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Executive Summary 

Tree canopy is a fundamental benchmark of a healthy community forest. A community’s trees provide multiple benefits in the form of clean air, 

stormwater interception, and energy savings. By establishing baseline data on the existing community forest in the City of East Lansing, 

Michigan, this assessment will guide future management and reforestation efforts throughout East Lansing. 

A recent assessment of tree canopy and other land covers in the City of East Lansing was performed using 2016 aerial imagery. This report 

summarizes those findings and provides recommendations for improving and maintaining the community forest. 

Amount of Existing Canopy Cover. The assessment revealed that 31% of the city’s 8,717 acres were covered by tree canopy in 2016. Other 

types of land cover measured in East Lansing include impervious surfaces (hard surfaces such as roads and buildings), which covered 27% of 

the city; pervious surfaces (grass and shrubs), 37%; bare soil, 4%; and open water, 1% (Figure 1). 

Location of Canopy. In terms of land area, the university (551 acres) and single-family residential property (715 acres) have the largest amount 

of canopy acreage in the city. As a percent by land use, natural areas of the river and parks have 61% and 60% canopy cover respectively. The 

other land uses with high percentages of tree canopy are concentrated in the single-family residential (49%) and multiple-family residential 

(34%) areas. The Bailey (239 acres), Whitehills (171 acres), and Pinecrest (126 acres) neighborhoods were found to have the largest amount of 

tree cover acreage. The neighborhoods with the highest percent of tree canopy included Brookfield Heritage (63%), Abbott Parkside (57%), and 

Northern Meadows (55%). In the city’s unknown (9%), mixed use (13%), other (15%), and retail space (15%) land uses, tree canopy is lowest 

compared to other land uses within the city. These low canopy areas are comprised of open space near an interstate, a golf course, religious 

properties, a utility right-of-way, mixed commercial and residential space.  

Potential Areas to Add Tree Canopy. The assessment identified and ranked potential locations to plant additional trees throughout East 

Lansing; approximately 1,850 acres were identified as realistic plantable acres across the city. The university (528 acres) and single-family 

residential (382 acres) areas have the highest amount of plantable acres. The Bailey, Whitehills, Pinecrest, and Glencairn neighborhoods were 

found to have the largest amounts of realistic planting locations. Planting trees in these four neighborhoods alone could increase tree canopy by 

nearly 300 acres. 

Benefits Provided by Trees. The assessment also quantified many of the benefits East Lansing receives from its tree canopy cover. The city’s 

trees provide approximately $4,621,527 in annual benefits. Tree canopy in East Lansing removes almost 200,000 pounds of air pollutants and 

sequesters nearly 14,000 tons of carbon. The city’s tree canopy also slows 43 million gallons of stormwater from entering storm drains during 

storm events annually. Tree canopy has also been proven to increase revenue in business districts, improve public health, and calm traffic in 

downtown areas. As existing trees mature and new trees are planted, these benefits will increase every year. 
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Figure 1. Land cover summary for East Lansing, Michigan. 

 
This assessment for the City of East Lansing was performed by Davey Resource Group, a division of The Davey Tree Expert Company. This 

project is part of a local initiative to manage the city’s community forest and expand tree cover across the city. 

While this assessment identifies areas for planting, it is important to note that simply planting more trees to increase canopy cover and benefits 

is not enough. Planning and funding for preservation, care, management, public outreach, and education must be incorporated into any planting 

efforts to ensure long-term success. To optimize tree canopy, the City of East Lansing, its residents, and partners can work together to promote 

the benefits trees provide the community, maintain and retain large public and private trees, and plant new trees throughout the city.
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Figure 2. Land cover analysis of East Lansing, Michigan. 
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Introduction 

Populated environments can have significant impacts on water quality. During significant storm events, water runs across impervious surfaces 

(e.g., streets, sidewalks, buildings), absorbing and carrying with it any particulates and pollutants that may be present. Eventually, this stormwater 

is intercepted by a series of drains or catch-basins before it ends up in the Red Cedar River and ultimately the Great Lakes. The more stormwater 

that flows through this system, the greater the potential for pollution and particulate matter to accumulate in the water. Finding ways to reduce 

the amount of stormwater runoff or even slow its interception through measures such as reducing impervious surface area or capturing 

stormwater can significantly reduce pollution and improve water turbidity. 

Trees have a substantial impact on water quality. Consider standing under a tree after a rainstorm. Even a small breeze can shake loose numerous 

water droplets from the tree. During a rainstorm, a tree’s leaves and trunk can capture large amounts of water droplets, which would otherwise 

quickly reach the ground and accumulate into stormwater runoff. While it may not seem like one tree can hold much water, the aggregate impact 

of stormwater retention across an entire community forest is appreciable. Through these processes, trees have become widely recognized for 

their ability to manage stormwater in our communities. 

Beyond stormwater, trees have been linked to environmental, social, and economic benefits. Trees have been shown to increase property values 

by as much as 15%. Business districts with high canopy can experience as much as a 12% increase in consumer spending1. Recent studies have 

also linked higher levels of tree canopy to lower levels of cardiovascular and pulmonary disease2. One study in California even found that tree 

canopy over roads was projected to save as much as $0.66 per square foot in road repair costs over a 30-year timeframe3. In short, optimal tree 

canopy is a significant and valuable asset that addresses multiple community goals and priorities. 

 

 

 

 

 

 

 
 

1  
K. Wolf (August 2007). City Trees and Property Values. Arborist News 16, 4: p. 34–36. 

2 
G. Donovan et al. (February 2013). The Relationship between trees and human health: evidence from the spread of emerald ash borer. American Journal of 

Preventative Medicine 44(2): 139–145. 
3 

E.G. McPherson and J. Muchnick (November 2005). Effects of Street Tree Shade on Asphalt Concrete Pavement Performance. Journal of Arboriculture 31(6): 

 303-310. 

 

 



 

 

 

Figure 3. City limits of East Lansing, Michigan. 
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However, East Lansing’s community forest continues to face significant challenges. Invasive species like emerald ash borer (EAB) and oak

wilt have had significant impacts on community forests. Climate change and storms are further expected to negatively affect trees. Beyond 

environmental concerns, additional development, in-fill, and repairs to urban infrastructure can also impact community tree cover as trees 

are removed or damaged. 

To receive the environmental benefits a community has come to expect from its green resources, a community forest must be properly cared 

for and managed. In recognition of this principle, the city and its partners are embarking on a process to collect and analyze meaningful data, 

develop comprehensive strategies, and work together to protect, enhance, and expand East Lansing’s community forest. 
 

Purpose 

The intent of this project is to provide East Lansing with valuable data that will support efforts to develop community goals, prioritize tree

planting and other on-the-ground projects, and establish the importance of the community’s tree resources among its other assets. This Tree 

Canopy Assessment and planting plan will be especially supportive to data-backed strategies and plans for the area’s current and future 

community forest and green infrastructure. 

This assessment establishes tree canopy cover baseline information, identifies and quantifies the current contributions of community trees, 

examines opportunities for tree canopy expansion, and develops a prioritized planting plan based on environmental factors that support 

community goals. 

The information contained within this report is only one of many initiatives dedicated to supporting East Lansing’s continued investment in

its community. The Tree Canopy Assessment data and maps and other management tools (e.g., tree inventories and management plans) are 

all necessary components that help guide community reforestation efforts to maximize ecological benefits and community forest

sustainability. As management progresses, East Lansing is encouraged to refer to these results, utilize this data for additional analyses, and 

continue to seek new tools and information to measure progress, report accomplishments, and inform management decisions. 
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Process and Methods 

Davey Resource Group’s Tree Canopy Assessment and Planting Plan was created using a well-established and statistically rigorous process. 

First, a land cover extraction was completed using 2016 National Agriculture Imagery Program (NAIP) photography. A series of random plots 

was generated and manually inspected to ensure accuracy. As an added level of comparison, Davey Resource Group completed an i-Tree Canopy 

assessment, which closely reflected the results of the comprehensive land cover extraction. Next, the canopy data from the land cover extraction 

were analyzed using i-Tree models to generate an estimate of ecosystem benefits provided by the existing tree canopy. Finally, a realistic estimate 

of potential canopy was created by eliminating areas not suitable for tree planting (e.g., concrete surfaces, water, or sports fields). These data 

were used to develop recommendations to achieve the project goals of using trees to mitigate stormwater and improve water quality. The data 

were then analyzed to complete this summary report, which was delivered to the City of East Lansing to assist in the management of its 

community tree resources. 

This study used a variety of data, tools, and analytical methodologies from various sources, including United States Department of Agriculture 

aerial imagery, census data, remote sensing technology, locally supplied data, and scientific studies. These sources will be briefly mentioned or 

referenced throughout the remainder of this report. 
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Tree Canopy Assessment Results 

Based on the most recent aerial imagery, the estimated tree canopy in East Lansing is currently 

31% (Table 1). During the 2017 public tree inventory, it was found that 9,776 of those trees 

were located on city property. An estimated 27% of the community is covered by impervious 

surfaces, which includes streets, sidewalks, and buildings. The total tree canopy percentage in 

East Lansing is adequate compared to that of other Michigan communities (Table 1); however, 

due to East Lansing’s relatively low urbanized nature, there are opportunities to improve on 

the tree canopy percentage. 

Tree canopy and impervious surfaces are just two of five land cover classifications generated 

by this assessment. Additional land covers that were assessed in East Lansing include pervious 

surfaces (e.g., grass, shrubs), bare soil, and water. All land cover classifications were measured 

within the confines of the city’s boundary. 

Per the overall canopy analysis, these data can be further segmented and examined to identify 

trends in the following: 

 Tree canopy by land use 

 Tree canopy coverage by neighborhoods 

 Tree canopy coverage by parks 

This information can be collectively used to better understand the tree canopy distribution across the community and the factors that drive 

changes in canopy. 

General findings and trends of East Lansing’s community tree canopy assessment are described in this report. However, these data can be 

examined and analyzed in different and more specific ways in future efforts (e.g., socioeconomic and demographic analyses). East Lansing is 

encouraged to further explore these data as new ideas, interests, or priorities arise. 

Simply put, this study represents only a subset of the extensive information and findings that can be gleaned from the data analyses generated 

by this assessment. 
 

 

 

 

 

 

Community 
Tree Canopy 

(%) 

Alma, MI 23% 

Eastpointe, MI 14% 

East Lansing, MI 31% 

Grand Rapids, MI 35% 

Harbor Springs, MI 40% 

Hillsdale, MI 36% 

Mount Clemens, MI 20% 

Roseville, MI 11% 

Table 1. Comparison of Tree Canopy Across 
Various Michigan Cities 
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Tree Canopy Related to Land Use 

Tree canopy levels tend to correlate with land use types. In a typical community, commercial areas and road rights-of-way tend to have much 

lower levels of tree canopy and higher levels of impervious surfaces than residential districts. Understanding this relationship across a community 

can help identify policy concerns or areas of need for new outreach and education programs that would appeal to specific landowners or property 

types. Table 2 presents current land coverage classes across land use in East Lansing. Figure 4 illustrates a general land use map of East Lansing, 

Michigan. 

Land Use Findings 

 The highest levels of tree canopy are found in the river (61%) and park (60%) land use types, followed by single-family residential (49%) 

and multiple-family residential (34%). Impervious coverage for these land uses is relatively low compared to the entire community. 

 The university and other schools have an average tree canopy of 26% and 27%, respectively. Impervious coverage for these land uses 

represents 8% of land cover. Pervious coverage represents 36% of land cover for the university and 37% at other schools. 

 The tree canopy percentage within the open space land use type (20%) is relatively low, and impervious coverage (4%) is among the lowest 

of the land use types when compared to the rest of the community. As expected, the highest level of land cover is pervious (68%), which 

includes grass, shrubs, and athletic fields. 

 Retail properties are among the lowest tree canopy (15%) of all land use types, with a high level of impervious surfaces (56%). Pervious 

surfaces comprise 27% of land cover for retail properties. 

Campus Tree Canopy 

Michigan State University sits on nearly 25% of the land in East Lansing. While Michigan State University is located within the city of East 

Lansing, the city does not have jurisdiction over the campus and thus cannot mandate tree canopy based activities on campus. Tree canopy 

covers 26% of university land.  The university contributes just over 6% of the city’s total canopy or stated another way 20% of the city’s 

canopy is on university property.  

As far as Michigan State University’s canopy decisions are concerned, the city is separate from the university. However, the city’s overall 

canopy levels are, influenced by the university. Campus tree canopy currently has a negative albeit slight impact on the city’s overall canopy 

levels. If the university’s acreage were excluded from the assessment, the city’s tree canopy would be 33%. The city should share the findings 

of the assessment with the university and actively promote tree plantings and tree preservation. The university can be a great resource within 

the community; the expertise on campus, combined with students planting, promoting, and preserving canopy would help improve canopy 

levels on campus as well as over all of East Lansing.  
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Table 2. Land Cover by Land Use in East Lansing, Michigan 

 Land Cover Findings in East Lansing 

Land Use Type Tree Canopy Impervious (%) Pervious (%) Bare Soil (%) Water (%) 

River 61% 5% 2% 0% 32% 

Parks 60% 6% 32% 2% 1% 

Single-Family Residential 49% 23% 26% 1% 1% 

Multiple-Family Residential 34% 41% 23% 1% 1% 

Utilities 33% 44% 14% 8% 1% 

Public Facilities 29% 37% 29% 5% 1% 

Road Right-of-Way 28% 54% 17% 1% 0% 

Schools 27% 35% 37% 1% 0% 

University 26% 32% 36% 6% 0% 

Office 25% 35% 35% 1% 3% 

Open Space 20% 4% 68% 7% 1% 

Retail 15% 56% 27% 1% 0% 

Other 15% 20% 49% 9% 7% 

Mixed Use 13% 78% 6% 3% 0% 

Unknown 9% 1% 40% 49% 1% 

 
 

 
Takeaway. These results indicate that significant opportunities exist to optimize tree canopy within University, Schools, Open Space, and Other 

land use types. Moreover, aside from the river, park/open space and single-family residential land use types, impervious surfaces are higher 

than, the city’s tree canopy cover. This relationship is important, as impervious surfaces directly contribute to stormwater runoff and, therefore, 

impact water quality. Additional tree cover can help mitigate these effects.  



 

 

Figure 4. Tree canopy cover by land use in East Lansing, Michigan.
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Neighborhood Tree Canopy 

Urban tree canopy results were further examined by 

neighborhood boundaries. Neighborhoods are often used to 

understand tree canopy as they tend to reflect geographies that 

are well understood by community members and social 

institutions. Exploring canopy distribution at this level can help 

facilitate community outreach and education activities, and 

contribute to developing a deeper understanding of tree canopy 

at a meaningful community scale. 

Current canopy coverage by East Lansing’s 31 neighborhood 

geographies are identified in Table 3. Figure 5 shows the 

distribution of neighborhood canopy levels across the city.  

Land Use Findings 

 Bailey, Whitehills, Pinecrest, and Glencairn are the 

largest neighborhoods in the city and accordingly are the 

neighborhoods with the greatest canopy in terms of 

acreage.  

 Brookfield, Abbott Parkside, and Northern Meadows 

have the highest levels of tree canopy as a percent of 

their acreage at 62.7%, 56.9%, and 54.7%, respectively. 

These neighborhoods are primarily residential or contain 

significant parks, both of which often contribute to high 

levels of tree canopy. 

 Conversely, the Hawk Nest, Downtown, and Eagle Eye 

neighborhoods have the lowest levels of tree canopy at 

11.4% or below. Not surprisingly, these neighborhoods 

are within the city’s urban core, or are part of new 

residential communities where dense development has 

not left much room for trees or other greenery. 

Takeaway. Residential neighborhoods, especially older 

neighborhoods, have more canopy than urban neighborhoods 

and new residential neighborhoods. Urban areas can benefit most 

from increased canopy and should be a focus for planting efforts.  

 

Table 3. Neighborhood Tree Canopy Results 

Neighborhood 

Tree Canopy (2016) 

Total Acres 

Tree  

Canopy 

Acres 

Percent 

Tree 

Canopy 

Brookfield Heritage NBR Association 56.33 35.31 62.7% 

Abbott Parkside 99.30 56.54 56.9% 

Northern Meadows 71.36 39.03 54.7% 

Southeast Marble (SEMCA) 162.03 83.66 51.6% 

Tamarisk 44.54 22.83 51.3% 

Abbott Woods 13.88 6.90 49.7% 

Crossings 13.08 6.41 49.0% 

Pinecrest NBR Association 262.03 125.94 48.1% 

Red Cedar NBR Association 148.77 70.97 47.7% 

Shaw Estates Association 46.70 21.80 46.7% 

Glencairn 242.79 112.83 46.5% 

Whitehills NBR Association 378.65 170.65 45.1% 

Oakwood Historic NBR Association 39.36 17.47 44.4% 

Lost Creek Condos 3.69 1.61 43.7% 

Chesterfield Hills 126.04 54.92 43.6% 

Glens of Whitehills 14.68 6.34 43.2% 

Harrison Meadows 10.40 4.44 42.7% 

Hawthorn 17.60 7.44 42.3% 

Bailey 602.31 234.83 39.0% 

Harvard-Cowley 9.06 3.50 38.7% 

Avondale Square 66.25 25.19 38.0% 

Park Place Condos 10.36 3.79 36.6% 

Walnut Heights NBR Association 133.49 47.49 35.6% 

Pinecrest Condo Association 3.34 1.14 34.2% 

Chartwell Condo Association 6.70 2.04 30.4% 

Glenmoor Condos 2.53 0.77 30.2% 

The Landings At Abbott Parkside 2.38 0.66 27.7% 

Stonelake Condo Association 19.20 4.99 26.0% 

Eagle Eye 17.19 1.96 11.4% 

Downtown 53.74 5.24 9.8% 

Hawk Nest 90.88 8.07 8.9% 



 

 

    Figure 5. Tree canopy cover by neighborhoods in East Lansing, Michigan.
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Park Tree Canopy 

Land cover was assessed for 31 parks covering 493 

acres, which equates to 8% of the city’s land area 

(Table 4). Within those parks, canopy varied 

widely depending on site use and facility age, from 

East Lansing’s largest park, Abbott Road Park 

(91% canopy), to Hawk Nest Park (4%). In pocket 

parks, there was a large variation as well, from 

Ehinger Park (96% canopy), a pocket park 

surrounded by mature trees, to Avondale Square 

(0%), a pocket park in an up-and-coming 

neighborhood.  

Figure 6 shows the distribution of canopy levels in 

parks across the city.  

Takeaway. The largest of amount of tree canopy 

can be found in the central to northern portions of 

the city. The parks in the southern portion of the 

city, while more abundant, tend to be much smaller 

and have a smaller amount of tree canopy. 

Table 4. Park Tree Canopy in East Lansing, Michigan 

Park Name 
Canopy 

Percent 

Impervious 

Percent 

Pervious 

Percent 

Preferred 
Plantable 

Percent 

Maximum UTC 

Ehinger Park 95.74 1.03 3.24 3.24 98.98 

Corey Cafagna Park 90.93 0.56 8.51 8.51 99.44 

Abbot Road Park 90.79 1.36 7.15 7.43 98.22 

Albert A. White Memorial Park 83.04 1.06 13.62 13.58 96.63 

Ashton Lakes Park 79.97 0.00 0.00 20.03 100.00 

Wolf Court Park 78.82 7.37 13.81 13.81 92.63 

Abbey Rd Park 73.03 4.46 22.50 22.50 95.54 

Woodingham Pump House 61.68 8.02 30.30 30.30 91.98 

Hidden River Park 59.96 28.82 11.22 11.22 71.18 

Harrison Rd Park 59.95 0.20 39.85 39.85 99.80 

Henry Fine Park 54.62 1.37 42.57 42.87 97.49 

Harrison Meadow Park 52.57 1.93 44.85 45.47 98.04 

Patriarche Park 49.22 8.43 38.86 22.07 71.29 

Robert Shaw Park 49.13 5.94 44.93 44.93 94.06 

JD Emerson Park 47.89 1.07 51.03 51.03 98.93 

Aquatic Ctr & Softball Complex 43.48 12.99 38.91 26.17 69.65 

Burcham Park 42.88 4.25 51.65 52.08 94.96 

Stoddard Park 42.25 14.76 42.17 42.99 85.24 

Bill Sharp Park 41.69 27.55 30.76 30.76 72.45 

Tamarisk 41.06 4.99 53.95 53.95 95.01 

Orchard Street Pumphouse 31.54 26.32 42.14 42.14 73.68 

Glenhaven Park 26.72 1.30 71.98 71.98 98.70 

Gordon Guyer Park 19.57 27.91 51.70 52.52 72.09 

Dog Park 18.67 0.00 72.88 81.33 100.00 

Valley Court Park 17.51 30.42 50.34 10.97 28.48 

Glencairn Park 15.66 0.22 84.12 84.12 99.78 

Bailey Park 14.66 13.94 65.95 71.39 86.06 

Musselman Park 7.91 20.87 71.23 71.23 79.13 

Soccer Complex 5.38 17.34 74.28 14.70 20.08 

Hawk Nest Park 3.84 6.07 83.48 80.65 84.49 

AVONDALE SQUARE 0.00 99.06 0.94 0.94 0.94 



 

 

 
Figure 6. Park tree canopy in East Lansing, Michigan. 
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Ecosystem Benefits Analysis 
 

Trees provide numerous benefits to East Lansing. Trees 

conserve energy, reduce carbon dioxide levels, improve 

air quality, and mitigate stormwater runoff. In addition, 

trees provide many economic, psychological, and social 

benefits that are less quantifiable. 

On an annual basis, East Lansing’s tree canopy 

provides almost $4,622,000 in quantifiable ecosystem 

benefits (Table 5). This includes removal of almost 

200,000 pounds of air pollutants, interception of 

approximately 43 million gallons of stormwater, and 

sequestration of almost 14,000 tons of carbon. 

Aside from annual benefits, East Lansing’s community 

forest stores approximately 347,000 tons of

accumulated carbon, valued at $12.2 million, as shown 

in Table 5. 

Water Quality Improvement 

Trees intercept rainwater by capturing water droplets 

on their leaves and bark. A tree’s expansive root system also absorbs water from the surrounding soil, thereby increasing the soil’s water retention 

capacity. These processes collectively result in reducing or slowing stormwater runoff. Without trees, cities would have to invest in significantly 

more stormwater infrastructure to address the additional water flow that would otherwise be captured by trees. 

On an annual basis, East Lansing’s trees capture over 43 million gallons of stormwater. That is enough water to fill approximately 65 Olympic-

size swimming pools. This benefit provides approximately $3.8 million dollars in annual value. In other words, if the community’s trees did not

exist, the city could incur an additional $3.8 million dollars in expenses each year to manage stormwater. 
 

  

Table 5. Estimated Ecosystem Benefits Provided by  

East Lansing’s Tree Canopy in 2016 

East Lansing’s Tree Canopy  

Ecosystem Benefits 

Annual Benefits 

Quantity Value 

Air: CO (carbon monoxide) removed 3,120 lbs. $2,070 

Air: NO2 (nitrogen dioxide) removed 17,220 lbs. $3,747 

Air: O3 (ozone) removed 132,960 lbs. $172,083 

Air: SO2 (sulfur dioxide) removed 8,460 lbs. $564 

Air: particulate matter (dust, soot, 

etc.) removed 
37,740 lbs. $117,850 

Carbon sequestered 13,748 tons $484,692 

Stormwater: reduction in runoff 43,151,922 gals. $3,840,521 

Total annual benefits  $4,621,527 

Current stored carbon* 346,631 tons $12,220,595 
*  Current stored carbon is not an annual value but rather a measurement of the total 

contribution of storage over the life of the tree canopy. 
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Air Quality Improvements 

Not only do trees absorb carbon dioxide and produce oxygen, but they can also capture pollutants and particulate matter on the surfaces of their 

leaves. Trees go a long way in improving a city’s air quality. Sulfur dioxide is a contributor to acid rain, while carbon monoxide and nitrogen 

dioxide are greenhouse gases that contribute to changes in global climate. Ozone and particulate matter, on the other hand, can exacerbate asthma 

and other respiratory illnesses. In fact, recent studies have shown a strong correlation between total tree canopy and reduced rates of pulmonary 

and cardiovascular disease. 

Every year, East Lansing’s tree canopy removes roughly 199,500 pounds of pollutants from the air, including 3,120 pounds of carbon monoxide 

(CO); 17,220 pounds of nitrogen dioxide (NO2); approximately 132,960 pounds of ozone (O3); 8,460 pounds of sulfur dioxide (SO2); and 

approximately 37,740 pounds of dust, soot, and other particulate matter. The combined removal of pollutants results in an annual value of over 

$296,000 in air quality improvements. 

Carbon Reduction 

Trees store a massive amount of carbon in their woody tissue. Carbon is an infamous greenhouse gas that directly influences climate change. 

Forests, both urban and rural, are an important carbon sink, helping to mitigate climate change. In total, East Lansing’s community forest stores 

almost 347,000 tons of carbon, which equates to $12.2 million in value (based on current carbon markets). Based on values provided by the 

Environmental Protection Agency, this benefit reflects the amount of carbon produced by burning 129.9 million gallons of gasoline4. Each year, 

an additional 13,748 tons of carbon are sequestered for an annual value of $484,692. This storage helps offset the amount of carbon in the air. 

                                                           
4 “Greenhouse Gas Equivalencies Calculator,” last modified January 24, 2017, https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator. 
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Future Planting Sites Identified and Prioritized 

While land cover analysis sheds light on existing tree canopy distribution and value, communities are often interested in expanding tree canopy 

to optimize the ecosystem benefits provided by its trees. Therefore, it is common practice to calculate and prioritize realistic potential planting 

areas based on the total of all land cover that is open ground—such as those covered in bare soil, shrubs, grass, and other low-lying vegetation. 

While vacant planting sites generated in these analyses present possibilities to plant a tree, not all open spaces are candidates for tree plantings 

(e.g., sports and agricultural fields). Similarly, not all impervious areas may remain impervious forever. Trees can be added in certain locations 

(e.g., sidewalk cutouts, parking lot islands) to expand canopy in those areas. Some locations are clearly better suited to meeting community 

goals than others. Therefore, this study attempted to eliminate areas not suitable to planting and considered additional inputs to prioritize planting 

locations based on optimizing the ecosystem benefits provided by East Lansing’s trees. 

The priority models used for this analysis are largely based on the impact trees have on stormwater interception. Several environmental data 

were assessed, including proximity to hardscape, slope, road density, soil permeability, canopy fragmentation, and a soil erosion factor  

(Table 6). Overlapping these data produced a planting priority rating ranging from Very Low to Very High based on a calculated average  

(Figure 7). 

Table 6. Inputs and Weights Used for Planting Area Prioritization Models 

Dataset Weight Source 

Proximity to Hardscape 0.30 Urban Tree Canopy Assessment 

Slope 0.25 National Elevation Dataset 

Road Density 0.15 National Hydrologic Dataset 

Soil Permeability 0.10 Natural Resource Conservation Service 

Soil Erosion Factor (K-Factor) 0.10 Natural Resource Conservation Service 

Canopy Fragmentation 0.10 Urban Tree Canopy Assessment 

 

 

 

 

  



 

  

 

Figure 7. Prioritized planting areas in East Lansing, Michigan.
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Based on this analysis, 1,839 acres of land were identified as 

suitable spaces for future tree planting (Table 7). Of this area, 

1,070 acres (approximately 12% of East Lansing’s total land area) 

are prioritized as “High” or “Very High” based on projected 

impacts to stormwater management and water quality. In other 

words, planting within these areas would greatly improve East 

Lansing’s capability to naturally manage water quality.  

Figure 7 shows the distribution of priority planting areas across 

the city. Primary areas Very High planting priority are 

concentrated in the central part of the city, especially south of East 

Saginaw Street. Many of the High and Very High planting priority 

areas include residential neighborhoods, parks, schools, and at the university along Crescent Rd and Midvale Rd. East Lansing could most 

effectively maximize tree benefits by planting trees in these areas, which makes sense because more urbanized locations are more closely situated 

to stormwater inlets and can have considerably greater impacts on water quality. Therefore, expanding tree canopy in these locations can 

significantly reduce runoff and improve water quality. 

Table 8 shows the distribution of plantable acres by neighborhood and the potential maximum urban tree canopy if all those acres are planted 

with trees. The largest city neighborhoods of Bailey, Whitehills, Pinecrest, and Glencairn have the most amount of preferred plantable acres, 

nearly 300 acres for these 4 neighborhoods. Prioritizing plantings in the large available acreage in these neighborhoods could have the greatest 

impact on the city’s overall canopy. 

  

 Planting Opportunities 

Planting Priorities No. of Locations Area (Acres) 

Very Low 3,395 206 

Low 3,684 248 

Moderate 5,850 315 

High 8,047 102 

Very High 3,243 968 

Total Opportunities 24,219 1,839 

Table 7. Priority Planting Areas that Maximize Tree Benefits 
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Notably, these prioritized planting locations are located both on 

public and private lands. While East Lansing can expand tree 

canopy on city right-of-way and publicly owned lands, fully 

realizing potential tree canopy coverage will require the 

cooperation of business owners and private residents. 

Generally, this may be accomplished through a variety of 

strategies designed specifically for East Lansing. Such 

strategies may include education, outreach, workshops, 

volunteer opportunities, new policies, and cost-share programs. 

While many planting areas in East Lansing may ultimately be 

planted over the next several decades, the trees that are planted 

over the next several years should be planned based on areas of 

greatest need and which sites will provide the most benefits and 

highest return on investment. 

Ultimately, determining planting or canopy goals must occur 

at the local level based on what is economically, ecologically, 

and politically feasible for canopy across various land uses and 

jurisdictions. This will require input and support from the 

public, local leaders, and subject matter experts to set canopy 

goals based on local values, environmental goals, quality of life 

goals, compliance with federal and local clean air and water 

regulations, and economic development plans.  

While the prioritized planting plan and data are a great 

guideline for finding planting locations based on community 

goals, the plan does not take into account specific site factors, 

community preferences, or on-the-ground realities. Prior to 

planting, East Lansing will need to individually assess planting 

locations for factors that may limit suitability for trees. For 

example, the I-496 interchange   is labeled a very high priority 

for planting based on the stormwater retention benefits trees 

could provide in this area. However, since this area is under the 

jurisdiction of the Michigan Department of Transportation and 

their roadway maintenance guidelines indicate the need to keep 

intersections clear of most trees to provide visibility and 

increase safety, this location is not a good area for increasing 

canopy. 

Neighborhood Name Acres 

Preferred 

Plantable 

Acres 

Preferred 

Plantable 

Percent 

Maximum 

UTC 

BAILEY 602.31 107.30 17.82 56.80 

WHITEHILLS NBR ASSOC 378.65 72.84 19.24 64.30 

PINECREST NBR ASSOC 262.03 68.34 26.08 74.14 

GLENCAIRN 242.79 50.20 20.68 67.15 

HAWK NEST 90.88 39.68 43.66 52.54 

WALNUT HEIGHTS NBR ASSOC 133.49 37.38 28.00 63.57 

SOUTHEAST MARBLE (SEMCA) 162.03 32.29 19.93 71.56 

RED CEDAR NBR ASSOC 148.77 26.38 17.73 65.44 

NORTHERN MEADOWS 71.36 22.72 31.83 86.52 

CHESTERFIELD HILLS 126.04 22.18 17.60 61.17 

ABBOTT PARKSIDE 99.30 18.21 18.34 75.28 

AVONDALE SQUARE 66.25 13.62 20.57 58.59 

BROOKFIELD HERITAGE NBR ASSOC 56.33 11.28 20.02 82.70 

TAMARISK 44.54 9.81 22.03 73.29 

SHAW ESTATES ASSOC 46.70 9.52 20.39 67.07 

EAGLE EYE 17.19 7.05 41.02 52.45 

OAKWOOD HISTORIC NBR ASSOC 39.36 6.63 16.84 61.22 

HAWTHORN 17.60 4.00 22.72 64.99 

STONELAKE CONDO ASSOC 19.20 3.41 17.74 43.73 

CROSSINGS 13.08 2.87 21.93 70.93 

HARRISON MEADOWS 10.40 2.83 27.23 69.93 

GLENS OF WHITEHILLS 14.68 2.50 17.01 60.20 

ABBOTT WOODS 13.88 2.44 17.57 67.31 

HARVARD-COWLEY 9.06 2.41 26.62 65.30 

DOWNTOWN 53.74 2.03 3.77 13.53 

PARK PLACE CONDOS 10.36 1.91 18.41 55.01 

CHARTWELL CONDO ASSOC 6.70 1.28 19.14 49.52 

THE LANDINGS AT ABBOTT PARKSIDE 2.38 0.88 37.09 64.76 

LOST CREEK CONDOS 3.69 0.78 21.07 64.74 

GLENMOOR CONDOS 2.53 0.58 22.72 52.95 

PINECREST CONDO ASSOC 3.34 0.37 10.94 45.11 

Table 8. Neighborhood Priority Planting Opportunities 
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Next Steps 

Because trees provide so many services to a community, East Lansing is encouraged to continue efforts to protect, enhance, and expand tree 

canopy across the community. 

1. Preserve Existing Tree Canopy. While tree planting will directly contribute to improving tree canopy, it is important to note that planting 

alone is insufficient. Older, larger trees contribute far more to the community’s tree canopy than small ones. Caring for and preserving large 

trees should also be part of the community’s strategy to maximize the benefits provided by trees. Planting alone is not enough.  

Trees may be lost or removed for a variety of reasons. The 2017 

public tree inventory found that 455 (5%) public trees should be 

removed due to structural problems that could not be corrected or are 

diseased. Trees do not live forever, and a certain degree of natural 

mortality will have an impact on East Lansing’s tree canopy levels. 

Invasive species, storms, or pest and disease outbreaks can further 

impact the community tree canopy. However, humans also have a 

significant impact on community trees. New development activities, 

landowner preferences, and public works projects can all require tree 

removal. While hazardous trees can and should be removed, finding 

ways to retain healthy, existing trees can help East Lansing 

significantly expand tree canopy.  

The city recognizes the importance of mature trees in the urban 

environment and has developed tree protection ordinances to 

establish standards for planting, as well as protecting existing trees 

on public and private land. This will allow for a more effective and 

efficient implementation of the city’s tree preservation initiative 

through enforcement measures outlined therein. While new policies, incentives, or other significant measures can be useful, they are not the 

only measures needed to retain trees. Public works projects should consider how new streets, sidewalks, or infrastructure improvements 

might affect existing trees. While not all trees can be saved, communities should prioritize tree retention rather than treating trees as 

infrastructure that can be removed and replaced. The city should work with the university to preserve the tree canopy on the campus. 

Furthermore, outreach and education campaigns can encourage citizens to care for and retain their existing trees. Many people do not fully 

understand how their trees contribute to both their property value and impact the community. Development of the permitting process by 

which trees are removed on both private and public lands will help establish a protocol that appropriately determines the need for removal 

throughout the community forest. Through these measures, developing a “culture of trees” within the community can make a considerable 

impact on community tree canopy.

Photograph 1. These mature London planetrees are located outside of 

the public right-of-way. Preserving existing tree canopy is a key 

component to maximizing the benefits of an urban forest. 
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2. Plant New Trees. East Lansing can start by using the prioritized planting map and data in this report (Figure 7) to plant trees in locations 

with 20% or less canopy over the street segments. Particularly, this analysis identified the residential neighborhoods south of Interstate 69 

and north of State Highway 43 as areas to prioritize for tree planting as well as areas along Crescent Rd and Midvale Rd at the university. 

Planting trees in areas with a “Very High” and “High” planting priority level (within both public and private properties) is likely to make 

the greatest impact on stormwater runoff and water quality. 

Every tree does not need to be planted by the city or even on city property. Many of the available opportunities for canopy expansion are on 

private lands. Additional strategies such as incentive and cost-share programs, grants, education and outreach, or policy changes can 

encourage residents and business owners to plant trees throughout the community. 

All plantings should follow the “right tree in the right place” mantra (The Arbor Day Foundation). Before selecting a tree for planting, make 

sure it is the right tree—know how tall and wide the tree will be at maturity. It is equally important to consider factors such as road salt, soil 

conditions, or existing hardscape that might limit the suitability of a tree for a specific location. The East Lansing, Michigan Code of 

Ordinances relating to tree plantings has an outlined protocol for site selection, planting methodology, and species determination. This will 

help ensure long-term plant survivability and minimize negative interactions with surrounding gray infrastructure. 

Too much of a single tree species can lead to significant canopy losses. Low species diversity (large number of trees of the same species) 

can lead to severe losses in the event of species-specific epidemics, such as the devastating results of Dutch elm disease (Ophiostoma novo-

ulmi), emerald ash borer (Agrilus planipennis), and Asian longhorned beetle (Anoplophora glabripennis). The ideal distribution for a tree 

population should follow the 10-20-30 rule for species diversity: a single species should represent no more than 10% of the population, a 

single genus no more than 20%, and a single family no more than 30% of the population. The genus Acer (maple) currently makes up 44% 

of the public tree population in East Lansing. Other genera should be planted on public property to create more diversity. 

A list of suggested tree species is provided in Appendix B. As Acer (maple) currently have a large population along the street trees at least, 

they are not recommended for planting at this time. These tree species are specifically selected for East Lansing’s climate and are 

recommended to help reduce stormwater runoff and improve water quality. This list is not exhaustive but can be used as a guideline to 

enhance East Lansing’s planting list to meet community objectives. 

3. Measure Canopy Changes on a Regular Basis. As with any program or initiative, it is important to regularly track progress and re-evaluate 

efforts towards achieving community goals. From the ground, it can be difficult to assess whether community initiatives are having an 

impact on tree canopy. To track changes, tree canopy should be assessed every five years. While a rigorous tree canopy analysis provides a 

lot of useful information, self-assessments can be performed using the i-Tree Canopy tool. Further details on this process can be found in  

Appendix A. 
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Conclusion 
 

East Lansing’s community forest is an important asset that provides numerous environmental benefits. With appropriate care, East 

Lansing’s trees are expected to increase in value and provide even greater community benefits over time. Local projects can help 

raise awareness and expand tree canopy in East Lansing. However, East Lansing will need to continue to both plant new trees and 

retain old trees to meaningfully expand canopy and impact water quality in the community over the long term. 

This report identifies significant opportunities to expand tree canopy across East Lansing. Particularly, the data show low levels of 

current tree canopy and high levels of “impervious surface”—mostly roadway and buildings—in both the business district and 

university areas where additional trees could be planted. Residential areas also show opportunities to encourage tree planting on 

private property where suitable. Planting trees in these areas would reduce stormwater runoff and initiate progress in expanding 

community tree canopy. 

A 435-acre increase (5%) in East Lansing’s tree canopy would push total community tree canopy to 36% and significantly increase 

the benefits delivered to the community, including improvements in water quality. This 435-acre increase in tree canopy represents 

less than a quarter of the new planting area identified in this report. 

This analysis was designed to help document East Lansing’s community 

forest, quantify the value and benefits that it provides, and develop 

recommendations for future planting efforts. This study should be 

considered as a springboard for further conversations and opportunities that 

can improve the city’s tree canopy. Based on this analysis, Davey Resource 

Group recommends the following: 

 In the face of losses to emerald ash borer, East Lansing must pay 

attention to tree species diversity. Based on inventory data, East 

Lansing should minimize plantings of trees in the maple genus, as 

they currently represent 45% of the city’s public trees. New 

plantings should adhere to the 10-20-30 planting rule. A list of 

suggested tree species for planting can be found in Appendix B. 

 To meaningfully expand canopy, East Lansing should explore 

opportunities to engage property and business owners in 

community forestry efforts, as well as the university.  

 The city should explore policies that identify any barriers or 

potential incentives to protecting and expanding tree canopy across the community. Planting is only part of the equation. 

Preserving or protecting mature trees can often have a greater impact on urban canopy levels, while the newly planted trees 

are still growing. 

  

Photograph 2. Trees along the road right-of way have 

been shown to have a calming effect on traffic. 
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 East Lansing should use the data from this assessment to identify strategic planting opportunities that will optimize the 

benefits trees return to the community. The city should specifically plant new trees along the right-of-way in business districts 

and major street corridors. Additional planting opportunities on private lands within residential neighborhoods and the 

university will significantly boost the community’s tree canopy. 

This report represents one way in which these data can be analyzed. Additional datasets and/or new questions the community may 

have about its trees can help East Lansing further explore how to best manage its community forest. East Lansing is encouraged to 

continue to use these data to analyze additional relationships and connections that can help develop community objectives, 

understand challenges, and frame management decisions. 

East Lansing’s efforts to both plant new trees and retain existing trees is expected to result in a meaningful increase in tree canopy 

over time. While it may take 5, 10, or 20 years, an increase in tree canopy will have a direct impact on capturing additional 

stormwater, thereby improving water quality in the Red Cedar River and, in turn, Lake Michigan, and the Grand River Watershed. 

Beyond water quality improvement, the community will experience a total increase in benefits, including clean air, increases in 

property values, and improvements in community health. East Lansing is taking significant steps towards protecting, enhancing, and 

expanding its community forest. Acting on the recommendations provided in this assessment will strengthen the city’s community 

forest efforts.
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Glossary 
 

bare soil land cover: Areas mapped as bare soil typically include vacant lots, construction areas, and baseball fields. 

canopy: Branches and foliage which make up a tree’s crown. 

canopy cover: The area of land surface that is covered by tree canopy as seen from an aerial perspective. 

community forest: All of the trees within a municipality or a community. This can include the trees along streets or rights-of-way, 

parks and greenspaces, and forests. 

existing tree canopy: The amount of tree canopy present within the community boundary. 

geographic information systems (GIS): A technology that is used to view and analyze data from a geographic perspective. The 

technology is a component of an organization's overall information system framework. GIS connects location to information (such 

as people to addresses, buildings to parcels, or streets within a network). 

greenspace: A land use planning and conservation term used to describe protected areas of undeveloped landscapes. 

impervious land cover: Area that does not allow rainfall to infiltrate the soil and typically includes buildings, parking lots, and 

roads. 

i-Tree Canopy: The i-Tree Canopy tool allows users to easily photo-interpret Google aerial images of their area to produce statistical 

estimates of tree and other cover types, along with calculations of their estimates. This tool serves as a simple, quick, and inexpensive 

means for cities and forest managers to accurately estimate their tree and other cover types. 

i-Tree Tools: State-of-the-art, peer-reviewed software suite from the USDA Forest Service that provides community forestry 

analysis and benefits assessment tools. The i-Tree Tools help communities of all sizes to strengthen their community forest 

management and advocacy efforts by quantifying the structure of community trees and the environmental services that trees provide. 

Tree benefits were calculated using the i-Tree Vue model and TR-55 hydrologic equations. i-Tree Vue estimates carbon storage and 

sequestration and air pollutant removal. TR-55 hydrologic equations model stormwater runoff. 

land cover: Physical features on the earth mapped from satellite or aerial imagery such as bare soils, canopy, impervious, pervious, 

or water. 

nitrogen dioxide (NO2): Nitrogen dioxide is a compound typically created during the combustion processes and is a major 

contributor to smog formation and acid deposition. 

open water land cover: The land cover areas mapped as water typically include lakes, oceans, rivers, and streams. 

other vegetation: Pervious cover or a vegetated area (grass, shrubs, etc.) that allows rainfall to infiltrate the soil; typically includes 

parks, golf courses, and residential areas. 

ozone (O3): A strong-smelling, pale blue, reactive toxic chemical gas with molecules of three oxygen atoms. It is a product of the 

photochemical process involving the sun’s energy. Ozone exists in the upper layer of the atmosphere as well as at the Earth’s surface. 

Ozone at the Earth’s surface can cause numerous adverse human health effects. It is a major component of smog. 
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particulate matter (PM10): A major class of air pollutants consisting of tiny solid or liquid particles of soot, dust, smoke, fumes, 

and mists. 

pervious land cover: A vegetative area that allows rainfall to infiltrate the soil and typically includes parks, golf courses, and 

residential areas. 

possible UTC—impervious: The amount of land within the city boundary covered by impervious surface that is theoretically 

available for the establishment of tree canopy. This excludes all buildings and all pavement within the public right-of-way (ROW). 

possible UTC: The amount of land that is theoretically available for the establishment of tree canopy within the city boundary. This 

includes the combination of Possible UTC - Vegetation and Possible UTC - Impervious. 

possible UTC—vegetation: The amount of land within the city boundary covered by non-tree vegetation that is theoretically 

available for the establishment of tree canopy. 

riparian: Of or relating to or located on the banks of a river or stream. 

right-of-way (ROW): A strip of land generally owned by a public entity over which facilities, such as highways, railroads, or power 

lines, are built. 

street tree: A street tree is defined as a tree within the right-of-way. 

species: Fundamental category of taxonomic classification, ranking below a genus or subgenus and consisting of related organisms 

capable of interbreeding. 

sulfur dioxide (SO2): A strong-smelling, colorless gas that is formed by the combustion of fossil fuels. Sulfur oxides contribute to 

the problem of acid rain. 

tree: A tree is defined as a perennial woody plant that may grow more than 20 feet tall. Characteristically, it has one main stem, 

although many species may grow as multi-stemmed forms. 

tree benefit: An economic, environmental, or social improvement that benefits the community and results mostly from the presence 

of a tree. The benefit carries real or intrinsic value. 

urban tree canopy assessment (UTC): A study performed of land cover classes to gain an understanding of tree canopy coverage, 

particularly as it relates to the amount of current tree canopy and potential tree canopy. This assessment is typically performed using 

aerial photographs, GIS data, or Lidar. 

vegetative swale: Constructed open-channel drainageways used to convey stormwater runoff. Vegetated swales are often used as an 

alternative to, or an enhancement of, traditional storm sewer pipes. 
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Appendix A 
Future Use of i-Tree Canopy Tool 

For future assessments, East Lansing can use the i-Tree Canopy tool to quickly measure land cover changes and progress towards canopy goals 

between more thorough and complete community tree canopy assessments. Though less precise and complete than a professional tree canopy 

assessment, canopy can be assessed through i-Tree using new aerial imagery as it becomes available in Google
® 

Maps. Detailed instructions can 

be found at the i-Tree website (http://www.itreetools.org). 

For demonstration and comparison, i-Tree Canopy was used to estimate land cover percentage for the project area. Based on the underlying 

methodology, i-Tree Canopy results may be less precise than those generated by a comprehensive tree canopy assessment. While less 

sophisticated, i-Tree Canopy reports offer a statistically valid comparison for total tree canopy. In the case of East Lansing, the i-Tree Canopy 

report and UTC report largely mirrored each other across land cover classes (Table 8). This shows that i-Tree Canopy may be a viable method 

of assessing community tree canopy on a regular basis. 

The benefit of the i-Tree Canopy tool is that it allows users to easily interpret Google
® 

Earth aerial imagery for areas of interest and produce 

estimates of tree cover and other cover types. The tool also calculates levels of uncertainty for the land cover estimates provided. This tool 

provides a quick and inexpensive means for communities and forest managers to assess their tree canopy cover.  

  

 Land Cover Classification 

Land Cover Class 
2016 UTC 

Assessment 
i-Tree Canopy 

Tree Canopy 31% 32% 

Pervious 37% 40% 

Bare Soil 4% 3% 

Water 1% <1% 

Impervious Surfaces 27% 25% 

Figure 8. Screenshot of the  

i-Tree Canopy tool. 

Table 9. Comparison of i-Tree Canopy and  

2016 UTC Assessment Results 
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How Tree Canopy Benefits Are Calculated: Air Quality   

The i-Tree Canopy v6.1 Model was used to quantify the value of ecosystem services for air quality. i-Tree Canopy was designed to give users 

the ability to estimate tree canopy and other land cover types within any selected geography. The model uses the estimated canopy percentage 

and reports air pollutant removal rates and monetary values for carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2), 

and particulate matter (PM) (Hirabayashi 2014).   

Within the i-Tree Canopy application, the U.S. EPA’s BenMAP Model estimates the incidence of adverse health effects and monetary values 

resulting from changes in air pollutants (Hirabayashi 2014; US EPA 2012). Different pollutant removal values were used for urban and rural 

areas. With i-Tree Canopy, the air pollutant amount annually removed by trees and the associated monetary value can be calculated with tree 

cover in areas of interest using BenMAP multipliers for each county in the U.S.   

To calculate ecosystem services for the study area, canopy percentage metrics from UTC land cover data performed during the assessment were 

transferred to i-Tree Canopy. Those canopy percentages were matched by placing random points within the i-Tree Canopy application. Benefit 

values were reported for each of the five listed air pollutants.   

Carbon Storage and Sequestration 

The i-Tree Canopy v6.1 Model was used to quantify the value of ecosystem services for carbon storage and sequestration. i-Tree Canopy was 

designed to give users the ability to estimate tree canopy and other land cover types within any selected geography. The model uses the estimated 

canopy percentage and reports carbon storage and sequestration rates and monetary values. Methods on deriving storage and sequestration can 

be found in Nowak et al. 2013.  

To calculate ecosystem services for the study area, canopy percentage metrics from UTC land cover data performed during the assessment were 

transferred to i-Tree Canopy. Those canopy percentages were matched by placing random points within the i-Tree Canopy application. Benefit 

values were reported for carbon storage and sequestration.   

Stormwater 

The i-Tree Hydro v5.0 Model was used to quantify the value of ecosystem services for stormwater runoff. i-Tree Hydro was designed for users 

interested in analysis of vegetation and impervious cover effects on urban hydrology. This most recent version (v5.0) allows users to report 

hydrologic data on the city level rather than just a watershed scale. This dynamic model gives users more flexibility. For more information about 

the model, please consult the i-Tree Hydro v5.0 manual (http://www.itreetools.org). 

To calculate ecosystem services for the study area, land cover percentages derived for the project area and all municipalities that were included 

in the project area were used as inputs into the model. Precipitation data from 2005–2012 were modeled within the i-Tree Hydro to best represent 

the average conditions over an eight-year period. Model simulations were run under a Base Case as well as an Alternate Case. The Alternate 

Case set tree canopy equal to 0% and assumed that impervious and vegetation cover would increase based on the removal of tree canopy. 

Impervious surface was increased 1.5% based on a percentage of the amount of impervious surface under tree canopy. The remaining area was 

then added to the vegetation cover class. This process was completed to assess the runoff reduction volume associated with tree canopy since  

i-Tree Hydro does not directly report the volume of runoff reduced by tree canopy. The volume (in cubic meters) was converted to gallons to 

retrieve the overall volume of runoff avoided by having the current tree canopy.    

http://www.itreetools.org/
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Through model simulation, it was determined that tree canopy decreases the runoff volume in the project area by 42,813,646 gallons per year 

using precipitation data from 2005–2012. This equates to approximately 23,213 gallons per acre of tree canopy (42,813,646 gals./ 

1,844.42 acres).   

To place a monetary value on stormwater reduction, the cost to treat a gallon of storm/waste water was taken from McPherson et al 2005. This 

value was $0.089 per gallon. Tree canopy was estimated to contribute roughly $1,189,791 to avoided runoff annually to the project area.  
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Appendix B 
Recommended Tree Species 
 

 

Botanical Name 
Common 

Name 
Cultivar Native 

Drought 

Tolerance 

Soil 

Drainage 

Tolerance 

Soil Salt 

Tolerance 

Salt 

Spray 

Tolerance 

Soil pH 
Pest 

Resistance 
Shape 

Mature 

Spread 

(feet) 

Mature 

Height 

(feet) 

Growth 

Rate 

Outlawn  

< 4' 

Outlawn  

4 - 6' 

Outlawn  

> 6' 

Overhead 

Wires 

Aesculus x 

carnea 

Red 

Horsechestnut 

Briotti; Ft. 

McNair 
Hybrid Mod 

Moist to 

Well 

Drained 

Poor Mod 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Upright/Oval 
30 to 

40 

60 to 

80 
Mod   ● ●   

Amelanchier x 

grandifloria 

Serviceberry 

or Juneberry 

Autumn 

Brilliance; 

Princess 

Diana 

Hybrid 
Low to 

Mod 

Well 

Drained 
Low Low 

Acidic 

to 

Neutral 

No 

Serious 

Pests 

Rounded 
10 to 

15 

10 to 

25 
Mod ● ● ● ● 

Betula nigra River Birch   Yes High 

Extended 

Flooding to 

Moist 

Low Mod Acidic 

No 

Serious 

Pests 

Upright/Oval 
30 to 

40 

40 to 

60 
Fast   ● ●   

Carpinus 

betulus 

European 

Hornbeam 

Fastigiata; 

Various 
No Mod 

Well 

Drained 
Low Low Acidic 

No 

Serious 

Pests 

Oval 
20 to 

30 

10 to 

30 
Mod ● ● ● ● 

Carpinus 

caroliniana 

American 

Hornbeam 
  Yes Mod 

Moist to 

Well 

Drained 

Low Low Acidic 

No 

Serious 

Pests 

Upright  
20 to 

30 

20 to 

30 
Mod ● ● ● ● 

Celtis 

occidentalis 

Eastern 

Hackberry 
  Yes Mod 

Occasionally 

Wet to Well 

Drained 

Mod Mod Acidic 

No 

Serious 

Pests 

Rounded 
40 to 

50 

60 to 

70 
Fast     ●   

Cercidiphyllum 

japonicum 
Katsuratree   No Low Moist High High 

Acidic 

to 

Slightly 

Alkaline 

No 

Serious 

Pests 

Upright to 

Pyramidal 

30 to 

40 

30 to 

40 
Mod   ● ●   

Cercis 

canadensis 
Redbud Various Yes Mod 

Moist to 

Well 

Drained 

Low Low 

Neutral 

to 

Alkaline 

No 

Serious 

Pests 

Rounded 
15 to 

25 

15 to 

30 
Mod ● ● ● ● 

Cladrastis 

kentukea 

American 

Yellowwood 
  No Mod 

Well 

Drained 
Low Low 

Acidic 

to 

Alkaline 

Resistant Rounded/Vase 
20 to 

50 

40 to 

50 
Slow   ● ●   

Cornus kousa 
Kousa 

Dogwood 
  No Low 

Moist to 

Somewhat 

Well 

Drained 

Low Low 

Acidic 

to 

Neutral 

No 

Serious 

Pests 

Rounded/Vase 
15 to 

30 

15 to 

30 
Mod ● ● ● ● 

Crataegus 

crusgalli var 

inermis 

Cockspur 

Thornless 

Hawthorn 

  Yes High 

Occasionally 

Wet to Well 

Drained 

Mod High 

Acidic 

to 

Alkaline 

Somewhat 

Sensitive 
Rounded 

10 to 

25 

10 to 

15 
Mod ● ● ● ● 

Crataegus 

viridis 

Green 

Hawthorn 

Winter 

King 
No High 

Occasionally 

Wet to Well 

Drained 

Mod High 

Acidic 

to 

Alkaline 

Somewhat 

Sensitive 

Upright Vase to 

Spreading 

15 to 

20 

10 to 

15 
Mod ● ● ● ● 

Gleditsia 

triacanthos var 

inermis 

Thornless 

Honeylocust 
Various Yes High 

Moist to 

Well 

Drained 

High High 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Rounded 
30 to 

70 

30 to 

70 
Fast   ● ●   
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Botanical Name 
Common 

Name 
Cultivar Native 

Drought 

Tolerance 

Soil 

Drainage 

Tolerance 

Soil Salt 

Tolerance 

Salt 

Spray 

Tolerance 

Soil pH 
Pest 

Resistance 
Shape 

Mature 

Spread 

(feet) 

Mature 

Height 

(feet) 

Growth 

Rate 

Outlawn  

< 4' 

Outlawn  

4 - 6' 

Outlawn  

> 6' 

Overhead 

Wires 

Ginkgo biloba Ginkgo 
male trees 

only 
No High 

Moist to 

Well 

Drained 

High High 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Round/Pyramidal 
30 to 

60 

50 to 

75 
Slow   ● ●   

Gymnocladus 

diocius 

Kentucky 

Coffeetree 
  No High 

Moist to 

Well 

Drained 

Mod High 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Upright to 

Rounded 

40 to 

70 

50 to 

70 
Fast   ● ●   

Koelreuteria 

paniculata 

Golden 

Raintree 
  No   

Moist to 

Well 

Drained 

High High 

Acidic 

to 

Neutral 

No 

Serious 

Pests 

Rounded 
30 to 

40 

30 to 

40 
Fast   ● ●   

Liquidambar 

styraciflua 
Sweetgum   Yes Mod 

Extended 

Flooding to 

Well-

Drained 

Low Mod 

Acidic 

to 

Slightly 

Alkaline 

Resistant Pyramidal/Oval 
35 to 

50 

60 to 

75 
Mod     ●   

Liriodendron 

tulipifera 
Tuliptree   Yes Low 

Moist to 

Well 

Drained 

Low Low 

Acidic 

to 

Neutral 

No 

Serious 

Pests 

Pyramidal/Oval 
35 to 

50 

70 to 

90 
Fast     ●   

Magnolia 

accuminata 

Cucumbertree 

Magnolia 
Various No Low 

Moist to 

Somewhat 

Well 

Drained 

Low Low 

Acidic 

to 

Alkaline 

Somewhat 

Sensitive 
Pyramidal 

20 to 

35 

40 to 

70 
Mod     ●   

Malus spp. Crabapple 

Sugar 

Tyme; 

Prairie 

Fire; 

Various 

No High 

Moist to 

Well 

Drained 

Low Low 

Acidic 

to 

Alkaline 

Somewhat 

Sensitive 
Rounded 

20 to 

25 

20 to 

25 
Mod ● ● ● ● 

Metasequoia 

glyptostroboides 

Dawn 

Redwood 
  No Low 

Occasionally 

Wet to 

Moist. 

Low Low 

Acidic 

to 

Neutral 

Resistant 
Upright 

Pyramidal 

20 to 

30 

60 to 

80 
Fast     ●   

Nyssa sylvatica Blackgum   No Low 

Extended 

Flooding to 

Well-

Drained 

Low High Acidic 

No 

Serious 

Pests 

Pyrmadial / Oval 
25 to 

35 

65 to 

75 
Slow     ●   

Platanus x 

acerifolia 

London 

Planetree 

Bloodgood; 

Various 
No Mod 

Extended 

Flooding to 

Well-

Drained 

Mod Mod 

Acidic 

to 

Alkaline 

Resistant 
Pyramidal / 

Rounded 

50 to 

70 

75 to 

90 
Mod     ●   

Platanus 

occidentalis 
Sycamore   Yes Mod 

Extended 

Flooding to 

Well-

Drained 

Mod Mod 

Acidic 

to 

Alkaline 

Sensitive 
Pyramidal / 

Rounded 

50 to 

70 

75 to 

90 
Fast     ●   

Quercus bicolor 
Swamp White 

Oak 
  Yes High 

Extended 

Flooding to 

Well 

Drained 

Mod Mod 

Acidic 

to 

Slightly 

Alkaline 

Resistant 
Upright Oval / 

Rounded 

50 to 

60 

50 to 

70 
Mod     ●   

Quercus 

macrocarpa 
Bur Oak   Yes High 

Moist to 

Well 

Drained 

High High 

Acidic 

to 

Alkaline 

Resistant 
Upright Oval / 

Spreading 

40 to 

60 

60 to 

70 
Slow     ●   
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Botanical Name 
Common 

Name 
Cultivar Native 

Drought 

Tolerance 

Soil 

Drainage 

Tolerance 

Soil Salt 

Tolerance 

Salt 

Spray 

Tolerance 

Soil pH 
Pest 

Resistance 
Shape 

Mature 

Spread 

(feet) 

Mature 

Height 

(feet) 

Growth 

Rate 

Outlawn  

< 4' 

Outlawn  

4 - 6' 

Outlawn  

> 6' 

Overhead 

Wires 

Quercus 

palustris 
Pin Oak   Yes High Moist Low High Acidic Resistant 

Upright 

Pyramidal / Oval 

40 to 

50 

60 to 

80 
Fast     ●   

Quercus rubra 
Northern Red 

Oak 
  Yes High 

Moist to 

Well 

Drained 

High Low 

Acidic 

to 

Slightly 

Alkaline 

Resistant Rounded 
60 to 

80 

50 to 

60 
Fast     ●   

Syringia 

reticulata 

Japanese Tree 

Lilac 
Ivory Silk No High 

Moist to 

Well 

Drained 

High High 

Acidic 

to 

Alkaline 

Resistant Oval to Rounded 
15 to 

20 

20 to 

30 
Mod   ● ● ● 

Taxodium 

distichum 
Bald Cypress   No High 

Extended 

Flooding to 

Well-

Drained 

High High 

Acidic 

to 

Slightly 

Alkaline 

Resistant Pyramidal 
25 to 

35 

60 to 

80 
Fast     ●   

Tilia americana 
American 

Linden 
  Yes Mod 

Moist to 

Moderately 

Well 

Drained 

Low Low 

Slightly 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Rounded 
30 to 

50 

50 to 

80 
Mod     ●   

Tilia cordata 
Little-leaf 

Linden 
Greenspire No Mod 

Moist to 

Moderately 

Well 

Drained 

Low Low 

Slightly 

Acidic 

to 

Alkaline 

No 

Serious 

Pests 

Pyramidal to 

Rounded 

30 to 

40 

40 to 

60 
Mod   ● ●   

Tilia tomentosa Silver Linden   No High 

Moist to 

Moderately 

Well 

Drained 

Low Low 

Acidic 

to 

Alkaline 

Resistant Broad Columnar 
30 to 

50 

50 to 

70 
Mod     ●   

Ulmus 

americana 

American 

Elm 

Valley 

Forge; 

Princeton 

Yes Mod 

Extended 

Flooding to 

Well-

Drained 

High Mod 

Acidic 

to 

Alkaline 

Resistant Vase 
50 to 

70 

70 to 

90 
Fast     ●   

Ulmus X Hybrid Elm 

Patriot; 

Triumph; 

Accolade 

No High 

Extended 

Flooding to 

Well-

Drained 

High High 

Acidic 

to 

Alkaline 

Resistant Vase 
30 to 

45 

40 to 

60 
Fast     ●   

Zelkova serrata Zelkova 

Green 

Vase; 

Village 

Green 

No Mod 

Moist to 

Moderately 

Well 

Drained 

Low Low 

Acidic 

to 

Slightly 

Alkaline 

No 

Serious 

Pests 

Vase 
40 to 

50 

60 to 

80 
Mod     ●   

*The tree species and cultivars on this list should not be used exclusively for replacement planting or reforestation of large areas.  The diversity of all tree species on individual streets, in neighborhoods, and 

in the entire community should be taken into consideration. Monocultures should be avoided. The tree species and cultivars on this list are not the only suitable trees for planting in Michigan communities. 

This list is merely intended to be used as a starting point. There are many more excellent native and non-native shade and ornamental trees that can be planted.  Please contact your local Michigan State 

University Extension office or Natural Resource Conservation Service for additional recommendations.  
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Appendix C 
Methodology and Accuracy Assessment 

Davey Resource Group Classification Methodology 

Davey Resource Group utilized an object-based image analysis (OBIA) semi-automated feature extraction method to process and analyze current 

high-resolution color infrared (CIR) aerial imagery and remotely-sensed data to identify tree canopy cover and land cover classifications. The 

use of imagery analysis is cost-effective and provides a highly accurate approach to assessing your community's existing tree canopy coverage. 

This supports responsible tree management, facilitates community forestry goal-setting, and improves urban resource planning for healthier and 

more sustainable urban environments. 

Advanced image analysis methods were used to classify, or separate, the land cover layers from the overall imagery. The semi-automated 

extraction process was completed using Feature Analyst, an extension of ArcGIS®. Feature Analyst uses an object-oriented approach to cluster 

objects with similar spectral (i.e., color) and spatial/contextual (e.g., texture, size, shape, pattern, and spatial association) characteristics. The 

land cover results of the extraction process were post-processed and clipped to each project boundary prior to the manual editing process in 

order to create smaller, manageable, and more efficient file sizes. Secondary source data, high-resolution aerial imagery provided by each UTC 

city, and custom ArcGIS® tools were used to aid in the final manual editing, quality checking, and quality assurance processes (QA/QC). The 

manual QA/QC process was implemented to identify, define, and correct any misclassifications or omission errors in the final land cover layer.   

Classification Workflow 

1) Prepare imagery for feature extraction (resampling, rectification, etc.), if needed.  

2) Gather training set data for all desired land cover classes (canopy, impervious, grass, bare soil, shadows). Water samples are not always 

needed since hydrologic data are available for most areas. Training data for impervious features were not collected because the city 

maintained a completed impervious layer. 

3) Extract canopy layer only; this decreases the amount of shadow removal from large tree canopy shadows. Fill small holes and smooth 

to remove rigid edges. 

4) Edit and finalize canopy layer at 1:2,000 scale. A point file is created to digitize-in small individual trees that will be missed during the 

extraction. These points are buffered to represent the tree canopy. This process is done to speed up editing time and improve accuracy 

by including smaller individual trees.  

5) Extract remaining land cover classes using the canopy layer as a mask; this keeps canopy shadows that occur within groups of canopy 

while decreasing the amount of shadow along edges. 

6) Edit the impervious layer to reflect actual impervious features, such as roads, buildings, parking lots, etc. to update features. 
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7) Using canopy and actual impervious surfaces as a mask; input the bare soils training data and extract them from the imagery. Quickly 

edit the layer to remove or add any features. Davey Resource Group tries to delete dry vegetation areas that are associated with lawns, 

grass/meadows, and agricultural fields. 

8) Assemble any hydrological datasets, if provided. Add or remove any water features to create the hydrology class. Perform a feature 

extraction if no water feature datasets exist. 

9) Use geoprocessing tools to clean, repair, and clip all edited land cover layers to remove any self-intersections or topology errors that 

sometimes occur during editing. 

10) Input canopy, impervious, bare soil, and hydrology layers into Davey Resource Group’s Five-Class Land Cover Model to complete the 

classification. This model generates the pervious (grass/low-lying vegetation) class by taking all other areas not previously classified 

and combining them.  

11) Thoroughly inspect final land cover dataset for any classification errors and correct as needed. 

12) Perform accuracy assessment. Repeat Step 11, if needed. 

Automated Feature Extraction Files 

The automated feature extraction (AFE) files allow other users to run the extraction process by replicating the methodology. Since Feature 

Analyst does not contain all geoprocessing operations that Davey Resource Group utilizes, the AFE only accounts for part of the extraction 

process. Using Feature Analyst, Davey Resource Group created the training set data, ran the extraction, and then smoothed the features to 

alleviate the blocky appearance. To complete the actual extraction process, Davey Resource Group uses additional geoprocessing tools within 

ArcGIS®. From the AFE file results, the following steps are taken to prepare the extracted data for manual editing.  

1) Davey Resource Group fills all holes in the canopy that are less than 30 square meters. This eliminates small gaps that were created 

during the extraction process, while still allowing for natural canopy gaps. 

2) Davey Resource Group deletes all features that are less than 9 square meters for canopy (50 square meters for impervious surfaces). 

This process reduces the amount of small features that could result in incorrect classifications and also helps computer performance. 

3) The Repair Geometry, Dissolve, and Multipart to Singlepart (in that order) geoprocessing tools are run to complete the extraction 

process. 

4) The Multipart to Singlepart shapefile is given to GIS personnel for manual editing to add, remove, or reshape feature. 
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Accuracy Assessment Protocol  

Determining the accuracy of spatial data is highly important to Davey Resource Group 

and our clients. To achieve the best possible result, Davey Resource Group manually 

edits and conducts thorough QA/QC checks on all urban tree canopy and land cover 

layers. A QA/QC process will be completed using ArcGIS® to identify, clean, and 

correct any misclassification or topology errors in the final land cover dataset. The initial 

land cover layer extractions will be edited at a 1:2,000 quality control scale in the urban 

areas and at a 1:2,500 scale for rural areas utilizing the most current high-resolution 

aerial imagery to aid in the quality control process.  

To test for accuracy, random plot locations are generated throughout the city area of interest and are verified to ensure that the data meet the 

client standards. Each point will be compared with the most current NAIP high-resolution imagery (reference image) to determine the accuracy 

of the final land cover layer. Points will be classified as either correct or incorrect and recorded in a classification matrix. Accuracy will be 

assessed using four metrics: overall accuracy, kappa, quantity disagreement, and allocation disagreement. These metrics are calculated using a 

custom Excel® spreadsheet. 

Land Cover Accuracy 

The following describes Davey Resource Group’s accuracy assessment techniques and 

outlines procedural steps used to conduct the assessment.  

1. Random Point Generation—Using ArcGIS, 1,000 random assessment points are 

generated.  

2. Point Determination—Each point is carefully assessed by the GIS analyst for likeness 

with the aerial photography. To record findings, two new fields (CODE and TRUTH) 

are added to the accuracy assessment point shapefile. CODE is a numeric value (1–5) 

assigned to each land cover class (Table 10). TRUTH is the actual land cover class as 

identified according to the reference image. If CODE and TRUTH are the same, then 

the point is counted as a correct classification. Likewise, if the CODE and TRUTH 

are not the same, then the point is classified as incorrect. In most cases, distinguishing 

if a point is correct or incorrect is straightforward. Points will rarely be misclassified 

by an egregious classification or editing error. Often incorrect points occur where one 

feature stops and the other begins.  

Land Cover Classification Code Value 

Tree Canopy 1 

Impervious  2 

Pervious (Grass/Vegetation) 3 

Bare Soil 4 

Open Water 5 

Table 10. Land Cover Classification Code 

Values 

Figure 9. Land cover accuracy  

assessment example. 
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3.  Classification Matrix—If a point is considered incorrect during the accuracy assessment, the point is assigned the correct classification 

in the TRUTH column. Points are first assessed on the NAIP imagery for their correctness using a “blind” assessment—meaning that 

the analyst does not know the actual classification (the GIS analyst is strictly going off the NAIP imagery to determine cover class). 

Any incorrect classifications found during the “blind” assessment are further scrutinized using sub-meter imagery provided by the client 

to determine if the point was incorrectly classified due to the fuzziness of the NAIP imagery or an actual misclassification. After all 

random points are assessed and recorded, a classification (or confusion) matrix is created. The classification matrix for this project is 

presented in Table 11. The table allows for assessment of user’s/producer’s accuracy, overall accuracy, omission/commission errors, 

kappa statistics, allocation/quantity disagreement, and confidence intervals. 

 

 

4. The following are descriptions of each statistic as well as the results from some of the accuracy assessment tests.  

Overall Accuracy – Percentage of correctly classified pixels; for example, the sum of the diagonals divided by the total points 

((291+251+352+31+16)/1,000 = 94.10%). 

User’s Accuracy – Probability that a pixel classified on the map actually represents that category on the ground (correct land cover 

classifications divided by the column total [291/900 = 97.00%]). 
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Classification Data 

Classes 
Tree 

Canopy 
Impervious Grass/Vegetation 

Bare 

Soils 
Water 

Row 

Total 

Producer's 

Accuracy 

Errors of 

Omission 

Tree Canopy 291 8 12 0 0 311 93.57% 6.43% 

Impervious 5 251 8 0 0 264 95.08% 4.92% 

Grass/Vegetation 4 15 352 3 2 376 93.62% 6.38% 

Bare Soils 0 2 0 31 0 33 93.94% 6.06% 

Water 0 0 0 0 16 16 100.00% 0.00% 

Column Total 300 276 372 34 18 1000   

User's Accuracy 97.00% 90.94% 94.62% 91.18% 88.89%  Overall Accuracy 94.10% 

Errors of 

Commission 
3.00% 9.06% 5.38% 8.82% 11.11%  Kappa Coefficient 0.9148 

Table 11. Classification Matrix 
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Producer’s Accuracy – Probability of a reference pixel being correctly classified (correct land cover classifications divided by the 

row total [291/311 = 93.57%]). 

Kappa Coefficient – A statistical metric used to assess the accuracy of classification data. It has been generally accepted as a better 

determinant of accuracy partly because it accounts for random chance agreement. A value of 0.80 or greater is regarded as “very 

good” agreement between the land cover classification and reference image. 

Errors of Commission – A pixel reports the presence of a feature (such as trees) that, in reality, is absent (no trees are actually 

present). This is termed as a false positive. In the matrix below, we can determine that 3.00% of the area classified as canopy is most 

likely not canopy.  

Errors of Omission – A pixel reports the absence of a feature (such as trees) when, in reality, they are actually there. In the matrix 

below, we can conclude that 6.43% of all canopy classified is actually classified as another land cover class. 

Allocation Disagreement – The amount of difference between the reference image and the classified land cover map that is due to 

less than optimal match in the spatial allocation (or position) of the classes.  

Quantity Disagreement – The amount of difference between the reference image and the classified land cover map that is due to 

less than perfect match in the proportions (or area) of the classes. 

Confidence Intervals – A confidence interval is a type of interval estimate of a population parameter and is used to indicate the 

reliability of an estimate. Confidence intervals consist of a range of values (interval) that act as good estimates of the unknown 

population parameter based on the observed probability of successes and failures. Since all assessments have innate error, defining 

a lower and upper bound estimate is essential. 

 

 

  

http://en.wikipedia.org/wiki/Interval_estimation
http://en.wikipedia.org/wiki/Population_parameter
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95% Confidence Intervals 

 
                                                    Land Cover Assessment 

  

   

 
Class Acreage Percentage 

Lower 

Bound 
Upper Bound 

Statistical Metrics Summary:  

 Tree Canopy 2,694.6 30.9% 30.4% 31.4%     

 Impervious 2,354.2 27.0% 26.5% 27.5%  Overall Accuracy = 94.10%  

 Grass/Vegetation 3,253.9 37.3% 36.8% 37.8%  Kappa Coefficient = 0.9148  

 Bare Soils 318.4 3.7% 3.5% 3.9%  Allocation Disagreement = 4%  

 Water 96.1 1.1% 1.0% 1.2%  Quantity Disagreement = 1%  

 Total 8,717.2 100.00%       

 
Accuracy Assessment 

  

   

 
Class 

User's 

Accuracy 

Lower 

Bound 

Upper 

Bound 

Producer's 

Accuracy 

Lower 

Bound 
Upper Bound 

  

 Tree Canopy 97.0% 96.0% 98.0% 93.6% 92.2% 95.0%   

 Impervious 90.9% 89.2% 92.7% 95.1% 93.7% 96.4%   

 Grass/Vegetation 94.6% 93.5% 95.8% 93.6% 92.4% 94.9%   

 Bare Soils 91.2% 86.3% 96.0% 93.9% 89.8% 98.1%   

 Water 88.9% 81.5% 96.3% 100.0% 100.0% 100.0%   

          

 

Table 12. Confidence Matrix 


