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Figure 1.4. Metropolitan and Micropolitan Statistical Areas of the United States and Puerto Rico by the United States Census Bureau

(2020).



higher pay in metropolitan areas, explained by dense labor markets that create greater
competition (Hirsch, 2022; Shutters and Applegate, 2022).

1.1.e Urbanization Social Problems

Urbanization has its net negative problems, from large international-scale forced
migration resulting from armed conflicts (Camargo et al., 2020). A current example would be the
Syrian conflict resulting in water scarcity, multiyear crop failure and subsequent mass migration
of rural families to urban areas, which led to overcrowding, increased inequality and ultimately
full-blown political unrest (Abel et al., 2019). Migration can cause great political tensions and
therefore needs to be realistically and logically planned. From the United States Southern border,
asylum seekers entering the U.S. from Latin American countries crossing the Mexico, U.S.
border are being bused across the country to urban areas like Washington D.C., Chicago, and
New York City. Southern U.S. border communities have been overwhelmed by increasing
numbers of migrants (Sylla, 2022; Scribner, 2022; Office of the Texas Governor, 2022).
Operation Lone Star is the current Texas Governor Greg Abbott’s answer to federal policies that
he describes as inadequate for the rapid growth from immigration. While New York City blames
insufficient communication about the transfer of people from Texas for overwhelmed intake
centers where 50 to 100 people are arriving by bus daily (The Official Website of the City of
New York, 2022). The global increase in population and transition of people around the world
emphasizes the need for proper planning to accommodate the most basic needs of humans
everywhere, while conserving the environment and the numerous benefits it provides.

1.1.f Challenges in Urban Areas

Clean air, water, food, and shelter are basic human necessities. Can they all exist in the

same place for millions of humans for an extended amount of time? This is the question that
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humans are pushing at a greater and possibly unsustainable rate. The most urbanized area of the
world is Tokyo, Japan. Tokyo is home to over 38 million humans, but decline in the population
has been reported and is expected to be a continued trend due to decreasing birth rates (United
Nations, 2014). Despite this decline in population in the most urban area, our world population is
projected to continue growing by 2 billion people in the next 30 years (United Nations, 2023).
Current estimates show global population over 7 billion and rising. In an effort to promote
prosperity to all, the United Nations have outlined 17 objectives in the Sustainable Development
Goals plan. The collective goals tackle hunger, water scarcity, human rights inequalities, and
environmental issues (United Nations, 2020).

1.1.g Urbanization Environmental Effects

Increased urbanization and subsequent deforestation world-wide are well-documented
issues. In Europe, virgin forests of Romania and the World Heritage Bialowieza forest of Poland
face deforestation due to hurricane damage, invasive pests like bark beetle, and logging activities
(Stokstad, 2018; Zbierska, 2022). Unsustainable development and environmental pollution are
driven by deforestation and urbanization in South and Southeast Asia regions (Arshad et al.,
2020). Refugee-driven landscape changes contribute to conversion of forest cover to agricultural
cropland in Africa (Maystadt et al., 2020). Extensive deforestation in the Brazilian Amazon
contributes to biodiversity loss, rising regional and global temperatures, extreme weather event
intensification, and the spread of emerging infectious diseases (Ellwanger et al., 2020;
MacDonald and Mordecai, 2019). Even legislative action like Queensland’s Vegetation
Management Act, cannot stop persistent deforestation rates on private Australian land (Simmons

etal., 2018).
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Urbanization has created a significant transformation of the natural environment and
water cycles (Saadi et al., 2020). It is difficult to imagine that 84% of United States’ human
population lives on just 3% of United States’ land surface area. Having dense human settlements
has brought unintended consequences. These effects range from large scale atmospheric changes
to microscopic impacts. Concentrated humans and the accompanying environment built to
accommodate their lives create Urban Heat Island Effects (UHIE), when temperatures are greater
within the city centers than the surrounding suburban and rural areas. Additional factors that
increase UHIE is the lack of evapotranspiration due to the lack of vegetation and bodies of water
(QIU et al., 2013). The UHIE is amplified by urban agglomerations, multiple urban areas that are
located close together (Chen et al., 2020). Statistical analysis of carbon dioxide emissions for a
panel of 44 Sub-Saharan Africa countries for the period 19842016 showed statistically
significant causation from urbanization, which is blamed on energy inefficiency (Salahuddin, et
al., 2018). The UHIE is the mixture of complex variables that continue to give cities a higher
temperature than surrounding vegetation dominated areas. This drives up energy use in
increasingly demanding summer high temperatures, which inadvertently increase the energy
cost, disproportionately effecting low income urban areas (Nelson, et al., 2021).

Urbanization not only effects human well-being, the diversity of freshwater
macroinvertebrates is negatively impacted by urbanization (Gal et al., 2019). Further,
microplastic levels and structural sizes in freshwater macroinvertebrates suggest these animals
have bioaccumulation of microplastic the closer they are to and downstream from an urban
setting, its stormwater outfalls and wastewater plants (Simmerman and Wasik, 2020). Spatial
and regression analysis in urban areas show a high correlation between areas with less tree

canopy coverage and urban flooding (Liu et al., 2018). As vegetative cover decreases and
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impervious surface cover increases, soil quality decreases and the potential for contamination
increases (Zambon et al., 2018; Bonilla-Bedoya et al., 2021).

1.1.h Urban Forest Ecosystem Services

The urban forest provides many ecosystem service benefits (Figure 1.5). Geographic
Information Systems (GIS) data analyzation confirms a significant positive correlation between
loss of vegetation cover and increasing land surface temperature (Kafy et al., 2022). This
phenomenon has gained momentum as impervious surfaces perform less evapotranspiration than
their natural counterparts, trees, grass and soil, all components of the urban forest. The urban
forest lessens stormwater impacts and mitigates heat loads at the micro- and meso-climate levels
(Agaja et al, 2020). Trees provide comfort to humans, protecting from the sun’s harsh rays on
hot days. Humans use less energy to cool themselves when trees provide shade and reduce heat.
Increasing vegetation can contribute to alleviation of UHIE (Liu et al., 2018).

1.1.i Tree Equity

With the emergence of urban forest ecosystem services valuation, the concept of tree
equity was born to address the unequal distribution of urban forests and their benefits. Factors
including income and race have been found to correlate with vegetation cover distribution,
leaving vulnerable communities feeling the effects of climatological changes (Anderson et al.,
2019; Lanza 2019; Saverino 2021). Poverty intensifies extreme heat vulnerability, while it is
reduced by higher income (Lim and Skidmore, 2020). In an effort to address the health
disparities associated with extreme heat vulnerability and tree equity, the Inflation Reduction Act
of 2022 includes $1.5 billion for urban forests and $3 billion for the Neighborhood Access and
Equity Grant Program “to mitigate or remediate negative impacts on the human or natural

environment from a facility [...] in a disadvantaged or underserved community through [...]
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infrastructure and natural features to reduce or mitigate urban heat island hot spots (Congress,
2022).

1.1.j Urban Forest Spatial Data Analysis

Land cover is the makeup of components that are present on any given surface of the Earth and
visible in satellite imagery (U.S. NOAA, 2023). Land cover data plays a vital role in land use
planning (Balaji and Muthukannan, 2020). Understanding land cover allows better decision
making in land development, preservation, and conservation. The National Land Cover Database
is a collection of imagery generated with the Multi-Resolution Land Characteristics Consortium
that is led by the United States Geological Survey. Spatial analysis can be used to evaluate the
effects of urbanization in terms of habitat loss and habitat fragmentation (Liu et al., 2016).
Analysis of long-term urbanization data sets can be studied for urban centers to gain insight for
urbanization ecological effects assessments. Optimal tree canopy coverage for urban areas is a
debated figure that has been in the spotlight for the last ten years. Recent figures highlight that
the U.S. urban and community forest areas are losing an estimated 175,000 acres of tree cover
annually, which adds up to approximately $96 million lost from ecosystem service benefits
(Nowak and Greenfield, 2018).

1.1.k Arboreta in the United States and Other Countries

With decreased forest cover in emerging urban areas, it is important to invest in green
spaces that are properly managed and maintained. An arboretum is meant to create a natural
environment where students, community members, and guests can receive outreach, enjoy
scholarship and education about woody plants, their environments, their cultivation and
conservation, and their history and importance on earth. The first recognized arboretum in the

United States predates the country itself, having been established in 1773 by Humphry Marshall
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in Marshallton, Pennsylvania on his private estate (Day, 2022). The American Public Gardens
Association, which includes arboreta among its 600 institutions, currently serves over 120
million visitors annually (American Public Gardens Association, 2022). The benefits of arboreta
can best be categorized as biological or communal. The biological benefits include ecosystem
service benefits, conservation, research, and protection of native species. The communal benefits
include education, recreation, entertainment and wellness.

In an arboretum, trees are identified and labelled for visitors to learn about the biological
specimens around them. Each arboretum is an outdoor science laboratory! The unique
landscapes, geographic features of the land and different tree species with which an arboretum is
established makes each arboretum an inimitable chance to educate everyone who visits it.
Arboreta provide the ultimate opportunity to utilize the urban forest for community extension
and education. New and established residents alike should know the value of the urban forest to
their daily lives. Landowners play a large role in maintaining Tennessee’s forested land, with
83% of Tennessee forests being privately owned (Tennessee Division of Forestry, 2023).

Beyond being educational resources, arboreta have great potential to promote physical
and mental well-being in urban areas. It has been found that a daily visit to urban forests
provides benefits for stress reduction, the urban forest supports a social cohesion of the younger
population, and that an arboretum is a suitable environment for perceiving physical and mental
wellbeing (Vujcic and Tomicevic-Dubljevic, 2018). An example would be the Westonbirt
Arboretum of England where they apply a multifaceted approach to promoting wellbeing that
combines social, woodland craft, creative and sensory activities that engage those with mental
health, addiction, autism, and behavioral problems (O’Brien, 2018). Participants from this study

described the atmosphere as calming, peaceful, stress-free and tranquil. In addition, visitors of a

16


https://www.tn.gov/agriculture/forests.html

university botanical garden survey reported stress relief and relaxation, improved quality of life,
and increased fun and enjoyment of life, as a result of being in the green space (Wassenberg et
al., 2015).

In addition to wellness respites and education facilities, biological collections provide
solutions to the plant extinction crisis that our world is currently facing (Westwood et al., 2021).
Arboreta are unique opportunities to promote biodiversity of native trees in a controlled outdoor
setting. Pests, like the emerald ash borer and Asian long-horned beetle, infiltrated America and
largely destroyed trees undetected until it was too late to mitigate the damage already caused.
Ellie Barham of Botanic Gardens Conservation International proposed that arboreta could be
used to monitor native species across the globe for changes in plants. She said, “Botanic gardens
and arboreta are unique resources that can help provide [early warning of new and emerging
plant pests and pathogens] and are, currently, often overlooked within plant health” (Barham,
2016, pp. 377). Durango, Colorado Arborist Matt Besecker was “surprised and thrilled” when a
local middle school discovered chestnut trees that have thrived despite the blight that destroyed
most of the beloved American species (Burney, 2022). Urban forestry conservation and research
efforts can be greatly furthered when utilizing a network of likeminded professionals and
managed green spaces.

Despite being such wonderful resources, research data on the benefits and value of
arboreta is limited. An economic value was estimated for Sylva Untan Arboretum of Indonesia
using three different methods that determined the tangible values were exceeded by service
benefits (intangible) provided by the arboretum (Roslinda et al., 2020). Cortese (2018), found
that arboreta specimen appraisal was also an important aspect of managing land resources for

research and education.
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1.1.1 Tennessee Division of Forestry and Tennessee Urban Forestry Council Arboreta

Certification Program

Arboretum certification is meant to equip organizations to stay organized and use their
accreditation to gain visitors and financial support. In 1991, the urban forestry section of the
Tennessee Division of Forestry (TDF) organized their first Tennessee Urban Forestry Council
(TUFC) meeting (TUFC, 2023). TUFC is a nonprofit organization supported by members that
include urban forest and arboriculture practitioners, educators, businesses, and lay persons with
an interest in urban forestry. The mission of the TUFC is to promote healthy and sustainable
urban and community forests in Tennessee.

As a way to promote urban forestry, the TUFC began offering the arboreta certification
program, in partnership with the TDF. Their program mission is to develop a network of arboreta
across Tennessee that are well-maintained, open to the public and proactively utilized for
experiential education about trees and the important role they play in communities. Their
program vision aspires to have a TUFC certified arboretum that is within a 30-minute drive of
every Tennessee community (TUFC, 2022).

1.2 Statement of Problem

Tennessee’s urban forest is valuable and in need of increased management attention,
including baseline data assessments. TDF’s 2020-2030 Forest Action plan lists 1) enhancing
forest health and resiliency and 2) maintaining and improving connected landscapes as two of its
four objectives. The connection between increased developed cover, socioeconomic status, and
UHIE across Tennessee is undergoing continued exploration. Outdoor education centers known
as arboreta are a treasured resource of the urban forest. There is currently insufficient research

defining the parameters of arboretum management. There is also a lack of arboriculture
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educational resources for citizen scientists or volunteer leaders who are establishing arboreta in
Tennessee.

Urbanization is having disadvantageous impacts on the environment and public health,
especially in areas of low socioeconomic status. Urban areas are defined as cities with a
population of over 50,000 (Bureau of the Census, Department of Commerce, 2021). The
implementation of remote working has redefined the desirability of proximity to cities for job
purposes (Lenzi and Perucca, 2022). A recent influx of migration to Tennessee, determined by
U-Haul and based on the net gain of one-way moving trucks entering a state over the calendar
year of 2020, occurred just before Nashville, Tennessee experienced one of its hottest summers
on record in 2022 (National Weather Service, 2022). Several factors have converged to make
Tennessee a desirable residential destination for people moving out of large urban areas in other
parts of the country. Tennessee’s cost of living is, on average, an index of 87.6 in comparison to
the United States average of 100, most influenced by its low housing index of 71.2 (Best Places,
2022).

There is no existing exploration of Tennessee arboretum manager interests and needs. In
Chapter Two, | address the research question, “How can arboretum managers be better supported
by the Tennessee Urban Forestry Council?” In Chapter Three, | investigate current reach and
accessibility of TUFC certified arboreta across the state of Tennessee. Specifically, | address the
research question, “How many Tennessee communities are within a 30-minute drive to any
TUFC certified arboretum?” Lastly within Chapter Four, | evaluate the urban forest from a
spatial perspective in Tennessee, by investigating the variability in mean evapotranspiration in

relation to developed land cover and socioeconomic factors using GIS and generalized linear
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regression. This work addresses the research questions, “Where do heat islands exist in
Tennessee?” and “What disparities exist in Tennessee tree equity?”
1.4 Dissertation Organization

This dissertation consists of five parts, three of which are individual manuscripts
prepared for submission to peer-reviewed journals. Chapter Two is a study that uses statistical
analysis to explore Tennessee Urban Forestry Council certified arboretum managers’ interests
and needs. Chapter Three is a study that uses spatial analysis to assess the baseline data for
TUFC’s vision of having a TUFCCA within a 30-minute drive of every community in
Tennessee. Chapter Four is a study that utilizes Tennessee spatial data to discover meaningful
connections between impervious surface land cover, socioeconomic factors, and the urban heat
island effect. Chapter Five will synthesize all three manuscripts and discuss future directions of

Tennessee urban forest research.
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Abstract

Since arboreta are important institutions of the urban forest that provide environmental,
social, and educational benefits to over 100,000 Tennessee residents and visitors annually, their
effective and proper utilization play an important role in communicating conservation
information from the Tennessee Division of Forestry. The Tennessee Urban Forestry Council
(TUCF) nonprofit collaborates with the Tennessee Division of Forestry to manage a statewide
arboretum certification program. There were no previous studies that used evaluative methods to
assess the interests and needs of representatives of arboreta that participate in the TUFC
arboretum certification program. This research will define the parameters of Tennessee
arboretum representatives’ needs. A questionnaire was developed to gather baseline data about
current management practices, education initiatives, and manager satisfaction with arboretum
operations. The questionnaire was conducted via Qualtrics and sent to all TUFC certified
arboretum (TUFCCA) managers. With data showing representatives’ desire for better
communication and specific training programs, formal training materials can be created to allow
arboretum representatives to learn and implement new arboretum management strategies. A
statewide training program will also allow TDOF initiatives, like Firewise safety, riparian zone
conservation and tree pest and disease guidelines, to be disseminated to general community
audiences consistently.

Keywords: urban forest(ry), arboretum(a), urban forest facility, human dimensions, manager
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2.1 Introduction

Communities are enriched with biological, communal, and ecosystem service benefits by
arboreta (Wassenberg et al., 2015; O’Brien, 2018; Vujcic and Tomicevic-Dubljevic, 2018;
Cavender and Gerard, 2019, Turner-Skoff and Cavendar, 2019; Stevenson et al., 2020). Urban
forest information can be disseminated to visitors through effective and properly managed
outdoor education facilities (USDA ARS, 2023). The first recognized arboretum in the United
States predates the country itself, having been established in 1773 by Humphry Marshall in
Marshallton, Pennsylvania on his private estate (Day, 2022). The American Public Gardens
Association, which includes arboreta among its 600 institutions, currently serves over 120
million visitors annually (American Public Gardens Association, 2022). The benefits of arboreta
can best be categorized as biological or communal. The biological benefits include ecosystem
service benefits, conservation, research, and protection of native species. The communal benefits
include education, recreation, entertainment and wellness.

In an arboretum, trees are identified and labelled for visitors to learn about the biological
specimens around them. Each arboretum is an outdoor science laboratory! The unique
landscapes, geographic features of the land and different tree species with which an arboretum is
established makes each arboretum an inimitable chance to educate everyone who visits it.
Arboreta provide the ultimate opportunity to utilize the urban forest for community extension
and education. Beyond being educational resources, arboreta have great potential to promote
physical and mental well-being in urban areas (Vujcic and Tomicevic-Dubljevic, 2018). A
multifaceted approach to promoting wellbeing at the Westonbirt Arboretum of England that
combined social, woodland craft, creative and sensory activities proved engaging for those with

mental health, addiction, autism, and behavioral problems (O’Brien, 2018). Participants from this

31


https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.38
https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.39
https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.10143
https://www.ars.usda.gov/research/project/?accnNo=435609
https://www.publicgardens.org/about-public-gardens/advocacy/key-issues

study described the atmosphere as calming, peaceful, stress-free and tranquil. Visitors of a
university botanical garden survey reported stress relief and relaxation, improved quality of life,
and increased fun and enjoyment of life, as a result of being in the green space (Wassenberg et
al., 2015).

Arboreta are composed of naturally occurring and cultivar biological species, the
determining factor of calling an area an arboretum is accreditation by a certifying body, at the
national or international level. ArbNet, an interactive community of arboreta, formed the
Arboretum Accreditation Program and certifies over 2200 arboreta worldwide. ArbNet has four
different certification levels with increasing requirements for number of tree species, arboretum
personnel, strategic management and public offerings including research, education, and
conservation (Figure 2.1.a). Across the state of Tennessee, 13 arboreta are accredited through
ArbNet at various certification levels, while the majority of arboreta in Tennessee are certified
through statewide arboretum program administered through the Tennessee Urban Forestry
Council (TUFC). Certification requirements for TUFC are less extensive and more attainable for
novice urban forest enthusiasts (Figure 2.1.b).

There are formal processes for establishing an arboretum, but there is no formal training
or “one stop shop” for prospective arboretum managers about how to establish or manage an
arboretum. While an arboretum can add value with educational resources, ecosystem service
benefits, and entertainment, it must be properly maintained (Tankersley et al., 2015). Liability
exists if hazardous trees are improperly cared for and cause injury to any person. Trees should be

assessed for any routine or special care that would be needed.
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Figure 2.1.a ArbNet Certification Level Requirements (2022) b. TUFC Certification Level Requirements (2022)
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