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ABSTRACT 

This study investigates the relationship between tree canopy cover and class, race 

and ethnicity in Lubbock, Texas in the year 2010.  The primary goal of this research is to 

assess tenets of the environmental equity hypothesis —whites and people with relatively 

higher incomes have greater tree cover densities than minorities and people of relatively 

modest means.  I seek to contribute to the environmental equity knowledge base via the 

following innovations: 1) the use of high resolution imagery (> 1 meter) to capture tree 

canopy data; 2) the use of larger scale census geography: block groups; and 3) extending 

previous methodological approaches in equity research to a semi-arid environment. 

The study’s findings support the environmental equity hypothesis.  They indicate 

that a significantly lower percentage of tree canopy can be found in block groups 

containing higher percentages of Hispanics, and in particular areas that have higher 

percentages of Hispanics living in older neighborhoods.  These findings suggest that the 

environmental equity hypothesis is relevant in the understanding of tree canopy 

distributions.   
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 CHAPTER 1 

INTRODUCTION 

1.1 Background 

Urban tree canopy cover has profound effects on the natural, social and financial 

wellbeing of urban settings.  Tree canopy, provides positive social, monetary, and 

environmental benefits (Landry and Chakraborty, 2009).  These benefits are revealed in 

the higher values of public and private lands as compared to properties with sparse tree 

cover (Dwyer, Schroeder, Louviere, and Anderson, 1989).  Residential zones are not the 

only areas of a city to reap the benefits of higher tree cover densities; previous research 

shows that people prefer to shop in commercial areas with greater tree cover densities  

(McPherson, 1992).  The valuation of trees within cities is estimated by several research 

groups and governmental organizations in order to estimate the value they add (Indiana 

Department of Natural Resources, 2011; Dwyer et al., 1989; McPherson, 1992; 

McPherson et al., 1997).  A research study in Indiana on the benefits provided by trees 

determined approximately $30 million of functional benefits are provided each year from 

trees in Indianapolis (Indiana Department of Natural Resources, 2011).  Trees are a 

valued commodity that tangentially adds value to the homes within their proximity.  

Accordingly, when consumers purchase homes they also purchase the environment that 

trees create.  

Within an urban area it can be assumed that certain environmental justice issues 

are associated with the distribution of amenities (e.g. tree canopy).  In the 1980s the 

environmental justice movement contended that minorities and economically 
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disadvantaged groups are disproportionately exposed to environmental hazards and risks 

(Landry and Chakraborty, 2009).  Quantitative studies in environmental justice literature 

test the environmental equity hypothesis – whether or not all demographic or 

socioeconomic groups in a particular study have equal access to environmental amenities 

as well as risks of exposure to environmental burdens (Cutter, 1995).  According to the 

environmental justice literature it is expected that areas with a higher white population 

will have greater access, in terms of proximity and quantity, to environmental amenities 

(Landry and Chakraborty, 2009; Perkins, Heynen, and Wilson, 2004; Swyngedouw and 

Heynen, 2003).  This research will determine if this general hypothesis of environmental 

justice holds true in regard to tree canopy as an amenity within a semi-arid region of the 

United States. 

Urban forests play an integral part in local and global environmental processes.  

American Forests, a national nonprofit association, argues there is an overall tree deficit 

in United States urban spaces (Swyngedouw and Heynen, 2003). In order to increase 

awareness American Forests maintains a website which allows users to calculate the 

economic value of trees in urban landscapes and encourages municipalities to adopt goals 

for increased tree canopy cover (Heynen, 2003).  Urban tree canopy maintains pathways 

and habitats for a variety of flora and fauna.  Urban trees also decrease the human 

footprint on the land, in part through the sequestration of a significant amount of carbon 

from the air, “the removal of pollutants in U.S. cities is estimated at 711,000 metric tons 

per year” (Nowak, Crane, and Stevens, 2006). 
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Urban trees have more than just aesthetic and monetary value.  Governmental 

and private organizations study the association of social and environmental benefits and 

the distribution of tree canopies (Indiana Department of Natural Resources, 2011; 

McPherson and Nowak, 1994).  A 2009 study by the United States Department of 

Agriculture estimated the economic value of an urban tree in Tennessee are $2.25 

(Nowak et al., 2009).  With an estimated 284.1 million trees within urban areas in the 

state of Tennessee, the total estimated structural value is $79 billion, the annual energy 

savings to residents is $66 million, the resultant removal of air pollutants is valued at 

$204 million, and store 16.9 million tons of carbon valued at $350 million (Nowak et al., 

2009).  Assuming these savings are universal, the density of the urban canopy and its 

equitable distribution should be of utmost importance to city planners and local residents.   

 

1.2 Purpose and Scope 

 The environmental equity hypothesis emphasizes the role that socioeconomic 

variables (Grove, Cadenasso, and Jr, 2006; Iverson and Cook, 2000; Landry and 

Chakraborty, 2009; Swyngedouw and Heynen, 2003) play in the production of uneven 

urban tree cover– and therefore uneven benefits –within cities (Heynen, 2006; Landry 

and Chakraborty, 2009; Pedlowski, 2003). In particular, less affluent communities and 

those with higher percentages of minorities often have disproportionally less tree canopy 

(Landry and Chakraborty, 2009). 
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Along with testing elements of the environmental equity hypothesis this research 

offers an example using current methodological approaches to analyzing canopy cover as 

an environmental amenity.  A primary difference from conventional research methods is 

the scale at which the socio-economic factors are analyzed.  Census information collected 

at the Tract level has been readily available and relatively easy to compare spatially since 

the 1980s, which has led to its widespread use in environmental equity research (Nowak 

et al., 1996).  The United States Census Bureau maintains decennial population counts, as 

well as yearly estimates of population and housing information.  Each decennial census 

provides detailed information about population and housing characteristics in the United 

States.  Starting in 2010 the American Community Survey began providing estimates of 

this information on a yearly basis at all geographically provided levels. Block groups are 

the finest scale of geographic data currently provided by the Census Bureau.  Despite the 

increased detail of information, block group boundaries often change from decade to 

decade making it difficult to compare them in terms of environmental benefits and costs.  

This does not apply in the case of the present study because it is not a comparative 

analysis between decades; it will focus on the spatial distribution of canopy cover for the 

year 2010.  Block group information provides a new level of detail, rarely used in this 

type of research.  Another enhancement from previous research is in the spatial resolution 

of urban tree cover data.  The resolution of previous studies (except Grove, Cadenasso, 

and Jr, 2006; Landry and Chakraborty, 2009) was not detailed enough to examine parcel 

level land uses (i.e. > 1 meter).  This study uses 1 meter resolution aerial imagery to 

create a classification of tree canopy cover through which quantifications of canopy 
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densities are measured at the block group level.  In past studies measurements and 

analysis of urban tree cover were conducted through multiple means, of which the use of 

remote sensing technologies has proven to be the most detailed and cost effective 

(Nowak et al., 1996).  The interpretation of aerial images allows for a spatially detailed 

analysis of the scope of public and private canopy cover than an inventory of publicly 

maintained trees, due to limited information provided by city governments as well as the 

length of time required to physically count or estimate tree densities. 

 Within the environmental equity literature few empirical studies focus on the 

spatial distributions of urban canopy cover (Landry and Chakraborty, 2009) at such a 

detailed scale.  With the exception of certain broad scale studies (Heynen, 2006; Landry 

and Chakraborty, 2009; Nowak et al., 1996) few empirical research studies on trees have 

focused on cities in the arid and semi-arid southwest regions of the United States.  This 

study contributes to the literature by providing a semi-arid study and a study at a 

relatively fine scale (see Table 1). 
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Table 1: Environmental classification of 10 research sites in the United States with the source  

of information, resolution of the imagery used in order to determine the percentage of tree  

canopy cover, as well as the overall percentage of tree canopy cover within each city. 

 

 

Climate City Reference 
Spectral  

Resolution 

Tree Cover 

(Percentage) 

Humid Baton Rouge, LA Blanche et al., 1992 30 meter 55 

Humid Cincinnati, OH Rowntree, 1984 30 meter 36 

Humid Indianapolis, IN Nikolas Heynen, 2006 30 meter 30 

Humid Syracuse, NY Rowntree, 1984 30 meter 24 

Humid Tampa bay, FL Landry and Chakraborty, 2009 1 meter 25 

Semi-Arid Los Angeles, CA McPherson et al. 1993 30 meter 15 

Semi-Arid Tonganoxie, KS Marotz and Coiner, 1973 90 meter 14 

Arid Tucson, AZ McPherson et al. 1993 30 meter 14 

Arid El Paso, TX Mortimer 1981 30 meter 7 

Arid Palm Springs, CA USDA FS, 1993 (unpublished) 30 meter 4 
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1.3 Environmental Equity 

Environmental justice research began in the United States during the mid-1980s 

with the primary focus on disproportionate effects of toxic pollution on minority and low 

income populations.  The purpose of environmental justice research is to address 

problems of inequality, fairness, and rights with respect to environmental conditions and 

decision making processes (Holifield, 2012).  Environmental justice encompasses the 

issues of racism, discrimination, and equity in terms of environmental decision making 

(Gelobter, 1993; Torres, 1993).  In recent years the focus of environmental justice 

literature has expanded to encompass issues of environmental hazard distributions outside 

of the United States (Holifield, 2012; Walker, 2009) as well as amenity distributions 

within the United States ( e.g., Boone, Buckley, Grove, and Sister, 2009; Perkins, 

Heynen, and Wilson, 2004).  Other areas of environmental justice receiving attention 

include recognition and participation (Schlosberg, 2007; Walker, 2009).  Among the 

premises of the environmental movement are recognition of group differences and 

identities, and overcoming institutionalized harm to social status (Holifield, 2012). 

Some of the most important advances in the acknowledgment and understanding 

of environmental justice came from legislation passed by the Clinton administration in 

order to reform Superfund, which was designated to clean up the country’s most 

hazardous waste sites (Clinton, 1994).  Clinton’s plan required that federal agencies 

monitored by the Environmental Protection Agency (EPA) “had to develop within one 

year a plan that addresses disproportionately high and adverse environmental effects of 

its programs, policies and activities” (Bowen and Salling, 1995).  These reforms to 
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Superfund were designed to address issues of disproportionate allocation of funds to 

areas with higher white population and or higher social status.  With the implementation 

of this plan environmental justice became a part of policy decisions and practices enacted 

by government agencies. 

While the majority of the literature during the 1980s and 1990s focused on the 

distribution of hazards more recent research has begun to look closely at the distribution 

of amenities, especially within the urban environment.  Support for the environmental 

equity hypothesis is not unanimous among empirical research studies.  Some studies have 

found that low-income residents and racial minorities have lower access to environmental 

amenities (e.g. Wolch and Wilson, 2005) while others have found they have greater 

access (e.g. Lindsey, 2001).  Research findings indicating increased amenity access for 

minorities and low income residents note that this may be due to the higher population 

densities found in minority areas in which more people are located in closer proximity to 

parks and green spaces (Lindsey, 2001).  Research indicating that minorities and low 

income residents have less access to these amenities cite similar circumstances of higher 

density populations, however these study areas tended to have fewer parks and green 

spaces (Wolch and Wilson, 2005).  

The equitable distribution of urban amenities has been studied extensively in 

environmental justice literature within recent years.  While previous environmental 

equity literature focuses primarily on the distributions of urban hazards, this study 

follows the contemporary path of investigating the distribution of trees as an urban 
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amenity.  A recent group of studies focuses on the benefits and distribution of trees as 

well as canopy cover within the urban environment (Jensen, Gatrell, Boulton, and Harper, 

2004; Lindsey, 2001; McPherson et al., 1997; Nowak et al., 2009; Wolch and Wilson, 

2005).  The distribution of trees and canopy cover within cities presents an uneven 

geography of environmental amenities (Landry and Chakraborty, 2009).  The unevenness 

of tree canopy is analyzed in order to determine if the environmental equity hypothesis, 

that whites have greater access to tree canopy cover in Lubbock, Texas than Hispanics in 

the year 2010 is applicable.  

Urban canopy cover provides a multitude of indirect and direct benefits to urban 

residents as well as the local environment. The benefits of increased urban canopy cover 

include reduced energy consumption, positive health benefits and increased economic 

benefits (Landry and Chakraborty, 2009).  Canopy cover moderates urban temperatures 

(Oke and Crowther, 1989), reducing power consumptions for homes and businesses 

(McPherson and Nowak, 1994).  Urban vegetation has also been shown to significantly 

reduce the concentration of particulate matter in the air (McPherson and Nowak, 1994), 

which may lead to decreased severity of asthma symptoms (Perzanowski, Neckerman, 

Quinn, and Lovasi, 1979).  The economic benefits of trees include increased property 

values (Anderson and Cordell, 1988; Tyrväinen and Miettinen, 2000), as well as 

consumer’s preferences to shop in districts with more tree cover (Wolf, 2001).  Despite 

the well documented benefits of urban tree cover an inequitable distribution is noted in 

cities analyzed in previous research (Heynen, 2006; Perkins et al., 2004; Swyngedouw 

and Heynen, 2003).   
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A large portion of the environmental equity literature reviews the distribution of 

publicly funded trees, such as street trees (Landry and Chakraborty, 2009), and trees 

within parks and recreational areas (Lindsey, 2001; McPherson, 1992; Wolch and 

Wilson, 2005), while little attention is paid to the distribution of trees on private property, 

and more specifically the density differences of the canopy cover on private lands.  While 

not the case in all cities trees planted and maintained on private lands make up the 

majority of the tree canopy within most United States cities (McPherson et al., 1997).  

This is particularly true in grassland environments where natural seed dispersal rarely 

produces successful tree growth on public or private lands. 

The spatial unevenness of tree canopy is rarely studied from an environmental 

equity perspective (Jensen et al., 2004; Swyngedouw and Heynen, 2003), however 

studies show relationships between the location of tree cover and education, race, 

income, and home ownership.  A positive association is found to exist between median 

household income and vegetation cover (Grove et al., 2006; Lindsey, 2001; Pedlowski, 

2003; Swyngedouw and Heynen, 2003), diversity (Martin, Warren, and Kinzig, 2004), 

and leaf area (Jensen et al., 2004).  The results of these findings appear to support the 

inequity hypothesis through quantitative results indicating a reduced density of tree 

canopy within areas that are economically disadvantaged.  

While evidence supports the hypothesis of unequal canopy cover distribution 

within cities, social inequities and canopy densities have not been thoroughly analyzed at 

the block group level — geographies at larger scales help to lessen issues associated with 
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the ecological fallacy (St. Martin, 2010).  Until recently the lack of availability of high 

resolution aerial imagery made the analysis of urban canopy cover impossible in many 

research studies (see Grove et al., 2006).  The recent advances in imagery technology 

along with more accurate and detailed census data make this research possible. 
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1.4 Study Area 

The city of Lubbock is located in northwestern Texas, in a region historically 

known as the Llano Estacado.  This plateau is one of the largest on the North American 

continent and lies between 3000 and 5000 feet, rising from southeast to northwest at an 

average of 10 feet per mile.  High winds and variable rainfall amounts equating to an 

average of approximately 18.7 inches annually in this region create a naturally 

inhospitable environment for the tree growth (see Figure 1).  The settlement of Lubbock 

and subsequent watering by humans creates conditions that are more favorable for tree 

Figure 1: Historical image of the city of Lubbock from the year 1909.  The image shows the lack of trees on 

the native landscape during the early stages of settlement. 
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growth.  Artificial watering produces a significant urban tree canopy, however there are 

currently varying levels of canopy densities within the city of Lubbock. 

The proliferating research on urban trees has primarily focused on regions 

containing native and naturally growing trees.  Lubbock and the surrounding region 

contains only one native tree species (the plains cottonwood), but  few of these trees are 

planted within the city (Graves, 1986).  Despite Lubbock’s local environment being 

inhospitable to most natural tree growth an urban oasis has sprouted within the city.  The 

majority of trees that currently exist within the city were transplanted from other regions 

around the country (Sparkman’s Nursery ’12). 

The city of Lubbock encompasses 123.55 square miles, of which less than 1 

percent is occupied by surface water.  The lack of available surface water as well as the 

average depth to ground water in the Ogallala Aquifer contributes to the scarcity of trees 

in this region.  However, due to years of human watering and runoff into playa lakes 

within the city of Lubbock a lens of groundwater has risen from the aquifer that now 

supplies many deep rooted trees sufficient water to survive the high variability in 

precipitation amounts.  The Ogallala Aquifer underlies 111.6 million acres (174,000 

square miles) in parts of, or within — Colorado, Kansas, Nebraska, New Mexico, 

Oklahoma, South Dakota, Texas, and Wyoming (McGuire, 2006).  The Aquifer has been 

the primary source of irrigation water for the High Plains region since the 1930s when 

irrigation techniques allowed for pumping from the below surface depth of the aquifer.  

The limited amounts of surface water in the region caused local water planning boards 

and commissions to pursue ground water options.  As of 2010 the city of Lubbock 
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received 92 percent of its water from well fields in Bailey and Roberts counties, only 8 

percent was supplemented from lake water (Reed, 2012).  Between the years of 2008-

2010 the city of Lubbock consumed an average of 14 billion gallons of water annually.  

This total consumption rate varied between summer and winter months of which 

approximately 55-60 million gallons per day are used in the summer months and 25-30 

million gallons per day are used in the winter months.  Of this total water consumption 

approximately half of the water imported every month goes to water the city’s landscape 

(Reed, 2012).  The abundant supply of water to the city helps to create the dense tree 

canopy seen today. 

The population of the city of Lubbock as of the year 2010 was 229,573 (U.S. 

Census Bureau).  Despite the high variability in this area as well as an increasing 

population, trees and generally green landscaping are still the primary form of yard 

aesthetic within the city. The need to import large quantities of water to support the 

growing population as well as the green landscaping has forced the city government to 

implement costly measures to insure a constant supply in the future.  In order to fund 

these public works projects increased water usage fees have been implemented leading to 

some of the highest water usage fees in the state (Sechler, 1995).  Within the past five 

years Lubbock city planners have taken action to ensure future water supplies remain at 

current levels by seeking a new source of water from Lake Alan Henry, approximately 65 

miles southeast of the city and 1,036 feet lower in elevation. As of 2010 supplemental 

lake water, equating to approximately 30 percent for the city of Lubbock was exclusively 

supplied by Lake Meredith, approximately 150 miles to the north of the city (Reed, 
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2012).  Despite the longer distance from Lake Meredith to the city of Lubbock the cost of 

water transport is cheaper due to the fact that water can naturally flow from the lake to 

the city.  On the other hand water, traveling the shorter distance from Lake Alan Henry 

must be pumped at great expense to the citizens of Lubbock for their consumption. 

The use of the city’s water on vegetation can be seen through near-infrared 

imagery in Figure 2.  Healthy vegetation reflects very highly in the near-infrared 

wavelength and is displayed in this image as dark red, while less healthy vegetation is 

light red.  A noticeable example of healthy vegetation can be seen in the center pivot  

 

 

Figure 2: High resolution imagery with the near-infrared band. National Agricultural Imagery Program 

(NAIP) March, 2011. 
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irrigation used along the edges of the study area. While this vegetation is primarily cotton 

the differences in vegetation health are comparable to tree canopy found in residential 

areas in the city.  Differences in vegetation health are impacted by the multiple factors, of 

which water in an arid environment is generally the most important.  The differences in 

the health of tree canopy can be seen across different areas of the city. In particular the 

residential areas south and west of Texas Tech University appear to contain relatively 

healthy vegetation while residential areas south of the central business district (CBD) 

contain relatively less healthy vegetation.   

Lubbock is unique in that trees are generally planted intentionally and not through 

random seed germination.  The city of Lubbock's parks and recreation department 

maintains 75 parks within the city limits and assists with the watering and maintenance of 

trees on public lands (Reed, 2012).  While many cities in the United States provide and 

maintain publicly funded trees, such as street trees, the cost of such an initiative was 

deemed too much by city officials in Lubbock. With no publicly funded street trees the 

planting and maintenance of trees on private property are the sole responsibility of the 

home owner, which is assumed to lead to varied densities now visible in tree canopy. 

In order to better understand the distribution differences of tree canopy within the 

city of Lubbock certain assumptions are made:  

1) The settlement of the city of Lubbock followed traditional settlement patterns 

of the Great Plains in which farmers and people seeking service sector jobs 

settled the area predominantly from the eastern United States.  These settlers 
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brought with them their ideal aesthetic of a landscape filled with trees.  Since 

the incorporation of the city in 1909 citizens of Lubbock have planted a 

variety of trees that are not native to the area.  

2) Even though Lubbockites may have connections to the arid southwest, where 

few trees are present.  All residents within the study area are expected to hold 

an ideal aesthetic of a landscape with trees.  

3) A higher percentage of whites in general can afford and prefer to live in 

locales that contain higher densities of tree cover. 

The primary goal is to see if there is an association of class and race and ethnicity, 

with tree cover in Lubbock, Texas in the year 2010.  Regression analysis is used to 

analyze the independent socio-economic variables percentage white, percentage 

Hispanic, structure age, median income, and the interactive term between structure age 

and the percentage of Hispanics as they each relate to the dependent variable tree canopy 

cover.  The study will contribute to the literature by providing an example from a semi-

arid environment; one not typically analyzed in environmental justice literature. This 

research attempts to determine if certain tenets of the environmental equity hypothesis 

hold true in a semi-arid environment in which few naturally occurring trees exist (Graves, 

1986).  Previous environmental justice research focuses primarily in the eastern United 

States (Heynen, 2006; Landry and Chakraborty, 2009; Swyngedouw and Heynen, 2003) 

or along the Pacific coast (Pulido, 2000).  This study is also unique in that high resolution 

aerial imagery, greater than 1 meter, from the year 2010, collected by the National 

Agricultural Imagery Program was used in order to quantify the percentages of tree 
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canopy cover, as compared to the relatively coarse resolution imagery used in many 

previous research studies (see Table 1).  Finally, Census block groups are used as 

opposed to the commonly used census tracts which provide a finer level of socio-

economic detail than has been previously utilized.   
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CHAPTER 2 

METHODS & BACKGROUND 

2.1 Data 

This study examines the relationship between income, race and ethnicity and 

other selected demographic and socioeconomic variables with tree cover.  Previous 

empirical studies in the environmental equity literature have standardized (normalized) 

variables as percentages in order to make comparisons across spatial units of analysis by 

transforming into percentages. Most commonly, these previous studies employ census 

tracts as their units of analysis because information for these geographical units have 

been readily available.  This study uses census block groups because they provide finer 

levels of detail.  The variable of interest, tree cover, is measured as a percentage of the 

total area within individual block groups.  The spatial data sets used in the analysis are 

taken from: 1) high resolution aerial imagery for the year 2010 and 2) TIGER/Line 

shapefiles at the block group level. 

Because of differences in land use between the city of Lubbock and the rest of 

Lubbock County, the extent of this research was restricted to the block groups lying 

wholly within the Lubbock city boundary.  The majority of Lubbock County is un-

forested agricultural land with low population densities.  In order to compare similar 

areas, only block groups that lay entirely within the city boundary were included in the 

study.  Several large census block groups at the edge of the city limits were excluded 

from the study because they contain large areas of undeveloped agricultural lands. 
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2.2 Data Preparation  

Aerial imagery at a resolution reveals minute differences between canopy and 

non-canopy is required to measure and analyze canopy distribution.  Aerial imagery at a 

resolution of less than 1 meter was the most effective means of differentiating canopy 

cover from non-canopy cover.  Imagery collected by the National Agricultural Imagery 

Program for the year 2010 contains a wavelength band in the near-infrared wavelength 

range.  The spectral payload of this image is four bands containing wavelengths of red, 

green, blue and near-infrared.  Vegetation reflects highly within the near-infrared 

wavelength, which allows for easier differentiation between the tree canopy signature and 

those of other vegetation types.  Images within the Lubbock county mosaic flown August 

5 to 23, 2010 at a resolution of approximately 1 meter per pixel were obtained from the 

NAIP.  The dates of image collection for the city of Lubbock were during a leaf on month 

which helps in differentiating between trees and other vegetation.    

High resolution satellite imagery techniques were used to develop a supervised 

binary classification to show the location and densities of urban canopy cover.  Figure 3 

shows the final binary classified image for the city of Lubbock as well as a larger-scale 

image displaying the detail of classification (see Figure 3).   
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Initial classification accuracy using 100 random points revealed an overall 

accuracy of approximately 74 percent.  Overall separation between arboreal and ground 

vegetation was highly accurate with the largest areas of inaccuracy coming from shallow 

playas (a basin where water collects, but is ephemeral) and clearly delineated agricultural 

fields.  Areas classified incorrectly were forced into the non-canopy class through the 

process of “polygon containment” (Chakraborty, Jayajit, Armstrong, 1997). Polygon 

containment is identified in existing environmental equity literature as a viable means of 

improving accuracy (Chakraborty, Jayajit, Armstrong, 1997). These polygons created at a 

scale of 1:5,000 allow for correction of classification errors.  The removal of gross errors 

1 : 210,000 1 : 15,000 

Figure 3: Binary classification of aerial imagery.  Left: City-wide image. Right: Detailed image - 

zoomed into the intersection of University Avenue and 19th Street. 
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through the use of polygon containment resulted in a final accuracy of 88.6 percent (see 

Table 2).     

          Table 2: End of error matrix for binary classified image compared to high resolution  

          aerial imagery. 

 

End of Error Matrix 

Reference 

Non-Canopy Canopy Total 

Thematic 

Non-Canopy 47 3 50 

Canopy 8 42 50 

Total 55 45 100 

 

The binary classified image was fractured into the individual block groups to 

allow the calculation of percentage tree cover. An extraction process was used to 

compare tree cover to socio-economic factors.  A TIGER/Line shapefile of block groups 

in Lubbock County was used to fracture the binary classified image as well as compare 

the tree cover percentages to each socio-economic variable.    Tree cover percentages 

were then calculated by dividing the number of tree cover pixels by the total number of 

pixels within each fractured image.  Percentages for each fractured image were compared 

with the socio-economic data from the Census Bureau, and each percentage value was 

manually added to a new “tree” field within the block groups.       
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2.3 Demographic and Socioeconomic Data 

Measures of neighborhood demographic and socioeconomic characteristics were 

based upon Census 2010 block group data (Census Bureau, 2010).  Census 2010 block 

groups were chosen as the spatial unit because they are the smallest geographic units for 

which relevant socioeconomic data are available.   

An established body of literature has examined the spatial distribution of urban 

amenities from the perspective of environmental equity (Boone et al., 2009; Landry and 

Chakraborty, 2009; Lindsey, 2001; Wolch and Wilson, 2005).  Certain empirical studies 

offer evidence of an uneven geographical relationship between the existing distributional 

pattern of trees and income, education, race and ethnicity, home ownership and structure 

age (Heynen, 2006; Jensen et al., 2004; Pedlowski, 2003; Perkins et al., 2004). 

Several research studies found a positive relationship between median household 

income and tree cover (Grove et al., 2006; Heynen, 2006; Landry and Chakraborty, 2009; 

Lindsey, 2001; Pedlowski, 2003). These findings appear to support the environmental 

equity hypothesis by suggesting that high income neighborhoods enjoy more tree canopy 

cover.  Although this study also expects there to be a positive association between 

income and tree cover, the environmental context of the American southwest is expected 

to produce distortions this association.  Neighborhoods on the southwest side of Lubbock 

are examples of these distortions.  These neighborhoods were constructed over the past 

five to ten years and contain trees that have yet to reach maturity. What makes this area 

unusual is that the average annual income in these block groups is among the highest in 
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the city.  This run counter to the environmental equity hypothesis where high income 

residents  generally possess more environmental amenities (Landry and Chakraborty, 

2009; Perkins et al., 2004; Swyngedouw and Heynen, 2003).  While neighborhoods 

throughout the city may have undergone redevelopment and clearing of established tree 

canopy, it is expected that this phenomenon will be limited only to small areas within 

each block group. 

This research aims to extend upon previous environmental equity research that 

has investigated the relationship between canopy cover and race and ethnicity (Grove et 

al., 2006; Landry and Chakraborty, 2009).  In the popular imagination, race and ethnicity 

are often conflated.  This is largely because race and ethnicity are both human created 

categories whose definitions have shifted over time (Ignatiev, 1995).  The United States 

Census currently (2010) defines race and ethnicity as separate and distinct identities.  The 

largest ethnic minority group is whites who comprise 76.5 percent of the city’s 

population, while Hispanics of primarily Mexican origin comprise the second largest 

minority approximately 31.3 percent (Census Bureau, 2010). The make-up of the 

Hispanic population in Lubbock is consistent with cities in the American southwest in 

which most are of Mexican origin.  This study is distinctive in that few environmental 

equity studies have examined the association between tree cover and Hispanics.  

Perceptions of trees as environmental amenities among Mexican Hispanics may differ 

from the perceptions of whites and other minorities groups (Byrne and Wolch, 2009).  

However, this study at its current scale of analyze is unable to detect these possible 
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cultural differences.   To address such a question would require a qualitative 

methodology. 

It is expected that a relationship exists between structure age and tree cover 

(Grove et al., 2006; Landry and Chakraborty, 2009) where the older the neighborhood the 

longer trees have had time to grow.  Cities outside of the semiarid southwest typically 

contain trees which grow naturally without watering and maintenance. Lubbock is 

distinctive in that trees are not native to this environment; therefore, trees within the city 

have been planted by the residents. City block groups between 19
th

 and 34
th

 streets and 

Slide road and Interstate 27 are among the oldest intact areas dating back to early 1940s.  

While many trees may have died and been replanted in this core-area, the predominant 

tree types originally planted were oaks, elms, and junipers.  These tree species have an 

average lifespan of approximately 70 years (Thomas, 2012).  With the oldest block 

groups coinciding with the end of the edge of original trees lifespans, it is expected that 

these older block groups will contain some of the densest tree canopies within the city.  

With some exceptions, the general growth of the city of Lubbock has been to the west 

and southwest of the central business district (CBD).  Based on the assumption that tree 

canopies will be denser in the older neighborhoods of Lubbock, a general trend of 

thinning canopy cover is expected towards the west and southwest of the city. 

The final selection of independent variables included the percentage of whites, 

percentage of Hispanics, median household income, and median structure age for which 

descriptive statistics can be seen in Table 3.   
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Table 3: Summary of independent and dependent variables 

 

 

 

 

 

 

In order to test the association of socio-economic status with tree canopy cover, 

2010 block group TIGER/Line shapefile, summary file tables from the American 

Community Survey, socio-economic and housing information were downloaded from the 

Census website.  The American Community Survey collects annual estimates for 

geographic areas with a population of at least 65,000 people. The next step in comparing 

tree cover to the socio-economic factors was merging the tables from the block group 

files that contain the percentages of tree canopy cover.  Once merged into shapefiles the 

attribute tables enabled comparison of the spatial distributions of canopy cover and the 

socio-economic variables. 

 

 

 

Variable Observations Mean 

Standard 

Deviations Minimum Maximum 

 

Trees 
166 15.95783 9.287562 1 44 

Percent 

White 

 

166 76.46988 20.30724 2 100 

Percent 

Hispanic 

 

166 31.3253 24.70363 0 98 

Structure 

Age 

 

166 38.1506 15.8984 0 67 

Median 

Income 
166 $43,815 $28,186.17 0 $200,179 
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2.4 Tree Canopy  

Figure 4 reveals the distribution of tree cover within the city of Lubbock.  This 

histogram shows that heavily wooded block groups are not typical in the city.  Of the 166 

block groups in the study area, the mean percentage of tree canopy is 16 percent with the 

minimum coverage being 1 percent and the maximum 44 percent.  Ninety-two percent of 

block groups within the study area contains less than 27 percent tree canopy. 

 

Figure 4: The distribution of tree canopy cover between block groups in Lubbock, Texas 

Areas with the highest percentages of canopy cover are located primarily in 

neighborhoods directly adjacent to Texas Tech University, with a trend of slightly 

decreasing canopy cover extending to the southwest.  Block groups located to the far 
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west and southwest of the city are primarily either undeveloped or agricultural.  Block 

groups directly adjacent to Interstate 27 are also low in tree canopy cover because of a 

much higher percentage of industrial and commercial zoning.  The far eastern block 

groups contain strips of dense tree canopy along park boundaries while the block groups 

as a whole contain a relatively low percentage of tree canopy cover.  The southwestern 

block groups included in the study also contain relatively lower percentages of tree 

canopy due to recent development and a higher percentage of land used for agriculture. 

 

2.5 Statistical Analysis 

The analysis of the relationship between tree canopy cover and race, ethnicity, 

income, and structure age was performed using regression analysis.  This method of 

analysis has been employed in pervious environmental equity research (Landry and 

Chakraborty, 2009; Swyngedouw and Heynen, 2003).  Prior to completing a regression 

analysis each variable was inspected visually for linearity using scatterplots (see Figure 

5).   
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The relationship between the variables in Figure 5 appears to be relatively strong, 

supporting the environmental equity hypothesis.  The Figure shows a negative 

relationship between the percentage of Hispanics in each block group and block groups’ 

tree cover.  Previous research found negative relationships between tree canopy cover 

and minority populations (Heynen, 2006; Iverson and Cook, 2000; Landry and 

Chakraborty, 2009; Pulido, 2000; Swyngedouw and Heynen, 2003). 

 

 

Figure 5: Scatterplot results of independent variables as they relate to tree canopy. 
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CHAPTER 3 

ANALYSIS 

3.1 Results 

 Based on the environmental equity hypothesis this study expects the percentage of 

whites and percentage of Hispanics in a block group to be key variables in explaining the 

distribution of urban tree canopy cover.  Additional explanatory variables include the 

mean age of the structures within the block groups and median household income (see 

Table 4).  In order to account for and correct problems of colinearity and substantive 

findings each variable in the regression analysis is centered on its mean.    
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Dependent Variable: Trees (Percentage of Block Group Tree Cover) 

Independent Variables 

Coefficients in Bold are Significant at a p-value of 0.05 

The regression models used to explain the variations in urban tree canopy cover 

all used the total percentage of tree canopy within census block groups as the dependent 

variable.  Sequentially, the following independent variables are added to the model: 1) 

percentage white, 2) percentage Hispanic, 3) median structure age, 4) median income, 

and 5) an interactive term composed of percent Hispanics and structure age.  Independent 

variables are added to the model sequentially to gain a sense of their power in explaining 

tree canopy cover. 

 Model 1: This model is the focal relationship of this analysis.  The environmental 

equity hypothesis postulates that whites hold a privileged position vis-à-vis other ethnic 

Model Intercept 
Percent 
White 

Percent 
Hispanic 

Structure 
Age 

Median 
Income 

Interactive 
Term R2 Δ R2 

Adj 
R2 

1 16.06 0.11375     0.06  0.06 

2 16.09 0.08169 -0.05965    0.08 0.02 0.07 

3 15.67 0.13278 -0.15006 0.48829   0.60 0.52 0.60 

4 15.58 0.10334 -0.12570 0.49736 0.00007  0.63 0.03 0.62 

5 16.38 0.11803 -0.07432 0.46827 0.00008 -0.00596 0.67 0.04 0.65 

Table 4: Regression analysis of independent variables 
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and racial groups in their access to tree canopy cover.  The white coefficient revels that a 

one percent increase in a block group’s white population is associated with 0.114 percent 

increase in tree canopy cover.  Given that the average block group has a population that is 

76.5 percent white then a regression coefficient of 0.114 translates into the average block 

group having 24.8 percent tree canopy cover (16.1 + (76.5*0.114)).  This variable alone 

explains 6.2 percent of the variation in tree canopy cover, a small but statistically 

significant amount. 

 Model 2:  In this model the percentage of Hispanics is added with the percent 

white to explain tree canopy cover.  This model is notable because it contains the city’s 

largest racial group (whites) and its largest ethnic group (Hispanics).  The inclusion of 

percent Hispanic into the model produces a non-statistically significant (p-value greater 

than 0.05) coefficient of -0.0596, though non-significant, this coefficient’s negative value 

fits with the assumption of the environmental equity hypothesis.  Also fitting this 

assumption is the fact that the percent white remains significant in the presence of percent 

Hispanic.  Percentage Hispanic appears to add little in the way of explaining tree canopy 

cover – overall change in the R
2
 being only 2 percent. 

  Model 3:  This model incorporates the variable median structure age.  It is in this 

model that we start to perceive a correlation among percent white, percent Hispanic and 

median age of homes.  In this model the addition of age of homes strengthens the 

association between whites and tree cover (from 0.081 in Model 2 to 0.13). Furthermore, 

the association between Hispanics and tree cover becomes statistically significant and 

pronouncedly more negative (from -0.059 in model 2 to -0.15).  This change in the 
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percent Hispanic coefficient in the presence of median age of homes suggests that age of 

homes acts as a moderator variable (Miles and Shevlin, 2001).  In this case the 

association of tree canopy cover and Hispanics appears to change as age of housing 

changes.  To test this hypothesis an interaction term percent Hispanic multiplied by 

median home age, will be added as a variable in model 5. 

 As can be seen in Table 2 median age of homes has a strong association with tree 

canopy cover.  A one percent increase in home age leads to an almost 0.5 percent 

increase in tree cover.  So for example, a block group with a median housing age of 40 

years would expect to have a tree cover of 20 percent (40 * 0.5 = 20).  The strength of 

age of homes is made further evident by how much it increased the explanatory power of 

the model (52 percent).  While median age of homes possesses great explanatory power, 

given the environmental equity hypothesis it is revealing that percent white and percent 

Hispanic remain statistically significant in its wake. 

 Model 4:  In this model median household income is added.  It has little effect (a 

statistically significant coefficient of 0.0007 and a change in R
2
 of only 0.029).  It makes 

a contribution to explaining tree canopy cover but only a slight one.  This is somewhat 

surprising given the assumption that amenities can be purchased – e.g., if you have 

enough money you can buy into a wooded neighborhood.      

 Model 5:  This final model includes the interaction variable (the product of 

Hispanic and home age).  The interaction term along with all the other independent 

variables is statistically significant at the 0.05 level of significance.  Because this variable 
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is significant the relationship between tree cover, Hispanics, and median home age can be 

reformulated as: 

Percent Tree Cover = (-0.07432 + -0.00596 * Median Home Age) * Percent 

Hispanic. 

Table 5: Interaction between tree canopy cover, median home age and percent Hispanics 

Decrease in 

Percentage of Tree Cover 
Median Home Age Percentage Hispanics 

-2.34806 38.15 10 

-3.48493 38.15 15 

-5.75867 38.15 25 

-6.89554 38.15 30 

-7.62314 38.15 33.2 

(Average Percentage Hispanic) 

-8.03241 38.15 35 

-9.16928 38.15 40 

-10.3062 38.15 45 

-11.443 38.15 50 

-12.5799 38.15 55 

-14.0744 38.15 60 

  

  The combination of these variables produced a final R
2 

value of 66.72% which 

accounts for a significant explanation of what population groups have tree canopy and 

those who do not in Lubbock.  Of the five independent variables analyzed, all were 

statistically significant explanatory variables at α = 0.05 except for the percentage of 

Hispanics when included with a comparison of the percentage of whites.  The largest 
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increase in explanatory power was when structure age was included in the regression 

analysis, in which 59.58 percent of the variation was explained.  

 The differences between areas that are predominantly Hispanic versus the entire 

study area are exemplified in Figure 6.  An equal interval classification method using 5 

classes was used to create a map of the distribution of Hispanics in the city is created.  

Visual inspection of the highest class, which contained > 60 percent Hispanics, revealed a 

corridor through the city running adjacent to Interstate 27.  This corridor is composed of a 

mixture of commercial residential and industrial areas.  A comparison between this 

corridor and the city of Lubbock supports the environmental equity hypothesis that 

minorities and lower income residents have fewer amenities – in this example tree cover. 
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Figure 6: Left Image – Shows the distribution of Hispanics in Lubbock using an equal interval classification 

method.  Right Image – Shows corridor of block groups with greater than 61 percent Hispanics running 

adjacent to Interstate 27. 
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This regression model supports the environmental equity hypothesis through the 

statistical significance of the analyzed socio-economic factors.  The positive relationship 

between tree cover and the percentage of whites as well as median income is shown in 

the positive coefficient between the independent and dependent variables.  While the 

negative relationship between the percentage of Hispanics and tree canopy can also be 

seen in Table 4, the interactive term between percent Hispanic and the median structure 

age can be visualized in Table 5.  The positive relationship between home age and the 

percentage of Hispanics results in a significantly negative association with tree canopy.   

 A substantial proportion of the urban canopy is made up of trees on private 

property, which has received little attention in environmental equity literature due to the 

difficulties in gathering relevant socio-economic information.  Other studies have focused 

on the distribution of trees planted in transportation corridors, often simply referred to as 

street trees, because of the availability of street tree information (Heynen, 2006).  

Another factor that makes the examination of street trees a more common research topic 

is that they are a publicly funded amenity which makes their unequal distribution a clear 

sign of environmental inequity.  While studies focusing on street trees are common in 

environmental equity literature, they do little to explain the true variations in the 

distributions of canopy cover throughout the entire city.  This research shows that trees in 

themselves are an amenity that some groups of people are able to buy into while other 

groups cannot or do not.     
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CHAPTER 4 

CONCLUSION 

Urban trees serve as environmental amenities which provide a number of direct 

and indirect benefits for urban residents.  Benefits of urban trees include reduced heating 

and cooling costs in the summer and winter months (Indiana Department of Natural 

Resources 2011; McPherson and Nowak, 1994) , and positive health benefits by 

removing particulate matter from the air as well as storing large amount of CO2 and other 

greenhouse gasses (Perzanowski et al., 1979).  Despite the importance of urban trees few 

empirical studies have examined their distribution within the context of the 

environmental equity hypothesis (Heynen, 2006; Landry and Chakraborty, 2009; 

Pedlowski, 2003; Perkins et al., 2004) and none have focused on both tree distributions 

on public as well as private lands at the block group level, nor have they examined  cities 

in the  southwestern United States.  Additionally no study has looked at tree canopy cover 

at a spectral resolution of greater than 1 meter. 

This study examines the relationships between demographic and socioeconomic 

variables and the distribution of tree cover.  One aspect of the environmental equity 

hypothesis suggests that more environmental amenities are expected to be found in 

geographic locations that have a higher percentage of white residents as well as higher 

income residents (Swyngedouw and Heynen, 2003).  Inversely minorities, relatively low 

income residents, as well as young neighborhoods are expected to have fewer of these 

amenities (Landry and Chakraborty, 2009).  This hypothesis was investigated through the 
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use of a linear regression modeling (Heynen, 2006; Landry and Chakraborty, 2009; 

Swyngedouw and Heynen, 2003). Percent of tree canopy cover, used as the dependent 

variable, was derived from a multispectral CIR NAIP image of greater than 1 meter 

resolution.  In order to analyze tree coverage the most common approach is the use of 

high resolution aerial imagery greater than 1 meter (Landry and Chakraborty, 2009; 

Nowak et al., 1996; Swyngedouw and Heynen, 2003), which also helps in circumventing 

issues of owner permission (Heynen, 2006; McPherson et al., 1997).  The scale at which 

previous research studies have compared tree canopy to socio-economic factors has 

generally been at the level of census tracts (Nowak et al., 1996; Perkins et al., 2004; 

Swyngedouw and Heynen, 2003), my research  uses a finer level of detail, census block 

groups.  This research is also unique in that few empirical studies have examined the 

distribution of tree cover in a semi-arid environment (see Table 1), as opposed to 

primarily humid environments studied in previous environmental equity research 

(Heynen, 2006; Landry and Chakraborty, 2009; Swyngedouw and Heynen, 2003).  

The relationship between tree canopy and socioeconomic variables have been 

found to have a significant association in cities in humid environments, where trees are 

relatively inexpensive to purchase and maintain (Heynen, 2006; Landry and Chakraborty, 

2009; McPherson and Nowak, 1994).  This investigation of a semi-arid environment 

demonstrates a pronounced increase in the association between tree canopy and structure 

age, because trees in this environment have to be planted, and the age of trees within 

Lubbock only dates back to the founding of the city (1909).  This strength in association 
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between tree canopy and age of structures should be even more pronounced in arid 

environments, where trees are even more expensive to purchase and maintain. 

 The analysis of the variables mentioned earlier in the study was completed 

through the use of regression analysis in which the relative influence of each variable 

could be measured against the percentage of tree cover.  The results of this analysis 

supported the aspect of the environmental equity hypothesis that whites have more 

environmental amenities (tree cover) than minorities.  Hispanics were found to have a 

negative association with tree cover, and more importantly that as the percentage of 

Hispanics and median home age increases a pronounced decrease in tree cover was 

observed.   

  While tree cover was a desired amenity in the city of Lubbock further 

research could determine if these distribution differences are the result of human 

preference.  Despite their limited use in environmental equity research, improved tree 

canopy quantification techniques through the use of LIDAR (Light Detection and 

Ranging) data are currently used in multiple research applications and could potentially 

prove to be the next step in tree cover quantification methods.  The examination of 

Lubbock, Texas as a case study is unique in that trees are generally not native to this 

environment; however through human activity trees have become common within the 

city.  Future research could potentially benefit from the examination of other cities in the 

southwestern United States. In particular this research could be used to support the 

finding of my research that Hispanics generally have less tree cover, which in turn could 

aid in explaining if Mexican Hispanics prefer less tree cover.       
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 The results of this empirical study in environmental equity illustrate a relevant 

framework for the study of environmental amenity distribution.  While some of the 

associations between the dependent and independent variables are relatively weak, the 

overall statistical significance of the regression analysis indicates that the environmental 

equity hypothesis is relevant in understanding tree distributions.  
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