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Executive Summary

The University of Chicago’s 217-acre campus is home to 3,764 trees spanning 129 species, all
maintained by Facilities Services. The University contracted Bartlett Tree Experts to conduct its third
tree inventory and i-Tree Ecosystem Analysis in October of 2020; the results provide the framework
for the following report. Ecosystem services (ES), while already provided by the campus forest, are
not explicitly prioritized in current campus management practices; incorporation of ES will boost the
functional value of the campus forest and provide numerous benefits to the campus and Hyde Park
communities. Climate change poses an imminent threat to urban forest biodiversity and ES provision;
management that incorporates climate projections is crucial in maintaining a thriving campus forest.
The aim of this report is to combine current University tree management practices with a data-based
analysis of campus forest properties and an extensive literature review of ecosystem services and
climate change in order to develop actionable recommendations to strengthen the University of
Chicago’s campus forest.

This report begins with a section on tree ecosystem services (ES), which are the direct and
indirect benefits trees provide to humans. Ten ES are overviewed based on an in-depth review of
relevant literature: carbon storage/sequestration, air pollution mitigation, stormwater runoff
management, urban microclimate regulation, building energy effects, noise attenuation, habitat
provision and functions, human health benefits, aesthetic quality improvement, and oxygen
production. This review is followed by a discussion of ES i-Tree quantification and the relative
impacts of each ES on the University campus. We determine urban microclimate regulation, air
pollution mitigation, building energy effects, habitat provision and functions, human health benefits,
and aesthetic quality improvement to be the most impactful ES at the University of Chicago, while
carbon storage/sequestration, stormwater management, noise attenuation, and oxygen production
are deemed the least impactful ES. Ecosystem disservices and areas for future ES research are also
included. Incorporating ES into University tree management practices will expand the benefits of
campus trees and enhance the University’s sustainability.

The second section discusses climate change and its impacts on campus trees, ES, USDA Plant
Hardiness Zones, and pests and diseases. First, we summarize Chicago’s past, present, and projected
climate. Then, an overview of the limited literature discussing ES and climate change demonstrates
that warm temperatures and increased nitrogen deposition are projected to initially increase tree
growth, subsequently heightening ES provision. Around 2040-2070, researchers predict that water
scarcity and prevalent extreme weather events will cause tree stress and mortality, leading to an
overall decrease in ES provision by campus trees. A discussion of USDA Hardiness Zones details how
cold fronts have shifted northward and will likely continue to migrate with climate change, rendering
many currently thriving species maladapted to Chicago’s climate but expanding other species’
habitable ranges into the Chicago region. Section 2: Climate Change also covers that pest and disease
prevalence is favored by warm temperatures and should be continually monitored to avoid campus
tree outbreaks. The section covers the predicted effects of climate change on campus tree survival, as
summarized in Table 5 in Section 2.4.1: Effects on UChicago Trees. Lastly, we discuss predicted effects
on campus tree ES, as well as climate change evaluation techniques.

The third section focuses on succession planning and recommendations for campus forest
management. It begins with a brief overview of ecosystem-based adaptation and the history of
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UChicago’s and Chicago’s forest management practices. Using data from the 2020 i-Tree Ecosystem
Analysis, Section 3: Succession Planning evaluates the campus forest age, condition, and species
composition through maps and data visualizations, focusing on i-Tree “important” species and
genera of interest to Facilities Services. The section then discusses the current factors considered in
tree selection, such as budget, biodiversity, site exposure, and visual appeal before presenting a
recommended, updated process for tree selection that incorporates ES and climate change factors.
Finally, we present a table of future species for planting (Table 6 in Section 3.6.1: Future Species for
Planting), as well as a synthesized list of management recommendations to sustain a healthy campus
forest. The synthesized recommendations list is included below and in Section 3.7: Synthesized
Recommendations for University Succession Planning. Implementation of these recommendations
will increase the structural and functional values of the campus forest, in turn benefitting the campus
and Hyde Park communities, local biodiversity, and the environment at large.

The final section discusses potential future areas of research building on the i-Tree Analysis
and the information presented in this report. Ideas include energy/systems implications,
human/ psychological effects, and natural environment monitoring. All supplementary material is
included in the three appendices.

Succession Planning Recommendations

1. Adoption of the updated flowchart for the tree planting process (Figure 13). This will
ensure that forest climate change vulnerability and ecosystem services provision are
accounted for in tree and site selection, thereby promoting ecosystem-based adaptation.
(Sections 3.2, 3.6)

2. Further attribution of equal or greater significance to maintaining campus trees as to
planting new trees. Fostering a healthy forest with low tree mortality rates will decrease
carbon emissions and financial expenditures, as well as sustain ES. (Sections 3.4.1,
Appendix A.1)

3. Explicit prioritization of biodiversity (ages, species, phenotypes, physiologies) at the
species and forest scale. Areas of same-species groupings, as shown in Figure 11, should
be addressed in site selections first, followed by areas of low diversity. Diversity
establishes forest resiliency, a crucial component of ecosystem-based adaptation, and
fosters both a more complex ecological system and a more visually appealing landscape.
(Sections 1.3.2,2.4.1,3.2,3.4.3, 3.5, 3.6.1, Appendix A.1, Appendix A.6, Appendix A.7,
Appendix A.9)

4. Planting only tree species with plant hardiness zone ranges that include Chicago’s current
zones (5b-6a) and projected zones to 2099 (6a-7b) (as depicted in Table 4). Selecting
species adapted to Chicago’s present and future winter temperatures will decrease the
likelihood of tree failure. (Sections 2.3.2, 2.4.1, 3.6)
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Heightened assessment and amelioration of soil condition (nutrient levels, compaction,
water content, etc.) prior to and after planting a tree. Poor soil quality is one of the
primary causes of urban tree death and should remain a primary site consideration.
(Sections 2.3.1,2.4.1,2.4.2, 3.5, 3.6.1, Appendix B.1, Appendix B.2)

Continued pest and disease monitoring (Emerald Ash Borer (Agrilus planipennis), Dutch
Elm Disease, Oak Wilt, etc.) and avoided planting of pest-susceptible species (like some
ashes (Fraxinus) and oaks (Quercus)). To prevent widespread tree infection and mortality,
at-risk species should continue to be identified and not planted in clusters, although
hybridized cultivars of such species can be favored. (Sections 2.3.3,2.4.1,2.4.3,3.4.2,34.3,
3.44,3.5,3.6.1, Appendix B.2)

Use of lower-energy tree planting and maintenance practices (handsaws and rakes
instead of chainsaws and leaf blowers) when feasible. Such practices help prevent
reaching the LPP (Last Positive Point), and thus allow individual trees to act as carbon
sinks rather than carbon sources, improving the University’s carbon footprint (Sections
241,242,342, Appendix A.1, Appendix B.1)

Incorporation of trees” ability to improve individual and community health (mental and
physical) in site and species selections. Improved health is one of the primary services
UChicago’s campus trees provide to the community and is projected to become more
impactful with climate change. (Sections 1.2, 1.3.2, 2.3.1, 2.4.2, Appendix A.8, Appendix
B.3)

Collection of building energy, tree canopy area, human behavioral / psychological, and
biodiversity data to assess more tree ES (building energy effects, human health benefits,
habitat provisions and functions, etc.). Understanding how campus trees affect building
energy expenditure, individual and community health, and ecological systems is a crucial
next step in maximizing ES benefits and reducing campus carbon emissions. See Future
Directions (Section 4) for more information. (Sections 1.5, 3.6, 4)

Recognition that campus forest carbon storage/sequestration is not a viable solution to
University carbon emissions reduction. University Sustainability Plans should not rely on
campus trees as a major source of carbon storage (0.459% University emissions) or
sequestration (0.0088% University emissions) (Section 1.3.3), and FS cannot feasibly plant
1.28 million more hardwood trees to heighten this ES. Rather, other benefits that trees
provide should be emphasized in sustainability planning. (Sections 1.3.1,1.3.3,2.3.1,2.4.2,
Appendix A.1, Appendix B.1)
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1. Ecosystem Services

Trees are an invaluable element of the University of Chicago’s campus, providing numerous
ecosystem services to the University and Hyde Park communities. Tree ecosystem services (ES) are
defined as processes and functions of trees that directly or indirectly benefit human wellbeing (as
opposed to general ecosystem processes and functions that have no relation to humans) (Costanza et
al., 2017). ES is a framework through which the interdependence of humans and our surrounding
natural environment can be quantified and better understood. More practically, focusing on the
human benefits of trees will provide stronger justification for preserving the natural campus
environment (e.g., when faced with construction projects). An understanding of tree ES along with
careful tree planning and management will enable UChicago to maximize the benefits of its trees,
improving the experiences of those who occupy campus and bringing the University closer to its
sustainability goals.

We begin with a review of the main ES provided by urban trees: carbon storage and
sequestration, air pollution mitigation, stormwater runoff management, urban microclimate
regulation, building energy effects, noise attenuation, habitat provision and functions, human health
benefits, aesthetic quality improvement, and oxygen production. Then, with insights from the 2020
UChicago i-Tree Ecosystem Analysis, we evaluate the relative significance of the ES provided by
campus trees. We end with a discussion of potential tree ecosystem disservices, which should be
taken into consideration when planning landscapes that minimize negative impacts on the UChicago
and Hyde Park communities.

Many classification systems exist to group tree ecosystem services, but we have chosen to
present ten prominent ES (as determined by a substantial literature review) without categorical
grouping, because ES are multifaceted and do not often fit cleanly into one group. Furthermore, on
our campus, particular ES or ES categories are not necessarily prioritized over others, so we present
them with equal weight. Table 1 summarizes the ten selected ES and includes examples of their
benefits. More thorough explanations of each ES are provided in Appendix A.

Ecosystem Definition Examples/Associated
Service Benefits

Carbon Total amount of carbon present in a tree, e Reduction of
storage/ roughly equivalent to total biomass atmospheric carbon
sequestration | (storage)/ rate at which reactant molecules inventory

of CO. are converted into biomass through
photosynthesis (sequestration)
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Air pollution

Removal of gaseous air pollutants through

Removal of NO,, SO,, O,,

energy effects

cooling loads from shading,
evapotranspiration, air pollution removal,
and wind flow intervention

mitigation deposition to leaf surfaces and stomatal CO, and PM10
uptake Improved air quality
Lowered rates of
respiratory illness
Stormwater Reduction of stormwater runoff volume due Softened overflow
runoff to root uptake/tree infiltration, canopy burden on gray
management interception, and evapotranspiration infrastructure (pipes and
wastewater systems)
Reduction of soil erosion
Removal of water-
soluble pollutants
Urban Amelioration of urban heat island effects Improved pedestrian
microclimate (increased air and surface temperatures, experience from more
regulation solar radiation, humidity, and wind speeds) moderate temperatures
by provision of shade, evapotranspirative and slower wind speeds
cooling, and wind flow intervention
Building Reduction of nearby building heating and Lower building energy

costs

Decreased carbon
emissions from buildings
Winter: lower heating
load by blocking cold
winds

Summer: lower cooling
load by shading,
evapotranspiration, and
air pollution removal

Noise
attenuation

Lowering of anthropogenic sound volume
by tree sound reflection, refraction,
scattering, and absorption, and addition of
natural sounds to soundscape

Increased perception of
soundscape quality
Overall mood
improvement from
lowered noise level

Habitat
provision and
functions

Provision of shelter, shade, and foraging
habitats to canopy- and ground-dwelling
animals; increase of local soil nutrients and
plant species richness; enhancement of
biodiversity; bolstering of ecosystem
resilience; other ecological functions that
result from the presence of trees as
keystone structures in urban ecosystems

Increased animal
presence (e.g., birds,
arthropods)
Opportunities for outdoor
education

Human health
benefits

Numerous mental, physical, and
community health benefits from looking at
and interacting with trees

Psychological relaxation,
mood improvement, and
attention restoration
Lowered rates of
circulatory diseases and

10
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cardio-metabolic
conditions

Higher general health
perception
Heightened physical
activity

Better student academic
and behavioral
outcomes

Lowered crime rates
from increased casual
surveillance

Aesthetic

Quality
Improvement

Beauty of trees and tree landscape design

Calming and restorative
effects

Environmental
complexity and
fascination to the human
eye

Opportunities for
exercise, recreation, and
relaxation

Creation of a sense of
place and identity

Oxygen
production

Net amount of oxygen generated by tree
processes of respiration and
photosynthesis

Increase of atmospheric
oxygen inventory

Table 1: Ecosystem Services Overview

(Abdel-Aziz et al., 2015; Akbari & Taha, 1992; Asadian & Weiler, 2009; Astell-Burt & Feng, 2019; Berland et al., 2017; Berman
et al., 2008; Bielinis et al., 2018; De Lacy & Shackleton, 2017; Escobedo et al., 2009; Fan et al., 2010; Grote et al., 2016;
Hirokawa, 2011; Hosseinzadeh & Keshmiri, 2021; Kaplan, 1995; Kardan et al., 2015; Kuo and Sullivan, 2001; Manning et al.,

2006; Matsuoka, 2010; McPherson, 2007; McPherson, 1998; Mitra, 2017; Nowak et al., 2018; Nowak et al. 2007; Pataki et al.,
2011; Peters et al., 2011; Roy et al., 2014; Sakieh et al., 2017; Salmond et al., 2014; Sanusi et al., 2017; Schewenius et al.,

2014; Shackleton & Blair, 2013; Shuster, Morrison, & Webb, 2008; Stagoll et al., 2012; Taha, 1997; Takano et al., 2002; Taylor &
Kuo, 2009; Wang et al., 2019; Yasuda and Koike, 2009)

In 2020, the University of Chicago contracted Bartlett Tree Experts to conduct their third tree

inventory and i-Tree campus forest analysis since 2010 with the aim of characterizing the campus

forest and quantifying the value of campus trees. The inventory physically evaluated, measured, and

labeled all 3764 campus trees, collecting data on species, height, diameter at breast height (DBH),
canopy radius, planting type, risk assessment, location (using GIS software), and condition class
(University of Chicago’s i-Tree Ecosystem Analysis, 2020). The inventory provides useful data for

campus budget development and succession planning. Further, these data were processed through i-

11
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Tree’s Eco software (“i-Tree Eco,” 2019) and reported in the i-Tree Ecosystem Analysis to assess four
ecosystem services: carbon sequestration and storage, air pollution mitigation, stormwater runoff
management, and oxygen production. Building energy savings could be analyzed in the future as a
potential fifth ES, but the proper data needed to conduct this evaluation were not measured in 2020.

To calculate the carbon storage ES, i-Tree uses species, DBH, total height, and land use, all
essential for identifying and adjusting the correct biomass equation. For calculating carbon
sequestration, i-Tree uses species, DBH, total height, and land use, but also includes model estimates
of crown health and crown light exposure to adjust for growth rates. The i-Tree analysis estimates
that campus trees store up to 1,204 tons of carbon, equivalent to a value of $205,000 or the annual
emissions from 852 automobiles. The report estimates that UChicago’s campus trees annually
sequester 23.13 tons of carbon with an associated valuation of $3,950/yr or the annual emissions from
0 automobiles. Carbon valuation is based on “estimated or customized local carbon values.” The
report also found that honeylocusts (Gleditsia triacanthos) sequester and store carbon more than any
other campus tree species at 24% of campus sequestration and 22.2% of campus storage. However,
these large percentages of carbon storage and sequestration are due to the fact that honeylocusts
(Gleditsia triacanthos) account for the largest number and percentage of trees on campus.

For the pollution mitigation ES, O3, SO,, and NO:are calculated based on hourly-tree canopy
resistances derived from big-leaf and multilayer canopy deposition models. Since CO and PM2.5 are
not related to transpiration like the previous pollutants, these values are instead calculated using
averaged values from the literature, adjusted depending on a tree’s leaf phenology and area. The i-
Tree analysis estimates that University of Chicago campus trees remove up to 1,519 pounds of air
pollutants like O3, CO, NO, SO,, and PM2.5 each year. According to the report, this air pollution
mitigation equates to $21,400/yr, as calculated based on the “incidence of adverse health effects” and
the U.S. median externality costs for each pollutant (i.e., “the estimated cost of pollution to society
that is not accounted for in the market price of the goods or services that produced the pollution”
(Nowak, 2020)).

To calculate the avoided stormwater runoff ES, the i-Tree analysis evaluates both shrubs and
trees and bases its precipitation data on a nearby weather station. i-Tree uses percent tree cover and
leaf area index, which are estimated from a tree’s species, total height, crown base height, crown
width, and crown missing percent. The report states that UChicago received 36.7 inches of total
precipitation in 2016 (the most recent weather data used in i-Tree) and estimates that campus trees
and shrubs help reduce stormwater runoff by approximately 49.7 thousand cubic feet per year. This
amount has an associated valuation of $3,320/yr, as calculated using “estimated or user-defined local
values.”

For the ES of oxygen production, the report calculates values based on atomic weight and net
carbon sequestration. i-Tree estimates that University of Chicago campus trees roughly produce 61.68
tons of oxygen per year, with the honeylocust species (Gleditsia triacanthos) being the top oxygen
producer due to its substantial numerical presence on campus.

While the University of Chicago’s campus trees provide many ecosystem services, not all are
equally effective in advancing the University’s sustainability goals (The University of Chicago Office
of Sustainability, 2016), fostering ecological communities, and improving human health and
satisfaction. In particular, several of the ES have greater effects on the campus community: urban

12
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microclimate regulation, air pollution mitigation, building energy effects, habitat provision and
functions, human health benefits, and aesthetic quality improvement. The remaining four ES, carbon
storage/sequestration, stormwater runoff management, noise attenuation, and oxygen production,
are less impactful on campus due to their scale; larger forests are required for these ES to be highly
impactful. Impactfulness is determined by i-Tree quantification, as well as an extensive literature
review of the small- and large-scale impacts of ES. As discussed later in Section 1.5: Areas for Future
Investigation, many of these ES are not totally quantifiable, and not all required data for
quantification have been collected specifically at UChicago. However, these six ES contribute
considerably to the campus and Hyde Park communities, and we recommend that they be taken into
planning considerations as the University continues to strive for a sustainable campus. These six ES
are presented below in no particular order. Urban microclimate regulation and air pollution
mitigation are combined due to their related benefits on campus.

Urban microclimate Regulation and Air Pollution Mitigation

Located in the third most populous city in the U.S., UChicago is not exempt from the urban
heat island effect or the air quality detriments of urban pollution. The microclimate produced by
campus trees through shading and evapotranspiration, and the air pollution mitigation trees provide
through leaf deposition and stomatal uptake, have the potential to significantly improve campus and
neighborhood temperature, humidity, and air quality. Additionally, trees can help regulate
uncomfortable wind speeds when planted strategically. For example, large trees in places with high-
velocity winds (such as areas around campus buildings that experience wind tunnel effects) could
help slow wind speeds, reduce the downwashing and corner wind effects, and improve the

pedestrian environment. Urban microclimate regulation and air pollution mitigation are thus two of
the most impactful ES at UChicago due to their ability to change local temperatures and air quality,
and effort should be put into better quantifying and enhancing these services.

Building Energy Effects
The building energy effects of campus trees are lacking in data (building coordinates, tree
distances from buildings, heights of buildings, wind speeds, and annual building energy use), though

this ES has a large potential impact on University greenhouse gas emissions. Since tree carbon
sequestration and storage offsets little carbon emissions, as discussed below in Section 1.3.3: Least
Impactful ES, reducing the amount of energy used for building temperature regulation could offer an
alternative way to cut down University carbon emissions. Chicago’s climate includes both extreme
hot and cold periods, as well as fast winds, making it harder to regulate inside temperatures than in a
more temperate or less weather-variable location. Tree shading could be used to effectively lower
building cooling loads in the summer, whereas tree placement around buildings could block icy
winds in the winter and reduce uncomfortable wind speeds year-round. Building energy effects is a
significant University tree ES for its palpable effects on decreasing campus energy expenditure.

Habitat Provision and Functions

Greenspace, though crucial for a number of ecological, economic, social, and personal
reasons, is often limited in cities. As a result, planting even one additional tree in an urban
environment can have a much greater impact than planting one in a forest (Manning et al., 2006). The
UChicago campus is home to a wide variety of ecologically connected flora and fauna, so removing
keystone structures like trees due to construction could have a major negative impact on the local

13
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ecosystem. Conversely, planting a single tree can have a positive effect on local biodiversity by
increasing habitat area, soil nutrients, and ecological connectivity. As discussed in Section A.7:
Habitat Provisions and Functions, increasing biodiversity makes ecosystems more resilient and
sustainable, in turn benefitting human health and favoring climate change adaptation. Habitat
provisioning is thus a crucial ES in sustaining the campus’ ecological network and encouraging long-
term campus forest health.

Human Health Benefits

The University of Chicago is widely recognized as one of the nation’s top universities due to
its academic rigor. Unfortunately, this environment can place immense stress on students.
Additionally, though there have been conflicting results, many studies report that living in a
metropolitan area can contribute to lowered mental health, evidenced by Peen et al.’s report (2010)
stating that cities have higher rates of mood and anxiety disorders. Given this combination of
negative health factors, the mental and physical health benefits provided by UChicago trees are
incredibly valuable: students burdened by intense course loads and personal struggles can walk
through campus or look out building windows to receive psychological benefits from trees. An
additional consideration is that many students are busy and may not have time to participate in
traditional de-stressing activities (e.g., yoga, meditation, prayer), so the necessary commute to class
can help to relieve stress (due to the presence of trees and other greenery) without adding an extra
time commitment. The contribution of trees to UChicago community health is also valuable in regard
to crime. The violent crime rate in the Hyde Park-South Kenwood community, though lower than the
Chicago citywide average, was appreciable at 487 incidences per 100,000 people in 2020 (“Crime
Trends,” 2021). Given that the presence of trees may increase informal surveillance by encouraging
greater use of outdoor areas, it is worth investigating this correlation on the UChicago campus. Better
understanding of trees’ effect on crime can aid University safety infrastructure (e.g., by planting trees
in more deserted areas) and add to the growing body of research on nature and social deviance.

Aesthetic Quality Improvement

UChicago’s campus features beautiful collegiate gothic architecture and verdant grounds, of
which trees are a primary aspect; their contribution to the University’s visual aesthetic should not be
undervalued. The campus became certified as a botanic garden in 1997 (“Botanic Garden Initiative,”
2021) and is currently in the process of becoming a certified Tree Campus USA. The beauty of trees
can help students take pride in their campus and school, enhancing the UChicago community
network and potentially aiding in alumni retention. The beautification that trees add to campus also
makes outdoor spaces appealing places to cultivate learning and encourages students and faculty to

be outside for recreational purposes as well.

Carbon storage/sequestration, stormwater runoff, and oxygen production, despite
quantification within the 2020 i-Tree Ecosystem Analysis, are three ecosystem services that do not
provide relatively many benefits to the campus and Hyde Park communities. Noise attenuation,
while not included in the i-Tree Ecosystem Analysis, is also less impactful due to the environment of
the University. These four ES are presented below in no particular order.
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Carbon Storage/Sequestration
According to i-Tree, UChicago 2020 carbon storage and sequestration were valued at $205,000

for 1,204 tons of carbon and $3,950/ yr for 23.13 tons of carbon, respectively. Taking a yearly
University carbon emissions value of 25.2 kg eCO./sq ft (The University of Chicago Office of
Sustainability, 2016) and a campus land area of 217 acres (“About the University,” 2021), the
University emits about 238,215,600 kg (262,588 tons) of CO. each year. Thus, we estimate that campus
trees store only 0.459% and sequester only 0.0088% of campus carbon emissions; the carbon
storage/sequestration ES is insignificant due to its scale. Though this carbon calculation is only a
rough estimate due to the use of data from multiple sources and years, it provides a useful metric for
understanding the comparatively small amount of campus carbon uptake as opposed to campus
carbon emissions. It must also be noted that each tree stores and sequesters a different amount of
carbon based on its size and species, so these values are quite general. To raise campus tree carbon
sequestration to 10% of total annual campus carbon emissions (25.2 kg eCO./sq ft), the campus forest
would need to sequester 26,284 tons of carbon. According to the U.S. Department of Energy: Energy
Information Administration (1998), a 20-year-old hardwood tree sequesters 41 pounds of carbon per
year. Hence, the University would need to plant and maintain 1,281,022 more hardwood trees (over
340x the current number of trees) to sequester 10% of the carbon the University emits each year. We
thus conclude that carbon storage/sequestration, compared to the scale of the University as a carbon
source, is not an impactful ES provided by the campus forest.

Stormwater Management

Stormwater management is another ES quantified in the 2020 i-Tree Ecosystem Analysis.
According to i-Tree, campus trees prevent 49,740 cubic feet of annual runoff, valued at $3,320/yr.
UChicago’s 2016 Sustainability Plan reports that the campus receives over 194 million gallons of rain
each year. With appropriate conversions, campus trees offset only 0.192% of annual stormwater.
Much campus area is covered by impervious land and non-tree green space, so total stormwater
management by trees is not a feasible goal. To raise campus tree stormwater runoff prevention to 10%
of annual received rainfall (194 million gallons), the campus forest would need to offset about
2,593,403 cubic feet of runoff. Peter MacDonagh, the Director of Design and Science at Kestrel Design
Group (Minneapolis), reports that a 20-year-old tree intercepts about 1350 gallons, or 180.5 cubic feet
of stormwater per year (Fulcher, 2012). Hence, the University would need to plant and maintain
about 14,368 more trees (3.82x the current number of trees) to manage 10% of University stormwater
runoff. Younger trees offset lower amounts of stormwater while older trees offset higher amounts, so
the University would need to plant even more trees to offset stormwater imminently (before the trees
age). Due to the small percentage of current tree stormwater management, we determine that it is not

a relatively significant ES on UChicago’s campus.

Oxygen Production

A third less-significant ES provided by campus trees is oxygen production, also quantified in
the 2020 i-Tree Ecosystem Analysis. i-Tree states that UChicago’s trees produce 61.68 tons of oxygen
per year, adding a minute amount to the 1.2 quadrillion metric tons of O. already in the atmosphere
(Keeling, 2013). Since burning all fossil fuels, soil organic matter, and trees would only decrease the
atmospheric oxygen concentration by a few percent (Broecker, 1970, as cited in the University of
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Chicago’s i-Tree Ecosystem Analysis, 2020), we surmise that oxygen production is not one of
UChicago’s crucial tree ES.

Noise Attenuation

Lastly, though not quantified by i-Tree, we propose that noise attenuation is not a significant
ES provided by the University’s campus trees. While noise attenuation is a valuable service in busy
urban areas, Hyde Park is significantly quieter than many Chicago neighborhoods, especially those

nearer to the Loop. Hyde Park is home to about 27,500 residents (Chicago Metropolitan Agency for
Planning, 2021), ranking 45th in population among Chicago’s 74 neighborhoods (City of Chicago,
2010). While Hyde Park’s population density is about 15,221 people/sq mi, 3,251 people/sq mi more
than Chicago’s population density (Hyde Park Chamber of Commerce, 2016), there is generally a low
amount of vehicular and railway transportation on and surrounding campus (except for the Midway,
as studied by UChicago Professor Mark Berman). In fact, the University explicitly discourages
vehicular traffic on campus, even offering housing stipends to professors who live close to campus
(UChicago Sustainability Plan, 2015). While construction is ongoing on campus, it is more prominent
during the summer months when fewer residents inhabit campus and nearby apartment buildings.
Thus, while noise attenuation is an impactful ES in urban environments, it does not have a large
impact on the University of Chicago campus.

Urban trees provide many ecosystem services and benefits, as discussed extensively in this
report. However, urban trees also provide processes and functions that negatively impact humans,
called tree ecosystem disservices (EDS) (Costanza et al., 2017). EDS either harm the environment or
bring overall displeasure to humans (Lyytimaki & Sipila, 2009). Tree EDS are crucial to understand
and quantify so ecologists, economists, and urban planners can fully justify trees” significance in an
urban environment. A bias towards ES could lead to potential oversights when implementing plans
for the future of an urban forest (Delshammar et al., 2015). As a solution, officials should recognize
that while most disservices are inevitable, they are also manageable; this argument should be
included when making an argument to increase the campus forest. Ostberg et al. (2015) demonstrate
how landscapers and urban planners can avoid or minimize disservices by explaining that, for
example, if complaints arose about vegetation interfering with infrastructures, then trees with smaller
sizes could be selected to accommodate for the limited spacing. If a tree produces nuisance fruits or
seed pods, on the other hand, sterile hybrids might be more appropriate.

Most ecosystem disservices are categorized as either environmental hazards, health and safety
hazards, economic hazards, or visual and aesthetic hazards, and examples are given in Table 2. Low-
income or minority community members that reside in underprivileged areas may negatively view
their community trees because they symbolize adversity from systematic redlining and historical
failures by the government in managing environmental issues (Carmichael & McDonough, 2019).
Residents of these neighborhoods often decline free street trees near their homes for fear of taking on
maintenance responsibilities and from frustration at a lack of autonomy in the species selection and
planning processes (Mock, 2019). Environmental justice may be closely tied with an EDS framework;
negative perceptions of trees may be ameliorated by proven governmental accountability and
genuine community education and involvement.
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Some of the most prevalent environmental hazards of trees include: release of biogenic volatile
organic compounds (BVOCs), displacement of native species, introduction of invasive species, energy
consumption and pollution from maintenance, and carbon and methane emissions from
decomposition. BVOCs are an important EDS to consider because as plants emit them, a variable
increase in PM2.5 concentrations and ozone pollution at ground-level results, leading to detriments to
air quality and human health (Ren et al., 2017). BVOC emission patterns are difficult to trace,
however, because the species of a tree and the urban heat island effect drastically change their
estimated values; indeed, environmental researcher Jonathan Abbatt states that VOC sources are
difficult to differentiate (Naranjo, 2011). As worldwide urbanization continues, VOC emissions will
become increasingly dangerous to human health. While VOC emissions and related health
complications are pressing issues, especially in cities, trees should not be deemed fully responsible, in
part due to their numerous air pollution alleviation benefits. Additionally, lower BVOC-emitting tree
species can be selected (e.g., sugar maple (Acer saccharum), hackberry (Celtis occidentalis), littleleaf
linden (Tilia cordata), London planetree (Platanus x acerifolia) (Curtis et al., 2014)), since some species
emit about 100,000x more BVOCs than others (Simpson & McPherson, 2011). For more information on
low-BVOC emitting tree species, see Table 7 in Appendix C.

With the exception of these noted environmental hazards, EDS mainly stem from personal
preferences (e.g., leaves falling on a lawn) or singular accidents (e.g., tree branch falling on a car). EDS
are mostly quantifiable through field surveys and questionnaires, which contributes to why
disservices research has been limited until recent years. Further research is needed to fully establish
the relationships between all existing ecosystem disservices and their services counterparts
(Lyytimaki, 2017).

Environmental Hazards o Propagation of invasive species

o Displacement of natural species by invasive or non-native
species

e Methane emissions from decomposition

o Energy and resource consumption through planting and

maintenance

Pollution and carbon released from maintenance

Health and Safety
Hazards

Emission of biogenic volatile organic compounds (BVOCs)
Slippages caused by fallen leaves and fruits

Injuries and insurance liabilities caused by fallen branches
Pollen-related allergies

Insect bites/attacks from hosted species

Toxic or poisonous substances

Diseases transmitted by hosted species

Fear of crime hidden by tree-provided darkness

Economic Hazards Maintenance costs: pruning, planting, replacement, green waste
removal, transplants
o Pest control and disease treatment costs

¢ Unwanted species removal costs
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Aesthetics and Visual
Hazards

Undesirable look if not properly maintained
Tree-hosted species that provide aesthetic discomfort
Obscured views

Darkness

Damage to infrastructure and buildings

Table 2: Ecosystem Disservices Examples

(Cariananos et at., 2017; Delshammar et al., 2015; Escobedo et al., 2011; Lyytimaki, 2017; Vaz et al., 2017)

The 2020 University of Chicago i-Tree Ecosystem Analysis, while valuable, only provides data
on four of the ten previously discussed ecosystem services listed in Table 1: carbon
storage/sequestration, pollution mitigation, stormwater management, and oxygen production. These
ES are quantified using equations and models, while others are more nuanced and require qualitative
data like interviews and surveys. To quantify additional ES, data on more variables need to be
collected in future surveys by Bartlett. Alternatively, students or Facilities Services could collect these
data on a subset of trees.

One area of potential further quantitative research for the UChicago campus is building
energy effects. The building energy ES encompasses reduction of carbon emissions from campus
buildings, which is a principal consideration in the University’s sustainability goal of 50% greenhouse
gas reduction by 2030 (The University of Chicago Office of Sustainability, 2016). Bartlett and
UChicago did not collect the necessary data to calculate tree contributions to building energy savings
and carbon reduction, though the i-Tree software can quantify this service. In future Bartlett
inventories or other University data efforts, we strongly recommend collection of building
coordinates, tree distances from buildings, heights of buildings, wind speeds, and annual building
energy use to determine more quantifiable sustainable and fiscal impacts of campus trees. Urban
microclimate regulation and noise attenuation are other quantifiable ecosystem services, though they
are not currently within i-Tree software’s capabilities. Trees” effects on microclimates can be modeled
with equations from the literature, while the noise reduction abilities of individual tree species have
been experimentally determined and can be applied to the campus forest through simple
multiplication (e.g., maple tree noise reduction constant * number of maple trees on campus = total
noise reduction by maple trees on campus). Assessing and quantifying the impact of trees on campus
and Chicago microclimates can further the body of research on the benefits of nature in urban
environments. While noise attenuation is an often-overlooked ecosystem service, it continually
benefits the campus soundscape and should be quantified for a better understanding of the functional
value of UChicago’s trees.

Gaining a full picture of the unquantified ES provided by UChicago’s campus also requires
collection of qualitative data like natural observations, student/faculty surveys, and community
interviews. For one, habitat provision can be assessed through visual observation of the animal
species that inhabit or visit campus trees, combined with measurements of tree size and species to
determine associations between certain trees and their biodiverse communities. Student, faculty, and
community volunteers could aid in reporting animals seen on or around campus trees and collecting
data on pollinator visitation, nesting birds, bird point counts, fruit/seed consumption by particular
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animal species, and other ecological observations. For trees’ effects on physical and mental health,
student, faculty, and community interviews, surveys, and focus groups can be used to gauge personal
assessment of tree benefits on mood and stress. Some quantitative techniques of assessing mental
health have been developed based on the correlation of various health improvements with different
levels of exposure to nature (e.g., calculating what percent of a window view is occupied by green
space). Conducting research in many campus locations, such as the medical campus, classroom
buildings, dormitories, and quadrangles will contribute to a better understanding of how UChicago’s
trees serve community health. Lastly, aesthetics can be assessed through interviews, surveys, and
focus groups conducted with a representative group of campus-goers (i.e., students, faculty, staff,
community members).

More research and quantification are needed in the University of Chicago’s mission to
evaluate and advocate for its campus forest. Once more data are collected, the six ecosystem services
not covered by the 2020 i-Tree Ecosystem Analysis (building energy effects, urban microclimate
regulation, noise attenuation, habitat provision and functions, human health benefits, and aesthetic
quality improvement) can be assessed using existing equations, models, and qualitative techniques to
further analyze and promote UChicago’s urban trees and Hyde Park’s biodiverse community.

The University of Chicago’s urban forest provides a number of benefits to the campus and
Hyde Park residential and ecological communities. Ecosystem services is just one useful framework
for assessing such benefits, and its accompanying ecosystem disservices framework helps ground
efforts to support and grow the campus forest. While numeration and valuation of each ES has not yet
been conducted, general assessments of these services can be performed to illustrate the many
environmental, economic, and health benefits of campus trees. Studying and reporting the ES of
campus trees is also useful for justifying the monetary value of each tree. Trees provide much more
than their structural value (e.g., cost of replacing a tree with a similar tree), which i-Tree denotes as a
tree’s functional value (e.g., functions or services trees provide) (University of Chicago’s i-Tree
Ecosystem Analysis, 2020). Functio