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Abstract
Background and Objectives

Greenspace positively impacts mental health. Previous research has focused on the greenspace
mental health relationship in urban areas. Yet, little work has looked at rural areas, despite rural
communities reporting similar rates of poor mental health outcomes and higher rates of suicide
mortality compared with urban areas. This ecological research study examined the following
research questions: (1) Do public and/or private greenspace affect the spatial distribution of
mental health outcomes in North Carolina? (2) Does this relationship change with rurality?
Methods

Emergency department data for six mental health conditions and suicide mortality data from
2009-18 were included in this analysis. Spatial error and ordinary least squares regressions were
used to examine the influence of public and private greenspace quantity on mental health in rural
and urban communities.

Results

Results suggest greenspace benefits mental health in rural and urban communities. The strength
of this relationship varies with urbanity and between public and private greenspaces, suggesting
a more complex causal relationship.

Conclusions



Given the high case counts and often lower density of mental health care facilities in rural areas,
focusing attention on low-cost mental health interventions, such as greenspace, is important

when considering rural mental health care.
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1. Introduction

Greenspace positively impacts mental health and is a low-cost nature-based intervention that
encourages physical activity and social cohesion. Neighborhood greenspace quantity has been
associated with population-level improvements in mental health and well-being, including a
reduction in psychological stress levels, depressed mood, prescription rates, and enhanced
emotional well-being.' Greenspace can be defined as public, which are openly accessible
natural spaces®’ or private greenspaces, which encompasses all green or natural land cover in an
area.®® Few studies differentiate between public and private greenspace.'® Furthermore, the

distribution and development of greenspaces is often not equitable.

Greenspaces are most common in high-income, predominantly white communities (cite).
However, the positive health benefits of greenspace have been found to be strongest among low-
income groups and the socially marginalized, like older adults.4,5 Despite this observed
relationship, low-income, and socially marginalized communities often have far less access to
this low-cost health intervention (cite). Furthermore, greenspace development in these priority
areas can often lead to gentrification; meaning low-income and socially marginalized peoples

continue to have less access to greenspaces (cite).


https://greenspace.10

Four main pathways have been identified through which greenspace benefits mental health;
stress reduction, social cohesion, pollution reduction and outdoor recreation.'>!® Stress reduction
occurs due to the restorative properties of nature, such as breathing fresh air or intentionally
taking time to relax, which may be achieved in public and private greenspaces.'>!3 Social
cohesion occurs through interactions with community members, such as attending sporting
events or participating in outdoor group activities.'?!? This pathway requires engagement in
public greenspaces and is less likely to occur in private greenspaces.!' Pollution reduction occurs
from the physical properties of plants found in greenspaces, and the general public has reported
an appreciation for having access to greenspace, either public or private, for this specific
reason.!>!3 The fourth pathway is recreation opportunities. Recreation opportunities are of
particular interest due to their role as a causal pathway, by offering opportunities for physical
exercise and social cohesion'?, and due to the additional mental health benefits physical activity
offers.'* Outdoor recreation is more likely to occur in accessible public greenspaces (e.g. trail

networks, athletic fields)'®, though private greenspace can also provide recreation opportunities.

In addition to the type of greenspace and the pathways in which greenspace benefits mental
health, rurality may also contribute to the greenspace mental health relationship'®. Most research
to date has focused on greenspace in urban communities.? Studies focusing on greenspace and
mental health in urban areas suggest that high quantities of greenspace, both public parks, and all
vegetated land cover, benefit mental health.!>!7:18 It is unclear, however, how urbanity influences
the greenspace-mental health relationship. Some studies suggest the relationship is different in
rural areas!®, though others find no difference, with greenspace benefiting mental health equally

in urban and rural communities.'® Yet, the type and quantity of greenspace varies with
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rurality.'®2° In rural areas, private greenspaces, such as agricultural fields and general
countryside greenness, are much more common than in urban areas.?’ Additionally, the
definitions of ‘rural’ and ‘urban’ vary greatly, from regional to international scales.?! As such,
adequately addressing the rural-urban greenspace relationship is difficult. Thus, further
consideration of public and private greenspaces in both rural and urban communities is needed to
understand better if and how greenspace type and rurality influence the greenspace mental health

relationship.

While rates of poor mental health outcomes are similar in rural and urban areas??, access to
mental health care is not.?3 This remains true for North Carolina and the Southern US in general,
which has fewer rural mental health care practitioners per capita compared to other regions in the
US.2* Overwhelmingly, rural areas tend to have fewer mental health care facilities and fewer
mental health care specialists than urban areas.?? More consideration of the mental health
benefits of low-cost nature-based interventions, such as greenspace, in rural neighborhoods, is

needed.

This study aims to investigate the greenspace mental health relationship in both urban and rural
communities of North Carolina, with additional consideration given to the type of greenspace
(public or private). This study has two guiding research questions (1) Does greenspace benefit
mental health in North Carolina?, and (2) Does rurality and/or type of greenspace (public vs.
private) influence this relationship? This work furthers foundational knowledge on the impacts of
greenspace quantity and type on the greenspace-mental health relationships in both rural and

urban neighborhoods.
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2.Methods

2.1 Study Area

North Carolina (NC) is located in the southeastern US. Composed of 3 main regions: the
mountains, the piedmont, and the coast, NC is home to a diversity of land covers, climates, and
land uses (Figure 1). There are multiple urban centers in the state, including Raleigh, Charlotte,
and Winston-Salem, all of which are located in the piedmont, as well as cities in the mountains,
including Asheville and the coastal plain; Fayetteville and Wilmington (Figure 1). Additionally,
there are regions of varying rurality, most notably in the western mountains and the coastal plain.
Greenspace also varies greatly throughout the state. Forested areas dominate the western
mountains, whereas city and local parks are common in the piedmont and the eastern coast is

predominantly marshy coastal greenspaces. [INSERT FIGURE 1 HERE]
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Figure 1: Map of North Carolina illustrating rurality, select urban centers and the 3 dominant

regions: mountains, piedmont and coast.

North Carolina is ranked 31st out of 50 for mental health care service, meaning the state has

higher than average poor mental health occurrence and fewer mental health facilities compared

to other states.?> Suicide mortality in the state is comparable to the average US rates for common

mental illnesses, such as substance abuse and anxiety.?® Given that North Carolina, as with many

places in the US, does not have sufficient mental health care providers, the investigation into

low-cost mental health care is crucial.

2.2 Mental Health Data
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Data on suicides were obtained from the NC Violent Death Reporting System (NC VDRS)
(Table 1) from 2009-18. NC VDRS provides comprehensive reporting of violent deaths and
contains additional contextual factors (e.g., manner of death, mental health history).?” Emergency
department (ED) data on mental health outcomes were obtained from the NC Disease Event
Tracking and Epidemiologic Collection Tool (NC-DETECT) (Table 1) from 2009-18. NC-
DETECT provides complete spatio-temporal coverage of mental health diagnoses from all 120
emergency departments throughout NC.2® The six mental health outcomes considered in this
analysis were (1) anxiety (ICD-9: 300.00, ICD-10 CM: F41.9), (2) major depressive disorders
(MDD) (ICD-9: 296.2 and 296.3, ICD-10 CM: F32-F33), (3) mood disorders (ICD9: 296, 300.0,
300.2,300.3, 300.7, 300.4, 309, 311; ICD10:F30-F39), (4) mental illness (ICD9: 290-319;
ICD10: FO-F99), (5) substance abuse (ICD9: 291, 292, 303, 304, 305, 964; ICD10:F10-F19) and
(6) self-injury (ICD-9: E950-959, ICD-10 CM: R45.841, T36-T65 + T7, T14.91, X60-X84). NC-
DETECT provides basic demographic information and insurance. Both datasets provide the

individuals' ZIP Code, the unit of analysis for this study. [INSERT TABLE 1 HERE]

Table 1. Mental Health cases by Rural and Urban locations

Mental Self Substance

Anxiety = Depression lliness Mood Injury Abuse Suicide
Urban
Total Cases 829585 590131 5123867 | 1434260 | 119539 3438364 8425
Annual
Cases 92176.11 | 65570.11 | 569318.6 | 159362.2 | 13282.11 | 382040.4 | 936.1111
Annual
Cases per
100,000
People 1,171.8 833.5 7,237.3 2,025.8 168.8 4,856.6 11.9
Rural
Total Cases 335063 223743 2139801 554530 43261 1468081 3118
Annual
Cases 37229.22 | 24860.33 | 237755.7 | 61614.44 | 4806.778 | 163120.1 | 346.4444
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Annual
Cases per
100,000
People 1,626.3 1,086.0 10,386.1 2,691.6 210.0 7,125.7 15.1
Urban Population: 7,866,458
Rural Population: 2,289,166

2.3 Greenspace Data and Definitions
Greenspace was defined as (1) public and (2) private to gain a better understanding of how
public and private greenspace may influence the greenspace mental health relationship in rural

and urban communities.

Public greenspace was defined using the Trust for Public Land’s ParkServe definition of free and
openly accessible to the public.?’ ParkServe?® and The Protected Area Database of the United
States (PAD_US) from 2020°° were used for the identification of public greenspaces.?!*?
ParkServe is a dataset comprising all public parks. All parks in the ParkServe dataset are free and
open to the public, therefore, no additional selection criteria were needed. PAD-US is a spatial
dataset of all government-managed greenspaces. Only free, open-access greenspaces with
conservation easements and future development restrictions (GAP status 1-3) were selected from
the PAD-US dataset. This selection excluded military lands, most notably, as they are not openly
accessible to the public. In addition, Great Smoky National Park was excluded from this analysis
as it has no year-round population and occurs at the border of North Carolina and Tennessee. All

parks and public greenspaces selected from these two datasets were combined to form one public

greenspace dataset (Figure 2). [INSERT FIGURE 2 HERE]
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Figure 2. Map of (A) public greenspace and (B) private greenspace in North Carolina.



Private greenspace was defined as all greenspace and natural land cover that was not included in
the public greenspace definition. National Land Cover Data (NLCD)!%3 from 2019 was
classified as natural vegetation, and all other land cover types were designated as ‘unclassified’.
The public greenspaces were removed from the classified land cover dataset, creating a dataset
of private greenspace, defined as all vegetated land cover in NC that is not free and openly

accessible to the public (Figure 2). All spatial analysis was performed in ArcGIS Pro 2.9.0.34

To be consistent with mental health datasets, total private and public greenspace area was
calculated in acres/ZIP Code*, and the population was accounted for by calculating
greenspace/person in each ZIP Code. Separate models were performed for 1) total public
greenspace per person in rural communities; 2) total public greenspace per person in urban
communities; 3) total private greenspace per person in rural communities, and 4) total private

greenspace per person in urban communities.

2.4 Covariates

The relationship between mental health and greenspace is influenced by race®® and income?®,
with predominantly white, upper class communities typically having greater access to
greenspaces.’” We included race (% white residents) and income (% of households making more
than $125,000/year), as covariates, using 5-year American Community Survey estimates.®

Greenspace, mental health outcomes, and covariates were analyzed as continuous variables.’

2.5 Rurality

10
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Rurality and urbanity were determined using Rural-Urban Commuting Area (RUCA) codes.?
RUCA codes consider the distance and direction of the primary commutes from each ZIP
Code.’® RUCA codes range from 1, most urban, to 10, most rural.*® For this analysis codes 1-3
were considered urban (including suburban ZIP Codes), and codes 4-10 were considered rural.
Micropolitan ZIP Codes (RUCA codes 4-6)*° were considered rural as many are town centers in
rural areas; which differentiates them from urban centers. Out of 802 populated ZIP Codes in
North Carolina (excludes PO ZIP Codes), 349 were considered rural, and 453 were considered

urban (Figure 1).

2.6 Analysis

Mental health outcomes and greenspace distribution were tested for spatial autocorrelation.
Moran’s | was used to assess the spatial autocorrelation of mental health outcomes and
greenspace in urban and rural areas for both public and private greenspaces at a significance
level of p<0.05. P-values at or below 0.05 indicate spatial autocorrelation and indicate spatial
dependence pointing to the need to perform spatial regression.*!*?> Rural greenspace and mental

health were spatially autocorrelated.

For spatially autocorrelated variables, the Lagrange multiplier diagnostics for spatial dependence
test was conducted. This test illustrates which spatial regression (i.e., spatial error, SARMA, or
spatial lag) is best for the spatially autocorrelated variables. The spatial regression with the
lowest p-value was selected. For this analysis, the spatial error model was the most significant

model across all spatially autocorrelated variables (Robust Lagrange: 0.89-3.33). Spatial error
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models account for spatial autocorrelation by including it as an error term in the regression

equation.®

For mental health outcomes that were not spatially autocorrelated, Ordinary Least Squares (OLS)
regression was used to determine if greenspace influenced mental health outcomes.® For all
regressions, both OLS and spatial error, the population was accounted for by using the metric of
greenspace/person/ZIP Code. All mental health outcomes were log-transformed for regression
analysis to achieve normal distributions.** This ecological analysis examined the association
between a) total public greenspace per person and b) total private greenspace per person for each
mental health outcome separately and adjusted for area-level racial and economic composition.

All statistical analyses were performed in RStudio 2021.9.2.%

3. Results

3.1 Mental Health Outcomes

Mental health outcomes are distributed throughout the state, with higher case counts occurring in
the western mountains across all mental health outcomes, except for self-injury, which has high
case counts in the southeast (Figure 3). More mental health ED visits occurred per 100,000
people per year in rural communities than in urban ones (Table 1). Mental illness (i.e., any
mental health diagnosis) had the highest annual occurrence per 100,000 people in both rural and
urban communities, while suicide had the lowest annual occurrence per 100,000 people (Table

1). [INSERT FIGURE 3 HERE]
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Figure 3. Annual mental health outcomes per 100 000 people for (A) anxiety, (B) depression, (C) mental
illness, (D) mood disorders, (E) self-injury, (F) substance use disorder, and (G) suicide.

3.2 Greenspace

Western and Eastern NC have the highest density of public greenspace (Figure 2). Western NC is
home to the Pisgah National Forest while Eastern NC has Croatan National Forest and multiple
Fish and Wildlife and Game preserves.’® Private greenspace is dispersed more evenly throughout
the state. The highest density of private greenspace occurs in the central region of the state,
where there is less identified public greenspace (Figure 2). Throughout the state, 203 ZIP Codes
do not have any identified public greenspace and one ZIP Code does not have identified private

greenspace.

3.3 Rurality

Rural and urban ZIP Codes are distributed throughout the state (Figure 1). The majority of
populated ZIP Codes in NC (453 out of 802) were classified as urban neighborhoods, while
slightly fewer (349 out of 802) were identified as rural. Central NC has the highest density of
urban ZIP Codes, corresponding to the three major urban centers in the state. Eastern NC has the

highest density of rural ZIP Codes, though western NC also has large rural pockets (Figure 1).

13
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3.4 Regression analysis

Rural greenspace and mental health outcomes were spatially autocorrelated. Spatial error
regression illustrated that greenspace benefits mental health in rural communities after adjusting
for population, income, and race (Table 2). Given that all regression coefficients are negative,
this indicates that per unit increase in greenspace/person, mental health case counts decrease.
Examining the magnitude of the regression coefficients, we see that private greenspace had a
stronger influence on all mental health outcomes in rural communities, though increases in
public greenspace/person still corresponded with reduced case counts across mental health
indicators. In rural neighborhoods, when comparing across the seven indicators, self-injury case
counts decreased the most with an increase in public greenspace (B=-0.028, p-value<0.001),
while substance abuse decreased the most with an increase in private greenspace (B=-1.661, p-
value<0.001). An increase in both public and private greenspace also reduced suicide mortality
in rural communities, with private having a stronger influence (B=-0.972, p-value<0.001) than
public (B=-0.012, p-value<0.001). R? values highlight that the quantity of public greenspace per
person explains 1.2-10.6% of the variability in all mental health ED visits in rural communities,
while the quantity of private greenspace per person explains 9.9-21.2% of ED visit variability,
with greenspace quantity explaining the most variability in self-injury case counts (Table 2).

[INSERT TABLE 2 HERE]

Table 2. OLS and spatial error regression results for greenspace per person and mental health
outcomes, adjusted for race (% white) and income (% households making >= $125,000/year).

Urban Private | Urban Public Rural Private ‘ Rural Public ’

Anxiety
Estimate -2.572 -0.212 -1.530 -0.025
Standard Error 0.284 0.088 0.243 0.009

14



Z Value - - -7.322 -2.906
R: 0.165 0.026 0.147 0.039
P Value <0.001 0.016 <0.001 0.004
Depression

Estimate -2.560 -0.210 -1.504 -0.026
Standard Error 0.283 0.087 0.218 0.009
Z Value - - -6.940 -2.920
R: 0.175 0.037 0.132 0.036
P Value <0.001 0.016 <0.001 0.004
Mental lliness

Estimate -2.482 -0.209 -1.591 -0.023
Standard Error 0.279 0.086 0.217 0.009
Z Value - - -7.841 -2.647
R: 0.182 0.050 0.178 0.053
P Value <0.001 0.015 <0.001 0.008
Mood Disorders

Estimate -2.607 -0.223 -1.628 -0.027
Standard Error 0.282 0.087 0.211 0.009
Z Value - - -7.707 -3.034
R: 0.179 0.037 0.165 0.048
P Value <0.001 0.011 <0.001 0.002
Self Injury

Estimate -2.599 -0.286 -1.523 -0.028
Standard Error 0.273 0.084 0.198 0.008
Z Value - - -7.708 -3.289
R: 0.251 0.122 0.212 0.106
P Value <0.001 <0.001 <0.001 <0.001
Substance Abuse

Estimate -2.467 -0.204 -1.661 -0.021
Standard Error 0.284 0.087 0.205 0.009
Z Value - - -8.115 -2.420
R: 0.179 0.052 0.183 0.046
P Value <0.001 0.019 <0.001 0.016
Suicide

Estimate -2.021 -0.138 -0.972 -0.012
Standard Error 0.224 0.069 0.159 0.007
Z Value - - -6.110 -1.860
R: 0.187 0.047 0.099 0.012
P Value <0.001 0.046 <0.001 0.063
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Urban greenspace and mental health outcomes were not spatially autocorrelated. OLS regression
found that greenspace benefits all mental health outcomes in urban communities (Table 2). As
with rural areas, the relationship was stronger with private greenspace, though public
greenspaces still significantly benefited mental health in urban neighborhoods. In urban
neighborhoods, mood disorder occurrence decreased the most with increased private
greenspace/person (B=-2.607, p-value<0.001), and self-injury decreased the most as public
greenspace/person increased (B=-0.286, p-value<0.001). Both public and private greenspace
reduced suicide morality in urban communities. Increased private greenspace reduced suicide
mortality more (B=-2.021, p-value<0.001) than public (B=-0.138, p-value: 0.046). R? values
illustrate that the quantity of public greenspace per person explains 2.6-12.2% of variability in
mental health ED case counts, while quantity of private green space per person explains 16.5-

25.1% of the variability in ED visit variability (Table 2).

5. Discussion

Similar to prior research, our findings demonstrate that greenspace, identified as either public or
private, benefits mental health in both rural and urban neighborhoods in North Carolina.?447
The greenspace-mental health relationship was strongest in urban areas, with private greenspace
having the greatest influence on mental health outcomes. In rural areas, private greenspace was

also found to be more beneficial for mental health outcomes than public greenspaces.

In urban neighborhoods, private greenspace was associated with a reduced mental health burden
for all outcomes compared to public greenspace per person. This finding is surprising, as past

research has illustrated that public, or usable, greenspaces are especially important for mental
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health outcomes in urban communities.'®*® Public greenspace still proved to be beneficial for all
mental health outcomes in urban neighborhoods, though the relationship was not as strong as that
for private greenspace. The strong relationship with private greenspace in urban communities
could partly be explained by the development pattern of North Carolina cities. North Carolina
cities, as with many cities in the Southeast, are automobile-dominated.*>>° As such, most
commuters drive in their cars rather than biking or walking.*’ It is possible that urban dwellers in
NC interact with and access more private greenspaces than residents in non-car dominated cities,
such as those in the United Kingdom and the Netherlands, where a majority of greenspace
research has been conducted.? Despite illustrating a slightly different public greenspace-mental
health relationship, this analysis illustrates that increasing quantity of greenspace corresponds to
significant reductions in poor mental health outcomes and suicide mortality in urban

neighborhoods.

A similar relationship was present in rural neighborhoods, with private greenspace benefiting
mental health outcomes more than public. This finding supports previous research illustrating
that private greenspace benefits mental health in rural communities.'%?%>! Ekkel and de Vries®
hypothesize this is because of the large amount of private greenspace in rural neighborhoods,
including agricultural fields and private lawns, which provide many of the benefits associated
with public greenspaces. Additional literature has corroborated that agricultural lands®!, and
forested land cover!? benefit mental health in rural areas. As such, public greenspace is thought
to have less of an impact on mental health in rural areas because of the wide availability of

private greenspaces.
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Past greenspace mental health research has considered anxiety®#%32, depression®>?, mood

4652 and general mental health and wellbeing (mental illness)®>4-% as indicators of

disorders
mental health. This analysis found similar relationships between quantity of greenspace and a
reduction in any mental health diagnosis; mood or anxiety disorders, depression, and mental

illness, in addition to less commonly studied indicators, such as substance abuse, self-injury, and

suicides, adding further evidence to the protective nature of greenspace for mental health.

This study considered mental health outcomes not regularly studied in the literature, including
substance abuse, self-injury, and suicide. These mental health outcomes decreased with an
increased quantity of greenspace, both public and private. In urban neighborhoods, self-injury
had the greatest decrease in ED visits with increased public greenspace, which suggests that
greenspace has the greatest protection for extreme mental health outcomes, though strong
protective effects were observed for all included mental health indicators. We observed a similar
protective benefit for rural public greenspace. This finding is further supported by the observed
decrease in suicides as quantity of both public (significant at p<0.10) and private greenspace
increased.'” For urban private greenspace, substance abuse had the strongest relationship.
Substance abuse case counts also decreased the most with increased private greenspace in rural
communities. This finding supports recent research illustrating that greenspace, in conjunction
with pharmacotherapy, can be effective as treatment for addiction®, and that greenspace may
reduce addiction-related cravings.’® These findings suggest that, in urban and rural communities,
increased quantities of both public and private greenspace benefit multiple mental health

outcomes, including those not often considered in greenspace analyses.

18


https://cravings.59

5.1 Implications

The quantity of private and public greenspace per person across urban and rural communities
explained a significant portion of the variability in mental health-related ED visits in NC. These
results support greenspace as a low-cost nature-based intervention in urban and rural
neighborhoods. Given that North Carolina has a current shortage of mental health care facilities
per person, indicating an under addressed unmet need for more mental health services?’,
consideration of low-cost mental health interventions is important. As this analysis
demonstrated; greenspace may act as a low-cost mental health intervention and can explain a
substantial amount of the variability observed in neighborhood mental health burdens. As such,
policy-makers in NC need to focus on developing greenspaces in low-income, predominantly
minority communities to ensure equitable access to this mental health resource; in both urban
and rural communities. Particular attention should be directed to ensuring greenspace
development does not result in the displacement of residents. This analysis illustrates the
importance of both public and private greenspaces for reducing the burden of mental health

outcomes throughout the state.

5.2 Strengths and Limitations

This article is strengthened by the inclusion of multiple mental health indicators and the
consideration of rurality and greenspace type. We were able to move beyond subjective survey
responses that are privy to recall bias and measure mental health diagnosis using a universal
standardized coding classification. Little research has addressed greenspace and mental health in
rural communities, and as this analysis illustrates, greenspace may serve as a protective factor or

buffer of mental health in both rural and urban communities. Consideration of greenspace type
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(public vs private) illustrates that type of greenspace is important to consider, as the strength of

relationships varied between public and private greenspaces.

This study is also limited. Given that private greenspace was defined as all green land cover not
identified in the public greenspace analysis, it is possible that private greenspace has been
overestimated in this study. This may further explain the stronger relationships observed with
private greenspace, in both urban and rural settings. This is an ecological analysis and therefore
did not consider additional individual-level factors that may influence the greenspace-mental
health relationship. Future analyses should include additional measures of greenspace (e.g.
accessibility and quality), in addition to community level variables (e.g. structural racism,
economic disparity), and individual-level factors (e.g. race and ethnicity, age). In addition, this
analysis considered rurality as a binary (rural vs urban). To better understand the intricacies of
the greenspace-mental health relationship, future research should further investigate this
relationship with consideration of suburban neighborhoods, micropolitan areas, and small towns,

in addition to urban centers and rural communities.

6. Conclusions

This analysis illustrates that greenspace is a protective factor in reducing the risk of ED visits for
extreme mental health conditions, such as self-injury and suicide, addiction-related mental health
outcomes, like substance abuse, and more common mental health indicators, including anxiety,
depression, and mental illness in North Carolina. This association remained true for both public
and private greenspaces in rural and urban neighborhoods. Private greenspace had the strongest

relationship with mental health outcomes, though public greenspaces also benefited mental
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health, more so in urban areas than rural. This analysis provides new knowledge on the
greenspace mental health relationship, specifically for less frequently studied mental health
indicators, including self-injury, suicide, and substance abuse. Our work illustrates the
importance of both public and private greenspaces as low-cost mental health interventions. These
findings can be applied to public policy and help illustrate the importance of low-cost, nature-

based mental health interventions.
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Figure Legend

Figure 1. Map of North Carolina illustrating rurality, select urban centers and the 3 dominant
regions: mountains, piedmont, and coast.

Figure 2. Map of (A) public greenspace and (B) private greenspace in North Carolina.

Figure 3. Annual mental health outcomes per 100,000 people for (A) anxiety (B) depression (C)

mental illness (D) mood disorders (E) self-injury (F) substance abuse and (G) suicide.

22



References

l.

Astell-Burt T, Feng X. Association of Urban Green Space With Mental Health and General

Health Among Adults in Australia. JAMA Network Open. 2019;2(7):€198209.

do1:10.1001/jamanetworkopen.2019.8209

Collins R, Spake R, Brown KA, Ogutu B, Smith D, Eigenbrod F. A systematic map of
research exploring the effect of greenspace on mental health. Landscape and Urban

Planning. doi:10.1016/j.1andurbplan.2020.103823

Roberts M, Irvine KN, McVittie A. Associations between greenspace and mental health

prescription rates in urban areas. Urban Forestry and Urban Greening. 2021;64(127301).

doi:10.1016/j.ufug.2021.127301

Brown SC, Perrino T, Lombard J, et al. Health Disparities in the Relationship of
Neighborhood Greenness to Mental Health Outcomes in 249,405 U.S. Medicare
Beneficiaries. Int J Environ Res Public Health. 2018;15(3):430.

do1:10.3390/1jerph15030430

Lee HJ, Lee DK. Do Sociodemographic Factors and Urban Green Space Affect Mental

Health Outcomes Among the Urban Elderly Population? Int J Environ Res Public Health.

2019;16(5):789. doi:10.3390/ijerph16050789

Houlden V, Porto de Albuquerque J, Weich S, Jarvis S. A spatial analysis of proximate
greenspace and mental wellbeing in London. Applied Geography. 2019;109:102036.

doi:10.1016/j.apgeog.2019.102036

23



10.

11.

12.

Mears M, Brindley P. Measuring Urban Greenspace Distribution Equity: The Importance of
Appropriate Methodological Approaches. ISPRS International Journal of Geo-Information.

2019;8(6):286. doi:10.3390/ijgi8060286

Beyer KMM, Kaltenbach A, Szabo A, Bogar S, Nieto FJ, Malecki KM. Exposure to
neighborhood green space and mental health: evidence from the survey of the health of
Wisconsin. Int J Environ Res Public Health. 2014;11(3):3453-3472.

do1:10.3390/1jerph110303453

Sarkar C, Webster C, Gallacher J. Residential greenness and prevalence of major
depressive disorders: a cross-sectional, observational, associational study of 94 879 adult
UK Biobank participants. Lancet Planet Health. 2018;2(4):¢162-e173. do1:10.1016/S2542-

5196(18)30051-2

Akpinar A, Barbosa-Leiker C, Brooks KR. Does green space matter? Exploring
relationships between green space type and health indicators. Urban Forestry & Urban

Greening. 2016;20:407-418. doi:10.1016/j.ufug.2016.10.013

Lachowycz K, Jones A. Towards a better understanding of the relationship between
greenspace and health: Development of a theoretical framework. Landscape and Urban

Planning. 2013;118:62-69. doi:10.1016/j.landurbplan.2012.10.012

Markevych I, Schoierer J, Hartig T, et al. Exploring pathways linking greenspace to health:
Theoretical and methodological guidance. Environ Res. 2017;158:301-317.

doi:10.1016/j.envres.2017.06.028

24



13.

14.

15.

16.

17.

18.

19.

Wang S, Wu CYH, Richardson MB, Zaitchik BF, Gohlke JM. Characterization of heat
index experienced by individuals residing in urban and rural settings. J Expo Sci Environ

Epidemiol. 2021;31(4):641-653. doi:10.1038/s41370-021-00303-x

Thompson Coon J, Boddy K, Stein K, Whear R, Barton J, Depledge MH. Does
participating in physical activity in outdoor natural environments have a greater effect on

physical and mental wellbeing than physical activity indoors? A systematic review. Environ

Sci Technol. 2011;45(5):1761-1772. do1:10.1021/es102947t

Kim J, Nicholls S. Influence of the measurement of distance on assessment of recreation

access. Leisure Sciences. 2016;38(2):118-139. doi:10.1080/01490400.2015.1071211

Verheij RA, Maas J, Groenewegen PP. Urban—Rural Health Differences and the
Availability of Green Space. European Urban and Regional Studies. 2008;15(4):307-316.

doi:10.1177/0969776408095107

van Dillen SME, de Vries S, Groenewegen PP, Spreeuwenberg P. Greenspace in urban
neighbourhoods and residents’ health: adding quality to quantity. J Epidemiol Community

Health. 2012;66(6):e8. doi:10.1136/jech.2009.104695

Wood L, Hooper P, Foster S, Bull F. Public green spaces and positive mental health -
investigating the relationship between access, quantity and types of parks and mental

wellbeing. Health Place. 2017;48:63-71. doi:10.1016/j.healthplace.2017.09.002

Jiang W, Stickley A, Ueda M. Green space and suicide mortality in Japan: An ecological

study. Social Science & Medicine. 2021;282:114137. doi:10.1016/j.socscimed.2021.114137

25



20.

21.

22.

23.

24.

25.

26.

Ekkel ED, de Vries S. Nearby green space and human health: Evaluating accessibility
metrics. Landscape and Urban Planning. 2017;157:214-220.

do1:10.1016/j.landurbplan.2016.06.008

Bennett KJ, Borders TF, Holmes GM, Kozhimannil KB, Ziller E. What Is Rural?
Challenges And Implications Of Definitions That Inadequately Encompass Rural People

And Places. Health Affairs. 2019;38(12):1985-1992. do1:10.1377/hlthaff.2019.00910

McCall-Hosenfeld JS, Mukherjee S, Lehman EB. The Prevalence and Correlates of
Lifetime Psychiatric Disorders and Trauma Exposures in Urban and Rural Settings: Results
from the National Comorbidity Survey Replication (NCS-R). PLOS ONE.

2014;9(11):e112416. doi:10.1371/journal.pone.0112416

Morales DA, Barksdale CL, Beckel-Mitchener AC. A call to action to address rural mental

health disparities. J Clin Transl Sci. 2020;4(5):463-467. doi:10.1017/cts.2020.42

Andrilla CHA, Patterson DG, Garberson LA, Coulthard C, Larson EH. Geographic
Variation in the Supply of Selected Behavioral Health Providers. American Journal of
Preventive Medicine. 2018;54(6, Supplement 3):S199-S207.

doi:10.1016/j.amepre.2018.01.004

Reinert M, Fritze D, Nguyen T. The State of Mental Health in America 2022. Mental

Health America; 2021.

KFF. Mental Health and Substance Use State Fact Sheets. Kiaser Family Foundation.
Published 2021. Accessed April 6, 2022. https://www kff.org/statedata/mental-health-and-

substance-use-state-fact-sheets/

26


https://www.kff.org/statedata/mental-health-and
https://doi:10.1017/cts.2020.42

27.

28.

29.

30.

31.

32.

33.

CDC. National Violent Death Reporting System|NVDRS|Violence Prevention|Injury
Center|CDC. Published 2021. Accessed October 26, 2021.

https://www.cdc.gov/violenceprevention/datasources/nvdrs/index.html

NC DETECT. NC DETECT. Published 2021. Accessed October 26, 2021.

https://ncdetect.org/

The Trust for Public Land. ParkServe Data Downloads. The Trust for Public Land.

Published 2021. Accessed November 29, 2021. https://www.tpl.org/parkserve/downloads

U.S. Geological Survey (USGS) Gap Analysis Project (GAP). Protected Areas Database of

the United States (PAD-US) 2.0. Published online 2020. doi:10.5066/P955KPLE

Runkle JD, Matthews JL, Sparks L, McNicholas L, Sugg MM. Racial and ethnic disparities
in pregnancy complications and the protective role of greenspace: A retrospective birth
cohort study. Science of The Total Environment. 2022;808:152145.

doi:10.1016/j.scitotenv.2021.152145

Slawsky ED, Hajat A, Rhew IC, et al. Neighborhood greenspace exposure as a protective
factor in dementia risk among U.S. adults 75 years or older: a cohort study. Environmental

Health. 2022;21(1):14. do1:10.1186/s12940-022-00830-6

Gronlund CJ, Berrocal VJ, White-Newsome JL, Conlon KC, O’Neill MS. Vulnerability to
extreme heat by socio-demographic characteristics and area green space among the elderly
in Michigan, 1990-2007. Environmental Research. 2015;136:449-461.

doi:10.1016/j.envres.2014.08.042

27


https://www.tpl.org/parkserve/downloads
https://ncdetect.org
https://www.cdc.gov/violenceprevention/datasources/nvdrs/index.html

34.

35.

36.

37.

38.

39.

40.

41.

ESRI. ArcGIS Pro 2.9.0. Published 2022. Accessed March 21, 2022.

https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview

Browning MHEM, Rigolon A. Do Income, Race and Ethnicity, and Sprawl Influence the
Greenspace-Human Health Link in City-Level Analyses? Findings from 496 Cities in the
United States. Int J Environ Res Public Health. 2018;15(7):E1541.

doi:10.3390/1jerph15071541

Hoffimann E, Barros H, Ribeiro Al. Socioeconomic Inequalities in Green Space Quality
and Accessibility—Evidence from a Southern European City. Int J Environ Res Public

Health. 2017;14(8):916. doi:10.3390/ijerph14080916

Rigolon A, Browning M, Jennings V. Inequities in the quality of urban park systems: An
environmental justice investigation of cities in the United States. Landscape and Urban

Planning. 2018;178:156-169. doi:10.1016/j.landurbplan.2018.05.026

US Census. American Community Survey (ACS). Census.gov. Published 2018. Accessed

May 10, 2022. https://www.census.gov/programs-surveys/acs

USDA. Rural-Urban Commuting Area Codes. Published 2020. Accessed March 21, 2022.

https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/

Anderson JH. Classification of Urban, Suburban, and Rural Areas in the National Crime

Victimization Survey. U.S. Department of Justice, Bureau of Justice Statistics; 2020:10.

Anselin L, Fotheringham AS, Rogerson PA. The SAGE Handbook of Spatial Analysis.

SAGE; 2008.

28


https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes
https://www.census.gov/programs-surveys/acs
https://Census.gov
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview

42.

43.

44,

45.

46.

47.

48.

Legendre P. Spatial Autocorrelation: Trouble or New Paradigm? Ecology.

1993;74(6):1659-1673. do1:10.2307/1939924

Fischer MM, Wang J. Modelling Area Data. In: SpringerBriefs in Regional Science.
Springer; 2011:31-44. Accessed March 21, 2022. https://ideas.repec.org/h/spr/sbrchp/978-

3-642-21720-3 3.html

Esmen NA, Hammad YY. Log-normality of environmental sampling data. Journal of
Environmental Science and Health Part A: Environmental Science and Engineering.

1977;12(1-2):29-41. do1:10.1080/10934527709374732

RStudio Team. RStudio: Integrated Development Environment for R. RStudio; 2022.

Accessed April 13, 2022. https://www.rstudio.com/

Nutsford D, Pearson A, Kingham S. An ecological study investigating the association
between access to urban green space and mental health. Public health. 2013;127.

doi:10.1016/j.puhe.2013.08.016

Twohig-Bennett C, Jones A. The health benefits of the great outdoors: A systematic review
and meta-analysis of greenspace exposure and health outcomes. Environ Res.

2018;166:628-637. doi:10.1016/j.envres.2018.06.030

Carter M, Horwitz P. Beyond proximity: the importance of green space useability to self-

reported health. Ecohealth. 2014;11(3):322-332. do01:10.1007/s10393-014-0952-9

29


https://www.rstudio.com
https://ideas.repec.org/h/spr/sbrchp/978

49.

50.

51.

52.

53.

54.

55.

Caldwell KB, Boyer RHW. Bicycle commuting in an automobile-dominated city: how
individuals become and remain bike commuters in Charlotte, North Carolina.

Transportation. 2019;46(5):1785-1806. doi:10.1007/s11116-018-9883-6

Hamidi S, Ewing R. A longitudinal study of changes in urban sprawl between 2000 and
2010 in the United States. Landscape and Urban Planning. 2014;128:72-82.

doi:10.1016/j.landurbplan.2014.04.021

Alcock I, White MP, Lovell R, et al. What accounts for ‘England’s green and pleasant
land’? A panel data analysis of mental health and land cover types in rural England.

Landscape and Urban Planning. 2015;142:38-46. doi:10.1016/j.1andurbplan.2015.05.008

de Vries S, ten Have M, van Dorsselaer S, van Wezep M, Hermans T, de Graaf R. Local
availability of green and blue space and prevalence of common mental disorders in the

Netherlands. BJPsych open. 2016;2(6):366-372. doi:10.1192/bjpo.bp.115.002469

McEachan RRC, Prady SL, Smith G, et al. The association between green space and
depressive symptoms in pregnant women: moderating roles of socioeconomic status and
physical activity. J Epidemiol Community Health. 2016;70(3):253-259. doi:10.1136/jech-

2015-205954

Feng X, Astell-Burt T. Residential Green Space Quantity and Quality and Child Well-
being: A Longitudinal Study. Am J Prev Med. 2017;53(5):616-624.

do1:10.1016/j.amepre.2017.06.035

Wheeler BW, Lovell R, Higgins SL, et al. Beyond greenspace: an ecological study of

population general health and indicators of natural environment type and quality.

30



56.

57.

38.

59.

International Journal of Health Geographics. 2015;14(1):17. doi:10.1186/s12942-015-

0009-5

Zhang Y, Van den Berg AE, Van Dijk T, Weitkamp G. Quality over Quantity: Contribution
of Urban Green Space to Neighborhood Satisfaction. Int J Environ Res Public Health.

2017;14(5):535. doi:10.3390/ijerph 14050535

Helbich M, de Beurs D, Kwan MP, O’Connor RC, Groenewegen PP. Natural environments
and suicide mortality in the Netherlands: a cross-sectional, ecological study. The Lancet

Planetary Health. 2018;2(3):e134-e139. doi:10.1016/S2542-5196(18)30033-0

Berry MS, Rung JM, Crawford MC, Yurasek AM, Ferreiro AV, Almog S. Using
greenspace and nature exposure as an adjunctive treatment for opioid and substance use
disorders: Preliminary evidence and potential mechanisms. Behavioural Processes.

2021;186:104344. doi:10.1016/j.beproc.2021.104344

Martin L, Pahl S, White MP, May J. Natural environments and craving: The mediating role

of negative affect. Health Place. 2019;58:102160. doi:10.1016/j.healthplace.2019.102160

31



	Spatial analysis of greenspace and mental health in North Carolina: Consideration of rural andurban neighborhoods
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Figure Legend
	References



