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June 2019 was the hottest month in recorded history across the planet. January - May of 2019
was the wettest period on record in the US and caused severe, record flooding for much of the
midwest and southeast. The arctic is experiencing more wildfires in 2019 than ever before.
These drastic events affect more than the natural world—they have consequences for the
human communities whose health outcomes are affected because of flooding, smoke, and
increased summer temperatures. These consequences disproportionately impact the most
vulnerable communities, including low-income communities and communities of color. At the
same time, these communities often lack access to quality parks and green spaces that
function as places to capture and slow stormwater, get physically active, provide workforce
development opportunities and gather with other community members.

As climate change continues to affect weather patterns across the world, cities will need to
adapt to changing weather and precipitation patterns to mitigate the human health impacts.
Managing stormwater runoff caused by increased rainfall in historically atypical patterns will
continue to present challenges around the world. Communities will need to make fundamental
changes in the way they view stormwater runoff as both a nuisance and a potential health
resource in the face of a changing climate.

The purpose of this literature review was to determine what evidence exists linking green
infrastructure to health. Using the Green Infrastructure Evaluation Framework developed by the
National Recreation and Park Association (NRPA) that broadly encompasses the social
determinants of health, we've identified health benefits findings in four major categories:
human health, environmental health, economic health, and social health.



https://www.nrpa.org/gi-framework

Before we explore the findings, it is important to define some key terms used throughout the
document:

What is Green Infrastructure (G/)?

Our working definition of green infrastructure is “the natural and built green spaces that use
nature and natural processes to manage a variety of challenges, including water quality,
reducing flood risk, providing wildlife habitat, improving air quality, and now, improving human
health.”*

Green infrastructure is often seen as an alternative to traditional “gray” stormwater
infrastructure, which would include features like sewer pipes, wastewater treatment facilities,
and outflow tunnels. Some cities have combined sewage systems, which carries stormwater
runoff and wastewater both to a treatment facility. The alternative is a separate sewage
system, which simply directs stormwater runoff back into natural waterways without treatment.
In both combined and separate sewage systems, green infrastructure can play an important
role in enhancing water quality and decreasing costs for communities.

Analogous terms to green infrastructure include: green stormwater infrastructure (GSI), low
impact development (LID), water-sensitive urban design, and sustainable urban drainage
systems.?

What is Health?

“Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity.”® Healthy communities are more than a place where people
aren’t sick—they are communities where people are thriving.

Social Determinants of Health

“The social determinants of health are the conditions in which people are born, grow, live, work
and age. These circumstances are shaped by the distribution of money, power and resources
at global, national and local levels.”* Put simply, the social, economic, and physical
environment in which you live plays a large role in determining your health outcomes. If you
face social discrimination because of your race, gender or sexuality, this negatively impacts
your health. If you live next to a busy road where air pollutants are unavoidable, this negatively
impacts your health. And if you don’t have access to a job that pays a fair and living wage in
your community, this negatively impacts your health.



These social determinants of health are all contributing factors to health equity. Health equity
means that everyone in a community has a fair and just opportunity to be as healthy as
possible. This requires removing obstacles to health for vulnerable populations, including
poverty, discrimination, racism, and pollution. While easy to conceptualize, achieving health
equity is a daunting challenge.

Recognizing that human health is impacted by more than just explicit physical and mental
health benefits, our framework for this literature review also includes sections on the
environmental, social, and economic benefits of green infrastructure. Because these are all
social determinants of health (though not an exhaustive list), any benefits in these areas
correlate with increased community health benefits.

A note on green space, nature, and parks:

There is a thorough and robust body of evidence linking green space and nature to human
health benefits. In urban settings, parks play a hugely important role in delivering these benefits
to their surrounding communities and have been shown over time to substantially increase
moderate-to-vigorous activity levels® and provide a whole host of significant mental and
physical health benefits.®

The physical and mental health benefits of nature and green space can reasonably be
assumed to apply to green infrastructure features inasmuch as the green infrastructure
increases the level of green space in a surrounding area, even if the feature is only looked at by
passershy.” However, the findings presented in this literature review include only those that
mentioned specific green infrastructure features, not broader nature or green space. It does
not mean that those nature benefits do not apply to green infrastructure, only that we sought to
identify the specific health benefits of specific green infrastructure features.

Because parks are already often green spaces that provide health benefits to communities,
they are in a unique position to enhance their net-positive impact of community quality of life
by intentionally integrating green infrastructure features. Our hope is that this literature review
offers casemaking tools to show how green infrastructure features can make parks an even
more integral part of their communities by helping curb some of the largest threats facing
cities: climate change, health inequity, etc.
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Methodology:

Our literature review focused mainly on peer-reviewed academic articles published in the last
20 years (1999 - 2019). To find articles that connected green infrastructure features to health
benefits, we performed combined keyword searches in two large medical and science
databases (PubMed and Web of Science).

The search terms used to represent

green infrastructure were:

- Green infrastructure - Flowers

- Trees - Native plants

- Street trees - Wetland

- Green stormwater infrastructure - Biodiversity

- Green spaces - Permeable pavement

- Open spaces - Low-impact development
- Green views - Dispersed development

- Views of nature

- Parks

Bioretention
Rain gardens
- Bioswales

- Green roofs



The search terms used to represent - Mental health
health and related benefits were: - Crime

- Human health - Social capital

- Well-being - Feelings

- Attention restoration - Preference

- Stress recovery - Perception

- Social cohesion - Happiness index

- Pro-social behavior - Health equity

The combined keyword search was performed by including one term from the green
infrastructure list and one term from the health and related benefits list.

Our initial search identified 90 articles that fit our inclusion criteria, including some previous
literature reviews that identified connections between health and green infrastructure. From this
initial list, we looked through the identified literature reviews to draw out additional relevant
articles. We also searched other smaller database sites that collect evidence connecting green
space and health benefits.

To be included in this literature review, identified articles must have A) an explicit green
infrastructure feature (urban trees, bioswales, permeable pavement, etc.), and B) an explicit
benefit associated with that feature (increased physical/mental health, reduced water
pollutants, improved social cohesion, etc.). Articles that found benefits associated with general
nature/green space, not specifically green infrastructure features, were not included.

Additional supporting articles, gray literature, and white papers included in this literature review
were identified by NRPA in a previous research document compiled for this project.
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Evidence/Findings
Health Benefits:

Nature is good for your health, and green infrastructure that increase greenery in a space
increase physical and mental health benefits in the surrounding area.

Physical Health

Increased physical activity

Increased greenery in an area positively correlates to increased physical activity and improved
physical health outcomes,? even in small-scale project like pocket parks.® What's more,
physical activity in these green spaces is shown to be more beneficial to physical health
indicators like blood pressure, obesity, and risk of heart disease than the same physical activity
performed indoors.*°

Urban trees help reduce surrounding air temperature, making spaces more comfortable and
encouraging increased physical activity.* In fact, several studies show a positive correlation
between the number of urban trees and physical activity.'? * High-density treed environments



increase the amount of walking in a given area, and large bodies of water (which would include
engineered wetlands or lakes) have been shown to have the same effect.*

Physical health improvements

Closely correlated with increased physical activity is decreased rates of obesity and obesity-
related illnesses. Studies show that proximity to urban green space and trees significantly
decreased rates of obesity and lowered BMI in children.® ¢ Others show that proximity to
urban engineered green space decreases obesity rates and BMI in adults.'” 8

The mere sight of green space, including green infrastructure, improves cardiovascular health
by lowering blood pressure!® and improving heart rate variability,?° an effect that is magnified
as biodiversity increases? and is measurable on ECGs.?? These heart rate and blood pressure
benefits associated with views of green infrastructure and green space are evidenced in
children as well,”® who also show rates of decreased blood pressure after spending time in
urban green space.?

Urban trees are linked to any number of physical health improvements in surrounding
communities, including lowered rates of obesity,” diabetes,?® and cardiovascular disease,?’
decreased instances of high blood pressure,?® and increased self-reports of good physical
health.?® *® When linked together, “green corridors” of urban trees and other natural features
(like green infrastructure) increase self-reported good physical health within communities.*

Another health benefit associated with green infrastructure and urban greenery is improved
birth outcomes.*? Proximity to city parks and other “engineered” green spaces in urban
settings are shown to positively correlate with higher birth weights and lowered rates of infant
mortality,*® 3* * along with improved blood pressure measurements in expecting mothers.*

Mental Health

Reductions in stress/anxiety

Time spent in natural environments, including those created by green infrastructure features
like urban trees, correlates with decreased cortisol levels®” *® 3 and other physical stress
indicators.* Communities with high levels of urban greenery are also less likely to seek
treatment and medication for depression, anxiety and mood disorders.** 4

Urban trees have been shown to decrease levels of depression and anxiety, and increase
feelings of tranquility.** By positively corresponding to increased social connectivity, they also
reduce counts of psychological distress and generally poor self-perceptions of mental health.*
Even just viewing pictures of urban trees is enough to measurably reduce stress and anxiety in
laboratory settings.*



In traffic, street trees can reduce feelings of road rage and increase overall frustration tolerance
of drivers,*® and are largely shown to have positive mental health benefits.*” However, it should

also be noted that street trees can prove driving hazards and can be fatal when hit by cars.*® *°
50

Attention/restoration

Green infrastructure can provide attention restoration by increasing the amount of green space
in a given environment. One study showed that office workers who took short breaks on green
roofs had improved focus and mental restoration than those in a control group.5! Students who
attend schools with high levels of greenery and urban trees show increased test scores and
attention levels.>?

Urban trees have been shown to have restorative effects, t00.>® *This effect is magnified when
urban trees are coupled with more biodiverse environments, including a variety of plants and
animals.>®

Other mental health benefits

Evidence shows that urban trees generally correlate with improved mental health,* and
increased tree canopy coverage in a neighborhood corresponds with increased sleeping hours
for residents in that neighborhood.>” Time spent near urban trees and greenery also positively
correlates with improvements in memory,>® *° emotional resilience® and overall mood,®* and is
shown to decrease impulsive behavior.®? ¢ In a case study of the Huckleberry Trail and
Heritage Community Park and Natural Area, increased visitor frequency and nearer distance to
the community green infrastructure (including urban trees) increased the overall mental health
benefits of community members.®*

Specific to children, time in urban green space positively correlates with improved cognitive
development.® Children who visit urban green space and natural features in parks
demonstrate increased emotional resilience and self-regulation,®® and mothers reported better
behavior in their children after spending time in urban parks and near tree canopy coverage.®’
Even adults are more likely to display helpful social behaviors® ¢ and less likely to display
aggressive behaviors®’ after spending time in urban green environments.

A few studies linked non-tree green infrastructure features to specific mental health benefits.
One we identified showed that spending time near constructed urban lakes improved self-
reported physical and mental health,”* while another reported similar self-reported
improvements for people who spent time near constructed wetlands.”
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Economic Benefits:

In addition to reducing the costs of gray stormwater infrastructure, green infrastructure has
specific economic impacts through both workforce development and broader community
economic development.

Workforce Development

Job creation

From the beginning planning phase all the way through upkeep and maintenance, green
infrastructure has the potential to create new jobs. One paper estimates that:

e Converting 1% of urban roofs in the United States to green roofs would create 190,000
jobs.

e Investing $10 billion in water efficiency projects across the United States would create
150,000-220,000 jobs.™

A $166 million investment in green infrastructure in Los Angeles created more than 2,000 new
jobs; in Portland, OR, green infrastructure-related projects employed over 10,000 people in
2015.”* Worth noting is that almost three quarters of these new jobs go to local residents,”™
creating a direct economic investment back into the community.
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Job skills

Green infrastructure jobs also provide workers with specialized training and skills,” and the job
market is growing. The green infrastructure-related job market—including implementation,
maintenance, and inspection—was estimated to grow by 5% from 2015 to 2020.”"

Economic Development

Increased property values

Studies have shown that land value for properties around green infrastructure projects can
increase anywhere from 8 to 20 percent.” In New York City, buildings with green roofs had
rent prices 16 percent higher than the neighborhood average.” These increased property
values can also lead to increased property taxes, which can lead to increased revenue for
municipalities as well.®°

Spurred economic development

Green infrastructure features are good for retail spaces, too. Several studies have shown that
retail property values near green infrastructure features increase in similar fashion to residential
areas.®’ And not only are these properties more valuable, consumers are willing to spend 8 to
12 percent more in retail spaces with tree canopies and other green infrastructure features than
in spaces without green infrastructure.®

Cost savings related to flooding

Perhaps the most obvious economic benefit related to green infrastructure is its reduction of
costs associated with flood damage.® At its most basic level, green infrastructure’s function is
to treat stormwater on-site and slow the rate of stormwater runoff, which inevitably has an
impact on local and watershed-level flooding events. It shouldn’t be surprising to learn that a
University of Vermont study showed property owners were more likely to adopt or install green
infrastructure features if they had recently experienced flooding or erosion on their property.®

“Between 2007 and 2017, The National Flood Insurance Program (NFIP) paid an average of
$2.9 billion per year to cover flood-related losses.”® Historic flooding events, such as
Hurricane Sandy in 2012 or Hurricane Harvey in 2017, can cost as much as $8.8 billion in
flood-related damages in a single event.® As climate change increases the intensity and
likelihood of these events, the economic case for green infrastructure should become a more
and more convincing argument.

Some green infrastructure features quantifiably store and treat more water than others, thus
potentially increasing their overall cost benefit. A study from lIllinois looked at which trees were
most effective at cycling water in bioswales via transpiration, concluding that some species of
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trees are more cost-effective as green infrastructure because of the amount of water they are
able to retain.®

Cost savings as compared to gray infrastructure

Green infrastructure also helps protect water sources by filtering out harmful chemicals and
heavy metals from stormwater runoff, which can have huge impacts on the costs of treating
water. One study showed that “every $1 spent on source-water protection saved $27 in water
treatment costs.”%®

Green infrastructure can also save communities millions of dollars in expenses that would
typically go to installing and maintaining gray infrastructure with an analogous treatment
capacity. Engineering wetlands to treat plant wastewater in Seadrift, TX was 96 percent
cheaper than installing a gray wastewater treatment center, saving the community nearly $40
million in capital costs alone. The wetlands are also significantly cheaper to maintain and
require none of the full-time staff that would be needed to run a new wastewater treatment
center.®® Similar projects save ongoing costs related to energy consumption and significantly
reduce the carbon output of water treatment facilities.®

Other costs savings

Green infrastructure features save costs in other ways, too. Green roofs benefit buildings
through reduced energy needs for heating and cooling. A 21,000 square foot green roof can
save almost $200,000 in energy savings over its lifetime.®* Green roofs also protect basic roof
infrastructure from weathering and UV rays, which can extend their life to 2-3 times that of
traditional roofs.*?

Permeable pavement is also generally cheaper to install and maintain over time than traditional
impermeable surfaces, which can lead to savings of tens of thousands of dollars over the
lifetime of a parking lot.*
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Social Benefits:

Social benefits matter in health.** As a broad concept, “social cohesion” folds in several
aspects related to how humans interact and work together in community. When clarified into
distinct concepts, such as feelings of safety, wellbeing, and connection with the people around
us, it's obvious that how we relate and fit in with other people has broad effects on our mental
and emotional health.®

Social Cohesion

“Social cohesion is defined as the willingness of members of a society to cooperate with each
other in order to survive and prosper.”®® Put simply, it's how individuals in a community work
together to make their community a better place. Unsurprisingly, feelings related to trust,
safety, and belonging among community members are indicators of improved health
outcomes.®” Green infrastructure can provide a handful of benefits to communities that help
increase the bonds between community members, strengthen relationships, and promote
healthy lifestyles at a neighborhood-level. This happens primarily by providing communities
more green, inviting spaces to congregate, socialize, and exercise together.

Enhanced neighborhood socialization
Green infrastructure offers a space for communities to come together and increases
opportunities for socialization (in and of itself a social benefit),’® which can lead to increased
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trust and cooperation between neighbors.*® Several green infrastructure features also promote
increased community physical activity, which further increases social bonds as neighbors
recreate together.'®

Trees and urban tree canopy in particular have a wide range of social benefits, including
improving general feelings of social cohesion*®* and inspiring prosocial behavior after study
participants spent time in urban forests.?? Edible trees and plants in urban areas have the
added benefit of drawing people together while also providing nutrition, compounding their
community benefit.1%

Community satisfaction w/project

Green infrastructure provides more opportunities for trust between people and government,
too. Well-managed public spaces, including parks and other green infrastructure features, also
increase trust and satisfaction among community members toward their local governments,
and this trust grows over time as the assets stay well-managed.***

Public Safety

Reductions in crime

Perhaps the most studied social benefit associated with green infrastructure and urban trees is
its inverse correlation to street crime. Studies from urban areas across the world have shows
that crime rates are lower in areas with increased tree coverage.'® % Even planting smaller
trees in neighborhoods has been shown to decrease crime levels in following years, an effect
that grows more evident in neighborhoods with lower median incomes.” Green infrastructure
in urban areas has also been shown to correlate with decreased narcotics possession in the
surrounding neighborhood by anywhere from 18 percent to 27 percent.'®

Specific to parks, a study from Chicago found that increasing the tree canopy in a park by just
10 percent decreased the battery rate in the park by 10 percent, and decreased robbery,
assault, and narcotics usage by more than 11 percent.®

In addition to decreasing violent crime, green infrastructure can also positively impact how safe
a neighborhood feels to its residents. A randomized control trial from Philadelphia showed that
residents who lived near urban lots covered with impermeable pavement felt significantly safer
once the surface was replaced with grass and trees.'*® The follow-up study demonstrated that
not only do greened lots make residents feel safer, but they also have significant impacts on a
community’s overall mental health, significantly decreasing rates of self-reported depression
and worthlessness.'*

Project Reach
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Community Engagement

Community engagement, when done properly, leads to increased social benefits merely
through the process itself. Increasing a community’s social capital and giving them power in
the decision-making process can be a powerful change agent in communities experiencing
health inequities,*? and is particularly important when working with communities who have
been historically excluded and underserved in planning processes.

Green infrastructure Knowledge + Use

Offering educational opportunities about green infrastructure to communities is another
effective means of increasing the social benefits of green infrastructure. Communities that
receive green infrastructure education show increased rates of community trust**® and are
more likely to engage in social and volunteer opportunities around the neighborhood.***

Another benefit of community education around green infrastructure is its likelihood to increase
the development of private green infrastructure projects, increasing support for your efforts
while also increasing the community benefits as green infrastructure projects spread.'** For
example, installing a rain garden and holding community training clinics and demonstrations
empowered a community in American Somoa to install rain gardens on their own property.*
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Environmental Benefits:

Human health is intricately linked to the health of the surrounding environment. Improvements
to the natural world are one of the main ways that green infrastructure features benefit
surrounding communities.

Water Benefits

Reduced flooding

Green infrastructure is designed to capture and treat stormwater on site, reducing the flow and
volume of stormwater runoff. This has an inherent effect on the flooding potential of
surrounding areas, and so it is not surprising that several articles identified reduced flooding
and runoff volume as a major environmental benefit of green infrastructure.'*’ In particular, rain
gardens were identified as impacting the likelihood of flooding in urban areas by collecting and
diverting runoff from otherwise impermeable surfaces.!'® Permeable pavement and green roofs
are also shown to not only decrease the intensity of flooding events, but also mitigate the
negative health impacts of flooding.**®

Enhanced water quality

Not only is runoff volume decreased, but green infrastructure has a significant impact on the
guality of the runoff that is discharged. Bioretention cells help remove heavy metals and other
dissolved pollutants through their filtration systems, which prevent those pollutants from
reaching waterways.*?° 12! Green sorption materials,'?? bioswales,'*® grasswales,'?* urban
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trees,?® 126 and other forms of green infrastructure also remove pollutants from runoff and
improve water quality in surrounding communities.*?’

Most green infrastructure features combine these benefits, reducing the rate and volume of
runoff while also filtering dissolved pollutants. Permeable pavement can actually trap airborne
pollutants like CO2 and SO2 from vehicles,*?® benefiting both air quality and water quality.*?
Urban trees also perform both functions, and one studied identified evaluated which species of
tree were most cost effective for water treatment in bioswales.**°

Habitat Benefits

Expanded and restored habitat

Certain green infrastructure features provide more habitat space than others. For example,
engineered wetlands are a common practice for treating water discharge, and provide
extensive habitat space for flora and fauna in addition to recreational space for humans.*3!

Air Benefits

Decreased air temperature

Urban greenery, in particular tree canopy coverage, lowers ground temperature in nearby
areas, combating the “urban heat island” effect and encouraging increased physical activity
because of lower temperatures.'* This also leads to “reductions in heat- and pollution-related
mortality rates and hospital visitations.” 3

Enhanced air quality
Green infrastructure can have significant impacts on urban air quality. Green roofs help filter
out any number of pollutants from the air, including NOx,*** C0O2,'* ozone, SO2, and NO2.%3¢

Urban trees have significant and well-studied impacts on surrounding air quality. They remove
any number of pollutants from the air, including vehicle exhaust®®” and ozone.**® Urban trees
also serve to sequester huge amounts of carbon, and even affect the soil underneath them so
that the soil sequesters more carbon than regular soil.**°

Studies are mixed on the effects of urban trees and asthma in surrounding populations. One
study showed decreased rates of asthma in people living in areas with increased tree canopy
coverage,** while another showed increased in asthma and allergy rates for children living in
more forested urban areas.’** More studies are needed to determine how urban trees affect
asthma rates in surrounding populations.
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Key Themes and Findings:

1. While the health benefits of green space and nature have been rigorously studied for
decades, it is difficult to differentiate the health benefits gleaned specifically from green
infrastructure.

One explanation for this is that green infrastructure, by definition, is “green” or nature-based.
Thus when community health benefits are studied, it's hard to see where the green space
benefits end and the green infrastructure-specific benefits begin. This becomes particularly
challenging when discussing green infrastructure in the context of parks, which already provide
green space and their own host of benefits.

This unclear distinction between green infrastructure and green space benefits is particularly
evident in the number of academic articles identified that are associated with urban trees. A
majority of the articles that explicitly connect human health benefits to green infrastructure
features were focused on urban trees, whereas other green infrastructure features (permeable
pavement, bioswales, green roofs, etc.) in studies were mostly linked to explicit environmental
benefits. These environmental benefits (ex. decreased CO2 emissions, decreased heavy metal
pollution in runoff, etc.) obviously impact human health, but require a further step in
determining just what the exact health benefits are. Further study would be useful in
connecting non-tree, specific green infrastructure features to specific human health outcomes.

2. Just by virtue of being green infrastructure, all features have some effect on the
likelihood of flooding events, which affect all four benefit categories when you consider
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the effects that flooding has on human health, local economies, the environment, and
community social connectedness.

When deployed effectively, it's safe to assume that a/ green infrastructure has some positive
affect in these areas. Since all four framework categories are social determinants of health,
they're all linked together in how their benefits impact overall community health.

On a similar note, several of the papers we found showed benefits in multiple framework
categories. While the framework of health/environmental/economic/social is helpful to
breakdown the findings, there’s lots of overlap and connection between all these areas. If
people are healthy, they’re more likely to work and connect with their peers. When well-paying
jobs are plentiful, communities are able to invest in environmental improvements, etc. While
each benefit category can be used to highlight the specific benefits of green infrastructure, we
shouldn’t lose the view of all four impact areas braided together in a way that broadly improves
guality of life for communities.

3. Green infrastructure can have important impacts on community health equity, but the
potential negative effects of green infrastructure on community equity also need
understanding.

In some studies we identified, the introduction of green infrastructure features (green
space/urban trees) in a neighborhood were shown to have the greatest net positive impact on
people who were experiencing the greatest health disparities.**? 3 However, several studies
we identified also highlighted that urban green space is distributed inequitably across urban
areas, generally favoring white, high-income communities and potentially leading to community
displacement through gentrification.4* 14°

None of the literature we identified focused on how specific green infrastructure projects (and
not broader urban tree or greening projects) affect issues of community health equity within the
context of the social determinants of health. This would be an excellent area of further study,
and cities looking to install green infrastructure should carefully consider how to mitigate
potential negative impacts of development in the communities who stand to benefit most from
improved health equity.

NRPA recognizes the need to encourage the park and recreation field to adopt green
infrastructure practices into their planning efforts, with special emphasis on prioritizing projects
that seek to understand and incorporate the needs of underrepresented populations. This
literature review will inform the creation of a communications toolkit that will provide park and
recreation professionals with powerful messages to bolster support for Gl projects in parks that
improve health equity and community resilience outcomes.
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