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ABSTRACT

Expanding and maintaining existing urban forestry is one of many viable climate

solutions that cities across the United States, particularly in Indiana, can take to

increase their climate resilience. Trees are considered both a climate mitigation and

climate adaptation strategy because they help sequester carbon dioxide, reduce

stormwater runoff, and help cities manage extreme heat. In this honors thesis, I

examine how trees have been incorporated within municipal climate planning by

analyzing climate action and climate adaptation plans. Most cities mention trees in their

municipal climate action or adaptation plans as an emissions-reduction strategy;

however, when analyzing 76 local climate action and adaptation plans, 58 of them

identify trees as an important climate strategy outside of emissions reduction.

Additionally, trees are also identified as a strategy for mitigating the urban heat island

effect, especially in larger cities’ (population > 500,000) plans. In order to prepare for the

effect of climate change, I also review the status of tree ordinances in Indiana, and

suggest that cities call for more stringent protection measures of trees through their

existing tree ordinances. Finally, I describe the process and findings of the priority

planting analysis I conducted in the town of Zionsville, Indiana. Together, this thesis

proposes methods for towns in the Hoosier state and beyond to become more climate

resilient utilizing one of the most powerful tools known to man: trees.
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INTRODUCTION

Climate change is one of the most pressing threats to human existence.

According to the Intergovernmental Panel on Climate Change, climate change is a shift

in average climatic patterns that occurs over a significant period of time (e.g. a decade

or more).1 The causes of climate change are diverse and complex; they include both

natural and anthropogenic forcings, including emissions of heat-trapping gases and land

cover changes.2 Strategies for combating climate change fall into two broad categories:

climate mitigation and climate adaptation. Adaptation refers to adjustments in

ecological, social, or economic systems in response to actual or expected climatic

stimuli and their effects or impacts.3 Local adaptation strategies depend on the location

of the town. For example, in Santa Cruz, California, increased vegetation management

effort is include as an adaptation strategy help reduce the potential for wildfires. Global

adaptation strategies are similar to local strategies, but occur on a much larger scale.

They range from disaster management to climate-resilient infrastructure to coastline

protections to climate financing.4 Mitigation refers to reducing the severity of the impact

to ecological, social, or economic systems preceding actual or expected climatic stimuli

and their effects or impacts.5 Global mitigation strategies range from clean energy

investments to carbon taxes, and local mitigation strategies range from greenhouse gas

emissions inventory to increasing renewable energy.6 Local approaches to climate

adaptation and climate mitigation are expanded upon in Table 1. In short, adaptation

6 Behsudi, A. (2021, September). What is mitigation vs adaptation? . IMF. Retrieved March 8, 2023, from https://www.imf.org/en/Publications/fandd/issues/2021/09/climate-change-what-is-mitigation-and-adaptation-behsudi-basics

5 Introduction: Adaptation and Resilience. Unfccc.int. (n.d.). Retrieved March 8, 2023, from
https://unfccc.int/topics/adaptation-and-resilience/the-big-picture/introduction#:~:text=Adaptation%20refers%20to%20adjustments%20in,opportunities%20associated%20with%20climate%20change.

4 Behsudi, A. (2021, September). What is mitigation vs adaptation? . IMF. Retrieved March 8, 2023, from https://www.imf.org/en/Publications/fandd/issues/2021/09/climate-change-what-is-mitigation-and-adaptation-behsudi-basics

3 Introduction: Adaptation and Resilience. Unfccc.int. (n.d.). Retrieved March 8, 2023, from
https://unfccc.int/topics/adaptation-and-resilience/the-big-picture/introduction#:~:text=Adaptation%20refers%20to%20adjustments%20in,opportunities%20associated%20with%20climate%20change.

2NASA https://climate.nasa.gov/solutions/adaptation-mitigation/#:~:text=Mitigation%20%E2%80%93%20reducing%20climate%20change%20%E2%80%93%20involves,these%20gases%20(such%20as%20the

1 IPCC, 2018: Annex I: Glossary [Matthews, J.B.R. (ed.)]. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp. 541-562, doi:10.1017/9781009157940.008.
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deals with what is happening now and what is to come, and mitigation aims to prevent

what could be worse.

Trees are considered both an adaptation and mitigation strategy.7 Since trees

reduce heat and excess stormwater runoff, they can help cities build resilience to

increased extreme temperature and precipitation events. Trees are also significant

carbon sinks; because they absorb and store carbon dioxide (the greenhouse gas most

responsible for climate change), they are also considered a climate mitigation strategy.

As global average temperatures increase, cities and urban areas will experience

disproportionately more intense effects due to the urban heat island effect. Urban heat

islands are primarily driven by the heat produced by urban structures and anthropogenic

heat sources.8 Urban Heat Island Intensity (UHII) increases with the size of a

metropolitan area; for example, the Urban Heat Island effect will be more intense in

downtown Indianapolis than in a suburb like nearby Zionsville due to the amount of

urban structures, people, and heat sources. One way to mitigate the effects of

increased heat and precipitation from climate change is through urban trees. Urban tree

canopy reduces temperatures and helps lessen the impact of excess stormwater from

extreme weather events.9 In a local context, Indiana has already warmed 1.2 degrees

Fahrenheit, and average annual precipitation has increased by 5.6 inches since 1895.10

In the future, Indiana should expect more extreme heat and precipitation events, which

significantly threaten human health. For example, by 2050, Zionsville, Indiana, can

expect to have 25 extreme high heat days annually (compared to 10 currently); and an

average number of 17 extreme precipitation events every decade, compared to 15

10Widhalm, M., Hamlet, A. Byun, K., Robeson, S., Baldwin, M., Staten, P., Chiu, C., Coleman, J., Hall, B., Hoogewind, K., Huber, M., Kieu, C., Yoo, J., Dukes, J.S. 2018. Indiana’s Past & Future Climate: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West Lafayette, Indiana. https://bit.ly/2KDsaga

9Reynolds, H., Brandt, L., Widhalm, M., Fei, S., Fischer, B., Hardiman, B., Moxley, D., Sandweiss, D., Speer, J., and J.S. Dukes. (2018). Maintaining Indiana’s Urban Green Spaces: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West Lafayette, Indiana. DOI: 10.5703/1288284316653

8R.A. Memon, D.Y.C. Leung, C.-H. Liu, An investigation of urban heat island intensity (UHII) as an indicator of urban heating, Atmos. Res. 94 (3) (2009) 491–500.

7 Safford, H.; Larry, E.; McPherson, E.G.; Nowak, D.J.; Westphal, L.M. (August 2013). Urban Forests and Climate Change. U.S. Department of Agriculture, Forest Service, Climate Change Resource Center.
www.fs.usda.gov/ccrc/topics/urban-forests
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now.11 As Indiana experiences the effects of climate change, maintaining urban green

areas will be paramount to mitigating environmental and human health impacts.

Marginalized communities in lower-income areas exhibit the most heat-related illness

from increased extreme heat days, so trees should ultimately be planted in the areas

whose communities can see the most benefit from them.12

In addition to providing critical ecosystem services, urban forests positively

impact human health. People who live near green space experience less mental

distress and are more active physically.13 Trees remove pollutants from the air and lower

temperatures, lessening the effects of chronic heart and lung disease. A synthesis of 45

studies found that urban green space reduces crime in urban areas.14 Urban forests

provide other benefits such as a decrease in energy consumption, an increase in

carbon storage, and an improvement in water quality. For example, in Indianapolis,

urban forestry provides a $10 million benefit through stormwater control, carbon

sequestration, energy reduction, and air pollution filtration.15 The health and prevalence

of urban forestry is critical in Indiana, as 70% of the state’s population lives in urban

settings.

Climate change is a global threat, and, therefore, should be addressed not just

internationally, but on a federal, state, and local level. The effects of climate change are

extensive and impact each community uniquely. For example, a town in coastal

California will not have to adapt to climate change in the same way that a town in rural

Indiana will have to. Local governments have a unique role to play in the climate crisis

because they are not burdened by the same regulatory hurdles as state and national

15Reynolds, H., Brandt, L., Widhalm, M., Fei, S., Fischer, B., Hardiman, B., Moxley, D., Sandweiss, D., Speer, J., and J.S. Dukes. (2018). Maintaining Indiana’s Urban Green Spaces: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West Lafayette, Indiana. DOI: 10.5703/1288284316653

14Shepley M, Sachs N, Sadatsafavi H, Fournier C, Peditto K. The Impact of Green Space on Violent Crime in Urban Environments: An Evidence Synthesis. International Journal of Environmental Research and
Public Health. 2019; 16(24):5119. https://doi.org/10.3390/ijerph16245119

13Barton J, Rogerson M. The importance of greenspace for mental health. BJPsych Int. 2017;14(4):79-81. Published 2017 Nov 1. doi:10.1192/s2056474000002051
12(Grolund 2014) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4264980/
11Hoosier Resilience Index. https://hri.eri.iu.edu/
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governments are.16 Hundreds of towns have developed climate action plans and similar

climate policy tools.17 Because cities rely on face-to-face communication, they serve as

an important first touch-point for the climate crisis. In Indiana, seven different towns

developed a tree planting plan for climate resilience in the summer of 2022. This work,

coordinated by Indiana University, highlights the importance of utilizing local policy tools

to address the climate crisis on a community level.

COMMUNITY-SCALE CLIMATE MITIGATION/ADAPTATION PLANNING AND THE
RELATIONSHIP BETWEEN TREES AND HEAT

The Importance of Local Governments & Background of Municipal Climate
Planning

Climate change has global, national, state, and local effects, and as such, should

be addressed on each level. International frameworks, including the United Nations

Framework Convention on Climate Change and Agenda 21, help nations address

climate change from a global perspective.18 National climate strategies and adaptation

plans help national governments to create more climate-resilient operations, with state

climate action plans serving similar functions on a smaller scale. Yet, the smallest level

of government is often overlooked in the fight against climate change.

Local municipalities actually have quite a bit of buy-in regarding the fight against

climate change. Cities are critical pieces of the equation for creating a low-carbon

economy because they develop energy efficiency standards and invest in alternative

transportation and infrastructure such as mass transit, electric vehicles, and bike

18Fuhr, H., Hickmann, T., Kern, K., 2018. The role of cities in multi-level climate governance: Local climate policies and the 1.5◦C target. 1.5◦C Clim. Change Urban Areas 30, 1–6.
https://doi.org/10.1016/j.cosust.2017.10.006.

17Georgetown Law Center:
https://www.adaptationclearinghouse.org/organizations/georgetown-climate-center.html#:~:text=The%20nonpartisan%20Georgetown%20Climate%20Center,and%20prepare%20for%20climate%20change.

16Fuhr, H., Hickmann, T., Kern, K., 2018. The role of cities in multi-level climate governance: Local climate policies and the 1.5◦C target. 1.5◦C Clim. Change Urban Areas 30, 1–6.
https://doi.org/10.1016/j.cosust.2017.10.006.
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lanes.19 Urban planning and transportation alternatives are critical to cutting global

emissions, which cities sit at the crux of.20

Each level of government has different constraints; although local governments

have fewer regulatory hurdles than higher levels of government, they are limited by the

scope of their resources, and of course, to their geographic localities. Yet, even though

local policy may seem unimportant to dealing with a global crisis, local policy can

actually be the root of change. Since 1991, over 600 cities in the United States have

developed climate change action plans21, which are detailed and strategic frameworks

for measuring, planning, and reducing greenhouse gas (GHG) emissions and related

climatic impacts.22 In addition to climate action plans, a large number of towns also

developed climate change adaptation plans. Climate change adaptation plans are more

tailored to climate adaptation strategies: they deal with what is happening now, not what

might happen. Climate adaptation plans typically include climate vulnerability

assessments (CVAs), which evaluate how specific resources, ecosystems, or economic

sectors are affected by climate variability and extremes.23 Adaptation plans are used to

build a city’s resilience. Resilience is the capacity of a system to withstand change; in

the context of climate change, resilience refers to the ability of social, economic, and

ecological systems to bounce back amidst climate threats.24 A summary of adaptation

and mitigation approaches is presented in Table 1. Adaptation and resilience are

therefore tightly intertwined; a resilient system is one that can readily adapt to the

changes to come. The effectiveness of these local policy tools is highly contested

24 United Nations. (n.d.). Disaster risk and resilience - united nations. Retrieved March 9, 2023, from https://www.un.org/en/development/desa/policy/untaskteam_undf/thinkpieces/3_disaster_risk_resilience.pdf

23Joyce, Linda A.; Janowiak, Maria K. (July 01, 2011). Climate Change Assessments. U.S. Department of Agriculture, Forest Service, Climate Change Resource Center.
www.fs.usda.gov/ccrc/topics/vulnerability-assessments

22What is a climate action plan? What is a Climate Action Plan? | City of Burlington, Vermont. (n.d.). Retrieved March 9, 2023, from https://www.burlingtonvt.gov/Sustainability/CAP
21 Who we are. (2020, December 14). ICLEI USA. Retrieved March 9, 2023, from https://icleiusa.org/about/who-we-are/

20Victor, D. G., & Muro, M. (2022, March 9). Cities are pledging to confront climate change, but are their actions working? Brookings. Retrieved March 9, 2023, from
https://www.brookings.edu/blog/the-avenue/2020/10/22/cities-are-pledging-to-confront-climate-change-but-are-their-actions-working/

19Fuhr, H., Hickmann, T., Kern, K., 2018. The role of cities in multi-level climate governance: Local climate policies and the 1.5◦C target. 1.5◦C Clim. Change Urban Areas 30, 1–6.
https://doi.org/10.1016/j.cosust.2017.10.006.
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because the items laid out in the plans must actually be implemented and executed by

each city.25 A large-scale review of local climate action plans has been completed.26

Climate Adaptation Approaches In Local
Plans

Climate Mitigation Approaches in Local Plans
(with examples of metrics from Richmond,
California Climate Action Plan)

Identifying Risks and then conducting
Vulnerability Assessments

● Frequency of extreme weather events
● Frequency of floods
● Frequency of heatwaves
● Rate of sea level rise
● Characteristics of community that

make them vulnerable to climate
change (physical/social/economic)

Greenhouse Gas Emissions (GHG) Inventory
● Sector by Sector emissions reporting

Climate-resilient Infrastructure
● Equipping buildings to resist the

changes identified in the vulnerability
assessments

Sustainable for Transportation/Land Use
● Percent increase in bicycle trips
● Percentage of coordinated traffic

signals
● Transit ridership rates
● Program participation rates

Green Infrastructure
● Parks, trees, green roofs to help deal

with the changes identified in
vulnerability assessments

Increasing the Use/Generation of Renewable
Energy

● Number of homes/businesses
equipped with solar energy

● Total local solar energy generation
capacity and annual installations
numbers

● Enrollment in green energy programs
● Number of natural gas systems

electrified

Stormwater Management Increasing Energy Efficiency in Buildings and
Facilities

● Electricity and natural gas use (total
and per capita)

26Stone, B., Vargo, J., Habeeb, D., 2012. Managing climate change in cities: will climate action plans work? Landsc. Urban Plan. 107, 263–271. https://doi.org/10.1016/j.landurbplan. 2012.05.014

25 Thomas N. Hale, Sander Chan, Angel Hsu, Andrew Clapper, Cynthia Elliott, Pedro Faria, Takeshi Kuramochi, Shannon McDaniel, Milimer Morgado, Mark Roelfsema, Mayra Santaella, Neelam Singh, Ian Tout,
Chris Weber, Amy Weinfurter & Oscar Widerberg (2021) Sub- and non-state climate action: a framework to assess progress, implementation and impact, Climate Policy, 21:3, 406-420, DOI:
10.1080/14693062.2020.1828796
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● Number of buildings retrofitted

● Square footage of new construction

● City energy outreach budget

● Program participation rates

Nature Based Solutions
● Conserving wetlands
● Conserving forests
● Conserving mangroves (coastal

resilience)

Solid Waste
● Citywide solid waste generation
● Percent solid waste diverted from

landfills
● Annual tonnages of recyclables and

organics diverted from landfill
● City wide solid waste generation
● Percentage of facilities with recycling

programs

Table 1: Categorization of local approaches to climate mitigation and climate adaptation.

Case Studies of Local Climate Adaptation

To demonstrate exemplary climate adaptation planning on the local level that can

be replicated and adopted by multiple states, including Indiana, we should look no

further than the West Coast. Santa Cruz, California represents a city that is

championing climate adaptation work. Santa Cruz is a coastal city of nearly 63,000

residents in northern California, located on the northern edge of Monterey Bay. Northern

California is particularly susceptible to sea level rise and coastal flooding, wildfires, and

extreme heat and drought.

Santa Cruz is an important example to look to as a model for local climate

planning because the town has a strong and extremely extensive approach to both

climate mitigation and adaptation, with two major plans, a Climate Action Plan and a

Climate Adaptation Plan, addressing concerns in their community. In fact, the plans are

entirely comprehensive and touch on all of the local approaches to climate adaptation

10



and mitigation discussed in Table 1. Santa Cruz itself has been a blueprint for other

cities’ local plans in California. Santa Cruz began their work nearly two decades ago;

they first developed a Local Hazard Mitigation Plan in 2007, and their first Climate

Adaptation Plan was published in 2011. The most recently available document is a

2018-2023 update to the 2011 plan. The plans are updated on a 5-year-cycle, and the

most recent update includes a sea level rise (SLR) assessment. The research for the

climate adaptation plan was funded by a grant of 50,000 from the Federal Emergency

Management Agency. Their climate adaptation plan details the potential local impacts

from climate change, including sea-level rise, coastal erosion, flooding, increasing

temperatures, and extreme weather events. Both documents are extremely

comprehensive, with the climate action plan focusing on methods of mitigating

greenhouse gas emissions. Trees are included as a climate mitigation measure under

the climate restoration category and as a goal to complete an Urban Forest Master Plan

by 2030 with an additional 3,000 trees planted in the city. Planting additional trees is

listed as an important strategy for dealing with storms, flooding, and sea level in the

2018-2023 plan update.

According to Tiffany Wise-West, the Sustainability and Climate Action Manager of

Santa Cruz, it is paramount to monitor climactic thresholds because the community has

already witnessed the passing of thresholds established a decade ago (e.g. with sea

level rise.)27 For example, Santa Cruz struggled with extreme heat and wildfires in an

unprecedented way in the early 2020s. Typically, wildfires tend to affect the interior

regions of California the most, but, according to Wise-West, that had not been the case

with the wildfire seasons of 2021 and 2022.

27Interview with Tiffany Wise-West, Sustainability and Climate Action Manager of Santa Cruz, October 2022
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Santa Cruz has implemented several climate adaptation strategies to great

success under the Resilient Coast Santa Cruz initiative, a comprehensive approach to

climate adaptation on the local level. It addresses coastal flooding at four beaches and

four zones along a major street, West Cliff Drive, with site-specific adaptation strategies.

The initiative also includes a Virtual Reality Sea Level Rise explorer, available in both

Spanish and English, for greater accessibility. The initiative included a 2-year in-depth

study of coastline erosion and climate-influenced coastal storms, which will help the city

determine the best path to adaptation. This includes potential strategies such as

building sea walls and upgrading storm management infrastructure.

In Santa Cruz’s adaptation plans, trees are listed as high priority action item for

the town to take into consideration. Goal A-18 from the 2012-2017 action plan update

details the need for the town to “evaluate, preserve and protect tree canopy including

species evaluation and replacement with resilient trees that can withstand extreme

weather events, saltwater intrusion, and drought.”28 By planting more trees, Santa Cruz

will deal with several climate hazards, including drought, extreme weather events, and

heat. Trees also further the equity of Santa Cruz’s climate adaptation planning because

the communities that need green space the most are typically the most

socioeconomically underrepresented and vulnerable. The limits to this plan are

budgetary constraints and the social consensus of this town; yet, it’s still an incredibly

encompassing plan with a significant depth and potential for even further development.

It’s a case of adaptation planning that is specific to the climate impacts coastal

California faces. However, because of its breadth of detail, this climate adaptation plan

28City of Santa Cruz Climate Adaptation Plan, and An update to the 2007 Local Hazard Mitigation Plan 2012 - 2017.
Inhttps://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/united-states/west-coast-amp-hawaix27i/california---central/City-of-Santa-Cruz.--2012.--Climate-Adaptation-Plan-Draft.p
df
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can and should serve as a blueprint for other cities in not just California but in cities

across the country, including across the Midwest.

Midwestern states are interesting case studies of climate resilience because of

the political ideologies that dominate the region. But, regardless of politics, the Midwest

is a region particularly vulnerable to climate change because of climate change’s

significant projected impact on the agricultural sector - although growing seasons might

increase, overall agricultural productivity is expected to decline in the next century.29

Zooming back into Indiana, one town in particular has made progressive strides in

climate action. Bloomington is a city of nearly 80,000 residents located in southeastern

Indiana. Southeastern Indiana is particularly susceptible to climate impacts: extreme

heat and drought; flooding; and extreme weather events (e.g. tornadoes). Bloomington

published its Climate Risk and Vulnerability Assessment (CRVA) in March 2020 and its

first Climate Action Plan in March 2021. This work is recent; the baseline that exists now

did not exist as of three years ago (2019). Even though Bloomington does not have a

formal climate adaptation plan yet, they have still made strides in the adaptation space

by the inclusion of adaptation actions within the aforementioned plans. In September

2019, Bloomington completed an Urban Tree Canopy Cover Assessment (UTCC). This

informed the cities’ adaptation strategies that utilize green space in the town’s 2021

Climate Action Plan. Bloomington’s utilities department also completed a Stormwater

Program Action Plan, which incorporates a $400,000 investment into green

infrastructure.30 The city’s Hidden River Pathway project is investing 13 million dollars

into the town’s stormwater infrastructure due to increased drainage problems

30Hidden River Pathway Project 2021-23. City of Bloomington. (n.d.). Retrieved March 9, 2023, from https://bloomington.in.gov/utilities/hidden-river
29City of Bloomington Climate Action Plan. City of Bloomington. (n.d.). Retrieved March 9, 2023, from https://bloomington.in.gov/sustainability/2020-climate-action-plan
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Bloomington is seeing with more frequent and more intense rain events, which will help

the city both adapt to and mitigate the effects of this climate change impact.

Trees & Urban Heat

Guidance developed by the World Resource Institute ICLEI - Local Governments

and C40 cities address the use of trees as a strategy for a changing climate. Heat

management helps cities adapt to change that has already occurred, but can also

prevent further warming trends, thereby mitigating climate change.​​Urban green

infrastructure is one cost-effective mitigation and adaptation strategy that municipalities

can use to build climate resilience and reduce emissions. Trees serve as important

buffers and improve filtration during extreme weather events, and they also act as an

important cooling mechanism.31 The number of people exposed to extreme heat will

only increase; according to the United Nations World Health Organization, the number

of people exposed to heat waves from 2000 to 2016 increased from historical numbers

by about 125 million people.32 Areas with shade may be anywhere from 20 to 45

degrees Fahrenheit cooler during peak temperatures.33 Benefits of trees and vegetation

as a heat reduction strategy include reduced energy use, reduced air pollution and GHG

emissions, pollutant removal, reduced evaporative emissions, carbon storage and

sequestration, higher water quality and better stormwater management. Drawbacks

include potential increases in humidity, increased water demand, and potential damage

to local infrastructure.34 Planting trees can incur higher upfront costs for communities,

but their long-term benefits far outweigh their inputs.

34U.S. Environmental Protection Agency. 2008. "Trees and Vegetation." In: Reducing Urban Heat Islands: Compendium of Strategies. Draft. https://www.epa.gov/heat-islands/heat-island-compendium.
33U.S. Environmental Protection Agency. 2008. "Trees and Vegetation." In: Reducing Urban Heat Islands: Compendium of Strategies. Draft. https://www.epa.gov/heat-islands/heat-island-compendium.
32World Health Organization. (n.d.). Heatwaves. World Health Organization. Retrieved March 9, 2023, from https://www.who.int/health-topics/heatwaves#tab=tab_1
31U.S. Environmental Protection Agency. 2008. "Trees and Vegetation." In: Reducing Urban Heat Islands: Compendium of Strategies. Draft. https://www.epa.gov/heat-islands/heat-island-compendium.
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Even though urban forests can help us adapt to and mitigate the effects of

climate change, they are not immune to climate change impacts. For example, in

Indiana, the genus Acer (commonly known as maples) dominates urban forest

landscapes. However, by 2100, certain species of maple will not be suitable for planting

in Indiana.35 When planting more trees in urban areas, careful species consideration

must occur because the trees planted now might not be viable species for planting in

the future. Species selection should prioritize hardy, drought-tolerant trees, especially in

urban areas where the effects of heat are compounded by concrete. Native trees and

vegetation in particular are critical for maintaining environmental sustainability. These

plants are adapted to the specific climate and soil conditions in an area and provide

nectar, pollen, and seeds for native species of butterflies, birds, insects, and other

animals. Native plants are advantageous for a plethora of reasons. They don’t require

fertilizer and require fewer pesticides than lawns, use less water, prevent erosion, and

reduce air pollution.36 A native plant provides more ecosystem benefits than a

nonnative, ornamental plant. Natives are better at filtering water, which in turn saves

money.37 Even though climate change may lengthen the growing season and promote

tree growth in certain species, excessive heat will reduce trees’ capabilities to store

carbon.38

38Reynolds, H., Brandt, L., Widhalm, M., Fei, S., Fischer, B., Hardiman, B., Moxley, D., Sandweiss, D., Speer, J., and J.S. Dukes. (2018). Maintaining Indiana’s Urban Green Spaces: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West Lafayette, Indiana. DOI: 10.5703/1288284316653

37 The Importance of Native Plants. Clean Water Education Partnership (CWEP). (2020, June 15). Retrieved March 9, 2023, from https://nc-cleanwater.com/2019/01/25/the-importance-of-native-plants/

36Plant Nova Natives. “Caring for your native wildlife plant sanctuary.” https://www.plantnovanatives.org/landscape-maintenance#:~:text=Do%20not%20fertilize,provide%20nutrients%20to%20the%20plants and
U.S. Environmental Protection Agency. March 2003. “Greenacres: Landscaping with Native Plants.”
https://archive.epa.gov/greenacres/web/html/index.html#:~:text=Native%20plants%20help%20to%20reduce,to%20retain%20and%20store%20water.

35Reynolds, H., Brandt, L., Widhalm, M., Fei, S., Fischer, B., Hardiman, B., Moxley, D., Sandweiss, D., Speer, J., and J.S. Dukes. (2018). Maintaining Indiana’s Urban Green Spaces: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West Lafayette, Indiana. DOI: 10.5703/1288284316653
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COMPARATIVE POLICY ANALYSIS

Climate mitigation, again, focuses on the prevention and reduction of greenhouse

gases. As discussed in the previous sections, trees are often considered an important

carbon sequestration strategy because they absorb carbon dioxide as they

photosynthesize. However, trees are not just carbon sinks but also critical to stormwater

management, heat reduction, and air filtration. There is a tendency to focus on trees as

solely a climate mitigation strategy, which is why this analysis of local plans for trees

being used beyond carbon sequestration was undertaken. Tree planting is often

supported by communities and their budgets within Parks and Recreation and

Departments of Public Work, and, as such, should be included in cities’ climate

resilience planning.

To date, 19 states have completed statewide climate adaptation plans, with 4

more states currently developing climate adaptation plans.39 76 local climate plans from

across tribes, towns, and counties in the United States were analyzed for the inclusion

of trees as strategy to mitigate or adapt to climate change outside of emission

reductions (Map 1). All of these plans, except those selected from Indiana towns, were

taken from the Adaptation Clearinghouse database. The Adaptation Clearinghouse

database was developed by the Georgetown Law Center to help policymakers and

academics assess the current state of climate adaptation in the United States.40 Indiana

local plans were not included on the Clearinghouse database but were essential to

include in this analysis because the climate resilience recommendations following this

section will focus on Indiana towns.

40About the Adaptation Clearinghouse. Adaptation Clearinghouse. (n.d.). Retrieved March 9, 2023, from https://www.adaptationclearinghouse.org/about.html

39State and local progress on adaptation plans - Georgetown Climate Center. georgetownclimatecenter.org. (n.d.). Retrieved March 9, 2023, from https://www.georgetownclimate.org/adaptation/index.html
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I analyzed 229 municipal climate planning documents in the Georgetown Law

Center Adaptation Clearinghouse database - a premier national resource and network

for municipal climate planning - to see how widespread the use of urban trees as

adaptation and mitigation techniques is, and how they are used in climate planning. The

focus of this document was limited to specific climate action plans (including climate

adaptation plans and resilience strategies) collected in this national clearinghouse for

climate-specific municipal planning documents, which limited my sample to 76 plans.

However, climate planning can appear in several different types of city planning

documents, including, but not limited to master plans, zoning ordinances, landscaping

ordinances, and other city codes which may or may not appear in the Georgetown Law

Center Clearinghouse.
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Map 1: Selected Localities for Analysis from the Adaptation Clearinghouse Database.

Using trees as an adaptive strategy increases the resiliency of a town, but it is

essential to note the urban forests themselves are not immune to climate change. Yet,

by making an urban forest more resilient to climate change, the town becomes more

resilient. Towns often address urban forestry in their climate action or adaptation plans

in two broad ways: how their urban forest can help with the effects of climate change

and how the urban forest itself will be affected by climate change. These are two

distinctive assessments, and the following analysis centered on the former of the two -

analyzing how these plans are employing trees as a climate adaptation and resilience

strategy. To qualify as an adaptive strategy, trees had to be mentioned in the context of

resilience outside greenhouse gas emissions reduction. For example, the city of Denver

received a “yes” because they mentioned the following characteristics of trees in their

climate adaptation plan:

● Trees reduce the amount of impervious surfaces, which, in turn alleviates

the severity of the urban heat island effect

● Trees increase Denver’s ability to deal with extreme runoff events.

● Tree cover results in shade, which helps reduce the impact of extreme

heat events

A “no” means that either trees weren’t mentioned at all or in a context irrelevant to the

analysis. For example, trees might have only been mentioned in passing as being

damaged by extreme weather events. The results of the analysis of the 76 plans are

shown in Figure 1 and Map 2 below:
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Figure 1: An analysis of 76 local climate plans found that 58 employed urban forestry as an
adaptive strategy to climate change, and 18 plans did not mention trees as an adaptive strategy.

Map 2: Localities that include trees as a climate adaptation strategy within their plans
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If trees were mentioned in plans for usage besides emissions reduction, they were also

often mentioned in the context of urban heat islands. Mentions of urban heat islands are

broken down by the population size of the municipal area in Figure 2 below.

Figure 2: A breakdown of towns that mentioned urban heat islands by their size. 89% (24 of 27) of
large cities analyzed mentioned urban heat islands in their plans, followed by 53% of
medium-sized towns (9 of 17), 42% (5 of 12) of small towns, and 40% (8 of 20) of ex-urban towns.

These data sets indicate that trees are indeed included in local climate

adaptation planning as an important strategy for dealing with the effects of extreme

precipitation and heat events brought on by climate change. Towns often mention trees

as an adaptive strategy under three major qualities: reducing extreme heat,

strengthening air quality, and assisting stormwater management.
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Once a plan describes what climate impact they intend to address, they move

into actionable steps the town itself can take. In the municipal plans analyzed, the towns

outlined their plans and commitments to planting more trees. For example, in Portland,

Oregon’s plan, a section on tree programs contains the goal to continue current tree

planting and expand tree preservation and maintenance programs and incentives in the

city.41 Los Angeles, California’s plan aims to reduce the effects of the urban heat island

by planting 1 million trees, with a focus on planting trees near bus stops to provide more

shade and further heat relief.42 Salem, Massachusetts hones in how trees can be used

an adaptive strategy for poor air quality, highlighting the town’s responsibility to further

tree planting, especially in areas with the poorest air quality.43 Oklahoma City touches

on all of the above strategies (air quality, heat management, and stormwater

management), but also touches on tree planting to monetize carbon emission offsets.

Oklahoma City also makes an important point to mention the importance of

mature tree preservation. The plan states that the ecological and public health benefits

provided by existing trees should warrant their protection, and that removing said trees

is extremely damaging to not only the aesthetics of the town’s landscape, but also

reduces the impactful drainage properties of trees and increases the impact of the

urban heat island effect.44

Planting trees is also an important opportunity to incorporate equity into climate

planning because underserved neighborhoods typically lack green space. Houston,

Texas’s plan commits to planting 4.6 million trees in neighborhoods most affected by the

urban heat island.45 Another example from Portland, Oregon’s plan discusses the

45Resilient Houston. City of Houston. (2020). Retrieved March 9, 2023, from https://www.houstontx.gov/mayor/Resilient-Houston-20200402-single-page.pdf
44Adaptokc: adapting for a healthy future. (2020). Retreived fromhttps://www.okc.gov/home/showpublisheddocument/18882/637299972915330000

43Ready for Tomorrow: The City of Salem Climate Change Vulnerability Assessment and Adaptation Plan. City of Salem. (December 2014). Retrieved March 9, 2023, from
https://www.mass.gov/doc/the-city-of-salem-climate-change-vulnerability-assessment-and-adaptation-plan/download

42Green LA: An Action Plan to Lead the Nation in Fighting Global Warming. City of Los Angeles. (May 2007). Retrieved March 9, 2023, from
https://planning.lacity.org/eir/8150Sunset/References/4.E.%20Greenhouse%20Gas%20Emissions/GHG.26_City%20LA%20GreenLA%20ActionPlan.pdf

41Climate Action Plan. City of Portland. (June 2015). Retrieved March 9, 2023, from https://www.portland.gov/bps/climate-action/documents/2015-climate-action-plan/download
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opportunity to focus tree planting in low-canopy neighborhoods and neighborhoods

more likely to suffer the impacts of the urban heat island effect.

Even though trees and the urban heat island were overwhelmingly mentioned in

larger city plans, some smaller towns also included a discussion of the UHI. For

example, Del Mar, California, a town of 4,000 in southern California, included trees as

an adaptive strategy in their plan and in the context of urban heat islands. As a

potential strategy for heat management, the town could take action “by planting shade

trees in parking lots, and creating additional green spaces.”46

Action and adaptation plans do not come with automatic funding, or spell out how

exactly funding needs to be allocated. Plans touch on the critical need for towns to

allocate funding to a climate budget; but they often don’t lay out actionable steps. For

example, Bloomington, Indiana’s Climate Action Plan states that the funding of the

items outlined in its CAP “will require reallocation/reconsideration of existing City funds,

raising new City funds, and identifying outside resources and funding opportunities.”47

Another example from Oahu, Hawaii’s plan underscores the importance of funding: “the

single greatest implementation tool the City possesses is our operating and capital

budget.”48 The plan outlines ways the city can incorporate resilience planning into their

existing budget, such as creating a green revolving fund or creating a bulk fund for

integrated planning. But the power doesn’t lie in the plan; it lies in the money.

It’s important to note that these plans are just that: plans. There is no

enforcement mechanism that will punish a town for not meeting the goals they outline in

a climate action or adaptation plan. In fact, climate change itself is the only thing that

48Ola: O’ahu Resilience Strategy. City of Honolulu. Retrieved from https://www.honolulu.gov/rep/site/ccsr/Ola_Oahu_Resilience_Strategy.pdf
47City of Bloomington Climate Action Plan. City of Bloomington. (n.d.). Retrieved March 9, 2023, from https://bloomington.in.gov/sustainability/2020-climate-action-plan
46 Del Mar Climate Action Plan. https://www.delmar.ca.us/DocumentCenter/View/2421/Final-CAP---Adopted-6-6-16-2?bidId=
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can hold the towns accountable; if they don’t execute their planning properly, then they

will have to deal with the full brunt of those impacts.

UTILIZING TREE ORDINANCES AND PRIORITY PLANTING ANALYSES FOR
CLIMATE RESILIENCE IN INDIANA

Tree Ordinances: An Overview in the Hoosier State

Outside formal climate planning, which only covers a small fraction of US cities,

creating sustainable tree ordinances is an effective method to build a town’s climate

resilience. According to the United States Forest Service, urban forests total 141 million

acres across the nation, a substantial asset in the fight against climate change.49 The

Tree City USA program, facilitated by the Arbor Day Foundation, is a designation that

cities can pursue to showcase their commitment to maintaining and expanding their tree

canopy. Over 3,600 communities across all 50 states have achieved this designation; a

key requirement of this designation is having a community tree ordinance.50 Tree

ordinances establish a community’s official policy regarding the protection and

maintenance of trees, and thereby its urban forest, and they are enforceable by law.

Because many communities already have a tree ordinance, or at a minimum have

language pertaining to trees in their city code, tree ordinances potentially offer a

straightforward avenue to creating meaningful local climate change policy.

There are four major types of ordinances that mention trees: street tree

ordinances, tree protection ordinances, landscape ordinances, and buffer ordinances. A

street tree ordinance contains guidelines referring to the planting, maintenance, and

removal of trees planted along streets or in the public right-of-way. A tree protection

ordinance protects tree canopy, desirable trees, or historically significant trees. This kind

50Arbor Day Foundation. Tree City USA. https://www.arborday.org/programs/treecityusa/
49Forest Service, United States Department of Agriculture. Urban Forests. https://www.fs.usda.gov/managing-land/urban-forests
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of ordinance will often contain requirements for a permit before a tree of the

aforementioned categories may be removed or maintained. Landscape ordinances are

lengthy city codes that specify requirements that must be considered or included in

blueprints by developers; for example, if a new parking lot is constructed, a landscaping

ordinance can specify how many new trees or plants need to be placed in the area.

Finally, a buffer ordinance utilizes trees to reduce noise or provide screening for privacy

or can also specify when trees should be incorporated to protect a waterway (a riparian

buffer).51

In Indiana, a conservative state where climate change policy is often met with

resistance, tree ordinances are a potentially acceptable way to establish climate

resilience strategies in communities. As described in the previous sections, trees

provide a plethora of ecological and social benefits; they can be used as a tool for

promoting climate change policy without explicitly mentioning climate change. As

climate change intensifies, Indiana is projected to have more extreme heat days and a

climate comparable to the southeastern United States. Therefore, it is very important for

municipalities to be proactive and initiate tree planting programs of appropriate species

now so that they have as much protection in place as possible as the climate situation

becomes more severe. Resilience strategies can be established even in places with

limited climate adaptation planning; in Indiana, towns as small as Brazil (8,380 people)

to as large as Indianapolis (874,005 people) already have tree ordinances.

The majority of Indiana’s tree ordinances are street tree ordinances. As shown in

the map below, nearly all counties in Indiana have a municipality with a street tree

ordinanceIt was a priority to find a tree ordinance from each county’s county seat, which

51 North Carolina State. “Developing Successful Tree Ordinances.”
https://content.ces.ncsu.edu/developing-successful-tree-ordinances#:~:text=Tree%20ordinances%20establish%20official%20policies,maintaining%2C%20and%20conserving%20community%20trees.
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is usually the most populous town or city of a county. However, in some cases, the

county seat’s ordinances were not available. If the county seat’s ordinances could not

be located, then more populated town in the county was selected. This was the case for

the following counties:

· Greene: used Linton instead of Bloomfield

· Jennings: used North Vernon instead of Vernon

· Martin: used Loogootee instead of Shoals

· Noble: used Kendalville instead of Albion

· Scott: used Austin instead of Scottsburg

· Spencer: used Santa Claus instead of Rockport

· Vermillion: used Clinton instead of Newport

· Warrick: used Newburgh instead of Boonville

Additionally, the following 16 municipalities were added to project after the initial

analysis of 92 counties was conducted: Beech Grove; Carmel; Elkhart; Fishers; Gary;

Greenwood; Hammond; Lawrence; Mishawaka; Portage; Seymour; Southport;

Speedway; Westfield; West Lafayette; Zionsville. All of them were selected due to their

populations being above 19,500 people except for Southport and Speedway. Southport,

Speedway, and Lawrence were selected because they are only three unincorporated

towns in Marion County that aren’t considered to be Indianapolis. The intent was to

examine if these towns’ ordinances had any stark difference from Indianapolis (the
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largest city in the state).

Map 3: Street tree ordinances in Indiana, symbolized by the town’s populations.

Municipalities in all regions of the state have tree ordinances, but the

socioeconomic status of these towns varies significantly. Both wealthy and poor towns

are represented on this map. Yet even though towns in all geographic regions and of

varying socioeconomic levels have tree ordinances, the scope of all tree ordinances is

not the same. The ordinances can be separated into three broad categories: extensive
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tree ordinances; standard tree ordinances; and basic tree ordinances (exists, but is

sparse).

Street Tree Ordinance Designation Characteristics

Extensive ● Include a statement of purpose

● Detail the proper care, protection and

maintenance of street trees

● Encourage selection of appropriate species

(i.e. choosing native trees over invasive

species)

● Authorize Tree Board to approve or deny

permitting and make decisions regarding

planting and maintaining trees

● Detail the importance of maintaining trees for

public health

● Include goals to expand and maintain a city’s

tree canopy

● Mention the importance of trees for

maintaining ecological services

Standard ● Include a statement of purpose

● Detail the proper and care and maintenance

of Trees

● Authorize Tree Board to approve or deny

permitting and make decisions regarding

planting and maintaining trees

● Detail the importance of maintaining trees for

public health

Basic ● Inclusion of tree trimming guidelines, mostly

in terms of not obstructing viewpoints

● Little to no elements of protection or

importance of maintaining urban forest

Table 2: Classification of street tree ordinances based on the elements included within the
ordinance.

27



Based on Table 2, an example that would fall into each category is discussed.

An example of an extensive ordinance comes from Bloomington, in the south-central

portion of the state, which has a nine-page street tree document that details the

maintenance and protection of local trees. ​​Bloomington’s tree ordinances aim to

standardize the planting and maintenance of boundary trees and trees on public

property in order “to encourage proper selection and planting, and to assure

compatibility with other urban infrastructure such as utilities, sidewalks and streets.”52

Additionally, they “establish the responsibilities of the city and its residents toward trees”

and aim to “maintain and increase the tree canopy within the city.”53 Bloomington aims

to expand and maintain the tree cover of the city by planting in accordance with these

tree regulations. Overall, the city's annual goal is to plant at least twenty percent more

trees than it removes, so the planting-to-removal ratio is 1.2 to 1, and replacing

previously removed trees and planting in new areas is encouraged. Bloomington also

has extensive landscaping standards, which are “intended to improve Bloomington's

vegetated environment and foster development that will protect and preserve the

appearance, character, health, safety and welfare of the community.”54 They aim to

“protect and improve Bloomington's biodiversity and the ecological services provided by

native species and ecosystems,” of which, “trees, vegetation… and other landscape

elements are essential components... [that] enhance the visual quality of

developments…. and better integrate the built and natural environments.”55 For

development projects “native grasses and herbaceous perennial species [should] be

used for ornamentation in addition to the required plantings.”56 The landscaping

56Bloominingto, IN Municipal Code. https://library.municode.com/in/bloomington/codes/code_of_ordinances?nodeId=TIT20UNDEOR_CH20.04DESTIN_20.04.080LABUFE
55Bloominington, IN Municipal Code. https://library.municode.com/in/bloomington/codes/code_of_ordinances?nodeId=TIT20UNDEOR_CH20.04DESTIN_20.04.080LABUFE
54Bloominington, IN Municipal Code. https://library.municode.com/in/bloomington/codes/code_of_ordinances?nodeId=TIT20UNDEOR_CH20.04DESTIN_20.04.080LABUFE
53Ordinance 08-06 https://bloomington.in.gov/sites/default/files/2017-05/Street%20Tree%20Ordinance%2008-06.pdf
52Ordinance 08-06 https://bloomington.in.gov/sites/default/files/2017-05/Street%20Tree%20Ordinance%2008-06.pdf
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ordinances promote genetic diversity of trees by requiring that “on sites that require an

aggregate total of twenty or more new trees, any given genus of tree shall be limited to

a maximum of twenty-five percent of the total number of newly planted trees on site”

and “to improve pollinator habitat, at least twenty-five percent of planted areas shall

include native flowering and nectar producing plant species.”57

Based on Table 2, an example of a standard tree ordinance comes from

Evansville, IN, in the southwestern part of the state - it details the proper care and

maintenance of trees. Evansville’s Tree Advisory Board has the authority to approve or

deny permits relating to the planting, removal, trimming, and cutting of trees.

Additionally, no one is to “remove, destroy, cut, severely prune (including the root

system), or otherwise treat any public tree without first obtaining a written permit from

the Tree Board, or its designated agent.”58 If a private property owner removes a public

tree that obstructs said property, the owner should replace said public tree with two or

more public trees. Overall, the ordinances aim to “promote the public health, safety,

beautification, and general welfare of the City, and are considered to be minimum

requirements.”59 This ordinance is adequate and helps protect the city’s urban forest.

However, it can be improved by adding elements of climate resiliency, discussed in the

section immediately following.

Based on Table 2, an example of a basic tree ordinance that can be improved

upon comes from Monticello, in the northeastern region of the state. Monticello’s

ordinances focus on tree trimming. Owners of real estate are responsible for trimming

trees, bushes, shrubs, and other plants that are on the public land abutting their

59Evansville, IN Municipal Code. https://www.codepublishing.com/IN/Evansville/#!/html/Evansville02/Evansville0290.html

58Evansville, IN Municipal Code. https://www.codepublishing.com/IN/Evansville/#!/html/Evansville02/Evansville0290.html

57Bloomington, IN Municipal Code. https://library.municode.com/in/bloomington/codes/code_of_ordinances?nodeId=TIT20UNDEOR_CH20.04DESTIN_20.04.080LABUFE
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property to ensure critical visibility zones remain open. This ordinance is sparse and

provides ample opportunity to add additional detail.60

This analysis was limited to street tree ordinances across the state of Indiana. As

such, street trees can only be planted on public property, which raises the issue of cities

only being able to dictate where planting can occur on public land. Yet, street trees are

critical for climate change adaptation and mitigation because they overhang streets and

other impervious surfaces in the areas most affected by heat. This is a limitation of the

analysis, as the amount of public versus private land in suburbs varies. When it comes

to climate action, cities must plant street trees and encourage residents to plant trees on

their private property. Additional tools might include tree protection ordinances,

landscaping ordinances, and buffer ordinances, all of which impact private property.

Creating More Climate Resilient Tree Ordinances

There are several ways to make existing tree ordinances an effective climate

policy tool. The first, and most basic step, is to include a statement of purpose that

describes how trees can benefit the community not only aesthetically, but for the

reasons discussed thus far - primarily climate adaptation and resilience. A purpose

statement should follow the structure of Spencer, Indiana’s ordinance:

§ 95.01 PURPOSE

The Town of Spencer recognizes that trees and vegetation provide benefits to the

community and finds it necessary to establish basic standards, measures, and

compliance for the preservation and protection of trees and vegetation while at the

same time recognizing the individual rights to develop private property. Benefits

provided by trees include:

60Monticello, IN Municipal Code. https://codelibrary.amlegal.com/codes/monticelloin/latest/monticello_in/0-0-0-2491
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(A) Enhancing visual and aesthetic qualities that attract visitors and

businesses and

serve as a source of community image and pride.

(B) Energy conservation and energy costs reductions by providing shade and

evaporative cooling.

(C) Increasing real property values

(D) Reducing storm water runoff and the potential for soil erosion

(E) Reducing Noise Pollution

(F) Reducing local air pollution by absorbing carbon dioxide and ozone and by

releasing oxygen.

(G) Reducing wind speed and directing air flow.

(H) Providing habitat for birds, small mammals and other wildlife.

(Ord. 2009-2, passed 1-5-2009).61

Another potential strategy to exercise climate resilience through tree ordinances

is by requiring native species and vegetation protection areas.62 Invasive species are

prevalent in tree selection lists. Even though an invasive species that grows quickly

could theoretically be beneficial for the town regarding stormwater and heat

management, it could wreak ecological havoc upon a town - not all urban canopy is

good urban canopy. A native species will not only improve stormwater and heat

management tactics but will be better suited to a local environment. Invasive species

can be banned within tree ordinances themselves, or it can be done by a standalone

ordinance. For example, Knox County, which includes the city of Vincennes, was the

62Sustainable Development Code. “Chapter 1.7: Urban Forestry and Vegetation.” https://sustainablecitycode.org/chapter/chapter-1/1-7/
61Spencer, IN Municipal Code. https://webgen1files1.revize.com/spencerin/Document%20Center/Town%20Ordinances%20&%20Codes/Town-Code.2018.pdf
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first county in Indiana to pass an invasive species ban ordinance in 2020.63 An

ordinance like this could be replicated across the state. The most substantial obstacle to

passing a county-level invasive species ban would be the perceived loss of economic

activity it could create, and Indiana is a state where deregulation is popular. Vegetation

protection areas that restrict development near environmentally sensitive locations such

as wetlands or nature preserves are limited. Such issues, however, could be included

as an additional chapter within a tree ordinance, or within landscaping and zoning

ordinances.

Another strategy involves including provisions for invasive and exotic species

removal.64 Existing tree ordinances can be updated or new ordinances can be drafted

that explicitly prohibit exotic species planting in certain areas and/or declare such

plantings to be public nuisances. Once a species is designated as a public nuisance, it

makes it easier for local governments to enforce the removal of a species. Because

invasive and exotic species spread rapidly and can damage public and private property,

they would fit within the realm of public nuisance law. In addition to exotic species

removal, tree ordinances can require native tree planting when an invasive tree is

removed. For example, in Ventura County, California, when a tree has to be removed

during development, it must be replaced with 10 native trees.65

Making laws and regulations more sustainable shouldn’t occur solely within tree

ordinances – it should also happen; generally across all municipal codes, including

landscape codes, stormwater management codes, zoning codes, and city master plans.

However, because several Indiana towns already have tree ordinances, the above

65Sustainable Development Code. “Native Trees and Removal of Invasive Trees.” https://sustainablecitycode.org/brief/require-native-trees-and-removal-of-invasive-trees-7/
64Sustainable Development Code. “Chapter 1.3: Sensitive Lands and Wildlife Habitat.” https://sustainablecitycode.org/brief/require-removal-of-exotic-vegetation/

63Indiana University Environmental Resilience Institute. “Knox County, Indiana Bans the Distribution of 64 Invasive Plants.”
https://eri.iu.edu/erit/case-studies/knox-county-indiana-bans-the-distribution-of-64-invasive-plants.html#:~:text=Ordinance%20Number%2011%2D2018%3A%20An,landscapers%20and%20all%20other%20vendor
s.
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policy suggestions are centered around improving existing ordinances. Existing

municipal code can be changed by both removing existing unsustainable code and

adding new, more sustainable code. Amending municipal code can be a difficult, slow

process. Even though there are fewer regulatory hurdles than in state or national

government, a change to an ordinance or the passage of a new ordinance must be

proposed before and voted on by a city council.

Ordinances are a great step forward, but they aren’t enough; the enforcement

that follows is critical for success. Tree planting can be a financial burden for a

community as funding is often limited. The cost of a tree is variable and dependent on

factors such as size and species, but, as a very rough estimation, a town is likely to

spend between $100 and $2,000 to plant a single tree, depending on the size of the

tree, the species of tree, and the labor required to plant the tree.66

Because city and town budgets are already constrained, it’s important to pursue

funding for municipal trees in multiple ways. In the tree ordinances themselves,

permitting fees or establishment funds can be used to help the city collect revenue for

tree planting areas. Trees, however, should still be an integral part of a city’s established

budget. Cities can also pursue more funding for tree planting by applying for a

community urban forestry grant, such as the one administered by the Indiana

Department of Natural Resources.67

Financial risk is also an important factor. Tree ordinances should be based on

sound forestry best practices and the choice of species, number, and location of trees

carefully considered. They are an investment, and as such, should be managed

67Indiana Department of Natural Resources. Community and Urban Forestry Grants. https://www.in.gov/dnr/forestry/programs/community-and-urban-forestry/grants/

66Nita, Adrian. “How Much Does it Cost to Plant a Tree in 2023?”
https://lawnlove.com/blog/cost-to-plant-tree/#:~:text=The%20average%20cost%20for%20planting,national%20average%20cost%20of%20%24300.&text=Planting%20a%20tree%20is%20a,the%20labor%20to%2
0plant%20it.
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appropriately. Furthermore, a town should plant trees in areas that need trees the most.

This provides the best return on investment in the long run.

The Importance of Suburbs in the Fight Against Climate Change

Because a town’s resources are limited, it is important that priority planting areas

are analyzed and selected. Midsized suburbs are often overlooked in the climate

change space because larger cities have higher populations and more resources at

their disposal. A typical suburb cannot create a tree planting program like the ones that

Houston, Texas, and New York City, New York have implemented, because the scale is

so much smaller.

Suburbs should not be overlooked, however, when combatting climate change;

their emissions contribute significantly to climate change due to a lack of public

transportation, inefficient land use, and high energy consumption.68 Large cities

dominate the discussion regarding local climate adaptation, but a majority of the

population of the United States lives in suburban neighborhoods.69 According to data

gathered from the U.S. Department of Housing and Urban Development and the U.S.

Census Bureau, 52% of households describe their neighborhood as suburban, 27% as

urban, and 21% as rural.70 Suburbs are a significant form of settlement worldwide, and,

yet, little research has been done about how suburbs are adapting and becoming more

resilient to climate change.71 Suburbs, like cities, need to adapt to climate change as

well. They have large amounts of impervious surfaces, which raise the temperature of

71Robin M. Leichenko, William D. Solecki, Climate change in suburbs: An exploration of key impacts and vulnerabilities, Urban Climate, Volume 6, 2013, Pages 82-97, ISSN 2212-0955,
https://doi.org/10.1016/j.uclim.2013.09.001.

70U.S. Department of Housing and Urban Development. The 2017 AHS Neighborhood Description Study. https://www.huduser.gov/portal/AHS-neighborhood-description-study-2017.html

69Hannah M. Teicher, Carly A. Phillips & Devin Todd (2021) Climate solutions to meet the suburban surge: leveraging COVID-19 recovery to enhance suburban climate governance, Climate Policy, 21:10,
1318-1327, DOI: 10.1080/14693062.2021.1949259

68Daniels, T.L. Re-designing America’s suburbs for the age of climate change and pandemics. Socio Ecol Pract Res 3, 225–236 (2021). https://doi.org/10.1007/s42532-021-00084-5
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surrounding areas, and while they may not experience the severity of the urban heat

island effect in the same way as larger cities, they still are very much affected by heat.

Suburbs vary significantly with respect to economic class and are influenced by

state policy. The focus must shift to suburbs because their emissions, land area, and

total population size across all suburbs exceeds the total population size across all

urban areas.72 Additionally, suburbs are not wholly white and middle-class; oftentimes,

they are home to large numbers of low-income and communities of color. Lower income

and high density suburbs, which are often home to diverse communities, are especially

vulnerable to heat island impacts because of less green space and fewer shade trees,

and lack of access to in-home air conditioning. These effects are further exacerbated by

prevalent impervious surfaces.73 Suburbs are often spread out and require vast

amounts of infrastructure: the luxury of space comes at the expense of more

consumption. Planting additional trees in suburbs will help minimize the heat island

effect and absorb more stormwater. More tree canopy means more shade, which in turn

reduces energy consumption and associated costs through cooling effects.74 Although a

significant part of the problem is that suburbs are spread out over a large area, it can

also be a part of the solution. More space means more opportunities to plant trees in

high-priority areas.

Zionsville, Indiana is a small city bordering Indianapolis that can also serve as a

case study of a standard, upper-middle-class American suburb. Zionsville is relatively

homogenous - the population is 90% white and has a median household income of

$141,546. There are 741 other cities in the United States with a population of 25,000 to

74Williamson J, Dunham-Jones E. Case studies in retrofitting suburbia: urban design strategies for urgent challenges. Hoboken: John Wiley & Sons Inc; 2020. [Google Scholar]

73Robin M. Leichenko, William D. Solecki, Climate change in suburbs: An exploration of key impacts and vulnerabilities, Urban Climate, Volume 6, 2013, Pages 82-97, ISSN 2212-0955,
https://doi.org/10.1016/j.uclim.2013.09.001.

72U.S. Department of Housing and Urban Development. The 2017 AHS Neighborhood Description Study. https://www.huduser.gov/portal/AHS-neighborhood-description-study-2017.html
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49,999 people, 20 of them being within Indiana.75 As mentioned above, suburbs are

often overlooked in the climate change space, so it is paramount to highlight climate

mitigation and adaptation work being done in towns like Zionsville. Because Zionsville,

a rapidly growing suburb of 31,000 in central Indiana, is representative of other middle

to upper-class suburbs, we can use it as a case study to inform our understanding of

climate change issues for similar mid-to-large cities in the Midwestern United States

and beyond.

Priority Planting Analysis in Zionsville, Indiana: What is it, how was it done, and
why is it important?

Communities who want to bolster their climate resilience can undertake an Urban

Tree Canopy Cover Assessment (UTCC). This is a complex, multistep process that, in

its simplest form, measures a municipality's tree canopy cover. According to the United

States Forest Service, there are five major components in an urban tree canopy cover

assessment: Planning, Assessment, Analysis, Implementation, and

Monitoring/Evaluation. The planning phase involves setting goals and practical

benchmarks for the project. For example, a city should have a percentage of tree

canopy in mind that it aims to achieve after the UTCC. Data must then be collected,

classified, and assessed in the next phase of the project. This involves complex remote

sensing and satellite image analysis. Following all of this and in collaboration with

community stakeholders, the data is analyzed to determine the best locations to expand

the tree canopy. Once this is complete, agreed-upon actions are implemented via tree

planting and monitored long-term to ensure the city reaches its specified canopy cover

goal.76

76U.S. Department of Agriculture, Forest Service. 2019. Urban tree canopy assessment: a community’s path to understanding and managing the urban forest. FS–1121. Washington, DC. 16 p

75Number of cities, towns and villages (incorporated places) in the United States in 2019, by population size. https://www.statista.com/statistics/241695/number-of-us-cities-towns-villages-by-population-size/ and
Indiana Demographics. Indiana Cities by Population. https://www.indiana-demographics.com/cities_by_population
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In the summer of 2022, this process is exactly what Zionsville and six other

Indiana towns, in partnership with the Indiana University McKinney Midwest Climate

Project and Davey Resource Group, undertook. Davey Resource Group (DRG), an

environmental consulting company that specializes in tree and ecological services,

finished the second key step of the UTCC by completing the remote sensing study,

using Digital Surface Models, land cover mapping, canopy height models, and

corresponding metrics and metadata. Then, DRG disseminated the land cover data and

maps to each of the seven local governments, with the first maps containing no-planting

sites. One climate fellow, a student at Indiana University, was placed with each town. I

was the climate fellow for the Town of Zionsville, and from here, I took over the UTCC

with step 3 of the project: Analysis. No-planting sites are areas that are not suitable for

tree planting. These include but are not limited to: cemeteries, golf courses, powerline

corridors, agriculture areas, sports fields, electric substations, airports, water treatment

facilities, and marshes. These maps came in the form of an ArcGIS Shapefile and a

GoogleEarth Shapefile. The maps were then analyzed and locations marked that

needed to be added, removed, or expanded. Then, a Geographic Information System

(ArcGIS) was used to create a priority weighting scheme for planting sites in the city.

As defined by ESRI, a raster is a matrix of cells (or pixels) organized into rows,

columns, or a grid with each cell containing a value representing information.77 Each of

the variables, discussed in the paragraph immediately following, were prepared for

analysis in a raster form. There were two major categories of variables included in this

analysis: scientific and sociodemographic. Seven scientific variables selected to

analyze (distance to hardscape, distance to canopy, floodplain, soil permeability, soil

77ESRI. “What is raster data?” https://desktop.arcgis.com/en/arcmap/latest/manage-data/raster-and-images/what-is-raster-data.htm
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erosion, and ratio of canopy to impervious surface) were selected because these

variables determined where stormwater can best be mitigated by trees. An additional

three sociodemographic variables (population density, median household income, and

percent minority population) were included in the analysis to add this dimension of

equity to the analysis. Normally, if a town wanted to just plant trees in the best places for

stormwater management, they would only include the seven scientific variables in the

analysis. However, because equity was important piece of the creation of this plan,

sociodemographic data was included in addition to the scientific variables. The total

weight of the scientific variables was 70%, and the total weight of the sociodemographic

factors was 30%. This number was agreed upon by the climate fellow, the Parks

Department, and the Department of Public Works. In other towns that are more

socioeconomically diverse, the sociodemographic factors should have a greater weight.

However, because Zionsville is relatively homogenous, 30% was agreed upon as an

appropriate designation.

The distance to hardscape variable measures the distance to all impervious

surfaces and the corresponding assessment made areas closer to impervious surfaces

a higher priority because trees in these locations help reduce stormwater runoff and

sedimentation. The distance to canopy variable measures distance from the existing

tree canopy and the related algorithm, prioritizes areas closer to the existing tree cover

higher to improve habitat connectivity. Soil data include HSG (Hydrologic Soil Groups)

and KFactor (a measurement of the soil’s erodibility). The analysis prioritized planting

trees in areas with higher soil erodibility (a higher Kfactor) because trees help keep soil

in place and reduce excess stormwater runoff and pollution during extreme precipitation
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events. The analysis also prioritized planting trees in areas with low soil permeability

because trees help increase the permeability of soil and thereby help the soil absorb

water more effectively. Floodplain data were also included; planting trees in areas prone

to flooding reduces the impacts of the floodwater. This is critical for reducing the impact

of extreme precipitation events, such as the one that Zionsville experienced in 2011.78

Slope data, using a Digital Elevation Model, was also included. Knowing the percent of

slope rise across the town helps identify planting areas with the steepest grades where

planting trees would help reduce stormwater runoff. The ratio of canopy to impervious

surfaces was also included to help focus attention on locations that have the greatest

need for reducing heat stress. Finally, sociodemographic variables, including population

density, median household come and percent minority, were included to help address

social equity issues and ensure equal access to tree canopy to all residents regardless

of socioeconomic status.

After all ten variables were prepared in individual ArcGIS raster layers, they were

entered into a raster calculator that calculated the weight of the priority desired by the

city - essentially, all factors were included in the raster calculator, but the weighting was

different for each factor (see Table 3 on p. 56). The raster calculator then created a

single, combined raster layer from the above ten rasters. Then, grass and bare soil

were separated from the land cover layer; this, coupled with the no planting site

polygons, resulted in areas that could possibly be planted in. Zonal statistics were then

calculated based on the possible planting sites and the priority planting raster to find the

mean value of each polygon . After the means for each polygon were calculated, the

polygons were symbolized by one of five priority classes depending on which quintile

78“Parks, roads flood around Zionsville.” wthr.com https://www.wthr.com/article/news/local/parks-roads-flood-around-zionsville/531-5edc7d74-82c9-4cea-a0f2-bc5d30bf36ff
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range the mean fell into: very low, low, moderate, high, and very high. A highly detailed

description of this process may be found in the Appendix. The results of the priority

planting analysis are shown below:

Map 4. Priority Planting Analysis for the Town of Zionsville, IN. The excluded area of this map is
the rural service district of the town; the town itself has jurisdiction over planting in the urban
service district. The areas outside of the urban service district in the map are lands managed by
the Parks Department
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The highest priority areas, after taking into account all factors described above,

were centered in the downtown and adjacent industrial areas (Map 4). Downtown

Zionsville is a charming and bustling place with several local businesses and residences

in close proximity. It is the most population dense location in the town and includes the

highest density of impervious surfaces. Additionally, Zionsville has significant existing

tree canopy cover downtown, so focusing tree planting initiatives in this location was

high priority because it will also enhance biological corridors. The downtown area

generates the most heat because of the high concentration of impervious surfaces

combined with locations that don’t have existing tree canopy. In addition, the

commercial areas to the east and west (Map 5) also have a high level of impervious

surfaces, which further contributes to the overall heat load.
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Map 5: Priority Planting Analysis for the Town of Zionsville, IN (Downtown Area). This map shows
the highest priority planting areas in the town. The roughly diamond shaped developed area at the
center of the map is the downtown core. It is flanked to the east and west by significant
commercially developed/industrial areas. Scale: 1 inch = 500 ft

Once the priority planting analysis maps were created, they were analyzed to

select specific locations for tree planting. Five specific areas were selected based on

the priority planting analysis and community groundtruthing (driving to each location and

ensuring it was actually a viable planting site). Since the work was completed in close

collaboration with the Parks and Recreation Department, two of the five sites (see

Figure 3) were existing parks. Planting Site 2 was not included in the priority planting

analysis because it had only recently been designated as part of the urban service

district of Zionsville and was formerly a county road.
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Figure 3: Planting Site Maps (where PS stands for Planting Site)

Planting Site 1 Map: Bennet Parkway Planting Site. This site in Zionsville is adjacent to an
apartment complex in the more industrial part of the town. It was a higher priority area based on
the analysis and the existing medians had no trees.
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Planting Site 2 Map: Marysville Road, north of Oak St and south of Cruse Road. This recently
acquired road is adjacent to some existing forest and agricultural fields on both sides. The fields
will likely be developed into a new subdivision, so this is an optimal place to start planting trees.

Planting Site 3 Map: Downtown Zionsville Planting Site. This is the most population-dense area in
Zionsville and has significant existing urban tree canopy cover.
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Planting Site 4 Map: Mulberry Fields Planting Site. Although not identified as a high priority area,
this park has space for more trees along the edge where baseball fields abut the property.

Planting Site 5 Map: Heritage Trail Park Planting Site. Although not identified as a high-priority
area, this park contains an optimal planting opportunity because of its proximity to a new housing
development. Trees can be planted between the park and the road to provide both shade and a
buffer for the park.

With the aid of the Planting Site Prioritization Maps described above, both the

Parks Department and Department of Public Works can now easily see where high

priority and other appropriate areas for tree planting in Zionsville exist. These are

optimized locations that were identified by substantial geographic analysis that

incorporated nine relevant physical and sociodemographic variables and may have

been overlooked with simple ground truthing. The combination of a geographical

analysis and on-the-ground surveying will benefit the town’s tree planting program by

providing a scientifically sound strategy for the coming years and increasing the climate

resilience of the town.
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However, this analysis had several limitations, including limited community input

into what was weighted most heavily in the analysis (in this case stormwater

management) and in terms of incorporating other community values trees may provide.

Adapting to climate change and mitigating its effects looks different in every community

based upon its values, and this analysis is no exception. This was a geographic

analysis, and what maps show isn’t always a reality in the actual community. For

example, most, if not all, of the lands managed by the Parks Department were listed as

low-priority planting areas. However, parks are a critical place for planting in towns

because they are wholly public land. Additionally, a project like this should involve

residents from the get-go to better understand how people interact with their own

communities. Given the accelerated timeline of this project, that unfortunately wasn’t

feasible. Engaging with residents is important because it helps the city find locations

that could benefit extremely from new or more extensive canopy cover. However, the

extensive engagement with major stakeholders, including the Parks Department,

Department of Public Works, and the town’s tree board (People of Zionsville for the

Aesthetics of Zionsville) was a critical element to the completion of the analysis and

whatever the continuation of this project manifests itself as.

With adequate support and funding, urban tree canopy cover assessments could

be undertaken by more Hoosier towns and hopefully, suburbs outside of the Midwest, to

bolster their own climate resilience. An Urban Tree Canopy Assessment does require

time, resources, and support from multiple stakeholders, so it is not a trivial task.

However, it provides an important baseline for the health of a city’s urban forest and

visualizes where the existing canopy can be expanded with new trees. Planting and tree
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maintenance are expensive, but optimizing planting efforts will save money in the long

run.

CONCLUSIONS

Urban trees are critical to the creation of local climate policy because of their

ability to manage heat and reduce stormwater runoff. Furthermore, they are less

controversial than other climate solutions because they have broad appeal across the

political, social and economic spectrum. They are not just an ecological solution to

serious climate change issues, but also a way to improve our cities and towns

aesthetically and create value.

Trees are already included in several municipal climate adaptation and action

plans as a way to adjust to the changing environment. They are more likely to be

mentioned in a large city’s climate adaptation plan and be a higher priority, but trees are

also important adaptation tools in medium, small, and ex-urban-sized communities.

Using the Georgetown Law Center’s Adaptation Clearinghouse database, an analysis of

76 local climate plans found that 58 employed urban forestry as an adaptive strategy for

climate change, and 18 plans did not. A further breakdown of the same set of

municipalities by size found that 89% (24 of 27) of the large cities mentioned urban heat

islands in their plans, followed by 53% of medium-sized towns (9 of 17), 42% (5 of 12)

of small towns, and 40% (8 of 20) of ex-urban towns. However, funding and

implementation of these plans was lagging. Unfortunately, without adequate resources

and authority to implement and enforce codes, towns cannot effectively plant trees

where they need them.
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Tree ordinances are an underutilized policy tool that towns across the United

States can use to bolster their climate resilience. Over 80 towns of various population

sizes, representative of nearly every county in Indiana, have a tree ordinance. These

existing ordinances can be improved by adding sections that directly relate to climate

resilience, requiring the planting of native tree species, protecting existing trees, and

creating vegetation protection areas.

Urban tree canopy assessment and planting prioritization is a method for towns

to ensure the greatest return on investment from their tree planting programs because

trees are expense to both plant and maintain. This process was undertaken by

Zionsville and six other towns in Indiana during the summer of 2022. The results of the

priority planting analysis in Zionsville, a small suburb north of Indianapolis that is

experiencing rapid population growth, helped the town determine the best places to

plant trees in their available planting areas. The analysis in Zionsville has implications

for mid-sized suburbs across the United States, which are home to a majority of the

nation’s population. Other small to mid-sized towns in Indiana and beyond can use this

case study as a guide to help them with their own efforts to become more resilient and

adapt to climate change.

Creating, maintaining, and enhancing the urban forest is only one strategy for

mitigating the effects of climate change. It is, however, a formidable one. Trees are an

exceptionally flexible, robust, long term, cost effective and economical solution for

addressing a serious problem. They are also not controversial and have broad based

appeal. In the end, if you want to see the urban forest, you have to plant the trees.
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APPENDIX

1: Priority Planting Analysis

Authored by Hannah Gregory, Environmental Resilience Insitute, and Davey Resource
Group.

Priority Planting Analysis
The Priority Planting analysis will be one of the final steps to each city’s project. In order to
begin this analysis, a number of steps need to be done and approved first. We will need to
have the land cover layer finalized and the accuracy assessment complete. The ‘No Planting
Sites’, which can be completed at the beginning of the project needs to be completed and
approved by the client. All PriorityPlanting factors needed for this project need to be
completed (these include (Distance to Canopy, Distance to Impervious, Kfactor, HSG, Slope,
Flood Plain and Heat Islands). We will also need to have the weighting scheme approved by
the client. We have a weighting scheme that we recommend to them and this is the one that
will be used in this example.

1. First, we need to create a Priority Raster in order to rank all planting sites.
Navigate to the ‘PriorityPlanting’ geodatabase (City > 2_UTC >
EnvironmentalGrids > PriorityPlating) and pull in all of the final layers you
created from the ‘Priority Planting Set Up’ portion of the analysis. These will
include:

a. CanopyDistFinal
b. ImperviousDistFinal
c. SlopeFinal
d. KfactorFinal
e. HSGFinal
f. FloodPlainFinal
g. HeatIslandFinal
h. 3+ VariableFinal Rasters

2. Go to your ‘Search’ menu and type in ‘Raster Calculator’. Choose the option that says,
‘Raster Calculator (Spatial Analyst)’. The tool allows you to run calculations on multiple
rasters. We will use this to get our weighted average of all seven priority factors. We will
be using the following weighting scheme to write this calculation in this example. All the
weights need to add up to 1.
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a. In the Raster Calculator tool we will be entering ‘ImperviousDistFinal’ and then
multiplying it by the weight associated with it. Then enter the addition sign ‘+’ and
then enter the ‘CanopyDistFinal’ and then multiply that by its weight. We will
keep adding the rest of the factors and multiplying them by their weights. When
you are done, it will look like this:

i. "ImperviousDistFinal" * 0.20 + "CanopyDistFinal" * 0.05 + "SlopeFinal" *
0.10 + "HSGFinal" * 0.05 + "kfactorFinal" * 0.05 + "FloodPlainFinal" *
0.10 + "HeatIslandsFinal" * 0.15 + "PopDensFinal" * 0.10 + "MedIncFinal"
* 0.10 + "PerMinFinal" * 0.10

b. The tool will look like the following when complete (note: this screengrab was
from ArcMap but is very similar to the same tool in ArcPro). Save the Output
Raster to the ‘PriorityPlanting’ geodatabase and name it ‘PriorityRaster’.

c. The resulting raster layer will be a black and white raster with all 7 priority factors
overlain. An example is below.
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3. Next, we will create the ‘Possible Planting Sites’. It Is possible that this may already
have been done if the possible planting metrics have already been run. To check if it has
been run, go to your ‘2_UTC’ folder and then go to a folder called ‘PlantingSites’. There
will either be a layer named ‘PossiblePlantingSites’ or ‘PossibleUTCSites’. Or there may
be a geodatabase and inside there will be a layer called ‘PossiblePlantingSites’ or
‘PossibleUTCSites’. Here we will assume that the layer has not been created yet.

4. Now, pull the ‘LandCoverFinal’ layer into the map. If the layer is a shapefile you can go
to step 5. If the layer is a raster then skip to step 7.

5. Open the attribute table by right-clicking on the ‘LandCoverFinal’ layer and go to ‘Open
Attribute Table’. In the table select just the ‘Grass/Low-Lying Vegetation’ and ‘Bare Soil’
features. We will be exporting just these two land cover types to a new layer. Right-click
the ‘LandCoverFinal’ in the table of contents and go down to ‘Data’ and to ‘Export Data’.
We will be saving this in the 2_UTC folder inside a folder called ‘PlantingSites’. The new
layer will be just the grass and bare soil.

6. Now we will need to remove the ‘NoPlanting’ sites from this layer. These ‘no planting
sites’ are sites that we know that no planting will occur on such as athletic fields,
agriculture fields, areas that have been cut for electrical use, etc. In the ‘Search’ menu
type in ‘Erase’ and then select the ‘Erase (Analysis)’ tool from the list. Your ‘Input
Features’ will be the ‘PlantingSites’ layer from step 5. Your ‘Erase Features’ will be the
‘NoPlantingSites’ layer that will be in the ‘PlantingSites’ folder. Save the ‘Output Feature
Class’ in the ‘PlantingSites’ folder and name it ‘PossiblePlantingSites’. Now you can skip
to step 9.

7. To complete this process using a raster you will first need to separate the grass and
bare soil from the land cover layer. To do this pull in the ‘LandCoverFinal’ raster. Then
go to the ‘Tool’ box and type in ‘Reclassify’ and select the ‘Reclassify (Spatial Analysis)’
tool. The ‘Input raster’ will be the ‘LandCoverFinal’ and the ‘Reclass field’ will be the
‘CoverClass’. In the table type ‘NoData’ in all of the boxes except for the
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‘Grass/Low-Lying Vegetation’ and ‘Bare Soil’. These can be given the same value of 1.
The window should look like the one below (note: this screengrab was from ArcMap but
is very similar to the same tool in ArcPro).

a. Save the ‘Output raster’ to the ‘PlantingSite’ folder and name it ‘PlantReclass’.
8. Now that you have a raster with just grass and bare soil, we need to turn it into a

polygon shapefile. In the ‘Tool’ box type in ‘Raster to Polygon’ and select the tool called
‘Raster to Polygon (Conversion)’. The ‘Input raster’ will be the ‘PlantReclass’ raster. The
field will be the ‘Value’ field. Save the ‘Output polygon features’ to the ‘PlantingSites’
folder and name it ‘PlantingSites’. Now you can go back to step 6 above to finish the
possible planting sites.

9. Now that you have your possible planting sites complete, they will need to be dissolved.
Search for the ‘Dissolve’ tool in the ArcPro toolbox. The ‘Input Features’ will be your
‘PossibleUTCSites’ and the ‘Output Feature Class’ can be saved to the ‘PlantingSites’
folder and named ‘PossibleUTCDissolve’. You do not need to choose a dissolve or
statistics field.

10. Now we need to use the tool ‘Multipart to Singlepart’. This will explode the possible
planting dissolved. In the ‘Tools’ search bar type ‘Multipart to singlepart’ and choose the
option that says ‘Multipart to Singlepart (Data Management)’.

a. The ‘Input Features’ will be the ‘PossibleUTCDissolve’ and the ‘Output Feature
Class’ can be saved to the ‘PriorityPlanting’ geodatabase. You can name this
layer ‘PossiblePlanting’.

11. Now that the‘PossiblePlanting’ layer is ready, we will begin finding priority levels. First,
we need to add a UniqueID to the ‘PossiblePlantingSites’ layer. Open up the attribute
table and add a new field called ‘UniqueID’. At the top of the field in the attribute table,
right click and go to ‘Calculate Field’. Double click on the existing identification field (FID
or OBJECTID) and click ‘OK’ (these two fields will essentially look the same with
different names).

12. Once you have the UniqueID calculated we will add three more fields to the
‘PossibleUTC’ layer.

a. Name the first field ‘SQFT’ and make it a ‘Double’ field.
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b. Next add and second field. This one will be named ‘MEAN’ and will also be a
‘Double’ field.

c. Add one more field and name it ‘PRIORITY’. This one will be a ‘Text’ field.
13. First, we will fill out the ‘SQFT’ field. In the attribute table right-click on the top of the

‘SQFT’ field and go to ‘Calculate Geometry’. Change the calculation type to ‘Square
Feet US [sq ft]’ and hit click ‘OK’.

14. Next, look at the size of your city. If you are working with a town or small city then we will
be removing any ‘PossibleUTC’ area less than 25ft. If you are working with a large city
(over 50 square miles) then you will be removing all ‘PossibleUTC’ areas less than 50ft.
For this example, we will be using 25ft. Right click on the layer to open the attribute
table and go to ‘Select By Attributes’. In the box type ‘SQFT <25’.

a. This will select all features less than 25 square feet. Ensure this before deleting
the features. Click on the ‘delete features’ button at the top of the attribute table
to remove the values.

15. Next, we will fill the mean field. To do this we will need to run a tool called ‘Zonal
Statistics as table’. In the search bar in the ‘Tool’ box type in ‘Zonal Statistics’. Choose
the option that says ‘Zonal Statistics as Table’. The first field in the tool ‘InputRaster’ will
be your ‘PossiblePlanting’ layer. The ‘Zone field’ will be the ‘UNIQUEID’. The ‘Input
value raster’ will be the ‘PriorityRaster’ that was created in step 2. The ‘Output table’ can
be saved to the ‘PriorityPlanting’ geodatabase and can be named ‘zones’. You can hit
‘OK’ and the table will be added to the ‘Table of Contents’

16. Now we will join the resulting table to the ‘PossibleUTC’ layer. Right-click on
‘PossibleUTC’ in the table of contents and go to ‘Joins and Relates’ and then to ‘Add
Join’. In the Join window the first box will be the ‘UniqueID’, the second one will be the
‘Zones’ table you made, and the third will be the ‘UniqueID’ again. Click ‘OK’ to
complete the join.

17. Open the attribute table for the ‘PossibleUTC’ and scroll to the right. At the end of the
table you will see the statistics that were calculated using the zonal statistics tool. Near
the end there will be one called ‘MEAN’. This will be the one that we will be using to fill
the ‘MEAN’ field we created in step 12. Right-click on the top of the field ‘MEAN’ (the
one we created, not the one from the joined table) and go to ‘Calculate Field’. In the
fields box, double-click on the field ‘zones.MEAN’ to add it to the Calculation box and
then hit ok. This will move the data from the ‘MEAN’ field in the ‘zones’ table to the
‘MEAN’ field in the‘PossiblePlanting’ layer.

18. You can remove the join between the table and our layer, we will not need the ‘zones’
table anymore. Now we need to make sure none of the ‘MEAN’ values are <Null>. Open
the attribute table, then go to ‘Select by Attribute’. In the box type ‘MEAN IS NULL’ and
click ‘OK’. Now all of the null values should be selected. Use the ‘Calculate field’ to
make all of the null values into ‘0’.

19. Now that the ‘MEAN’ field is complete we can use it to fill out the ‘PRIORITY’. In the
‘Table of Contents’ right-click on the ‘PossiblePlanting’ layer and go to ‘Symbology’. In
the symbology tab choose ‘Graduated Colors’ under ‘Primary Symbology’. We will be
making 5 classes using the ‘MEAN’ field that will be classified by the ‘Quantile’
classification method. Make sure there are 5 classes. The Symbology window should
now look like the image below (note: this screengrab was from ArcMap but is very
similar to the same tool in ArcPro -- your values may look different from the example
below. Use the values that you have in the following steps). If so, click ‘OK’.
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20. We will be using these 5 classes to rank our ‘PossiblePlanting’ sites on their priority.
Make sure your attribute table for the ‘PossiblePlanting’ layer is open and go to ‘Select
by Attribute’. We will be selecting everything that fell in the first class of our symbology.
For this example we will use the following class breaks:

a. In the box type in ‘MEAN <=1.450000’ and click ‘OK’. This will select all ‘MEAN’
values below ‘1.45’. Now that these are selected, right-click on the top of the
‘PRIORITY’ field and go to ‘Calculate Field’. In the calculator type in “Very Low”.
This means that everything with a mean of 1.45 and under has very low planting
priority.

21. Now we will be doing the same thing with the other 4 classes.
a. Go back to ‘Select by Attributes’ and this time type in ‘MEAN >=1.450001 AND

MEAN <=2.050000’. Once these are selected, right-click on the top of the
‘Priority’ field and go to ‘Calculate Field’ and type in “Low”.

b. Go to ‘Select by Attributes’ again and type in ‘MEAN >= 2.050001 AND MEAN
<=2.287871’. Then go back to the field calculator and type in ‘Moderate’. Go to
‘Select by Attributes’ again and type in ‘MEAN >= 2.287872 AND MEAN
<=2.450000’. Then go back to the field calculator and type in ‘High’.

c. Go to ‘Select by Attributes’ again and type in ‘MEAN >= 2.450001’. Then go back
to the field calculator and type in ‘Very High’.

d. Finally, go back to ‘Select by Attribute’ and type in ‘PRIORITY IS NULL’. This to
make sure none of the features were missed when filling out this field. If any are
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still null, see which of the 5 classes they fall into and make them the
corresponding priority level: Class 1 – Very Low, Class 2 – Low, Class 3 –
Moderate, Class 4 – High, Class 5 – Very High.

22. Now that the ‘PRIORITY’ field is filled out we are done creating this layer. Now we will
be moving it to the ‘Deliverables’ geodatabase.

Table 3: Priority Planting Weighting Scheme

Group Variable Data Origin Weight

Urban Tree Canopy Assessment

Distance to

Hardscape

Urban Tree

Canopy

Assessment

0.20

Distance to

Canopy

Urban Tree

Canopy

Assessment

0.05

Floodplain

National

Hydrologic

Dataset

0.10

Soil Permeability

Natural

Resource

Conservation

Service

0.05
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Soil Erosion

Natural

Resource

Conservation

Service

0.05

Slope

National

Elevation

Dataset

0.10

Urban Heat Island

Ratio of Canopy

to Impervious

Surface

Urban Tree

Canopy

Assessment

0.15

US Census

Population

Density
SimplyAnalytics 0.05

Median

Household

Income

SimplyAnalytics 0.125

Percent Minority

Population
SimplyAnalytics 0.125
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