distance (km) 0.0537 0.0843 -0.3063 0.9391** 

Rockingham 

Med. income ($) 0.2112    
% POC 0.0358 -0.4657   

Drive time (min.) 0.1593 0.2575 -0.2587  
Drive distance (km) 0.0968 0.2449 -0.3078 0.9540** 

Merged 

Med. income ($) 0.3134    
% POC -0.2339 -0.5941   

Drive time (min.) -0.0415 0.0726 -0.0210  
Drive distance (km) -0.0974 0.0286 0.0369 0.9584** 

 
  

                                                 
59 James D. Evans. Straightforward Statistics for the Behavioral Sciences (Boston: Brooks/Cole Publishing, 1996): 146. 
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Table 7. Results of K-W and Dunn’s tests. Category “0” is above-average income and below-
average percent POC; category “1” is either above-average income and percent POC, or below-
average income and percent POC; and category “2” is below-average income and above-
average percent POC. Significant values at α = 0.05 are marked with an asterisk (*). 

County Park access 
measurement K-W χ2 K-W p Category (n) K-W Rank 

Sum 
Dunn 

comparison Dunn p 

Beaufort 

Drive time 
(minutes) 0.219 0.8961 

0 (12) 226 0 & 1 N/A 
1 (10) 168 1 & 2 N/A 
2 (13) 236 0 & 2 N/A 

Drive 
distance (km) 0.304 0.8592 

0 (12) 209 0 & 1 N/A 
1 (10) 171 1 & 2 N/A 
2 (13) 250 0 & 2 N/A 

Edgecombe 

Drive time 
(minutes) 13.644 0.0011* 

0 (9) 321 0 & 1 0.0561 
1 (18) 482 1 & 2 0.0091* 
2 (20) 325 0 & 2 0.0002* 

Drive 
distance (km) 14.031 0.0009* 

0 (9) 326 0 & 1 0.0403* 
1 (18) 476 1 & 2 0.0091* 
2 (20) 326 0 & 2 0.0002* 

Halifax 

Drive time 
(minutes) 10.842 0.0044* 

0 (13) 208 0 & 1 0.0812 
1 (14) 336 1 & 2 0.0430* 
2 (24) 782 0 & 2 0.0006* 

Drive 
distance (km) 10.143 0.0063* 

0 (13) 216 0 & 1 0.1122 
1 (14) 330 1 & 2 0.0371* 
2 (24) 780 0 & 2 0.0010* 

Nash 

Drive time 
(minutes) 6.385 0.0411* 

0 (27) 913 0 & 1 0.0815 
1 (14) 565 1 & 2 0.0060* 
2 (24) 637 0 & 2 0.0852 

Drive 
distance (km) 5.562 0.0620 

0 (27) 914 0 & 1 N/A 
1 (14) 585 1 & 2 N/A 
2 (24) 646 0 & 2 N/A 

Rockingham 

Drive time 
(minutes) 8.369 0.0152* 

0 (20) 876 0 & 1 0.0967 
1 (26) 937 1 & 2 0.0429* 
2 (23) 602 0 & 2 0.0020* 

Drive 
distance (km) 9.436 0.0089* 

0 (20) 885 0 & 1 0.0895 
1 (26) 942 1 & 2 0.0316* 
2 (23) 588 0 & 2 0.0012* 

Merged 

Drive time 
(minutes) 2.432 0.2964 

0 (81) 11,465 0 & 1 N/A 
1 (82) 11,320 1 & 2 N/A 

2 (104) 12,993 0 & 2 N/A 

Drive 
distance (km) 1.665 0.4349 

0 (81) 11,439 0 & 1 N/A 
1 (82) 11,151 1 & 2 N/A 

2 (104) 13,188 0 & 2 N/A 
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Table 8. Summary statistics of BG-level variables, sorted by race/income category (the 
subscripts in the column heading). Category “0” is above-average income and below average 
percent POC; category “1” is either above-average income and percent POC, or below-average 
income and percent POC; and category “2” is below-average income and above-average percent 
POC. 

County 
(n0, n1, n2) Variable Mean0 Mean1 Mean2 Min0 Min1 Min2 Max0 Max1 Max2 

Beaufort  
(12, 10, 13) 

Population 1554 1448 1111 862 649 333 2675 2152 2591 
Med. income ($) 55,7740.50 38,833.30 26,182.69 42,159.00 35,096.00 9276.00 77,064.00 49,028.00 43,529.00 

% POC 11.73 29.69 58.82 0.87 2.74 32.45 29.54 49.45 99.70 
Drive time (min.) 35.43 31.20 36.66 19.95 2.74 32.45 66.16 49.85 75.94 

Drive distance 
(km) 26.27 24.79 28.08 10.21 4.13 14.73 48.92 39.55 50.16 

Edgecombe  
(9, 18, 20) 

Population 1533 1175 1055 1004 542 414 2534 2033 1795 
Med. income ($) 48,758.78 38,563.22 24,014.15 37,273.00 32,760.00 11,607.00 83,080.00 53,923.00 35,667.00 

% POC 32.63 55.13 86.99 18.81 13.75 55.27 48.03 99.75 100.00 
Drive time (min.) 17.17 11.99 5.85 7.68 2.28 0.69 24.15 27.94 20.52 

Drive distance 
(km) 14.74 9.12 4.28 4.57 1.50 0.34 24.57 24.74 19.59 

Halifax 
(13, 14, 24) 

Population 1089 1026 1072 356 376 542 2249 1606 2144 
Med. income ($) 46,912.15 33,315.57 24,075.58 34,044.00 19,821.00 12,388.00 72,625.00 44,485.00 34,637.00 

% POC 26.67 57.60 79.27 1.22 14.45 62.29 51.08 96.50 100.00 
Drive time (min.) 10.43 18.47 24.86 1.63 1.22 5.62 37.61 53.70 46.64 

Drive distance 
(km) 9.27 15.54 22.26 0.85 0.65 4.10 38.34 46.93 42.65 

Nash 
(27, 14, 24) 

Population 1741 1338 1243 859 821 426 2872 1918 2392 
Med. income ($) 58,309.07 36,442.79 28,966.46 39,828.00 27,908.00 9566.00 81,250.00 45,833.00 41,667.00 

% POC 29.51 41.67 69.48 3.83 7.36 41.56 52.92 69.06 100.00 
Drive time (min.) 12.87 18.24 10.43 1.03 5.10 1.56 28.42 40.65 30.20 

Drive distance 
(km) 9.93 13.91 8.62 0.55 3.0 0.95 28.68 30.01 27.40 

Rockingham 
(20, 26, 23) 

Population 1434 1244 1389 414 608 509 2320 2215 2079 
Med. income ($) 54,378.60 35,723.15 31,253.57 41,845.00 22,857.00 14,115.00 78,190.00 59,769.00 43,867.00 

% POC 10.77 17.50 43.87 0.26 0.00 29.09 29.55 47.31 82.93 
Drive time (min.) 13.05 10.40 7.22 2.54 6.67 3.66 22.13 26.87 15.25 

Drive distance 
(km) 9.00 6.77 4.31 1.43 1.57 1.77 21.51 18.16 10.49 

Merged 
(81, 82, 104) 

Population 1509.72 1232.60 1183.27 356 376 333 2872 2215 2591 
Med. income ($) 54,072.81 36,437.68 27,043.26 34,044.00 19,821.00 9276.00 83,080.00 59,769.00 43,867.00 

% POC 22.14 38.22 68.11 0.26 0.00 29.09 52.92 99.75 100.00 
Drive time (min.) 16.35 16.00 15.45 1.03 1.22 0.69 66.16 53.70 75.94 

Drive distance 
(km) 12.55 12.20 12.41 0.55 0.65 0.34 48.92 46.93 50.16 
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Table 9. Results (p values) of Wilcoxon rank-sum tests. These differ from the K-W tests in that 
they consider the effects of the income and race variables individually rather than 
simultaneously. A significant result here indicates that a county’s BGs that had below-average 
values of race or income had significantly different drive times or drive distances than BGs with 
above-average race or income values. Significant values at α = 0.05 are marked with an asterisk 
(*). 

County Park access measurement Median income % POC 

Beaufort Drive time (min.) 0.3014 0.4463 
Drive distance (km) 0.7139 0.2602 

Edgecombe Drive time (min.) 0.0018* 0.0105* 
Drive distance (km) 0.0019* 0.0076* 

Halifax Drive time (min.) 0.0642 0.0002* 
Drive distance (km) 0.1059 0.0002* 

Nash Drive time (min.) 0.3924 0.1360 
Drive distance (km) 0.4375 0.1431 

Rockingham Drive time (min.) 0.0588 0.0049* 
Drive distance (km) 0.0354* 0.0039* 

Merged Drive time (min.) 0.0572 0.5467 
Drive distance (km) 0.0687 0.7403 
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Table 10. Case study of Halifax County, establishing hypothetical new parks in whichever BG 
had the farthest drive time to its closest park. The “nparcels” column is the total number of parcels 
whose centroid fall within the iteration’s BG. The “napplicable parcels” column is the subsetted number 
of parcels within that BG with clear government ownership and that could theoretically host a 
new park. The final two columns show the results of the K-W test after the new park was added 
to the aggregated parks layer. I ran iterations of these models until the p-scores for both drive 
time and distance exceeded 0.05. 

Iteration Furthest BG 
GEOID 

BG 
Category 

Drive 
time 

(min.) 

Drive 
distance 

(km) 
nparcels 

napplicable 

parcels 

New K-W 
p – drive 

time 

New K-W p 
– drive 

distance 
1 370839310003 1 53.70 46.93 735 14 0.0042 0.0069 
2 370839309004 2 44.98 38.03 790 8 0.0038 0.0031 
3 370839311002 2 36.48 18.34 754 2 0.0038 0.0031 
4 370839311002 2 36.48 18.34 754 2 0.0078 0.0161 
5 370839309002 2 34.59 18.67 446 4 0.0422 0.0758 
6 370839307004 1 32.14 22.34 1214 9 0.0303 0.0545 
7 370839307003 2 26.21 27.16 819 3 0.0379 0.0859 
8 370839310001 2 25.57 23.39 1210 12 0.0454 0.0978 
9 370839310003 1 25.31 13.58 735 13 0.0457 0.0899 
10 370839310001 2 24.19 12.15 1210 11 0.0484 0.0833 
11 370839310001 2 23.73 11.96 1210 10 0.0746 0.1403 
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Table 11. Case study of Halifax County, establishing hypothetical new in whichever BG of 
category “2” had the farthest drive time to its closest park. The “nparcels” column is the total 
number of parcels whose centroid fall within the iteration’s BG. The “napplicable parcels” column is the 
subsetted number of parcels within that BG with clear government ownership and that could 
theoretically host a new park. The final two columns show the results of the K-W test after the 
new park was added to the aggregated parks layer. I ran iterations of these models until the p-
scores for both drive time and distance exceeded 0.05. 

Iteration Furthest BG 
GEOID 

BG 
Category 

Drive 
time 

(min.) 

Drive 
distance 

(km) 
nparcels 

napplicable 

parcels 

New K-W 
p – drive 

time 

New K-W p 
– drive 

distance 
1 370839309003 2 46.63 41.06 509 2 0.0379 0.0389 
2 370839311002 2 45.05 42.65 754 2 0.0298 0.0455 
3 370839307003 2 26.21 27.16 819 3 0.0313 0.0613 
4 370839310002 2 24.08 22.69 969 32 0.0486 0.0967 
5 370839308003 2 21.84 12.18 1077 8 0.0486 0.0967 
6 370839308001 2 21.46 13.75 838 10 0.0558 0.1096 
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Figure 4. Mean drive time to the closest passive recreation park by county and race/income 
category.  
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Figure 5. Average drive time per BG race/income category for Halifax County per new park 
construction iteration, using the first model algorithm (establish a new park in whichever BG 
has the greatest drive time to its closest park.) With each model iteration, drive times decrease 
for each category; thus, after 11 model iterations were the drive times similar enough that there 
were no statistical differences between them. Prior to the eleventh iteration, differences between 
at least two categories were significant. 
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Figure 6. Passive recreation parks in Edgecombe and Rockingham Counties, and their BGs’ 
race/income categorizations.  
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Figure 7. Passive recreation parks in Nash County, and their BGs’ race/income categorizations. 
Note most parks within Nash are near the Rocky Mount metropolitan area. 



    

55 
 

  



    

56 
 

Appendix B: Detailed Local Context Operationalization  
To implement the local context analysis—i.e., to figure out whether each BG within all 

five target counties is rich/poor and white/POC compared to its neighbors—I created a series of 

geoprocessing models using ArcGIS 10.3.1.60 Running one county at a time, these models read 

and formatted the Census ACS data tables, joined that data to each spatial polygon BG, and 

iteratively assessed each BG as compared to its surroundings. The input Census data and BG 

polygons covered not only the five target counties but also a larger area of northeastern North 

Carolina and southeastern Virginia, since a BG’s local context can extend beyond county and state 

boundaries.  

The models outputted five new fields to the BG polygons. The first two fields described 

the average median income of the surrounding BGs (but excluding the target BG) and the average 

percent POC of the surrounding BGs. The next two fields gave a binary indication (0 = no, 1 = 

yes) of whether the calculated average median income of the surrounding BGs was higher than 

the target BG, and whether the calculated average percent POC population of the surrounding 

BGs was lower than the target BG. In other words, the fields indicated “yes” (or “1”) if the BG 

were poor or high POC, the two environmental justice variables used in this study. The fifth field 

summed the two binary fields together, yielding values from 0 through 2, creating the three 

classification categories I subsequently used for statistical analysis.  

• Category “0” meant the target BG was rich and white compared to its neighbors; the target 

BG had higher-than-average income values and lower-than-average race values. 

• Category “2” meant the target BG was poor and high POC compared to its neighbors; the 

target BG had lower-than-average income values and higher-than-average race values. 

• Category “1” signified a combination of the above two categories. The target BG was 

either [rich and high POC] or [poor and white]; in other words, the BG only exhibited one 

of the two environmental justice indicators. This category does not indicate which of the 

two situations occurs, essentially weighting race and income equally—having lower-than-

average income has the same weight in this model as does having higher-than-average 

percent POC. 

                                                 
60 Esri, ArcGIS 10.3.1 for Desktop (Redlands, CA: Esri, 2015.) 
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Again, this model performed this process for each BG within the five target counties, so that each 

BG had its own category value.  
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Appendix C: Detailed Closest Park Analysis  
 I created another geoprocessing model using ArcGIS 10.3.1 to determine the distance from 

each BG to its closest park. In particular, I utilized the Network Analyst extension, which can 

calculate drive times and distances from one location to another. I first acquired the Esri 

Streetmap North America 2013 “U.S. and Canada Detailed Streets” database, 61  which is a 

complete, Network Analyst-ready dataset. This dataset includes attribute information about each 

segment of road (where a segment is defined as the length of road between two road 

intersections), most importantly the speed limit of the road and whether the road is one- or two-

way. For processing convenience, I clipped this dataset to the spatial extent of North Carolina 

and Virginia.  

In the geoprocessing model, I first determined the centroid of each BG and snapped that 

centroid to the nearest road. While ideally I would have calculated drive times from every 

location in a BG (i.e., using a cost distance raster dataset), I would not have been able to take 

advantage of the Network Analyst functionality with a raster input. Moreover, I only knew 

demographic characteristics at the BG scale, so using a raster input would prevent me from 

making statistical significance conclusions at that same BG scale. 

 The model continued by likewise finding the centroid of each compiled park polygon and 

snapping the point to the nearest road. Running one county at a time, the model then used the 

Network Analyst tools to iteratively find the shortest travel time (which may not necessarily also 

mean travel distance) from every BG to the closest park; in other words, I supplied a departure 

location but allowed the model to choose the closest destination. The output from the model 

includes three new fields per BG: a textual indication of the closest park’s name, the travel time 

in minutes to that park, and the travel distance in km to that park. 

 I used STATA 1362 to test my hypothesis that BGs with either or both below-average 

income and above-average percent POC populations, as compared to the surroundings, have 

different drive times and distances to their nearest park than do BGs with both above-average 

income and below-average percent POC populations. I ran the following series of statistical tests 

                                                 
61 Esri, “2013 - StreetMap North America, U.S. and Canada Detailed Streets,” last updated June 1, 2013, 
http://library.duke.edu/data/files/esri/esridm/2013/streetmap_na/data/streets.html.  

62 StataCorp, Stata Statistical Software: Release 13 (College Station, TX: StataCorp LP, 2013). 
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for each county individually, and also merged all five target counties into one dataset, again 

running these statistical tests on that merged dataset. 

I first determined summary statistics and Pearson’s correlation coefficients for the 

quantitative study variables. I then ran the Kruskal-Wallis equality-of-populations rank test (K-

W test) on the drive time to a park, and separately on the drive distance to a park, grouping these 

tests by the summed effects field (where 0 = above-average income and below-average percent 

POC; 1 = either above-average income and percent POC, or below-average income and percent 

POC; and 2 = below-average income and above-average percent POC). In other words, I used the 

K-W test to see if the three BG categories had statistically different drive times and distances; low 

p values would indicate different drive times or distances for at least one of the three categories. 

If the K-W test delivered significant results, I then ran Dunn’s Kruskal-Wallis test of multiple 

comparisons to determine which categories significantly differed from the others.63 

I then performed the Wilcoxon / Mann-Whitney rank-sum test on the drive time to a park, 

and separately on the drive distance to a park, grouping these tests by the binary fields of the 

BG’s average median income and separately on the percent POC population (for a total of four 

separate instances of the Wilcoxon test per county). In other words, I grouped either the drive 

time or the drive distance by whether or not a BG exceeded the given variable’s threshold. While 

somewhat duplicative of the Dunn’s test, these Wilcoxon tests helped reveal whether one variable 

acting alone correlated with a significant difference in drive time or distance. A significant result 

for these tests indicates that a county’s BGs with above-average race or income had significantly 

different drive times than did the BGs with below-average race or income. 

 

                                                 
63 STATA does not have Dunn’s test built-in to the software, so I downloaded the STATA add-on “dunntest” 1.2.14. Alexis 
Dinno, “dunntest version 1.2.14”, last updated January 7, 2016, http://www.alexisdinno.com/stata/dunntest.html. 
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