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ABSTRACT 

SPECIES COMPOSITION, DEMOGRAPHICS, AND ECOSYSTEM SERVICES OF 

RESIDENTIAL TREES IN LOUISVILLE, KENTUCKY 

Shannon A. Scroggins 

March 28, 2011 

Trees in urban residential neighborhoods provide valuable ecosystem services. Urban 

trees also face threats from disturbances, such as storms. In 2008, the Urban Forest 

Effects model was used to estimate abundance and species composition of residential 

trees and their ecosystem services in 10 of 26 council districts in Louisville, Kentucky. 

Ten tree species were found to compose half of the estimated 822,576 residential trees 

in the ten districts, with Celtis occidentalis being most numerous. The ability of socio­

demographic and housing variables to predict the distribution of trees and ecosystem 

services was weak. The strongest relationships were found between % single home and 

% owner resident and tree number, species richness, and Shannon diversity. After two 

record-breaking storms in 2008 and 2009, tree canopy losses were found to be 7.9 % 

with concomitant decreases in ecosystem services. A survey showed only 33% of 

residents intended to replant lost trees. 

v 



TABLE OF CONTENTS 

PAGE 

ACKNOWLEDGMENTS ................... , ...................................................... .iii 
ABSTRACT .......................................................................................... v 
LIST OF TABLES .................................................................................. vii 
LIST OF FIGURES .......................................... , .............. , ...................... .ix 

Chapter 1: Introduction .............................................................................. 1 

Chapter 2: Variation in tree species abundance and distribution, and their. .................. 7 
ecosystem services in relation to socio-demographic and housing variables 
INTRODUCTION .................................................................................................... 7 
METHODS .............................................................................................................. 11 
RESULTS ................................................................................................................ 18 
DISCUSSION .......................................................................................................... 28 
CONCLUSION ........................................................................................................ 36 

Chapter 3: Effects of two major storms events on residential trees in Louisville, KY. .... 74 
INTRODUCTION ................................................................................................... 74 
METHODS .............................................................................................................. 76 
RESULTS ................................................................................................................ 78 
DISCUSSION .......................................................................................................... 83 
CONCLUSION ........................................................................................................ 86 

Chapter 4: Conclusion ...................................................................................................... 100 

REFERENCES ................................................................................................................ 103 

APPENDICES ................................................................................................................. 111 

CURRICULUM VIT AE .................................................................................................. 121 

VI 



LIST OF TABLES 

TABLE PAGE 

2-1. Socio-demographic and housing variables in 10 council districts ........................ 39 

2-2. Total land area, total residential land area, population, and population 
density in residential land use in 10 council districts ............................................ 40 

2-3. Top 10 tree species from 100 UFORE plots in Louisville, KY ............................ .41 

2-4. Species richness and species richness per hectare residential land use in 
10 council districts ................................................................................................. 41 

2-5. Tree species in the largest quartile size class, council where tree found, and 
native status ........................................................................................................... 42 

2-6. Tree species in the smallest quartile that are also found in the largest quartile .... 42 

2-7. Median tree height and tallest tree in residential areas of 10 council districts ...... 42 

2-8. UFORE estimated percent and number of trees in each condition class for 
residential land areas of 10 council districts .......................................................... 43 

2-9. Percent plot cover variables by council district with means and standard errors .. 44 

2-10. Total amount of pollutants removed (metric tons) in the residential areas of 10 
council districts ...................................................................................................... 45 

2-11. Pearson correlation (R) and significance for socio-demographic and housing 
variables and tree physical attributes at the council district level... ...................... .46 

2-12. Pearson correlation (R) and significance for socio-demographic and housing 
variables and tree physical attributes at the census tract level... ............................ 48 

2-13. Pearson correlation (R) and significance for socio-demographic and housing 
variables and tree physical attributes at the census block group level... .............. .49 

2-14. Pearson correlation (R) and significance for socio-demographic and housing 
variables and tree physical attributes at the plot leveL .......................................... 50 

Vll 



2-15. Marginally significant relationships between axis 1 and axis 2 and tree 
community variables in the residential areas at the council district level... ........... 51 

2-16. Pearson correlation (R) and significance for socio-demographic and housing 
variables and plot cover variables at the council district level... ........................... 51 

3-l. Survey questions administered to UFORE plot residents ...................................... S9 

3-2. UFORE-estimated tree loss by Hurricane Ike and the January 2009 ice storm 
in 10 Louisville council districts ............................................................................ S9 

3-3. Top 11 tree species in residential areas of 10 council districts in the summer of 
2009 ........................................................................................................................ 90 

3-4. Individual trees lost during Hurricane Ike in September 200S and/or the ice 
storm in January 2009 ............................................................................................ 91 

3-5. Individual trees that sustained damage during Hurricane Ike in September 200S 
and/or the ice storm in January 2009 ..................................................................... 91 

3-6. Changes in carbon storage and sequestration from 200S to 2009 after the loss of 
trees in Hurricane Ike and the January 2009 ice storm .......................................... 92 

3-7. Changes in metric tons of specific and total pollutants removed by trees from 
200S to 2009 .......................................................................................................... 93 

3-8. Total amount of pollutants removed (kg) in the residential areas of 10 council 
districts ................................................................................................................... 93 

3-9. Tree storm damage survey information by council district.. ................................. 94 

3-10. Trees listed in storm damage survey as species residents would consider 
planting as replacement trees after the storms ....................................................... 96 

Vlll 



LIST OF FIGURES 

FIGURES PAGE 

1-1. Conceptual model of the relationship between people, trees, and 
ecosystem services in urban residential areas ......................................................... 6 

1-2. Conceptual model showing how a storm disturbance affects both urban 
residents, trees, and ecosystem services ................................................................. 6 

2-1. Map of Kentucky with 1 efferson County highlighted ............................................ 52 

2-2. Council district map of Louisville-lefferson County Metro, Kentucky ................ 53 

2-3. Principal Components Analysis (PCA) showing distribution of 10 
council districts used in UFORE study .................................................................. 54 

2-4. Principal Components Analysis (PCA) showing distribution of 10 council 
districts along a range of socio-demographic and housing variables .................... 55 

2-5. Shannon diversity index for trees in residential areas of 10 council districts ....... 56 

2-6. UFORE-estimated number of trees ha'l residential land in 10 council 
districts ................................................................................................................... 57 

2-7. DBH (cm) size class by quartiles for trees in residential areas of 10 council 
districts ................................................................................................................... 58 

2-8. DBH (cm) size class range and percent frequency in total residential land areas 
of 10 council districts ............................................................................................. 59 

2-9. Total tree basal area per residential land area (ha) of each of 10 council 
districts ................................................................................................................... 60 

2-10. UFORE-estimated total leaf area per council district residential land area ........... 61 

2-11. Total Leaf Area Index (LAI) of residential land area in 10 council districts ........ 62 

2-12. Condition Class of trees in residential land areas of 10 council districts .............. 63 

2-13. Plot coverage percentages by council district.. ...................................................... 64 

IX 



2-14. Number of honeysuckle (Lonicera maackii) shrubs per hectare residential 
land use in each council district.. ........................................................................... 65 

2-15. Carbon stored by trees per ha of residential land area in 10 council districts ....... 66 

2-16. Carbon sequestered by trees in the residential land areas of 10 council 
districts ................................................................................................................... 67 

2-17. Total pollutants removed annually by trees in residential land areas of 10 
council districts ...................................................................................................... 68 

2-18. Net energy savings in dollars for residential areas of 10 council districts ............. 69 

2-19. Net total energy savings due to tree shading, windbreak, and climate effects 
in residential land areas of 10 council districts ...................................................... 70 

2-20. Net total tons of power plant carbon emissions avoided due to tree effects in 
residential land area of 10 council districts ............................................................ 71 

2-21. Percentage of trees susceptible to various insect pests in residential areas of 
10 council districts ................................................................................................. 72 

2-22. Pearson correlation between axis 2 and Shannon Diversity Index for 
residential areas of 10 council districts .................................................................. 72 

2-23. Pearson correlation between axis 2 and species richness for residential areas 
of 10 council districts ............................................................................................. 73 

2-24. Pearson correlation between axis 2 and mean number of trees per hectare for 
residential areas of 10 council districts .................................................................. 73 

3-1. UFORE-estimated loss in tree value due to storm damage ................................... 97 

3-2. Percent reduction in net energy savings in MWh and in net carbon emissions 
avoided from fossil-fuel using power plants for residential areas of 10 council 
districts ................................................................................................................... 98 

3-3. Percent losses in net energy savings in dollars for residential areas of 10 council 
districts ................................................................................................................... 99 

x 



CHAPTER 1: INTRODUCTION 

Slightly more than 50% ofthe world's population (United Nations 2009) and 80% of 

the citizens of Europe and North America live in cities (Pickett et al. 2001). The United 

Nations (2009) predicts that the urban population worldwide will increase to 55.5% in 

2025 and 65.9% in 2050. Because of this trend, it is important to study the ecology of 

cities, which considers the city as an ecosystem in which humans and their individual 

and institutional behaviors are an integral part of an urban system's ecological dynamics 

(Wu 2008). Cities use most of the world's resources and create most of its wastes and, 

because of this, urban areas have ecological footprints approximately 500-1000 times 

that of their physical area (Folke et al. 1997; Grimm et al. 2008). Since the behavior and 

decision-making of people and institutions affect these inputs and wastes, it is important 

to understand how their choices influence not only the immediate urban environment, 

but contribute to regional and global changes, e.g., increased CO2 emissions from fossil­

fuel-generated electricity contributing to global climate change (Grimm et al. 2008). 

Also, because cities are where an increasing majority of people live, it is imperative to 

understand how cities are structured, as the balance between green and built 

infrastructure determines urban resilience to stressors and disturbance, and affects the 

well being of most of the world's people (Dwyer et al. 1992; Costanza et al. 1997; 

Bolund and Hunhammar 1999). Ecology of cites also emphasizes the importance of 
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interdisciplinary collaboration between natural and social scientists and transdisciplinary 

collaboration among academic scientists, planners, policy makers, managers, engineers, 

and the public to better understand the interactions between the ecological, social, and 

built environmental components of the urban ecosystem (Wu 2008). 

One important ecological component of a city is its urban forest. The urban forest 

includes trees in parks, yards, institutional campuses, and along public rights-of-way 

(Zipperer et al. 1997). Some of the urban forest is under public control (e.g., trees in 

parks and along public rights-of-way), but trees found in residential yards and on 

institutional campuses are under the control of private managers. According to Nowak et 

al. (1996), across the U. S. A. residential land averages 41 % of total city area, so any 

trees in these areas can make important contributions to total city tree cover and provide 

important ecosystem services to urban residents. Ecosystem services are the benefits that 

accrue to humans from properly functioning ecological systems (Costanza et al. 1997). 

Ecosystem services provided by residential urban trees include decreased energy usage to 

heat and cool buildings, removal of air pollutants including particulate matter, improved 

water quality, and decreased stormwater runoff into streams (Ziegler 1973; Rolfe 1974; 

Heisler 1986; Sanders 1986; Akbari et al. 1992). 

Unfortunately, the ecosystem services provided by trees may be inequitably 

distributed around a city due to low income (Heynen 2006), lack of plantable space, and 

high percentage of rental properties (Perkins et al. 2004). Such discrepancies result in 

reduced residential tree canopy cover in low income neighborhoods, which can be 

considered a form of environmental injustice (Talarchek 1990). Harlan et al. (2008) 

found that the urban heat island effect was unevenly distributed along income lines in 
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Phoenix, AZ and that poor neighborhoods suffered higher summer temperatures than 

wealthier ones. Since trees in residential neighborhoods can ameliorate some of the 

negative effects of urbanization, such as the urban heat island (Akbari et al. 1986; Akbari 

et al. 1990; McPherson 1994), it is important to understand how trees are distributed in 

urban neighborhoods and whether all of a city's residents are benefiting from their 

ecosystem services. 

There are other reasons besides lack of planting that affect the distribution of 

ecosystem services provided by trees across a city. Ecosystem service benefits are 

decreased when residential trees are damaged or lost due to insect pest infestations or 

disturbances, such as fire, wind events, and ice storms (Rogers 1996). Past and present 

residential decisions about the number and species of trees to plant influence patterns of 

damage from such disturbances by affecting the species and age class distribution of 

trees, amount and spatial patterns of tree cover, and the proportion of canopy vulnerable 

to particular pests or types of physical disturbances. Trees that fall during storms can also 

pose hazards to human health and property (Lopes et al. 2007). Because of these 

interactions between trees and people, it is important to understand urban residents' 

attitudes toward trees, especially after damaging storms (Duryea 1996), so that means 

may be found to overcome barriers to tree replacement. 

Since residential trees are under private management, residents' opinions about the 

importance of trees for enjoyment of their property help determine whether trees are 

replaced after disturbance events. Ifresidents feel trees pose a hazard to people and 

property, they may choose not to replace storm-downed trees or may even opt to remove 

trees prophylactically. If tree replacement occurs, it may be with smaller tree species than 
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occurred before the storm events. Replacement of trees is also affected by whether a 

resident can afford the expense, so poor neighborhoods may suffer disproportionately 

from storm damage loss and face increased environmental injustice from further loss of 

tree ecosystem services (Talarchek 1990; Heynen 2006; Harlan et al. 2008). The 

cumulative decisions made by private lot owners over time then determine the 

composition and distribution patterns of the urban forest in privately owned residential 

areas. By influencing public perception of tree value, storm disturbances may thus 

influence the subsequent amount and type of tree canopy gap filling that occurs as the 

urban forest recovers over time. 

Conceptual Framework and Study Goals 

The conceptual model in figure 1-1 shows the relationships between people, trees, and 

ecosystem services. In residential areas, people make decisions about which tree species 

to plant, how many trees to plant, and where trees are planted (arrow 1, from people to 

trees). Trees directly affect people by providing amenities such as beauty, wildlife 

habitat, and shade (arrow 1, from trees to people). Trees also contribute ecosystem 

services (arrow 2) such as decreased air pollutants and reduction in energy costs (Ziegler 

1973; Rolfe 1974; Heisler 1986; Akbari et al. 1992). Ecosystem services directly benefit 

people (arrow 3) and are themselves indirectly influenced by urban residents' tree 

management decisions (arrow 1 to trees; arrow 2 to ecosystem services). Chapter 2 

reports on a study conducted in the summer of2008 that used the Urban Forest Effects 

(UFORE) model developed by the U.S. Forest Service to quantify the community 

composition, canopy cover, size class distribution, and ecosystem services provided by 
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the residential trees in ten of Louisville's council districts. It also explores whether there 

are any statistically discernible relationships between tree community structure, function, 

and ecosystem services and a selection of socio-demographic and housing variables that 

varied among these ten council districts. 

The conceptual model in figure 1-2 shows how a storm disturbance directly influences 

urban residents and the urban forest, and indirectly changes the ecosystem services 

provided by trees. Storm disturbances directly harm people through injury and property 

damage (arrow 1) and indirectly cause damage to people and their buildings by toppling 

trees or breaking branches (arrow 2; arrow 3 to people). Trees are directly affected by 

storms through non-fatal damage or by being blown over (arrow 2). The decisions that 

private land-owners subsequently make about the trees in their yards is an indirect effect 

of the storm on the trees (arrow 1; arrow 3 to trees). Trees that are lost and damaged by 

the storm lead to a decrease in ecosystem services (arrow 4) and the benefits provided to 

urban residents (arrow 5). Chapter 3 reports the losses of trees and ecosystem services in 

the residential areas of ten of Louisville's council districts after the remnants of 

Hurricane Ike in September 2008 and an ice storm in January 2009 damaged and 

destroyed many trees across the city. It also provides results of a post-storm survey to 

investigate urban residents' attitudes toward tree replacement after these two storms. 
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People 

3 

1 

Ecosystem 
Services 

Trees 

2 

Figure 1-1: Conceptual model of the relationship between people, trees, and 
ecosystem services in urban residential areas. In nature, tree species populations are 
affected by soil characteristics, the available species pool, climate, topography, and 
biotic factors, such as herbivory and mutualistic associations. In urban areas, tree 
species abundance and distribution are affected by past and present decisions made by 
residents and municipal decision makers. The structure and function of the residential 
urban forest determines the ecosystem services that benefit urban residents. 

Storm 
Disturbance 

1 
2 

People 3 Trees 

4 

5 Ecosystem 
Services 

Figure 1-2: Conceptual model showing how a storm disturbance affects both urban 
residents and trees and indirectly (through trees and people) ecosystem services. 
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CHAPTER 2: VARIATION IN TREE SPECIES ABUNDANCE AND 
DISTRIBUTION, AND THEIR ECOSYSTEM SERVICES IN RESIDENTIAL 

LAND USE IN RELATION TO SOCIO-DEMOGRAPHIC AND HOUSING 
VARIABLES 

INTRODUCTION 

Globally, a little over 50% of humanity lives in urban areas (United Nations 2009) and 

in the industrialized nations of Europe and North America nearly 80% of the population 

already does (Pickett et al. 2001). Increased urbanization has many negative ecological 

effects from local to global scales. At the global scale, urban areas cover only 2% of the 

terrestrial surface of the Earth, but they create 78% of the greenhouse gases (Grimm et al. 

2000). More locally, urban areas are characterized by the urban heat island, where 

typical daily temperatures in summer average 3 to 5°C higher, and can be as much as 8 to 

12°C warmer at ground level, than nearby rural areas (Hutchison and Taylor 1983; 

Akbari et al. 1990; Grimmond and Oke 1995; Alberti 2009). This is due to proportion of 

built surface (vs. green) and the height-to-width ratio of the streets and their adjacent 

buildings (e.g., urban structure; street canyons) that heat up during the day and release 

heat at night, heat that remains for longer periods at ground level at night depending on 

urban structure variables such as the sky-view factor (Hutchison and Taylor 1983; Akbari 

et al. 1990; Grimmond and Oke 1995; Eliasson 1996; Alberti 2009). Heat stress in cities 

has become a matter of increasing public health concern (Harlan et al. 2006). 
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Wanner city microclimates lead to increased energy use for summer cooling, which 

leads to increased air pollutant emissions from fossil-fuel burning power plants 

(Hutchinson and Taylor 1983; Akbari et al. 1990; McPherson 1994). Decreased air 

quality due to point and non-point sources of pollutants is also a pervasive negative side­

effect of urbanization that can have deleterious effects on human health (Nowak 1994). 

Among the most important urban air pollutants affecting human health are ozone (03), 

nitrogen oxides (NOx), sulfur dioxide (S02), and fine particulate matter with a diameter 

ofless than 10 /-tm (PM IO) (Nowak 1994; Alberti 2009). 

Cities also have increased impervious surfaces, such as buildings, roads, and parking 

lots. These hard surfaces are not only main contributors to the urban heat island effect, 

but also prevent infiltration of water into the ground, which leads to increased stonn 

runoff, decreased groundwater recharge, local flooding, and flashier stream flows 

(Sanders 1986; Xiao et al. 1998; Walsh et al. 2005; Nowak and Dwyer 2007). This trend 

toward greater urbanization increases the importance of studying urban environments to 

ameliorate their negative environmental impacts, to improve the health of the people 

living there, and to find ways of preserving native biodiversity in metropolitan areas 

(Botkin and Beveridge 1997). 

Trees are an important natural component of cities that can improve the negative 

environmental and social effects of urbanization. These urban forest trees include trees 

along streets, and in yards, institutional campuses, parks, and forest remnants 

(McPherson et al. 1997). They play an important role in urban areas by providing 

valuable ecosystem services such as reducing the cost of heating and cooling buildings, 

decreasing air pollutants and particulate matter, improving water quality, decreasing 
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runoff into streams, and improving biodiversity oflocal wildlife, like birds, that also 

benefit people (Ziegler 1973; Rolfe 1974; Heisler 1986; Sanders 1986; Akbari et al. 

1992; Nowak and Dwyer 2007). By shading buildings in the summer and acting as 

windbreaks in the winter, trees can reduce the costs - both financial and ecological - of 

heating and cooling (Akbari et al. 1986; Heisler 1990; Akbari 2002). Trees help remove 

air pollutants through mechanisms such as dry deposition and particle entrapment (Lovett 

et al. 2000; Fowler 2002). A 1994 study conducted in Chicago estimated that the city's 

trees provided air cleaning services worth $9.2 million and saved $50 to $90 per dwelling 

in yearly heating and cooling costs (McPherson et al. 1997). Urban trees also decrease 

runoff by intercepting rainfall and by taking up water that infiltrates the soil and releasing 

it as water vapor into the atmosphere via the process of transpiration (Sanders 1986; Xiao 

et al. 1998; Bolund and Hunhammar 1999). Both of these processes slow the return of 

water to streams (Sanders 1986; Nowak and Dwyer 2007). Other social benefits provided 

by urban forest trees are locations for recreational opportunities, aesthetic pleasure, real 

estate enhancement, and possibly even crime reduction (Morales, 1980; Smardon 1988; 

Tyrvainen and Miettinen 2000; Kuo and Sullivan 2001; Tyrvainen et al. 2003; Jim and 

Chen 2006). 

An important component of the urban forest and the focus of this study are trees 

found in residential areas. Since on average 41 % of total city area is composed of 

residential land (Nowak 1996), trees in yards and along residential streets can comprise 

an essential part of the urban tree canopy. Trees in yards provide daily experiences with 

nature, since they are closest to people (Smardon 1988). They also play a role in 

increasing neighborhood satisfaction across a broad socio-demographic range (Vemuri et 

9 



al. 2011). Residential trees provide valuable ecosystem servIces at the levels of the 

individual lot, the neighborhood, and the city as a whole. (Morales, 1980; Parker 1983; 

Tyrvainen and Miettinen 2000; Akbari 2002). 

Trees found in home lots are for the most part under private control. So when 

determining the abundance and distribution of trees in residential areas, it is important not 

only to estimate statistically or inventory the structure of the tree assemblages, but also to 

obtain information on how the decisions made by private managers affect this resource 

and the ecosystem services it provides (DeWalle 1978; Heisler 1989). Understanding the 

motivations behind the decisions made by individual lot owners concerning trees is 

essential, because tree planting choices affect the biodiversity of the residential forest, the 

amount of canopy cover in neighborhoods, and how well this tree resource is maintained 

(Richards 1993; Heynen et al. 2006: Carreiro and Zipperer 2008). However, this private 

management of the residential urban forest can also create inequities in tree canopy cover 

and ecosystem service benefits (Talarchek 1990; Escobedo et al. 2006; Heynen et al. 

2006). Poor residents may not be able to afford the cost of planting and maintaining trees 

and, if they rent their home, there is little incentive to plant trees (Perkins et al. 2004; 

Heynen et al. 2006). Escobedo et al. (2006) determined that greater tree cover, larger leaf 

area index (LAI) , higher tree density, and better tree health were found in higher 

socioeconomic neighborhoods of Santiago, Chile. These findings have important 

implications for whether trees and their ecosystem services are provided equitably across 

social strata (Escobedo et al. 2006; Heynen et al. 2006). 

In this study, I explored whether relationships existed between species composition, 

canopy cover, size-class distribution, health and mortality, and ecosystem services of 
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residential trees and socio-demographic and housing stock variables at the council district 

level (e.g., median income, education level, age of housing stock, percent owner 

residents). It was hypothesized that this analysis would determine whether such factors 

might explain the distribution of privately owned trees and their ecosystem services at a 

scale relevant to political reporting. In addition, I explored whether socio-demographic 

data collected at two additional smaller spatial scales (census tract, census block group) 

varied in their ability to predict residential tree distribution and abundance. There were 

two overarching goals to this project: 1) to quantify the status of the residential urban 

forest in Louisville, Kentucky, and 2) to attempt to explain differences in tree community 

attributes and ecosystem service distribution using variations in socio-demographic and 

housing stock variables at these three spatial scales. 

METHODS 

Study Area 

The city of Louisville, founded in 1778, is located in north-central Kentucky 

along the Ohio River at latitude 38°15'15" N and longitude 85°45'34" W 

(http://geonames.usgs./pls/gnispublic/). The city merged with Jefferson County (Figure 2-

1) in 2003 to form the Louisville-Jefferson County Metro Government, so that now the 

city has a land area of 981 km2 and an estimated 2009 population of 721 ,594 

(http://factfindeLcensus.gov). The study area is located within the Eastern Broadleaf 

Forest (Continental) Ecoregion Province (Bailey and Cushwa 1981; 

http://www.nationalatlas.gov/mld/ecoregp.html) and in the Interior Plateau of the 
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Southeastern USA Plains and Eastern Temperate Forest Region [Classified as Region 

8.3.3 in the Omernik Ecoregion System, Levels I-III 

(http://www.nationalatlas.gov/mldlecoomrp.html)]. The mean annual temperature in 

Louisville, based on the 30-year interval between 1970 and 2000, is 13.8 °C and ranges 

from an average monthly temperature of 0.6 °C in January to an average monthly 

temperature of25.8 °C in July (NCDC 2006). Mean annual precipitation in Louisville is 

113 em, distributed evenly throughout the year (NCDC 2006). 

Experimental Design 

The Louisville-Jefferson County Metropolitan Area is divided into 26 council districts 

(Figure 2-2) that vary in size, but have similar populations (approximately 25,000 

people). The decision was made to conduct this study at the council district scale because 

socio-demographic data were readily available at this scale and because it would facilitate 

reporting of results at the political scale. Socio-demographic and housing stock data were 

obtained from the Kentucky State Data Center and were based on U.S. Census 2000 data. 

Districts were chosen on the basis of having a broad range of differences in socio­

demographic and housing stock attributes. Among these attributes were seven chosen for 

their presumed predictive value based on prior literature (Talarchek 1990; Freedman et 

al. 1996; Hope et al. 2003; Perkins et al. 2004; Escobedo et al. 2006; Heynen et al. 2006). 

These were percentage of population with no high school diploma (education), 

percentage African-American, median income, percentage single-family homes, 

percentage owner residents, median single home value, and median year built for single 

homes (Table 2-1). A Principal Components Analysis was performed with these 
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variables from all 26 council districts to determine how the districts varied and which of 

the seven attributes accounted for most of the differences among the districts. Figure 2-3 

shows the distribution of the 26 council districts along the first two principal components, 

which summarized and simplified the attribute data set from the initial seven variables to 

three principal components in two orthogonal dimensions that explained a total of 86% of 

the variation among council districts. Axis 1 accounted for 66% of the total variation and 

was best explained by median income and % owner residents. Axis 2 accounted for 20% 

of the total variation and was best explained by % single family homes. These data and 

other factors, such as geographic location and prior knowledge of neighborhoods, were 

used to select the council districts for the study. Ten of these council districts were 

selected for model building purposes, reserving others for later model validation if 

funding became available. The total land area of the ten Council Districts in this study 

was 263 km2 or 26.8% of county land area. The area of residential land in the ten 

Council Districts was 129.8 krn
2 

(13.2% of county land area; 49.3% ofland area in the 

ten Council Districts sampled). The council districts used for this study were: council 

districts 2 and 24 in south-central Jefferson County; 14 and 25 in the southwest; 3 and 5 

in the northwest; 7 and 18 in the east; and 8 and 9 near the center (Figure 2-2). These ten 

council districts also varied in total area, total area of residential land use, and popUlation 

density (Table 2-2). 

The process for selecting plots in each district made use of Geographic Information 

Systems (GIS; ArcGIS 9.2, ESRI 2006) software to randomly select 40 locations in each 

of these ten council districts. These locations were randomly numbered and a 

LouisvillelJefferson County Information Consortium (LOnC) land-use overlay was used 
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to detennine which of these locations occurred in the residential land use category. 

LOnC provides a database with spatial maps and digitized data layers (0.3m resolution) 

for all of Jefferson County. The aerial photographs used to make the maps were taken in 

2006 and the data used to make the land-use overlay were published in 1992 (Bruce 

Carroll, Louisville/Jefferson County Infonnation Consortium, personal communication). 

Residential land use included both single-family and multi-family residential categories. 

Within the residential land-use areas, 12 to 15 plots per council district were randomly 

selected, and letters mailed out to each residential address seeking pennission to enter 

property. In total, 231 letters were mailed, 70 returned stating that pennission was 

granted, and 3 returned denying pennission. If no answer was obtained, follow-up phone 

calls or emails were made in the summer of 2008 to residents for whom we had this 

infonnation. If we had no phone number or email address for a resident of the plot, then 

we knocked on the door to ask for pennission. Ultimately we were able to use ten 

residential locations in each often council districts for this study. For each residential 

location the GIS coordinates detennined randomly provided a central locus for each plot. 

This locus was buffered with an 11.3 meter radius circle as described in the Urban Forest 

Effects (UFORE) model protocol (Nowak et al. 2007a). Each circular plot had an area of 

404.7 m2
. 

Plot level measurements 

From May to July 2008, data were collected from each plot on tree species 

composition and size, and other land cover and vegetation attributes according to the 

Urban Forest Effects (UFORE) model protocol (Nowak et al. 2007a). This protocol uses 
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species identification, diameter-at-breast-height (DBH), total tree height, canopy volume, 

and % dieback to determine tree species diversity, size-class distribution, tree leaf area 

index, tree canopy health, and susceptibility to pest attack. These variables are also 

entered into the model for calculating ecosystem services, such as amount of carbon 

stored and sequestered annually, pollutants removed per year, and energy use avoided 

annually (Nowak and Crane 2000; Nowak et al. 2002). For each plot, percentage of tree 

cover, shrub cover and plantable space were also estimated. Ground cover variables (i.e., 

% cement, % building, % maintained grass, % duff/mulch) were also measured. Trees 

and shrubs were identified to genus and to species when possible using the National 

Audubon Society Field Guide to Trees: Eastern Region (Little 2006) and the Manual of 

Woody Landscape Plants (Dirr 1998). For trees that were 6.1 meters tall or more and that 

were located within 18 meters of buildings that were three-stories tall or less, direction 

and distance from the tree to the nearest part of the building(s) was measured. These 

measurements were then modeled in UFORE to estimate annual energy savings at the 

council district level. 

UFORE Analysis 

The Urban Forest Effects (UFORE) Model is a tool developed by the USDA Forest 

Service that calculates various tree community characteristics for the urban forest. Based 

on the plot data, UFORE modeling estimates species composition, size-distribution 

structure, leaf area, health, and pest susceptibility of trees in the urban forest -

information useful for managing the forest (MacFarlane and Meyer 2005; Nowak and 

Crane 2000; Nowak et al. 2007a). The model also calculates ecosystem services, such as 
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the amount of carbon stored and sequestered, net savings in energy use including both 

heating and cooling components, and removal of several gaseous and particulate air 

pollutants (e.g., NOx gases, 0 3, PM lO) by tree canopies (Nowak and Crane, 2000; Nowak 

et al. 2002, Nowak et al. 2007a). It also measures disservices of trees (sensu Pataki et al. 

2011), such as production of volatile organic carbon compounds and pollen. In addition, 

the model estimates a monetary value estimate for the non-commodity, replacement value 

of a tree based on valuation procedures of the Council of Tree and Landscape Appraisers 

(1992); (Nowak and Crane 2000; Nowak et al. 2002, Nowak et al. 2007a). 

Data and Statistical Analysis 

The data collected in the summer of2008 were sent to the USDA Forest Service office 

in Syracuse, NY, since they alone can process the data using the UFORE model software. 

The resulting modeled data were then used to provide estimates on the following tree 

characteristics for each council district and for all ten districts combined: tree species 

composition, tree number, basal area, leaf area coverage and leaf area index, and 

ecosystem services distribution. Relationships between tree community attributes, as 

well as ecosystem service data, and the socio-demographic and housing variables at the 

council district level were explored for statistical significance using bivariate analysis 

consisting of Pearson correlation and linear regression in Microsoft Excel 2002. Principal 

Components Analysis (PCA) using PC-ORD v 4.25 was conducted to explore co­

variation among the socio-demographic and housing variables at the council district level 

(Figure 2-4). Principal Components Analysis is an ordination technique that collapses and 

simplifies multiple variables into a set of fewer composite variables (McCune and Grace 
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2002). The first two or three of these composite variables usually explain most of the co­

variation among the variables or components (McCune and Grace 2002). The seven 

socio-demographic and housing variables used in our PCA were: % African-American, % 

no high school diploma, median income, % owner resident, % single home, median 

house value, and median age of house in 2008. The resultant PCA axis coordinates for 

each council district were used as potential predictors of tree community characteristics 

using Pearson correlation and linear regression (Microsoft Excel 2002). Pearson 

correlation and linear regression (Microsoft Excel 2002) were also used to determine if 

any relationships existed between the coordinates for each council district along the 

explanatory axes and plantable space, tree, and shrub cover, and impervious surface 

cover (% cement, % tar, % building). We also explored whether socio-demographic and 

housing variables acquired at the census tract and other smaller scales provided greater 

power to explain variation in tree community characteristics. 

Analyses at smaller spatial scales 

Pearson correlation and linear regression (Microsoft Excel 2002) was used to 

explore relationships between tree community attributes, as well as ecosystem service 

data, and the socio-demographic and housing variables at the plot, census block group, 

and census tract levels. The 100 UFORE plots were located in 80 census block groups 

and 53 census tracts. At the plot level, only house age and value from the Property 

Valuation Administrator (PVA) of Jefferson County, Kentucky were possible to obtain 

via their website (http://jeffersonpva.ky.gov/). The socio-demographic and housing 

17 



-- ---------------

variable data at the census block group and census tract level were obtained from the U.S. 

Census Bureau, American Fact Finder website (http://factfinder.census.gov). 

In addition, Nonmetric Multidimensional Scaling (NMDS) analysis was 

conducted with PC-ORD v. 4.25 to determine whether variation in species abundance 

(based on basal area data) was predictable using plot, census block group, and census 

tract scale data and their respective socio-demographic and housing stock variables as 

available for these scales. Species were included in the matrix if they occurred in more 

than one plot, census block group, or census tract, depending on the scale of the analysis. 

NMDS was run in autopilot mode on the slow and thorough setting with the default 

parameters of a S0rensen (Bray-Curtis) distance measure, a random starting 

configuration, 40 runs with real data, and 50 randomized runs. The runs with real data 

used the species basal area matrices, while the randomized runs shuffled the data within 

columns in these matrices (McCune and Grace 2002). 

RESULTS 

Characteristics and Ecosystem Services of Residential Tree Communities in 

Louisville 

Tree Species Composition and Diversity 

A total of 264 trees (DBH > 2.54 cm) of 64 species in 37 genera and in 21 families 

were identified in 71 ofthe 100 UFORE plots (Appendix Table 1); 29 of the plots did not 

contain any trees. The majority of the tree species found were native to Kentucky 
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(69.4%) and native to North America (74.7%). Of the non-native tree species in the 

plots, 10.4% were native to Asia, 4.1 % to Eurasia, 2.5% to Europe, and 8.3% unknown. 

Evergreen trees constituted 16.7% of the total sampled trees and coniferous evergreen 

trees made up 14.8% of the total. The most common tree species encountered was Celtis 

occidentalis L. (Northern Hackberry) and it constituted 11 % of the total number of trees 

encountered. Fifty percent of the trees encountered in residential land consisted of only 

ten species (Table 2-3). Overall, the Shannon diversity index calculated based on tree 

number for residential areas of all ten council districts was 3.7 and community evenness 

score was 0.89. The evenness score of 0.89 indicates a high level of evenness in the 

residential tree community of the ten council districts, since community evenness ranges 

from 0 (only one species present) to 1 (all species are present in equal amounts). The 

maximum Shannon diversity index possible for a community is equal to the natural log of 

the total species richness and increases with higher species richness and higher evenness. 

The maximum Shannon index for a community of 64 is equal to 4.16 [Ln( 64)]. 

Therefore, the index we obtained of 3.7 is reflective of a highly even community. Species 

richness per council district ranged from 6 to 22 with a mean of 13.3 ± SE 1.7 per council 

district (Table 2-4). Tree family richness per council district ranged from 6 to14 with a 

mean of 8.6 ± SE 1.0 per council district. The Shannon diversity index ranged from 1.7 

to 2.8 per district with a mean Shannon diversity index per council district of2.33 ± SE 

1.33 (Figure 2-5). 

Physical and Ecosystem Level Attributes a/Trees 
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The UFORE model estimated that there were a total of 822,576 trees in residential 

land in the 10 council districts. On a per area residential land basis, estimated tree 

density ranged from 22.2 to 116.1 trees ha- I with a mean of65.2 trees ha- I ± SE 9.9 

(Figure 2-6). Council district 14 had the lowest tree density and council district 9 the 

highest. 

Mean diameter-at-breast height (DBH) for trees in the residential areas of the 10 

council districts was 31.3 cm with a median value of 23 cm. Council district 14 had the 

largest mean DBH in the tree population with a mean DBH of 53.6 cm and median of 

51.8 cm. Trees with the smallest mean (19.5 cm) and median (15 cm) DBH were found in 

council district 9 (Figures 2-7 and Appendix Figure 1). The size-class distribution of the 

tree community across all ten council districts was skewed toward smaller trees, with 

59% of the trees in residential areas in the lowest quartile DBH range (2.5 to 30.5 cm), 

25% in the second quartile (30.6 to 61.0 cm), 13% in the third quartile (61.1 to 91.4 cm) 

and the remaining 3% in the highest quartile (91.5 to 129.5 cm) (Figure 2-8). All of the 

trees in the largest quartile were species native to the state (Table 2-5). The largest 

species found in each of the represented council districts varied, except in council 

districts 3 and 14 where the largest trees were both Quercus palustris Muench (Pin Oak) 

(Table 2-5). In the smallest DBH quartile (2.5-30.5cm DBH), only 15% of the 

inventoried trees were the same species as those in the largest quartile, and 87.5% of 

these smallest quartile trees were all the same species, C. occidentalis (Table 2-6). There 

were no individuals of Quercus velutina Lam. (Black Oak) found in the smallest quartile 

and only one each of Acer saccharinum L. (Silver or Water Maple), Fraxinus americana 

L. (White Ash), and Q. palustris (Table 2-6). Council districts 2, 5, 7, 9, and 18 had no 
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inventoried trees in the largest DBH quartile. Of the council districts that did have trees in 

the largest quartile (91.5-129.5 cm DBH), council district 24 had the most per residential 

land at 0.0081 ha-1 and council district 25 had the fewest at 0.0030 ha-1
. The species 

richness of the smallest quartile diameter class was 53 and the most abundant species was 

C. occidentalis, with 21 individuals or 13.2% of the total. In the largest quartile, the 

species richness was 5 and the most abundant species was A. saccharinum. Tree basal 

area ha-1 residential land in each council district varied from a low of 14.2 cm2 ha-1 in 

council district 14 to a high of 50.3 cm2 ha-1 in council 8 (Figure 2-9). The mean basal 

area across all ten districts was 28.9 cm2 ha-1 ± SE 3.7. 

The median tree height across all council districts was 10.6 m. The largest median tree 

height of 25.9 m was found in council district 14 and the smallest in council district 9 at 

7.3 m (Table 2-7). UFORE-estimated leaf area ha-1 residential land in each council 

district ranged from 8,933 m2 ha-1 (council district 14) to 29,272 m2 ha-1 (council district 

2) (Figure 2-10). The Leaf Area Index (LAI, or area of leaves per area of land and 

therefore a unit-less ratio) was also calculated for each council district. LAI in ecology is 

used as an index of primary production in many ecosystems and can also reflect the 

amount of potential shading and surfaces for transpirational water loss and air cooling as 

well as air pollutant capture in residential areas. LAI was calculated for each council 

district based on the mean leaf area values reported above and the area of residential land 

in each council district, and for the entire ten council districts. The total LAI range was 

0.89- 2.93 with a mean of 1.71± 0.22 SE (Figure 2-11). Council district 14 had the lowest 

LAI of 0.89 and council district 2 the highest 2.93. 
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UFORE calculated that 59.2% of the trees across all ten council districts were in 

excellent condition, 33.6% in good condition, 6.6% in fair condition, and 0.5% were dead 

(Table 2-8). Figure 2-12 shows tree conditions for all ten council districts. The 

replacement value of the trees in each council district ranged from $169,683 ha- l in 

council district 5 to $562,196 ha- l in council district 2. 

For each plot, percentage tree cover, shrub cover, and plantable space were estimated. 

Percent plantable space ranged from 13 in council district 9 to 51.5 in council district 14 

with a mean of 26.5 ± 3.8 SE (Figure 2-13). Tree cover percentage was lowest in 

council district 14 (15.8) and highest in council district 7 (45.1). The mean percent tree 

cover across the ten council districts was 30.3 ± 3.2 SE (Figure 2-13). Ground cover 

variables (i.e., % cement, % building, % maintained grass, % duff/mulch) were also 

measured. For the ground cover variables, percentage cement, tar, and building were 

combined to create a percent impervious surface cover variable. Percent impervious 

surface cover was highest in council district 5 (62.9%) and lowest in council district 25 

(26.6%) with a mean of 41.3% ± 3.6 SE (Table 2-9). Council district 25 had the highest 

percent grass coverage at 65.3% and council district 5 the lowest at 15.8% (Table 2-9). 

The mean across all ten council districts for percent grass cover was 38.4% ± 4.1 SE. 

The exotic shrub, Lonicera maackii (Rupr.) Maxim. (Amur Honeysuckle), is of great 

interest in the Louisville area due to its invasion of urban parks and woodlands. In the 

initial UFORE survey, we included L. maackii in the inventory if it had a DBH of 2.5 cm 

or greater. This shrub was encountered in six of the ten council districts and its estimated 

density ranged from 0 to 51.9 shrubs ha- l residential land, with a mean of9.1 shrubs ha- l 

± SE 5.1 across the ten council districts (Figure 2-14). L. maackii was found in 10% of 
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the plots in districts 2,3,18, and 25, and 20% of the plots in districts 8 and 9. Of the 

council districts where L. maackii was found, council district 3 had the lowest density at 

2.5 shrubs ha- I residential land and district 8 had the highest at 51.9 shrubs ha-1residential 

land. 

Ecosystem Services 

Carbon Storage and Sequestration 

Carbon storage and sequestration values are estimated for combined above- and 

below-ground tree carbon. Estimated tree carbon storage for residential land across the 

ten council districts ranged from 16,712 to 48,649 kg ha- I with a mean of31,292 kg ha- I ± 

SE 3,521 and carbon sequestration ranged from 623 to 1,485 kg ha -I residential land yr-I 

with a mean of 1,102 kg ha -I yr-I ± 101 SE. Council district 5 had the lowest tree carbon 

storage and sequestration values and council district 2 had the highest (Figures 2-15 and 

2-16). The tree species that stored the most carbon in the council districts were A. 

saccharinum with 14.9% of the total, Acer saccharum Marsh. (Sugar Maple) 12.2%, and 

Q. palustris 11.1 %. A. saccharum, A. saccharinum, and C. occidentalis sequestered the 

most carbon at 11.7%, 10.8%, and 10.1 % of the total, respectively. All of these tree 

species are native to Kentucky. 

UFORE Air Pollutant Removal 

The UFORE model calculated that a total of 465 metric tons (mt) of air pollutants are 

removed annually by trees from the residential areas of the ten council districts. The 

estimated monetary value of this ecosystem service was $3,402,825 and is based on the 

23 



median positive externality converSIOn values for avoidance of health problems 

(monetary reduction in health costs per ton of pollutant removed) due to amount of 

reduction in each of the pollutants by trees (Murray et al. 1994; Nowak et al. 2002). 

Residential trees across all ten districts removed 229 mt of ozone (03), 136 mt of PMlO, 

55.4 mt of sulfur dioxide gas (S02), 43.9 mt of nitrogen dioxide gas (N02), and 2.4 mt of 

carbon monoxide gas (CO). Since total leaf area is used to calculate pollutant removal, 

amounts removed per council district are directly related to the area of residential land 

and the amount of leaf area per area of residential land. Council district 7 had the highest 

estimated total pollutant removal at 506 mt and council district 5 had the lowest at 67 mt 

(Table 2-10). On a per hectare of residential land basis, the range of total pollutants 

removed across council districts was 94.9 to 311 kg ha-1 (mean 182 kg ha-] ± 23.3 SE), 

with council district 14 removing the least and council district 2 the most (Figure 2-17). 

UFORE Energy Savings 

Net energy use avoided due to tree shading and/or windbreak effects in the residential 

areas of the ten council districts was estimated to be 30,983 MWh. The council district 

with the highest net annual energy savings (savings from heating in winter and cooling in 

summer) was council district 7 with 7,879 MWh of energy use avoided. Council district 

14 had the lowest savings with 1,140 MWh. The 2008 Louisville Gas and Electric 

(LG&E) rate of $ 0.064 kWh-] was used to determine money saved due to decreased 

energy use and a net total of$I,982,912 was saved in residential areas of the ten council 

districts due to tree cover (Figure 2-18). Council district 7 realized the greatest savings at 

$504,256 and council district 14 the lowest at $72,960. On a per area basis, the range of 
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energy savings was 0.67 to 4.51 MWh ha-1across the residential land areas of the ten 

council districts. The mean energy savings on a per area basis was 2.39 MWh ha- I ± 0.36 

SE (Figure 2-19). Council district 14 had the lowest savings and council district 7 had the 

highest. 

The UFORE model also calculated carbon emISSIOns avoided from coal-fired 

power plants in metric tons of carbon due to reduced energy production load on power 

plants. The services provided by residential trees in the ten council districts led to a total 

decrease of 8,926 mt of carbon emissions from Louisville's coal-fired power plants. The 

trees in council district 7 created the greatest savings of 3,268 mt of carbon, while trees in 

council district 8 provided the lowest at 62 mt of carbon. Metric tons of carbon emissions 

avoided from power plants on a per area basis ranged from 0.06 (council district 8) to 

l.85 (council district 7) mt ha- I residential land area with a mean of 0.62 mt ha- I ± 0.18 

SE (Figure 2-20). 

UFORE Pollen Misery Index 

While trees provide many benefits to society, trees also create disservices that must be 

accounted for in a cost-benefit analysis. Allergenic pollen production is one such 

disservice, but varies by tree species. Pollen allergy potential, as expressed by a pollen 

misery index, was calculated by UFORE for the trees in each council district, with a 

value of 10 being the worst for allergy sufferers (Bob Hoehn, USDA Forest Service 

Technician, personal communication). UFORE uses the Ogren Pollen Allergic Scale 

rating for each tree species to determine how much leaf area falls into each misery index 

category (Hoehn, pers. comm.). The mean pollen misery index across all residential areas 
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sampled was 6.91. The mean indices for the council districts ranged from 5.69 (council 

district 7) to 7.8 (council district 25). 

Relationships Between Tree Species Abundance and Distribution and Socio­

demographic and Housing Variables 

A Principal Components Analysis (PCA) was conducted to explore co-variation 

among the socio-demographic and housing variables at the council district level. The 

seven socio-demographic and housing variables used were: % African-American, % no 

high school diploma, median income, % owner resident, % single home, median house 

value, and median age of house in 2008. Results of this PCA revealed that the first three 

principal component axes explained 96.2% of the variation among the council districts 

(PCAl: 56.6%; PCA2: 29.2%; PCA3: 10.4%). Axis 1 (56.6% of the variation was 

explained by this axis) consisted of the following variables (with their respective 

eigenvector values) and could be summarized as the education-income axis: % no high 

school diploma (-0.4837), median house value (0.4805), and median income (0.4754); 

axis 2 (29.2% of the variation was explained by this axis) was explained by % owner 

resident (-0.6538) and % single home (-0.5158); and axis 3 (10.4% of the variation was 

explained by this axis) was explained by median age of house in 2008 (-0.8768). This 

establishes that, indeed, the council districts did vary strongly in their socio­

demographics and in the type and value of their housing stock. These factors have been 

shown in other cities to explain variation in urban tree canopy coverage. For example, 

higher income neighborhoods in Santiago, Chile were found to have greater tree cover 

(Escobedo et al. 2006), median income and urban tree cover were found to be positively 
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related in Indianapolis, IN (Heynen 2006), and canopy cover was found to decrease with 

increasing rates of rentership in Milwaukee, WI (Heynen et al. 2006). 

To detennine if this was the case in Louisville, this study used linear regressions to 

detennine whether the PCA axis coordinates for council districts obtained above and 

single variables averaged at four spatial scales (council district, census tract, census block 

group, and plot) correlated with variation in tree data. Surprisingly, these analyses found 

that the socio-demographic and housing variables had the greatest explanatory value at 

the largest scale (the council district), and became progressively less tightly related at 

finer scales of resolution. The highest significant (p<0.05) R-value for an explanatory 

variable obtained for each scale was: council district (Table 2-11): -0.71 (PCA axis 2 and 

Shannon Index tree diversity; census tract (Table 2-12): -0.38 (% single homes and mean 

leaf area); census block group (Table 2-13): 0.33 (median house value and mean number 

of trees); and plot (Table 2-14): 0.24 (house value and number of trees). At the council 

district level, there was a trend for PCA axis 2 (% single homes and % owner residents) 

to have the strongest, significant (p<0.05) relationships with some of the tree community 

variables (Table 2-15). Pearson correlation and linear regression were used to explore 

relationships between the socio-demographic and housing variables and percentage 

plantable space, tree cover, and shrub cover. PCA axis 2 was significantly correlated with 

percent plantable space (R = 0.88; p<O.Ol) and percent shrub cover (R = -0.63; p<0.05) 

(Table 2-16). 

The NMDS analysis that was run to detennine whether there was variation in tree 

species (based on basal area data) between the council district socio-demographic and 

housing stock variables did not achieve satisfactory results at any of the scales explored 
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(plot, census block group, census tract). Too many zeros in the matrices was the reason 

for the lack of resolution at the plot level (Bruce McCune, personal communication, 

email). Since all of the matrices contained between 91-96% zeros for a particular species, 

this is the most likely explanation for the unsatisfactory results at the census block group 

and census tract levels as well. A new matrix at the plot level was made by collapsing the 

tree species to the genus level and only including genera that occurred in more than one 

plot, but this trial also did not resolve. NMDS analysis did not appear to be suitable for 

determining patterns at the residential land use level in our plots. Too many of our 

UFORE plots either had no trees (29 of 100 plots) or only 1 tree, which led to matrices 

dominated by zeros. 

DISCUSSION 

Many studies have been done using UFORE at the city-wide level, for example in 

Brooklyn (Nowak et al. 2002), Philadelphia (Nowak et al 2007b), San Francisco (Nowak 

et al 2007c), and New York (Nowak et al. 2007d), which included a sub-set of plots in 

multi-family and 1-2 family residential areas. In our study, we chose to restrict our plot 

selection to only residential land use. Unlike trees found in parks or along public rights­

of-way, the residential component of the urban forest is under private management. 

Therefore, sociological and economic factors, past and present, are expected to influence 

lot-level and neighborhood level tree canopy cover and species composition. Because of 

this, it would be important for urban forest managers to know if the structure and function 

of the residential forest can be predicted by socio-demographic and housing stock 
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variables, and to know if there are inequitable distributions of ecosystem servIces 

provided by trees to different neighborhoods. 

In summer of 2008, Louisville had an estimated 822,576 trees in the residential areas 

of the ten council districts, which equated to a mean of 65.2 trees ha- I and 30% tree cover 

for residential areas. By comparison to other UFORE studies, Brooklyn, NY had 220,000 

trees (58.1 trees ha- I
) and 17% tree cover in its residential areas (Nowak et al. 2002). 

These lower values are probably due to the fact that Brooklyn is so much more densely 

populated and, therefore, has much less plantable space than Louisville, KY. Other cities 

on the east coast with UFORE data included Philadelphia, PA with 550,000 trees (110.1 

trees ha- I
) in residential areas (Nowak et al. 2007b) and New York City with 1.5 million 

trees (54.3 trees ha- I
) in residential areas (Nowak et al. 2007d). On the west coast, San 

Francisco, CA was estimated to have 210,000 trees (51.9 trees ha- I
) in residential areas 

(Nowak et al. 2007c). In all three of these cities, percent tree cover values were only 

available at the city-wide scale, so were not included herein for comparison. It is difficult 

to compare the composition of the residential urban forest between cities without 

knowing the size-class (i.e., DBH) distribution of the trees in residential areas. This 

information was available for Brooklyn, NY, where the smallest DBH quartile in 

residential land areas constituted 57.3% of the total compared to Louisville at 59.2% 

(Nowak et al. 2002), so percentage of trees in the smallest quartile was similar for both 

these cities. For the other three cities, DBH size-class data were only available at the city­

wide level. 

Further comparisons can be made with cities that were not part of a UFORE study. 

Hefei, China, west of Shanghai, was found to have a residential tree density of 153 trees 
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ha- J (Wu et al. 2008). A breakdown by neighborhood age or other characteristics was not 

reported by Wu et al. (2008) for Hefei's residential areas, but was in the following study. 

Freedman et al. (1996) stratified tree data by neighborhood age and found that residential 

tree cover in older neighborhoods (>70 years old) of Halifax, Nova Scotia had tree 

densities of 145.1 trees ha- J
, middle-aged neighborhoods (40-50 years old) had tree 

densities of 158.0 trees ha- J
, and younger neighborhoods « 8 years old) had tree densities 

of 240.9 trees ha- J
• Louisville's older neighborhoods (>70 years old) had higher tree 

densities with a mean of 86.5 trees ha- J
, than the middle-aged neighborhoods (40-50 

years old) with a mean of 65.1 trees ha- J
, the opposite of the trend found in Nova Scotia 

(Freedman et al. 1996). Freedman et al. (1996) also reported that the trees in the older 

neighborhoods in Halifax were larger than those in the younger neighborhoods, which 

helped account for the differences in density. In Louisville's oldest districts, we found 

that an average of 69.7% of the trees were in the smallest DBH class quartile (2.5-

30.5cm) and only 1.8% in the largest quartile (91.5-129.5 cm). While in the middle-aged 

neighborhoods, we found that an average of 57.4% of the trees were in the smallest DBH 

class quartile and 5.6% in the largest. Louisville's older neighborhoods have a higher tree 

density, most likely due to a greater number of trees in the smallest DBH quartile, than its 

middle-aged neighborhoods, the opposite of what Freedman et al. (1996) found in their 

study. This may be because Louisville's older neighborhoods have lost their older, larger 

trees due to attrition from disease and death in the past. We didn't have young 

neighborhoods to compare with this study, since no council districts had a median home 

age less than 43 years in 2008. 
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Insect pests are a threat to the health of the urban residential forest. Susceptibility to 

insect pests was estimated by UFORE and it was found that 51.1 % of the trees in the 

residential areas of the ten council districts were susceptible to the Asian longhomed 

beetle, which preferentially attacks maples (Haack et al. 1997); 16.6 % were susceptible 

to the gypsy moth caterpillar, which attacks primarily oaks (Jones et al. 1998); and 4.6% 

were susceptible to the emerald ash borer, which attacks ashes (MacFarlane and Meyer 

2005). Pest susceptibility in the residential areas of the ten council districts ranged from: 

27.5 to 81.3% for the Asian longhomed beetle; 3.6 to 52.5% for the gypsy moth 

caterpillar; and 0 to 27.3% for the emerald ash borer (Figure 2-21). If the Asian 

longhomed beetle migrated to Louisville, KY it would have devastating effects on the 

trees in residential areas and the ecosystem services they provide with 51 % of the 

residential canopy vulnerable across the ten council districts. Council districts 24, 18, and 

3 would be the hardest hit by the Asian longhomed beetle with 81.3%, 71.1 %, and 66.5% 

of their canopies vulnerable, respectively. Council district 8 faces a two-fold threat with 

45.3% of its canopy vulnerable to the Asian longhomed beetle and 27.3% to the emerald 

ash borer. A gypsy moth caterpillar infestation would cause the most harm in council 

districts 25 (52.5% of canopy vulnerable) and 14 (49.2% of canopy vulnerable). 

Louisville's residential trees (ten council districts) stored 32.0 mt of carbon 

ha- I and sequestered 1.04 mt of carbon ha -I yr-I. This was approximately twice the 

carbon stored and sequestered by trees on a per area basis in the other four comparison 

cities. Brooklyn's residential trees stored 17.6 metric tons of carbon ha- I and sequestered 

0.7 metric tons of carbon ha- I 
yr-I (Nowak et al. 2002). For the other three cities, carbon 
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storage and sequestration figures were only available city-wide, so direct residential land­

use level comparisons were not possible 

The UFORE model estimates three components for heat energy usage avoided -

windbreak, shade, and climate - and two components for cooling energy usage avoided -

shade and climate (Nowak et al. 2007a). Windbreak calculates megawatt hour (MWh) 

usage avoided for heating due to trees blocking wind (Nowak et al. 2007a). Shade 

calculates MWh usage avoided for cooling due to tree shade (Nowak et al. 2007a). Shade 

values for heat energy usage avoided are usually negative, indicating that tree shading 

increases the energy used to heat a home (Heisler 1986; McPherson and Simpson 1999). 

Climate calculates the impact on residential space heating and cooling provided by 

faraway trees due to reduction in wind speed and the cooling effect provided by the tree 

cover (Akbari et al. 1986). I combined all of these components to get the net energy 

savings provided by trees in the residential areas of the ten council districts and then 

compared this figure to city-wide figures for two of the four comparison cities for which 

the information was available. The residential trees in Louisville provided a net energy 

savings of 30,983 MWh, while the trees near residential buildings in Philadelphia 

provided a net energy savings of28,600 MWh, and those in New York city, 81,000 MWh 

(Nowak et al. 2007b; Nowak et al. 2007d). On a per area basis, Louisville's residential 

trees are providing a net energy savings of 239 MWh km2
, while Philadelphia's urban 

forest is saving 82 MWh km2
, and New York's 103 MWh km2 (Nowak et al. 2007b; 

Nowak et al. 2007d). Louisville's per area energy savings may be higher than 

Philadelphia's and New York's, because we only sampled residential land use and did not 

include industrial sites or the core urban business district, which often have fewer trees 
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than residential areas (Nowak et al. 1996). For example, New York City's 

commerciallindustrial areas had 12.3 trees ha- I
, whereas Louisville's residential areas in 

the ten council districts had 65.2 trees ha- I
. Also, residential homes are not as tall as 

buildings in business districts and, therefore, receive a greater benefit from tree shading 

in the summer. So, the values calculated for Louisville's residential areas indicate greater 

energy savings per tree for this reason. 

Trees also reduce the amount of carbon emissions from coal-fired power plants in 

metric tons of carbon due to reduced energy production load on the power plant (Nowak 

1993; Nowak et al. 2007a). Net carbon emissions avoided by the residential trees in the 

ten Louisville districts amounted to 8,926 mt (69 mt km2
). The city-wide net carbon 

emissions avoided for Philadelphia were 698 mt of carbon (2 mt km2
) and for New York 

City, 8,254 metric tons of carbon (10.5 mt km2
) (Nowak et al. 2007b; Nowak et al. 

2007d). As stated in the above paragraph, by sampling only residential land use, our 

study shows higher values for tree canopy than city-wide values for reasons such as 

smaller building size as compared to a downtown business district and greater tree cover 

due to less impervious surface. 

UFORE also estimates the pollutant removal servIces provided by tree canopies. 

Louisville's residential trees removed 465 metric tons of pollutants annually. The values 

for Brooklyn, Philadelphia, San Francisco, and New York City were all city-wide 

estimates. So, they are not directly comparable. On a per area basis, Louisville's 

residential trees remove more pollutants than all of the other cities: 3.6 mt km2 compared 

to 1.4 mt km2 annually for Brooklyn, 2.0 mt km2 for San Francisco annually, 2.5 mt km2 

annually for New York, and 2.1 mt km2 annually for Philadelphia (Nowak et al. 2002; 
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Nowak et al. 2007b; Nowak et al. 2007c; Nowak et al. 2007d). One possible explanation 

for this is that we have greater leaf area km-2 in our residential areas than the other cities 

do, since they did their studies on a city-wide basis. 

In this study, the UFORE model was successful in providing data on the status of the 

residential urban forest in Louisville, KY. We also explored the extent to which socio­

demographic and housing variable differences at three scales (council district, census 

tract, and census block group) might explain variation in tree community attributes. At 

the council district level, we did find negative trends between diversity, species richness, 

and mean number of trees, and PCA axis 2 variables (% single homes; % owner 

residents) (Figures 2-22, 2-23, and 2-24) but relationships at smaller scales were weaker. 

We concluded that to improve correlations with socio-demographic and housing variables 

at all scales, we would need more information at the entire house lot level. The 0.04 ha 

UFORE plot was perhaps too small to capture enough information about tree populations 

managed by lot owners at a site to adequately explore potential relationships between 

socio-demographic and housing variables and tree community and ecosystem service 

data. 

However, other studies have found relationships between socio-demographic and 

housing variables and plant diversity. Hope et al. (2003) examined potential relationships 

between perennial plant diversity in the Central Arizona-Phoenix region where suburban 

sprawl has been rapid in the last two decades, and three socio-demographic and housing 

variables: median family income, median age of housing stock, and human population 

density. They found that non-woody plant diversity in urban areas was positively related 

to higher incomes (p<O.Ol) and newer housing stock (p<O.Ol). We might have expected 
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to also see positive relationships between median income, median age of housing stock, 

and popUlation density with species richness in our plots, but this did not turn out to be 

the case. All correlations between these variables and species richness were non­

significant. This may be due to the fact that unlike Hope et al. (2003), we examined 

woody (tree) plant diversity, which is often more a reflection of past home owners' 

preferences (Whitney and Adams 1980). Older neighborhoods may also have seen shifts 

in affluence: what may have been a middle-class neighborhood 50 to 100 years ago may 

now be a poor neighborhood (Whitney and Adams 1980). So, past tree choices and 

species richness may not coincide with the council districts current median income. 

Nonetheless, In our study we did find a statistically significant negative correlation at the 

council district level (Figure 2-23) between peA Axis 2 variables (% single homes; % 

owner residents) and species richness (R = -0.64; p<0.05). The correlation at the council 

district level between species richness and axis 1 variables (% no high school diploma; 

median income; median house value) was positive, but marginally significant (R = 0.59; 

p = 0.07) (Table 2-15). 

Heynen (2006) investigated how changes in income were related to changes between 

1962 and 1993 in urban tree cover at the census tract level in Indianapolis, Indiana. He 

found that the residential urban canopy cover in that time period significantly (ex = 0.05) 

decreased by 23.1 % and that neighborhoods that had lower income had less tree cover. 

As expected at the census tract level in our study, there was a significant (p<0.05) 

positive correlation between median income and mean number of trees, but the Pearson 

R-value was low at 0.27, suggesting that other factors also affect tree density in 

Louisville's residential areas (Table 2-12). At the council district level, we found a 
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strong, but statistically marginal, (p = 0.06) positive correlation (Pearson R = 0.62) 

between PCA Axis 1 (% no high school diploma; median income; median house value) 

and mean number of trees, which deserves further examination (Table 2-15). The 

negative correlation between mean number of trees and the PCA Axis 2 variables (% 

single homes; % owner residents) at the council district level was significant (R = -0.65; 

p<0.05) (Figure 2-24). As stated earlier, in this study there was a tighter fit between tree 

variables and socio-demographic and housing data at the council district level than at the 

smaller census tract level. 

A significant but weak (a = 0.01, Spearman r = -0.320) negative relationship between 

renters and residential canopy cover and a significant, weak (a = 0.01 Spearman r = 

0.178) positive relationship between median income and residential canopy cover was 

found in Milwaukee, WI (Perkins et al. 2004). Tree cover and tree density were also 

found to be higher in neighborhoods with greater income in Santiago, Chile (Escobedo et 

al. 2006). In our study, the relationship between median income and percent residential 

tree cover were positively related, but not statistically significant (p = 0.39). The 

relationship between % owner resident and tree cover in Louisville, KY had a negative 

trend, the opposite of what Perkins et al. (2004) found, but it was also insignificant (p = 

0.23). 

CONCLUSION 

This study provides information on the species composition, abundance, health, 

and ecosystem services provided by Louisville's residential forest and can provide a 

foundation for more detailed studies in the future. Given that the area of many cities is 

36 



mostly residential, residential trees are an important component of the urban forest and 

provide valuable ecosystem services at the house, neighborhood, and whole city scales 

for urban residents, such as energy savings, carbon storage and sequestration, and 

pollutant removal. The trees in the residential areas of the ten council districts in our 

study provided comparable ecosystem services to other cities in which UFORE studies 

have been done. Since the residential component of the urban forest is almost exclusively 

under private management, it is important to understand the attitudes of residents toward 

trees (see chapter 3) and to detennine how we can educate the general public about the 

importance of trees and the ecosystem services they provide. 

To further understand the relationship between residential trees and the ecosystem 

services they provide, it would be valuable to ascertain what, if any, relationships exist 

between socio-demographic and housing variables and tree community and ecosystem 

service data. Since the quantitative goals for relating socio-demographics to urban 

residential tree cover were inconclusive in this study, we cannot make any statements 

concerning how environmental justice in the distribution of ecosystem services provided 

by trees may be linked with poorer communities in this city. However, our data may still 

be helpful in infonning priorities for urban forest management to alleviate tree cover and 

ecosystem service inequities. One possible approach to help mitigate this type of 

environmental injustice would be for the city to conduct an inventory of right-of-way 

trees in residential areas with low tree cover, low income, and plantable space to 

detennine if there are feasible locations along these rights-of-way for increasing 

residential tree cover. City managers might also subsidize tree planting services to 

residents who have space and interest in planting trees. Ideally, the trees would be 

37 



delivered to homes, since poor residents might be dependent on public transportation, 

which would make transporting a tree difficult (Perkins et al. 2004). A tree planting 

program in poor, underserved neighborhoods might also need to make provision for 

watering newly planted trees and maintaining them as they mature. 

As mentioned previously, this study did not demonstrate any strong relationships 

between tree community characteristics or ecosystem service variables and socio­

demographic and housing variables at finer scales, such as at the census tract or census 

block group level, but we did find a few stronger significant correlations at the council 

district level. The strengths of the UFORE model are that it relates tree data to ecosystem 

service estimates and extrapolates data from the plot level to the entire residential land 

area of the ten council districts used in this study. What did not work as well was 

determining relationships between these data and socio-demographic and housing 

variables. UFORE plots are randomly placed and can land on rooftops and in streets, as 

well as in yards. In order to better capture what is going on at the yard level and find 

relationships between residential tree characteristics and census block group and census 

tract data, entire individual lot level (as opposed to the UFORE plot level) data need to be 

acquired. By capturing more information at the lot owner level and increasing sample 

size (number of lots), we increase the probability of obtaining stronger correlations with 

socio-demographic and housing stock variables at the census tract or census block group 

levels. 
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Table 2-1: Socio-demographic and housing variable values in the 10 council districts 
used for the UFORE study 

2 3 5 7 8 9 14 18 24 25 
% African-

52 57 62 3 6 7 3 5 6 3 
American 
% No High 
School 15 19 22 5 6 8 16 5 15 13 
Diploma 
Median 
Income 29.3 29.9 24.5 52.1 44.0 37.9 39.7 58.6 40.3 43.5 
($1000's) 
% Single 

60 81 87 66 56 58 95 61 79 76 Homes 
% Owner 

48 65 54 66 58 53 79 66 69 70 Residents 
Single 
Home 

1952 1944 1888 1949 1881 1933 1950 1965 1957 1958 Median 
Year Built 
Median 
Single 
Home 75.9 73.6 54.1 149.1 146.2 132.6 83.1 167.5 89.7 98.1 
Value 
($1000's) 
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Table 2-2: Total land area, total area of residential land use, population, and population 
density in residential land use in 10 council districts in Louisville, KY. 

Total Area of Population Density 
Council Total Area Residential Population in Residential Land 
District (km2

) Land (km2
) (2000 Census) per km2 

2 22.8 10.9 26,114 2,405 
3 17.8 9.8 26,835 2,750 
5 19.4 6.5 26,333 4,077 
7 26.6 17.5 25,758 1,475 
8 13.3 9.6 27,983 2,901 
9 26.6 11.3 27,233 2,405 
14 58.0 17.1 25,689 1,499 
18 28.2 14.5 24,519 1,691 
24 38.9 13.9 26,649 1,923 I 

25 33.3 18.7 26,632 1,423 , 



Table 2-3: Top 10 tree species from 100 UFORE plots in Louisville, KY. 

Individual 
Cumulative 

Species Family 
Frequency 

Frequency 
Percent 

Celtis occidentalis Ulmaceae 29 11.0 
Acer saccharum Aceraceae 16 17.0 
Acer saccharinum Aceraceae 15 22.7 
Cercis canadensis Fabaceae 12 27.3 
Corn us florida Cornaceae 11 31.4 
Morus rubra Moraceae 11 35.6 

I . a e Ma us specIes ' Rosaceae 9 39.0 

Acer negundo Aceraceae 9 42.4 
Fraxinus pennsylvanica Oleaceae 9 45.8 

Morus alba 
e Moraceae 9 49.2 

Fraxinus americana** Oleaceae (3) 50.4 

Sum 133 
Total of 64 Sampled 264 100.0 
Species 

a Malus sp. = Crab Apples 
e . . 

exotlc specIes 
**Note: F. americana is not the 11 th most common tree; it is included due to 
Emerald Ash Borer susceptibility 

Table 2-4: Species Richness and species richness per hectare residential 
land use in 10 council districts 

Number 
Council of Tree Species ha-1 

District Species Residential Land 
2 12 0.0111 
3 12 0.0123 
5 11 0.0170 
7 14 0.0080 
8 19 0.0197 
9 20 0.0177 

14 6 0.0035 
18 22 0.0152 
24 6 0.0043 
25 11 0.0059 
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Table 2-5: Tree species in the largest quartile size class 
(91.5-129.5 cm), council district where tree found, and 
native status. 

DBH Council 
Species (cm) District Native? 

Quercus palustris 126 3 Yes 
Celtis occidentalis 107.4 8 Yes 
Fraxinus americana 109.7 8 Yes 
Quercus palustris 94.5 14 Yes 
Acer saccharinum 108 24 Yes 
Acer saccharinum 94.6 24 Yes 
Quercus velutina 92.7 25 Yes 

Table: 2-6: Tree species in the smallest quartile (2.5-
30.5 cm) that are also found in the largest quartile 
(91.5-129.5 cm) 

DBH range Number 
Species (cm) Found 
Acer saccharinum 2.8 1 
Celtis occidentalis 2.5 - 26.9 21 
Fraxinus americana 28.2 1 
Quercus palustris 30.5 1 
Quercus velutina N/A 0 

Table 2-7: Median tree height and tallest tree in residential areas of 10 council 
districts 

Council 
District Median Tree Height (m) Tallest Tree (m) 

2 22.7 36.6 
3 8.6 32 
5 12.2 22.9 
7 15.8 25 
8 8.5 33.5 
9 7.3 29.6 
14 25.9 34.1 
18 8.5 19.8 
24 14.1 24.2 
25 9.1 33.2 
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Table 2-8: UFORE estimated percent and number 
of trees in each condition class for residential land 
areas of 10 council districts. 

Trees in 
Condition Condition Number of Trees in 

Class Class (%) Condition Class 

Excellent 59.2 486,965 
Good 33.6 276,386 
Fair 6.6 54,290 
Poor 0 0 
Dead 0.5 4,113 
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Table 2-9: Percent plot cover variables by council district with means and standard errors. 

0/0 
Impervious % 0/0 

Council Surface % Wild 0/0 0/0 0/0 Bare 
District Cover Grass Grass Herbaceous/Ivy Duff/Mulch Rock Soil 

2 41 38.6 6.4 5.2 1.5 1.5 5.8 
3 52.9 39 0 1.2 1.8 1.6 2.3 
5 62.9 15.8 2.7 8.0 2.2 6.1 2.3 
7 43 44.7 0 2.8 1.9 2.2 5.4 
8 46.3 27.8 1.6 12.7 3.2 1.9 6.6 
9 40.9 36.2 0 10.2 4.4 1.4 5.4 
14 29.3 33.8 26.1 7.5 0 0.2 2.0 
18 41.3 34.3 0.5 11.4 5.4 1.9 3.8 
24 29.1 48 5.2 9.1 1.6 2.6 1.4 
25 26.6 65.3 0 2.0 1.2 2.4 1.4 

Mean 41.3 38.4 4.3 7.0 2.3 2.2 3.6 
SE 3.6 4.1 2.5 1.3 0.5 0.5 0.6 

% 
Water 

0 
1.3 

0 
0 

0.1 
1.5 
1.1 
1.5 . 

3.0 
1.2 
1.0 
0.3 



Table 2-10: Total amount of pollutants removed (metric tons) in the 
residential areas of 10 council districts. Range: 67-506 mt; mean 236 
± SE 38. 

Council Total Pollutants 
District Removed (mt) 

2 338 
3 138 
5 67 
7 506 
8 208 
9 231 
14 163 
18 216 
24 250 
25 246 
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Table 2-11: Pearson correlation (R) and significance for socio­
demographic and housing variables and tree physical attributes 
at the council district level. 

Council District 
x y R 

Median House Age Basal Area (mean) 0.01 
Axis 1 Basal Area (mean) 0.31 
Axis 2 Basal Area (mean) -0.32 
Axis 3 Basal Area (mean) 0.13 
Median House Age DBH (mean) 0.07 
Axis 1 DBH (mean) 0.08 
Axis 2 DBH (mean) 0.01 
Axis 3 DBH (mean) 0.05 
Median House Age DBH (median) -0.32 
Axis 1 DBH (median) -0.11 
Axis 2 DBH (median) 0.37 
Axis 3 DBH (median) 0.18 
Median House Age Leaf Area (mean) 0.09 
Axis 1 Leaf Area (mean) 0.32 
Axis 2 Leaf Area (mean) -0.55 
Axis 3 Leaf Area (mean) 0.42 
Median House Age Tree Height (mean) 0.03 
Axis 1 Tree Height (mean) 0.03 
Axis 2 Tree Height (mean) -0.22 
Axis 3 Tree Height (mean) 0.03 
Median House Age Tree Height (median) -0.26 
Axis 1 Tree Height (median) -0.25 
Axis 2 Tree Height (median) 0.35 
Axis 3 Tree Height (median) 0.16 
Median House Age Carbon Storage (mean) 0.05 
Axis 1 Carbon Storage (mean) 0.14 
Axis 2 Carbon Storage (mean) -0.18 
Axis 3 Carbon Storage (mean) 0.16 
Axis 1 Tree Value (mean) 0.06 
Axis 2 Tree Value (mean) 0.11 
Axis 3 Tree Value (mean) 0.17 
Axis 1 Number of Trees (mean) 0.62 
Axis 2 Number of Trees (mean) -0.65 
Axis 3 Number of Trees (mean) 0.01 
Axis 1 Species Richness 0.59 
Axis 2 Species Richness -0.64 
Axis 3 Species Richness 0.01 
Axis 1 Non-Native Sp. Richness 0.42 
Axis 2 Non-Native Sp. Richness -0.35 
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P 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
* 
n.s. 
n.s. 
* 
n.s. 
n.s. 
n.s. 



Axis 3 Non-Native Sp. Richness 0.13 n.s. 
Axis 1 Diversity 0.52 n.s. 
Axis 2 Diversity -0.71 * 
Axis 3 Diversity 0.05 n.s. 
Axis 1 Energy Savings (MWh) 0.49 n.s. 
Axis 2 Energy Savings (MWh) -0.34 n.s. 
Axis 3 Energy Savings (MWh) 0.22 n.s. 
Axis 1 Energy Savings (tC) 0.59 n.s. 
Axis 2 Energy Savings (tC) 0.04 n.s. 
Axis 3 Energy Savings (tC) 0.24 n.s. 

* p<0.05 
n.s. = non-significant 
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Table 2-12: Pearson correlation (R) and significance for socio­
demographic and housing variables and tree physical attributes 
at the census tract level. 

x 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
Median House Value 
Median Income 
% Single Home 
% Owner Resident 
Median House Age 
Median House Value 
Median Income 
% Single Home 
% Owner Resident 

** p<O.Ol 
* p<0.05 
n.s. = non-significant 

Census Tract 

y R 
Basal Area (mean) 0.14 
Basal Area (mean) -0.26 
Basal Area (mean) -0.18 
DBH (mean) -0.15 
DBH(mean) -0.25 
DBH (mean) -0.19 
Leaf Area (mean) 0.16 
Leaf Area (mean) -0.38 
Leaf Area (mean) -0.34 
Tree Height (mean) 0.11 
Tree Height (mean) -0.34 
Tree Height (mean) -0.29 
Carbon Storage (mean) 0.14 
Carbon Storage (mean) -0.25 
Carbon Storage (mean) -0.19 
Tree Value (mean) 0.13 
Tree Value (mean) 0.03 
Tree Value (mean) 0.01 
Tree Value (mean) -0.27 
Tree Value (mean) -0.23 
Number of Trees (mean) 0.08 
Number of Trees (mean) 0.32 
Number of Trees (mean) 0.27 
Number of Trees (mean) -0.33 
Number of Trees (mean) -0.17 
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p 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

** 
* 
n.s. 

* 
* 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

* 
* 
* 
n.s. 



Table 2-13: Pearson correlation (R) and significance for socio­
demographic and housing variables and tree physical attributes 
at the census block group level. 

x 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
% Single Home 
% Owner Resident 
Median House Age 
Median House Value 
Median Income 
% Single Home 
% Owner Resident 
Median House Age 
Median House Value 
Median Income 
% Single Home 
% Owner Resident 

** p<O.Ol 
* p<O.05 
n.s. = non-significant 

Block Group 

y 
Basal Area (mean) 
Basal Area (mean) 
Basal Area (mean) 
DBH(mean) 
DBH(mean) 
DBH (mean) 
Leaf Area (mean) 
Leaf Area (mean) 
Leaf Area (mean) 
Tree Height (mean) 
Tree Height (mean) 
Tree Height (mean) 
Carbon Storage (mean) 
Carbon Storage (mean) 
Carbon Storage (mean) 
Tree Value (mean) 
Tree Value (mean) 
Tree Value (mean) 
Tree Value (mean) 
Tree Value (mean) 
Number of Trees (mean) 
Number of Trees (mean) 
Number of Trees (mean) 
Number of Trees (mean) 
Number of Trees (mean) 
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R p 

0.03 n.s. 
0.16 n.s. 
0.12 n.s. 
0.02 n.s. 

-0.18 n.s. 
-0.15 n.s. 
0.08 n.s. 

-0.26 * 
-0.23 * 
0.005 n.s. 
-0.24 * 
-0.21 n.s. 
0.06 n.s. 
0.18 n.s. 
0.13 n.s. 
0.06 n.s. 
0.04 n.s. 
0.01 n.s. 

-0.24 * 
-0.18 n.s. 
0.04 n.s. 
0.33 ** 
0.21 n.s. 

-0.16 n.s. 
-0.23 n.s. 

~~~ -------- -.---



Table 2-14: Pearson correlation (R) and significance for socio­
demographic and housing variables and tree physical attributes 
at the plot level. 

Plot 

x y R 

PV A House Age Basal Area 0.16 

PV A House Age Basal Area: Largest Tree 0.13 
PV A House Age DBH 0.15 
PV A House Age DBH (no zeros) 0.12 
PV A House Age Leaf Area 0.15 
PV A House Age Tree Height 0.15 
PV A House Age Carbon Storage 0.14 
PV A House Age Tree Value 0.13 
PV A House Value Tree Value 0.01 
Median Income Tree Value 0.05 
PV A House Age Number of Trees 0.10 
PV A House Value Number of Trees 0.24 
Median Income Number of Trees 0.17 
PV A House Age Species Richness 0.05 
PV A House Value Species Richness 0.24 
Median Income Species Richness 0.14 
PV A House Age Non-Native Sp. Richness 0.01 
PV A House Value Non-Native Sp. Richness 0.13 
Median Income Non-Native Sp. Richness 0.21 

* p<0.05 
n.s. = non-significant 
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P 
n.s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

* 
n.s. 
n.s. 

* 
n.s. 
n.s. 
n.s. 

* 



Table 2-15: Marginally significant relationships between axis 1 
(median income, median house age, and % no high school diploma) 
and axis 2 (% single homes and % owner residents) and tree community 
variables in the residential areas at the council district level 

x y R p 

Axis 1 Mean Number of Trees 0.62 0.06 
Axis 1 Carbon Emissions Avoided 0.59 0.07 
Axis 1 Species Richness 0.59 0.07 
Axis 2 Mean Leaf Area -0.55 0.10 

Table 2-16: Pearson correlation (R) and significance for socio­
demographic and housing variables and plot cover variables 
at the council district level. 

x 
Axis 1 
Axis 1 
Axis 1 
Axis 1 
Axis 2 
Axis 2 
Axis 2 
Axis 2 
Axis 3 
Axis 3 
Axis 3 
Axis 3 

** p<O.01 
* p<O.05 

Council District 
y 

% Plantable Space 
% Tree Cover 
% Shrub Cover 
% Impervious Cover 
% Plantable Space 
% Tree Cover 
% Shrub Cover 
% Impervious Cover 
% Plantable Space 
% Tree Cover 
% Shrub Cover 
% Impervious Cover 

n.s. = non-significant 
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R p 
-0.05 n.s. 
0.52 n.s. 
0.60 n.s. 

-0.43 n.s. 
0.88 ** 

-0.56 n.s. 
-0.63 * 
-0.59 n.s. 
0.06 n.s. 
0.05 n.s. 
0.26 n.s. 

-0.21 n.s. 



Figure 2-1: Map of Kentucky with Jefferson County highlighted. Source: LOnC 
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Figure 2-2: Council district map of Louisville-Jefferson County Metro, 
Kentucky. Council districts used in the study (highlighted): 2, 3, 5, 7, 8, 9, 
14, 18,24, and 25. Source: LOnC 
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Figure 2-3: Principal Components Analysis (PCA) showing distribution of 10 council districts (square symbols; 
outlined) used in the UFORE study. Axis 1 variables: Median Income (OA442) and % Owner Residents (OA183) ­
explained 66% of the variance. Axis 2 variable: % Single Homes (-0.7008) - explained 20% of the variance. (Note: 
council district 12 was in the exact spot as council district 24, so it is missing from this graph) 
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Figure 2-4: Principal Components Analysis (PCA) showing distribution of 10 council 
districts along the range of socio-demographic and housing variables: (a) PCA axis 1 vs. 
PCA axis 2; (b) PCA axis 1 vs. PCA axis 3. PCA axis 1 = % no high school diploma, 
median income, and median house value - explained 56.6% of the variance; PCA axis 2 = 

% sing1e homes and % owner residents - explained 29 .2 % of the variance; PCA axis 3 = 

median age of home in 2008 - explained 10.4% of the variance. 
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Figure 2-5: Shannon Diversity Index for trees in residential areas of 10 
council districts.(a) Council districts arranged in ascending order (left to right) 
by population density on a per residential land area basis (people ha- I residential 
land). Population density: range: 14.2 to 40.8 people ha- I

; mean: 22.6; SE ± 2.7. 
(b) Council Districts are arranged in ascending order by the median income for 
the council district. Median income: range: $24,500-$58,600; mean: $39,980; 
SE ± $3,300. Shannon Diversity Index: range 1.7-2.8; mean 2.33; SE ± 1.33. 
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Figure 2-6: UFORE-estimated number of trees ha- I of residential land in 10 
council districts. Estimated number of trees: range: 22.2 to 116.1 trees 
ha-1

; mean: 65 .2 trees ha- 1
; SE ± 9.6 trees ha- 1

• (a) Council districts are arranged 
in ascending order (left to right) by population density on a per residential land area 
basis (people ha-1 residential land) (range: 14.2 to 40.8 people ha- 1

; mean: 22.6; SE ± 
2.7). (b) Council Districts are arranged in ascending order (left to right) by the 
median income for the council district. Median income: range: $24,500-$58,600; 
mean: $39,980; SE ± $3,300. 
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Figure 2-7: DBH (cm) size class by quartiles for trees in residential areas of 
10 council districts. 
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Figure 2-8 : (a) DBH (cm) size class range and (b) DBH (cm) percent frequency in 
total residential land areas of 10 council districts. Percent frequency refers to what 
percentage a given size class constitutes of the total tree population. 
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Figure 2-9: Total tree basal area per residential land area (ha) of each of 10 council 
districts. Tree basal area: range: 14.2-50.3 cm2 ha-1

; mean: 28.9 cm2 ha-I
; SE ± 3.7 

cm2 ha- 1
• (a) Council districts arranged in ascending order by residential land area 

population 
density (people ha- I

) . Population density: range: 14.2 to 40.8 people ha- I
; mean: 22.6; 

SE ± 2.7. (b) Council districts arranged in ascending order by council district median 
income: range: $24,500-$58,600; mean: $39,980; SE ± $3,300. 
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Figure 2-10: UFORE-estimated total leaf area per council district residential land 
area (m2 ha-') . Leaf area: range: 8,933-29,272 m2 ha-'; mean: 17,148 m2 ha-'; 
SE ± 2,194 m2 ha-'. (a) Council districts arranged in ascending order by residential 
land area population density (people ha-'). Population density: range: 14.2 to 
40.8 people ha-' ; mean: 22.6; SE ± 2.7. (b) Council districts arranged in ascending 
order by council district median income: range: $24,500-$58,600; mean: $39,980; 
SE ± $3 ,300. 
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Figure 2-11: Total Leaf Area Index (LA!) of residential land area in 
10 council districts. LAI: range: 0.89-2.93; mean: 1.71; SE ± 0.22. 

5 

18 

(a) Council districts arranged in ascending order by residential land area 
population density (people ha-I

). Population density: range: 14.2 to 40.8 people 
ha-I

; mean: 22.6; SE ± 2.7. (b) Council districts arranged in ascending order 
by council district median income: range: $24,500-$58,600; mean: $39,980; 
SE ± $3,300. 
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Figure 2-12 : Condition class of trees (%) in residential land areas of 10 council 
districts. (a) Council districts arranged in ascending order by residential land 
area population density (people ha- I

). Population density: range: 14.2 to 40.8 
people ha- I

; mean: 22.6; SE ± 2.7. (b) Council districts arranged in ascending 
order by council district median income: range: $24,500-$58,600; mean: $39,980; 
SE ± $3,300. Note: There were no trees in any of the council districts in the 
"poor" condition class. 
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Figure 2-13: Plot coverage percentages by council district. 
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Figure 2-14: Number of honeysuckle (Lonicera maackii) shrubs per hectare of 
residential land use in each council district. Number of honeysuckle shrubs: 
range: 0-51.9 ha-1

; mean 9.1 ha-1
; SE ± 5.1 ha-1

• (a) Council districts arranged 
in ascending order by residential land area population density (people ha-1

). 

Population density: range: 14.2 to 40.8 people ha-1
; mean: 22.6; SE ± 2.7. 

(b) Council districts arranged in ascending order by council district median 
income: range: $24,500-$58,600; mean: $39,980; SE ± $3,300. 
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Figure 2-15: Carbon stored by trees per ha of residential land area in 10 council 
districts. Carbon storage: range: 16,712-48,648 kg ha-1

; mean 31,392 kg ha-1
; 

SE ± 3,521. (a) Council districts arranged in ascending order by residential 
land area population density (people ha- 1

). Population density: range: 14.2 to 
40.8 people ha-1

; mean: 22.6; SE ± 2.7. (b) Council districts arranged in 
ascending order by council district median income: range: $24,500-$58,600; 
mean: $39,980; SE ± $3,300. 
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Figure 2-16: Carbon sequestered by trees in the residential land areas of 10 council 
districts. Carbon sequestration: range: 623-1,485 kg ha-' yr-'; mean: 1,102 
kg ha-' yr-'; SE ± 101 kg ha-' yr-'. (a) Council districts arranged in ascending 

order by residential land area population density (people ha-'). Population 
density: range: 14.2 to 40.8 people ha-'; mean: 22.6; SE ± 2.7. (b) Council 
districts arranged in ascending order by council district median mcome: range: 
$24,500-$58,600; mean: $39,980; SE ± $3,300. 
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Figure 2-17: Total pollutants removed annually by trees in residential land areas 
of 10 council districts. Pollutants removed: range: 94.9-311 kg ha- I

; mean: 
182.2 kg ha- I

; SE ± 23.3 kg ha- I
. (a) Council districts arranged in ascending 

order by residential land area population density (people ha- I
) . Population 

density: range: 14.2 to 40.8 people ha-I
; mean: 22.6; SE ± 2.7. (b) Council 

districts arranged in ascending order by council district median mcome: range: 
$24,500-$58,600; mean: $39,980; SE ± $3,300. 
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Figure 2-18: Net energy savings in dollars for residential areas of 10 council 
districts . The 2008 Louisville Gas and Electric (LG&E) rate of $ 0.064 kWh-I 
was used to determine money saved due to decreased energy use. 
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Figure 2-19 : Net total energy savings due to tree shading, windbreak, and climate 
effects in residential land areas of 10 council districts. Net total energy savings : 
range: 0.67-4.51 MWh ha-1

; mean: 2.39 MWh ha-1
; SE ± 0.36 MWh ha-1

• 

(a) Council districts arranged in ascending order by residential land area 
population density (people ha-1

). Population density: range: 14.2 to 40.8 people 
ha- 1

; mean: 22.6; SE ± 2.7. (b) Council distrIcts arranged in ascending order by 
council district median income: range: $24,500-$58,600; mean: $39,980; 
SE ± $3,300. 
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Figure 2-20: Net total tons of power plant carbon emissions avoided due to tree 
effects in residential land area of 10 council districts . Net total metric tons of 
carbon avoided: range: 0.06-1.85 mt ha-'; mean: 0.62 t ha-' ; SE ± 0.18 mt ha-' . 
(a) Council districts arranged in ascending order by residential land area 
population density (people ha-'). Population density: range: 14.2 to 40.8 people 
ha-'; mean: 22 .6; SE ± 2.7. (b) Council districts arranged in ascending order by 
council district median income: range: $24,500-$58,600; mean: $39,980; SE ± 
$3,3 00. 
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Figure 2-21: Percentage of trees susceptible to various insect pests 
in residential areas of 10 council districts 
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Figure 2-22: Pearson correlation (R = -0.71; p<0.05) between axis 2 and Shannon 
Diversity Index for residential areas of 10 council districts 
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Figure 2-23: Pearson correlation (R = -0.64; p<0.05) between axis 2 and species 
richness for residential areas of 10 council districts 
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Figure 2-24: Pearson correlation (R = -0.65; p<0.05) between axis 2 and mean 
number of trees per hectare for residential areas of 10 council districts 
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CHAPTER 3: EFFECTS OF TWO MAJOR STORM EVENTS ON 
RESIDENTIAL TREES IN LOUISVILLE, KY 

INTRODUCTION 

Ecological disturbances involve sudden changes in resource availability in an 

ecosystem brought about by abiotic and biotic factors (Rogers 1996). In the case of the 

residential urban forest, such forces would include wind, ice storms, fire, and widespread 

outbreaks of pests and disease (Rogers 1996). Severe wind and ice storms can cause 

serious damage to urban trees (Gibbs and Grieg 1990; Sisinni et al. 1995). Trees provide 

many services to urban residents such as reducing the cost of heating and cooling 

buildings, decreasing air pollutants and particulate matter, ameliorating water quality, 

decreasing runoff into streams, and providing aesthetic enjoyment (Ziegler 1973; Rolfe 

1974; Heisler 1986; Sanders 1986; Schroeder and Cannon 1987; Akbari et al. 1992). So, 

loss of residential trees due to storm or insect damage decreases the ecosystem service 

benefits trees provide urban residents. Trees also provide valuable wildlife habitat in 

urban areas, so their loss can also affect the abundance and distribution of local wildlife 

(Clark et al. 1997; Nowak and Dwyer 2007). Trees that fall during storms present 

hazards to human life as well as human property (Lopes et al. 2007). Because the urban 

residential forest is dependent on decisions made by lot owners for its continued 

existence, it is also important to understand how storm damage to trees and property 

might affect residents' attitudes toward trees (Duryea 1996). 
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On September 14,2008, the remnants of Hurricane Ike with gusts up to 120.7 km hr- I 

swept through the Louisville Metro area (http: //www.crh.noaa.gov/lmkl?n=sep_14_08). 

Seventy-five percent of the population in Louisville, KY (301 ,000 out of 400,000 

households) lost electric power (Kentucky Public Service Commission 2009). At the 

time, this stonn caused the largest power outage in state history (Kentucky Public Service 

Commission 2009). The majority of the power line damage from this stonn was 

attributed to falling trees or limbs (Kentucky Public Service Commission 2009). Then on 

January 26-28,2009, an ice stonn hit the region with ice accumulations of up to 5 cm on 

surfaces (National Weather Service 

http ://www.crh.noaa.gov/lmkl?n=jan_2009_ice_and_snow). More than 200,000 

households lost power in Louisville, KY during the ice stonn. Statewide, this stonn 

exceeded the damage caused by the Hurricane Ike stonn just 4 months previously and 

caused the largest loss of power in Kentucky history 

(http ://www.crh.noaa.gov/lmkl?n=j an_2009 _ice_and_snow). Power line and 

transmission tower damage from this stonn was primarily caused by the weight of the 

accumulated ice, but the problem was exacerbated by overburdened trees and limbs 

falling on the lines (Kentucky Public Service Commission 2009). The arrival of both of 

these stom1S so close together caused extensive damage to trees city-wide. According to 

the Louisville Public Works and Assets Department (Tammy Baum, Administrative 

Coordinator, personal communication), 15,468 metric tons (mt) of woody debris were 

collected by the city after the windstonn and 17,286 mt of woody debris were collected 

after the ice stonn. These estimates of tree loss and damage would be conservative, 
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because many residential, commercial and institutional lot managers also had trees 

removed or pruned by private contractors after each storm. 

The storms provided an unprecedented opportunity in the summer of 2009 to return to 

the same plots surveyed in summer 2008 to assess tree damage and loss, and resident's 

attitudes toward trees after the storms. This study asked three main questions: 1) What 

changes occurred in tree communities after the storms?; 2) How did these changes 

translate into ecosystem service losses?; and 3) Did residents whose trees were affected 

by the storms plan to replace fallen and damaged trees? 

METHODS 

From June to August 2009, tree damage in the UFORE plots was assessed by 

return visits to 71 of the plots (for detailed methods, see Chapter 2 of this thesis) . Ifa 

tree in the 2008 plot was missing or appeared to be damaged, residents were asked if this 

was due to the effects of the storms or whether the tree had been removed or damaged for 

non-storm related reasons. If a tree had been lost or removed due to storm damage 

effects, then the tree was deleted from the 2008 spreadsheet that had been sent to the 

USDA Forest Service that year and then sent again to the Forest Service in 2009 for 

recalculations of tree abundance, tree community characteristics and ecosystem service 

provision. If the tree in a UFORE plot suffered damage, but not loss, from the storms, 

then tree canopy measurements (canopy diameter, % canopy missing, and % dieback) 

were recorded and tree height measured if the tree had suffered damage to its upper limbs 

or canopy. Trees that were removed or damaged for reasons other than storm effects and 

trees in plots for which we were unable to contact the resident to ascertain the cause of 
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tree damage or tree removal were left unchanged in the UFORE spreadsheet that was 

submitted to the USDA Forest Service after the 2009 field season. Since some of these 

trees may have been affected by the storms, leaving them in the 2009 tree inventory 

provided a conservative estimate of storm damage on residential trees. The data collected 

in summer 2009 were then submitted to the USDA Forest Service in Syracuse, NY, 

where they were run using the Urban Forest Effects (UFORE) model. This enabled us to 

assess damage to and loss of trees and their ecosystem services due to the combined 

effects of the September 2008 windstorm and the January 2009 ice storm. Any changes 

in tree community parameters after Hurricane Ike in September 2008 and the January 

2009 ice storm were obtained by subtracting 2009 data from 2008 data on a per tree and 

per council district basis, depending on the analysis. 

In addition, tree-loss and damage information at the entire yard-level (and not just the 

UFORE plot level) was collected in a survey administered to the residents where UFORE 

plot data had been collected (Table 3-1). Phone calls were made in June 2009 to 

residents for which we had this information. If we were unable to contact the resident by 

phone, then the surveys were delivered through the mail, via email, in person at the 

residence, or taped to the door if the resident was not home. The same survey questions 

were asked of all residents. If the UFORE plot did not contain trees, then only survey 

information was obtained to assess lot-owner/renter attitudes and management plans for 

any trees that had been affected in the entire yard. Data on the survey are reported in a 

descriptive maImer and no statistical analyses were done on these responses to compare 

potential differences among council districts. 
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RESULTS 

Impact of storms on Tree Community Structure 

The same 64 tree (DBH >2.54 cm) species were identified in the 100 plots in 

residential areas of ten council districts in Louisville, KY (ten plots per council district) 

as were found in the 2008 study. The total number of trees sampled in the plots decreased 

by 3.8% from 264 in 2008 to 254 in 2009. The mean estimated density of trees remaining 

across residential land use in all ten districts in summer 2009 was 6,120 km-2
. The 

UFORE model estimated that in summer 2009 there were 793,291 trees in residential 

land of the 10 council districts, a decrease of3.6% from 2008 (Table 3-2). The 29,285 

trees lost across all ten districts had a UFORE-estimated replacement value of 

$122,369,726, a decrease in value of 5.9% from 2008 (Figure 3-1). The majority of the 

species found, 68 .5%, was native to Kentucky (a decrease of 1.7% from 2008). There 

were no changes in the representatives of the top ten most numerous tree species, 

although some species had fewer individuals than in 2008 (Table 3-3). The most 

numerous tree species in the plots remained Celtis occidentalis L. (Northern HackbelTY; 

11 .0% of total) . There was no change in the Shannon diversity index or in evenness from 

2008. 

Of the total number of trees, those in excellent condition decreased by 1 % and those in 

good condition increased by 1 % from 2008 figures. Trees in fair condition decreased by 

1.3%, trees in poor condition increased by 1.5% (from 0), and dead trees decreased by 

0.15%. Except for the change in dead trees, these changes most likely reflect the effects 

of storm damage on the health of the residential tree community. The decrease in the 
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number of dead trees was driven by the removal of a previously dead tree in 2008 from 

one of the UFORE plots. Total leaf area susceptible to the Asian long-homed beetle 

decreased by 0.6%, reflecting the loss of maple trees in the storms (Table 3-4). 

Susceptibility to the gypsy moth increased by 0.8% and the emerald ash borer by 0.5%, 

which reflects changing proportions of vulnerable trees in the total tree population. The 

Asian long-homed beetle preferentially attacks maple trees (Haack et al. 1997) and three 

of the top 11 most numerous species in the study areas were maples - Acer saccharum 

Marsh. (Sugar Maple; 6.3% of total number of trees); Acer saccharinum L. (Silver or 

Water Maple; 5.5% of total); and Acer negundo L. (Boxelder; 3.1 % of total). 

Of the 264 trees found in the plots in 2008, ten were removed and nine were 

damaged as a result of Hurricane Ike in September 2008 and the January 2009 ice storm. 

The ten trees that were removed had a diameter-at-breast-height (DBH) range of 5.1 to 

107.4cm with a mean DBH of 40.5 cm (SE = ± 11.1 cm). The height range of the 

removed trees was 2.7 to 21.3 m with a mean height of 12.2 m (SE = ± 2.3 m). These 

removed trees were found in five of the ten council districts and consisted of nine 

different species (Table 3-4). Four ofthe lost trees were all in the same plot in council 

district 18 and three of those trees, the Koelreuteria paniculata Laxm. (Goldenrain Tree) 

and two Tsuga canadensis (L.) Carr. (Eastern Hemlock) were knocked down by an A. 

negundo that fell during the Hurricane Ike storm. The nine damaged trees were found in 

six of the ten council districts and consisted of five different species (Table 3-5). Of the 

five species damaged, Acer species were the most damaged. Three of the nine (33.3%) 

damaged trees were A. saccharum and two of the nine (22.2%) were A. saccharinum. 

Ecosystem services provided to the residents of the ten council districts were adversely 
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affected by the loss of and damage to these trees. A total of 5,471 m2 ofleaf area was 

lost from the 19 damaged and removed trees, which represents a 7.9% decrease in canopy 

leaf area from that existing in 2008. 

Impact of Storms on Carbon Storage and Sequestration 

The UFORE model estimated that trees in the residential areas of the ten council 

districts in 2009 stored a total of 398,022 metric tons (mt) of carbon (SE = ± 71,499 mt). 

This represented a decrease of 4.2% from 2008. Council district 8 suffered the greatest 

percentage loss in carbon stored at 27%. Council districts 5 and 18 sustained the next 

highest losses at 19.6% and 9.3%, respectively. Council district 7 had the highest 

remaining carbon storage value at 71,578 mt (SE = ± 28,187 mt) and council district 5 

the lowest at 8,675 mt (SE = ± 5,770 mt) (Table 3-6a). Total carbon sequestration in 

residential areas of the ten council districts was estimated at 12,931 mt yr-I (SE = ± 2,032 

mt yr-I). This represented a 3.8% decrease in carbon sequestration services from 2008. 

The greatest percentage loss in carbon sequestration (17.1 %) occurred in council district 

8. Council districts 5 and 18 had the second and third highest reductions in carbon 

sequestration rates at 15.1 % and 8.4%, respectively. Council district 7 had the highest 

carbon sequestration rate remaining at 2,444 mt yr-I (SE = ± 866 mt yr-I) and council 

district 5 the lowest rate at 342 mt yr-I (SE = ± 223 mt yr-I) (Table 3-6b). 

Impact of Storms on Air Pollutant Removal 

UFORE calculated that the residential trees remaining after the two storms would 

remove 405 mt of air pollutants annually in the 10 council districts, a decrease of 12.9% 
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from 2008. This ecosystem service had a value in 2009 of$3,313,746, a decrease of2.6% 

from that in 2008. Ozone (03) was the pollutant with the highest removal rate (224 mt yr-

1), but declined by 2% from 2008 estimates. The greatest pollutant removal decrease was 

in fine particulate matter with a diameter of less than 10 Jlm (PM IO) at 39% (Table 3-7). 

Pollutant removal by council district is shown in Table 3-8. Council district 7 had the 

highest estimated total pollutant removal remaining at 466,511 kg (7.8% decrease), and 

council district 5 had the lowest at 49,961 kg (25.5% decrease). 

Impact of storms on Energy Savings 

After the storms, the total estimated net energy usage avoided across all ten districts 

was 29,787 MWh, a decrease of3.9% from 2008. Council district 5 had the greatest loss 

in total net energy use avoided at 18.9% (Figure 3-2a). UFORE also calculated carbon 

emissions avoided in metric tons of carbon (mt C) from coal-fired power plants due to 

reduced energy production loads on the power plant. The total net carbon emissions 

avoided was 8,758 mt C, a 1.9% decrease from 2008. Council district 8 sustained the 

largest loss of net carbon emissions avoided at 167.7% (Figure 3-2b). According to the 

partitioning of this service into heating and cooling components in UFORE, this latter 

high value was due to a large increase in the amount of carbon emissions created due to 

increased heating as well as to a decrease in the amount of carbon emissions saved for 

cooling. Residents in these ten council districts saved $1,906,368 in energy usage in 2009 

due to tree influences, but this reflected a 3.9% decrease in savings from 2008 (Figure 3-

3). Council district 5 suffered the greatest loss in monetary savings with an 18.9% 

decrease from 2008 savings values. 

81 



Storm Damage Survey 

In the summer of 2009, a written and telephone survey was given to the residents of 

the 100 UFORE plots. The surveys were conducted for two reasons: 1) to obtain 

information on the extent of tree damage not only in the UFORE plots, but in the entire 

yard lot as well, and 2) to determine residents' plans for replanting after damage from the 

two major storms. Surveys were sent to residents of 87 of the UFORE plots. The 

remaining 13 plots were not included in the survey for the following reasons: the original 

UFORE plot occurred in an apartment complex; the resident had moved in after the 

stomlS occurred; or the house was empty and we no longer had contact information. 

Because many of the plots included more than one residential yard, we actually sent out a 

total of ninety-two surveys to the residents of the 87 UFORE plots included in the survey. 

In total, surveys from 75 yards were returned for an 81.5% return rate. 

Of the 75 yards for which we obtained survey data, 71 % suffered tree loss or damage 

(53 yards). Of the trees damaged or lost in the yards (not just the UFORE plots), 5.7% 

were affected by Hurricane Ike only, 62.3% by the January 2009 ice storm only, and 

32.1 % were affected by both Hurricane Ike and the ice storm. Only 33% of those 

surveyed said they had already planted trees to replace ones lost or planned to replace 

trees in the next year. Of the remaining 67% who said they did not plan to plant any trees, 

their reasons for not planting fell into seven main categories: 1) have enough trees: 

45.7%; 2) trees too much trouble: 17.1 %; 3) people too old to plant or enjoy a new tree: 

11.4%; 4) like the way it looks without the tree: 8.6%; 5) house for sale or rental: 8.6%; 

6) had pJanted trees before the storms and didn't plan to plant anymore for awhile: 5.7%; 

7) waiting to see if damaged tree survives: 2.9% (Table 3-9). 
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DISCUSSION 

The two storms, Hurricane Ike and the January 2009 ice storm, occurred after the 

conclusion of data collection for the 2008 field season. The tree damage caused by first 

wind and then ice provided us with the opportunity to collect new data during return 

visits to the UFORE plots in the summer of 2009. We were then able to analyze these 

data to learn how these natural disturbances had affected the structure and function of the 

residenti al urban forest in the ten council districts, as well as to determine what residents' 

attitudes were after these storms. Since we did not conduct a survey in 2008 on 

residential attitudes about their trees, we cannot know if the storms themselves affected 

those attitudes . However, it would be important to understand how disturbance damage 

affects home owners ' feelings about the trees in their yards, because they make the 

decisions about whether or not to replace damaged or lost trees . In a natural forest, tree 

successional trajectory after disturbance is determined by natural factors like species 

composition of the viable seed bank and nutrients released into the soil, and the nature of 

the disturbance and the new resources that become available for trees (whether it was a 

storm or a fire, for instance) (Pickett and White 1985). In addition, damaged trees are 

more susceptible to later mortality and further damage from fungal diseases and insect 

pests (Amman and Ryan 1991; Rogers 1996), so mortality in both natural and urban 

forests can continue for years after the initiating event. In an urban yard setting, these 

later biotic threats could further reduce the number of residential trees for years after the 

initial wind and ice storm disturbance. In residential areas, individual lot owners 

determine tree replacement and therefore, the successional trajectory of the urban forest 

as a whole with their tree planting decisions. This has implications for the continued 
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existence of the residential urban forest and the ecosystem services it provides, if tree 

mortality rate exceeds replacement rate, or if smaller tree species are disproportionately 

replanted in lieu of larger tree species that formerly occupied that location. 

As a result of the two storms, 3.8% of the residential trees in the ten council 

districts in Louisville, KY were lost and an additional 3.4% were damaged. In a 1991 ice 

storm in Rochester, New York, 5.8% of the city's street trees suffered 75% or greater 

canopy loss (from ice damage or remedial pruning due to the damage), while an 

additional 14.7% of the street trees suffered 50 to 74% canopy loss (Sisinni et al. 1995). 

The Rochester study was conducted at a larger scale than ours as they surveyed 58,536 

trees (Sisinni et al. 1995), while there were only 264 trees in our plots. The majority of 

the most severely (75%) and least severely (61%) damaged trees in Rochester had 

diameters-at-breast-height (DBH) of 46 cm or less (Sisinni et al. 1995). Of the nine trees 

damaged in our UFORE plots, all had a DBH of less than 46 cm with a mean DBH of 

24.9 cm (SE = ± 2.5 cm). A total of ten trees were removed from our plots and 50% of 

those had a DBH of less than 46 cm (mean DBH 40.5 cm; SE = ± 11.1 cm). However, 

based on the data, it appears that this size class was not preferentially lost since trees of 

45 .7 cm DBH or less made up a total of 72% all trees inventoried in 2008. In another 

study of 10,713 street trees, Hauer et al. (1993) found that an ice storm that hit Urbana, 

Illinois in 1990 damaged 26% of the trees . Seventeen percent of these trees were so 

severely damaged that they had to be removed or repaired immediately. The trees that 

had to be removed or repaired represented 4.6% of the total street tree population (Hauer 

et al. 1993) and the majority of those damaged (82%) had a DBH of33 cm or greater. 
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The UFORE model estimated that the residential areas in the ten council districts lost 

a combined total of 29,286 trees in the Hurricane Ike and the January 2009 ice storm. The 

loss of these trees meant that key ecosystem services were affected as well. Leaf area lost 

due to tree damage and loss from both storms was more than 5,000 m2 across the ten 

council districts. Tree canopies are responsible for carbon sequestration, pollutant 

removal, and shade cooling services (Ziegler 1973; Rolfe 1974; Heisler 1986; Sanders 

1986; Akbari et al. 1992). Since leaf area is an estimate of the surface area available for 

these services, any losses in leaf area also cause decreases in ecosystem services. 

Between 2008 and 2009, carbon storage and sequestration decreased by 4.2% and 3.8%, 

respectively. Tree pollutant removal services decreased by 12.9% and energy savings by 

3.9% from the 2008 levels. I could find no other studies that quantified ecosystem service 

losses after natural disturbances, so the data collected after these storms provide an 

estimate of how storm disturbances impact not just the trees themselves, but the services 

that they provide to urban residents. 

We used a survey to assess tree storm damage at the entire lot level and to capture 

residents' attitudes toward replanting lost or damaged trees after the storms. As stated 

earli er, we distributed 92 surveys of which 75 were returned (81.5 % return rate) . Of the 

residents who returned their surveys, 71 % of them reported tree damage or loss in their 

yards, as opposed to the UFORE plots, which encompass only a small portion of a yard, 

capturing a 7% frequency of tree loss and 8% frequency of tree damage in lots across the 

ten districts. In a survey given to 406 homeowners (32% return rate) in 1993, Duryea et 

al. (1996), found that 38% of homeowners surveyed in Dade County, Florida had trees 

uprooted or broken by winds from Hurricane Andrew. Syracuse, New York was hit with 
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winds of 150 mph on September 7, 1998 that caused extensive tree and property damage 

(Palmer 2001). A survey given to 223 residents of the city (450 surveys sent out; 49.6% 

return rate) assessed tree damage in yards and if residents were in favor of street tree 

plantings (Palmer 2001). Of the respondents, 47% of them reported trees being damaged 

in their front yards and 67% reported damage to trees in their side or back yards (Palmer 

2001). Most of the surveyed residents stated that they favored the planting of more street 

trees (Palmer 2001). Neither one of these surveys assessed whether residents who lost 

trees in their yards had any plans to replace them. In our survey, only 33% of the 

respondents stated that they planned to replant trees lost from their yards and a variety of 

tree species were mentioned as potential candidates (Table 3-10). Six of the eleven 

species mentioned are native to Kentucky, one is native to the U.S., and there was 

insufficient information for the other four to determine native or exotic origin. Six of 

these species are also tall, shade trees . This information is important, because it indicates 

whether this part of the urban forest will be maintained at pre-storm levels or not and also 

whether trees replanted have the potential to maximize lost ecosystem services over time. 

CONCLUSION 

Storm disturbances to the urban residential forest not only cause damage to trees and 

property, but also have negative effects on the ecosystem services provided by these 

trees. Using the UFORE model, we had a unique opportunity not only to capture changes 

in tree community data and health before and after these two closely spaced storm events, 

but also estimate the ecosystem services lost due to residential tree loss and damage. This 

enabled us to estimate tree damage and ecosystem service loss for a subset of residential 
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areas In Louisville, Kentucky. Of special note, Council district 5 has the highest 

residential population density at 4,044 people krn2 and the lowest median income at 

$24,500. The residents of this council district started with the fewest residential trees in 

2008, but suffered the highest percent loss of trees. This discrepancy in tree cover leads 

to decreased ecosystem services, such as energy savings and pollutant removal. Such 

disproportionate tree losses without timely replacement can be considered an 

environmental injustice if trees occurred in rental property or public rights-of-way, or if 

owners cannot afford to replace trees lost. Only 54% of the house units in council district 

5 were owner-occupied, which ranked it 8th out of the ten council districts for owner 

occupancy rates. High rates of rentership have been found to be negatively correlated 

with residential tree canopy cover (Perkins et al. 2004). Future tree replacement activities 

should focus on this underserved popUlation. 

The tree storm damage survey allowed us to capture the attitudes of a small number of 

residents toward tree replacement after these disturbances. Duryea (1997) makes the 

point that after hurricanes, residents often view trees as being problematic, but that it is 

important to educate them on the important services that trees provide and on proper tree 

selection and maintenance. It is imperative to understand residents' attitudes toward 

replacing lost or damaged trees in their yards, so that barriers to replanting might be 

addressed by improved education and to the creation and funding of government 

programs that could reduce such barriers, particularly after storm events. Educational 

outreach programs that teach urban residents about the ecosystem services provided by 

trees and on tree care and selection need to increase their activities and visibility 

particularly after storm events. Obtaining survey data at the council district or 
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neighborhood scales about replanting attitudes may allow some fine-tuning for 

educational programs and policies needed to enhance tree planting in yards. Conducting a 

larger survey at such scales on residents' attitudes toward trees in various urban settings 

(e.g. , yards, parks, and public-rights-of-way) would provide a more powerful data base 

for investigating whether relationships exist between their attitudes and socio­

demographic and housing variables, such as median income and education level (see 

Chapter 2). Reasons for not replanting vary person to person, but such studies may 

reveal opinion trends by neighborhood and by socio-demographic categories. Knowledge 

of these differences could inform urban forest managers and policy makers so they could 

create policies tailored for different neighborhoods for lowering specific barriers needed 

for replanting and maintaining trees. 
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Tree Storm Damage Survey Questions 
1) Have any of the trees in your yard fallen or been severely damaged since 

last summer? 
2) If so, do you know what kind of tree it was? Was it large or small? 
3) Did the tree fall or become damaged during Hurricane Ike? 
4) Did the tree fall or become damaged during the January Ice Storm? 
5) Have you replaced or do you plan to replace any trees in the next year? 
6) If not, why not? 
7) If so, then what kind of tree are you considering planting? Why that 

particular type of tree? 

Table 3-1: Survey questions administered to UFORE plot residents 

Table 3-2: UFORE-estimated tree loss by Hurricane Ike and the January 
2009 ice storm in 10 Louisville council districts. 

Number of Change in 
Council Trees in Number of Number of 
District 2008 Trees in 2009 Trees (%) 

2 59,026 56,343 -4.5 
3 48,224 48,224 0.0 
5 33,514 30,322 -9.5 
7 125,111 120,797 -3.4 
8 88,177 83,411 -5.4 
9 131,483 131,483 0.0 
14 38,115 38,115 0.0 
18 154,044 139,714 -9.3 
24 61,644 61,644 0.0 
25 83,238 83,238 0.0 

Total in 
Residential 
Land Use 

(10 council 
districts) 822,576 793,291 -3.6 
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Table 3-3: The top 11 tree species in residential areas of the 10 council districts 
in the summer of2009, including percent change in number of trees 
from the summer of2008 to the summer of2009. Hurricane Ike came through 
Metro Louisville in September 2008 and a significant ice storm hit in January 
2009. Tree data from the summer of 2008 were collected between May and 
July, prior to the first of these storms. Changes in the summer of2009 data 
reflect trees that were damaged or removed due to damage from these storms. 
The top 11 species were included in this table, because the final three each 
had 8 representatives. 

Species 

Celtis occidentalis 
Acer saccharum 
Acer saccharinum 
Cercis canadensis 
Morus rubra 
Comus florida 
Malus species a, e 

Morus alba e 

Acer negundo 
Fraxinus 
pennsylvanica 
Prunus serotina 

Fraxinus americana** 

Sum 
Total of 64 Sampled 
Species 
a Malus sp. = Crab Apples 
e exotic species 

Family 

Ulmaceae 
Aceraceae 
Aceraceae 
Fabaceae 
Moraceae 
Comaceae 
Rosaceae 
Moraceae 
Aceraceae 

Oleaceae 

Rosaceae 

Oleaceae 

Cumulative 
Change in 

Individual 
Frequency 

Individual 
Frequency Frequency 

Percent (%) 
28 11.0 -3.4 
16 17.3 0 
14 22.8 -6.7 
12 27.6 0 
11 3l.9 0 
10 35.8 -9.1 
9 39.4 0 
9 42.9 0 
8 46.1 -1l.1 

8 49.2 -1l.1 
8 52.4 0 

(3) 53.5 

136 

254 
100.0 

**Note: F. americana is not the 1ih most common tree; it is included due to 
Emerald Ash Borer susceptibility 
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Table 3-4: Individual trees lost during Hurricane Ike in September 
2008 and/or the ice storm in January 2009. The last four trees in 
council district 18 were all in the same plot. 

Trees Lost Due to Storm Damage 

Species 
Council DBH Height 
District (cm) (m) 

Fraxinus 
pen nsylvanica • 2 48.5 19.5 
Acer saccharinum * 5 72.4 20.4 
Corn us florida * 5 11.1 4 
Pinus taeda 7 20.6 9.9 
Celtis occidentalis * 8 107.4 21.3 
Pinus strobus 8 70.1 17.7 
Acer negundo * 18 52.1 13.7 
Koelreuteria 
paniculata 18 10.2 7 
Tsuga canadensis 18 5.1 2.7 
Tsuga canadensis 18 7.9 5.5 

* One of top 11 most numerous specIes. 

Table 3-5: Individual trees that sustained damage during Hurricane Ike 
in September 2008 and/or during the ice storm in January 2009. 

Trees Damaged in Storms 

Species 
Council 

Damage 
District 

Decreased height and crown (canopy) 
Acer saccharum * 2 measurements 

Decreased height and crown (canopy) 
Morus rubra* 5 measurements 
Morus rubra* 5 Decreased crown (canopy) measurements 

Acer saccharum * 7 Decreased crown (canopy) measurements 
Acer saccharum * 7 Increased percent of canopy missing 

Decreased height and crown (canopy) 
measurements; Increased percent of 

Tilia europaea 9 canopy mIssmg 
Increased percent of canopy missing and 

Prunus serotina * 14 increased percent dieback 
Decreased crown (canopy) measurements; 

Acer saccharinum * 24 Increased percent of canopy missing 

Acer saccharinum * 24 Decreased crown (canopy) measurements 
* One of top 11 most numerous speCIes. 
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Table 3-6: Changes in (a) carbon storage (metric tons) and 
(b) carbon sequestration (metric tons yr-!) from 2008 to 2009 
after the loss of trees in Hurricane Ike and the January 2009 
ice storm. Sorted in order from least to greatest loss 

(a) 

Council 
2008 Carbon 2009 Carbon 

Carbon Storage 
Storage Storage 

District 
(tons) (tons) 

Change (%) 

3 28,231 28,231 0 
9 22,436 22,436 0 
14 46,490 46,490 0 
24 44,829 44,829 0 
25 68,545 68,545 0 
7 71,752 71,578 -0.2 
2 52,821 51,757 -2.0 
18 26,998 24,485 -9.3 
5 10,794 8,675 -19.6 
8 42,430 30,995 -27.0 

Total for 
Residential 
Land Use 

(10 council 
districts) 415 ,325 398,022 -4.2 

(b) 

Council 
2008 Carbon 2009 Carbon Carbon 

District 
Sequestration Sequestration Sequestration 

(tons yr- I
) (tons yr-!) Change (%) 

3 574.60 575 0 
9 1,021.41 1,021 0 
14 1,433.08 1,433 0 
24 1,220.54 1,221 0 
7 2,459.00 2,444 -0.6 
2 1,612.74 1,580 -2.0 

25 2,037.40 1,980 -2.8 
18 1,350.70 1,237 -8.4 
5 402.27 342 -15.1 
8 1,326.54 1,100 -17.1 

Total for 
Residential 
Land Use 

(10 council 
districts) 13,438.29 12,931 -3.8 
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Table 3-7: Changes in metric tons of specific and total 
pollutants removed by trees from 2008 to 2009. 

Change in 
2008 2009 Pollutants 

Pollutant (mt) (mt) removed (%) 
CO 2.4 2.4 0 

N02 42.9 41.5 -3.2 

0 3 228.5 224.0 -2.0 

PM IO 136.3 83.0 -39.1 

S0 2 55.4 54.5 -1.6 
Total 465.4 405.3 -12.9 

Table 3-8: Total amount of pollutants removed (kg) in the 
residential areas of 10 council districts 

Council District Total Pollutants Removed (kg) 
2 302,456 
3 134,161 
5 49,961 
7 466,511 
8 168,089 
9 216,291 
14 153,297 
18 177,812 
24 232,738 
25 239,358 

Total 2,140,779 
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Table 3-9: Tree stonn damage survey infonnation by council district 

Number 
Number 

Trees Trees Surveys 
Council Lost or 

Damaged 
Returned/ Reasons For Not 

District Removed Surveys Planting/Replacing Trees 
Due to 

by 
Distributed 

Storms 
Storms 

"We don't want any trees" 
"I have all I need" 

2 4 12+ 9/11 
"I have plenty; could do with 1-2 

less" 
"No room; have lots of trees" 
"House is for sale" 

3 3+ 0 5/6 
"Don't need any more trees" 
"We're too old" 
"The yard is the way I want it" 

5 3 4 5/8 "I don't want any more trees; they're 
too much trouble" 

"We have enough problems" 
7 1 12+ 1 0111 "Too old" 

"I have plenty of trees" 
"Still have trees left & they come 

back, so no need to" 
8 4 4+ 8/9 "There is another large pine next to 

one lost & don't need another one" 
"I have all the trees I need" 
"Rental property, so won't plant trees. 

Also, lots of property damage" 
"Like the way it looks without it" 

9 10 7 8/9 
"Rental property; landlord feels 

removed trees will keep raccoons 
off ofroor' 

"Planted new trees last year & that is 
about the extent of planting trees" 

"Too much of a mess in the fall; 
neighbors' trees give plenty of 
shade" 

"Don't need any more" 
14 2 5+ 8/10 "Feel like I have enough" 

"We have enough" 
"Replace trees as needed; no plans 

to plant any in next year" 
"I'm too old (80) to enjoy a new tree" 
"Don't need to change any at this 

time" 

18 5 7+ 6/8 
"Waiting to see what will happen 

with a damaged tree" 
"Not this year; we don't want to have 

to fool with them" 
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"Planted 3 trees in last year" 
"Had it with trees! Had to get roof 

24 0 7+ 8/10 replaced from branch damage, so 
going to remove the tree" 

"I'm 80 years old & not in the tree 
planting business any more" 

"I like the look" 

25 0 5+ 8/10 
"I may replace some trees in 2-3 

years" 
"Happy with what I've got" 
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Table 3-10: Trees listed in the storm damage survey as species the residents would consider planting 
as replacement trees after the storms. 

Native Native to Ultimate Height 
Replacement Tree Candidates toKY? U.S.? (m) 

Cotinus obovatus American Smoketree No Yes 9 
Taxodium distichum Bald-cypress Yes Yes 30-37 
Juniperus species Cedar some some Depends on species 
Prunus species Cherry some some Depends on species 
Comus florida Flowering Dogwood Yes Yes 9 
Family: Rosaceae Fruit trees some some 9-12 
Gymnocladus dioicus Kentucky Coffeetree Yes Yes 21 
Acer species Maple some some 9-30 
Quercus p alustris Pin Oak Yes Yes 15-27 
Platanus occidentalis Sycamore Yes Yes 18-30 
Liriodendron tuilipifera Tulip Poplar Yes Yes 24-37 
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Figure 3-1: UFORE-estimated loss in tree value due to storm damage. 
(a) Comparison ofUFORE estimated tree value (US$) per council district 
in 2008 and 2009. (b) Percent reduction in tree value from 2008 to 2009 by 
council district. 
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Figure 3-2: (a) Percent reduction in net energy savings in MWh and (b) Percent 
reduction in net carbon emissions avoided (metric tons) from fossil-fuel using 
power plants for residential areas of 10 council districts. Decreases in net 
energy savings and net carbon emissions avoided are due to tree damage and 
loss from the remnants of Hurricane Ike in September 2008 and the January 
2009 ice storm. 
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Figure 3-3: Percent losses in net energy savings in dollars for residential areas 
of 10 council districts. Decreases in net energy savings are due to tree damage 
and loss from the remnants of Hurricane Ike in September 2008 and the January 
2009 ice storm 
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CHAPTER 4: CONCLUSION 

In chapter 2, we were successful in providing data on the tree assemblages and 

proportions of land cover elements in residential land use in ten of Louisville's council 

districts in 2008 and 2009. These data were also used to estimate several ecosystem 

services provided to people by their residential trees. As far as is known, information for 

tree communities and their ecosystem services has not been obtained for Louisville's 

urban forest before, and can provide a baseline for similar studies to determine change in 

urban forest structure in residential areas in the future. 

At the larger city scale, municipalities have invested in green infrastructure, such as 

trees, in order to benefit from the perceived ecosystem services that urban vegetation 

provides (Pataki et al. 2011). Pataki et al. (2011) posit that some of the ecosystem 

services quantified by such models as UFORE are not as well supported by experimental 

data as assumed. Specifically, the authors state that there is little empirical evidence to 

support claims that urban vegetation effectively decreases air pollutant levels compared 

to the amounts emitted by urban ecosystems (Pataki et al. 2011). Data are available 

though, which support the positive effects of urban green infrastructure in reducing storm 

water runoff (Shuster et al. 2008), cooling environments (Akbari 2002; Simpson 2002), 

improving human psychological well-being (Korpela and Ylen 2007), and enhancing 

social relations at neighborhood scales (Vemuri et al. 2011). At this point in time, the 
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UFORE model remains the best tool available for predicting ecosystem services provided 

by trees in urban areas. 

Some of the strengths of the UFORE protocol are that it provides a methodology that 

permits standardization of sampling across cities and provides a valid statistical technique 

for comparative studies across cities and within them. We were also hoping to use the 

UFORE-estimated tree community and ecosystem service data to explore how these 

varied in relation to a set of socio-demographic and housing variables across the 

residential areas of the ten council districts. Unfortunately, we were not able to 

demonstrate many relationships between variation in socio-demographic and housing 

variables and tree community and ecosystem service variables at council district and 

smaller scales. Those that were statistically significant primarily related Axis 2 variables 

(% single home; % owner resident) at the council district and Shannon diversity, species 

richness, and mean number of trees. Assuming that such relationships occur in this city, 

attempts to determine their existence would perhaps be more successful if tree 

information were collected at the larger lot level rather than just at the smaller UFORE 

plot level. In that way, more information could be gathered about the preferences of a 

particular lot manager (the resident or owner) that could then be related to social, 

demographic and housing stock variation. In addition, more UFORE plots may also have 

provided greater power to detect relationships between variation in various tree 

assemblage characteristics and differences in socio-demographics and housing at the 

district level. Larger scale tree cover obtained using Geographic Information Systems 

(GIS) and LOne aerial photographs would perhaps be more successful at examining the 

existence of those linkages since the scales are larger and more evenly matched to socio-
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demographic and housing data at the district scale. However, such larger scale 

geographic approaches cannot, at least currently, provide detailed information on tree 

community structure characteristics like tree species diversity and size class distributions 

of tree populations needed for management. Neither do such larger GIS approaches 

allow estimations of ecosystem services, which UFORE can. 

Chapter 3 provided estimates of the reduction in ecosystem services after trees 

were lost and damaged in Hurricane Ike in September 2008 and the January 2009 ice 

storm. The results of the storm damage survey, which revealed that only 33% of the 

residents surveyed plan to replace trees lost and damaged in the storms, underscores the 

importance of interdisciplinary collaboration between ecologists and sociologists in order 

to maintain sustainable and resilient residential urban forests. 
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Appendix Table 1: 64 tree species and their families found in 
100 UFORE plots. Total number of trees in plots = 264 

Percent of 
All Trees 

Species Family Found 
Celtis occidentalis 
(Northern Hackberry) Ulmaceae 11.0 
Acer saccharum 
(Sugar Maple) Aceraceae 6.1 
Acer saccharinum 
(Silver Maple) Aceraceae 5.7 
Cercis canadensis 
(Eastern Redbud) Fabaceae 4.5 
Comus florida 
(Flowering Dogwood) Cornaceae 4.2 
Morus rubra 
(Red Mulberry) Moraceae 4.2 
Acer negundo 
(Boxelder) Aceraceae 3.4 
Fraxinus pennsylvanica 
(Green Ash) Oleaceae 3.4 
Malus species 
(Crab Apple) Rosaceae 3.4 
Morus alba 
(White Mulberry) Moraceae 3.4 
Prunus serotina 
(Black Cherry) Rosaceae 3.0 
Acer rubrum 
(Red Maple) Aceraceae 2.3 
Juniperus virginiana 
(Eastern Redcedar) Cupressaceae 2.3 
Pyrus species 
(Pear) Rosaceae 2.3 
Comus kousa 
(Kousa Dogwood) Cornaceae 1.9 
Fagus grandifolia 
(American Beech) Fagaceae 1.9 
Quercus palustris 
(Pin Oak) Fagaceae 1.9 
Tsuga canadensis 
(Eastern Hemlock) Pinaceae 1.9 
Albizia julibrissin 
(Mimosa-tree) Fabaceae 1.5 
Nyssa sylvatica 
(Black Tupelo) Cornaceae 1.5 
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Yes 

Yes 

Yes 

Yes 

Yes 
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Yes 

No 

No 

Yes 
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Yes 



Picea abies 
(Norway Spruce) Pinaceae 1.5 No 
Pinus strobus 
(Eastern White Pine) Pinaceae 1.5 Yes 
Taxus baccata 
(English Yew) Taxaceae 1.5 No 
Fraxinus americana 
(White Ash) Oleaceae 1.1 Yes 
flex opaca 
(American Holly) Aquifo liaceae 1.1 Yes 
Picea pungens 
(Blue Spruce) Pinaceae 1.1 No 

Pinus taeda 
(Loblolly Pine) Pinaceae 1.1 No 
Pyrus calleryana 
(Callery Pear) Rosaceae 1.1 No 
Robinia pseudoacacia 
(Black Locust) Fabaceae 1.1 Yes 
Taxus species 
(Yew) Taxaceae 1.1 No 
Acer platanoides 
(Norway Maple) Aceraceae 0.8 No 
Ginkgo bi/oba 
(Gingko) Gingkoaceae 0.8 No 
Gleditsia triacanthos 
(Honeylocust) Fabaceae 0.8 Yes 
Koelreuteria paniculata 
(Goldenrain Tree) Sapindaceae 0.8 No 
Liriodendron tulipifera 
(Tulip-poplar) Magnoliaceae 0.8 Yes 
Prunus serrulata 
(Kwanzan Cherry) Rosaceae 0.8 No 
Pyrus communis 
(Common Pear) Rosaceae 0.8 No 
Quercus alba 
(White Oak) Fagaceae 0.8 Yes 
Quercus rubra 
(Northern Red Oak) Fagaceae 0.8 Yes 
Quercus velutina 
(Black Oak) Fagaceae 0.8 Yes 
Taxodium distichum 
(Bald-cypress) Cupressaceae 0.8 Yes 
Thuja occidentalis 
(Northern White-cedar) Cupressaceae 0.8 No 
Ulmus rubra 
(Slippery Elm) Ulmaceae 0.8 No 
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Betula nigra 
(River Birch) Betulaceae 0.4 Yes 
Carya ovata 
(Shagbark Hickory) Juglandaceae 0.4 Yes 
flex aquifolium 
(English Holly) Aquifoliaceae 0.4 No 
Juglans nigra 
(Black Walnut) Juglandaceae 0.4 Yes 
Juniperus species 
(Juniper) Cupressaceae 0.4 No 
Liquidambar styraciflua 
(Sweetgum) Hamamelidaceae 0.4 Yes 
Magnolia grandiflora 
(Southern Magnolia) Magnoliaceae 0.4 No 
Magnolia species 
(Magnolia) Magnoliaceae 0.4 No 
Magnolia x soulangeana 
(Saucer Magnolia) Magnoliaceae 0.4 No 
Malus coronaria 
(Sweet Crab Apple) Rosaceae 0.4 Yes 
Malus sylvestris 
(Apple) Rosaceae 0.4 No 
Platanus occidentalis 
(American Sycamore) Platanaceae 0.4 Yes 
Populus tremuloides 
(Quaking Aspen) Salicaceae 0.4 No 
Prunus persica 
(Peach) Rosaceae 0.4 No 
Prunus x cistena 
(purpleleaf Sand Cherry) Rosaceae 0.4 No 
Pseudotsuga menziesii 
(Douglas-fir) Pinaceae 0.4 No 
Quercus bicolor 
(Swamp White Oak) Fagaceae 0.4 Yes 
Quercus imbricaria 
(Shingle Oak) Fagaceae 0.4 Yes 
Salix nigra 
(Black Willow) Salicaceae 0.4 No 
Thuja species 
(Cedar) Cupressaceae 0.4 No 
TWa europaea 
(European Linden) Tiliaceae 0.4 No 
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Appendix Table 2: Plot number, plot identification number, and 
address for all 100 UFORE plots. The plot identification number 
is the unique number used to designate the plot on the GIS overlays 
as well as on all UFORE forms. 

Plot 
Plot # ID# Address 

1 2-1 1224 Dahl Road, Louisville, KY 40213 

2 2-2 5515 Lagoona Drive, Louisville, KY 40219 

3 2-6 5902 Oakdale Lane, Louisville, KY 40219 
5904 Oakdale Lane, Louisville, KY 40219 

4 2-9 5002 Ellington A venue, Louisville, KY 40218 

5 2-12 4700 Fern Valley Road, Louisville, KY 40219 

6 2-21 4118 Sanford A venue, Louisville, KY 40218 
4124 Sanford Avenue, Louisville, KY 40218 

7 2-22 1438 Forest Drive, Louisville, KY 40219 

8 2-23 5012 Ellington Avenue, Louisville, KY 40218 

9 2-24 5917 Prestwood Court, Louisville, KY 40219 
1215 Forest Drive, Louisville, KY 40219 
1219 Forest Drive, Louisville, KY 40219 

10 2-28 4604 Balaton Drive, Louisville, KY 40219 
4606 Balaton Drive, Louisville, KY 40219 

11 3-6 4534 Stonestreet Avenue, Louisville, KY 40216 

12 3-9 1600 S. 31 st Street, Louisville, KY 40211 

13 3-11 4608 Spen Lea Road, Louisville, KY 40216 

14 3-12 4003 Glenhurst A venue, Louisville, KY 40216 

15 3-14 2240 Thistledawn Drive, Louisville, KY 40216 
2242 Thistledawn Drive, Louisville, KY 40216 

16 3-19 1807 Farnsley Road, Louisville, KY 40216 
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1809 Farnsley Road, Louisville, KY 40216 

17 3-22 2110 Ratcliffe A venue, Louisville, KY 40210 
2112 Ratcliffe Avenue, Louisville, KY 40210 

18 3-24 1714 Model Road, Louisville, KY 40216 
1715 Model Road, Louisville, KY 40216 
1716 Model Road, Louisville, KY 40216 

19 3-29 4130 Mill Creek Drive, Louisville, KY 40216 
4132 Mill Creek Drive, Louisville, KY 40216 

20 3-32 3102 Clinton Place, Louisville, KY 40216 

21 5-1 2323 Portland Avenue, Louisville, KY 40212 
2327 Portland Avenue, Louisville, KY 40212 

22 5-4 2309 Portland Avenue, Louisville, KY 40212 
2311 Portland A venue, Louisville, KY 40212 

23 5-7 1625 Bank Street, Louisville, KY 40203 
1627 Bank Street, Louisville, KY 40203 
1629 Bank Street, Louisville, KY 40203 

24 5-13 317 Shawnee Drive, Louisville, KY 40212 
319 Shawnee Drive, Louisville, KY 40212 

25 5-14 2415 Portland Avenue, Louisville, KY 40212 
2417 Portland Avenue, Louisville, KY 40212 

26 5-15 105 N. Longworth Avenue, Louisville, KY 40212 
107 N. Longworth Avenue, Louisville, KY 40212 

27 5-19 3918 Pflanz Avenue, Louisville, KY 40212 
3920 Pflanz Avenue, Louisville, KY 40212 

28 5-29 3130 W. Jefferson Street, Louisville, KY 40212 

29 5-36 3502 Northwestern Parkway, Louisville, KY 40212 

30 5-38 4600 W. Jefferson Street, Louisville, KY 40212 
4604 W. Jefferson Street, Louisville, KY 40212 

31 7-3 315 Lotis Way, Louisville, KY 40207 
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32 7-5 7207 Glen Arbor Road, Louisville, KY 40222 

33 7-7 322 Sage Road, Louisville, KY 40207 
324 Sage Road, Louisville, KY 40207 

34 7-9 302 Blankenbaker Lane, Louisville, KY 40207 
304 Blankenbaker Lane, Louisville, KY 40207 

35 7-11 130 Gibson Road, Louisville, KY 40207 
200 Gibson Road, Louisville, KY 40207 

36 7-13 8102 Partridge Meadow Drive, Louisville, KY 40222 

37 7-18 210 Brunswick Road, Louisville, KY 40207 

38 7-19 7001 Graymoor Road, Louisville, KY 40222 

39 7-24 5209 Tomahawk Road, Louisville, KY 40207 

40 7-25 500 Washburn Avenue, Louisville, KY 40222 
504 Washburn Avenue, Louisville, KY 40222 

41 8-1 1700 Trevilian Way, Louisville, KY 40205 

42 8-2 2132 Maryland A venue, Louisville, KY 40205 
2136 Maryland A venue, Louisville, KY 40205 

43 8-3 1817 Deer Park A venue, Louisville, KY 40205 
1819 Deer Park A venue, Louisville, KY 40205 

44 8-5 2440 Boulevard Napoleon, Louisville, KY 40205 

45 8-7 1238 Eastern Parkway, Louisville, KY 40204 
1246 Eastern Parkway, Louisville, KY 40204 

46 8-8 1248 Cherokee Road, Louisville, KY 40204 
1252 Cherokee Road, Louisville, KY 40204 

47 8-10 1712 Edenside Avenue, Louisville, KY 40204 
1714 Edenside A venue, Louisville, KY 40204 

48 8-12 2421 Ransdell Avenue, Louisville, KY 40204 
2423 Ransdell A venue, Louisville, KY 40204 

49 8-16 1046 Dudley A venue, Louisville, KY 40204 

116 



50 8-20 2316 Bonnycastle A venue, Louisville, KY 40205 

51 9-5 626 Emily Road, Louisville, KY 40206 

52 9-11 1213 Park Hills Drive, Louisville, KY 40207 
1201 Park Hills Court, Louisville, KY 40207 

53 9-13 201 Fairlawn Road, Louisville, KY 40207 
203 Fairlawn Road, Louisville, KY 40207 

54 9-17 2817 Brownsboro Road, Louisville, KY 40206 

55 9-18 415 James Road, Louisville, KY 40206 

56 9-19 703 Circle Hill Road, Louisville, KY 40207 

57 9-21 232 S. Bayly Avenue, Louisville, KY 40206 
236 S. Bayly A venue, Louisville, KY 40206 

58 9-22 301 Pepperbush Road, Louisville, KY 40207 

59 9-24 300 Masonic Home Drive, Louisville, KY 40207 

60 9-40 3216 Beals Branch Road, Louisville, KY 40206 

61 14-2 6606 Bethany Lane, Louisville, KY 40272 

62 14-3 7702 Marie Anna Drive, Louisville, KY 40258 

63 14-10 5302 Pendleton Road, Louisville, KY 40272 

64 14-16 6305 Faris Way, Louisville, KY 40272 

65 14-18 7913 Kenhurst Drive, Louisville, KY 40258 

66 14-25 7906 Trillium Drive, Louisville, KY 40258 

67 14-30 7210 Scenic Trail, Louisville, KY 40272 

68 14-44 14008 Petwood Boulevard, Louisville, KY 40272 

69 14-45 8312 Aspen A venue, Louisville, KY 40258 

70 14-48 6807 Whipple Road, Louisville, KY 40272 
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71 18-1 505 Leicester Circle, Louisville, KY 40222 

72 18-3 8506 Leyton Court, Louisville, KY 40222 

73 18-5 2415 Old Hickory Road, Louisville, KY 40299 

74 18-12 8220 Oxmoor Farm Lane, Louisville, KY 40222 

75 18-16 607 Pennywyal Way, Louisville, KY 40223 
609 Pennyroyal Way, Louisville, KY 40223 

76 18-18 531 Leicester Circle, Louisville, KY 40222 

77 18-19 1915 J anlyn Road, Louisville, KY 40299 

78 18-22 1306 Gallant Fox Run Road, Louisville, KY 40242 
1308 Gallant Fox Run Road, Louisville, KY 40242 

79 18-23 10320 Timberwood Circle, Louisville, KY 40223 

700 Colonel Anderson Parkway, Louisville, KY 
80 18-30 40222 

81 24-3 5304 Chathamwood Drive, Louisville, KY 40229 

82 24-5 1103 Farman Court, Louisville, KY 40219 

83 24-7 5604 Minyard Drive, Louisville, KY 40219 
5606 Minyard Drive, Louisville, KY 40219 

84 24-19 8312 Siesta Way, Louisville, KY 40219 

85 24-25 3900 Oakleaf Lane, Louisville, KY 40219 
8203 Westray Lane, Louisville, KY 40219 

86 24-26 10930 Bier Lane, Louisville, KY 40229 

87 24-34 1034 Reeves Road, Louisville, KY 40219 
1036 Reeves Road, Louisville, KY 40219 

88 24-39 3900 Hillcwss Drive, Louisville, KY 40229 

89 24-40 11718 Maple Way, Louisville, KY 40229 
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90 24-41 5001 Maple Springs Drive, Louisville, KY 40229 

91 25-7 4423 South Ridge Drive, Louisville, KY 40272 

92 25-14 10204 Starlight Way, Louisville, KY 40272 
10206 Starlight Way, Louisville, KY 40213 

93 25-16 8113 Amoldtown Road, Louisville, KY 40214 
8117 Amoldtown Road, Louisville, KY 40214 

94 25-19 11809 Mahogany Drive, Louisville, KY 40272 
11811 Mahogany Drive, Louisville, KY 40272 

95 25-24 5422 Southview Drive, Louisville, KY 40214 

96 25-30 7524 Merlyn Circle, Louisville, KY 40214 
7526 Merlyn Circle, Louisville, KY 40214 

97 25-33 3612 Brenden Wood Road, Louisville, KY 40272 

98 25-34 10786 Tarrytowne Drive, Louisville, KY 40272 
10787 Millers Lane, Louisville, KY 40272 

99 25-39 10507 S. Dodge Lane, Louisville, KY 40272 

100 25-40 9006 Mitchell Lane, Louisville, KY 40272 
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