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Abstract

Anthropogenic climate change is one of the greatest threats to this generation and is caused by increased levels of
greenhouse gases in the atmosphere particularly carbon dioxide (CO,). Excess CO; is emitted through human
activity involving the combustion of fossil fuels such as industrial manufacturing and vehicle use. The best defense
mechanism against these heightened levels of greenhouse gases are trees and forests which take in CO; from the air
and convert it into breathable oxygen through photosynthesis. The additional carbon left over from this process will
then be stored as biomass, so the longer a tree lives, the more carbon it can store. Unfortunately, the lives of many
trees are being cut short due to the presence of exotic invasive plant species. The invasion of healthy native forests
leads to an increase in tree deaths, which then releases any and all stored carbon back into the atmosphere. Thus,
invasive plant species are indirectly contributing to climate change. The goal of this study was to determine how the
presence of invasive species is threatening the trees of the campus of the University of North Carolina Asheville and
likewise, its carbon stock. To do this, five plots were selected in UNC Asheville’s South Campus Forest area. Each
tree with a diameter at breast height of greater than 2.5 centimeters was measured as well as their geographic
coordinates, which invasive species were growing nearby, and what percentage of the tree was covered in invasives.
Trees were individually treated and invasive plants were removed throughout this project. Using the i-Tree Eco
v6.0.29 software, current and future carbon storage and sequestration for each tree were calculated. It was found that
these plots store a total of 26.27 metric tons of carbon and sequesters 0.895 metric tons of carbon annually. The trees
measured in South Campus forest were most threatened by Oriental Bittersweet (Celastrus orbiculatus), English Ivy
(Hedera helix), Poison Ivy (Toxicodendron radicans), and Chinese Privet (Ligustrum sinense). Additionally, it was
found that invasive plants showed no discernable preference for smaller versus larger trees, so all trees are at equal
risk of being invaded.

1. Introduction

Humankind has entered into a period known as the Anthropocene, categorized by the mass extinction and
environmental degradation caused by human activity'. Human energy production through fossil fuel combustion is
the primary source of greenhouse gas emissions which have significantly contributed to the warming effect on
Earth’s surface?. In response to the growing body of information on the issue, the 1990 and 1992 Assessments by the



Intergovernmental Panel on Climate Change (IPCC) sought to provide context to policymakers based on their (at the
time) current understanding of climate change. These assessments explained that human activity, particularly the
depletion of fossil fuels, is contributing to a phenomenon known as the Greenhouse Effect. This is a naturally
occurring phenomenon, yet the greenhouse gases being added in excess to the atmosphere is exacerbating its effects.
Gases such as methane and ozone can contribute to this phenomenon, yet in this case, carbon dioxide will be the
primary focus. The Greenhouse Effect takes when greenhouse gases form a barrier around the surface of the earth
which then absorbs heat from the sun. While some of the sun’s heat may be reflected from the earth’s surface and
back into space, much of it is trapped and re-emitted into the atmosphere, warming the surface of the earth and
contributing substantially to the widespread environmental degradation seen today?.

Among the suggestions by the IPCC to mitigate the disastrous effects of climate change are an improved system of
forest management and where possible, expansion of forested areas*. Not only are trees some of the best protection
available against the climate crisis, research suggests forests themselves store more carbon than the sum of their
individual trees, which further emphasizes the importance of their preservation and management®. In this way,
forests act as carbon sinks, absorbing and storing carbon dioxide from the atmosphere for a sustained period of time.
Through the process of photosynthesis, trees absorb carbon dioxide from the atmosphere and convert it into
breathable oxygen, of which humans reap the benefits®. The excess carbon will then be stored and used to build up a
tree’s biomass®. Higher amounts of atmospheric carbon dioxide have been shown to increase rates of photosynthesis
and subsequently increase biomass®. This research has thus operated under the assumption that there is a direct link
between levels of atmospheric carbon, photosynthetic rates, and tree biomass. Throughout this paper, the total
amount of carbon held within these trees will be referred to as carbon storage. Carbon storage may be influenced by
several variables including differing tree species, their relative growth rates, and their allocation of carbon to
different parts of the tree’. Despite this variability, it is understood that the majority of aboveground biomass and
thus, stored carbon, is located in the trunk of the tree’. It is with these understandings that Diameter at Breast Height
(DBH) is recognized as a relative indicator of how much carbon a tree may store.

Unfortunately, atmospheric carbon levels are continuing to rise and showing no signs of slowing down. Trees and
forests are being threatened by a number of the resulting factors as well as some more directly human-caused issues,
namely the introduction and overgrowth of exotic invasive species. Exotic invasive species may have been
introduced through a number of different means, primarily human travel and international trade®. Since these plants
are not native to the areas to which they are introduced, they have no natural predators and do not face the same
threats they would have faced in their original habitat and thus, are less inhibited in their growth®. Additionally,
heightened levels of atmospheric carbon dioxide have proven to be advantageous for the photosynthetic rates
invasive plant species’. The fitness of invasive plants in their new habitats has led to decreased abundance, diversity,
and fitness of native plant species'.

Invasive trees may outcompete native species through their tolerance to drought, shade, or disease, limiting factors
which would otherwise impede the growth of native plants''. Most invasive plant species are habitat generalists and
are known to grow in disturbed areas such as trails and roadsides regardless of the nutrients (or lack thereof)
available to them!!. These are areas with fewer available resources and are generally more hostile areas in which to
grow, yet because invasive plants tend to be habitat generalists, they are able to successfully grow in such
conditions. After successfully establishing themselves in their new habitat, these plants will begin to alter crucial
environmental functions such as the cycling of nutrients through an ecosystem'!. If these factors were not reason
enough to recognize the success of invasive plants in establishing themselves, they also tend to have much faster
growth rates than native plants'?. Invasive plants may grow faster in their new environment due to their
advantageous nature and the new resources available to them. The combination of a lack of predation, a lack of
habitat preference, and the ability to grow quickly, ensures that exotic invasive plant species will be able to
successfully take over even the healthiest of native forests.

Regardless of the tactics used, the growth and overgrowth of exotic invasive plant species is causing healthy native
trees to die long before they reach the end of their natural lifespan. When a tree dies and decomposes, it releases all
of its stored carbon back into the atmosphere through a process known as heterotrophic respiration'. The
decomposition of dead carbon sinks such as trees allows all stored carbon to gradually be released into the



atmosphere'®. This is a naturally occurring process, yet when invasive species are introduced, they speed up how
quickly trees are dying and releasing all of their carbon. In effect, exotic invasive plants are worsening the effects of
climate change. Any tree lost before its time is a terrible loss in the ultimate fight against climate change, yet
humans are not without solutions to this problem. One of the main causes of widespread tree death— the spread of
exotic invasive plant species— is a very manageable issue.
This study aimed to answer the following questions:
1. How much carbon is stored in the plots designated in South Campus Forest?
2. How at risk are the trees in South Campus Forest for being threatened by invasive species?

2. Methods

Research began in Winter 2021. The i-Tree Eco v6.0.29 software was used to create a database of tree species,
DBH, carbon storage, and carbon sequestration. i-Tree is a tool that provides analysis of collected field data and
quantifies environmental benefits, in this case, carbon sequestration, a tree’s annual carbon uptake, and carbon
storage'. A list was compiled of the trees with the highest abundance on the University of North Carolina
Asheville’s campus. A theoretical plot was then entered into i-Tree for each tree species listed. Individual trees of
each species were entered into the database starting with a DBH of 2 inches, then adding more trees increasing in
increments of 2 until their highest possible DBH was reached. Plot data was exported through i-Tree to the United
States Forest Service to be processed. After receiving results, graphs depicting carbon storage and sequestration on a
species level and an individual tree level were compiled and added to a shared folder for reference. These graphs
provided a basis for understanding the logistics of carbon intake by species and size, yet they were not relevant to
our final results and were simply used as a starting point. This process was completed in Spring 2022.

The South Campus Forest area was explored throughout Spring and early Summer 2022 and plots were selected
mid-summer, after which tree measurements could begin.

The measurement process began August 2022 in the South Campus Forest of UNC Asheville; this is a hilly,
forested area with several recreational trails running through. Sample plots were manually selected at five distinct
points around the main circular trail. As it was mentioned earlier, invasive plant species tend to appear most
frequently at disturbed areas such as trails and roadsides'!. It was with this understanding that we selected a heavily
foot-trafficked area to study invasives.



Figure 1. Map of studied area in the South Campus Forest of UNC Asheville. The blue building pictured is the
Southern Research Station for the United States Department of Agriculture located at 200 W.T. Weaver Boulevard.
The white lines shown represent the main recreational trails running through South Campus Forest and the five
green boxes show the location of the five data collection points.

At each of the plots, a center point was determined and from this point, meter tapes were extended 10.0 meters
along and orthogonal to the trail to create five 400 m? (0.04 hectare) plots. The center points of each plot were
recorded for reference and future research to return and assess any changes or continue to treat. Within each plot,
each tree was identified by species and was measured to determine the diameter at breast height (DBH), around 1.3
meters above the ground. Only trees with a DBH greater than 2.5 cm were included in the data collection.
Additionally, any invasive plant species near each tree, exotic or not, were identified and treated using a cut-and-
paint management method. Invasive trees and shrubs were cut using loppers at their lowest accessible point and
painted on each cut end with a triclopyr solution (Garlon 3A) to kill the invasive plant but leave the nearby native
plants safe and able to grow. Invasive vines were cut at a high and a low point, leaving a gap in the vine, and were
painted on each cut end with the same solution. Finally, each tree was assigned a value on a risk assessment scale
based on the percentage of the tree that was covered by invasive species. Unfortunately, there is relatively little
existing research on the relative growth rates for certain invasive plant species; for instance, if an Oriental
Bittersweet introduction or an English Ivy introduction would overtake and kill a tree more quickly. Rather than
speculating in the field about how threatened a tree is by species or how much time a tree has before death, each tree
was assigned a value for how threatened it appeared on a scale from 0 to 6.

Table 1. Risk Assessment scale. Due to the lack of information regarding how quickly certain invasive species grow
and overtake trees, an objective measurement was created to determine the relative level of threat faced by these
trees.



Description Rank

No invasives within 1.0 meter radius of tree 0
Invasives present within 1.0 m radius but not on tree 1
Invasives covering 0-25% of tree 2
Invasives covering 25-50% of tree 3
Invasives covering 50-75% 4

L]

Invasives covering 75-100% of tree

Tree is dead 6

Data was compiled and entered into i-Tree. Plot data was then exported to be processed. Upon receiving results,
data was analyzed to determine the total levels of carbon storage and sequestration within the selected plots and per
hectare.

3. Results

A total of 118 trees were measured in the South Campus Forest area yet several exclusions had to be made from the
final count. Several of the trees that were measured were not growing within the confines of our plots and some trees
were so overrun with invasive vines that they were unidentifiable. Trees that fit either of these descriptions were
excluded from the data submitted to i-Tree, reducing the final count to 105. Reference to the risk assessment scale
(Table 1) revealed that only four of these 105 trees ranked a 0 on the risk assessment scale, meaning that there were
no invasive plant species within a 1.0 meter radius of the tree. These trees, for the time being, may be considered
“safe,” yet considering how quickly invasive plants can grow, these trees may not remain risk-free for very long. Of
the four dead trees included in the final count, two had died because of invasive takeover. The remaining 97 trees
were at immediate risk and faced some varying level of threat due to the presence of invasive species.
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Figure 2. Number of trees within each risk assessment ranking.

Further along, the question arose as to whether invasive plants showed any discrimination in which native plants
they would take over; For instance, is a vine more likely to grow up a fully grown tree or a sapling? Figure 3 shows
the distribution of risk assessment rankings among trees of different sizes. There is no visible correlation between
tree size and the probability of its being taken over. In other words, invasive plants do not seem to show any
preference in growing on a larger, more fully grown tree versus a sapling, and aside from their proximity to an
invasion, there seems to be no clear indicator that any one size tree is more susceptible than another.



5 e ® e ee 00000 o . o0 ® e °
b 4 e o . ° oo e L3 °
£
c
(1]
o
-
S 3 eww e o o ° ° ° o
g
v
vy
7]
9
< 2 se@mes ® mewe o o - eee ]
vy
2
1 @ weese @ee e o0 o ° o e .

0 HHs -+ e
10 20 30 40 50 60 70 80

DBH (cm)

Figure 3. Relationship between a tree’s DBH and their risk assessment ranking to determine if there is any
correlation between a tree’s size and its likelihood of being invaded.

The majority of the trees measured in South Campus Forest were threatened by some combination of invasive
species, rather than just one at a time. The most frequently encountered threats to these trees were Oriental
Bittersweet (Celastrus orbiculatus), English Ivy (Hedera helix), Poison Ivy (Toxicodendron radicans), and Chinese
Privet (Ligustrum sinense). These plants constituted 68.3% of the invasives witnessed, measured, and treated in
South Campus Forest. It is important to note that plants which are native to an area still have the capacity to be
invasive without being exotic. This can be seen in poison ivy (Toxicodendron radicans), for instance, which is
native to this region but whose vines have caused additional stress to large areas of our forests. Thus, poison ivy was
included in Figure 4 to demonstrate the wide range of invasive species threat that is faced by UNC Asheville’s
forests.
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Figure 4. Abundance of each invasive plant species present.

The plots measured in South Campus Forest are estimated to store 26.27 metric tons of carbon; about 131.35
metric tons per hectare. The gross annual carbon sequestration value for the same area is 0.895 metric tons of
carbon, or approximately 22.38 metric tons per hectare. A previous study of UNC Asheville’s South Campus Forest
took place in 2022 by undergraduate research student Anna-Lisa Keller. Keller’s study yielded similar, yet slightly
higher results to our own. This is likely due to the difference in methodology between the two studies. Keller’s plots
were systematically laid out as a grid system on which each plot point was equidistant from the next'*. On the other
hand, the plots measured in this study were manually selected along a recreational trail. Each area of a forest through
which a trail passes decreases the potential for tree growth in that specific area. As a result, the plots measured had a
lesser percentage of tree cover and thus, less potential for carbon storage and sequestration per plot and per hectare.

Table 2. Comparison between plot area, tree density, and carbon sequestration and storage data collected from the
University of Georgia and the University of Pennsylvania.



University of North

University of North

University of Georgia

University of

Carolina Asheville Carolina Asheville (Fox et. al. 2020) Pennsylvania
(Keller 2022) (Bassett 2015)
Area 0.2ha 35ha 94.1 ha 64.7 ha
Tree Density 525 trees per ha 1046 trees per ha 73.5 trees per ha 63.2 trees per ha
Sequestration 0.895 mt 140.6 mt 64.9 mt 37.8 mt
Storage 131.35 mt/ha 125.6 mt'ha 36.6 mt/ha 11 mt/ha

Similar studies of carbon storage and sequestration on college campuses have previously taken place whose results
may be compared and contrasted to those of this study. In 2015, Corinne G. Bassett undertook research at the
University of Pennsylvania and measured 4086 trees growing on the university’s highly urbanized campus. These
trees were found to store about 715.4 metric tons of carbon'®. A similar study in 2020 by William Fox, Puneet
Dwivedi, Roger C. Lowe III, Sarah Welch, and Madison Fuller found that 6915 trees on the campus of the
University of Georgia hold 3450.4 metric tons of carbon'’.

This data would suggest that by hectare, UNC Asheville stores and sequesters more carbon annually than either of
the compared campuses, however it is important to note the difference in methodology between these studies that
could account for this conclusion. Both Fox’s study at the University of Georgia and Bassett’s study at the
University of Pennsylvania collected data from the entire main campus of their respective schools'¢,'”. Both of these
campuses are much more urbanized than UNC Asheville’s campus. Additionally, this study as well as Keller (2022)
specifically chose to measure only UNC Asheville’s forested properties'® and did not come in contact with
sidewalks, academic buildings, grassy areas, or other non-forested land like Fox and Bassett wold have. Thus, it is to
be expected that data collected only from a forested area would suggest that the entire campus stores and sequesters
more carbon than either of the compared campuses, but since data from the entire campus of UNC Asheville has yet
to be collected, this claim is unable to be supported one way or the other.

Table 3. Species, DBH, carbon storage, and carbon sequestration of the four trees measured in South Campus Forest
that were not yet threatened by invasive plants.

Tree Species DEH Sequestration Storage
White Oak 21.7 cm 0.00517 mt/year 0.114 mt
Quercus alba

Blackjack Oak 47.2 em 0.0003 18 mt/year 0.853 mt
Quercus marilandica

Red Mulberry 4.6 cm 0.000499 mt/year 0.00158 mt
Morus rubra

Black Cherry 453 cm 0.0310 mt/year 0.772 mt

Prunus serotina

The above trees ranked a 0 on the risk assessment scale and may thus be considered “safe” for the time being, yet
there is no telling how soon any of these trees may be threatened by invasive takeover. Combined, these trees store



1.74 metric tons of carbon and sequester an additional 0.037 metric tons annually. The storage capacity of these four
unthreatened trees is only able to offset around 0.0000966% of UNC Asheville’s yearly carbon emissions.

4. Discussion

4.1 UNC Asheville’s Emissions

In 2021, Chancellor Nancy J. Cable of UNC Asheville signed the school’s first carbon commitment, one school out
of only 400 colleges and universities that have pledged carbon neutrality by 2050'%. This commitment involved the
creation of a Climate Action Plan detailing the methods the university plans to use to achieve its goal of carbon
neutrality. Among these methods are the installation of solar panels on all compatible campus buildings, switching
all university-owned vehicles to electric models, and implementing a living machine for water treatment'®. Though
these changes alone are not likely to fully offset the carbon output of the university, they detail a feasible plan to get
closer to the goal.

Keller (2022) estimated that the carbon-storing potential of the Urban Forest (South Campus Forest) and Sandy
Bottom Preserve areas of UNC Asheville’s campus only offsets around 0.78% of the university’s annual
emissions'®. This data also was calculated under the assumption that the trees measured are healthy and face no
outside threats. Unfortunately, the trees on this campus are not free from outside threats. Nearly every tree measured
was immediately threatened by the presence of invasive species and every sample plot chosen for this study was
heavily overrun with invasives. In other words, the best estimate is that 0.78% of UNC Asheville’s annual carbon
output is sequestered within these trees, but that number is likely to decrease the longer the campus’s forests go
without treatment.

4.2 Future Studies

Due to time constraints, several of the tasks originally sought after were not able to be completed. First, there is very
little existing research on the growth rates of different species of invasive plants in their nonnative habitats. It is due
to this shortcoming that the remaining time left in an invaded tree’s life is unable to be estimated. Also, there is little
information available regarding the interactions of invasive plant species within their introduced environment.
Researchers have noted the importance of treating all invasive species present in an area, rather than just treating one
and allowing the others ample opportunity to continue their growth'®, yet aside from this observation, little is known
about how these plants interact. Further research into the growth and interaction of exotic invasive plants is needed
to better understand the full scope of the threat they pose.

What is known for certain is that the natural lifespans of native trees have been and will continue to be cut short
without invasive plant management. Treatment of invasive plants is necessary and should begin as soon as possible.
Several invasive plant work days have been hosted on UNC Asheville’s campus by different organizations including
the Invasive Plant Management Club and it is recommended that these continue more frequently if possible.

Additionally, it will be necessary to ascertain the relative carbon storage capacity of the invasive plants present on
UNC Asheville’s campus. It has been suggested that invasive plants have higher rates of photosynthesis in their
nonnative habitats and thus, would be able to sequester carbon dioxide from the atmosphere more quickly than a
native tree could'?. This is not to suggest that invasive plants are beneficial to offset campus emissions, as their
unrestrained growth is likely to have far much more disastrous impacts on the local environment, but rather serves to
address the fact that little research exists has been conducted to compare rates of native and invasive plant growth
and sequestration. Future research would have to undertake the task of measuring invasive plant carbon storage
capacities to gain an understanding of the potential for continued offsets in a healthier, more sustainable manner.

5. Conclusion



The University of North Carolina at Asheville has pledged carbon neutrality by the year 2050. In their best shape,
the forested areas on campus could contribute substantially to offsetting UNC Asheville’s carbon emissions; yet,
they are heavily overrun with exotic invasive plants. It will be imperative in the near future to manage these forests
and remove the threat of invasive takeover. This will reduce the threat of premature tree death and will keep carbon
stored in trees as biomass, rather than released back into the atmosphere through heterotrophic respiration. The
results found in this study are applicable to the world beyond as invasive species have spread to most corners of the
Earth and show no signs of slowing down. With proper understanding of their growth partnered with intense forest
management, it is possible to halt the unimpeded growth of these offensive plants and restore our forests to their full
potential as carbon sinks. They will be crucial weapons within the coming years in the fight against anthropogenic
climate change.

6. Acknowledgments

I would like to acknowledge and express my gratitude for the invaluable guidance and support of my faculty
advisor, Dr. Dee Eggers, without whom this project would not have been possible. I would also like to thank Dr.
Alison Ormsby for her much-appreciated and valued insight into this project, as well as her work with UNC
Asheville’s Climate Action Plan. I am grateful to my research partners, Leah Given and Gabbie Wray, for their
assistance and encouragement in the field and throughout the duration of this project.



10.

11.

12.

13.

References

Paul J. Crutzen and Eugene F. Stoermer, “The Anthropocene,” The International Geosphere-Biosphere
Programme 41, (May 2000): 17-18. https://inters.org/files/crutzenstoermer2000.pdf

Mikael Ho6k and Xu Tang, “Depletion of Fossil Fuels and Anthropogenic Climate Change- a Review,”
Energy Policy 52 (January 2013): 79-809,
https://www.sciencedirect.com/science/article/pii/S0301421512009275.

Intergovernmental Panel on Climate Change, “Policymaker Summary of Working Group I Scientific

Assessment on Climate Change,” in IPCC First Assessment Report Overview and Policymaker Summaries
and 1992 IPCC Supplement (1992), https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-
assessments/.

Intergovernmental Panel on Climate Change, “Policymaker Summary of Working Group III (Formulation
of Response Strategies,” in [IPCC First Assessment Report Overview and Policymaker Summaries and
1992 TPCC Supplement (1992), https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-
assessments/.

G.M. Woodwell, “CO; Reduction and Reforestation,” Science 242, no. 4885 (1988): 1493,
https://www.science.org/doi/10.1126/science.242.4885.1493.b.

Yadvinder Malhi, Christopher E. Doughty, Gregory R. Goldsmith, Daniel B. Metcalfe, Cécile A. J.
Girardin, Toby R. Marthews, Jhon del Aguila-Pasquel, Luiz E. O. C. Aragdo, Alejandro Araujo-Murakami,
Paulo Brando, Antonio C. L. da Costa, Javier E. Silva-Espejo, Filio Farfan Amézquita, David R. Galbraith,
Carlos A. Quesada, Wanderley Rocha, Norma Salinas-Revilla, Divino Silvério, Patrick Meir, and Oliver L.
Phillips, “The Linkages Between Photosynthesis, Productivity, Growth, and Biomass in Lowland
Amazonian Forests,” Global Change Biology 21, (2015): 2283-2295, https://doi.org/10.1111/gcb.12859
Jamshid Eslamdoust and Hormoz Sohrabi, “Carbon storage in biomass, litter, and soil of different native
and introduced fast-growing tree plantations in the South Caspian Sea”. Journal of Forestry Research 29
(2018): 449-457, https://doi-org.proxyl77.nclive.org/10.1007/s11676-017-0469-5

W. Keith Moser, Edward L. Barnard, Ronald F. Billings, Susan J. Crocker, Mary Ellen Dix, Andrew N.
Gray, George G. Ice, Mee-Sook Kim, Richard Reid, Sue U. Rodman, and William H. McWilliams,
“Impacts of Nonnative Invasive Species on US Forests and Recommendations for Policy and
Management,” Journal of Forestry (September 2009): 320-327,
https://www.fs.usda.gov/rm/pubs_other/rmrs_2009 _moser_w001.pdf.

L.H. Ziska and K. George, “Rising Carbon Dioxide and Invasive, Noxious Plants: Potential Threats and
Consequences,” World Resource Review 16, no. 4 (2004): 427-447,
https://www.ars.usda.gov/ARSUserFiles/80420520/Full TextPublicationspdf/Publications/ziska/potentialthr
eats.pdf.

Valerie T. Eviner, Kelly Garbach, Jill H. Baty, and Sarah A. Hoskinson, “Measuring the Effects of Invasive
Plants on Ecosystem Services:Challenges and Prospects,” Invasive Plant Science and Management 5, no. 1
(March 2012):125-136, https://doi.org/10.1614/IPSM-D-11-00095.1.

Daniel Simberloff, “Global Climate Change and Introduced Species in United States Forests,” Science of
the Total Environment 262, no. 3 (November 2000): 253-261, https://doi.org/10.1016/S0048-
9697(00)00527-1.

D.A. Peltzer, R.B. Allen, G.M. Lovett, D. Whitehead, and D.A. Wardle, “Effects of Biological Invasions
on Forest Carbon Sequestration,” Global Change Biology 16 (2010): 732-46,
https://doi.org/10.1111/j.1365-2486.2009.02038.x

Bardan Ghimire, Christopher A. Williams, G. James Collatz, Melanie Vanderhoof, John Rogan, Dominik
Kulakowski, and Jeffrey G. Masek, “Large Carbon Release Legacy from Bark Beetle Outbreaks Across
Western United States,” Global Change Biology 21, no. 8 (August 2015): 3087-3101, https://doi-
org.proxyl77.nclive.org/10.1111/gcb.12933.



https://inters.org/files/crutzenstoermer2000.pdf
https://www.sciencedirect.com/science/article/pii/S0301421512009275
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.science.org/doi/10.1126/science.242.4885.1493.b
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Malhi%2C+Yadvinder
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Doughty%2C+Christopher+E
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Goldsmith%2C+Gregory+R
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Metcalfe%2C+Daniel+B
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Girardin%2C+C%C3%A9cile+A+J
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Girardin%2C+C%C3%A9cile+A+J
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Marthews%2C+Toby+R
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Aguila-Pasquel%2C+Jhon
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Aguila-Pasquel%2C+Jhon
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Arag%C3%A3o%2C+Luiz+E+O+C
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Araujo-Murakami%2C+Alejandro
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Brando%2C+Paulo
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Costa%2C+Antonio+C+L
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Silva-Espejo%2C+Javier+E
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Farf%C3%A1n+Am%C3%A9zquita%2C+Filio
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Galbraith%2C+David+R
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Quesada%2C+Carlos+A
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Rocha%2C+Wanderley
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Salinas-Revilla%2C+Norma
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Silv%C3%A9rio%2C+Divino
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Meir%2C+Patrick
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Phillips%2C+Oliver+L
https://onlinelibrary-wiley-com.proxy177.nclive.org/action/doSearch?ContribAuthorRaw=Phillips%2C+Oliver+L
https://doi.org/10.1111/gcb.12859
https://doi-org.proxy177.nclive.org/10.1007/s11676-017-0469-5
https://www.fs.usda.gov/rm/pubs_other/rmrs_2009_moser_w001.pdf
https://www.ars.usda.gov/ARSUserFiles/80420520/FullTextPublicationspdf/Publications/ziska/potentialthreats.pdf
https://www.ars.usda.gov/ARSUserFiles/80420520/FullTextPublicationspdf/Publications/ziska/potentialthreats.pdf
https://doi.org/10.1614/IPSM-D-11-00095.1
https://doi.org/10.1016/S0048-9697(00)00527-1
https://doi.org/10.1016/S0048-9697(00)00527-1
https://doi.org/10.1111/j.1365-2486.2009.02038.x
https://doi-org.proxy177.nclive.org/10.1111/gcb.12933
https://doi-org.proxy177.nclive.org/10.1111/gcb.12933

14.

15.

16.

17.

18.

19.

USDA Forest Service, “i-Tree Eco Users Manual v6.0,” (September 2021): 3,
https://www.itreetools.org/documents/275/EcoV6_UsersManual.2021.09.22.pdf

Anna-Lisa Keller, “Inventorying University of North Carolina Asheville’s Forested Properties to Assess
Carbon Stock,” University of North Carolina Asheville Journal of Undergraduate Research (2022),
https://drive.google.com/file/d/1 EEBL598hqngB4s92J6qGPvEJkYmeCOcU/view

Corinne G. Bassett, “The Environmental Benefit of Trees on an Urban University Campus,” Master of
Environmental Studies Capstone Projects 66 (2015), https://repository.upenn.edu/mes_capstones/66/
William Fox, Puneet Dwivedi, Roger C. Lowe III, Sarah Welch, and Madison Fuller, “Estimating Carbon
Stock of Live Trees Located on the Main Campus of the University of Georgia,” Journal of Forestry 118,
no. 5 (September 2020): 457-465, https://doi.org/10.1093/jofore/fvaa025

Alison Ormsby, Jackie Hamstead, Dan Croisant, Evan Couzo, Kelsey Hall, India Appleton, Ally Fouts,
Corey McVay, Anna-Lisa Keller, Lindsey Nystrom, Mae Tesh, Julia Weber, J. Zimmer, “Addressing
Campus Greenhouse Gas Emissions: Climate Action Plan,” UNC Asheville’s Office of Sustainability 1,
(2021): 1-29.

Sarah Farmer, Jennifer Rhode Ward, Jonathan L. Horton, and H. David Clarke, “Southern Appalachian
urban forest response to three invasive plant removal treatments,” Management of Biological Invasions 7,
no. 4 (2016): 329-342, http://dx.doi.org/10.3391/mbi.2016.7.4.03.



https://www.itreetools.org/documents/275/EcoV6_UsersManual.2021.09.22.pdf
https://drive.google.com/file/d/1E8BL598hqngB4s92J6qGPvFJkYmeCOcU/view
https://repository.upenn.edu/mes_capstones/66/
https://doi.org/10.1093/jofore/fvaa025
http://dx.doi.org/10.3391/mbi.2016.7.4.03

