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ABSTRACT 

COLINE CHRISTIANE DONY. Better access to parks to improve population health in 
Mecklenburg County, NC. (Under the direction of Dr. ERIC M. DELMELLE) 

 
 

Better access to parks can increase our level of physical activity. Increasingly 

aware of this association and its impact on community health; urban leaders started 

incorporating access to parks as an indicator of quality of life. However, two studies that 

evaluate geographic access to parks in Mecklenburg County (NC), each identify different 

areas of low access. This demonstrates the challenge to quantify the notion of “access”.  

In this study, geographic disparities in park access are evaluated for Mecklenburg 

County, which encompasses the City of Charlotte. The location of parks managed by the 

county and those managed by other entities such as homeowner associations (HOA) were 

collected. Collecting HOA park locations is an important contribution because it 

represents about 60% of all park locations in the county and that data is left out in all 

previous studies on this topic. Another contribution is the comparison of access between 

four modes of transport rather than focusing on access by car. Then, results are shown 

from surveys that were carried out to understand perceptions on park access from visitors 

and understand their use of parks for physical exercise. Lastly, online park reviews are 

presented to show real-time monitoring capabilities of park satisfaction. 

Results show that neighborhoods with a high percentage of blacks had a lower 

number of parks per square mile; indicating a form of environmental injustice. Surveys 

indicate that most visitors came to a park to engage in physical exercise. Finally, I dispute 

previous studies for their weak evaluation of park access and their use of incomplete data. 
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INTRODUCTION 

Today, fewer jobs require physical labor and our spare time is spent on more 

sedentary activities such as watching television (Hill, Wyatt, Reed, & Peters, 2003). 

Additionally, placing elevators, escalators and automatic sliding doors or planning with a 

car-centric vision have additionally cut down how much physical exercise we are faced 

with on a daily basis. These changes make our lives easier and more accessible, but also 

require us to supplement our day with artificial physical exercise to maintain a healthy 

physiology. In this dissertation, I am particularly interested to find ways to get people to 

engage in regular physical exercise and to understand the influence of access to public 

places on people’s engagement in physical activity within their communities. 

Bedimo-Rung, Mowen and Cohen (2005) argue that living near public open 

spaces contributes to higher levels of physical activity and to lower levels of stress 

resulting in fewer mental health problems. Given both physical and mental health 

benefits for residents living nearby public open spaces, improving access to public open 

spaces can become a prevention strategy to reduce heart disease. Since 2012, the Trust 

for Public Land evaluates the availability of public parks in cities of the United States 

(U.S.) and updates each city’s ParkScore® annually on their interactive webpage. The 

score is calculated based on median park size, percent parkland within city limits, 

spending per resident on park and recreation, median availability of amenities, and 

percent of the population living within a ten-minute walk of a public park. Compared to 

other cities, Charlotte (North Carolina), ranked at the very bottom for five consecutive 

years. In my dissertation I take a closer look at access to parks and recreation in 

Mecklenburg County, North Carolina, which encompasses the City of Charlotte. 
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First, my dissertation identifies areas that have limited or no access to parks 

applying a novel variation on the Floating Catchment Area (FCA) method, which builds 

upon earlier methods used in access studies. Another contribution I make is to compare 

access to parks between four modes of transportation (driving, transit, walking, and 

bicycling) rather than focusing on access by car. I then compare how much these areas 

coincide with those identified (1) by the Trust for the Public Land’s ParkScore® study 

and (2) by the Charlotte-Mecklenburg’s Quality of Life Study. This comparison shows 

significant result differences between both studies and show additional differences with 

results of my analysis. The lack of robustness between study results demonstrates one of 

the main weaknesses of spatial access studies, which I discuss. 

Second, I present results from surveys administered to visitors at 18 public parks 

within Mecklenburg County. The survey instrument was designed to better understand 

travel behavior to public parks and utilization of public parks for physical exercise. This 

part of my dissertation contributes to the empirical understanding of parks as a place for 

physical activity. During the survey collection process, one additional weakness of 

previous studies on park access in Mecklenburg County was identified. One significant 

data source seems to be left out in both studies, namely the location of non-public parks. 

For example, many parks and recreational spaces are managed by homeowner 

associations (HOAs) in Mecklenburg County. Previous studies have limited their data to 

the location of public parks managed by the county to evaluate access. For my 

dissertation, I use tax parcel data in combination with OpenStreetMap data – a freely 

available source of volunteered geographic information, to create an inventory of non-

public parks. Non-public parks count about twice as much locations compared to public 
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parks, which constitutes a significant data source to evaluate park access. Therefore, this 

data collection is an important contribution to the literature and disputes the completeness 

of the data used in previous studies. 

Lastly, I present the sentiment (either negative or positive) of reviews left about 

parks in Mecklenburg County by users on Google and on Foursquare1 using sentiment 

analysis. Data from these online commenting platforms have the benefit to be readily 

accessible and user's activity is continuous, which could help public park officials 

monitor parks where improvements are necessary. Since collecting information on visitor 

satisfaction through public surveys is time consuming, social media platforms could be a 

useful complementary tool to monitor satisfaction. Charlotte is an urban area that is 

rapidly growing in population and that needs more strategic decision-making tools that 

can keep up with the pace at which their neighborhoods are developing. 

My contribution to the field of Geography is twofold. First, I make a contribution 

to spatial modeling by modifying the state-of-the-art model for spatial accessibility. My 

critical analysis of this modeling approach highlights many of its remaining weaknesses, 

such as inconsistent definitions of “access” and the importance of complete inventories of 

service locations to evaluate accessibility appropriately. I argue that geographic modeling 

approaches have an incredible potential in the identification of environmental injustices, 

but have not been widely used so far because of these limitations. Second, I contribute to 

our understanding of the notion of “access”, which is a key concept in many branches of 

the field of Geography, especially that of Health Geography. I call attention to the 

                                                 
1 Foursquare is a mobile application that keeps track of user’s visits at shops, restaurants, parks 

and other places. The application asks users to leave ratings and comments about the places they visited. 
There is a social aspect about this application, which lets users search for nearby places their friends have 
been visiting. 
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possibility that the notion of “access” will be interpreted differently depending on the 

service (e.g. parks vs. grocery stores) and depending on the local context (e.g. urban vs. 

suburban context). These differences should influence the way we model and evaluate 

spatial accessibility, so that findings are appropriate for the local context at hand. Taking 

into account the local context is key to make geographic modeling a useful and effective 

tool for decision making. 
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LITERATURE REVIEW 

Living near public open spaces contributes to higher levels of physical activity 

and to lower levels of stress and fewer mental health problems (Bedimo-Rung, Mowen, 

& Cohen, 2005), which has been confirmed by a number of studies (e.g., Lopez & Hynes, 

2006). In my dissertation, I evaluate disparities regarding access to parks and recreational 

facilities in Mecklenburg County (NC), which encompasses the City of Charlotte. This 

year – in 2016, Charlotte ranks 95 out of 98 U.S. cities based on a park score measured 

by the Trust for Public Land. With such a low ranking (total score of 30 out of 100; TPL, 

2016), there seems to be opportunity for the City of Charlotte to improve its public park 

system, which in turn could translate into a greater participation in physical activity from 

its residents. 

In this literature review I address five major topics. In the first section, I 

summarize the rise of physical inactivity in Mecklenburg County, the U.S. and 

worldwide. Then, in the second section, I review a number of planning or community-

based solutions, such as planning parks and recreational facilities to influence more 

people to engage in regular physical exercise. In the third section, I address social justice 

issues of access to parks and recreation from a social determinants of health perspective. 

In my dissertation, I evaluate access to parks and recreation using spatial accessibility 

methods used in the field of geography. Therefore, in the fourth section, I provide a 

review of these methods and their limitations. Finally, in the last section of this literature 

review, I summarize recent studies that explore the use of social media to monitor and 

improve urban public places.  
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1. The Rise of Physical Inactivity 

There has been a worldwide decrease in physical activity which has been 

associated with a global increase in noncommunicable disease, which includes heart 

disease and chronic diseases (Bauman & Craig, 2005). This decrease in physical activity 

has been reported since our shift to a more sedentary lifestyle. Fewer jobs require 

physical labor and our spare time is spent on more sedentary activities such as watching 

television (Hill, Wyatt, Reed, & Peters, 2003). Placing elevators, escalators and 

automatic sliding doors and car-centric planning have further cut down how much 

physical exercise we are faced with on a daily basis. These changes make our lives easier 

and more accessible, but require us to supplement our day with artificial physical exercise 

to maintain a healthy and functional heart. 

Yusuf et al. (2004) found that physical inactivity was responsible for 12.2% of the 

global rate of heart attacks, after adjusting for risk factors associated with cardiovascular 

diseases (as cited in Mozaffarian et al., 2016b). Today, less than half the population of 

U.S. adults meets the national guidelines for physical activity (Haskell et al., 2007). The 

most recent findings from the Physical Activity Council indicate that 27.7% of the U.S. 

population is inactive (Physical Activity Council, 2016). Residents of Mecklenburg 

County who report that they do not engage in physical activity has fluctuated between 

17% and 22% since 2005 (MCHD, 2015). These figures are consistently lower compared 

to the North Carolina and nation-wide averages (see Figure 1). 

In a prospective cohort study by Matthews et al. (2014) on all-cause mortality in 

Southern U.S. states (including North Carolina), it was found that individuals who 

engaged in more physical activity had a lower risk for cardiovascular disease. Among 
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whites, the most active individuals had a 31% lower risk of cardiovascular disease 

compared to those that were least active. Among blacks, the risk for cardiovascular 

disease was reduced by 19% for the most active individuals compared to the least active. 

 
Figure 1: Population reporting no engagement in physical activity. 

In a recent study, Mueller et al. (2016) show that 20% of preventable, natural, all-

cause deaths in Barcelona (Spain) are attributed to a combination of (1) physical 

inactivity among residents, (2) their exposure to higher than recommended levels of air 

pollution, noise and heat and (3) their access to greenspace. Their study finds that 

physical inactivity contributes to the biggest share (7.9%) of preventable deaths at the 

census tract level. Also, the authors find that poor access to parks – which is defined as a 

lack of greenspace of 0.5-hectare or larger within 300 meters, contributes to less than one 

percent (0.8%) of preventable deaths. Although I speculate that there are confounding 

effects greenspaces may have on levels of physical activity, air pollution and heat, it is 

worth mentioning their finding within the scope of this dissertation. 

Measuring the direct impact of better access to parks on community health is 
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challenging. A number of studies however, have presented findings that show evidence to 

believe there the impact of park access on hospital expenditures is significant. 

Rosenberger et al. (2005) used spatial regression (spatial lag models) to understand the 

link between hospital expenditures, physical inactivity and recreation availability in West 

Virginia, controlling for differences in health care availability and socioeconomic status 

between its counties. Their study finds that counties with more active residents were 

associated with higher availability for recreation and with lower hospital expenditures. 

Also, the authors find that more recreation opportunities were associated with less health 

expenditures per county, which they use as a supporting argument to convince decision 

makers to invest in the supply of recreational opportunities. 

In my dissertation, I do not test the impact of parks and recreation on community 

health. Instead, I use research findings such as those presented by Rosenberger et al. 

(2005), to justify the importance of my research. Thus, the positive impact of parks and 

recreation on community health is one of the assumption I make in my dissertation. 

2. Disease Prevention and Urban Planning 

The socio-ecological model is a popular framework in public health and 

prevention. This framework is based the biopsychosocial model (Engel, 1977) of George 

L. Engel’s, an American psychiatrist who proposed to take a more holistic approach to 

prevent and cure diseases. Diseases are caused by a range of factors that play at different 

levels, from molecules, to the individual, and all the way to their communities, cultures 

and societies. The prevention of noncommunicable diseases will require action at each of 

these levels.  
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Figure 2: The health impact pyramid (Frieden, 2010) 

Almost 25 years after Engel’s suggestion, McGinnis, Williams-Russo and 

Knickman (2002) estimate that 95% of the national healthcare budget is still invested in 

medical treatments. McGinnis and Foege (1993) estimated that only 10-15% of mortality 

in the U.S. can be prevented by improving healthcare availability and treatments, while 

40% could be prevented by behavioral changes. 

To emphasize the impact of healthcare prevention at different levels of the 

socioecological model, CDC director Thomas Frieden (2010) developed the health 

impact pyramid (see Figure 2 on page 5). Efforts to address socioeconomic determinants 

of health requires the least effort at the individual level while impacting the population 

the most, making them the base of the pyramid. Raising the minimum wage is one 

example of a policy that would fall at the base of the health impact pyramid. The second 

layer of the pyramid, represent efforts to change the context to make individual’s default 

decisions healthier. In my dissertation, I discus efforts to plan parks and recreation to 

encourage more physical exercise within communities and thus it fits at this stage of the 
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pyramid. 

In their article, Koohsari, Badland and Giles-Corti (2013) recommend re-

introducing public health as a priority for urban planners. They argue that planners are 

well positioned to study impacts of the built environment on physical activity at different 

scales and for different populations and thus could develop various strategies targeting 

different levels of government and acting upon different factors influencing physical 

activity. The “public health planner” would find most cost-effective program(s) at each 

level of the socio-economic model that can generate the highest improvement in health 

outcomes (see example in Figure 3).  

 
Figure 3: Determinants of health and associated intervention and prevention strategies 

Strategies to improve population health generally focus on “individual-based” 

approaches (Koohsari, Kaczynski, Giles-Corti, & Karakiewicz, 2013) and the formal 

healthcare settings (Moon & Gillepsie, 1995). In a formal healthcare setting, a patient 

faced with health problems would be prescribed a treatment by a health professional. This 

one-on-one professional advice uses the trusted relationship between a health 
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professional and her/his clients (or patients) to raise awareness regarding dietary and 

physical activity recommendations to eventually establish healthier habits. An example of 

non-formal, individual-based healthcare would be receiving a recommendation from a 

family-member or friend that may have faced similar health issues. 

 
Figure 4: Forms of healthcare strategies to alleviate heart disease 

Other strategies make use of the community to impact our behavior. These 

strategies are referred to as "place-based" approaches towards health prevention 

(Koohsari et al., 2013) and one of their benefits lies in the ability to reach more 

individuals without direct intervention of health professionals, which can be more cost-

effective and reach more socio-economic groups at once. Parks for example, can 

positively influence behavior by increasing our engagement in physical exercise, without 

direct consultation with a health professional. Planning parks in a way that encourages 

communities to be more physically active would be an example of a formal, place-based 

healthcare approach, which is where my dissertation fits. 

In 2010, the first congress organized by the Healthy Parks Healthy People 

international movement was held in Melbourne, Australia. In 2011, the U.S. launched its 

own national Healthy Parks Healthy People program, which is coordinated by the 

National Park Services (NPS). This program aspires to reframe the role of public open 

space to become a strategy for health prevention. In the U.S., the availability of financial 
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resources to support various kinds of open space and conservation programs has 

increased over the past 20 years (Walls, 2009). The U.S. government also reports the 

need to improve access to facilities supporting physical activity and to the built 

environment (e.g.: sidewalks, bike lanes, trails and parks) as it recognizes the positive 

effect on physical activity (U.S. Department of Health and Human Services, 2010). 

Although government administrations and health organizations recognize the need to 

look at the design and planning of public infrastructure to improve community health, 

few studies evaluate the impact of better and effective planning on community health. 

Also, there does not seem to be a consistent approach to evaluate access to certain 

services, including access to parks. Many studies that use spatial accessibility methods 

also fail to report strengths and limitations of their approach, which is an important 

discussion to include if we want to slowly generate a consensus around appropriate 

methodologies to use in such studies.  

3. Spatial Justice of Park Access 

A growing body of literature has emerged to evaluate whether or not access to 

public open spaces is equivalent across socioeconomic and ethnic/racial groups and 

between rural and urban areas (e.g., Parks, Housemann, & Brownson, 2003; Dai, 2011; 

Wolch, Byrne, & Newell, 2014). Some findings are consistent across a number of papers, 

suggesting that access to public open spaces tends to be unequal. Dai (2011) quantified 

access to urban green spaces using GIS and evaluated disparities among racial/ethnic and 

socio-economic groups in Atlanta, GA, using linear regression. His study confirms 

significantly poorer access to urban green spaces among neighborhoods with a higher 

concentration of African Americans. Additionally, a poorer access to urban green spaces 
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was found among socioeconomically disadvantaged areas (Dai, 2011). In a cross-

sectional study by Parks, Housemann and Brownson (2003) it is shown that U.S. 

residents living in lower income areas were reporting lower levels of physical activity. 

Furthermore, they found that levels of activity were highest among suburban residents 

and lowest among urban and rural residents, which they reported to coincide with other 

national cross-sectional studies (Parks, Housemann, & Brownson, 2003). In light of these 

findings, increasing the level of physical activity for individuals living in rural and urban 

areas should form a public health priority. 

Local government might think about developing planning strategies that try to 

alleviate these disparities by introducing new public open spaces in disadvantaged 

neighborhoods. Unfortunately, the introduction of public open spaces in lower income 

neighborhoods has been reported to have an undesired gentrification effect. Indeed, 

public open spaces increase the desirability of neighborhoods in general, resulting in land 

and housing values to rise and eventually pushing current residents out of their 

neighborhoods which have become unaffordable (Wolch, Byrne, & Newell, 2014). This 

contradiction is referred to as “ecological gentrification” by Dooling (as cited by Wolch, 

Byrne, & Newell, 2014, p. 239). Nonetheless, in many studies and initiatives, the positive 

economic effect of public open spaces is embraced and used as an argument to attract 

more (financial) support for programs supporting the development or expansion of public 

open spaces. For example, the Association of Park Districts of Illinois (IAPD) is openly 

supporting private developers to implement open spaces in every new subdivision or 

housing development, using the increase of property values as main argument (IAPD, 

2006). This practice might improve the overall availability of open space, yet exacerbate 
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already existing disparities in access to such spaces and ultimately on physical activity. 

Today, many local governments and planners are faced with this intricate matter of 

providing health benefits to disadvantaged neighborhoods by increasing the availability 

of public open space yet understanding the gentrifying effects of these developments.  

The “just green enough” planning strategy (Curran, & Hamilton 2012) attempts to 

remedy the undesired gentrification effects of new urban green space. In that respect, the 

authors are predominantly addressing the social injustice linked to this issue instead of 

trying to influence the population in general. This strategy is driven by concerns voiced 

by the community itself, its needs and wishes rather than taking conventional approaches 

towards urban design or ecological restoration. In a Brooklyn community, the “just green 

enough” approach focused on stream cleanups and development of small-scale green 

spaces along a creek nearby residences of the working class (Curran & Hamilton 2012). 

The involvement of the community is central to this planning / intervention approach. 

The authors suggest that some current planning practices have a narrow focus on the 

aesthetics rather than on the functionality of places. Neighborhoods with a high 

concentration of minorities and a lower income population often face other, more 

stringent environmental injustices than access, availability or aesthetics of public open 

spaces. Residing in closer proximity to polluted sites and industrial sites can have more 

effect on health than living on a remote distance from public open spaces. Yet, oftentimes 

low income and minority populations are concentrated in areas closer to industrial sites 

because they work at these industries and thus these unhealthy environments are part of 

their livelihood (Curran & Hamilton, 2012). Cleaning toxic waste sites and other polluted 

sites has a higher priority regarding the health of these residents. Through their activism 
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and contestation against environmental gentrification, the community in Brooklyn was 

able to shed an open mind on this notion of green and healthy (Curran & Hamilton 2012). 

The community was closely involved in the planning and implementation of the planning 

project, ensuring that the needs and concerns of the residents are met. Their approach 

suggests a more qualitative approach when analyzing or evaluating interventions. 

Koohsari, Badland and Giles-Corti (2013) argue that planners have a better 

understanding of urban issues and would be able to target different levels of the 

socioecological model more effectively. They suggest that a more top-down approach 

would result in better health outcomes and provide an overall increase in physical activity 

not just for particular neighborhoods, but for a city as a whole. Curran and Hamilton 

(2012) on the other hand, suggest that a bottom-up approach is more appropriate to deal 

with this public health issue. Few studies so far, have tried to include the local population 

into community planning efforts and I agree that the local context needs to be understood 

to make effective changes in the built environment. In this study I address this gap in the 

literature by surveying park visitors to get a sense of the local perceptions on access to 

parks in order to provide more meaningful recommendations at the county level. 

4. Concept of Access 

The concept of access to any good or service has been studied for a long time and 

is being used in many different settings. From access to education to accessing drinking 

water, the concept of access is important in many studies that try to identify population 

disparities in the distribution of goods or services. Donabedian (1973) distinguished two 

different aspects of access; geographic and socio-organizational access. Geographic 

access refers in many cases to a physical distance that needs to be traveled. Socio-
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organizational access refers to the effort required to obtain the right services. The 

availability of specialized services at a facility or the language in which services are 

provided would be examples of socio-organizational access. Khan & Bhardwaj (1994) 

further investigated the question of access within a healthcare context and unfold this 

concept into two dichotomous categories, namely (1) potential versus realized access and 

(2) spatial versus nonspatial access. Guagliardo (2004) refers to these two dichotomies 

respectively as “stages” and “dimensions”. The first “stage” develops when there is a 

population in need and a willingness to provide a service for it. It is called “potential” 

access because there is potential to fill a need. The final stage of access is “realized” 

access and occurs when all barriers to provision are overcome (Guagliardo, 2004, p. 4). 

In other words, the need has been met. The other dichotomy, namely spatial vs. 

nonspatial access, is referred to by Guagliardo (2004) as “dimensions” of access. This 

dichotomy was already brought up by Donabedian (1973). In this study potential and 

realized access are measured using models of accessibility that incorporate both spatial 

and nonspatial dimensions of access. 

4.1. Models of Spatial Accessibility 

Spatial accessibility to a good or service (i.e. commodity) is defined as a function 

of the availability (supply) of this commodity and of the costs (e.g. distance, price) 

separating the population in demand from this commodity. Several spatial accessibility 

metrics are derived from so-called “container” approaches. The original container method 

identifies whether a commodity (e.g. parks) is located within some geographic unit (e.g. 

census block, block group, or tract). This binary way of assessing accessibility is very 

limited as geographic, administrative boundaries are artificial barriers to access; in 
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reality, individuals are often able to access parks in adjoining units. Moreover, these 

administrative boundaries often divide a study area into subunits of varying sizes. Having 

“containers” of varying sizes further impacts the results: the location of a certain 

commodity has a lower probability to fall within smaller containers than to fall within 

larger ones. As a consequence, smaller geographic units have a higher probability to 

receive lower accessibility scores when using container methods. Regardless of these 

shortcomings, this approach is still employed in neighborhood-scale environmental 

justice and social equity-based analyses (e.g. Vaughan, Kaczynski, Stanis, Besenyi, 

Bergstrom, & Heinrich, 2013), mainly because of its simplicity and ease of 

implementation. 

Buffer analysis (Nicholls, 2001), kernel density estimation (Moore et al., 2008), 

and network constrained service area methods (Miyake et al., 2010) have all been 

proposed as alternatives to container methods (Cromley & McLafferty, 2012). These 

latter methods fall under the classification of “coverage” models (Talen, 2003) as they 

assess the population that falls within a specified distance from a commodity. The 

population falling within this defined distance is considered having access to (or being 

“covered” by) this commodity. The results of coverage models are often driven by the 

definition of this distance. Because it is often difficult to set an appropriate distance at 

which a service would stop being accessible, the results of coverage models could be 

considered to be somewhat arbitrary. 

The distance-threshold limitation of coverage models motivated the use of 

Thiessen polygons (Boone et al., 2009; Sister et al., 2010), which generates polygons 

(often asymmetric in shape) delimiting the area of influence or so-called “service area” of 
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each commodity. None of the polygons overlap each other, so that a population center 

(demand point) is always located within exactly one service area. Summing the 

population falling inside each Thiessen polygon gives a sense of total demand for each 

commodity. This technique makes it possible to estimate potential crowding at certain 

locations and helps identify underserved areas. It also assumes that the population will 

utilize a facility that is located closest to their residence, however this assumption may 

not be realistic in the case of public parks, since individuals may interact with larger 

regional parks located further away (Boone et al., 2009; Sister et al., 2010). 

4.2. Models Incorporating Spatial and Non-Spatial Factors 

Realizing that coverage methods have shortcomings in estimating access to parks 

that might have different service areas (e.g. neighborhood vs. regional parks), more 

complex measures have been developed. Based on literature that has found empirical 

support for the idea that park amenities play a role in attracting visitors willing to travel a 

greater distance beyond their neighborhood park (McCormack, Rock, Toohey, & Hignell, 

2010), gravity-based models use notions of attraction and friction to measure our 

willingness to travel to a particular location. These models offer some conceptual 

improvement upon the simpler metrics. On the other hand, gravity-based models are 

continuous metrics that incorporate the full range of destination options. This tends to 

produce an overly smoothed accessibility landscape (Luo & Wang, 2003; McGrail & 

Humphreys, 2009). 

Floating catchment area (FCA) methods represent another category of 

accessibility measurements and were initially conceived in a healthcare context. In the 

FCA approach, a catchment area is estimated around a service facility based on some 
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maximum distance that individuals are likely to travel; any demand point within that 

catchment area is deemed to have access to that facility, while all others do not. It is a 

dichotomous technique as contrasted to the continuous, gravity measures (Luo & Wang, 

2003; McGrail & Humphreys, 2009). Combined measures such as the two-step floating 

catchment area (2SFCA) method with a distance decay function have been proposed as a 

superior alternative for identifying potential disparities in accessibility (Dai, 2011). This 

measure, widely employed in the healthcare literature, specifies a given catchment 

distance around a facility and evaluates both supply and demand (i.e. attraction and 

crowding) within that region. A major limitation of the 2SFCA is that each catchment 

area is set at a fixed distance, regardless of the type of facility, which does not adhere to 

the way that some commodities are planned. 

The limitations of previous methods have prompted a number of improvements 

including the incorporation of a distance-decay parameter within each catchment – to 

either the population or supply side (Dai, 2011; Luo & Qi, 2009) and the use of variable-

width catchments (Luo & Whippo, 2012). Luo and Whippo (2012) suggested the use of 

variable catchment sizes in a healthcare-specific context. In their approach, catchment 

sizes are incrementally expanded until a minimum, specified provider-to-population ratio 

is reached. While this may make conceptual sense in assessing healthcare access, 

determining an optimal park-to-population ratio is much less intuitive. One challenge 

when using this approach lies in the calibration of the park-to-population ratio. 

Two recent methodologies have been proposed as theoretically superior towards 

assessing park access as compared to well-established techniques, such as the 2SFCA 

method and its derivations. These include the population-weighted distance (PWD) 



16 

 
 

method developed by Zhang, Lu and Holt (2011) and an “accessibility in the context of 

spatial disparity” measure (ASD) put forth by Lee and Hong (2013). Both of these 

measures are based on gravity-based spatial interaction considerations whereby larger, 

more attractive parks are expected to draw a larger share of the population. Zhang et al.’s 

(2011) national study and Vaughan et al.’s (2013) local study (in Kansas City, MS) on 

park accessibility both incorporated notions of choice sets; modeling supply and demand 

as a probability function (based on Huff’s (1964) market area segmentation model). Lee 

and Hong’s (2013) ASD approach involves discretizing the urban area into a continuous 

grid and computing a gravity-model inspired supply-demand ratio. The distance-decay 

parameter helps to distinguish the intended usage and expected demand for various types 

of parks: neighborhood parks have a service coverage area of 250 meters, medium sized 

parks have a service area of 1000 meters, and parks of a larger size do not have a 

coverage limit.  

4.3. Modeling Access to Parks 

With a specific set of functions in mind for each park, local Park and Recreation 

Departments plan and anticipate a certain level of demand. Neighborhood parks are 

intended to serve residents living in their immediate vicinity; they are typically smaller 

and often provide limited parking accommodations. Regional parks on the other hand, are 

larger, offer more or distinct amenities and are planned to attract residents from further 

away. In planning, differences in service levels are also referred to as “normative 

standards”. Páez et al. (2012) define “normative accessibility” to reflect a level of 

accessibility considered to be acceptable from the viewpoint of a planner or policy maker. 

The authors distinguish this from the notion of “positive accessibility”, which they define 
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to be the level of impedance perceived acceptable and reasonable by the individuals 

themselves (Páez et al., 2012, p. 142). For modeling purposes, a critical differentiation 

must be made with regards to the type of accessibility being measured. If the specified 

distance is intended to reflect actual travel behavior, then a positive approach must be 

apprehended, which often requires surveying the public. On the other hand, in a 

normative approach, a certain level of access is set and reflects the distance at which 

planners and policy-makers have agreed all individuals should have an acceptable access 

to a particular facility. These notions – normative and positive accessibility, are similar to 

the notions of potential and revealed accessibility that have been formulated by Khan and 

Bhardwaj (1994) in the context of access to healthcare. They refer to “potential access” 

as the prescribed level of access provided by the supply and refer to “revealed access” as 

the level of access actually experience by the demand. 

In my dissertation, I evaluate the potential (or normative) accessibility to public 

parks using the Variable Floating Catchment Area (VFCA) method (Dony, Delmelle, & 

Delmelle, 2015). This model incorporates a flexible attraction index based on size, and 

amenities of a park, which defines the catchment size of each park. To date, the attraction 

parameter has either narrowly focused on acreage, or treated all parks equally. For each 

demand point the level of accessibility to a park is weighted based on the potential 

crowding at the park measured by a park-to-population ratio. Finally, I compare spatial 

accessibility of each demand point between four modes of transport; (1) driving, (2) 

public transit, (3) bicycling and (4) walking. Although network-constrained distances are 

widely recognized as superior approximations of travel as compared to their Euclidean 

counterpart (Gutiérrez & García-Palomares, 2008), the ease of computing Euclidean 
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distances has contributed to their persistent use. The inclusion of alternative modes of 

transportation in accessibility studies is a burgeoning field of study. Assessment of 

accessibility by public transit has been implemented by Delmelle and Casas (2012) and 

Mavoa, Witten, McCreanor and O’Sullivan (2012), while Reyes, Páez and Morency 

(2014) examined pedestrian access based on revealed walking trip lengths. Recently, 

Mao and Nekorchuk (2013) proposed a multi-modal 2SFCA method where the specified 

catchment area is modified according to a designated transport mode. Along the same 

vein, in the VFCA, the size of the variable-width catchments is discounted according to 

the mode of transportation. Another contribution my dissertation makes to the literature is 

the use of social surveys to evaluate revealed access to parks in Mecklenburg County. 

5. Monitoring Approaches for Rapidly Growing Urban Areas 

Broader regional changes such as adding a new highway stretch, adding a new 

light rail line, adding a new ballpark, adding a new bike share program, experiencing fast 

real-estate development can make the overall context of a city shift pretty quickly. In 

Charlotte, NC, all the examples listed have happened in the past five years; the region is 

experiencing a rapid urban growth. This population growth can lead to a change in needs, 

life-styles and opinions. In this context, it is important that urban leaders develop a clear 

vision and make decisions in accordance with the evolution of their urban area and its 

changing population. That includes taking into account needs of the incoming population. 

In consequence, it is extremely important for those urban centers to acquire tools that can 

collect data quickly (or continuously) and can automatically interpret incoming data in 

order to make planning decisions that keep up with the pace at which the region is 

changing.  
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The use of social media and other online commenting platforms to make real-time 

policy recommendations. In their book, Ciuccarcelli, Lupi, and Simeone (2014), explore 

social media as a source of knowledge for urban planning and management. They argue 

that time-based and geo-located social media data should be complemented by the more 

traditional data collection methods such as surveys to provide more complete insights 

into the social life of urban spaces. Garcia Esparza, O'Mahony, and Smyth (2010) make 

the observation that real-time data from the web is far from structured, but offer an 

additional and valuable source of data that can improve recommendations for decision-

making. As an example, Barry (2014) used photographs shared by online users of Flickr 

(a photo sharing platform of Google) to better understand public perceptions of livestock 

grazing in public spaces. Interestingly, this study showed that opinions and concerns 

shared on Flickr provided a perspective that is seldom expressed at public meetings or in 

surveys. Social media has been described as a ubiquitous tool for social interaction. 

While most new users are between 16–24 year olds, the use of social media by 

individuals between 25 and 45 years old has increased in recent years (NM Incite, 2012). 

In a study of Afzalan and Muller (2014), social media was tested as a communication tool 

to improve public participation in the planning of local green spaces. They concluded that 

these web-based communication tools helped significantly to create a dialogue and to 

build consensus. Moreover, it extended participation from groups that do not typically 

engage in planning processes. 

Sentiment analysis (a form of data mining), has been increasingly used to measure 

attitudes towards certain topics on social media, especially from tweets. For example, 

Paul and Dredze (2011) followed a number of Twitter users and tried to extract messages 
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that were related to disease symptoms. To those tweets, they linked diseases these users 

could likely be diagnosed with, such as allergies, obesity or depression and mapped the 

emergence of certain diseases at the U.S. state-level. Twitter messages have also been 

used as a predictor for stock markets (Bollen, Mao, & Zeng, 2011) and to better 

understand the public opinion regarding certain topics, such as vaccination (Salathé, & 

Khandelwal, 2011) or the Affordable Care act (Wong et al., 2015). 

Based on a dictionary in which each word is classified as negative of positive - a 

sentiment dictionary, it is possible to derive the sentiment of a sentence based on the 

words it constitutes (Wilson, Wiebe, & Hoffmann, 2005). The average sentiment scores 

from users tweeting about a certain topic determines the overall public sentiment towards 

that topic. 

In essence, web-based citizen data and social media are important avenues to 

explore in the context of urban planning and decision-making. They have the potential to 

extend current sources of data rather than replace them. Finally, these data sources offer 

constant inflow of citizen data which can help decision-making processes in rapidly 

growing urban areas, such as Mecklenburg County. 
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STUDY AREA: MECKLENBURG COUNTY 

The Mecklenburg County Department of Park and Recreation manages 210 parks 

and facilities, accounting for over 21,000 acres of parkland (see Figure 5). 

 
Figure 5: Parks and recreational facilities in Mecklenburg County. 

The Department of Park and Recreation distinguished 5 difference public park 

types, namely neighborhood parks, community parks, regional parks, nature preserves 

and recently they added urban parks. Neighborhood parks are meant to be proximity 

parks, they are usually small in size and do not have large parking space. Community 
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parks have more amenities, are larger, often have a recreational center attached to them 

and provide parking. Community events often take place at these parks. Regional parks 

are large and offer many amenities including trails. Many learning activities for youth are 

organized at regional parks. Some nature preserves are accessible to the public and offer 

trails. However, many of them are there for conservation purposes or watershed quality 

assurance. Finally, Romare Bearden park is the first and only urban park so far in 

Mecklenburg County. It is located in the business district of Charlotte nearby the baseball 

stadium in a walkable area. Figure 5 also shows locations of other recreational 

opportunities. These include entrances to greenways, recreational centers, public golf 

courses and pools. 

The Trust for Public Land, a U.S. non-profit organization, estimated that over $80 

million in health costs were saved in 2009 alone, thanks to the use of parks by residents 

of Mecklenburg County (TPL, 2010). Since 2012, the Trust for Public Land ranks U.S. 

cities based on scores of public park availability. Every year since their first publication, 

Charlotte (NC) has ranked at the very bottom. The latest scores published in 2016 rank 

Charlotte 95 out of 98 U.S. cities. The total acreage of public parkland in Charlotte 

exceeds the median for all cities, however the percent of the population that has access to 

a park within ½ mile is one of the lowest. The latter carries the most weight in the overall 

park score – which is understandable, and is one of the main reasons why Charlotte 

receives a consistently poor park score. Figure 6 shows the level of need for park in areas 

of charlotte. From this map, neighborhoods in the eastern part of the City of Charlotte 

seem to have a high (dark orange) or very high (red) need for public parks. The 

southeastern part seems to show a cluster of very high need areas, while neighborhoods 
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south of the business district (south of I-277), which consists of the wealthiest population 

in Mecklenburg County, seems to fall in a high need area as well. 

 
Figure 6: Level of need for parks in Charlotte (TPL, 2016) 

 In 2014, the director of Mecklenburg’s Park and Recreation, Jim Garges, was 

interviewed about the city’s poor park score (interview by McShane, 2014). Jim Garges 

admitted that Mecklenburg County needs to improve its park system and that the they 

have been in a period of transition regarding public parks since they merged the services 

by the City of Charlotte with those of the County in 1992. Additionally, Jim Garges 

underlines that there are no guidelines that require developers to include park land in their 
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plans, even though this could be required under North Carolina state law. 

The Quality of Life Study for Charlotte and Mecklenburg County – which started 

in 1993 as the City Within A City Neighborhood Assessment, provides neighborhood level 

information on social, housing, economic, environmental and safety conditions. In 1998, 

The University of North Carolina at Charlotte partnered with the Charlotte-Mecklenburg 

Planning Commission to continue and expand this assessment of neighborhoods. Their 

first report, renamed to the Charlotte Neighborhood Quality of Life Study was published 

in 2000 and has been published every other year since. In 2012 however, instead of a 

report, the format of the Quality of Life Study was transformed to an interactive 

dashboard called the Quality of Life Explorer. 

Since the launch of the Quality of Life Explorer, proximity to parks and recreation 

is included to be one of the neighborhood quality of life indicators. Figure 7 shows the 

percentage of the population within each neighborhood that are within a 0.5-mile radius 

from a public park or recreational facility (see Figure 5 for a map showing the location of 

public park and facilities). Comparing this map with the one published by the Trust for 

Public Land (see Figure 6); areas of high and very high need do not necessarily coincide 

with neighborhoods that show a low percentage of household within 0.5 mile from a park 

or recreational facility. However, the differences between both studies regarding access 

to parks and recreation are not surprising. They are the perfect demonstration that two 

different definitions of “access” and different methods to measure access can lead to very 

different results. In the next section, I discuss the notion of access and provide a review 

of methods to measure spatial access to parks and recreation. 
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Figure 7: Proximity to public parks and recreational facilities in Mecklenburg County (Quality of Life Stufy, 2015) 

One of the major issues with the outcomes from both the TPL and the Quality of 

Life Explorer, are the parks and recreational facilities that were taken into account. Both 

include parks managed by the Department of Park and Recreation, which is not a 

complete list of available parks in the County. In Mecklenburg County, many 

homeowner’s associations manage their own outdoor recreational facilities (e.g. tennis 

court, pool, playground). Figure 8 shows the location of parks and recreational facilities 

that are managed by organizations other than the Department of Parks and Recreation. 

Using a combination of data from tax parcels and from OpenStreetMap, I was able to 
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extract an additional 636 locations where park and recreational facilities are available, 

which is three times the number of public parks in Mecklenburg County. These parks are 

not public as they are often only available to the residents of a homeowner’s association. 

 
Figure 8: Location of parks and recreational facilities managed by organizations other than the Department of Park and 

Recreation. 

In my dissertation, I include this data source to further evaluate access to parks 

and recreation in Mecklenburg County, which is an important contribution to the current 

literature. 
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RESEARCH OBJECTIVES AND CONTRIBUTIONS 

The objectives of this dissertation are detailed in this section. Each research 

objective will be accompanied by its associated research contributions. Additionally, 

specific research questions are formulated which are addressed in this dissertation to 

achieve the overall research objective. 

1. Research Objective 1 

The first objective is to develop a model to measure spatial accessibility that can 

take into account certain planning standards and the local context. The goal is to use this 

model to measure spatial accessibility to public parks for each block group in 

Mecklenburg County and to compare the results with findings from the Trust for Public 

Land (TPL) and from the Charlotte-Mecklenburg Quality of Life Explorer (QOL). 

1.1. Research Contributions 

This objective contributes to the development of modeling approaches that can 

take into account the local context, which are critical for planners and policy-makers and 

transferable to a number of other applications (e.g. access to food, health care, jobs, 

information). The comparison with studies from the TPL and QOL is important because 

both studies evaluated access to public parks in Mecklenburg County and their outcomes 

have influenced local planners and policy-makers. By way of comparison, this study 

evaluates the trustworthiness of their findings. 

1.2. Research Question 1 

Using a novel derivation of the Variable Floating Catchment Area method 

(VFCA) – a state-of-the-art spatial access model; which areas of Mecklenburg County 

have the poorest and greatest spatial access to public parks? 
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1.3. Research Question 2 

Are results from the VFCA method comparable to those of the Trust for Public 

Land and from the Charlotte-Mecklenburg Quality of Life Explorer? 

2. Research Objective 2 

The second objective is to survey perceived access to parks among Mecklenburg 

County public park visitors and improve our understanding of individual’s travel 

behavior to public parks and their utilization of parks for physical exercise. Additionally, 

the goal is to map the availability of parks using insights from these surveys. 

2.1. Research Contributions 

Empirical evidence about the use of public parks as a place for regular physical 

activity may support park investments under prevention strategies for heart disease. In 

addition, since Charlotte scores poorly on park access compared to other U.S. cities 

(TPL, 2016), this study can validate this dissatisfaction by asking park visitors how they 

perceive their access to parks. Additionally, empirical evidence on park visitor’s travel 

behavior and their satisfaction regarding access to parks provides a way to evaluate and 

revisit current normative planning standards. Fourth, the equality of access to public 

parks are visually identified on maps showing park availability within the local context. 

The latter makes this study more valuable to local planners and policy-makers. 

2.2. Research Question 3 

How do visitors rate their access to parks in Mecklenburg County? Are these self-

reported access ratings associated with (1) the area in which individuals live, (2) their 

socio-economic status, (3) their available transportation options, (4) their Body Mass 

Index (BMI) or (5) the availability of a park within a 10-minute walking distance from 
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their residence? 

2.3. Research Question 4 

How much time are visitors willing to travel to a public park? Is travel time 

associated with (1) the park type they are visiting, (2) their available transportation 

options or (3) their socio-economic status? 

2.4. Research Question 5 

How frequently do park visitors engage in regular physical activity at public 

parks? Is this frequency associated with (1) the park type they are visiting (2) their socio-

economic status, (3) the availability of a park within a short walking distance from their 

residence or (4) their membership with a gym? 

2.5. Research Question 6 

After re-evaluating outcomes from Q1 and based on data from visitors at public 

parks in Mecklenburg County, which areas of Mecklenburg County have the poorest 

spatial access to public parks? 

3. Research Objective 3 

The third and final objective is to explore capabilities of social media and online 

commenting platforms such as Foursquare or Google Maps to quantify the public opinion 

about public parks in Mecklenburg County. 

3.1. Research Contributions 

Monitoring visitor’s satisfaction of parks with public surveys is costly and time 

consuming. Therefore, social media platforms are presented and discussed in this 

dissertation as a potential to provide additional data sources to urban planners in rapidly 

growing areas such as Charlotte (NC). 
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3.2. Research Question 7 

Using messages left at park locations on social media platforms such as 

Foursquare and Google Maps and data mining techniques such as sentiment analysis, can 

satisfaction of park visitors in Mecklenburg County be monitored? 

4. Assumptions 

This study relies on a number of assumptions. First, I make the assumption that 

individuals living closer to parks will likely engage in physical activity more frequently 

compared to individuals who live further away. This assumption is based on studies 

suggesting a positive association between access to parks and individual’s levels of 

physical activity (Bedimo-Rung, Mowen, & Cohen, 2005). Second, I assume that 

increased regular physical activity reduces the risk for non-communicable diseases, 

which is echoed in several studies indicating a negative relationship between regular 

physical activity and the risk for non-communicable diseases (Brownson, Boehmer, & 

Luke, 2005). Finally, both assumptions are linked, creating a chain of assumptions that 

form the basis for this study (see Figure 9 on page 30). 

 
Figure 9: Causal assumption made to support studies that model and identify areas with low access to parks. 
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Based on this chain of assumptions, individuals living in areas where access to 

public parks is below a certain threshold can be diagnosed to have a higher risk for 

developing non-communicable diseases. As a consequence, improving access to public 

parks is a public health and social justice concern. 
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DATA 

This study uses primary and secondary data sources. Surveys were filled out by 

park visitors 18 years and older at 18 selected public parks in Mecklenburg County with 

the aim to better understand local perception on access to parks, to identify travel 

behavior to parks and their use of parks for physical activity. This constitutes the only 

primary source of data for this study. The Department of Park and Recreation of 

Mecklenburg County shared a list of parks and recreational facilities they manage along 

with a number of their characteristics. Boundaries of Mecklenburg County block groups 

for the year 2010 were obtained from the U.S. Census Bureau and neighborhood 

characteristics defined by the Charlotte-Mecklenburg Quality of Life Explorer were used 

in this study as well. Finally, volunteered geographic information from Google Maps and 

Foursquare, which are online commenting platforms, were collected as well. Each data 

source is described in more detail in this section. 

1. Data on Parks and Recreation from the Department of Park and Recreation 

The Department of Park and Recreation (DPR) of Mecklenburg County shared 

the database they use, which essentially is a list of the parks they manage (in a Microsoft 

Excel format). The DPR distinguishes 4 different park types, namely neighborhood, 

community and regional parks as well as nature preserves. Figure 10 shows the location 

of neighborhood and community parks listed by in the DPR’s database. Blue and red dots 

represent the location of a neighborhood park or community park, respectively. The size 

of each dot reflects the size of the park. From this figure, we see that a higher number of 

small neighborhood parks are available in and around the Charlotte business district 

(centrally located on the map), whereas larger neighborhood and community parks are 
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located further away from the city center. 

 
Figure 10: Neighborhood and community parks managed by or in collaboration with the Department of Parks and 

Recreation of Mecklenburg County. 
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Figure 11: Regional parks and mature preserves managed by or in collaboration with the Department of Parks and 

Recreation of Mecklenburg County. 

Regional parks and nature preserves are shown in Figure 11 and shows that these 

two types of park are not available near the city center and that the largest nature 
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preserves are located in the western part of the county (Cowans Ford, Latta Plantation 

and McDowell). Some parks are managed in collaboration with local governments; for 

example, Bradford regional park is managed in collaboration with the Town of 

Huntersville. 

For each park in the DPR’s database, the following information is available: 

(i) Park address 

(ii) Park type (e.g. neighborhood, community, etc.) 

(iii)      Park status (developed, under construction, undeveloped, etc.) 

(iv) Park size (in acres) 

(v) Park amenities (amenity type and number per type) 

(vi)      Park identifier 

It is important to mention that the database provided by the DPR is not a complete 

and accurate inventory of public parks in Mecklenburg County. To generate a more 

complete and updated inventory of parks and recreational facilities, additional sources of 

data were used to complement the DPR’s database. 

2. Data on Parks and Recreation from Mecklenburg County 

Mecklenburg County recently developed an online data portal, called “Open 

Mapping”, where public data about the county is made available to the public for 

download (maps.co.mecklenburg.nc.us/openmapping). Their data is made available in a 

shapefile format, which is a file format compatible with Geographic Information Systems 

(GIS). Five datasets that were found under the “Park and Recreation” category on their 

webpage were used for this study: (1) park location points, (2) park property, (3) 

recreation centers, (4) greenways and (5) golf courses. Under the “environmental” 
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category the creeks and streams dataset was downloaded as well. Additionally, under the 

“impervious” category, the commercial impervious surfaces dataset was downloaded. 

Finally, under the “cadastral” category, the tax parcel with CAMA2 data was downloaded 

as well. These eight additional sources of data were used to generate a more complete 

inventory of parks and recreational facilities. 

2.1. Park Location Points 

The “park location points” datasets contains the entrances (as points) of 251 

locations. These locations include parks (neighborhood, community and regional), nature 

preserves, recreation centers, pools, special facilities, maintenance and administrative 

buildings, event venues and golf courses. A number of attributes are available for each 

location, including six attributes that were used for this study; (1) park name, (2) park 

address, (3) park type, (4) park status, (5) park size and (6) park identifier. The DPR’s 

database was linked to this dataset, making their non-spatial database a spatial one. 

2.2. Recreation Centers 

The “recreation centers” dataset contains the entrances (as points) of 33 recreation 

centers. These locations include recreation centers, recreational equipment on school sites 

and aquatic centers. A number of attributes are available for each property, including four 

attributes that were included in this study; (1) center’s name, (2) center’s type, (3) 

center’s address and (4) center’s status. This dataset was used to complement the 

inventory with recreation centers that do not appear in the DPR’s database nor in the park 

point locations dataset. Moreover, when certain attribute values of a recreation center 

such as its status or type were missing in the DPR’s database or in the park locations 

dataset, the attribute information of the recreation centers shapefile were used the fill the 

                                                 
2 Real Estate Computer Assisted Mass Appraisal data 
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missing values. 

2.3. Park Property 

The “park property” dataset contains the boundaries (as polygons) of 257 

properties. These properties include parks (neighborhood, community and regional), 

nature preserves, recreation centers, administrative buildings, historic sites, greenways 

and golf courses. A number of attributes are available for each property, including five 

attributes that were used for this study; (1) property name, (2) property type, (3) property 

status, (4) property acreage, and (5) property identifier. This dataset was used to 

complement the inventory with parks and recreational facilities that do not appear in the 

DPR’s database nor in the park point locations and recreation centers dataset. Moreover, 

when certain attribute values of a park or recreational facility such as name, size, status or 

type were missing in the DPR’s database or in the park locations dataset, the attribute 

information of the park property dataset were used the fill the missing values. 

2.4. Golf Courses 

The “golf courses” dataset contains the boundaries (as polygons) of 72 golf 

courses. These include greenway segments, overland connectors, greenway entrance 

segments, private segments, nature trails and greenway overlooks. A number of attributes 

are available for each segment, including two attributes that were used for this study; (1) 

course name and (2) owner’s last name. This dataset was used to complement the 

inventory with missing golf courses, especially public courses. 

2.5. Greenways 

The “greenways” dataset contains the outline (as lines) of 456 greenways 

segments. These include greenway segments, overland connectors, greenway entrance 
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segments, private segments, nature trails and greenway overlooks. A number of attributes 

are available for each segment, including four attributes that were used for this study; (1) 

segment’s name, (2) segment’s type, (3) segment’s completion and (4) a detailed mention 

of the trail’s start and end. This dataset was used to complement the inventory with 

greenways entrance points. 

2.6. Creeks and Streams 

The “creeks and streams” dataset contains the outline (as lines) of 3994 creeks 

and streams. This dataset was used to complement the inventory of greenways. Some 

greenways that are listed in the DPR’s database, were not found in the greenways dataset. 

Since the name of greenways are usually attributed the creek or stream they are 

following, the outlines of missing greenways were extracted from this shapefile using the 

name of the creek provided in the DPR’s database. 

2.7. Commercial Impervious Surfaces 

The “commercial impervious surfaces” dataset contains the boundaries (as 

polygons) of 119,153 impervious surfaces. These include buildings, paved surfaces 

“other” surface. Interestingly, the surfaces categorized as “other” in this dataset are 

surfaces such as warehouses, treatment facilities or recreational equipment. The latter is 

useful for this study as it contains the delineation of many recreational equipment such as 

tennis and basketball courts, outdoor pools, and so forth (see Figure 12). In this figure, 

the polygons that are part of the commercial impervious surfaces dataset are highlighted 

in red to demonstrate the type of information this dataset provides. 
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Figure 12: Content of the “commercial impervious surfaces” dataset made available by Mecklenburg County’s Open 

mapping portal. 

On the far left, a satellite image from the Turnberry neighborhood is shown. The 

red polygons delineate their tennis courts and their outdoor pool. To the right of the 

outdoor pool we can see a playground which is not delineated in the impervious surfaces 

dataset, since the surface is made of sand or grass. The Colonial Grand neighborhood is 

shown in the middle, where a basketball court and an outdoor pool is delineated by the 

commercial impervious surfaces dataset. Here too, a playground is available (next to the 

basketball court), but the surface is not impervious, which is why it is not found in the 

dataset. On the far right is an aerial photo of the McDowell Creek treatment plant. This 

was included to show that all polygons labeled “other” in this dataset are not only 

recreational equipment. To remove surfaces like treatment plants from the dataset, tax 

parcels were used to remove polygons that do not fall within residential parcels. 

2.8. Tax Parcels with CAMA Data 

The “tax parcels with CAMA data” dataset contains the boundaries (as polygons) 

of all parcels in Mecklenburg County. This dataset was used to label the impervious 

surface polygons (see previous section) and group recreational equipment together when 
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they fell in the same parcel. For example, the Turnberry neighborhood has two tennis 

courts and an outdoor pool (see Figure 12 on page 39). These two amenities belong to the 

same neighborhood; therefore, they were merged into one polygon. This way, multiple 

amenities belonging to one parcel are not accounted as two separate locations for 

recreation. 

3. Data on Parks and Recreation from OpenStreetMap 

OpenStreetMap provides volunteered geographic information such as streets, 

political boundaries, environmental boundaries (e.g. lakes) and other boundaries (e.g. 

parks and recreation) across the world. Mapzen, is an open source platform that makes 

the OpenStreetMap dataset available for download. On their metro extracts page 

(mapzen.com/data/metro-extracts) the OpenStreetMap data encompassing entire cities 

can be extracted in a shapefile format, which is a file format compatible with GIS. Their 

data for the Charlotte metropolitan area (which includes Mecklenburg County entirely) 

was used for this study. Their dataset includes an attribute called “leisure”, which include 

gardens, golf courses, nature preserves, parks, baseball fields, playgrounds, recreational 

grounds, sports centers, swimming pools and running tracks. Using this attribute, it all 

parks and recreational facilities were extracted. 

This dataset was used to complement the inventory with parks and recreational 

facilities that do not appear in the DPR’s database nor in the park point locations and 

recreation centers dataset. Moreover, when certain attribute values of a park or 

recreational facility such as amenities were missing in the DPR’s database the attribute 

information of the OpenStreetMap dataset were used the fill the missing values. 
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4. Public Park Inventory 

Using the database shared by the DPR (see section 1.1), together with data made 

available by Mecklenburg County on their Open Mapping portal (see sections 1.2.1 

through 1.2.6) an inventory of all parks, recreational facilities, public golf courses and 

greenway entrances was generated. It is important to mention that each source of data 

went through a data cleaning process and all features were normalized to link all data 

together. The data was cleaned using the python programming language (see APPENDIX 

I:), resulting in a park and recreational facilities inventory that is more complete 

compared to one of the sources individually (see Figure 5 on page 21). 

5. Non-Public Park Inventory 

Using the data extracted from commercial impervious surfaces (see section 1.2.7) 

and from the OpenStreetMap data (see section 1.3), an inventory of non-public parks was 

generated. This inventory reflects parks that are not managed by the Department of Park 

and Recreation. Instead they are likely to be managed by private associations such as 

homeowner’s associations or local governments and do not overlap the inventory of 

public parks (section 1.4). Since these parks are not managed or monitored by one entity, 

it is harder to obtain a complete, reliable and updated database of locations together with 

their characteristics. The latter is an important limitation of this data source. It is 

important to mention that both sources of data went through a data cleaning process and 

all features were normalized to link all data together. The data was cleaned using the 

python programming language (see APPENDIX I:6), resulting in a park and recreational 

facilities inventory of non-public parks that is novel and thus adds to the innovation of 

this study. Figure 8 (on page 26) shows the locations of all locations in this inventory. 
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6. Park Reviews 

Google Maps and Foursquare offer additional volunteered geographic information 

that is useful to this study. Using the “park” category on both platforms, park locations in 

Mecklenburg County were extracted together with their associated reviews from online 

users (see an example from Google reviewers in Figure 13). 

 
Figure 13: Example of reviews left on Google about Freedom Park in Charlotte. 

Using the python language and web-scraping techniques all text reviews 

(comments) that were available for extraction were scraped in May of 2016 (see 

APPENDIX J:). Only a subset of reviews is available for extraction. It is not made clear 

by the providers how that selection process works. 

7. Survey of Public Park Visitors 

Surveys were collected by graduate and undergraduate students from UNC 

Charlotte (volunteers) at 18 public parks of different types across Mecklenburg County, 
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spanning from September to November 2015. At each park type, 35 - 150 visitors were 

surveyed, totaling 496 surveys (see Table 1): 

Table 1: Number of surveys collected per park type 

 

 
Figure 14: Population pyramid of surveys versus Mecklenburg County. 

Figure 14 shows a comparison between the survey population (left) and the 

population of Mecklenburg County (right) broken down by age and by gender. Some 

park visitors that were surveyed indicated that they were not residents of Mecklenburg 

County (n=102). Respondents that were non-residents are shown in a lighter shade of 

park type residents non-residents total

Neighborhood parks 29 10 39

Community parks 60 7 67

Regional parks 131 17 148

Nature preserves 92 42 134

Urban park 82 26 108

Number of visitors surveyed
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blue (males) and lighter shade of purple (females) in Figure 14 (on page 43) on the left. 

 
Figure 15: Park selection in Mecklenburg County, where surveys would be conducted in the month of September. 

Parks were selected following a stratified sample based on their type, size and the 

availability of on-site amenities. Finally, parks were further stratified based on the 

geographic locations, guaranteeing a representative spatial coverage (North, East, South 

and West). Figure 15 (on page 44) shows the location and names of the parks where 

visitors were surveyed.  

For each park, at least two days were scheduled to survey visitors; one during a 
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weekday and one during the weekend. The protocol for the data collection process was 

approved by the Institutional Review Board (IRB) for Research with Human Subjects of 

UNC Charlotte in May of 2015 (protocol number: 15-05-07, see APPENDIX A:1). The 

survey instrument was first tested (pilot study) on a select number of individuals at a 

couple of parks. Insights gained from this pilot study were used to revise the 

questionnaire and/or revise the list of park locations selected. Amendments were 

approved by the IRB of UNC Charlotte (see APPENDIX A:2), and shared with the 

Deputy Director of the DPR of Mecklenburg County. A team of 13 volunteers were 

recruited (see APPENDIX A:3) and trained before conducting the surveys. They were 

informed on the study objectives and were trained on recruiting techniques. All surveyors 

were required to take the IRB protocol training; therefore, they were informed on ethical 

and privacy requirements of this study. These requirements were repeated during the 

training. These were the inclusion criteria for participants of this study: 

(i) Individuals must be at the surveyed park location 

(ii) Individuals must be18 years of age or older 

(iii) Individuals must speak English 

Once a visitor agreed to participate, the surveyor offered to read each question out 

loud for the participant and record his/her answers or to have the participant fill-out the 

questionnaire alone. For park visitors that were unable to take the survey at the time, 

surveyors shared a flyer (see APPENDIX C:) that contained a QR-code and a webpage 

address linking to the online version of the survey. Participants could then fill-out the 

survey at a later time using a computer or a hand-held mobile device. Surveyors also left 

these flyers on windshields of cars parked at designated parking spaces. As a reward and 
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appreciation for their time, participants were offered a free snack from KIND (healthy 

snack company). 

All survey responses (hard-copies and online surveys) were merged into a 

password-protected database. The park location where a participant has taken the survey 

as well as the closest intersection to her/his residence (if provided) was geocoded using a 

GIS. Participants were allowed to skip any questions they did not feel comfortable 

answering. Questions on the second page of the survey instrument (see APPENDIX B:) 

included more sensitive questions such as the annual household income, body weight, 

zip-code and street name of the participant. The survey data was cleaned before used for 

analysis and the cleaning process is written in scripts for the Stata programming 

language, which can be found in APPENDIX F:. 

Figure 16 (on page 47) shows the distribution of the participants in this study. 

Based on how detailed their address was shared (at the intersection level, at the main 

street level, at the zipcode level, etc), a level of accuracy was identified for each geocode. 

In this figure we can see that most respondents shared address information that lead to 

high or good accuracy (dark and light green dots). The orange and red dots refer to 

addresses that did not provide sufficient detail and thus resulted in low or poor accuracy 

(e.g. only providing zipcode or only sharing that they do live in Mecklenburg County). 
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Figure 16: Residence of surveyed visitors in and around Mecklenburg County 

8. Neighborhood and Block Group Level Characteristics 

Block group boundaries and population counts were downloaded from the census 

bureau for the year 2010. Additionally, Neighborhood Profile Areas from the Charlotte-

Mecklenburg Quality of Life Explore (mcmap.org/qol) were downloaded as well as the 

following neighborhood characteristics: 

1. Percent beneficiaries of Medicaid and statewide insurance 

2. Population density 

3. Street connectivity 
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4. Percent black 

5. Park proximity 

6. Household income 

7. Percent streams adopted by residents 

8. Participation in art and cultural activities. 

9. Criminal Activity Nearby Parks 

Criminal activity in Mecklenburg County is reported by the Charlotte-

Mecklenburg Police Department. The location of each reported crime is provided as well. 

Using the python language, 2014-2015 crime data were extracted from the Charlotte 

spotcrime webpage (www.spotcrime.com/nc/charlotte), which keeps track of crime 

reports in Mecklenburg County. 

10. Data Limitations 

First, to generate the most complete and updated inventory of public parks and 

recreational facilities, several data sources were merged together, including data from the 

Department of Park and Recreation and from the county. The cleaning and merging 

process of these data sources is written in a script for the Python programming language. 

Certain parks showed conflicting information in different data sources. As an example, 

certain parks were labeled as developed in one source, labeled as undeveloped in another 

source and completely missing in another source of data. Because of these 

inconsistencies, the cleaning and merging process does not guarantee an inventory that is 

complete and accurate. Second, the inventory generated for non-public parks is a novel 

dataset and relies on data from the county and OpenStreetMap. The process of selecting 

impervious surfaces and OpenStreetMap polygons that are associated with recreational 
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activities has been developed by inspection of the data by myself only. The final dataset 

generated has not been approved by any local administration, therefore it is not 

guaranteed to be complete and accurate. Third, online reviews that were extracted from 

Google and from Foursquare do not represent all reviews posted by users. The selection 

of reviews that is made available through web scraping might not be a representative 

sample of all reviews posted on their respective platforms. Fourth, the surveys that were 

conducted at 18 public parks in Mecklenburg County were conducted in the months of 

September through November of 2015, which may not be representative of the behavior 

of individuals at other times of the year. Fifth, participants of the survey were allowed to 

skip questions they did not feel comfortable answering. Therefore, this data has missing 

responses to questions. Although many participants shared their zip-code and nearest 

intersection to their residence, other participants only shared their zip-code. These 

missing entries in the data are an important limitation for the analyses used in this study. 

Sixth, the inclusion criteria of participants in our survey limits the generalizability of our 

results. Individuals under 18 years of age were not included in our study, therefore their 

opinion is not being reflected in our results. Additionally, resident of Mecklenburg 

County who never visit parks could not be represented in our sample. However, their 

input on park accessibility is an important aspect, especially from a social justice 

perspective. Seventh, the sample size that was collected at neighborhood parks is small 

and therefore lacks explanatory power to generalize experiences for that park type. 

Neighborhood parks however are an important aspect of this study since their primary 

purpose is to provide close access to parks. 
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METHODS 

To evaluate spatial access to public parks in Mecklenburg County, two variations 

of the floating catchment area (FCA) method are applied using the public park inventory 

as input data (see data description on page 41). Then, descriptive and statistical analyses 

are applied on surveys data gathered from public park visitors in the Fall of 2015 in 

Mecklenburg County. Analysis with the FCA method give insights on potential access to 

parks, whereas analysis of surveys provides a better understanding of perceived access to 

parks in Mecklenburg County. Finally, sentiment analysis applied to data from reviews 

left by park users on online commenting platforms show new possibilities to monitor 

park visitor satisfaction in real-time. Each method used in this study is described and 

explained in detail in this section. 

1. Modeling Spatial Access (Potential): the Floating Catchment Area (FCA) Method 

Floating catchment area (FCA) methods represent a category of spatial access 

methods that were initially conceived in a healthcare context. A catchment area is 

estimated around a service facility based on some maximum distance or time individuals 

are willing to travel; any individual within that catchment area is deemed to have access 

to that facility, while all others do not. 

1.1. 2SFCA, Two-Step Floating Catchment Area Method 

The two-step floating catchment area (2SFCA) method is a more advanced FCA 

method because it evaluates access taking into account supply and demand within each 

catchment. It was originally developed by Luo and Wang (2003) in the context of access 

to general practitioners. Accounting for the size of the demand (e.g. population within a 

distance of a practice) and the size of the supply (e.g. the number of physicians working 
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at a practice) allows to assess practices where the demand surpasses the supply and vice-

versa. This model has been used in many other contexts since its onset, including access 

to parks. The 2SFCA method by Luo and Wang (2003) can be described in two steps. 

1.1.1 First Step: Calculate the Park-to-Population Ratio 

For each park location j, identify all the population locations (k) that are within a 

threshold travel time or distance, ��(or the travel cost) from location j (that is, catchment 

area j), and compute the park-to-population ratio, ��, within the catchment area: 

�� =	 ��∑ 
��∈�������
,        (1) 

where �� is the population of geographic unit k whose centroid falls within the 

catchment (that is, ��� ≤ ��), �� is the size of the park at location j, and ��� is the travel 

cost between k and j. Step one of the 2SFCA method is illustrated in Figure 17. 

  
Figure 17: Illustration of the first step in the Two-step Floating Catchment Area (2SFCA) method, which calculates 

each park-to-population ratio 

1.1.2 Second Step: Calculate Spatial Accessibility 

For each population location i, identify all park locations (j) within the threshold 

travel cost (��) from location i (that is, the catchment area i), and sum the park-to-
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population ratios, ��, at these locations: 

��� = ∑ ���∈�������� = ∑ ��∑ 
��∈��������∈�������� ,    (2) 

where ��� represents the accessibility at the resident location i based on the 

2SFCA method, �� is the park-to-population ratio at the park location j whose centroid 

falls within the catchment centered at i (that is, ��� ≤ ��), and ��� is the travel time 

between i and j. Step one of the 2SFCA method is illustrated in Figure 18. 

  
Figure 18: Illustration of the second step in the Two-step Floating Catchment Area (2SFCA) method, which calculates 

access to parks for each geographic unit 

1.1.3 Limitations 

One of the major limitations of the 2SFCA method is that each catchment is set at 

a fixed distance, regardless of the type of facility, which does not adhere to the way that 

some commodities are planned. In this method, catchment areas around neighborhood 

parks for example have the same size than those around regional parks, even though the 

latter are intended to attract individuals from across the region while neighborhood parks 

mainly attract nearby residents. Second, Luo and Wang (2003) only consider the car as a 
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way of transport. Many studies evaluating access to parks limit their analysis to this mode 

of transportation. Therefore, the evaluation only accounts for individuals that own or 

have access to a car. In this study, I develop a variation of the 2SFCA, called the Variable 

Floating Catchment Area (VFCA) method to address both limitations. 

1.2. Variable Floating Catchment Area (VFCA) Method 

The Variable Floating Catchment Area (VFCA) method is a variation of the 

2SFCA I develop for this study to measure spatial accessibility to parks in Mecklenburg 

County. Specifically, I re-conceptualize the 2SFCA (Luo & Wang, 2003) to allow park 

catchments to vary their size depending on the park size and the number of available 

amenities. The VFCA method is not intended to replace other methods such as the two- 

or three-step floating catchment area methods, however this approach provides an 

alternative model to capture facility attraction. Moreover, since all parameters are 

designed to be flexible, this approach has the capability to support scenario analysis, 

which can be extremely useful for planners (Xiang & Clarke, 2003). The VFCA method 

can be described in three steps. 

1.2.1 First Step: Define Catchment Sizes 

In Dony et al. (2015), I suggest that the attractiveness of a park be a function of its 

size and the number of available amenities. The attraction coefficient, ��, of the supply at 

node j is estimated using a weighted sum approach (Equation 3), where the weights �� 

and �� reflect the importance of park acreage (���), and on-site amenities (�� ), 

respectively and where	�� + �  equals 1. 

�� =	 "�� ��#$%&�∈' ��#( +	"� 
��)$%&�∈' ��)( ∀+ ∈ ,     (3) 
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Note that ��� and ��  can be changed to any other set of characteristics when 

spatial access to commodity other than parks is being assessed. The normalized attraction 

coefficient, ��̅, redistributes all the attraction values between 0 and 1 (Equation 4): 

��̅ =	 ��.$/0�∈' ��
$%&�∈' �� .$/0�∈' �� ∀+ ∈ ,      (4) 

Based on this attraction value, each park is assigned a catchment area of a certain 

size depending on the travel mode. The higher the attraction value of a park (e.g. large 

park with multiple amenities), the larger the extent of its catchment. The catchment area 

of each park,	1�234�5, is defined using the normalized attraction coefficient, ��̅, and is 

dependent on the travel mode m that is used. 

 
Figure 19: Illustration of the concept of the variable-width floating catchment area (VFCA) method 

This definition of catchments in the VFCA method is illustrated in Figure 19. 

Three parks (A, B and C) of varying sizes and number of amenities (|KA|=2, |KB|=3, 

|KC|=1) are distributed across a hypothetical study region (Figure 19, left). After 

computing the attraction coefficient of each park (see equations 3 and 4), the extents of 

their catchment are calculated (Figure 19, right). In this study, I compare spatial 

accessibility of each demand point between four modes of transport: (1) driving, (2) 
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public transit, (3) bicycling and (4) walking. The travel mode coefficient, 62 (where 

6374=1; 654789�5 = 4/3; 63:3;�8< = 6/5 and 6=7;��8< = 8/7), translates each normalized 

attraction coefficient into a catchment area expressed in minutes (Equation 3). 

1�234�5 =
>?
@
?A

62 ∗ 5	DEF, ��̅ < 0.162 ∗ 15	DEF, 0.1 ≤ �̅� < 0.362 ∗ 30	DEF, 0.3 ≤ �̅� < 0.762 ∗ 45	DEF, 0.7 ≤ �̅� < 0.962 ∗ max	(T��2), 0.9 ≤ ��̅
       (5) 

I consulted with staff from the Mecklenburg County Department of Park and 

Recreation in order to determine appropriate travel mode coefficients, 62and maximum 

travel budgets (in minutes) per transportation mode. In this respect, I am adhering to a 

normative accessibility assessment (Páez et al., 2012). 

1.2.2 Second Step: Calculate Park-to-Population Ratio 

Crowding at a park can decrease our willingness to travel to a park, and as a 

consequence, it can reduce its attractiveness. This latter consideration is in the same spirit 

as Lee and Hong’s (2013) ASD metric. The park’s acreage is divided by the total 

population within its catchment and gives a sense of potential crowding (park-to-

population ratio). A low park-to-population ratio (e.g. small park surrounded by large 

population) indicates there is a higher likelihood for crowding. Based on the catchment 

area of each public facility,	1�234�5, the set of geographic units that fall within this 

catchment is selected (V�2 = {+: T��2 < 1�234�5}). The total demand, Z� for each public 

facility j is computed by summing up the respective populations, [� in this set (V�2) and 

using a distance decay coefficient, \, to give a higher importance to populations living in 

geographic units located closer to public facility j (Equation 6).  
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Z� =	∑ <�5��]^�∈_�]  ∀+ ∈ ,      (6) 

The distance decay coefficient, \, governs the shape of the decay function; when 

\ is high (> 1), the demand for parks will decrease faster with increasing distance. For 

instance, a higher distance decay coefficient might be used for the elderly, as they would 

be expected to travel shorter distances to visit parks (see Schwanen & Páez, 2010).  

The park-to-population ratio, �� (crowding index) of park j is then computed by 

dividing the acreage by the total population within the catchment area, Z� (Equation 7). 

�� =	 �̅�∑ `��   ∀+ ∈ ,      (7) 

When studying commodities other than public parks, this ratio can be re-defined 

using alternative parameters. 

1.2.3 Third Step: Calculate Spatial Accessibility 

When estimating the spatial accessibility, the park-to-population ratios,	��, are 

summed and weighted by the distance that separates the geographic unit from the park. A 

distance decay function gives a higher weight to the park-to-population ratio of a park 

when they are located closer to the geographic unit’s centroid. The spatial accessibility at 

geographic unit i is then defined as: 

�� =	∑ a�5��]^�∈_�]  											∀E ∈ I      (8)  

The spatial accessibility score of each block group is estimated four times; once 

for each mode of transport. The higher the accessibility score, the greater the accessibility 

of that geographic unit to parks, compared to all other geographic units in the study area. 

The VFCA method was written in a script for the programming language (see 

APPENDIX K:) 
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1.3. Scenarios 

One of the advantages of the VFCA method is its ability to generate results under 

different scenarios by letting the parameter values vary. For example, giving more weight 

to the size of the park than to the number of available amenities might result in different 

accessibility patterns. Moreover, the current set of parks and associated characteristics 

can be changed (e.g. adding a new park location or including more amenity types), 

allowing planners and decision makers to compare accessibility under various scenarios. 

To illustrate this capability and to gain insights on the sensitivity and the spatial structure 

of the model, different scenarios of the VFCA are run. Each scenario will be run four 

times, once for each mode of transport: car, public transit, bicycling, and walking. The 

travel mode coefficients,	62, can be adapted as well. A Department of Park and 

Recreation usually has particular standards they need to reach (normative standards). As 

an example, a county might strive to give everyone access to a neighborhood park within 

a 10-minute walk and to a regional park within a 20-minute drive. Finally, the three 

different scenarios run for this study use the same distance decay coefficient (\ = 1.2). 

1.3.1 Scenario I: Two-Step Floating Catchment Area (2SFCA) 

In the first scenario, I evaluate accessibility using parameters that approximate the 

original 2SFCA method by Luo and Wang (2003). The catchment of each park is fixed 

and set using a 15-minute catchment area. Thus, all catchments are uniform regardless of 

each park’s size and number of amenities. 

1.3.2 Scenario II: VFCA, Attraction Based on Park Size Only (bc = d; bf = g) 
In the second scenario, park size is the only factor used to compute the attraction 

of a park and its catchment area. Thus, compared to Scenario I (2SFCA), I now explicitly 
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incorporate the concept of variable-width catchments. Consequently, comparing 

scenarios I and II will show the effect of using variable widths on accessibility results. 

1.3.3 Scenario III: VFCA, Equal Weighting (bc = bf) 
In the third scenario we look at accessibility outcomes when park size and number 

of on-site amenities are equally weighted. Comparing scenarios II and III will illustrate 

the effect on accessibility results when using an additional variable (namely, park 

amenities) to estimate park attraction. 

2. Analyzing Access (Revealed) to Parks 

To respond to research questions 3 through 5, seven survey questions will be 

used; they are listed in Table 2 (on page 59). The access scores gathered from the first 

question and the four importance scores gathered from questions 2 through 5 (see Table 

2), are all categorical variables of the ordinal type. The responses to those questions, 

together with demographic data reported by the respondents are used to analyze 

perceived access to parks in Mecklenburg County (research question 3). Tests on 

skewness and normality, show that these five variables are not normally distributed and 

are skewed, even after transformation of the data (see APPENDIX G:). Therefore, it is 

not advised to use any statistical methods that assume linearity or normality of the 

dependent variable (e.g. analysis of variance or linear regression models). Instead, ordinal 

logistic regression is used to answer research question 3. 
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Table 2: Questions from the survey that will be used to respond to research questions 3 through 5 

 

The travel times gathered from the sixth question (see Table 2), is a positive and 

continuous variable of the interval type. The responses to this question, together with 

demographic data reported by the respondents are used to analyze willingness to travel to 

parks in Mecklenburg County (research question 4). Tests on skewness and normality, 

show that this variable is not normally distributed and is skewed, even after 

transformation of the data (see APPENDIX G:). Therefore, it is not advised to use any 

statistical methods that assume linearity or normality of the dependent variable (e.g. 

analysis of variance or linear regression models). Instead, ordinal logistic regression is 

used to answer research question 4. 

The engagement in physical activity gathered from question 7 (see Table 2) is a 

categorical variables of the dichotomous type. Therefore, logistic regression is used to 

answer research question 5. Scripts that cover all descriptive statistics and statistical 

analyses, which were written for the Stata programming language, can be found in 

APPENDIX H:. 

Survey Quest ion possible answers data type

1- “How would you rate your access to parks?” scale from 1 to 5
(1 =  very poor, 5 =  very good access)

ordinal

2- “When you go to any park, how important 

are park amenit ies?"

scale from 1 to 5
 (1 =  not important,  5 =  very important)

ordinal

3- “When you go to any park, how important 

is the park design and aesthet ic?"

scale from 1 to 5
 (1 =  not important,  5 =  very important)

ordinal

4- “When you go to any park, how important 

is the size of the park?"

scale from 1 to 5
 (1 =  not important,  5 =  very important)

ordinal

5- “When you go to any park, how important 

is the safety of the park?"

scale from 1 to 5
 (1 =  not important,  5 =  very important)

ordinal

6- “How much t ime did it  take to t ravel to 

this park?”
minutes posit ive,

cont inuous

7- “Did you come to this park to engage in 

physical act ivity today?”
yes /  no dichotomous
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3. Calculating Park Availability within the Local Context 

Using kernel density estimation, the spatial availability of parks in Mecklenburg 

County was calculated. Kernel density is a non-parametric method that converts a 

random variable into a continuous probability density surface. Using a cell size of one 

square mile and based on the location of parks, the continuous surface is estimates the 

number of parks or recreational facilities per square mile for every location in 

Mecklenburg County. Kernel density estimation provides a way to visualize the 

distribution of parks in the county and has been used in studies on park accessibility (e.g. 

Maroko et al., 2009). 

The kernel density estimation is used on the inventory of public parks and on the 

inventory of private parks separately. Additionally, a kernel density surface is estimated 

when both inventories are taken together. Finally, based on insights from park visitors, 

weights will be given to each park based on size, amenities and/or safety. 

4. Estimating Park Satisfaction of Online Reviews 

The opinionfinder algorithm (Wilson, Wiebe, & Hoffmann 2005), which is a form 

of data mining, will be used to extract sentiment from reviews written by online users on 

Foursquare and Google about parks. Opinionfinder is a system that was developed by 

students and faculty at the University of Pittsburg (PA), which – among other uses, 

identifies whether certain words are classified to be positive or negative. Based on this 

sentiment dictionary, it is possible to derive the sentiment of a sentence based on the 

words it constitutes. The sentiment score h5, of a comment left on online commenting 

platforms can be analyzed with Equation 9. 

h5 = ij43j85k(il9.=l4�9)ij43j85k(8j<.=l4�9),      (9) 
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Where mnopnFT5(mqr. sqo�r) is the number of positive words divided by the 

total number of words constituting the comment and where mnopnFT5(Fn[.sqo�r) 
represents the number of negative words divided by the total number of words 

constituting the comment. The average sentiment scores from comments posted about 

one park will determine the overall public sentiment at that park. If this ratio is above 1, 

the sentiment is considered positive, if it is below 1 it is considered negative and if it is 

equal to 1 it is considered neutral. 

5. Methodological Limitations 

First, accessibility with the VFCA method is estimated using block group 

centroids as a point of origin for all travel and assumes that subsequent accessibility 

values are uniform across individuals residing within the boundaries of that block group. 

In reality of course, some segments of the population face lower levels of mobility, such 

as seniors (Schwanen & Páez, 2010) or those with disabilities (Casas, 2007). Moreover, it 

is important to note the limitations of this analysis due to the well-known Modifiable Unit 

Area Problem (MAUP) as coined by Openshaw (1983). Second, for public transit, we 

used travel time estimates during a typical workday, and as such did not explore the 

change in accessibility at different times of day, nor during the weekend. Third, we used 

nine types of recreational amenities, which is not an exhaustive list, nor does it reflect the 

quantity or quality of each amenity. However, this model can easily be modified to 

incorporate more amenities or account for other factors such as the presence of trails. 

Moreover, it is possible to adjust weights to each of the amenities. For example, unique 

amenities that attract users from a greater distance may be assigned higher weights. As an 

example, Grayson Park is an average sized neighborhood park (12 acres) in the southern 
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part of Mecklenburg County. However, it is the only park in the county with a skate park, 

making it unique and an incredibly popular destination for skateboarders all over the 

county and beyond. It is also important to note that not all groups of the population use or 

seek amenities in a similar manner. For instance, adolescents may prefer active sports 

(e.g. soccer, baseball, tennis) while the elderly may favor parks with walking trails and 

more passive recreation. Similarly, preferences may vary based on cultural differences. 

Fourth, the park-to-population ratio was calculated only taking into account the 

population in block groups within Mecklenburg County. This does not take into account 

individuals that live outside of Mecklenburg County, but that do live close enough to the 

boundary making them potential park users. Therefore, the park-to-population ratio of 

parks that are close to the boundary of Mecklenburg County may be overestimated due to 

unaccounted users living outside the county. Fifth, the surveys have limitation, which 

were detailed in the data limitation (see page 48). Sixth, the sentiment estimated by the 

opinionfinder system is based on a dictionary of English words that is not exhaustive. 

Moreover, the Spanish-speaking community is growing in Mecklenburg County and 

comments left in Spanish cannot be interpreted using this dictionary. Finally, the 

opinionfinder system uses an algorithm to put each word within the context of the entire 

sentence. Although their algorithm has high accuracy ratings, it cannot be guaranteed that 

each comment’ sentiment is estimated correctly. Reviews written online often contain 

spelling mistakes and poor sentence structures, which may affect the accuracy rate of the 

opinionfinder system. 
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RESULTS 

Results for the three research objectives will be addressed following the same 

order they are outlined in my dissertation. In the first section, potential access to public 

parks and recreational facilities in Mecklenburg County is presented for four modes of 

travel. In the second section, revealed access is presented for visitors surveyed at 18 

public parks between September and November of 2015. Taking into account insights 

from this survey, the third section presents the availability of public and non-public parks 

and recreational facilities in Mecklenburg County. In the fourth and final section, the 

sentiment of online reviews towards parks in Mecklenburg County are presented. Many 

of the results are presented using maps. To sketch a more informative picture of 

neighborhoods characteristics in Mecklenburg County, each map will show a different 

socio-economic or civic variable in its background. These variables are all made 

available by the Charlotte-Mecklenburg Quality of Life Explorer. 

1. Spatial Access (Potential) to Public Parks in Mecklenburg County 

Using the method described in each of the three scenarios outlined earlier, relative 

accessibility scores are calculated. The resulting accessibility values are a score between 

0 and 1, making it possible to compare patterns for different modes of transportation. 

Each map is presented using the same classification and color scheme (quintile 

classification and sequential colors). The dark, red color shades reflect block groups with 

higher accessibility to public parks using a particular mode of transport. The light, gray 

shades reflect block groups with low levels of spatial accessibility, compared to all other 

block groups in the study area. 

Figure 20A shows the results of scenario I, which uses the two-step floating 
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catchment area method (2SFCA). For all modes of transport, but especially by car, census 

blocks with higher relative accessibility are found predominantly in the western and 

northern portions of the county. By transit, bicycle or foot, a more spatially dispersed 

pattern is observed however. Since the only weighing variable in the 2SFCA method is 

size, the western part, which contains most parks of a larger size result in higher 

accessibility scores (see Figure 10 and Figure 11 for park locations). It is important to 

note that the pattern for each respective mode of transportation largely follows the 

underlying transport infrastructure. 

 
Figure 20: Spatial accessibility for scenarios I and II, for four different modes of transportation. 

Figure 20B shows the results of scenario II, which uses the Variable Floating 

Catchment Area (VFCA) method based on park size only. Comparing the results of both 

scenarios make the differences in outcome clear. Results of accessibility scores by car in 
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Figure 20B show a more dispersed pattern; block groups that are well connected to 

several public parks or parks of larger sizes result in higher accessibility scores. We also 

note that the higher density of high-speed roads in the western portion of the county helps 

give rise to the accessibility patterns observed in Figure 20A. Results by public transit 

(Figure 20B) show higher scores for block groups connected to larger parks through 

transit express routes. 

 
Figure 21: Distribution of spatial accessibility scores for scenario I for four different modes of transportation 

The distribution of accessibility scores among block groups in Mecklenburg 

County are illustrated in Figure 21 under scenario I (2SFCA). This graph suggests that 

most block groups experience very low accessibility scores, regardless of the transport 

mode. When traveling by car, the probability that a block group has a higher accessibility 

score is slightly greater compared to the three remaining modes of transport. 
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Figure 22: Spatial accessibility for scenario III, for four different modes of transportation 

Figure 22 shows the results of scenario III, which uses the Variable Floating 

Catchment Area (VFCA) method based on park size and number of amenities. 

Accessibility patterns for all modes of transport seem to exhibit higher scores nearby 

Charlotte business district (centrally located in Mecklenburg County). Since a greater 

number of amenities is found in public parks located closer to the city center, the pattern 
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shows higher accessibility values for block groups located near or in-between parks with 

multiple amenities. When traveling by car, the city center and neighborhoods located 

along interstates have a much higher level of access. When traveling by public transit, 

high levels of accessibility are observed in the city center and along bus route corridors. 

A few block groups located at the periphery of the county consistently experience high 

levels of accessibility. This is partly due to the close proximity of the block group’s 

centroid either to a park’s entrance, a well-connected road or a bus stop. Accessibility 

levels for pedestrians appear relatively low and patchy in all scenarios.  

The accessibility patterns in Figure 20 (scenarios I and II) drastically contrast with 

those in Figure 22 (scenario III), and this holds true for all modes of transportation. When 

comparing the results for car travel, we observe a near mirror image between Figure 20A 

and Figure 22. As larger parks tend to be located in the northern and western edge of 

Mecklenburg County (see Figure 10 and Figure 11), block groups in these areas 

experience higher levels of accessibility when more weight is given to park size. 

 
Figure 23: Distribution of spatial accessibility scores for scenario III for four different modes of transportation 
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The distribution of accessibility scores among block groups in Mecklenburg 

County, under scenario III is represented in Figure 23. The VFCA model is deemed to 

create outcomes that better reflect the barriers faced by residents when accessing public 

parks. Compared to the graph in Figure 5, accessibility scores show a broader distribution 

when using the VFCA method, particularly when traveling by car. 

2.  Access (Revealed) to Parks in Mecklenburg County 

2.1. Perceived Access to Parks 

Visitors were asked how they would rate their access to parks (between 1 and 5; 1 

being very poor access and 5 very good access). They were also asked to rate the 

importance of four park characteristics (between 1 and 5; 1 being not important and 5 

being very important); namely (1) the size of the park, (2) the amenities available at a 

park, (3) the aesthetic and design of the park and (4) the safety of the park. 

 
Figure 24: Score reported by park visitors on their overall parks score and the importance of four park characteristics. 
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In Figure 24, we can see that on average, residents of Mecklenburg County, 

experience a very good access to parks (4.3 out of 5). The importance of safety at parks is 

rated to be very important among all visitors (4.7 out of 5). The size and available 

amenities at parks were rated to be important (scores below 4 out of 5). Interestingly, 

most studies rely on the size of parks to weigh the access to a park. 

 
Figure 25: Results of the ordinal logistic regression for research question 3 

Homeownership, income, education level and ethnicity or race as reported by 

visitors were not associated with their perceived access to parks within a 90% confidence 

level. When testing for the impact of gender, car availability, bmi and walk time to the 

closest park however, the Likelihood Ratio Chi-Square showed that at least one of the 

                                                                                         

                  /cut4     1.652701   .7950732                      .0943863    3.211016

                  /cut3     .0450929   .7902174                     -1.503705    1.593891

                  /cut2    -1.471996   .8180787                     -3.075401    .1314087

                  /cut1    -3.054932   .9631573                     -4.942686   -1.167178

                                                                                         

                   Yes      .1981949   .5588685     0.35   0.723    -.8971673    1.293557

car_availability_binary  

                         

                  Male      .3423605   .2154526     1.59   0.112    -.0799187    .7646398

                 gender  

                         

                    bmi     .0429789   .0213841     2.01   0.044     .0010669     .084891

    10 minutes or less      .7146792    .243806     2.93   0.003     .2368281     1.19253

    cp_walk_time_simple  

                                                                                         

           access_score        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                                         

Log likelihood = -358.66349                       Pseudo R2       =     0.0221

                                                  Prob > chi2     =     0.0027

                                                  LR chi2(4)      =      16.23

Ordered logistic regression                       Number of obs   =        328

Iteration 3:   log likelihood = -358.66349  

Iteration 2:   log likelihood =  -358.6635  

Iteration 1:   log likelihood = -358.70268  

Iteration 0:   log likelihood = -366.77821  
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predictors' regression coefficient was not equal to zero in the model (95% confidence 

level, see Figure 25). This model was run on residents of Mecklenburg County; non-

residents were omitted from the dataset in order to provide results that speak to perceived 

access by local residents. 

At an 99% confidence level, the order logit (log-odd) for visitors who live a10-

minute walk or less from a park to perceive their access to be higher is 0.71 more than 

visitors who live more than a 10-minute walk from a park when the other variables in the 

model are held constant. At an 95% confidence level, a one-unit increase in a visitor’s 

BMI would result in a 0.04-unit increase in the ordered log-odds of perceiving their park 

access higher while other variables are being held constant. At an 85% confidence level, 

the order logit for males perceiving their access to be higher is 0.34 more than females 

when the other variables in the model are held constant. Finally, the order logit for 

visitors who have access or own a car to perceive their access to be higher is 0.19 more 

than visitors who do not have access to a car when the other variables in the model are 

held constant. However, the latter logit is not significant at the 90% confidence level. 

When I run the same model based on all park visitors (residents and non-residents), we 

find that all factors that were significant, stay significant and the multinomial logits are in 

the same direction and have a similar size. 

In Table 3 (on page 71), the median access score, age, BMI and time a visitor 

traveled to a park were calculated for different walking times to the closest park. This 

table suggests that visitors who walk 10 minutes or less to their closest park have a 

median access score of 5 (out of 5) compared to a median score of 4 (out of 5) for a walk 

time over 10 minutes. It is also worth mentioning that visitors who do have a lower 
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walking time to their closest park, had a lower median travel time to the park they were 

visiting when surveyed. 

Table 3: Descriptive statistics on the walk time to the closest park 

 

2.2. Willingness to Travel 

Visitors were asked how much time it took them to travel to the park they were 

surveyed at that day. For all visitors, the median time traveled to a public park was 15 

minutes. When accounting for Mecklenburg County residents only however, the median 

time traveled was 10 minutes. 

Table 4 (on page 72) reports the time traveled to the park where visitors where 

surveyed is broken down for five individual’s characteristics. We can see that the for 

these five characteristics, the median reported time traveled is between 10 and 15 

minutes. The 95th percentile is also presented in this figure and suggests more variance in 

the willingness to travel for each individual’s characteristic. In particular, age, income 

and car availability exhibit considerable variance (Figure 26 on page 72). The largest 

variance is clearly visible when breaking down reported travel times by car availability 

(far right). Visitors who report owning a car, have median reported travel time of 11.5 

minutes and goes up to 30 minutes at the 95th percentile. Visitors reporting they do not 

Walk t ime to closest park access score age BMI travel t ime

10 min. or less p50 5 33.5 26 10

N 108 108 101 110

11 to 30 min. p50 4 33 25 15

N 154 150 143 155

more than 30 min. p50 4 34 25 15

N 104 101 94 103
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have a car (n=19) have a 90-minute travel time at the 95th percentile. 

Table 4: Summary of reported travel times 

 

 
Figure 26: Median and 95th percentile travel times 

Age median p95 N

18-24 10 35 95

25-29 10 30 63

30-44 15 30 130

45-59 10 30 67

60+ 10 25 26

Income

0-25K 14 60 72

25-49K 10 30 73

50-74K 15 30 64

75-99K 10 30 49

100-149K 10 30 37

150K+ 12 45 31

Educat ion

No high school 15 30 18

High school 10 30 133

Higher-educat ion 10 30 232

Car availability

No car 10 90 20

Car access 10 75 36

Own car 11.5 30 332

Children at  home

1-2 13 30 93

3 or more 10 35 38

None 10 30 49

Mecklenburg Residents

Reported travel t ime (in minutes)
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It is important to mention that from these 19 respondents, 63% are ages 18-24, 

26% are ages 25-44 and 11% are 45 or older and that a Pearson Chi Square test rejects 

the hypothesis that this distribution is random at a 99% confidence level. Looking at the 

break-down by age (far left), the youngest age group has the same median reported travel 

time than the oldest age group. However, the 95th percentile is 10 minutes higher for the 

youngest age group compared to the oldest, which has the lowest travel time at the 95th 

percentile. 

Finally, the break-down by income (middle) shows that visitors in the lowest 

(21% of respondents) and highest (10% of respondents) income levels have similar 

median reported travel times, 14 and 12 minutes respectively. Visitors in the lowest 

income group however, has a 95th percentile travel time that is 15 minutes higher than 

that of the highest income group. Again, it is important to mention that a Pearson Chi 

square test on age and income rejects the null hypothesis that the distribution would be 

random, at a 99% confidence level. 

Table 5: Summeray of reported travel time per park type 

 

It is likely that different park types attract residents for different reasons. In Table 

5, the reported travel time is presented for different park types. Neighborhood and 

Park type median p95 N

Neighborhood 10 30 28

Community 10 30 60

Regional 15 30 131

Nature Preserve 15 32.5 92

Urban 17.5 45 80

Mecklenburg Residents

Reported t ravel t ime (in minutes)
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Community parks have the same median and 95th percentile. Regional parks and nature 

preserves however, have a 5-minute higher median. The reported travel time at the 95th 

percentile is highest for urban parks, for which the median is highest as well. To visualize 

this information differently, Figure 27 shows the location of each public park at which 

surveys were collected. The color of each dot represents the type of the park, whereas its 

size represents the median travel time reported by surveyed visitors. 

 
Figure 27: Visitor’s reported travel time per park type 

 Homeownership, income, age, education level, gender, body mass index and 
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having a gym membership as reported by visitors were not associated with their reported 

time traveled to parks within a 90% confidence level. When testing for impact of race or 

ethnicity, the park type they were surveyed at and the walk time to the closest park 

however, the Likelihood Ratio Chi-Square suggests that at least one of the predictors' 

regression coefficient is not equal to zero in the model (99% confidence level). To make 

the interpretation of the ordinal logistic regression easier, I use three park types instead of 

five. For that, neighborhood and community parks are merged into one category and 

regional parks and nature preserves into a second category. Urban parks are kept as a 

separate category. 

Table 6: Summary of reported travel time per park type after types were aggregated 

 

In Table 6 we can see that the medians and 95th percentiles stay robust even after 

reducing the data to three categories. The results of the Multinomial Logistic Regression 

(see Figure 28 on page 76) are robust when comparing the results using three categories 

instead of five. 

At the 99% confidence level, the order logit for residents that were surveyed at 

neighborhood and community parks to report a higher travel time to the park they were 

surveyed at is 0.72 less than residents surveyed at regional parks and nature preserves 

when the other variables in the model are held constant. At a 99% confidence level, the 

order logit for visitors who live within a 10-minute walk of a park to have a higher travel 

Park type median p95 N

Neighborhood and Community 10 30 191

Regional and Nature Preserves 15 30 172

Urban 17.5 45 28

Mecklenburg Residents

Reported t ravel t ime (in minutes)
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tine to the park they were surveyed is 0.86 less than visitors who live more than a 10-

minute walk from a park when the other variables in the model are held constant. 

 
Figure 28: Results of the ordinal logistic regression for research question 4 

                                                                                                 

                         /cut25     5.673024    1.00874                      3.695931    7.650118

                         /cut24     4.977318   .7194549                      3.567212    6.387424

                         /cut23     4.569877   .5924322                      3.408731    5.731023

                         /cut22     3.861567   .4286224                      3.021483    4.701652

                         /cut21     3.561099   .3761899                      2.823781    4.298418

                         /cut20     3.325534   .3408001                      2.657578     3.99349

                         /cut19     2.966426   .2952687                       2.38771    3.545142

                         /cut18     1.564267   .1877104                      1.196362    1.932173

                         /cut17      1.16003   .1721695                      .8225836    1.497476

                         /cut16     .5768881   .1589606                      .2653311    .8884452

                         /cut15     .5466156   .1585329                      .2358967    .8573345

                         /cut14     .5316084   .1583316                      .2212841    .8419327

                         /cut13    -.3444669   .1547028                     -.6476789   -.0412549

                         /cut12    -.3565144   .1547456                     -.6598101   -.0532186

                         /cut11    -.3805837   .1548399                     -.6840643   -.0771032

                         /cut10    -.3925818   .1548874                     -.6961554   -.0890081

                          /cut9    -1.376195    .168419                     -1.706291     -1.0461

                          /cut8    -1.431607   .1696352                     -1.764086   -1.099128

                          /cut7    -1.685831   .1763482                     -2.031468   -1.340195

                          /cut6    -1.718138    .177322                     -2.065683   -1.370593

                          /cut5    -3.184038   .2467058                     -3.667572   -2.700504

                          /cut4    -3.226422   .2497363                     -3.715896   -2.736948

                          /cut3    -3.270224   .2529523                     -3.766001   -2.774446

                          /cut2    -3.570988   .2776475                     -4.115167   -3.026809

                          /cut1    -5.193504   .5250987                     -6.222678   -4.164329

                                                                                                 

                           Yes      .8813915   .3016517     2.92   0.003     .2901651    1.472618

          ethnicity_hisp_latino  

                                 

            10 minutes or less     -.8591016   .2103303    -4.08   0.000    -1.271341   -.4468619

            cp_walk_time_simple  

                                 

                    Urban Park      .7404482   .4239779     1.75   0.081    -.0905333     1.57143

Neighborhood or Community Park     -.7183887   .1981595    -3.63   0.000    -1.106774   -.3300033

               park_type_simple  

                                                                                                 

                    travel_time        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                                                 

Log likelihood = -825.16558                       Pseudo R2       =     0.0300

                                                  Prob > chi2     =     0.0000

                                                  LR chi2(4)      =      51.03

Ordered logistic regression                       Number of obs   =        364

Iteration 4:   log likelihood = -825.16558  

Iteration 3:   log likelihood = -825.16558  

Iteration 2:   log likelihood = -825.16585  

Iteration 1:   log likelihood = -825.54161  

Iteration 0:   log likelihood = -850.68193  
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Finally, at a 99% confidence level, the order logit for Hispanics and Latinos to 

report a higher travel time to the park they were surveyed at is 0.88 more than non-

Hispanics and non-Latinos when the other variables in the model are held constant. When 

I run the same model based on all park visitors (residents and non-residents), all factors 

that were significant remain significant and the multinomial logits are in the same 

direction and have a similar size. 

2.3. Physical Exercise at Public Parks 

Visitors were asked if they came to the park they were surveyed at to engage in 

physical activity that day. Table 7 shows that out of 385 Mecklenburg County residents, 

253 (66%) responded they did come to the park that day to engage in physical activity. 

The median age and BMI is similar for visitors who did and did not come for physical 

activity. 

Table 7: Summary of responses about engagement in physical activity 

 

The median perceived access score for residents who came to do physical activity 

was 1 point lower compared to the median for residents who did not come to engage in 

physical activity. 

Visitors were also asked how often they do engage in physical activity at parks. 

Table 8 shows that out of 383 Mecklenburg County residents, 227 (59%) responded they 

Engagement in physical act ivity Yes No

number of respondents (N) 253 132

median age 34 33

median bmi 25.2 25.9

median access score 4 5

Mecklenburg Residents
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used parks for physical activity regularly, 126 (33%) used them sometimes and 30 (8%) 

never went to parks to engage in physical activity. The median age and BMI is similar 

among the three respondent groups. The median perceived access score is 0.5 point lower 

for residents who sometimes go to parks to engage in physical activity. 

Table 8: Summary of responses about frequency of engagement in physical activity at parks 

 

Breaking down the response by park type (see Table 9), the majority of residents 

did engage in physical activity at regional parks and nature preserves the day they were 

surveyed. Urban parks on the other hands attract mostly residents that do not come to 

engage in physical activity. 

Table 9: Summary of responses about engagement in physical activity by park type 

 

Similar results are presented in Table 10, which shows that a majority of residents 

engage in physical activity at neighborhood, community and regional parks on a regular 

basis (defined as once a week or more). For nature preserves and urban parks, half of the 

Engage in physical act ivity at  parks Regular i ly Sometimes Never

number of respondents (N) 227 126 30

median age 33.5 31 33

median bmi 25.4 24.7 26

median access score 5 4.5 5

Mecklenburg Residents

Engagement in physical act ivity Yes No N

Neighborhood parks 67% 33% 58

Community parks 57% 43% 127

Regional parks 72% 28% 92

Nature preserves 83% 17% 81

Urban parks 28% 72% 29

Mecklenburg Residents
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respondents did say they engaged in physical activity regularly and the other half 

sometimes engaged in physical activity or never. 

Table 10: Summary of responses about frequency of engagement in physical activity by park type 

 

 
Figure 29: Results of the logistic regression for research question 5 

Homeownership, income, age, education level, gender, body mass index and 

having a gym membership as reported by visitors were not associated with whether or not 

they engaged in physical activity the day they were surveyed (90% confidence level). 

When testing for impact of the park type they were surveyed and ethnicity or race 

however, the Likelihood Ratio Chi-Square shows that at least one of the predictors' 

regression coefficient is not equal to zero in the model at a 99% confidence level (see 

Engage in physical act ivity at  parks Regular i ly Somet imes Never N

Neighborhood parks 67% 23% 10% 60

Community parks 60% 32% 8% 128

Regional parks 62% 30% 8% 92

Nature preserves 53% 41% 6% 80

Urban parks 48% 44% 8% 25

Mecklenburg Residents

                                                                                                 

                          _cons      1.22904   .1874307     6.56   0.000     .8616827    1.596397

                           Yes     -.2180931    .242034    -0.90   0.368    -.6924711    .2562849

         ethnicity_afr_am_black  

                                 

                    Urban Park     -2.054372   .4587526    -4.48   0.000    -2.953511   -1.155234

Neighborhood or Community Park     -.7093627   .2431216    -2.92   0.004    -1.185872   -.2328531

               park_type_simple  

                                                                                                 

                       pa_today        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                                                 

Log likelihood = -231.52271                       Pseudo R2       =     0.0582

                                                  Prob > chi2     =     0.0000

                                                  LR chi2(3)      =      28.62

Logistic regression                               Number of obs   =        381

Iteration 3:   log likelihood = -231.52271  

Iteration 2:   log likelihood = -231.52272  

Iteration 1:   log likelihood = -231.58793  

Iteration 0:   log likelihood = -245.83094  
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Figure 29). 

At the 99% confidence level, the order logit for residents that were surveyed at 

Romare Bearden park (urban park) to report coming to that park to engage in physical 

activity that day is 2.05 less than residents surveyed at regional parks and nature 

preserves when the other variables in the model are held constant. At an 99% confidence 

level, the order logit for residents that were surveyed at neighborhood and community 

parks to report coming to that park to engage in physical activity that day is 0.71 less than 

residents surveyed at regional parks and nature preserves when the other variables in the 

model are held constant. Finally, the order logit for blacks and African Americans report 

coming to that park to engage in physical activity that day is 0.22 less than non-blacks 

and non-African Americans when the other variables in the model are held constant. 

However, the latter logit is not significant at the 90% confidence level. When we run the 

same model based on all park visitors (residents and non-residents), we find that all 

factors that were significant, stay significant and the multinomial logits are in the same 

direction and have a similar size. 

3. Park Availability in Mecklenburg County 

Using the kernel density estimation on the locations of parks, recreation facilities, 

golf courses and entrances to greenways that are public, Figure 30 shows contour lines of 

equal number of parks per square mile. It is important to mention that each location 

accounts equally in the density estimation. This map shows that the highest density of 

parks per square mile are found around the Charlotte business district. On the background 

are the percent households within each neighborhood that have a park or recreational 

facility within a 0.5-mile straight line as reported by the Charlotte-Mecklenburg Quality 



81 

 
 

of Life Explorer. The neighborhoods with high access do highly coincide with areas that 

offer a high density of parks and recreational facilities per square mile. 

 
Figure 30: Number of public parks and recreational facilties and their accessibility 

The outcomes of both analyses presented in Figure 30, however, do not account 

for non-public parks. Using the kernel density estimation on the locations of parks and 

other recreation opportunities that are not managed by the Department of Park and 

Recreation, Figure 31 shows contour lines of equal number of private parks per square 

mile. Here again, each location accounts equally in the density estimation. This map 
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suggests that the highest density of private parks and recreational opportunities per square 

mile are found in south and east of the Charlotte business district as well as at the 

northern end of Mecklenburg County. On the background are the percent blacks within 

each neighborhood as reported by the Charlotte-Mecklenburg Quality of Life Explorer. 

The neighborhoods with lower densities of private parks and recreational opportunities 

highly coincide with areas with neighborhoods that have a higher percent blacks. 

 
Figure 31: Number of private parks and recreational facilties against racial diversity 
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Figure 32: Number of parks and recreational facilities against population density 

Using the kernel density estimation on the locations of parks and other recreation 

opportunities that are public and non-public, Figure 32 shows contour lines of equal 

number of parks per square mile. Each location accounts equally in the density 

estimation. This map shows a very different distribution of maps compared to the one 

where only public parks were accounted for. On the background is the population density 

as reported by the Charlotte-Mecklenburg Quality of Life Explorer. The neighborhoods 

with higher population densities tend coincide with areas with higher densities of parks 

and recreational facilities. 
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Figure 33: Number of parks and recreational faciltiies (offset by attraction) and health insurance 

The surveys pointed out that safety, available amenities, aesthetics and size are 

important to many park visitors. Safety was reported to be the most important 

characteristic. To account for those characteristics, the kernel density estimation was 

weighed based on (1) violent crime within 200 meters of the park or recreational 

facility’s entrance, (2) number of amenities available and (3) the size of the park. Instead 

of using absolute values, all locations were ranked based on these three characteristics. 

Based on their rank, each park was given a value between 0.25 and 1.75. For example, a 

park that is among those with the highest number of violent crimes will be given a value 
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of 0.25 and parks among those with the lowest number of violent crimes will be given a 

value of 1.75. In the kernel density estimation, the park with high crime will not account 

for 1 park, but for 25% of a park because it is likely that people want to avoid this park 

because of criminal activity. On the other hand, the park with low crime will not account 

for 1 park, but for 175% of a park because it will attract more people thanks to its safety. 

From the surveys, we learned that visitors value crime more than amenities and value 

amenities more than park size. Therefore, the overall attraction of each park was 

calculated as follows: To calculate attraction to each park, the average value of each park 

on crime, amenities and park size is calculated, which will be a value between 0.25 and 

1.75. However, we weighted each value according to the survey results: the crime value 

is weighted three times higher than that of park size and the amenities value is weighted 

twice as much as that of park size. Figure 33 presents the map of contours with equal 

park and recreation densities including public and private parks and weighing for safety, 

amenities and size.  

On the background is the percent beneficiaries of Medicaid or the statewide 

insurance plan as reported by the Charlotte-Mecklenburg Quality of Life Explorer. The 

neighborhoods with lower percentages of beneficiaries coincide with areas with higher 

densities of parks and recreation. 

4. What is the Sentiment of Online Comments at Parks in Mecklenburg County? 

Using the opinionfinder system (Wilson, Wiebe, & Hoffmann 2005) to process all 

reviews left by online users on Google and Foursquare about parks and recreational 

facilities, the overall sentiment was identified for each park. 
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Figure 34: Online sentiment about parks on Google and arts and cultural participation 

Figure 34 (on page 86) shows all locations in the Google Maps database that are 

categorized under “park” and at which at least one review was posted. The color of the 

dot refers to the overall sentiment at that location based on all reviews left by users. A red 

dot refers to a negative sentiment, a green dot to a positive sentiment and a grey dot refers 

to a neutral sentiment. The size of each dot represents the number of reviews left by users 

at that location. On the background is the percent households within each neighborhood 

that participate in arts and cultural activities sponsored by the NC Arts Council State 

Funds (ASC) as reported by the Charlotte-Mecklenburg Quality of Life Explorer. 

Participation in art and cultural activities may indicate a bigger engagement of residents 
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in their community. 

 
Figure 35: Online sentiment about parks on Foursquare and resident adopted streams 

Figure 35 (on page 87) shows all locations in the Foursquare database that are 

categorized under “park” and at which at least one review was posted. Here again red 

dots refer to a negative sentiment in the reviews of users, a green dot to a positive 

sentiment and a grey dot refers to a neutral sentiment. The size of each dot represents the 

number of reviews left by users at that location. On the background is the percent of all 

eligible streams that were adopted by residents for clean-up (adopt-a-stream movement) 

within each neighborhood as reported by the Charlotte-Mecklenburg Quality of Life 

Explorer. This may indicate commitment and engagement to keep one’s appealing. 
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Figure 36: Positive reviews left about parks on Google 

 
Figure 37: Negative reviews left about parks on Google 
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To summarize the reviews left by Google users at each location, a word cloud 

(using tagul3 tools) was generated for 6 parks where the overall sentiment of the reviews 

was positive (see Figure 36). The most common word that appears in reviews about 

Beattie’s Ford Park is “clean”, whereas reviews about The Green – which is a plaza near 

Charlotte’s business district, contained the word “city” most frequently. This figure 

shows that different park locations generate different topics of discussion based on their 

available amenities. Figure 37 summarizes the reviews left by Google users using a word 

cloud for 6 parks where the overall sentiment of the reviews was negative. The most 

common word that appears in reviews about Ramblewood Park is “trash”, whereas 

reviews about Martin Luther King Park contained the word “small” most frequently. 

Here again, different park locations generate different topics of discussion. Many people 

called the Sharon Memorial Park before planning their visit and were not pleased because 

of the rudeness of the people receiving their call. It is important to mention that Sharon 

Memorial is a cemetery and Crown Cove is a recreational vehicle (RV) park. 

Some locations under the “park” category within the Google database do not fit 

entirely fit out criteria for parks and recreational facilities within the scope of increasing 

physical activity. 

                                                 
3 Tagul provides a free and online tool to generate word clouds based on a text: tagul.com 
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DISCUSSIONS 

1. Modeling Spatial Accessibility to Parks Using the VFCA Method 

A case study on public parks in Mecklenburg County (NC) illustrated the VFCA 

method under three different scenarios. In the first scenario, parameters were chosen to 

replicate those of the 2SFCA method; meaning that catchments sizes around each park 

were equal and park size was the only characteristic used to weigh accessibility scores. In 

this scenario (scenario I) with the car as transport mode, block groups in the western part 

of the county rank high on park access and block groups in the eastern part all result in 

low ranks to the exception of a handful. Theoretically, this makes sense since 7 of the 8 

largest nature preserves are located in the western part of the county (see Figure 11 on 

page 34). These parks drive the results of the model because size is the weighing factor. 

For the other three modes of transport, block groups on the western edge of the county 

rank high on accessibility, here too, matching the location of larger parks. However, 

because of the bigger travel limitations compared to the car, the patterns show less 

clustering and tend to follow the respective underlying network of each mode. The 

second scenario presented also took park size as sole factor dictating the attractiveness of 

a public park but makes the catchment of each park vary based on the attractiveness. 

Under that scenario (scenario II) with the car as transport mode, northern and outlying 

suburban areas of Mecklenburg County enjoy much higher levels of accessibility. Here 

too, this was expected given the significant proportion of larger parks located in the 

northern periphery of the county. On the other hand, when size and amenities were 

weighted equally (scenario III), populations living closer to the center of Mecklenburg 

County (Charlotte business district) and along the main road arteries experienced higher 
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accessibility values. 

Overall, the different parameters used to evaluate spatial accessibility can 

generate very contrasting outcomes. Consequently, caution must be adopted (1) when 

choosing a spatial access model, (2) when interpreting spatial patterns of accessibility and 

(3) when providing policy advice based on the results of the study. Clearly, there is no 

“one size fits all” model; the circumstances of the modeling effort should help dictate the 

parameters being used and ideally, more than one model should be run to ascertain a 

more complete image of the accessibility landscape of an urban area. The robustness of 

the results can be supported when several accessibility measures generate similar 

outcomes. The VFCA model has several strengths. First, the concept of attraction 

(Delmelle, Li & Murray, 2012; Farhan & Murray, 2006; Roy & Thill, 2004) is explicitly 

modeled by a weighted objective. The catchment area of each public park contracts or 

expands based on the level of attraction and the preferred mode of transportation. Second, 

the methodology is deployable to other commodities such as transportation infrastructure, 

schools, farmer’s markets and medical centers. It would also be pertinent to implement in 

cities in other parts of the world where urbanization and transportation issues vary 

dramatically from the southern U.S. city featured in this study. Finally, since all 

parameters are designed to be flexible, this approach has the capability to support 

scenario analysis, a key exercise for sparking critical and strategic thinking in the 

planning process (Xiang & Clarke, 2003). 

2. Accessibility to Parks in Mecklenburg County: Potential vs. Revealed 

Residents of Mecklenburg County (18 years or older) surveyed at a public park 

between September and November of 2015 were satisfied with their access to parks. 
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From all visitors surveyed, men were more satisfied with their access to parks compared 

to women. On a scale of 1 out of 5 (1 being very poor and 5 being very good access), the 

median rating by Mecklenburg residents was 5. This finding is an important argument 

against the poor ranking Charlotte is given by the Trust for Public Land (TPL) since 

2012.  

The method used by the TPL gives the highest weight to areas that have a public 

park within a 10-minute walk (see Figure 6 on page 23). Walking access to parks is one 

of the main reasons Charlotte ranks low on their ParkScore® compared to other U.S. 

cities. Similar to their conclusion, all accessibility patterns from the VFCA method 

resulted in very low scores when walking. From the residents of Mecklenburg County 

that were surveyed at public parks, 29.7% reported their closest park to be at a 10-minute 

walking distance or less. Ordinal logit regression suggests that residents who have a 

lower access to parks by foot is associated with a lower perceived access to parks in 

general. Visitors who reported having a park within a 10-minute walk or less were 

significantly more satisfied with their access to parks compared to those who had to walk 

more than 10 minutes. This suggests that Mecklenburg County residents do value being 

able to walk to a park. 

All patterns from the VFCA resulted in higher number of block groups with high 

access scores when traveling by car. Although Charlotte is known to be a car-centric city, 

this does not necessarily imply residents prefer traveling by car. In fact, surveys show 

that park visitors who did not own nor have access to a car were less satisfied with their 

access to parks compared to those who did. This finding suggests that Mecklenburg 

residents do travel using other modes of transport than the car, and that when they do, 



93 

 
 

they experience barriers that significantly lowers their perceived access to parks. 

The TPL gives a high weight to areas that have a park at a walking distance and 

also weigh accessibility by the total acreage of parkland available. Size being one of the 

driving factors in their model; the areas of high and very high need (see Figure 6 on page 

23) match block groups with low park access by car in the results of the VFCA under 

scenario I. Even though their model is weighted more heavily by walking access to parks, 

it does seem like their model is driven by the acreage of parkland available in the 

northwestern part of the county. The Charlotte-Mecklenburg Quality of Life Explorer 

measures accessibility to parks differently; in their model park access is considered high 

if the percentage of households in a neighborhood that are within a 0.5-mile distance 

from a public park is high. The neighborhoods that exhibit a low percentage of 

households with park access (see Figure 7 on page 25) do not closely coincide with areas 

of high or very high need estimated by the TPL (see Figure 6 on page 23). However, the 

pattern by the Charlotte-Mecklenburg Quality of Life Explorer does resemble the patterns 

obtained from the VFCA method under scenario III (see Figure 22 on page 66). This 

suggests that their model is not driven by the size of parks. When asked about the 

importance of park characteristics, visitors report safety to be the most important 

characteristic of a park. Women however, rate the importance of safety higher than man 

do. Given that women rate their access to parks significantly lower and rate the 

importance of safety significantly higher than men, this might suggest that women 

experience a bigger barrier to access parks because of safety concerns. Although the size 

of a park was reported to be important to park visitors, it is a less important characteristic 

compared to aesthetic and design of the park and available amenities.  
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3. Willingness to Travel to Parks 

Visitors indicated that they drive between 10 and 30 minutes to public parks. The 

median travel time by Mecklenburg residents to neighborhood and community parks was 

10 minutes while the median to regional parks and nature preserves was 15 minutes. The 

median travel time to Romare Bearden park (an urban park) was 17.5 minutes which 

indicates that residents travel a longer distance to get to an urban park. Romare Bearden 

park is located in a walk-friendly area of the City of Charlotte, where other activities such 

as baseball games, bars, restaurants and museums are accessible by foot. Visitors at 

Romare Bearden park may not travel primarily for the park. Instead, this location 

provides opportunity to combine multiple activities in one trip, which may explain the 

longer travel times compared to other park types. 

In the VFCA method, catchment areas of 10 minutes for neighborhood parks, and 

up to 45 minutes for nature preserves were used. Given the reported travel times by 

Mecklenburg residents, these catchment sizes clearly overestimate their willingness to 

travel to parks. It is also important to notice that a park type does not show consistent 

catchment areas (see Figure 27 on page 74). Instead some neighborhood parks may 

attract visitors that live outside the neighborhood while certain regional parks may have 

smaller catchment sizes than expected. Therefore, using park type to define the size of 

catchment areas may not be appropriate. It is important to mention that the travel times 

reported here reflect those of residents that are already visiting parks. Therefore, they do 

not provide insights about the willingness to travel to parks for residents that do not visit 

parks, which may be lower than that of park visitors. 

The youth (ages 18-24) seems to be willing to travel slightly longer distance 
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compared to people ages 60 years or older. Individuals with an income lower than the 

poverty line ($24,000 per year, which may also include students) and those with an 

annual household income higher than $150,000, seem to be willing to travel longer times 

to get to a park. This might indicate a bigger time availability for both income categories. 

Finally, willingness to travel is grossly impacted depending on the availability of a car. 

People who do not have access to or own a car seem to travel up to 90 minutes to get to a 

park. This is an important finding because it shows that Mecklenburg residents who do 

not have a car, still seek to go to parks. 

4. The Use of Parks as a Place for Physical Activity 

From all visitors surveyed at public parks, 59% reported using parks for physical 

activity on a regular basis. Additionally, 66% of visitors reported coming to the park they 

were surveyed at to engage in physical activity. Interestingly, visitors who came to 

engage in physical activity perceive their access to parks to be lower than those who did 

not come for that reason. This may indicate a need by individuals who already use parks 

as a place for physical activity to have easier access to parks. Additionally, these park 

users may be better acquainted with the park itself and its equipment, which may make 

them more aware of issues at parks (e.g. defect water fountains). Nature preserves and 

regional parks have the highest percentage of visitors who report using the park as a place 

for physical activity. Although a lower percentage of visitors reported engaging in 

physical activity at neighborhood and community parks, still over 50% do use parks for 

this purpose. On the other hand, less than 30% of respondents at Romare Bearden park 

reported coming to the park to engage in physical activity. This is an important finding 

because it suggests that certain park types are more appealing to visitors as a place for 
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physical activity, which may be helpful for prevention of heart disease. 

5. Access to Parks and Environmental Justice 

Using a more complete inventory of parks and recreational facilities, park 

availability per square mile was illustrated in Figure 30. This pattern is very similar to the 

one obtained by the Quality of Life Explorer (see Figure 7). More parks per square mile 

coincide with neighborhoods that have a higher percentage of households with park 

access within 0.5 mile. Both maps show a large portion of Mecklenburg County with 

little or no access to parks. However, from the surveys, residents seem to be satisfied with 

their level of access in Mecklenburg County. This disparity between what studies show 

and what park visitors express, may be explained by two factors. First, residents of 

Mecklenburg County that do not visit parks are not represented in these results. Their 

perceived access to parks may bring down the level of satisfaction reported in this study. 

Second, one big limitation of previous studies is the omission of non-public parks when 

evaluating access to parks. For this study, I generated an inventory of non-public parks to 

address this issue. The majority of parks in this inventory represent recreational amenities 

that are managed by homeowner’s associations such as basketball courts or outdoor 

pools. This source of data is extremely significant in two ways; (1) it contains two times 

more parks than the public park inventory and (2) it suggests an important issue of 

environmental justice. From Figure 31 (on page 82), the number of private parks per 

square mile is lowest in neighborhoods that show high percentages of blacks. Moreover, 

the areas of high and very high need highlighted in the study by the TPL (Figure 6 on 

page 23) correspond to areas with a high number of private parks per square mile. The 

results of their study is therefore misleading. 
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The availability of public and non-public parks per square mile in Mecklenburg 

County (public and non-public) were mapped in Figure 32 (on page 83), which better 

reflect true availability of parks in the county. Using insight form the surveys, I weighed 

each park based on safety, size and number of available amenities (see Figure 33 on page 

84). Safety accounted two times more than size or amenities. This map is presented with 

the percent beneficiaries for Medicaid or the statewide medical plan per neighborhood 

which could be seen as a representation of individuals in need of free and accessible 

options to reduce their risk for disease. This map, suggests that areas directly North and 

West of the Charlotte business district should be prioritized by planners of park and 

recreational facilities. 

6. Real Time Monitoring of Park Satisfaction 

Google and Foursquare reviews provide useful data about parks, which can be 

used to assess park satisfaction in the region. Both providers however, seem to receive 

reviews about parks that are in neighborhoods where residents show more community 

engagement. Therefore, this data source should be used as a complement rather than a 

substitute to assess park satisfaction. By extracting online reviews from additional media 

platforms, such as Twitter or Yelp, more content can be collected and analyzed. Data-

mining techniques such as sentiment analysis are freely available and easy to use, which 

makes this tool feasible for regular monitoring of park reviews. 
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RECOMMENDATION 

First, caution must be adopted (1) when choosing a spatial access model, (2) when 

interpreting spatial patterns of accessibility and (3) when providing policy advice based 

on the results of the study. From this study, it is clear that there is no “one size fits all” 

model; the local context should help dictate the parameters being used and ideally, more 

than one model should be run to ascertain a more complete image of the accessibility 

landscape of an urban area. Second, the study carried out by the Trust for Public Land, 

which ranks cities by their score on park availability, is influential across the U.S. 

however the credibility of their results should be validated at the local level. Their maps 

showing levels of need for parks in particular, should not be used for decision-making 

purposes as they do not reflect the local context. Third, studies on park access need to 

validate the completeness of their park inventories. Publically available data, which is 

often managed by the local Department of Park and Recreation, often omit non-publically 

managed spaces such as homeowner’s association parks and recreational equipment. 

Fourth, safety is a more important characteristic for park visitors compared to park size. 

Many studies have used park size to weigh accessibility to parks because this data is 

usually easily attainable along with public park locations. Safety, is an especially 

important variable to consider, since this study suggests that women may face important 

barriers to parks because of safety concerns. Fifth, different park types attract individuals 

for different purposes. Regional parks and nature preserves attract the most visitors that 

come to engage in physical exercise. Prevention strategies for heart disease should look 

into parks as a place for regular physical exercise. Sixth, the Department of Park and 

Recreation in Mecklenburg County should be aware of the significant disparity in 
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availability of non-public parks by minorities. In Mecklenburg County, neighborhoods 

with a high percentage of blacks are associated with low availability of non-public parks, 

which may be an environmental justice concern. Seventh, it would be interesting to 

compare these findings with a city that is more walkable than Charlotte, and see if there 

too, residents without access to a car would perceive their access significantly lower. 

These results may support the need for an increase in the number of neighborhood parks 

rather than an emphasis on larger regional parks, which chiefly serve residents with a 

personal car. Finally, the use of online platforms that allow users to leave reviews about 

parks and recreational facilities should be considered as an additional source of data to 

monitor park satisfaction and needs of the residents. 
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CONCLUSIONS 

Modeling the notion of access remains a challenge. In my dissertation, I argue 

that existing methods to evaluate equitable availability of parks have been somewhat 

disjoint from the intent for which parks are planned. Additionally, the notion of “access” 

often depends on the local context and needs of residents. After consultations with park 

planners of Mecklenburg County, I present a re-conceptualization of a popular spatial 

accessibility model initially developed for healthcare applications, in which I incorporate 

normative standards used by park planners. Then, to get a better sense of the local context 

and needs of residents, park visitors were surveyed and asked about their perceived 

access to parks, their transportation choices and their use of parks as place to engage in 

physical activity. Finally, I consult reviews about parks left by users on online platforms 

such as Google to illustrate the application of data mining techniques to monitor park 

satisfaction. 

The accessibility model introduced in this article, along with the accompanying 

case study is beneficial for planners and policy makers looking to improve access to 

parks and recreational facilities in their area. This work has underscored the importance 

of planning for equity from a holistic perspective; transportation infrastructure, facility 

locations and associated level of service, safety and local perceptions are all critically 

important in shaping the accessibility landscape of an urban area. Increasing the total 

number or acreage of public parks may not always be the best outcome for some 

neighborhoods. Collecting park user’s information and experience is crucial and can help 

improve our understanding of park access while enhancing the specification of access 

models. However, this would require effective communication among different 
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administrations. Ultimately, access models that are sound have the potential to become an 

effective planning and policy tool to develop and communicate prevention strategies. As 

discussed in this study, the assessment and improvement of access to public parks holds 

great potential in the worldwide battle against heart disease. 
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FUTURE RESEARCH 

For future research, it would be interesting to apply the VFCA method when non-

public park locations are included as well. Also, the importance of park characteristics as 

reported by park visitors should be used to calibrate the parameters of the VFCA. Finally, 

this dissertation disputes many of the findings of the study by the TPL. However, it 

would make a better case to replicate the study by the TPL taking into account non-public 

parks. Also, since safety has been reported to be a more important park characteristic than 

park acreage, it would be interesting to replicate the TPL study taking into account crime 

rather than park acreage. Finally, more research needs to be done about the use of social 

media to monitor park satisfaction. For example, dictionaries that are tailored to interpret 

comments that relate to parks would be an important improvement to make. 



103 

 
 

REFERENCES 

Afzalan, N., & Muller, B. (2014). The Role of Social Media in Green Infrastructure 
Planning: A Case Study of Neighborhood Participation in Park Siting. Journal of 

Urban Technology, 21(3): 67-83. 

Barry, S. J. (2014). Using Social Media to Discover Public Values, Interests, and 
Perceptions about Cattle Grazing on Park Lands. Environmental management, 53(2): 
454-464. 

Bauman, A., & Craig, C. L. (2005). The place of physical activity in the WHO Global 
Strategy on Diet and Physical Activity. International Journal of Behavioral Nutrition 

and Physical Activity, 2(10). doi - 10.1186/1479-5868-2-10 

Bedimo-Rung, A. L., Mowen, A. J., & Cohen, D. A. (2005). The significance of parks to 
physical activity and public health: a conceptual model. American journal of 
preventive medicine, 28(2), 159-168. doi: 10.1016/j.ampre.2004.10.024 

Bollen, J., Mao, H., & Zeng, X. (2011). Twitter mood predicts the stock market. Journal 

of Computational Science, 2(1): 1-8. 

Boone, C. G., Buckley, G. L., Grove, J. M., & Sister, C. (2009). Parks and people: An 
environmental justice inquiry in Baltimore, Maryland. Annals of the Association of 

American Geographers, 99(4), 767-787. doi - 10.1080/00045600903102949 

Brownson, R. C., Boehmer, T. K., & Luke, D. A. (2005). Declining rates of physical 
activity in the United States: what are the contributors?. Annual Review of Public 

Health, 26, 421-443. 

Casas, I. (2007). Social Exclusion and the Disabled: An Accessibility Approach. The 

Professional Geographer, 59(4), 463-477. doi - 10.1111/j.1467-9272.2007.00635.x 

CDC, Centers for Disease Control and Prevention. (1999). Achievements in Public 
Health, 1900-1999: Decline in deaths from heart disease and stroke--United States, 
1900-1999. Morbidity and Mortality Weekly Report, 48(30), 649-656. 

CDC, Centers for Disease Control and Prevention. (2016). Heart Disease Facts: Heart 

Disease in the United States. Available at: cdc.gov/heartdisease/facts.htm. 

Ciuccarelli, P., Lupi, G., & Simeone, L. (2014). Visualizing the data city: social media as 

a source of knowledge for urban planning and management. Springer Science & 
Business Media. 

Cromley, E. K., & McLafferty, S. L. (2012). GIS and Public Health (2nd ed.). New York, 
NY: The Guilford Press. isbn - 978-1-60918-750-7 



104 

 
 

Curran, W., & Hamilton, T. (2012). Just green enough: contesting environmental 
gentrification in Greenpoint, Brooklyn. Local Environment, 17(9), 1027-1042. 

Dai, D. (2011). Racial/ethnic and socioeconomic disparities in urban green space 
accessibility: Where to intervene?. Landscape and Urban Planning, 102(4), 234-244. 
doi - 10.1016/j.landurbplan.2011.05.002 

Delmelle, E. C., & Casas, I. (2012). Evaluating the spatial equity of bus rapid transit-
based accessibility patterns in a developing country: The case of Cali, Colombia. 
Transport Policy, 20, 36-46. doi - 10.1016/j.tranpol.2011.12.001 

DHHS, U.S. Department of Health and Human Services. (2010). Healthy People 2020: 

Physical Activity, Retrieved from: 
healthypeople.gov/2020/TopicsObjectives2020/overview.aspx?topicid=33 

Donabedian, A. (1973) Aspects of Medical Care Administration: Specifying 

Requirements for Health Care. Cambridge MA: Harvard University Press. 

Dony, C.C., Delmelle, E.M., % Delmelle, E.C. (2015) Re-conceptualizing accessibility to 
parks in multi-modal cities: A Variable-width Floating Catchment Area (VFCA) 
method. Landscape and urban Planning, 143: 90-99. 

Engel, G. L. (1977). The need for a new medical model: a challenge for biomedicine. 
Science, 196(4286), 129-136. 

Frieden, T. R. (2010). A framework for public health action: the health impact pyramid. 
American journal of public health, 100(4), 590-595. doi: 
10.2105/AJPH.2009.185652 

Garcia Esparza, S., O'Mahony, M. P., & Smyth, B. (2010, September). On the real-time 
web as a source of recommendation knowledge. In Proceedings of the fourth ACM 

conference on Recommender systems (pp. 305-308). ACM. 

Guagliardo, M. F. (2004). Spatial accessibility of primary care: concepts, methods and 
challenges. International Journal of Health Geographics, 3, 3 

Gutiérrez, J., & García-Palomares, J. C. (2008). Distance-measure impacts on the 
calculation of transport service areas using GIS. Environment and Planning B: 

Planning and Design, 35(3), 480-503. doi - 10.1068/b33043 

Haskell, W. L., Lee, I. M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, B. A., . . . 
Bauman, A. (2007). Physical activity and public health: updated recommendation for 
adults from the American College of Sports Medicine and the American Heart 
Association. Circulation, 116(9), 1081- 1093. doi - 
10.1161/CIRCULATION.107.185649 



105 

 
 

Hill, J. O., Wyatt, H. R., Reed, G. W., & Peters, J. C. (2003). Obesity and the 
environment: where do we go from here?. Science, 299(5608), 853-855. doi: 
10.1126/science.1079857 

Huff, D. L. (1964). Defining and estimating trade areas. The Journal of Marketing, 28(3), 
34-38. doi - 10.2307/1249154 

IAPD, Illinois Association of Park Districts (2006) Preserving open space in rapidly 

developing communities – mitigating urban sprawl. Available at: www-
ilparks.org/resource/resmgr/files/position_paper_open_space_pd.pdf 

Khan, A. A., & Bhardwaj, S. M. (1994). Access to Health Care: A Conceptual 
Framework and its Relevance to Health Care Planning. Evaluation & the Health 

Professions, 17(1), 60–76. doi:10.1177/016327879401700104 

Koohsari, M. J., Kaczynski, A. T., Giles-Corti, B., & Karakiewicz, J. A. (2013). Effects 
of access to public open spaces on walking: Is proximity enough?. Landscape and 

Urban Planning, 117, 92-99. doi: 10.1016/j.landurbplan.2013.04.020 

Lee, G., & Hong, I. (2013). Measuring spatial accessibility in the context of spatial 
disparity between demand and supply of urban park service. Landscape and Urban 

Planning, 119, 85-90. doi - 10.1016/j.landurbplan.2013.07.001 

Lopez, R. P., & Hynes, H. P. (2006). Obesity, physical activity, and the urban 
environment: public health research needs. Environmental Health, 5(25). doi - 
10.1186/1476-069X-5-25 

Luo, W. & Wang, F. (2003). Measures of spatial accessibility to health care in a GIS 
environment: synthesis and a case study in the Chicago region. Environment and 

Planning B: Planning and Design, 30(6), 865-884. doi - doi:10.1068/b29120 

Luo, W., & Qi, Y. (2009). An enhanced two-step floating catchment area (E2SFCA) 
method for measuring spatial accessibility to primary care physicians. Health & 

Place, 15(4), 1100-1107. doi - 10.1016/j.healthplace.2009.06.002 

Luo, W., & Whippo, T. (2012). Variable catchment sizes for the two-step floating 
catchment area (2SFCA) method. Health & Place, 18(4), 789-795. doi -
10.1016/j.healthplace.2012.04.002 

Mao, L., & Nekorchuk, D. (2013). Measuring spatial accessibility to healthcare for 
populations with multiple transportation modes. Health & Place, 24, 115-122. doi - 
10.1016/j.healthplace.2013.08.008 

Maroko, A. R., Maantay, J. A., Sohler, N. L., Grady, K. L., & Arno, P. S. (2009). The 
complexities of measuring access to parks and physical activity sites in New York 
City: a quantitative and qualitative approach. International Journal of Health 

Geographics, 8(1), 1. doi: 10.1186/1476-072X-8-34 



106 

 
 

Matthews, C. E., Cohen, S. S., Fowke, J. H., Han, X., Xiao, Q., Buchowski, M. S., ... & 
Blot, W. J. (2014). Physical activity, sedentary behavior, and cause-specific 
mortality in black and white adults in the Southern Community Cohort Study. 
American journal of epidemiology, 180(4), 394-405. doi: 10.1093/aje/kwu142 

Mavoa, S., Witten, K., McCreanor, T., & O’Sullivan, D. (2012). GIS based destination 
accessibility via public transit and walking in Auckland, New Zealand. Journal of 

Transport Geography, 20(1), 15-22. doi - 10.1016/j.jtrangeo.2011.10.001 

McCormack, G. R., Rock, M., Toohey, A. M., & Hignell, D. (2010). Characteristics of 
urban parks associated with park use and physical activity: a review of qualitative 
research. Health & Place, 16(4), 712-726. doi - 10.1016/j.healthplace.2010.03.003 

MCDH, Mecklenburg County Department of Health. (2016) 2015 Mecklenburg County 

State of the Country Health Report, Mecklenburg County Department of Health, 

Health Statistics and Epidemiology. Available at: 
charmeck.org/mecklenburg/county/HealthDepartment/HealthStatistics. 

McGinnis, J. M., & Foege, W. H. (1993). Actual causes of death in the United States. 
Jama, 270(18), 2207-2212. doi:10.1001/jama.1993.03510180077038 

McGinnis, J. M., Williams-Russo, P., & Knickman, J. R. (2002). The case for more 
active policy attention to health promotion. Health affairs, 21(2), 78-93. doi: 
10.1377/hlthaff.21.2.78 

McGrail, M. R., & Humphreys, J. S. (2009). Measuring spatial accessibility to primary 
care in rural areas: improving the effectiveness of the two-step floating catchment 
area method. Applied Geography, 29(4), 533-541. doi - 
10.1016/j.apgeog.2008.12.003 

McShane C. on behalf of the Urban Institute at UNC Charlotte (June, 2014) National 

ranking puts Charlotte near bottom for 'ParkScore'. UNC Charlotte Urban Institute, 
Division of Academic Affairs. Available at: ui.uncc.edu/story/parkscore-charlotte-
trails-park-land-accessiblity-0. Accessed January 5, 2016. 

Miyake, K. K., Maroko, A. R., Grady, K. L., Maantay, J. A., & Arno, P. S. (2010). Not 
Just A Walk in The Park: methodological improvements for determining 
environmental justice implications of park access in New York City for the 
promotion of physical activity. Cities and the Environment, 3(1), Article 8. pmcid - 
PMC3160641 

Moon, G., & Gillespie, R. (1995). Society and health: an introduction to social science 

for health professionals. Psychology Press. ISBN-13: 978-0415110228 

Moore, L. V., Diez Roux, A. V., Evenson, K. R., McGinn, A. P., & Brines, S. J. (2008). 
Availability of recreational resources in minority and low socioeconomic status 
areas. American Journal of Preventive Medicine, 34(1), 16-22. doi - 
10.1016/j.amepre.2007.09.021 



107 

 
 

Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J., Cushman, M., ... 
& Howard, V. J. on behalf of the American Heart Association Statistics Committee 
and Stroke Statistics Subcommittee (2016a). Heart disease and stroke statistics—
2016 update: Summary. Circulation, 133(4), e39-e45. doi: 
10.1161/CIR.0000000000000350 

Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J., Cushman, M., ... 
& Howard, V. J. on behalf of the American Heart Association Statistics Committee 
and Stroke Statistics Subcommittee (2016b). Heart disease and stroke statistics—
2016 update: Physical Inactivity. Circulation, 133(4), e78-e88. doi: 
10.1161/CIR.0000000000000350 

Mueller, N., Rojas-Rueda, D., Basagaña, X., Cirach, M., Cole-Hunter, T., Dadvand, P., ... 
& Tonne, C. (2016). Urban and Transport Planning Related Exposures and 
Mortality: A Health Impact Assessment for Cities. Environmental Health 

Perspectives. doi: 10.1289/EHP220 

Nicholls, S. (2001). Measuring the accessibility and equity of public parks: a case study 
using GIS. Managing Leisure, 6(4), 201-219. doi - 10.1080/13606710110084651 

NM Incite (2012) State of the Media: The social media report. Joint venture between 
Nielsen and McKinsey. 

Openshaw, S. (1983). The modifiable areal unit problem. Norwick: Geo Books. ISBN 
0860941345. 

Páez, A., Scott, D. M., & Morency, C. (2012). Measuring accessibility: positive and 
normative implementations of various accessibility indicators. Journal of Transport 
Geography, 25, 141-153. doi - 10.1016/j.jtrangeo.2012.03.016 

Parks, S. E., Housemann, R. A., & Brownson, R. C. (2003). Differential correlates of 
physical activity in urban and rural adults of various socioeconomic backgrounds in 
the United States. Journal of Epidemiology and Community Health, 57, 29-35. doi - 
10.1136/jech.57.1.29 

Paul, M. J., & Dredze, M. (2011, July). You are what you Tweet: Analyzing Twitter for 
public health. In ICWSM (pp. 265-272). 

Physical Activity Council (2016). 2016 Participation Report. Available at: 
physicalactivitycouncil.com. Accessed May 20, 2016. 

Reyes, M., Páez, A., & Morency, C. (2014). Walking accessibility to urban parks by 
children: A case study of Montreal. Landscape and Urban Planning, 125, 38-47. doi 
- 10.1016/j.landurbplan.2014.02.002 

Rosenberger, R. S., Sneh, Y., Phipps, T. T., & Gurvitch, R. (2005). A spatial analysis of 
linkages between health care expenditures, physical inactivity, obesity and recreation 
supply. Journal of Leisure Research, 37(2), 216. 



108 

 
 

Salathé, M., & Khandelwal, S. (2011). Assessing vaccination sentiments with online 
social media: implications for infectious disease dynamics and control. PLoS 
Computer Biology, 7(10), e1002199. 

Schwanen, T., & Páez, A. (2010). The mobility of older people – an introduction. Journal 

of Transport Geography 18(5), 591-595. doi - 10.1016/j.jtrangeo.2010.06.001 

Sister, C., Wolch, J., & Wilson, J. (2010). Got green? Addressing environmental justice 
in park provision. GeoJournal, 75(3), 229-248. doi - 10.1007/s10708-009-9303-8 

Talen, E. (2003). Neighborhoods as service providers: a methodology for evaluating 
pedestrian access. Environment and Planning B: Planning and Design, 30(2), 181-
200. doi - 10.1068/b12977 

TPL, Trust for Public Land (2010) The Economic Benefits of the Park and Recreation 

System of Mecklenburg County, North Carolina. Available at: 
tpl.org/charlottemecklenburg-county-park-value-report. Accessed March 15, 2014. 

TPL, Trust for Public Land. (2016) ParkScore Index. Available at: parkscore.tpl.org. 
Accessed May 16, 2016. 

Vaughan, K. B., Kaczynski, A. T., Stanis, S. A. W., Besenyi, G. M., Bergstrom, R., & 
Heinrich, K. M. (2013). 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(1), 28-38. doi - 
10.1007/s12160-012-9425-y 

Walls, M. (2009). Parks and Recreation in the United States: Local Park Systems. 
Resources for the Future: Backgrounder (June Edition). Washington, DC. 

Wilson, T., Wiebe, J., & Hoffmann, P. (2005, October). Recognizing contextual polarity 
in phrase-level sentiment analysis. In Proceedings of the conference on human 

language technology and empirical methods in natural language processing (pp. 
347-354). Association for Computational Linguistics. 

Wolch, J. R., Byrne, J., & Newell, J. P. (2014). Urban green space, public health, and 
environmental justice: The challenge of making cities ‘just green enough’. 
Landscape and Urban Planning, 125, 234-244. doi - 
10.1016/j.landurbplan.2014.01.017 

Wong, C. A., Sap, M., Schwartz, A., Town, R., Baker, T., Ungar, L., & Merchant, R. M. 
(2015). Twitter Sentiment Predicts Affordable Care Act Marketplace Enrollment. 
Journal of medical Internet research, 17(2). 

Xiang, W. -N., & Clarke, K. C. (2003). The Use of Scenarios in Land Use Planning. 
Environment and Planning B: Planning and Design, 30(6), 885-909. doi - 
10.1068/b2945 



109 

 
 

Zhang, X., Lu, H., & Holt, J. B. (2011). Modeling spatial accessibility to parks: a national 
study. International Journal of Health Geographics, 10(31). doi - 10.1186/1476-
072X-10-31 



110 

 
 

APPENDIX A: IRB APPROVALS AND AMENDMENTS 

1. Initial Approval 

 



111 

 
 

2. IRB Amendment Approval (September 2015) 

 



112 

 
 

3. IRB Amendment Approval (October 2015) 

 



113 

 
 

4. IRB Renewal Approval 

 



114 
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APPENDIX F: SURVEY DATA – CLEANING PROCESS (STATA) 
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APPENDIX G: NORMALITY AND SKEWNESS TEST ON VISITOR’S ACCESS 
SCORE AND IMPORTANCE OF PARK CHARACTERISTICS 

 

1/cubic                1/(size_~re^3)             .        0.000

1/square               1/(size_~re^2)             .        0.000

inverse                1/size_~re                 .        0.000

1/(square root)        1/sqrt(size_~re)           .        0.000

log                    log(size_~re)              .        0.000

square root            sqrt(size_~re)         53.76        0.000

identity               size_~re               21.90        0.000

square                 size_~re^2                 .        0.000

cubic                  size_~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder size_score

1/cubic                1/(acces~re^3)             .        0.000

1/square               1/(acces~re^2)             .        0.000

inverse                1/acces~re                 .        0.000

1/(square root)        1/sqrt(acces~re)           .        0.000

log                    log(acces~re)              .        0.000

square root            sqrt(acces~re)             .        0.000

identity               acces~re                   .        0.000

square                 acces~re^2             39.61        0.000

cubic                  acces~re^3                 .        0.000

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder access_score

safety_score      454      0.0000         0.0000            .         0.0000

  size_score      483      0.0000         0.0687        21.90         0.0000

aesthetic~re      486      0.0000         0.2251        37.08         0.0000

amenity_s~re      479      0.0000         0.1106        29.69         0.0000

access_score      482      0.0000         0.0000            .         0.0000

                                                                             

    Variable      Obs   Pr(Skewness)   Pr(Kurtosis)  adj chi2(2)    Prob>chi2

                                                                 joint       

                    Skewness/Kurtosis tests for Normality

. sktest *_score

. // Test distribution of access scores and importance scores for skewness

. 

. use "complete_survey_data_stata_clean"
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1/cubic                1/(safet~re^3)             .        0.000

1/square               1/(safet~re^2)             .        0.000

inverse                1/safet~re                 .        0.000

1/(square root)        1/sqrt(safet~re)           .        0.000

log                    log(safet~re)              .        0.000

square root            sqrt(safet~re)             .        0.000

identity               safet~re                   .        0.000

square                 safet~re^2                 .        0.000

cubic                  safet~re^3                 .        0.000

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder safety_score

1/cubic                1/(aesth~re^3)             .        0.000

1/square               1/(aesth~re^2)             .        0.000

inverse                1/aesth~re                 .        0.000

1/(square root)        1/sqrt(aesth~re)           .        0.000

log                    log(aesth~re)              .        0.000

square root            sqrt(aesth~re)             .        0.000

identity               aesth~re               37.08        0.000

square                 aesth~re^2                 .        0.000

cubic                  aesth~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder aesthetic_score

1/cubic                1/(ameni~re^3)             .        0.000

1/square               1/(ameni~re^2)             .        0.000

inverse                1/ameni~re                 .        0.000

1/(square root)        1/sqrt(ameni~re)           .        0.000

log                    log(ameni~re)              .        0.000

square root            sqrt(ameni~re)         60.44        0.000

identity               ameni~re               29.69        0.000

square                 ameni~re^2                 .        0.000

cubic                  ameni~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder amenity_score
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1/cubic                1/(size_~re^3)             .        0.000

1/square               1/(size_~re^2)             .        0.000

inverse                1/size_~re                 .        0.000

1/(square root)        1/sqrt(size_~re)           .        0.000

log                    log(size_~re)              .        0.000

square root            sqrt(size_~re)         45.91        0.000

identity               size_~re               19.91        0.000

square                 size_~re^2                 .        0.000

cubic                  size_~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder size_score

1/cubic                1/(acces~re^3)             .        0.000

1/square               1/(acces~re^2)             .        0.000

inverse                1/acces~re                 .        0.000

1/(square root)        1/sqrt(acces~re)           .        0.000

log                    log(acces~re)              .        0.000

square root            sqrt(acces~re)             .        0.000

identity               acces~re               68.34        0.000

square                 acces~re^2             30.03        0.000

cubic                  acces~re^3                 .        0.000

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder access_score

safety_score      359      0.0000         0.0000            .         0.0000

  size_score      386      0.0000         0.1251        19.91         0.0000

aesthetic~re      388      0.0000         0.3590        30.29         0.0000

amenity_s~re      384      0.0000         0.1749        26.26         0.0000

access_score      384      0.0000         0.0001        68.34         0.0000

                                                                             

    Variable      Obs   Pr(Skewness)   Pr(Kurtosis)  adj chi2(2)    Prob>chi2

                                                                 joint       

                    Skewness/Kurtosis tests for Normality

. sktest *_score

. // Test again for skewness

. 

(102 observations deleted)

. drop if in_meck == 0

. // reomove non-residents from the data

. 
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1/cubic                1/(safet~re^3)             .        0.000

1/square               1/(safet~re^2)             .        0.000

inverse                1/safet~re                 .        0.000

1/(square root)        1/sqrt(safet~re)           .        0.000

log                    log(safet~re)              .        0.000

square root            sqrt(safet~re)             .        0.000

identity               safet~re                   .        0.000

square                 safet~re^2                 .        0.000

cubic                  safet~re^3             66.25        0.000

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder safety_score

1/cubic                1/(aesth~re^3)             .        0.000

1/square               1/(aesth~re^2)             .        0.000

inverse                1/aesth~re                 .        0.000

1/(square root)        1/sqrt(aesth~re)           .        0.000

log                    log(aesth~re)              .        0.000

square root            sqrt(aesth~re)         70.70        0.000

identity               aesth~re               30.29        0.000

square                 aesth~re^2                 .        0.000

cubic                  aesth~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder aesthetic_score

1/cubic                1/(ameni~re^3)             .        0.000

1/square               1/(ameni~re^2)             .        0.000

inverse                1/ameni~re                 .        0.000

1/(square root)        1/sqrt(ameni~re)           .        0.000

log                    log(ameni~re)              .        0.000

square root            sqrt(ameni~re)         50.56        0.000

identity               ameni~re               26.26        0.000

square                 ameni~re^2                 .        0.000

cubic                  ameni~re^3                 .            .

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder amenity_score
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1/cubic                1/(travel~e^3)             .        0.000

1/square               1/(travel~e^2)             .        0.000

inverse                1/travel~e                 .        0.000

1/(square root)        1/sqrt(travel~e)           .        0.000

log                    log(travel~e)           9.25        0.010

square root            sqrt(travel~e)             .        0.000

identity               travel~e                   .        0.000

square                 travel~e^2                 .        0.000

cubic                  travel~e^3                 .        0.000

                                                                  

Transformation         formula               chi2(2)       P(chi2)

. ladder travel_time

 travel_time      492      0.0000         0.0000            .         0.0000

                                                                             

    Variable      Obs   Pr(Skewness)   Pr(Kurtosis)  adj chi2(2)    Prob>chi2

                                                                 joint       

                    Skewness/Kurtosis tests for Normality

. sktest travel_time

. // Test distribution of access scores and importance scores for skewness

. 

. use "complete_survey_data_stata_clean"

. clear
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APPENDIX H: SURVEY DATA – DESCRIPTIVE STATISTICS AND STATISTICAL 
ANALYSIS (STATA) 
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APPENDIX I: PARKS AND RECREATIONAL FACILITIES DATA – CLEANING 
PROCESS (PYTHON)  

1. Cleaning Framework 
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2. Clean Greenways 
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3. Extract Greenway Entrances 
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4. Clean Park Location Points 
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5. Clean Park Properties 
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6. Extract Additional Parks and Recreational Facilities 
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7. Link Data Together 
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8. Clean Attribute Information 
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9. Edit Attribute Information 
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10. Add Park Weblinks 
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11. Extract Clean Datasets 
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12. Generate Crime Location Points 
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13. Scrape Crime Data in Mecklenburg County 
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14. Scrape Geocodes of Crime Locations in Mecklenburg County 
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15. Clean Quality of Life 
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16. Extend Survey Data with Location Information 
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17. Calculate Park Densities and Convert to Contours 
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APPENDIX J: COLLECT REVIEWS 

1. Collect Google Reviews 
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2. Collect Foursquare Reviews 
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APPENDIX K: MEASURE SPATIAL ACCESSIBILITY (VFCA) 
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