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Chapter 1: Introduction to the UK-LFUCG Arboretum
Chad L. Tomlingson

1.1 Who we are and what we’re doing
The Natural Resource and Environmental Science (NRES) undergraduate program at the
University of Kentucky, College of Agriculture Food and Environment (CAFE) requires all
students to complete a senior capstone course. Each year a new project is identified
that requires students to use the knowledge and skills they have gained from the NRES
program and apply them to a natural resource issue. The capstone project this year
focused on the issues and opportunities facing the University of Kentucky-Lexington
Fayette Urban County Government Arboretum. Students worked in groups to identify
potential projects that could be implemented in the Arboretum or to address specific
issues or challenges it faced. The goal of this year’s capstone project was to highlight the
importance of the UK-LFUCG Arboretum and provide suggestions that could lead to its
improvement. The report that follows represents the four months of work this year’s
capstone class undertook to study, analyze and provide meaningful recommendations
for the Arboretum staff and other stakeholders. This year’s capstone students benefited
greatly from the input of the Arboretum’s new Director, Molly Davis. We are grateful for
the assistance she and her staff provided our class and thank her for allowing us to
invade her physical and mental space as she was beginning in her new role as
Arboretum Director.
We began the semester by meeting with Arboretum staff and others from the University
of Kentucky who provided us with a history of the Arboretum and shared their varied
and unique perspectives. Each of these individuals told us what they felt were the
strengths and weaknesses of the Arboretum and hinted at things they felt needed to be
addressed. The goal of these meetings was to prepare us to develop projects that could
make an impact on the future of the Arboretum.

1.2 The UK-LFUCG Arboretum and Its Importance
The UK-LFUCG Arboretum “highlights Kentucky landscapes and serves as a center for
environmental and horticultural education, research and conservation” (The Arboretum
Strategic Plan, 2013-2018). The UK-LFUCG Arboretum is first and for most a valuable
botanical collection that showcases native trees of Kentucky. Serving as a resource for
the faculty, students and residents of Lexington and Kentucky, the calendar on the
Arboretum’s website has planned events throughout the year which provide
educational and recreational opportunities for those who enjoy the Arboretum. The
Arboretum has become an oasis for the University of Kentucky community, residents of
Lexington and to those who travel from across Kentucky to enjoy the amenities the
Arboretum provides. Those who visit the Arboretum enjoy the rural nature it emulates
and the tranquility it provides.
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For the University and Lexington the Arboretum also provides a quantifiable benefit in
the form of ecosystem services such as carbon sequestration and storm water
mitigation. The University of Kentucky is an urban campus with residential and
commercial development on all sides. Because of the development that has taken place
on UK’s campus throughout its history much of its open space is covered with
impervious surfaces, contributing to the city of Lexington’s ongoing problems with
flooding and efforts to reduce the inundation of its storm and sewer systems during
large rain events. The Arboretum’s wooded area and open spaces help reduce storm
water runoff by funneling water into the soil and atmosphere, diverting it away from the
storm sewer. The trees of the Arboretum also help with carbon sequestration, capturing
carbon dioxide and storing it in its biomass. This valuable function helps mitigate
emissions from Lexington’s automobile dependent populace. With mounting evidence
of anthropogenic climate change, places like the Arboretum serve a purpose beyond the
value of the botanical collection.

1.3 Defining and addressing the issues and opportunities facing the UK-LFUCG
Arboretum
The 24 students of this year’s capstone class began by proposing potential projects that
focused on the Arboretum, ultimately deciding on six. Each project required a team of
students to define the issue or opportunity they would address. Groups then developed
an action plan and each member was charged with completing a specific aspect of that
plan, collecting and analyzing data, synthesizing information, and in one case designing
new garden spaces. Finally, each group developed recommendations that were
presented to the Arboretum staff, University stakeholders and officials from the
Lexington-Fayette Urban County Government. This report is the result of the work
conducted by the six groups as follows
S.W.O.T (Strengths, Weaknesses, Opportunities, and Threats) – Analyzed the strengths,
weaknesses, opportunities and threats to the Arboretum to better understand its
potential.
Green Space – Looked at the history of change on UK’s campus and its effect on green
space. They were able to relate those changes back to the Arboretum and looked at the
UK Master Plan to highlight the direction UK is taking to enhance its green space.
Ecosystem Services – Quantified the ecosystem services provided by the Arboretum
Woods, using the software iTree, a contingent valuation survey of undergraduate
students, and benefit transfer of urban forests using relevant research.
Arboretum Woods – Examined the current health of the Arboretum Woods, provided
recommendations to restore the hydrology of the woods to its natural state and
mobilize manpower for removal of invasive species, increasing the ecological quality and
function of the woods
Sustainable Gardening Practices – Researched a permaculture garden project to
provide an educational experience to engage students, faculty and community in
sustainability
2

Funding – Evaluated the funding components of the Arboretum to better understand
barriers associated with future education and development and propose
recommendations for how to expand the current donor base and financial support.
The hours of work devoted to this year’s capstone have been simultaneously difficult
and rewarding. The skills each student had to develop or enhance have culminated in a
research project of which we are all proud. While the Arboretum itself was the focus of
the capstone class, the over-arching goal of capstone has been to prepare these 24
students to enter and succeed in the world of natural resource and environmental
science.

3
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Chapter 2: Understanding the Arboretum
Ross Bundschuh, Vicki Herde, Jamie Keyes, and Lee Mudd

2.1 Introduction
The UK-LFUCG Arboretum provides numerous benefits to Kentucky and Lexington, most
importantly a botanical collection that showcases tree species native to all the
physiographic regions of Kentucky, along with several demonstration and a children’s
garden that together provide educational, conservation and research opportunities.
Although the Arboretum is young (only a little more than two decades since inception),
it has become an important resource for the many visitors who come with varied
purposes. It was our goal to understand the varied purposes for which stakeholders
value the Arboretum, and to assess how those varied perspectives interact with the
stated and implied goals of the Arboretum.
The Mission Statement of the UK-LFUCG Arboretum reads, “The Arboretum State
Botanical Garden showcases Kentucky landscapes and serves as a resource center for
environmental and horticultural education, research and conservation”
(http://www2.ca.uky.edu/arboretum/index.php). However, the Arboretum is lacking in
several areas that hold it back from reaching its full potential. To explore the strengths
of the Arboretum, as well as the barriers to ongoing and future success, we performed a
SWOT (strengths, weaknesses, opportunities, and threats) analysis (Dyson 2002). This
analysis enabled us to understand differing perceptions of the Arboretum, provide new
insights for the Arboretum Director and other stakeholders, and identify opportunities
for the Arboretum in the future.
To understand the overarching barriers to future success facing the Arboretum, we
looked
at
the
Mission
Statement,
Strategic
Plan
(http://www.ca.uky.edu/arboretum/docs/ArboretumStrategic Plan 2013.docx), and the
Arboretum website (http://www2.ca.uky.edu/arboretum/). We quickly realized that in
these three sources, the Arboretum emphasized somewhat non-overlapping aspects of
the Arboretum. The Mission Statement is quoted above, the Strategic Plan discusses
the organizational structure, marketing campaign, and master plan, and the Arboretum
website discusses fitness, exercise, and community events. We observed that the focus
of the three sources differed: conservation is only mentioned in the Mission Statement;
marketing is only mentioned in the Strategic Plan; and fitness is only mentioned on the
website.
A SWOT analysis is a useful tool to assess the overall strategic position of an
organization and its environment. It identifies the strengths, weaknesses, opportunities,
and threats of a policy, facility or an institution through interviews, brainstorming,
planning, and categorizing (Dyson 2002). To produce an effective SWOT analysis, an
individual or small group must use the knowledge and perspectives of all stakeholders
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(Mind Tools 2014, Work Group for Community and Health Development 2014).
Strengths and weaknesses illustrate the internal workings of the institution, while
opportunities and threats illustrate potential benefits and obstacles of the Arboretum.
The Arboretum began in 1991 when the University of Kentucky and the LexingtonFayette Urban County Government entered into an agreement to jointly manage 100
acres of University land for the development of a botanical collection. Over the past
two decades, the Arboretum has built a visitor center and offices for its employees and
created multiple exhibits within the Arboretum to attract visitors. Visitors of all
demographics can enjoy year-round activities.

2.2 Methodology
To perform an effective SWOT Analysis for the UK-LFUCG Arboretum we first needed to
identify the stakeholders. BusinessDictionary.com defines a stakeholder as, “a person,
group, or organization that has interest or concern in an organization.” For this project,
the organization of interest was the UK-LFUCG Arboretum. We identified the
stakeholders to be individuals who, currently or in the past, influenced the Arboretum
and individuals who may be affected by changes made at the Arboretum in the future.
After identifying some of these stakeholders, we constructed questions that would
allow us to understand their perceptions of the strengths, weaknesses, opportunities,
and threats of and to the Arboretum. We started by interviewing the Arboretum staff
and then asked for names of other individuals who the staff believed to be key
stakeholders. These stakeholders were added to our list so that we could interview
them as well. Ultimately, we were able to interview 14 of the 24 stakeholders that we
contacted.
Interview responses were analyzed with the specific intent of identifying the
information needed to perform our analysis. We grouped the responses from all of the
interviews based on their similarities and differences of responses. We also identified
unusual responses that we thought provided interesting insights. These responses were
analyzed and compared to the Strategic Plan, Mission Statement, and information
contained on the Arboretum website.
The responses we received were from a wide variety of people including the Director of
the Arboretum Molly Davis, other staff of the Arboretum, local neighborhood
association members, members of the Friends of the Arboretum, representatives from
Lexington-Fayette Urban County Government, and the Arboretum’s Board of Directors.
We also interviewed several individuals who work with the Arboretum such as the Dean
of the College of Agriculture, Food and Environment, the UK Sustainability Coordinator,
and UK President Capilouto.

2.3 Results
Of the 24 stakeholders contacted, 14 responded with answers to questions. Four
Arboretum staff members, five University of Kentucky faculty and staff members, and
five other stakeholders were interviewed. The ten stakeholders that were not
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interviewed either did not respond to multiple emails, or they stated that they did not
know enough about the Arboretum to effectively benefit our report. The interview
questions directed to stakeholders are shown in Appendix A.1.
We then tallied stakeholder responses and analyzed the most common ones in each
category. Of all interviewed stakeholders, 71% mentioned the Arboretum’s display of
Kentucky landscapes as a strength, while 100% of all interviewed stakeholders listed the
Arboretum’s lack of funding as a predominant weakness.
Of all interviewed
stakeholders, 36% expressed interest in a sizable endowment for the Arboretum’s longterm funding as an opportunity. A similar percentage of all interviewed stakeholders
mentioned increased connectivity to the University of Kentucky’s campus and a fence
surrounding the property as opportunities. Finally, 64% of all interviewed stakeholders
listed lack of a stable annual budget as a prominent threat.

2.4 Discussion
Once the data were collected and organized, we discovered interesting trends through
analysis. Some responses were similar, addressing widely known aspects of the
Arboretum, such as the value of the Walk Across Kentucky display. Other stakeholders
provided unique responses, but those responses provided deeper insight or another
point of view into the Arboretum’s affairs. Still other responses appeared to be
common among all interviewed stakeholders. This occurrence could have happened
due to the similar nature of association with the Arboretum. Please refer to Appendix
A.2 for a full table of stakeholder responses separated into Arboretum staff, University
of Kentucky faculty and staff, and ‘other’ stakeholders.
Although a large percentage of stakeholders listed similar strengths, weaknesses,
opportunities, and threats, we occasionally found unusual responses. One particular
response caught our attention. One stakeholder listed the University of Kentucky as a
threat. This person explained that the University of Kentucky and Lexington-Fayette
Urban County Government signed an agreement on April 26, 2014 ensuring that the
Arboretum will be preserved as a natural area for an extended period of time. This
stakeholder then stated that the University of Kentucky could potentially violate this
agreement if the University views that the land would be utilized more efficiently as
academic buildings or athletic facilities. From this stakeholder’s point of view, there is
still a constant threat of the University of Kentucky developing the property.
Many of the responses listed in Appendix A.2 reference funding either directly or
indirectly. Lack of funding, receiving an endowment, and annual budgeting are the
responses directly related to funding. In addition, lack of visitor knowledge and
advertising are related to funding because they would promote Arboretum attendance,
which would inevitably increase the number of stakeholders from a funding standpoint.
Also, people associate admission fees with botanical gardens and other curated displays.
If visitors continue to view the Arboretum as a public park, then they may continue to
be ignorant of its funding needs and would not make a monetary donation. Building a
fence that surrounds the Arboretum relates to funding in the sense that it restricts
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access. An admission fee or pass is generally associated with restricted access, with the
goal of increasing funding.
The majority of interviewed stakeholders discussed the construction of a fence and an
admission fee, but their views of the two topics differed. Some stakeholders felt that a
fence and admission fee would prevent damage to the property and provide security for
the Arboretum. A fence and admission fee would also limit access and provide a source
of funding. Therefore these stakeholders viewed a fence and admission fee as an
opportunity. Other stakeholders felt that these “opportunities” would hinder the
movement of wildlife from one habitat patch to another. Also, a fence would minimize
the already limited connectivity to the University of Kentucky’s campus. An admission
fee would drive exercising visitors away to other parks, thereby losing this group of
people to potential future fundraising. Therefore, these stakeholders viewed a fence
and admission fees as a threat. Based on these responses, we concluded that fences
and fees could be considered opportunities or threats.
A second disconnect we discovered regarded the Mission Statement and stakeholder
responses. Environmental sustainability is mentioned in the Mission Statement, but no
stakeholders mentioned this concept when asked about the mission and goals of the
Arboretum. Because this was not mentioned, we concluded that limited, if any,
environmental sustainability practices are implemented or visible at the Arboretum. We
see increased environmental sustainability practices as an opportunity.
The third difference we discovered was the varied views of exercise in the Arboretum.
Exercise and fitness are prominent themes on the Arboretum website, and a large
number of visitors frequent the Arboretum to exercise in a natural setting that is
convenient to downtown Lexington. However, aside from the website, the Mission
Statement, Strategic Plan, and almost all stakeholders failed to mention access to
exercise as a strength of the Arboretum. Despite this, the vast majority of interviewed
stakeholders stated that they first visited the Arboretum to exercise. Here, they
discovered the mission, values and goals and became attached to the Arboretum. We
feel that promoting exercise in the Arboretum is an opportunity because more healthconscious visitors will frequent the Arboretum, discovering everything else it has to
offer, and potentially become new donors. More donors will benefit the Arboretum
from financial and support standpoints.
Finally, many stakeholders, but primarily the Arboretum staff, discussed the topic of
parking. Currently, there is no charge for parking in the Arboretum, making it one of the
few free parking lots on the University of Kentucky’s campus. According to the
Arboretum staff, many students, faculty, and staff from Bluegrass Community and
Technical College and the University of Kentucky park at the Arboretum and walk to
main campus. Free parking is a threat because overflow parking tends to damage the
surrounding landscape on the Arboretum grounds, and because it contributed to a
misperception of the Arboretum as a “free” resource unassociated with the plant
collection, which is its real focus.
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Because we compared these responses to the Mission Statement, Strategic Plan, and
the Arboretum website, we were able to use this information to provide effective and
feasible recommendations for the Arboretum.

2.5 Recommendations
We feel that the following recommendations could potentially benefit the Arboretum in
the future. First, increasing connectivity to the University of Kentucky’s main campus
through construction of a designated path would allow for the integration of additional
University faculty, staff, and students into the Arboretum by providing easier access,
and access without a car. Second, the Arboretum must capitalize on visitors who use it
for exercise. If they are educated on the true purpose of the Arboretum, they could
become a potential source of funding and support. Third, a parking permit or pass that
is renewed monthly would minimize abuse of the Arboretum parking lot and increase
funding. Finally, it is important that the perceptions held by the various stakeholders
align to create a cohesive image to ensure a secure and bright future for the Arboretum.
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Chapter 3: The Arboretum and Campus Green Space
Chris Goddard, Paul Hafner, Elizabeth Patten and Chad Tomlingson

3.1 Introduction
The goal of the 2014 NRES Capstone was to provide the UK-LFUCG Arboretum with
suggestions to improve the 100-acre botanical garden so that it may thrive well into the
future in ways that are outlined in their Strategic Plan and Mission Statement. With our
project we wanted to step outside of that box and ask a larger question, one that
encompassed not only the Arboretum, but all of campus. We asked, “How does the
University view green space(s) in the larger context of campus?” Green space is defined
as land that is partly or completely covered with grass, trees, shrubs or other
vegetation; green space includes parks, community gardens and cemeteries (EPA, 2013).
Green spaces are important because they provide many ecosystem services, educational
opportunities, and health benefits, mostly for free. One of the most notable
contributions green spaces provide is that by enhancing infiltration and evaporation of
rainwater they decrease surface water runoff. Studies have also found that direct
exposure to nature, viewing nature through windows, and viewing images of nature is
restorative (Felsten 2009), making green spaces vital to UK and the students seeking the
best possible education available. There is evidence that green space has benefits for
the health of urban residents, including psychological and physiological effects
stemming from contact with nature (Richardson et al. 2012). Wouldn’t it be great if
every professor at UK had direct access to a quality green space just outside their
classroom to tap into these benefits for their students?
We examined trends in campus green space through time, looking at the campus
expansion as new land was acquired, and then development of infrastructure that
typically followed. We also looked at projected green space based on the most current
University Master Plan to see how trends in green space might be expected to unfold in
the future. We compared the amount of green space on UK’s campus to that of other
similar universities, to ask the question: “How are we doing with maintaining and
restoring this valuable campus asset as the University strives to balance growth with a
livable campus”? Finally, to bring our project’s focus back to the Arboretum, we
examined how the Arboretum fits into the overall campus plan for building expansion
and green space development.
The UK-LFUCG Arboretum is a great example of green space on campus today. It
provides a variety of ecosystem services, such as storm water management and carbon
storage, as well as serving as a recreational and educational resource for UK students,
faculty, and staff, and residents of the city of Lexington and beyond. All of these factors
make the Arboretum and other green spaces important assets to UK and the city of
Lexington. Due to increasing development the Arboretum stands as the largest green
space on campus. Mathews Garden and the President’s House, which are located
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amongst compacted, dense development on north campus are important as the only
other green spaces with significant tree canopy cover. Of the 811 acres of UK campus,
the Arboretum encompasses 100 acres. We must have a mindset moving forward that
assures these resources remain so that future generations of UK students, teachers, and
staff, as well as the larger community, will benefit from the multiple services provided
by the Arboretum and other green spaces.

3.2 Past
The University of Kentucky began in 1853 with 52 acres of farmland donated by the city
of Lexington. The University was initially comprised of seven buildings on what is now
the north end of campus. By the 1950’s the campus footprint had expanded to 368
acres and at present occupies 811 acres including the UK-LFUCG Arboretum. Through
time, the University of Kentucky has had a history of land acquisition to provide housing
and educational facilities for UK’s growing student body, research mission, and medical
center. When the University has purchased land it has been developed to meet these
needs, with the net result being cycles of expanding and contracting green space (Figure
3.1). The result of this acquisition and development by the University is that the ratio of
impervious surface currently outweighs that of undeveloped land, and the benefits it
provides (Figure 3.1).

Figure 3.1: Percentage of developed and undeveloped land on the University of
Kentucky's campus 1853 to present day
In 1990 the University of Kentucky College of Agriculture and the city of Lexington
established a partnership to develop a 100-acre botanical garden at the south end of
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campus. The addition of the Arboretum has provided not only the students and faculty
of the University an oasis of green space but also residents of the surrounding
community. With the development that has occurred on campus the Arboretum, with
its last remaining remnant of Inner Bluegrass forest, is a stark contrast to the
development that has occurred on UK’s campus throughout its 161-year history with
seemingly little attention to the preservation of green space (B.1).

3.3 Present
After weathering the ‘building boom’ eras of development on campus and acquiring the
Arboretum, the UK campus is currently in a state where development of impervious
surfaces is once again outweighing green spaces. Fifty-five percent of the 811 acres
owned by UK are presently developed in the form of buildings, roads, driveways, parking
lots and structures. Today, the University of Kentucky campus has little space, if any, to
expand its boundary due to the surrounding urban landscape and neighborhoods.
Inherently, along with the development of impervious surfaces comes the loss of green
spaces, which gives rise to surface water runoff issues that create multiple problems.
As campus, and all of Lexington, has developed and permeable surfaces including green
spaces have disappeared, the city has developed significant storm water runoff
problems. The city of Lexington is now being forced to address these problems, and
campus is a microcosm of a citywide problem. In 2006, Lexington agreed to a Consent
Decree, which is a legal agreement between the city, state and federal government to
fix the problems with Lexington's storm water and sanitary sewer systems so that we
will no longer be in violation of the Clean Water Act. The city was sued for $425,000,
and meeting the requirements of the Consent Decree will cost Lexington residents
approximately $250-300 million over the next 11-13 years (Newberry, 2008).
One part of the solution is a Federal Emergency Management Agency (FEMA) project
underway at the southern edge of the Arboretum. This FEMA project is designed to
establish a natural flowing stream and retention pond that uses large trees and
hydrophilic vegetation to retain and cycle large amounts of water through a natural
system. It is important to consider how this issue will play a part in the University’s
mindset of green spaces generally, and the Arboretum specifically, as part of the
solution to storm water runoff and other environmental problems that the campus and
the city face moving forward.
There are many other projects taking place that will contribute to solving campus storm
water runoff issues as well. One exciting project is the construction of a rain garden off
of Farm Road behind the Maxwell H. Gluck Equine Research building. This project uses
an area that sits below the local ground level, and is accompanied by 200 mature trees
to retain and move water via transpiration that would otherwise runoff as surface
water. Other landscapes such as rooftop gardens, like the 23,000 square foot one on top
of UK Albert B. Chandler Hospital (Sustainable Design. 2013) would further reduce the
amount of impervious surfaces on campus, and contribute to reducing storm water
runoff. Though these projects are not explicitly included within the current UK Master
Plan, below we discuss projects that are still in the planning stage or currently being
13

implemented to directly improve green space on campus. This shows that those
associated with the planning phase understand how campus can benefit from a variety
of green space(s), and a valuation for green space that the University has not
consistently supported.

3.4 Master Plan
In an interview conducted on March 19, 2014 with UK Vice President for Facilities
Management and Chief Facilities Officer Mr. Bob Wiseman, he stated, “the design
decree for the future of UK’s campus landscape was to have it resemble a natural
landscape with native trees and less manicured structure.” With this in mind, landscape
architecture firm Sasaki and Associates worked with the University to identify areas
where green space could be returned to campus to fulfill this decree. The current
Master Plan provides insights into how this design goal will be met.
Removing underutilized buildings on campus and replacing them with trees and grass is
one way Sasaki and UK are meeting this goal. This can be seen with the removal of the
greenhouses behind the Thomas Hunt Morgan Building. Once the greenhouses and their
associated impervious surfaces are removed they will be replaced with grass and native
trees. Other proposed projects that will continue this model include the Greg Page
campus-housing complex being removed and replaced with open green fields. While the
Greg Page apartment complex would not be considered an underutilized building its
removal would provide an opportunity to increase green space on campus.
To meet one of the goals of the Master Plan the University and Sasaki are proposing the
closure of a number of roads within the campus core. The goal is to reduce the campus
core to a 10-minute walk and focus on a less auto-dependant campus (UK Master Plan
pg 51). If implemented, this will “create a more compact campus to facilitate improved
pedestrian, bicycle and transit connectivity” (UK Master Plan, pg 51). While improving
the green space is not the stated goal, it does have the added benefit of doing so. Two
of the proposed closures include Woodland Avenue from Columbia Avenue to
University Drive and Rose Street from Columbia to Huguelet Drive. If closed to
automobile traffic, these sections of two of campus’ main arteries will become
walkways for pedestrians and bicyclists. These walkways will be lined with trees,
providing an enhanced pedestrian experience as well as other benefits associated with
trees. By focusing on a less automobile-dependent campus the University has another
opportunity to provide more of the services trees and green space can provide.
While there are projects in the Mater Plan that would increase green space in the future
such as those already discussed, most are uncertain and depend on funding. There is,
however, one taking place outside the confines of the Master Plan that will provide
campus with enhanced green space and its benefits. That project is the UK Physical
Plant Division’s Arbor Day project. To celebrate Arbor Day 2014 the University has made
a commitment to planting 430 trees throughout campus in areas that will not be
undergoing construction (Johnson, 2014). In our interview conducted in March of 2014,
Mr. Wiseman shared the idea behind this project and his understanding of the benefits
provided by trees. Because many of the trees to be planted are large diameter trees it
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shows he understands the benefits provided by larger trees are greater than those of
smaller ones. These benefits will be discussed later in Chapter 4 of this report.
UK has progressed from a small seven-building school surrounded by farmland to a
sprawling 811-acre urban campus surrounded by residential neighborhoods and
businesses. That transformation, both on campus and in Lexington at large, has had an
impact on green space that has produced negative consequences, most notably large
increases in storm water runoff and flash flooding discussed in the previous section. The
issues related to storm water management on campus have a direct relationship to the
ratio of impervious surfaces to that of green spaces. The current UK Master Plan, if fully
implemented, will increase the amount of green space by an additional 7.3 %, and will
aid both the University and the city of Lexington in managing storm water runoff as well
as provide other ecosystem services.

3.5 Other Campuses
With the implementation of the Master Plan, 7.3 % additional green space will be
returned to the campus, which will help make a “greener” transition from North to
South campus. By evaluating other schools approximately the same size and area as UK
we can see how the University of Kentucky compares in the amount of green space
available. We calculated that the University of Kentucky is 45.5% green space, which is
lower than the University of North Carolina (49.9%) and the University of Georgia
(54.4%; Table 3.1). All of these campuses are located in urban settings and demonstrate
it is possible to have a larger proportion of green space than what the University of
Kentucky currently has.
Table 3.1: Percentage of green space at other state universities in the region compared
to the University of Kentucky.
University

Total Acres

Percent Green Space

University of Kentucky

811

45.5 %

University of Tennessee

560

48.2%

University of North Carolina

947

48.9%

Ohio State University

1765

51.3%

Indiana University

1937

52.2 %

University of Georgia

759

54.4%

The UK Master Plan does not define green space; instead it defines types of spaces to be
part of the open space framework. Open space is considered to be civic spaces,
quadrangles and courtyards, streetscapes, pedestrian corridors, sports landscapes and
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natural areas and parks. Other campuses, such as the University of Tennessee,
University of North Carolina (UNC) and The Ohio State University (OSU), place
importance on green space in their own master plans, but like UK they do not define it.
They also use the term “open space,” which they define comparably to UK, to include
quadrangles, pedestrian walkways between buildings, forested lands, edges and
boundaries, and recreational fields.
The UNC made significant changes to their Master Plan specifically in how they manage
storm water. They have developed an entire Storm Water Management Plan to deal
with the growth of the University, which resulted in additional buildings and related
facilities. The plan focuses on looking at best management practices and thinking about
the campus in an entirely new way. This plan was created with the hopes that
sustainable storm water management would be incorporated into every improvement
opportunity. Many small solutions, like rain gardens and tree trenches, shouldn’t be
underestimated because, in the aggregate, they can have a significant impact on water
quality and quantity (Andropogon Associates; Cahill Associates; The Rose Group;, 2004).
Like UNC, UK is currently undergoing extensive development on campus yet has
adopted no clear or defined storm water management plan. Development of a defined
plan would aid in meeting the criteria of the Master Plan, which calls for an increase in
overall pervious surface area to improve ground water recharge and storm water
management, as well as the creation of a new storm water detention basin within the
South Campus, along with other strategies to improve the landscape and ecological
function on campus.
The OSU Landscape Master Plan looks at all aspects of the landscape and provides
evaluation and recommendations on development of space for use and care of plant
material. There are no recommendations in their Master Plan stating that they prefer
native plants, but it is recognized that campus should consist of a diverse plant
population (Sasaki Associates, Inc). The University of Tennessee’s Landscape Vision
states that increasing the tree canopy and plant diversity is among a host of encouraged
sustainable practices. Native plants are encouraged, although many native plants from
woodland environments perform poorly in urban settings (Carol R Johnson Associates
Inc, 2012). While UK’s Landscape Master Plan is still under development, Mr. Wiseman
in the March 2014 interview conveyed the University and Sasaki’s commitment to using
native plants. Like OSU, UK also considered aspects of the campus landscape when
creating the landscape Master Plan as discussed in Section 3.4. The use of native tree
and plant species coupled with the idea of a “natural landscape” shows UK, like other
universities, understands the need for a balance between aesthetics and ecology.
All of the universities that were interviewed would like to see an increase in green space
and retain the open space, as well as the beauty of the landscape, on their campuses to
insure a good quality of life and enjoyment by the campus residents and visitors. All of
the Master Plans envision long-term expansion of green space, as well as pedestrian
networks that push vehicular traffic to the periphery.

3.6 Conclusion
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Since there is little opportunity for UK to expand or encompass new green space, it is
critically important to value the green space that we have. We see efforts to increase
green space on campus as a positive sign of valuing green space and recommend
continued focus on the ecosystem functions that green space provides.
“The landscape on the University of Kentucky campus should be designed to function as
a working landscape that embraces, integrates, and embodies design, environmental,
and academic values. As a complete system, the working landscape responds to the
climate and natural conditions of the site, working with its features to maximize their
functional qualities” (Landscape Design Vision, UK Master Plan).
We found this to be an important statement, and one that invokes the capacities of the
Arboretum, yet nowhere in the Master Plan is the Arboretum explicitly mentioned.
Since the Arboretum represents a significant proportion of green space on campus, we
recommend that UK forge a stronger connection between the UK Master Plan and the
Arboretum, highlighting the functions the Arboretum provides as an ecological,
environmental and educational resource.
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Chapter 4: Ecosystem Services of the LFUCG-UK Arboretum
Ryan Kessler, Emma Moreo, Ashlie Pool, and Daniel Reed

4.1 Introduction
Today, deforestation is occurring on a massive scale. With this comes the loss of
potential benefits to humans provided by forested ecosystems. These benefits, known
as ecosystem services, include processes and attributes such as carbon sequestration,
stormwater absorption, recreation, and wildlife habitat, which constitute provisioning,
supporting, cultural, and regulating values (Groot et al., 2002). Because the exact value
of ecosystem services is yet to be determined in many areas that are threatened by
encroachment, it is difficult to make informed decisions regarding future management
with respect to the costs and benefits. Thus, the valuation of ecosystem services is
necessary if we are to provide incentives to maintain forests and other green spaces
(Daily et al., 2009). The Arboretum at the University of Kentucky is one such green space
that may be undervalued as a resource on the campus and to the larger Lexington
community. The Arboretum is host to 100 acres of green space, including a 15-acre
urban forest that is one of the few remaining Bluegrass Woodland ecosystems in the
Lexington area. Quantifying the ecosystem services provided by the Arboretum could
enhance how others perceive and value this important resource. Thus, the objective of
this project was to produce a valuation of the ecosystem services provided by the
Arboretum Woods which would allow the benefits to be easily understood by the
community.
The valuation of ecosystem services is a large undertaking which cannot be assessed
through just one type of analysis. To encompass the full variety of ecosystem services
provided by urban forests, multiple methods utilized in other ecosystem service
assessments were incorporated into this study. This provided a basis for creating an
accurate and all-encompassing valuation of the Arboretum Woods.

4.2 Methods
To complete the assessment of the ecosystem services of the Arboretum Woods, three
main methods were employed:
1. Tree assessment: measured trees and used a program called iTree® to calculate
stormwater absorption, carbon sequestration and air quality improvement they provide
(USDA, 2006).
2. Stated preference method: conducted a survey on campus to gauge the recreational
and aesthetic value that students place on the Arboretum and the Arboretum Woods.
3. Benefit transfer method: utilized
quantified in relevant studies.

the value provided by similar ecosystems,

Tree Assessment
To quantify the ecosystem services of stormwater interception, carbon sequestration,
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and air-quality improvement provided by the Arboretum Woods, iTree® Design was
used. iTree® is a software suite developed by the USDA Forest Service that provides
tools for the analysis and benefit assessment of urban forests. iTree® Design allows
users to input specific data regarding a single tree or a group of trees and will calculate
the benefits they provide. iTree® calculates and quantifies ecosystem services via
allometric equations, or the size and shape of trees based on their diameter at breast
height. Using allometric equations developed for individual species, iTree® quantifies
the amount of water removed from the ecosystem via transpiration and evaporation, or
the net exchange of CO 2 from photosynthesis and respiration. From there, iTree®
assigns a value to the benefits provided based on infrastructure costs for stormwater
control as well as emission and pollution control costs for CO 2 and other air pollutants
(Phillips 2012).
Sample inventory data were collected in the Arboretum Woods by setting up 15 fixedarea plots on a 200 ft. grid throughout the Woods. Each plot was 0.1 acre in size
(circular plots with a radius of 37.2 ft.). Fifteen plots were established to obtain data for
slightly over 10 percent of the Woods.
Within each sample plot, trees with a diameter breast height (DBH) greater than 2 cm
were measured. For each of these trees four variables were recorded: species, DBH, tree
condition, and amount of sunlight received by the canopy (or canopy position). These
data were entered into iTree® design and the resulting quantification and valuation of
ecosystem services calculated by iTree® was multiplied by 9.53 to estimate the overall
(100%) values of the ecosystem services provided by the Woods.
Stated-Preference Method
Natural ecosystems, like the Arboretum Woods, are valued by people as a place for
relaxation and recreation. When placing a monetary value on an urban ecosystem, the
recreational aspect is perhaps the highest valued service (Bolund and Hunhammar,
1999), which makes recreation a vital part of any ecosystem service assessment. To
quantify the recreational and aesthetic value that the Arboretum Woods provides to the
students at the University of Kentucky, we used a stated-preference approach. With a
stated-preference approach, a survey is conducted in which people are directly
questioned about changes to environmental quality. The direct method we employed
was a contingent valuation, commonly referred to as a CV. A CV asks respondents to
reveal their willingness to pay (WTP) for a clearly specified hypothetical increase or
decrease in environmental quality (Hanley et al., 2013).
Our contingent valuation was done in the form of an oral survey and was completed
using the University of Kentucky student body as our target population. The survey was
administered to 170 students by visiting six different locations throughout campus for
one hour each to ensure a mixed population. The survey was composed of two main
sections. The first section addressed students’ prior knowledge of green space, use of
green space on campus including the Arboretum, and stance about green space now
and in the future. The second section varied between two different surveys; the
hypothetical situation posed was different in each survey. Both versions presented the
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students with a situation for a proposed change, followed by asking whether they were
for or against the proposed change. The surveys concluded with a payment card stating
their willingness to pay (WTP). Appendix C.1 displays both versions of our survey.
One version of the survey presented students with the idea of an additional 15 acres of
wooded green space on campus, highlighting possible recreational options. This was
done to quantify students’ recreational valuation of the Arboretum Woods using solely
the willingness to pay from the wooded green space survey version. The other version
focused on recreational use of open green space. The purpose of creating a separate
survey valuing open green space was to make a comparison to determine whether there
was a statistically significant difference in how students value these very different types
of green space. This could then be useful in recommendations towards future
management ideas.
To ensure that students were well informed about what they were being asked to value,
they were presented with a photograph of open or wooded green space, depending on
the version of the survey, as well as an aerial photograph displaying a recognizable 15acre area. The willingness to pay was framed using student fees as a payment
mechanism; respondents were given a copy of their student fees from last year so that
they were familiar with how much they pay per semester and where that money goes.
The payment card presented to students allowed them to choose values ranging from
$0 up to $150 towards a hypothetical semester fee for the given green space type. To
derive a recreational value for the Arboretum Woods we averaged the students’
willingness to pay and then multiplied that by the 2012-2013 undergraduate student
enrollment at UK. That number gave us a value per semester; by multiplying it by two
we found a recreational/aesthetic value per year.
Benefit Transfer
When possible it is best to use direct data collection for estimating ecosystem services,
but because of time limitations this was not always possible. To avoid losing the services
we could not quantify in direct ways, we also used the benefit transfer method. Benefit
transfer is achieved by using values for specific ecosystem services determined in
published scientific studies examining similar ecosystems. These values are then used to
estimate the values of ecosystem services in a new study site. This method allows us to
include ecosystem services that could not be directly assessed in our own study, but are
still being provided by the subject site. For our research, we examined values produced
for urban forests in temperate zones. For our benefit transfer, we examined studies that
quantified ecosystem services including pollination, wildlife habitat/refugia and
biodiversity, soil formation, waste management and treatment, food production, raw
materials, soil formation and water filtration within New Jersey, Eastern Texas, and
North American temperate forests. The values provided by these studies were adjusted
for inflation using a consumer price index calculator (US Bureau of Labor, 2014).
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4.3 Results

Dollar Amount oer Year
(thousands)

Using iTree® Design, we calculated the savings the trees within the Arboretum Woods
provide by reducing stormwater runoff, improving air quality, and removing CO 2 from
the atmosphere through carbon sequestration (Figure 4.1).
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Figure 4.1: Ecosystem services quantified for the Arboretum woods in year 2014 using
iTree® Design software.
The largest savings provided by the Arboretum Woods is through stormwater reduction.
This ecosystem service alone accounts for $35,809 in savings for the year 2014. The
services provided by trees in terms of air quality improvements and carbon
sequestration were much less significant than savings provided through stormwater
reduction.
These services will not occur at the same rate in the future. In ten years, if all of the
trees are allowed to grow at their expected rate and there is no significant mortality of
the larger trees, there will be an increase in the services provided. The effect that these
trees will have on stormwater management in both 2014 and 2024 was examined to
show the potential increases in ecosystem services (Figure 4.2).
If the composition of the Arboretum Woods remains the same for the next ten years
and the trees continue to grow, we should see an additional 13 million liters of
stormwater captured by the area. This is because larger trees tend to have higher leaf
area, which intercepts more precipitation and results in the movement of water from
the soil to the atmosphere through evapotranspiration (Lutz et al., 2012).
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Figure 4.2: Stormwater interception rates in 2014 compared to expected rates in 2024
by the Arboretum Woods
Since the iTree® program only examines the value of trees and not other types of
vegetation, we used other methods to examine the amount of ecosystem services
provided by open green spaces on campus. How land cover in urban areas affects the
amount of rainfall that is turned into direct runoff was examined. This was done by
using data for the relationship between land use types and surface runoff provided in
the United States Department of Agriculture publication: Urban Hydrology for Small
Watersheds (USDA, 1986).
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Figure 4.3: The amount of direct runoff generated from a single rainfall event in
different urban land space types.
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On impervious paved parking lots, the relationship between rainfall and runoff is nearly
one-to-one (Figure 4.3). All types of green space found on campus are more effective at
reducing runoff than impervious areas such as buildings, roads, and sidewalks. As tree
cover of an area increases, more rainfall infiltrates and less is converted to runoff.
Wooded areas are the most effective at reducing the stormwater runoff.

Dollar Value per
Student per Semester

The survey results showed that the recreational values of an area also vary among types
of green space.
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Figure 4.4: The average willingness to pay of an undergraduate student at the University
of Kentucky on a per semester basis for access to 15 acres of open or wooded green
space. The bars on the graph represent the standard error.
We found that the average WTP for wooded green space for one semester was $46.75
(Figure 4.4). Using a t-test analysis, we found that this was significantly higher than WTP
for open green space, which was $34.53 per semester.
Our contingent valuation study revealed a number of other interesting factors regarding
students’ preferences and use of different green spaces on campus (Table 4.1).
Table 4.1: The percentages of common traits among students surveyed.
Student Data

Percentage of Students Surveyed

Feels our campus has an adequate supply
of green space

56.5 %

Wants amount of green space to increase

85.3 %

Expects an increase in green space in the
future

13.4 %

Have visited the Arboretum

61.2 %

Have visited the Arboretum Woods

32.4 %

The survey of undergraduate students showed that while over half of students on
campus felt that there is an adequate supply of campus green space currently, the vast
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majority of the students would like to see green space increase in the future. Only
13.4% of students expect to see an increase in green space on campus. Although
students highly value these urban forest resources, only 61.2% of students polled had
visited the Arboretum. Of those, only around half had visited the Arboretum Woods.
To analyze ecosystem services that could not be directly quantified, and thus to further
understand the value of the Arboretum Woods, value transfer methods were used. We
examined the value of all the ecosystem services provided by the Woods, including
those determined by value transfer, such as pollination, habitat/refugia, food
production, raw material, waste management, soil formation and water filtration (Table
4.2).
Table 4.2: All ecosystem service values quantified and total value for the Arboretum
Woods using iTree, a contingent valuation survey, and relevant research of urban
forests.
Ecosystem Service

Dollar Amount per Year

Stormwater Interception

$37,575.50

Air Quality Improvement

$1,646.90

Atmospheric CO2 Reduction

$1,401.00

Students’ Recreational Value

$1,910,766.00 ± 202,316.00

Pollination 1

$2,879.31

Habitat/Refugia 1

$16,404.67

Food Production 2

$382.95

Raw Material 2

$191.48

Waste Treatment 2

$667.24

Soil Formation 2

$75.79

Water Filtration 3

$182.04

Total Value

$1,972,172.88 ± 202,316.00

1. (Costanza, 2006), 2. (Krieger, 2001), 3. (Simpson, 2013)
The Arboretum Woods provides a total of nearly $2 million in ecosystem services per
year. The standard error of the students’ valuation and of the total ecosystem services
was found by multiplying the standard error of students’ WTP for student green space
by the total student body; it was not possible to calculate error for the other factors.
The vast majority of the economic value of this space comes from the students’
recreational valuation of these areas.
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4.4 Discussion
It is often hard for individuals to understand the complex benefits that ecosystems
provide to their community. This project allows interested individuals to see the total
value of the area and the services responsible for this value. Our assessment specifically
shows the Arboretum Woods being valued at around $2 million in the year 2014, which
makes it a considerable economic resource (Table 4.2). This value has the potential to
increase in the future (Figure 4.2). The general public and even the individuals making
decisions about this resource may not be fully aware of the magnitude of this value, but
after this assessment, the importance of the Woods should now be clear. It is essential
that interested individuals have an accurate idea of the benefits this area provides, so
that informed management decisions can be made. When assessing the future of the
Woods, including potential losses due to development, the value provided by this study
can be used to argue for its protection. This analysis can also be used to maximize the
benefits provided by the resource, by looking at what factors provide the majority of the
ecosystem services and how those can be increased. For example, we found that trees
were more effective at reducing runoff than compacted and mowed grass (Figure 4.3).
The students’ recreational and aesthetical value of the Arboretum Woods is by far the
most important ecosystem service in terms of monetary value. This can be attributed to
a variety of different factors. First, there is a shortage of suitable replacements of urban
forests, both on campus and in the surrounding Lexington area. People tend to place
higher value on resources when they have to travel far distances to find a place that is
similar. Individuals also have a strong mental connection with more natural landscapes,
so they place higher values on naturally wooded areas as a place for recreation (Groot,
2002). Contingent valuation surveys can also lead to respondents giving a larger value
for a resource than they were actually willing to pay, because of what is called the warm
glow effect (Lee, 2010). The warm glow effect occurs when a person knows the value is
hypothetical, which causes him/her to overstate what he/she would be willing to pay to
gain a greater satisfaction. We attempted to minimize this effect in our survey by
conducting the interviews in person, providing a reasonable payment mechanism, and
providing an accurate description of the resource and the exact components that were
being valued. Any further analysis that uses this recreation and aesthetic value should
take this potential inaccuracy into account.
Even if adjustments are made to the average willingness to pay, students still place a
high value on campus green space (Figure 4.4). This hypothetical student fee from the
WTP survey is higher than the majority of existing student fees (Appendix C.1). Students
may place a relatively large value on these areas, but only a small percentage of overall
undergraduate students are visiting the Arboretum Woods (Table 4.1). In order to make
the large recreation and aesthetic value provided by students an economic reality, the
quality of connectivity between the campus and the Arboretum must be increased.
Beyond the economic importance of this resource, our assessment shows that the
Arboretum Woods can be used as a tool to mitigate issues that arise with increased
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urbanization. Lexington, and the area surrounding Alumni Drive in particular, has had
significant stormwater management issues. Lexington is currently under a Consent
Decree from the EPA to fix these issues and they have largely been addressed through
infrastructure changes. In other parts of the Arboretum there are plans to add a
detention basin to help manage stormwater, but this study suggests that densely
wooded areas are also an effective way of managing these resources (Figure 4.2 and
4.3). Other studies have also shown that leaving forested areas intact is an effective
method for managing urban storm water (Booth, 2002). Beyond using an ecosystem
service assessment to show values in a way that is easy to understand, this study can be
used to determine how the ecosystem can be used more effectively.

4.5 Recommendations
The importance of this study stems from the future management and protection of
green space within the Arboretum and the rest of campus. This ecosystem service
assessment shows that urban forests are immensely beneficial to members of the
community, but could be lost to development. The ecosystem services of an area should
always be taken into account before these resources are eroded or lost. The Arboretum
has ensured their protection from development until at least 2086 with their most
recent agreement with UK. Students will continue to have access to the immense
benefits for years to come. The protection of the Arboretum will also provide present
trees the opportunity to grow and thus increase their services. We can also use our
assessment to improve the management of green space as a whole. We found that
wooded areas were preferential to open areas in a variety of different ways, but campus
and even some parts of the Arboretum are heavily weighted towards open lawns.
Increasing the tree cover on areas of campus wherever possible would be supported by
our assessment of the Woods.
This ecosystem service assessment can be used as a basis for informed management
decisions in the future of the UK-LFUCG Arboretum. The Arboretum does an excellent
job of showcasing an urban forest. By analyzing the ecosystem services of the Woods, its
importance is further brought to light. This will hopefully lead to the continued
preservation and enhancement of green space on campus, specifically the Arboretum.
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Chapter 5: Arboretum Woods

Frank McCoy, Chase Porter, Casey Pulliam, Cody Richardson

5.1 Introduction
Wooded areas provide tremendous
ecosystem services to the landscape and
surrounding community, as noted in the
previous chapter. The Arboretum Woods
is a 14.3 acre plot located within the UKLFUCG Arboretum on the University of
Kentucky campus in central Lexington.
We focused our work this semester on
the Arboretum Woods because of our
excitement about the potential for
conservation, enhanced biodiversity, and
even restoration. At the Arboretum, the Woods is a seemingly overlooked resource, yet
it is one of the last remnants of an Inner Bluegrass woodland in Lexington, Kentucky,
and as such represents a valuable resource for education, research and conservation.
To understand the Woods today and place it in a historical context, it’s important to
understand what the region as a whole would have been like at the time of early
settlement. The Inner Bluegrass is the central sub-region of the Bluegrass Region of
Kentucky. It is located in the heart of the Commonwealth and is recognized for its
beautiful, rolling landscape and fertile soils. It lies above Ordovician bedrock, limestone
and calcareous shale, which enrich the soil with calcium and phosphorus, giving the soils
high fertility. The climate is within the humid sub-tropical zone, with sharp contrasts
between winter and summer. The average temperature for Inner Bluegrass counties is
approximately 13°C (55°F) with an average precipitation of around 58 inches (Kentucky
Mesonet, 2014). The mild, moist climate coupled with fertile soils is one of the reasons
this area was chosen by settlers (Bryant et al., 1980). This created a unique landscape
composed of open grasslands as well as forested uplands that were the perfect site for
both wildlife and early settlers. Some early Inner Bluegrass wildlife consisted of buffalo,
elk and deer that influenced this ecosystem as they grazed the countryside (Campbell et
al., 1988). The wild animals that grazed these grasslands later transitioned to
domesticated stock as the area became cleared and settled. The forests provided
timber for fuel, fences and building material to support the needs of settlers (McInteer,
1952). John Filson, an early American author and land surveyor described the area as
“the best tract of land in North America, and probably in the World.” Early settlers
looking to find their Elysium would look no further after arriving at the Inner Bluegrass
Region of Kentucky.
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Table 5.1: The occurrence of tree species
from ten different surveyors from 1775-1861
(Bryant et al., 1980).
Tree Species

Occurrence (%)

Ash

50

Blue Ash

10

White Ash

10

Oak

40

Bur Oak

40

Chinquapin Oak

10

White Oak

20

Bristle-tipped Oak

20

Elm

30

Locust

30

Black Locust

40

Honey Locust

60

Hickory

30

Pignut Hickory

10

Sugar Maple

90

Black Walnut

70

Hackberry

40

Kentucky Coffeetree

40

Tulip Poplar

20

Red Mulberry

20

Ohio Buckeye

60

Black Cherry

30

Boxelder

10

what trees existed in the Inner Bluegrass.

There is still much debate as to the exact
vegetative composition of the region. The
information regarding the original structure
of the landscape comes from the earliest
land surveyors and pioneers (Table
5.1.) Some early records suggest that the
region was a blue ash-oak savanna with
meadowlands, canelands, widely spread
trees and light timber characteristics (Bryant
et al., 1980). Bryant surveyed various
remnant stands of trees across the Inner
Bluegrass and concluded that, due to the
presence of species such as blue ash and bur
oak, the original Inner Bluegrass could not
have been densely wooded. Bur oaks in
particular indicate that those sites had open
forest, for this species cannot grow in
compact forests (McInteer, 1952). The trees
that Bryant analyzed were cored and aged
and the various species ranged in age from
150 years to over 400 years old (Bryant et
al., 1980). This would mean that some of
these trees have been around since before
settlement. Others suggest that these open
savanna-like conditions were due to
woodland-pastures developed from early
settlement. The concentration of blue ash
and oaks in these woods can be attributed
to direct human selection and the ability of
these species to survive for long periods as
large trees with intensive grazing around
them (Campbell, 2014). It is difficult to
determine exactly what the area was
composed of but with various historical
records we can gain a general idea as to

The earliest aerial photography obtained of the Arboretum was from 1937 (Appendix
D.1) and shows the Woods present well before the Arboretum was developed. Early
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settlers cleared the Inner Bluegrass area for agricultural purpose but this small 14 acre
forest was left behind. The Arboretum Woods was likely left un-cleared due to the
presence of a wetland and farm pond. The wet conditions in the Woods would not have
provided suitable land for grazing or cultivation for crops. This has resulted in the
Arboretum Woods being one of the last remnants of Kentucky’s past forest structure.
Walking through the Arboretum Woods is like walking through time. It symbolizes an
ecosystem that has survived change.
The Arboretum Woods provides many ecosystem services, notably stormwater
abatement, carbon sequestration, biodiversity, and aesthetic value as explained in the
preceding chapter. Despite the inherent value of the Woods, it suffers from a series of
urban and suburban encroachments. The Woods is surrounded by an urban matrix of
development that includes neighborhoods, apartment complexes and a hospital.
In conservation biology, a patch of habitat that is much different from the surrounding
landscape is often referred to as an island. The Woods is a habitat island. This type of
landscape is characterized by an area of habitat where certain species can exist,
surrounded by an area where the species survive poorly, or not at all (Diamond, 1975).
Our goal was to examine the Woods in the context of this encroachment and evaluate
the top needs for management and restoration to conserve the Arboretum Woods into
the future. We hope to provide recommendations to restore the Woods to improve
ecosystem quality and function.

5.2 Goals & Objectives
A strategic plan was developed by the Arboretum in 2013 to provide the framework
needed to guide future plans for Arboretum operations. This plan focused on education,
research, conservation, and diversifying the Arboretum audience. Our goal is to provide
suggestions that allow the Arboretum to solidify these values within their operations,
with a focus on the Arboretum Woods. The Woods is not very well connected with the
Arboretum in terms of programming and advertising. We hope that we can provide
ideas to better integrate the Woods to address these issues.
The Arboretum Woods presents some unique opportunities for the University of
Kentucky. The University conducts research projects and engages students in field
activities concerning native plant species, invasive species, and ecological principles. Yet,
our observations have shown that some University faculty members are unaware of the
opportunities that the Woods presents. We hope that restoration of the Woods will
increase awareness of further educational and research opportunities, allowing the
Woods to be better utilized by students and faculty in the future.
The Woods is often overlooked as many visitors enjoy other amenities that the
Arboretum has to offer, such as the gardens and the Walk Across Kentucky. We hope
that the restoration of the Woods will engage the community in the potential that the
Woods has to offer. This engagement could improve visitation numbers in the Woods
and hopefully help solidify some of the values listed in the strategic plan, such as
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diversifying the audience, raising awareness of issues like invasive species that have a
negative effect on biodiversity and even the sustainability of the Woodland.
The restoration of the Arboretum Woods could aid in accomplishing these goals.
“Ecological restoration is the process of assisting the recovery of an ecosystem that has
been degraded, damaged, or destroyed. The ultimate goal of restoration is to create a
self-supporting ecosystem that is resilient to perturbation without further assistance”
(Ruiz-Jaen, 2005). We hope that our suggestions will provide the Arboretum staff with
recommendations that will help them return the Arboretum Woods to a healthy selfsupporting Inner Bluegrass woodland that can be utilized for research, educational, and
aesthetic purposes.

5.3 Identifying the Problem
We initially began this project with the goal of examining several aspects of the
Arboretum Woods management plan. There are many aspects of the plan that warrant
further evaluation, such as trail maintenance, disturbance, and the separation of the
Woods into management sectors. However, to be more effective with our efforts we
narrowed our focus to two issues: invasive species removal and altered hydrology.

Figure 5.1: Map (Body, 2013) of the largest trees with diameter above 20 inches at
breast height.
Invasive species removal is of paramount to the Arboretum and its
management. Visitors to the Woods will immediately be struck by the abundant
understory of the invasive plant Euonymus fortunei (purple wintercreeper). What may
not be so obvious to the casual visitor is that a number of the oldest trees are dying or in
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decline. Many of these trees are located in the area of the Woods which was historically
much wetter. Most of those trees are ash trees symbolized in green and blue (Figure
5.1). Eleven of these trees have died recently and the integrity of many more is
declining. The current and potential future loss of tree species in the Woods led us to
investigate the hydrology and recommend ways to restore it. The Arboretum Woods is
the larger of only two wooded areas on the University of Kentucky’s campus. Due to its
size and location in this urban setting, it is vulnerable to change; maintaining the size
and quality of the Woods will ensure that this rare ecosystem is around for many years.

5.4 Invasive Species
In the past, the Woods had a problem
with
Lonicera
maackii
(Amur
honeysuckle) (Figure 5.2). This is an
invasive species that out competes native
vegetation by creating dense growth and
early leaf-out (Benson et al., 2005).
Studies have shown that species richness
is considerably lower in woodlands where
honeysuckle is present (Collier et al.,
2002). The honeysuckle was removed in
the early 2000’s, in an effort led by Billy
Figure 5.2: Amur honeysuckle
Thomas, an extension forester at the
University of Kentucky. With grant money from the National Fish and Wildlife
Foundation, coupled with in-kind support from UK forestry, the Kentucky Division of
Forestry, and LFUCG, UK researchers were able to remove all of the honeysuckle while
also testing the efficacy of specific removal techniques (Billy Thomas, Personal
Communication, April 11,
2014). This removal effort
was innovative in that
demonstration areas were
set
up,
data
were
collected,
and
professionals
received
valuable
training
on
invasive
species
removal. Not only was the
honeysuckle removed, but
it mutually benefited the
University by providing
research and educational
Figure 5.3: Image of purple wintercreeper in the
opportunities as well.
Woods with near 100% coverage of the forest floor.
Unfortunately, the removal of honeysuckle revealed nearly 100% cover of purple
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wintercreeper. This evergreen herbaceous species spreads vigorously and creates dense
cover on the forest floor (Figure 5.3), outcompeting native vegetation by depleting soil
moisture and nutrients, and blocking sunlight (Pierce, 2013). Seedlings cannot readily
regenerate with the thick ground cover, therefore the forest structure is simplified to
overstory trees and a limited understory stratum. To have a healthy, sustainable
woodland, there needs to be biodiversity as well as multiple stages of growth, or
vegetation strata. To do this, the wintercreeper needs to be completely
eradicated. Using the removal of Amur honeysuckle as an example of past success, we
believe that wintercreeper can be permanently removed by utilizing potential grant
funding.
After talking to staff from other wooded natural areas in the Bluegrass such as Floracliff
and Raven Run, we compiled information about invasive species removal. None of the
actual removal techniques were revolutionary to us; in fact, removing wintercreeper is a
fairly basic process. It involves pulling it out by the roots, and spraying herbicide to
prevent regeneration. One effective approach involved setting up management zones
that certain volunteer groups could focus on. By adopting this approach, the Arboretum
could target many groups of people who could come and eliminate wintercreeper in
one zone effectively. For this reason, we decided to focus on mobilizing manpower, the
main issue surrounding wintercreeper removal, rather than on specific techniques for
effective removal.
The potential opportunities for manpower are abundant. The Arboretum currently
works with many volunteer groups on a regular basis. Unfortunately, these volunteer
efforts have not been effective in eradicating wintercreeper. Seeking grant funding
through the University of Kentucky and LFUCG would give the Arboretum leverage in
hiring people to remove wintercreeper. New grant money to fund a multi-year removal
program, similar to the honeysuckle removal, could be vital in eradicating
wintercreeper. This removal project could lead to research and educational
opportunities by providing a more diverse ecosystem that is in close proximity to
campus.
Many forested remnants still exist on the landscape due to their poor drainage that may
have limited other land uses, such as agricultural development. This is almost certainly
why the Arboretum Woods remains wooded despite suburban and campus
encroachment. In the Woods, we have observed that where the soil is wet, or hydric,
there is a lack of wintercreeper. This observation also led us to research the hydrology
of the Woods.

5.5 Wetland Analysis
Wetlands are an important part of the landscape, especially in an urban setting. Urban
areas are prone to increased runoff due to impermeable surface area. Wetlands can
help mitigate these types of issues. Wetlands serve a variety of functions: provide
wildlife habitat and a diversity of plant species, prevent erosion and sedimentation,
recharge groundwater and improve water quality by filtering pollutants in runoff
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(Karathanasis, 2012). Aside from ecological services, wetlands can also provide aesthetic
value to humans by offering a retreat from city life.
The Woods is comprised of two soil types with a Maury silt loam covering the largest
portion of the Woods and a Newark silt loam found in the lower elevation. The Maury
soil is characterized as a deep, well-drained, moderately permeable soil. The Newark is
a very deep, poorly drained soil. A section in the middle of the Arboretum Woods holds
a considerable amount of water following rain and snow events; however it quickly
drains within a few days due to the altered hydrology. The soils in this area have been
mapped as part of a cooperative effort between the United States Department of
Agriculture (USDA), the Natural Resources Conservation Service (NRCS), and other
federal and state agencies. According to the report (Soil Survey Staff et al. 2014), the
area of interest has a Newark Soil Series soil type. The official series description gives
the taxonomic class as a “Fine-silty, mixed, active, nonacid, mesic Fluventic
Endoaquepts”. The prefix “endo” in the great group indicates that there is a fluctuating
high groundwater table (Karathanasis, 2012). The presence of “aqu” in the suborder
means that there is a greater than 90 percent chance of hydric, or wet soil conditions
(Karathanasis, 2012). The typical pedon, a three-dimensional sampling unit that displays
the full range of properties and characteristics of a particular soil (Brady and Weil,
2008), is a Newark Silt Loam. A Newark Silt Loam is occasionally flooded and somewhat
poorly drained; they occur in concave linear flood plains.
The soils in the United States are assigned to a hydrologic soil group based on potential
runoff estimates and infiltration rates. There are four groups: A, B, C and D. A soil may
also be assigned to a dual hydrologic group: A/D, B/D, or C/D. In such a case the first
letter is used for a drained area and the second letter is used for an un-drained area.
The soil in the Arboretum Woods is assigned to a dual hydrologic group B/D. Since the
area is being drained it would belong to group B meaning they have moderate
infiltration and water transmission rates when thoroughly wet (Soil Survey Staff, 2014).
A detailed description of hydrologic soil groups can be found in the Custom Soil
Resource Report.
The middle section of the Woods is drained by a drainage ditch, along with the natural
topography, into a 4 ft. by 2 ft. culvert pipe. An investigation regarding the history of the
Woods was conducted with the primary goal of discovering when and why the area was
drained. Personnel in various divisions within the Lexington-Fayette Urban County
Government were contacted to inquire about when and why the culvert pipe was
installed. Unfortunately, the reason for installation was unknown. One theory as to why
there is no record of a culvert pipe is that the land was owned by the University which
would not have been required to provide documentation (Armstrong, personal
communication, 2014). We believe that the area was drained due to development and
pest concerns from new neighborhoods surrounding the Woods. In our search for
historical information regarding the culvert pipe and the Woods in general, we were
able to find several maps depicting UK’s campus as mostly farmland. We found historical
topographic maps, and legacy aerial photographs dating to 1937. These maps and
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photos can be used as a historical reference point, showing an increase in development
and a change in forest composition over time (Appendiceds D.1-D.3).
The presence of the culvert pipe led to our hypothesis that the area was once a wetland
or at least much wetter than its current state. This led us to conduct a wetland analysis.
In cooperation with a University of Kentucky wetland scientist, Dr. A. D. Karathanasis,
the site was evaluated to determine if it could support a wetland. A basic wetland
delineation consists of three parameters: vegetation survey, hydrology survey, and soil
survey. All three parameters must be met in order to classify an area as a wetland. In
the case of the Arboretum Woods, the culvert pipe would satisfy the hydrology survey.
Due to time constraints, a complete vegetation survey was not conducted. According to
Dr. Karathanasis, however, the trees present in the Woods would likely satisfy the
vegetation parameter. Although we did not conduct a complete soil survey, soil samples
were collected that Dr. Karathanasis analyzed for depth of hydric conditions. Indicators
such as color and redoximorphic conditions must be present within 12 inches from the
surface to determine hydric classification The sampling sites were located at different
distances from the culvert pipe to indicate different levels of hydric classification: one
near the culvert pipe (lower elevation), one on the drier end (higher elevation), and one
in the middle between the two (Figure 5.4). Three sampling sectors were chosen with
three points spaced approximately 20 feet apart for a total of 9 sampling points. A soil
probe was used to extract the soil samples from each point to check for the depth of a
gray color to indicate anoxic/hydric conditions. The samples were carefully bagged,
marked, and taken to Dr. Karathanasis to be analyzed. The results show that the “A”
(higher elevation) sampling points were not hydric. The “B” sampling points were wet,
but borderline for hydric classification. The “C” (lower elevation) sampling points
remained hydric despite drainage through the culvert.
The Arboretum Woods has a near 100 percent cover of purple wintercreeper in the
herbaceous stratum. NRCS assigns plants to plant indicator status categories. These
range from wet to dry, as follows: Obligate (OBL), Facultative Wet (FACW), Facultative
(FAC), Facultative Upland (FACU), and Upland (UPL). FACW and FAC are divided into plus
((+) and minus (-) with plus indicating the wetter end. In Kentucky, purple wintercreeper
has a FACU indicator status, meaning it thrives in drier conditions. Although
wintercreeper is aggressive enough to survive wet conditions, once it is manually
removed from the site the restored hydrology would prevent it from re-establishing
(Karathanasis, 2012). Drawing on our observations, along with consultation with Dr.
Karathanasis, we have come up with a wetland design that could be implemented to
restore the hydrology and combat invasive species.

36

Figure 5.4: Map of sampling points and culvert pipe location in the hydric soil area of
the Woods. The yellow X shoes the approximate position of the culvert pipe. Green,
blue, and red dots identify the approximate soil sampling locations, along the
hypothesized wettest, moderate, and drier sites respectfully.

5.6 Wetland Design
We believe that the gray polygon (Figure 5.5) approximately represents the current
hydric conditions in the woods. As you can see by comparing Figure 5.4 and Figure 5.5,
the hydric conditions have receded south considerably; this is most likely due to the
culvert pipe diverting the water away, resulting in more dry conditions. Additionally, the
gray polygon extends into the neighborhood as well. We believe that these conditions
have also considerably changed over time due to the presence of the culvert pipe.
Following our observations and analyses, we recommend a two level staged wetland
plan that will take advantage of the natural topography (Appendix D.4) and the hydric
soils that remain. This could be done in a variety of ways including completely damming
the culvert pipe, or building a burm perpendicular to the drainage path that would allow
water to exit through the culvert pipe, only once it reaches a certain level. This would
block the water from draining and allow it to collect in the dark green polygon
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represented in the figure. Water would back up into the upper area, in the light green
polygon, and result in wetter conditions in this area as well. This design could result in
the introduction of wetland flora and fauna and effectively increase biodiversity and
aesthetic value provided by the Woods.
Various professionals and university faculty could be brought in for designing and
evaluating the wetland. Tom Biebighauser has been identified as an authority on
wetland restoration. He does work all over the United States and Canada and is from
nearby Rowan County, Kentucky. He has authored two books, one of which would serve
as an excellent guide for either a restored or constructed wetland. This type of project is
interdisciplinary and could involve many departments. Soil scientists from the College of
Agriculture, Food and Environment could be brought in to do a complete soil
assessment. Landscape architecture faculty and students could be involved in design.
Ecology professors and students from the Forestry Department could do research and
perform a functional assessment once the hydrology was restored to quantify its
functionality. There are a myriad of opportunities, and much of the work could be done
with grant money coupled with University cooperation.

5.7 Recommendations
After analyzing our findings, we developed two main recommendations to aid in the
restoration of the Woods. Our first recommendation is that our wetland design be
implemented to restore the hydrology to increase ecosystem function and biodiversity.
As the previous chapter discussed, the Woods already provides tremendous ecosystem
services to the landscape and surrounding community. In addition to these services, this
design could also aid in the eradication of purple wintercreeper in the wet area.
Wetland species could be introduced and managed to create a more diverse understory
stratum, providing additional habitat. This habitat would serve as critical breeding sites
for amphibians, reptiles, insects, crustaceans, and other fauna (Dr. Steven Price,
personal communication, March 26, 2014).
Our second recommendation is to seek grant funding for the removal of wintercreeper.
Small plot studies are currently performed in the Woods to study wintercreeper removal
techniques. Todd Rounsaville, Native Plant Curator at the Arboretum, and Jim Lempke,
before him, have worked successfully to eradicate wintercreeper in parts of the
Woods. Todd’s research on the ecology of wintercreeper may also contribute to new
understandings of how to restore the site. We recommend that this research continue
into the future and be expanded to increase collaboration with UK faculty and efforts to
acquire grant funding to expand wintercreeper eradication. In addition to these small
plot studies we recommend a multi-year program be developed (similar to the Amur
honeysuckle program) with the use of the potential grant money. This program would
provide the framework needed to structure a proper removal strategy. There are grants
opportunities available through the Department of Fish and Wildlife, and similar
organizations that offer technical and financial support for the restoration of wooded
landscapes. These grants are offered to city and county governments, as well as public
institutions of higher education. Many of these grants require that the restoration plan
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advance the mission to promote conservation needs such as research, and species and
habitat management (U.S. Fish & Wildlife Service, 2014).

5.8 Conclusion
We looked at identifying ways to mobilize manpower for the removal of invasive
species, which is a big concern in the Arboretum Woods. We also examined the
hydrology in a historical context. The presence of a large culvert pipe led us to believe
that the area may have previously been a wetland or at least much wetter than it is
today. We have provided recommendations to address the invasive species problem
and restore the hydrology to its historical state. These recommendations directly
support the three main stems of the Arboretum mission: research, education, and
conservation. Continued research on wintercreeper ecology could lead to innovative
removal techniques and how wintercreeper spreads and establishes dominance on a
site. Increased education could lead to deeper engagement with the public and the
University. We met with several professors in the Woods, each of whom expressed their
interest in future educational opportunities. Dr. Price, from the UK Department of
Forestry, does research in herpetology and was excited about the prospect of having a
field site closer to campus. When we met with Dr. Karathanasis in the Woods he told us
he did not know it was there; if he had known he could have taken his wetland
delineation classes there for projects. These are all examples of ways in which a
restoration would increase connectivity between the Arboretum and the University. A
wooded wetland exhibit could be used to educate the public on wetland ecosystems
and the services they provide. Lastly, conservation ensures the long-term existence of
this valuable resource. The Arboretum Woods is a very special place, yet it is not very
well connected with the Arboretum in terms of programming and advertising. We
believe that our recommendations will aid in the restoration of the woods, and in turn
show the University and visitors alike just how special this ecosystem is.
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Chapter 6: Proposal for the Implementation of a
Permaculture Demonstration Garden at the Arboretum
Sarah Barney, Lindsey Boone, Anna Muncy, Natalie Redish

6.1 Introduction to Sustainable Agriculture and the Local Food Movement
The UK-LFUCG Arboretum’s 2013 – 2018 Strategic Plan provides a clear mission
statement, “The Arboretum showcases Kentucky landscapes and serves as a resource
center for environmental and horticultural education, research, and conservation.” The
physical representation of this mission statement can be seen within the botanic
garden’s diverse offerings, ranging from educational workshops about home rainwater
catchment, a hands-on learning garden targeted to young children, the “Walk Across
Kentucky” where visitors can walk through plantings that represent the seven distinct
physiographic regions of the state, as well as home demonstration gardens where
patrons can experience different edible and ornamental planting schemes.
In addition to this mission statement, the Strategic Plan lists the Arboretum’s values.
These act as a guide when enacting and furthering their mission. Listed values include
“fiscally and environmentally sustainable programs;” “initiative, innovation, and
creativity;” “conservation and stewardship of nature, natural diversity, and physical
resources;” “environmental enhancement and urban remediation made possible by
public horticulture gardens and plant collections;” and “the importance of serenity,
beauty, and solitude for personal development.” While some of the Arboretum’s
aforementioned offerings wholly fulfill these values, a more in-depth look into their
management practices and diversity of audiences leads to the conclusion that there is
still much room to grow. Acting as the State Botanic Garden of Kentucky, a 100 acre
island of green space in the middle of the city of Lexington, Kentucky, the Arboretum
has the potential to greatly impact the quality of life and perceptions of green space of
local citizens and beyond.
The Arboretum offers numerous opportunities for environmental education. With the
advancement in sustainable horticultural and agricultural practices they have the
potential to make a meaningful impact as innovators of sustainability in this region.
Additionally, they could enhance their associated outreach programs to teach the
community about how to institute similar practices in their own lives. While many
patrons associate sustainability with the Arboretum, this is largely due to a
misconception that the sole presence of plant material implies sustainability.
Unfortunately, landscapes like the rose garden, home demonstration garden and other
plantings are highly manicured and involve intensive management practices to generate
the aesthetic appeal of visitors who place significant value on exotic and ornamental
plants.
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The Arboretum currently boasts a “Chef’s Garden” and another home demonstration
vegetable garden where they teach visitors how to grow food at their own homes.
These gardens use conventional growing practices including the application of synthetic
fertilizers, herbicides and insecticides and intensive manual tilling. Furthermore, they
often only display the most common cultivars and crops. These typically aren’t as welladapted to the native climate and are bred for high yields, thus requiring more intensive
management to keep them alive and in full production (Dahl, J. UK Arboretum
Horticulturalist, personal communication, January 23, 2014). While this planting scheme
is advantageous and necessary in some instances, it can be costly, time-consuming and,
ultimately, unsustainable. These factors and others limit the audience that can utilize
this information by excluding alternative gardening methods that make gardening
possible in less than ideal conditions. This is especially relevant in an urban setting, like
Lexington, where many of the Arboretum’s patrons may live in apartment buildings or in
homes with small or poor-quality yards. By incorporating these practices at the
Arboretum, they have the potential to attract a diversity of people that may not
otherwise have been drawn to the existing demonstration gardens.
We propose the implementation of a sustainable home demonstration garden at the
UK-LFUCG Arboretum following the principles of a design system known as
permaculture. By showcasing a demonstration of these alternative agricultural practices
in a public space, local residents who once thought they were unable to garden at their
homes may be inspired and find that with a little knowledge and creative thinking, they
can turn their grass monocultures into a landscape that is bursting with function and
life. Furthermore, by educating Arboretum patrons about urban and sustainable
agriculture, the Arboretum can play a role in shifting the way our city’s citizens think
about green space, sustainability and self-sufficiency.
While home demonstration gardens exist at a variety of public gardens and arboreta
throughout the country, examples of sustainable alternatives that employ permaculture
are few and far between. The UK-LFUCG Arboretum has the opportunity to be a leading
figure in this local and national movement by implementing a garden with focus on both
food production and maximizing sustainability. Specifically, we suggest focusing on the
aforementioned design system and philosophy of permaculture.

6.2 What is Permaculture?
Permaculture is not a specific set of techniques or practices, but instead is a philosophy
of design which aims to create managed landscapes that mimic natural ecosystems. One
of the first authors to write about this design system, Bill Mollison, eloquently defines
permaculture as “…a philosophy of working with, rather than against nature… of looking
at systems in all their functions rather than asking only one yield of them and of
allowing systems to demonstrate their own evolutions” (Mollison, 1988). In 1978, two
Australian men, Bill Mollison and David Holmgren, coined the term “permaculture,”
originally standing for “permanent agriculture.” The term has since evolved to stand for
“permanent culture” instead, upon the integration of another key philosopher in this
movement, Masanobu Fukuoka (McManus, 2010).
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The idea behind this permanence is that by designing landscapes and creating systems
to regulate and maintain themselves in the long-term, many of the issues that arise with
conventional agriculture can be avoided. This idea and others were laid out in the
original set of seven permaculture principles: conservation, stacking functions, repeating
functions, reciprocity, appropriate scale, diversity, and give away the surplus. Table 1
provides a further description and a home-scale example for each of these principles.
Table 1: This table outlines the seven, original permaculture principles (Heathcote
Community 2013).
Principle

Description

Example

Conservation

Use only what is needed,
The use of a rain barrel to
especially with regards to
capture water and use it on
energy and other agricultural
your garden beds
inputs.

Stacking functions

The use of a tree to cast shade,
provide a nut in the short term,
Choose plants or designs that
provide timber in the long term
serve multiple purposes.
and serve as a trellis for
climbing plants

Repeating functions

Manage your soil for fertility
with the implementation of
Meet all your needs in multiple
cover crops, as well as, reducing
ways.
tillage
and
incorporating
organic matter.

Reciprocity

Use kitchen scraps to add to
your compost pile, which will
Use elements of your design to then be added to your garden
benefit the other elements.
as fertilizer and eventually lead
back to food resulting in more
kitchen scraps.

Appropriate scale

Avoid planting monocultures so
Design your system for what large that you must rely on
you can handle: both physically large equipment to manage it;
and monetarily.
or must rely on substantial
loans to pay for the equipment.

Diversity

Plant beds with polycultures or
Increase ecological resiliency by
utilize a few of three different
implementing
as
many
livestock rather than 10 of one
elements as is feasible.
species.
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Give away the surplus

Instead of accumulating a large
Share any abundance of
harvest of greens that may
resources that you cannot use
otherwise spoil, share some
yourselves.
with your neighbors.

While the sustainable and organic agriculture movement in the United States is on the
rise among commercial producers, there is less focus on the ability of homeowners to
produce their own food sustainably (Martinez et al., 2010). In reality, homegrown
produce is the epitome of “local” and sustainable. These practices were originally
intended for use around a home. From the aforementioned descriptions and examples,
you can see how the principles can be applied to not only your garden but your lifestyle
as a whole. The permaculture movement has since expanded to large scale operations
on productive farms, community gardens, private horticultural gardens, and at
universities.
One relevant example is the Edible Ecosystem Teaching Garden at Wellesley College, a
women’s liberal arts college in Massachusetts (Jacke, 2013). This design is part of the
college’s botanic garden and therefore under many of the same restrictions and with
similar resources as the UK-LFUCG Arboretum. Within a half-acre plot, designers
included an edible meadow, a nut grove, fruit thickets and fruit-bearing woodland. Plant
selection and designs are based largely on permaculture principles and these ideas are
being successfully shared with members of the College through educational workshops
and its incorporation into classes. The garden is also used for ecology research on
campus, as well as being valued for its productive harvests (Jacke, 2013).
While this example demonstrates headway within a university setting, we acknowledge
that the UK-LFUCG Arboretum is so much more than that, having strong ties with the
surrounding community that go well beyond the University of Kentucky. An example of
permaculture where the community is heavily involved is the Beacon Food Forest in
Seattle, Washington (Elliott, 2014). According to the Beacon Food Forest web page,
spawning out of a student senior project for a course centered on permaculture, a
group of passionate citizens rallied for the implementation of a “food forest” on an
abandoned lot in the middle of Seattle. After much petitioning and discussion with
stakeholders, the seven-acre plot is currently being developed to fulfill a complex design
scheme. The surrounding community has been extremely involved in making this garden
a reality. They were able to contribute input on the designs, express concerns, and be
actively involved in the implementation process, giving individuals a sense of ownership.
The goal is to create a recreation park where neighbors can also provide their labor and
receive local and healthy food in return. The project has just neared the end stages of its
first phase in which two of the seven acres were developed with fruit and nut trees,
shrubs, perennials, and a community garden. When the vegetation planted in phase one
begin to reach maturity, phase two will begin in which the remaining five acres of land
will be developed. Due to the dedicated community members and interest of non-profit
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organizations and local businesses, funding has yet to be an issue in the development
process (Elliot, 2014).

6.3 Methodology
To begin a project like this at the UK-LFUCG Arboretum, we began by meeting with the
current Arboretum Director, Molly Davis, and the Horticulturist on staff, Jesse Dahl,
during which we described our vision for how we saw permaculture fitting in at the
Arboretum. After examining the two potential sites they showed us, we decided that an
open area where some fruit and nut trees were already present would be the perfect fit
for a permaculture demonstration garden. The first layer of a forest garden is made up
of tall canopy trees, which take decades to reach reproductive maturity. By utilizing a
pre-existing productive nut tree, the implementation process could be greatly reduced
in time, labor and funding.
This portion of the Arboretum boasts a variety of edible trees including pecans, Chinese
chestnuts, walnuts, persimmons and pawpaws. When selecting a specific site within this
area we had many factors to consider. The Arboretum staff expressed their interest in
demonstrating plantings that home gardeners would not only be interested in, but felt
they could replicate in their own yards. Since the area already had mature trees, we also
had to take care to choose an area with an adequate amount of sunlight to fulfill the
photosynthetic capacity of each plant in order for them to thrive and be productive. We
wanted to incorporate at least one tree in our design, to create a diversity of layers as in
natural systems, but also to demonstrate to homeowners that gardens can be
incorporated in unconventional parts of your yard, such as around the base of a tree.
In considering all of these factors, we chose a specific tree and its surrounding land in all
directions to be the focus of our designs. The focal tree is a heartnut, also known as the
Japanese walnut tree (Appendix E). Once the site was selected, we went through a
detailed process of gathering information and designing our permaculture garden. We
began by consulting with professionals and retrieving relevant literature and sources.
We visited a working permaculture farm in Frankfort, KY, spoke with the director of a
local nonprofit that manages community gardens and met with faculty working in UK’s
Sustainable Agriculture Degree Program.
We designed a group of gardens based on our conversations and research. Each garden
schematic is intended to articulate the principles and techniques used in permaculture
and to provide a model that can be easily replicated on various landscapes. Drawings of
our designs, a plant species index and a variety of information on the potential
implementation of the garden at the UK-LFUCG Arboretum can be found in the attached
Appendix E.

6.4 Discussion
The principles of permaculture were used to create the schemes for the permaculture
demonstration garden. As mentioned, there are seven principles that guide the design
system known as permaculture such as integrating instead of segregating, applying selfregulation and allowing feedback and valuing renewable resources and services. Design
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schemes were created that are easily replicable in any homeowner’s yard, regardless of
the size and soil quality. Ideally, homeowners will see the variety of planting schemes
that are aesthetically pleasing and can replace traditional horticultural displays in both
front and back yards. These schemes focus on maximizing yield while requiring minimal
upkeep.
For example, a keyhole garden (Appendix E) is a raised bed that is shaped to allow for
easy access for planting and harvesting. The garden puts emphasis on obtaining the
maximum yield possible for a small space and minimal but still functional path space. An
herb spiral (Appendix E) allows for a diverse species of herbs to integrate and selfregulate by taking into account the function and benefit of each plant species and
arranging them accordingly. By using vertical space in this design, you can maximize
diversity on a smaller landscape. By creating a spiral out of material such as rocks,
resources like water and sunlight are unevenly distributed which caters to the various
needs of the variety of herbs in the planting scheme, building on vertical space available
in a yard rather than the horizontal space.
In the designs many things other than just aesthetic appeal, yields, and upkeep were
considered such as the overall functionality. The proposed demonstration garden will
show that plants have purposes that go further than just being edible. Every plant was
selected and placed with a purpose in mind ranging from its use as a medicinal,
pollinator nectary, nutrient accumulator, pest deterrent, or nitrogen fixer (Appendix E).
Traditional horticultural landscaping focuses solely on the beauty of plants.
Permaculture principles focus on planting systems that are highly functional, diverse,
sustainable, require minimal upkeep, and that are aesthetic, as well.

6.5 Conclusion
Implementing a permaculture demonstration garden at the UK-LFUCG Arboretum can
help further fulfill the 2013 - 2018 Strategic Plan’s mission and values, help connect UK
and the Arboretum to the local food movement and be a valuable resource for UK
students and the community. As mentioned, there are many educational outcomes that
can come from a properly implemented permaculture garden relating to topics such as
sustainability, importance of plant diversity, urban food production, conservation, etc.
These can be expressed by creating workshops, visiting the permaculture garden and
learning on-site, sparking interest in further research, and/or through brochures. By
incorporating these gardening techniques and strategies through the creative,
innovative design principles of permaculture, numerous audiences will be attracted to
the Arboretum; existing audiences to see new techniques and a new audience that the
Arboretum may not have fully appealed to previously.
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Chapter 7: Funding the UK-LFUCG Arboretum
Adam Creamer, Michelle Gilmore, Sean Kovanda, and Karyn Loughrin

7.1 Introduction
Over the past 20 years, the University of Kentucky-Lexington-Fayette Urban County
Government (UK-LFUCG) Arboretum and State Botanical Garden of Kentucky has
provided the University of Kentucky and the surrounding Lexington community with
various resources that help foster an understanding of the relationships between
humans and their natural world. The Arboretum receives an abundance of visitors and
volunteers annually who value its natural feeling within an urban setting. Approximately
100 acres in size, the UK-LFUCG Arboretum requires a substantial amount of
maintenance and upkeep to provide high-quality educational experiences and retain
visitor interest. Despite its ability to successfully provide enhanced environmental,
economic, educational, and social well-being to the patrons of Kentucky, the
management and future development of the Arboretum has become hindered due to
limited resources, lack of clearly articulated identity, and multiple managing entities and
stakeholders. Currently, the UK-LFUCG Arboretum experiences a lack of adequate and
consistent funding, which in turn, limits the number of staff, future development, and
educational resources it is able to provide to the community.
The UK-LFUCG Arboretum receives funding from various sources within the community
and the University of Kentucky (Table 7.1). The budget and amount the Arboretum
receives from the various funding sources “depends on a number of variables”, such as
the current state of the economy, the decisions of the Dean of the College of
Agriculture, Food, and Environment (UK-CAFE), and budget cuts within the University of
Kentucky (M. Davis, Director, UK-LFUCG Arboretum, personal communication, April 8,
2014). The current budget for the UK-LFUCG Arboretum is approximately $535,000
annually.
Table 7.1: A breakdown of the UK-LFUCG Arboretum's financial budget.
Source of Funding for the UK-LFUCG Arboretum

Amount (per year)

University of Kentucky Physical Plant Division

$300,000

University of Kentucky College of Agriculture, Food, and
Environment

$250,000

Lexington-Fayette Urban County Government

$50,000

Friends of the Arboretum

$20,000- $25,000
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Donations through the University of Kentucky

$238,284.63 1

Total

$860,784 (+/- $2,500)

The amount the UK Physical Plant Division (UK-PPD) spends is around $300,000 annually
for maintenance and repairs and to fund mowing of the grounds, which is accomplished
by employees of the UK-PPD. The UK-PPD is also the funding source for one third of the
horticulturist position, one full-time staff position, two part-time staff positions, and
three part-time seasonal staff positions (M. Davis, Director, UK-LFUCG Arboretum,
personal communication, April 8, 2014). However, for the 2013 calendar year, the
Arboretum had to cut $50,000 in expenditures from the UK-PPD; in addition the
Arboretum also cut $40,000. The amount the Arboretum receives from UK-CAFE is
approximately $250,000 annually. The UK-CAFE is the funding source for the Director,
Curator, Administrative Assistant, and the Children’s Education Coordinator positions
(M. Davis, Director, UK-LFUCG Arboretum, personal communication, April 8, 2014). The
Arboretum receives $50,000 annually from the Lexington-Fayette Urban County
Government (LFUCG) to provide six educational courses, which are free to the public
(M. Davis, Director, UK-LFUCG Arboretum, personal communication, February 11, 2014).
The Friends of the Arboretum is a support organization of the UK-LFUCG Arboretum.
Every year the Friends of the Arboretum hosts a large fundraiser, the Gala in the
Garden, and the proceeds from the event, typically between $20,000- $25,000, go
towards a specific project or need. The 2013 Gala in the Garden proceeds was directed
to the Phase 2 Visitor Center Expansion (M. Davis, Director, UK-LFUCG Arboretum,
personal communication, April 8, 2014). For July 1, 2012 through June 31, 2013, the
Arboretum received $238,284.63 from donations through the University of Kentucky (A.
VanMeter, Assistant Director of Development, University of Kentucky, personal
communication, April 17, 2014).
This chapter addresses three questions intended to facilitate the UK-LFUCG Arboretum’s
understanding of their current financial state and recommendations for moving towards
greater financial stability:
1. What are the defining attributes of the current donor base?
2. How can the current donor base and financial support be expanded?
3. How can current and future programming be evaluated and prioritized to ensure
a strong match between the UK-LFUCG Arboretum’s mission and financial
success?

7.2 Understanding the Current Donor Base
When examining funding at the UK-LFUCG Arboretum it is important to understand who
exactly is giving. A more complete understanding of donors would help the Arboretum
1

Donations amount from July 1, 2012- June 31, 2013.
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in many different ways. To be able to identify people who are not donors the current
donors must be identified and understood. Also this would allow the Arboretum to
better identify methods for attracting potential donors who have different
characteristics from current donors. It is hard to know how to improve fundraising when
current funding strengths and weaknesses are unknown.
Business Analyst is a software interface that is built on the ArcMap platform. Developed
by ESRI, a developer of geographic information system (GIS) software, Business Analyst
allows a person to use demographic data from the U.S. Census along with business data
from a variety of sources (ESRI, 2013). Mediamark Research Inc. provides consumer data
used by Business Analyst (Growth, 2010). Also built in are different analysis tools to help
a user fully understand their customer base and their market area. For the purposes of
our analysis customers were donors and there was only one ‘store’ because the UKLFUCG Arboretum was the focus of our study.

7.3 Methods
Molly Davis, Director of the UK-LFUCG Arboretum, provided us with the data for
members of the Friends of the Arboretum, with the identities and specific addresses of
donors obscured. Donor’s addresses were grouped together into their block group. For
example, if a donor’s address was 123 Main Street it would show up as an entry in the
100-200 Main Street group. We had to expand the data so that there was one entry per
donor. We geocoded the addresses and mapped them with ArcMap to reveal the
general locations of Friends of the Arboretum donors within Lexington (Figure 7.1).
With the data in this form we were able to conduct analyses within Business Analysis to
characterize donors, as follows: proximity to the UK-LFUCG Arboretum, geographic
summary, tapestry2 profile and lifestyle characteristics. The geographic summary report
breaks down where the donors live into different geographic regions. It lists the top
states, counties, zip codes and metropolitan areas. The tapestry profile report includes
demographic information from the U.S. census. It describes race, age, household type,
and housing characteristics. The lifestyle characteristics report describes how frequently
the donor base engages in certain activities compared to the average census block.
Frequently occurring activities can be seen and this helps form a better picture than just
demographic and proximity data alone. All these reports can be found in Appendix F,
either depicted on a map or as a written report. Tapestry is a market segmentation
system based on U.S. neighborhoods and has been used for the past 30 years to help
organizations, agencies, and companies to better understand their consumer markets .
Tapestry allows customers to be grouped or divided so that companies can better target
them and even expand their market (ESRI, 2012). Segmentation assumes that people
with similar attributes, lifestyles and tastes will seek people similar to them. If an
organization has a good idea who current donors are they could look for people who
have similar characteristics and therefore would also be likely to donate (ESRI, 2012).
2

A segmentation technique employed by business analyst to group costumers with
similar interests and spending habits.
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ESRI’s segmentation method groups people based on both characteristics and
geography. Tapestry uses simple cluster analysis in conjunction with iterative partition
K-means algorithm and then Ward’s hierarchical minimum-variance method to create
clusters (ESRI, 2012). This clustering, paired with data mining techniques and
geodemographic databases, provides robust data allows for generating of reliable
reports and prospecting of costumers (ESRI, 2012). We used JMP© statistical software to
test which attributes are significantly related to people who are donors.

Figure 7.1: A map depicting the geocoded addresses. Each blue dot represents a donor.
The heavy black line is Fayette County and the lighter gray lines are census block groups.

7.4 Results
Three characteristics were found to be statistically significantly associated with the
number of donors per census tract: distance from the UK-LFUCG Arboretum, per capita
income, and rate of higher educational attainment above high school.
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The maps of donor addresses and the proximity analysis revealed that donors live close
to the UK-LFUCG Arboretum (Figure 7.2).

Figure 7.2: This map shows the number of donors per census block. The larger the green
circle, the more donors reside within the block.
Approximately 85% of donors live in within Fayette County and 72% live within four
miles of the Arboretum. The distance from the Arboretum 3 was a statistically significant
(p<0.0001) indicator of the number of donors in census tracts. However, with a R2 of
0.27, the model explained less than 30% (p<0.0001) of the variability in the data. People
who donate to the Arboretum live nearby.

3

Numbers were log transformed.
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The U.S. Census Bureau (2012) defines per capita income as “the mean money income
received in the past 12 months computed for every man, woman, and child in a
geographic area. It is derived by dividing the total income of all people 15 years old and
over in a geographic area by the total population in that area.” Per capita income does
not include other sources of income such as interest, dividends, net rental or royalty
income, income from estates or trusts, Social Security, retirement income, and public
assistance. The average per capita income for Fayette County/Lexington is $29,339, the
average for Kentucky is $23,210, and the average for the entire United States is $28,051
(U.S. Census, 2012). The average for the Friends of the Arboretum is $30, 382 placing
the donor base above the country, state, and regional averages (Figure 7.3). Per capita
income was also statistically significantly related to donor number, at the census block
level, using a transformed fit log test, with a p < 0.0001 and R2 of 0.25, which means the
model explained around 25% of the data. This is very similar to the results for distance
from the UK-LFUCG Arboretum. The model shows that as mean per capita income in a
census tract increases, so does the likelihood that someone is a donor.
Finally, the higher education attainment rate was calculated by adding together the
number of people in the respective census blocks that had ‘some college’, ‘associate
degree’, ‘bachelor degree’, and ‘graduate degrees’ and then dividing by the ‘educational
attainment base 4’ to get a proportion. The p-value for the transformed fit log model
with donor number per census tract was less than 0.0001 and a R2 of 0.29. So, around
30% of the the variation in donor number was explained; the general trend was that as
the proportion of people with higher education increased so did the number of donors
per tract.

7.5 Discussion
In the case of all three characteristics the data were statistically significant with p-values
less than 0.0001 but with also relatively low R2 values. All three data sets had quite a bit
of variability. Even so these three characteristics are related to a person’s likelihood of
becoming a donor.
A clear picture of the donor base begins to emerge when the reports are combined with
this statistical analysis. The donor base is mostly white (86.63%) and there is a relatively
low amount of racial diversity within the census tracts with the most donors. The
diversity index is 30.4, which means that there is approximately a 30% chance that two
people chosen at random from the study area will be of different races or ethnic groups.
Almost 40% of donors fall between the ages of 45 and 85.
Some of the demographic information could be reflective of central Kentucky and
Lexington in general. Even so, the characteristics of the donor base help to understand
them better. Data were gathered by Mediamark Research Inc. through surveys and
indexed. Any activity with an index above 100 means those people are more likely to do
4

Educational attainment base is defined as all members of the population that are over
25 years old
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that activity than the average US household. Some examples of indices above 100 are:
member of AARP (110), member of charitable organization (132), member of business
club (138), went to a museum in the past twelve months (145), and attended classical
music/opera performance 12 months (155). The different behavioral data combined
with the characteristics reveal that the current donor base is a fairly homogenous group
who fit the profile of well-educated, upper income people.

7.6 Recommendations
One potential way to expand the donor base is to find ways to diversify it. In later
sections of this study different methods are discussed regarding ways to diversify the
donor base. In addition to those suggestions, more information should be gathered that
could provide information on the specific reasons donors give, possibly through a
survey. In this study only the Friends of the Arboretum were used, it would be beneficial
to incorporate the donor information for people who donate through UK. A comparison
could be made between the donor and visitor data, which might highlight a gap
between these two groups. The UK-LFUCG Arboretum could examine why there is a
disconnection between visiting and donating, with potential to build better pathways
for communication and connectivity with visitors who might become donors.

7.7 How Other Arboreta Address the Funding Issue
The lack of funding limits the UK-LFUCG Arboretum’s ability to support new collections
and programs. We examined other university-affiliated arboreta to ask them how they
have approached this funding issue to see whether we could bring back to the UKLFUCG Arboretum new ideas for methods of fund-raising and expanding the donor base.
We learned that there are numerous general issues that all arboreta encounter. Several
of the university-affiliated arboreta we contacted indicated that they too have suffered
through periods of inconsistent and inadequate funding. The lack of staffing resources
and/or knowledgeable assistance hinders the ability of the arboreta to provide
adequate programming and education to the community (W. Nicholls, Director, State
Botanical Garden of Georgia, personal communication, March 5, 2014). The lack of a
sufficient budget limits any form of expansion of seasonal and annual collections, as well
as infrastructure, such as greenhouses (P. Williams, Director of Development, The
Arboretum at Penn State, personal communication, March 4, 2014). Several arboreta
have acquired large endowments. However, the UK-LFUCG Arboretum has not secured a
sufficient amount from endowments, and thus a lack of external financial support
hinders the Arboretum goals of implementing special projects and providing additional
unique collections. Throughout our research, it has become clear that the more
established an arboretum is, the greater its annual budget and staffing resources
(Appendix F.3). The UK-LFUCG Arboretum was recently established, in 1990, and thus
must recognize that time will help overcome several of these funding barriers. In the
meantime, other arboreta have provided several solutions they have used to help
mediate this lack of funding.
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When we contacted other arboreta, we asked how they fostered better connectivity
with the community and students. Several of the arboreta indicated they had some
form of an annual plant sale. Plant sales are the biggest fundraiser at the Chadwick
Arboretum at The Ohio State University, averaging between $38,000- $42,000 annually
in net revenue (Chadwick Arboretum, 2014). Initiating an annual plant sale could help
the UK-LFUCG Arboretum connect and capitalize on interested parties within the
community. Memorials and tree dedications were another common solution among
arboreta and enhanced their connectivity to the community. Currently, the UK-LFUCG
Arboretum has an option for memorial donations, in which the donor gives their gift-inkind to the Arboretum and the Arboretum staff then chooses its purpose (M. Davis,
Director, UK-LFUCG Arboretum, personal communication, February 11, 2014). However,
several of the arboreta we contacted have capitalized on this opportunity by taking it a
step further and offering more options such as memorial benches and tree dedications.
The memorial gift displayed within the gardens depends on the donated amount, rather
than just giving a donation and having staff members choose its purpose. The
Arboretum at Penn State has 75 Commemorative Trees, for which they charge $5,000
per tree. The staff at The Arboretum at Penn State works with the donor to select the
species, location, and the language of the memorial plaque. The ability for a donor to
have a part in the selection process of their dedication creates more of a sense of
connectivity and ownership between the donors and the arboretum (P. Williams,
Director of Development, The Arboretum at Penn State, personal communication,
March 4, 2014).
To expand their connectivity with students and universities, a common solution for
several of the arboreta was some form of a class gift or donation. The 2010 Senior Class
at Penn State donated over $200,000 to build a boardwalk for easy access throughout
the Arboretum (P. Williams, Director of Development, The Arboretum at Penn State,
personal communication, March 4, 2014). The donation of a class gift entails several
months, even years, of planning to implement fundraising opportunities and to
coordinate volunteers. When one puts in the effort to assist in these funding
opportunities, they feel more connected to the cause, and thus “formulated a greater
connectivity between them and the Arboretum” (P. Williams, Director of Development,
The Arboretum at Penn State, personal communication, March 4, 2014).
The UK-LFUCG Arboretum currently offers internship opportunities; however they do
not reach out to a wide range of departments within the University of Kentucky. The
Matthaei Botanical Gardens and Nicholas Arboretum at the University of Michigan also
indicated that they provide, on average, 30 student internships annually. They offer
student internships in categories such as business analysis, environmental stewardship,
and social media and communications (B. Grese, Director, Matthaei Botanical Gardens
and Nicholas Arboretum, personal communication, March 5, 2014). Expanding the
number and focus of the student internships the UK-LFUCG Arboretum is able to
provide can lead to an increase in interest and participation from a larger demographic
of students while accomplishing projects that otherwise would be unfunded.
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7.8 How the UK-LFUCG Arboretum Can Expand Their Donor Base
As indicated above, the donor base of the UK-LFUCG Arboretum is fairly homogeneous
based on analysis of the FOA donor characteristics. The ability to diversify their donor
base, foster a connection, and provide donors with a sense of ownership of the
Arboretum can help increase financial support. For the Arboretum to accomplish these
goals, they would need to increase their presence and activity on social media. “Social
media allows firms to engage in timely and direct end-consumer contact at relatively
low cost and higher levels of efficiency than can be achieved with more traditional
communication tools” (Kaplan & Haenlein, 2010). In today’s society, social media
generally refers to social networking sites, such as Facebook©, Instagram©, and
Twitter©, but it can also include email and general webpages as well. It is free to join
several of these networks and allow organizations to connect with individuals within a
local community, as well as several hundred miles away, thus expanding the UK-LFUCG
Arboretum’s visibility and donor connectivity. The growth and versatility of social media
it not limited solely to Y. Since 2007, individuals between 35 and 44 years old are
consistently increasing the ranks of joiners, spectators, and critics present on social
media (Kaplan & Haenlein, 2010). Currently, visitors of the Arboretum are already using
Instagram©, by uploading pictures and tagging them in maps. And the hashtag,
“UKArboretum,” has already been used 260 times on Instagram© and 12 times on
Twitter©.
The UK-LFUCG Arboretum is currently redesigning their website. By adding the link to
the University of Kentucky’s Online Giving webpage, it would give interested parties the
access and opportunity needed to quickly and easily donate to the Arboretum. The
implementation of a crowdsourcing campaign to help fund special projects would be
another great opportunity for the Arboretum to increase their financial support.
Crowdsourcing is the practice of obtaining a needed service, in this case additional
funds, “by soliciting contributions from a large group of people, especially from the
online community, rather than from traditional employees or suppliers” (MerriamWebster, 2014). Crowdsourcing allows donors who do not have a lot of extra funds to
still donate in small increments, such as $5.00, towards the campaign, thus developing a
sense of connectivity and ownership between the donor and the Arboretum.
Crowdsourcing can be very beneficial if advertised and promoted correctly, relying a
great deal on the participation of social media services and tools (Gao et al., 2011). The
Equine Department at the University of Kentucky has formulated a crowdsourcing
campaign in order to fund the project “Let the Germs Eat the Worms” and students
have shared the donation link to the crowdsourcing campaign on their social media
profiles (A. VanMeter, Assistant Director of Development, University of Kentucky,
personal communication, April 17, 2014). Social media could be a valuable tool to the
Arboretum because of their current lack of staffing resources and financial support.
To increase the UK-LFUCG Arboretum’s connectivity to the diverse donor base of the
University of Kentucky, a student activities fee, such as the Environmental Stewardship
Fee, could be added to the students’ semester dues. Even a fee of $2.00 per student
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could help the Arboretum expand its staffing resources and plan for long term
development, such as an expansion of the Visitor Center. The Environmental
Stewardship Fee was added to the Student Fee package in the fall of 2009. The attempt
to add the fee began in 2005 when students initiated the process of placing it on the
Student Government ballot (S. Tedder, Sustainability Coordinator, University of
Kentucky, personal communication, April 3, 2014). As indicated by the group
assessments of ecosystem services of the Arboretum Woods in Chapter 4, students are
already willing to pay to have access to this resource (Figure 4.4). Student involvement
in is the key to the success of initiating a fee. Thus fostering a more enlarged and diverse
donor base.

7.9 How the UK-FLUCG Arboretum Can Evaluate Programming
The process of evaluation examines a program by collecting and analyzing information
relating to its activities, characteristics, and outcomes, in order to determine its
effectiveness. Program evaluation is significant in the planning process because it can
help demonstrate the program’s impact, and improve its design and implementation.
The information collected allows for a better understanding to identify areas for
improvement and to communicate the impact it may have on other people, which is
critical in “attracting and retaining support from current and potential funders” (Zint,
2014).
The Compatibility and Financial Matrix used by Barbra McKean of the Royal Botanical
Gardens in Ontario, Canada is an assessment tool that assists with the decision-making
and evaluation of current and proposed programs and special projects (McKean, 2005).
The idea of the Compatibility and Financial Matrix is to evaluate a program based on its
actual or potential financial outlooks and the institution’s mission statement, with the
goal of aligning them. The Compatibility and Financial Matrix “is a standard type of
business assessment tool, just adopted to our situation, [providing] us with a good set of
filters to consider in a more objective and detailed way” (B. McKean, Head of Education,
Royal Botanical Gardens, personal communication, March 15, 2014). Programs that are
most ideal are those “that are financially successful, while advancing the [mission
statement] and meeting departmental goals” (McKean, 2005).
By using this Compatibility and Financial Matrix, the UK-LFUCG Arboretum would be
able to determine which programs have a higher projected financial outlook and also
support their mission statement of fostering an understanding between humans and the
natural world (The Arboretum, State Botanical Garden of Kentucky, 2014) and serving as
a community center for “environmental and horticultural education, research, and
conservation” (The Arboretum, State Botanical Garden of Kentucky, 2013). Being able to
determine a program’s investment, both financial and staff-based, will allow the
Arboretum to better grasp an understanding of what areas need improvement and how
to ultimately execute the program in such a way that all costs, both direct and indirect,
are covered, plus an additional 10%. In many ways, the Arboretum has already been
doing this type of assessment, in which they decide whether they should offer a
program or not; use of the Compatibility and Financial matrix can assist even further by
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providing a visual tool and a more objective way to assess the project in more detail (B.
McKean, Head of Education, Royal Botanical Gardens, personal communication, March
15, 2014).
The process of implementing the Compatibility and Financial Matrix is very
straightforward. One simply evaluates any program, current or future, from all
viewpoints by answering specifically tailored questions. Such questions include, “how
well does it fit the mandate?; will people pay a fee for it and what net revenues will it
actually generate? 5; how hard will the staff have to work to make it happen?; are there
hidden market and staffing costs that need to be considered before implementing the
program?; are there risk issues involved, such as weather or safety, and how can we
mitigate them?; and, are there sponsors who can help offset costs or can volunteers
help with reducing staffing costs?” (B. McKean, Head of Education, Royal Botanical
Gardens, personal communication, March 15, 2014).
There are two axes on the Compatibility and Financial Matrix (Figure 7.3). The status of
the program’s compatibility is across the X-axis, in which it will either have high or low
program compatibility. According to Barbra McKean, evaluating a program’s
compatibility will indicate if it supports the institution’s mission statement. This process
involves asking questions such as, “does the program support our institution’s message
and brand? Or is it too ‘off-topic’? If it is too ‘off-topic’, how can it be adjusted to make
it a better fit or should it be abandoned?” (B. McKean, Head of Education, Royal
Botanical Gardens, personal communication, March 15, 2014).
Along the Y-axis is the status of its future financial outlook, in which it will either have a
good or poor financial outlook (McKean, 2005). Evaluating a program’s financial outlook
entails determining the answers to such questions as, what are all of the costs?; what
fee will the market bear?; how much will it take to break even, plus 10% of all costs, the
lowest suggested tolerance level? The implementation of a new project always entails
some risk and thus it is important when evaluating the project to keep in mind the
possibility of any up-front investment costs (B. McKean, Head of Education, Royal
Botanical Gardens, personal communication, March 15, 2014).

5

Net revenues are based on full market recovery, in which all input costs are returned
(B. McKean, personal communication, March 15, 2014).
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Figure 7.3: The Compatibility and Financial Matrix used to evaluate a program's financial
outlook and how well it works with the organization’s mission statement.
Programs that fall into Box A are the most ideal, as they are highly compatible with the
institution’s mission statement and are projected to have good financial outlook. These
programs should be expanded and promoted to maximize funding. Programs that fall
into Box B may be retained because they generate a net financial gain, “or are important
in order to meet public expectations”, but should be adjusted to execute the
institution’s mission statement better. Programs that fall into Box C are highly
compatible with the institution’s mission statement, but do not generate a sufficient
revenue; however, these programs may be good candidates for sponsorships,
donations, or grants. And programs that fall into Box D do not produce enough revenue,
nor are they very compatible with the institution’s mission statement. These programs
“may be tolerated as new or innovative”, but should be discontinued if execution and
results cannot be improved (McKean, 2005).
The UK-LFUCG Arboretum could more effectively ensure a program’s success by
adopting the use of the Compatibility and Financial Matrix. Not only will it help monitor
a program’s progress towards its intended objectives more effectively and efficiently, it
can also help the Arboretum staff better understand and meet the needs of their target
audiences (Zink, 2014).

7.10 Main Findings
Community support is an essential part of successful funding (Sutherland, 1997). The
Friends of the Arboretum, while a good place to start, represents only a small portion of
the donor base. It would be beneficial to evaluate donors who donate through the
University of Kentucky since more funds come through there than from the Friends of
the Arboretum. Understanding the current donor base is a start but more information
needs to be collected on visitors. It is important to have an understanding of the
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characteristics of visitors (Sutherland, 1997). Also it would be useful to understand
visitors’ expectations, their perceptions of the role of the Arboretum, and their attitudes
toward conservation. Having a more holistic understanding of the donors, visitors, and
the message being communicated this could guide the Arboretum on where there are
opportunities for improvement. This would also help the UK-LFUCG Arboretum to align
community expectations with its vision to garner support.
Reaching out to students is particularly important since the Arboretum is a part of the
University. By developing connectivity to students, not only will the current donor base
be diversified, but it will also foster a deeper personal connection to the Arboretum,
along with a sense of ownership. The hope would be that, through these meaningful
connections, students would understand the importance of the UK-LFUCG Arboretum
and would be willing to support it to ensure its continuation for the new generations of
students and visitors to come.
The ability to identify and prioritize programs and special projects that work well and
are highly compatible with the UK-LFUCG Arboretum’s mission and that will yield
sufficient financial success by using the Compatibility and Financial Matrix can help
guide the Arboretum on future decisions for development. Formulating a structured
approach to identify these programs is important in order to maintaining the quality of
“environmental and horticultural education, research, and conservation” (The
Arboretum, State Botanical Garden of Kentucky, 2013) desired by the community and
the Arboretum staff.

7.11 Conclusion
The lack of adequate and consistent funding is an issue that is faced daily by the UKLFUCG Arboretum. Though this issue is continuously nagging at and hindering the staff
and the Arboretum in general, it can be resolved by performing the right actions and by
using proper methods to progressively move past the current barriers associated with
funding.
A variety of solutions have been provided to the UK-LFUCG Arboretum in this chapter to
obtain more adequate and consistent financial support. Sections of this chapter, such as
identifying and understanding the current donor base, allow for the creation and
implementation of short-term solutions towards these funding barriers, such as creating
stronger visibility and establishing a connection within the Lexington community with an
online presence. Other sections of this chapter, such as contacting other arboreta about
their funding status and understanding the Compatibility and Financial Matrix, allows for
long-term solutions towards these funding barriers, such as laying down a foundation of
endowments and determining if future projects are compatible with the mission
statement and if they have a positive future financial outlook.
The UK-LFUCG Arboretum has a bright and prosperous future ahead. Bringing the
information that is presented in this report into the light can help the Arboretum take
the necessary steps to break through the current barriers with funding and to take an
increasingly successful path to future financial success.
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Chapter 8: Conclusions
Karyn Loughrin
The UK-LFUCG Arboretum has developed significantly over the past 23 years. It has
overcome many obstacles associated with establishment. It has a strong mission
statement and engaging displays for visitors of all ages. The Walk Across Kentucky is a
collection of native plants from the seven physiographic regions of the state, unique
among plant collections; and has been recognized by stakeholders as a strength of the
Lexington area. The Children’s Garden is another area of the UK-LFUCG Arboretum that
facilitates interactions between children and nature while teaching them about the
environment and stewardship practices, which is in line with the Arboretum’s mission
statement. The Walk Across Kentucky and Children’s Garden address education and
conservation in both broad and local contexts. Research, the third focus of the UKLFUCG Arboretum, primarily takes place in the Arboretum Woods. The Arboretum
Woods, despite impacts from encroaching development and a history of disturbance,
remains one of the last remnants of Inner Bluegrass Woodland.
Although progress has been made since its founding, the UK-LFUCG Arboretum has
room for improvement and development. With a new director, Molly Davis, this is the
ideal time for the UK-LFUCG Arboretum to reflect on how far they have come but also to
evaluate the future vision of the Arboretum. Knowing the path forward will allow the
UK-LFUCG Arboretum to rise to its full potential.
We have identified many opportunities for the staff of the UK-LFUCG Arboretum to
consider in future endeavors that may provide pathways for improvements to the
Arboretum, all of which focus on the mission statement. Currently there is some
discrepancy between the mission statement and what many stakeholders think is the
primary purpose of the Arboretum. A cohesive image presented to all stakeholders is
important to develop because inconsistent messages lead to a lack of clear focus that
could also impact the ability to accomplish the core mission. It would be beneficial for
the Arboretum to hone the message they wish to portray and consider all current and
future projects and programming against the backdrop of the mission statement to
check for consistency in purpose.
Though certain parts of the mission statement are well represented through displays
and educational programming, there is a need to increase programming and projects
that highlight sustainability and environmental stewardship to bring this component of
the mission more in line with the actions of the Arboretum.
When looking at the UK campus as a whole the total percentage of green space has
been decreasing through time. The Arboretum is an important component of the
remaining green space. It is imperative for people to understand why conserving green
space, in an ever-urbanizing landscape, is important. As a representation of green space
the UK-LFUCG Arboretum would be a good place to educate people about the benefits
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of undeveloped landscapes, especially wooded areas, in providing an array of ecosystem
services. Many people are unaware that the Arboretum Woods provides a multitude of
ecosystem services for local communities. For example, it is vital for stakeholders to
understand how crucial the storm water retention services are in reducing the risk of
flooding. The services provided by the Woods are not limited to flood reduction but also
include air and water improvement as well as carbon sequestration. UK students
reported that they highly value green space for relaxation, studying, and recreation and
significantly valued wooded green space over open green space. By providing this
holistic picture of the services provided to the public, the UK-LFUCG Arboretum could
educate people about ecosystem services and why they are important.
Another opportunity for education can be found in the Arboretum Woods, which is
largely untapped for this purpose. The Arboretum Woods is a special ecosystem
particularly in an urban setting such as Lexington. To ensure long-term conservation of
this resource, efforts to remove invasive species must be continued and expanded, and
the original hydrology restored. A deeper engagement with students and visitors could
be achieved through restoration, in addition to increasing ecosystem function and
services and ensuring that the Woods persists well into the future.
Introducing visitors to new ideas and concepts, such as ecosystem services, is one of the
greatest opportunities the UK-LFUCG Arboretum has to offer. In the same vein, the
Arboretum is a perfect place to demonstrate new concepts about gardening and
landscaping to the public, giving people a chance to interact with philosophies from all
over the world while challenging their ideas about land use and what is aesthetically
pleasing in the landscape. All of these suggestions focus on improving environmental
educational opportunities and rely on a strong connection to both students and other
visitors.
After examining the website and print pieces we found that there was little evidence of
the key needs faced by the Arboretum, the research conducted there, or the theme of
sustainability. The connection between the Arboretum and students and other visitors
could be further fortified through an evaluation of current communication approaches,
considering the effectiveness of the website, print pieces, and signage as well as
determining if they are conveying the intended messages and are aligned with the UKLFUCG Arboretum’s mission statement and vision. Improving communication will allow
visitors and other interested parties to better understand the current needs of the UKLFUCG Arboretum. Strengthening communication also holds great potential for
encouraging non-donating visitors to support the Arboretum, by creating greater
awareness of the need and providing a way to give directly to the Arboretum. This could
either be through the website or in person during their visit. Creating a personal
connection with visitors will help them take ownership of the Arboretum. Currently
many donors come from the surrounding communities, but the relationship to campus
could be improved, especially in an academic setting. There are opportunities for
students to do work that the staff does not have time to complete, while also gaining
experience. This would not only expand the work that could be accomplished, but could
also allow for exploration into new methods of communication such as social media.
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Another benefit would be fostering a connection with students through these different
internships. This could incorporate students from many different majors from
communications to computer science. Many students visit and enjoy the UK-LFUCG
Arboretum but they need to be engaged more fully. Developing programming targeted
at students could help promote a deeper connection.
The Arboretum is frequently visited and highly valued as a resource. However, there are
numerous ways for people to engage with the Arboretum that go beyond recreation. It
is understood that many people use the UK-LFUCG Arboretum for recreation but that
should not be the only component that the public identifies with the UK-LFUCG
Arboretum. Recreation should be used as an opportunity to expose people to new ideas
and concepts by shifting the focus towards conservation, education, and research. Our
hope is that our work and insights from this semester will aid the staff and other
relevant decision makers to see the potential we have seen over the past semester. The
Mayor of Lexington, Jim Gray, and the President of the University of Kentucky, Eli
Capilouto, signed an agreement that will secure the Arboretum until 2086. The
Arboretum has come a long away but there is still much that can be done. We are
excited by the prospects and hope our work can be useful as the Arboretum becomes
even more of an icon of the Lexington landscape.
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