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Abstract 

 Urban sprawl and density issues can raise problems related to public health, the 

environment, and transportation in metro areas. This study looks at urban sprawl levels in 60 

metropolitan statistical areas in the United States. It analyzes the relationships between air 

pollutants and transportation variables and if increasing sprawling development is associated 

with declines in air quality, and if air pollutants in sprawling cities are decreasing at a slower rate 

than less sprawled cities. It was discovered that while this relationship is significantly more 

complex than initially predicted, PM2.5 levels were able to support the hypothesis of that in 

MSAs that had increasing levels of sprawl, air pollution was higher. However, AQI and ozone 

levels behaved entirely differently than predicted. Based on these findings, many more questions 

arose around the relationships between these variables. Are the relationships more complicated 

than they appear? How can they be better defined? 
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Introduction 

         In 1804, the world population hit 1 billion people on Earth. It had taken all human 

history, which was over 6 million years, to reach that point. Since 1804, we have added over 6 

billion people to our planet. We crossed the 7 billion mark in 2011 and are set to hit 8 billion by 

2024 (Roser). As the world population grows rapidly, our cities do too, which leads to the urban 

planning problem of urban sprawl. A 2006 report published by the European Environmental 

Agency characterizes urban sprawl as “as the physical pattern of low-density expansion of large 

urban areas, under market conditions, mainly into the surrounding agricultural areas. Sprawl is 

the leading edge of urban growth and implies little planning control of land subdivision. 

Development is patchy, scattered, and strung out, with a tendency for discontinuity” (Ludlow). 

The rapid development and poor planning create a myriad of problems, including issues related 

to public health, energy usage, and increased environmental footprints. Most of the issues are 

extremely complex and interconnected with each other. For this study, I focus on the 

environmental issues of urban sprawl, specifically the relationship between urban sprawl, traffic 

congestion, and air pollution. 

         In 2000, Smart Growth America published a study by Reid Ewing, Rolf Pendall, and Don 

Chen focused on quantifying urban sprawl for 83 metropolitan areas (MSA) in the United States 

and assigning a “sprawl index” to each, which showed how sprawled the area was. This study 

was then re-done in 2014, and new, updated values for the MSAs were published. As a city 

sprawls, the city limits will expand out, which may increase the distance a person has to travel 

for work or errands. Urban sprawl typically means separated land uses, which encourages more 

vehicle use. More drivers and the poor, rapid planning of infrastructure and roads lead to more 

https://paperpile.com/c/iNxOcZ/ypX7
https://paperpile.com/c/iNxOcZ/7vpI
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traffic congestion. The combination of additional cars, longer distances, and more traffic are 

known contributors to increased air pollution (Mackenzie).       

Research questions 

         This study explores two questions. First, for sixty major metropolitan areas in the United 

States, is increasing sprawling development associated with declines in air quality? Second, are 

air pollutants in sprawling cities decreasing at a slower rate than in less sprawled cities? Due to 

the very interconnected nature of issues relating to urban sprawl, it is hypothesized that there 

may be a correlation between higher levels of urban sprawl and higher levels of air pollutants. If 

there is no direct correlation, is there a difference in the rates based on increasing or decreasing 

levels of sprawl? 

Literature review 

         The correlation between urban sprawl and issues regarding the quality of our 

environment has been analyzed for decades. Understanding urban sprawl and the factors that 

define it is very important as it is a very multifaceted issue. In the original 2002 research study 

on sprawl indices produced by Smart Growth America, Ewing, Pendall, and Chenset created “a 

multidimensional picture of the sprawl phenomenon and analyze related impacts” (Ewing et al. 

3). To illustrate this picture, they considered and quantified four factors of sprawl which they 

determined as residential density, neighborhood mix of homes, jobs, and services, the strength of 

activity centers and downtowns, and accessibility of the street network (Ewing et al. 3). These 

four factors were then further refined into twenty-two measurable components. Ewing et al. 

looked at MSAs with a population of 200,000 and above in the United States and collected their 

data from the 2000 United States Census. The study was narrowed down to 83 cities and then 

https://paperpile.com/c/iNxOcZ/rfYj
https://paperpile.com/c/iNxOcZ/4RXW/?locator=3
https://paperpile.com/c/iNxOcZ/4RXW/?locator=3
https://paperpile.com/c/iNxOcZ/4RXW/?locator=3
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scored in these categories from 1-100 with the averages of the four factors. The more compact 

MSAs have scores above 100, while those that are less compact have scores below 100.  

This study has incredible significance in the urban planning field as it is the first to 

quantify and assess the variables that influence urban sprawl. Besides the initial list based on the 

overall sprawl index score, Ewing and Pendall compiled lists based on their ratings that ranked 

MSAs by factors such as most sprawling based on residential densities, most sprawling based 

mix of uses, most sprawling based on the strength of their centers. The compiled list helped give 

an understanding of the sprawl in all of the major MSAs in the United States. 

         The 2002 sprawl indices study was updated in 2014. Ewing, Hamidi, Preuss, and Dodds 

realized that the original study was now dated and could be refined (Hamidi et al.). This new 

study looked to answer how to redefine the original indices based on new definitions, factors, 

and developments in the 10 years between the data collections. They correctly hypothesized that 

the updated indices would most likely be similar to the original indices, but the numbers were 

now more concise. They focused on the same criterium, MSAs with a population over 200,000, 

and almost identical factors, development density, land use mix, activity centering, and street 

accessibility using data from the 2010 Census (Hamidi et al.). The indices are interpreted the 

same way, with 100 being average, and anything above that being more compact, and everything 

below 100 being sprawled. They found that the areas that were still compact in 2000, were still 

considered compact, and the sprawled areas were still sprawling, but the new indices for some of 

the MSAs did fluctuate. 

         Ewing and Hamidi also researched urban design qualities leading to more walkability in 

Salt Lake City. This study analyzed urban sprawl and compactness on a smaller scale, only 

focusing on one area. Ewing and Hamidi had previously conducted a similar study on New York 

https://paperpile.com/c/iNxOcZ/DQ5A
https://paperpile.com/c/iNxOcZ/DQ5A
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City’s urban design qualities and walkability. New York City is the United States’ most compact 

city and is extremely unique compared to the rest of the nation; thus, they sought to find a more 

stereotypical American city and used Salt Lake City, UT, as the control. This study looked to 

analyze and answer how urban design qualities affect walkability (Ameli et al. 393). The 

researchers hypothesized that better urban design qualities make the walkability of the area 

better. They defined five “Ds” that were important factors in urban design by looking into other 

studies. The five Ds being density, diversity, destination accessibility, distance to travel, and 

demographics (Ameli et al. 394). These factors come up frequently in research studies regarding 

urban design, planning, and sprawl. Through field observations and analyzing GIS software data 

for 179 blocks in Salt Lake City, they measured the six Ds and counted the number of 

pedestrians. They created their qualities on what urban design practices and methods may be 

related to walkability. They looked at imageability, enclosure, human scale, transparency, and 

complexity (Ameli et al. 397). They found that having more than one quality helped to 

encourage more walkability. The best qualities to consider, in order, are imageability, 

transparency, and human scale. Enclosure and complexity are not as important as the other three 

qualities. While this study is not directly applicable to air quality, learning about the qualities 

that can help encourage more walkability and less automobile reliance helps understand how to 

transition societies and cities away from vehicular travel. 

         In 2008, Brian Stone Jr. attempted to find if urban sprawl has negative implications on 

the air quality. He hypothesized that large metropolitan areas with a high quantitative index of 

sprawl experienced a greater number of ozone exceedances than more compact regions (Stone). 

Air quality data from forty-five United States cities were analyzed, including data on annual 

ozone exceedances, precursor emissions, regional climate over a 13-year period, the association 

https://paperpile.com/c/iNxOcZ/ZtPB/?locator=393
https://paperpile.com/c/iNxOcZ/ZtPB/?locator=394
https://paperpile.com/c/iNxOcZ/ZtPB/?locator=397
https://paperpile.com/c/iNxOcZ/2Cd5
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between the extent of urban decentralization, and the average number of ozone exceedances per 

year (Stone 688). Stone found a statistically significant correlation between urban form and 

ozone precursor emissions, especially in metropolitan regions with larger sprawl indices, but 

further studies are required before a conclusion can be made. Stone’s study is critical to this 

study as it seeks to answer a very similar research question. 

 

Methods 

I used data from the EPA to understand the change in daily air 

quality index (AQI), ozone levels, PM2.5 levels, and the number of 

days in exceedance of PM2.5. Census data and American Community 

Survey data were also used to analyze the changes in population and 

transportation data related to the number of people who commute to 

work via automobile. More transportation data regarding fuel 

consumption was collected from the Texas A&M Transportation 

Institute. 

         I selected the MSAs by calculating their change in sprawl 

index from the 2002 Smart Growth America Study and the 2014 

update. I inputted all 83 MSAs and their respective sprawl index for 

2000 and 2010 and chose the first 30 MSAs that had the largest 

negative change in sprawl index, which means they were considered 

the most sprawling over 10 years. A control MSA was also included 

in the study; it was selected based on having the least amount of 

https://paperpile.com/c/iNxOcZ/2Cd5/?locator=688
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change. The 29 other MSAs were chosen based on them having the greatest positive change in 

sprawl index, meaning they had become more compact. 

 The rest of the study consisted of the data collection for all of the variables involved; 

each is explained explicitly in the next section titled “Variables Analyzed,” and statistical 

analysis of the variables in Microsoft Excel. ANOVAs were used to analyze the relationship 

between the levels of each variable based on if they fell into one of two categories, increasing 

(more sprawled) or decreasing (more compact). The table on the previous page shows an 

example of the data setup to analyze changes in PM2.5 in MSAs with increasing or decreasing 

sprawl levels.  

Figure 1. Conceptual framework of variables included in this study. 
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Variables Analyzed 

This section explains the variables analyzed in this study, the relationship each variable 

possibly has with urban sprawl, and where the data was sourced. Each variable was analyzed in 

the years 2000 and 2010 based on the original study by Ewing and the update authored by Ewing 

and Hamidi. In addition to the variable itself being analyzed, the change in each variable from 

2000 to 2010 was calculated and the percent change from 2000 to 2010.    

 

US Air Quality Index 

         The United States air quality index (AQI) is the EPAs index for measuring the quality of 

the atmosphere. AQI runs on a scale from 0 to 500. The higher the number, the greater level of 

pollution in the air. An AQI value over 300 considers the air quality to be hazardous (“AQI 

Basics”). The AQI measures the five major pollutants: ground-level ozone, particle pollution, 

carbon monoxide, sulfur dioxide, and nitrogen dioxide. The AQI was analyzed and the changes 

for each city were tracked because it gave a well-rounded overview of the air quality on a very 

standard and well-known scale. 

Particulate Matter (PM2.5) 

         The EPA defines PM2.5 as fine, inhalable particles, with diameters that are generally 2.5 

micrometers or smaller (“Particulate Matter (PM) Basics”). These particles are found in the air 

and are a mixture of solid and liquid. There is no defined compound, and PM can be dirt, dust, 

soot, or smoke. There are over one hundred different types. PM can be emitted from construction 

sites, unpaved roads, and fires. They can also form in the atmosphere due to chemical reactions 

of sulfur dioxide and NOx, which are pollutants emitted from automobiles (“Particulate Matter 

(PM) Basics”). Since PM2.5 can be inhaled, respiratory problems can arise, and the chemicals 

https://paperpile.com/c/iNxOcZ/Z5xD
https://paperpile.com/c/iNxOcZ/Z5xD
https://paperpile.com/c/iNxOcZ/cTBs
https://paperpile.com/c/iNxOcZ/cTBs
https://paperpile.com/c/iNxOcZ/cTBs
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can also get into the bloodstream. PM2.5 is the smallest PM classification and poses the greatest 

risk to health due to the small size. The environmental impacts of PM cause reduced visibility 

from the haze it leaves. It also affects the pH of bodies of water, nutrients in the soil and 

contributes to acid rain (“Health and Environmental Effects of Particulate Matter (PM)”). PM2.5 

is included in this study because it enters the atmosphere during new construction and is also 

caused by pollutants associated with automobiles. As a city sprawls, both construction and 

automobile use increase. 

 

PM2.5 Days in Exceedance 

         The number of days that the PM2.5 level was in exceedance in each MSA was also 

analyzed. The 2005 World Health Organization (WHO) air quality guidelines state that 

“exceedance” is concentrations of about 10 μg/m3 (Exceedance of Air Quality Standards in 

Urban Areas). The number of days with PM2.5 concentrations over 10 μg/m3 was counted for 

each of the MSAs. PM2.5 levels were collected every other day by multiple collection stations in 

each MSA. Because there are multiple collection stations in each MSA, there are more days in 

exceedance than there are days in a year in some MSAs. For example, in the year 2000, Baton 

Rouge had 1,009 days in exceedance because they have 7 collection stations collecting data 

every other day. To find the average number of days of exceedance in a year, the actual number 

of days in exceedance was divided by the number of stations in each MSA. 

 

Ozone 

         Ozone is naturally in our air, but ozone below the stratosphere is considered a very 

harmful pollutant. Considered “ground-level ozone,” by the EPA, is created when oxides of 

https://paperpile.com/c/iNxOcZ/Mpgh
https://paperpile.com/c/iNxOcZ/WjT6
https://paperpile.com/c/iNxOcZ/WjT6
https://paperpile.com/c/iNxOcZ/WjT6
https://paperpile.com/c/iNxOcZ/WjT6
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nitrogen (NOx) and volatile organic compounds (VOCs) react in the air when exposed to 

sunlight (“Ground-Level Ozone Basics”). Typically, ozone levels are higher in the summer 

because of the sunny days, and levels decline in the winter as the air is cooler and there is less 

sunlight. NOx and VOC emissions occur from industrial facilities such as power plants, motor 

vehicle exhausts, gasoline vapors, and chemical solvents (“Ground-Level Ozone Basics”). 

         Ozone was included as an air pollutant because of the correlation between urban sprawl 

and reliance on automobiles. It was hypothesized that ozone layers would increase due to more 

vehicles on the road, travel longer distances, more track homes, shopping centers, and the 

increase of separate land uses, which are signs of urban sprawl in cities. Heightened ozone levels 

are harmful to individuals with respiratory issues, those with a reduced intake of nutrients, and 

people who spend most of their time outdoors (“Ground-Level Ozone Basics”). Ground-level 

ozone is harmful to Earth’s ecosystems; certain plants are susceptible to excess levels and it 

causes photosynthesis issues, slowed growth, and general weakness. Eventually, a loss of species 

diversity will occur that will harm the quality of the habitat, the species, and affect the water and 

nutrient cycles (“Ground-Level Ozone Basics”). 

Population 

 Analyzing and comparing the population size of each MSA was included to understand 

how the MSA has grown over the ten years between data collection. Population data was taken 

from the 2000 and 2010 United States Census. 

 

Auto Commuters 

 Auto commuter data was taken from the Texas A&M Transportation Institute Urban 

Mobility Report that annually documents multiple transportation factors for 101 urban areas in 

https://paperpile.com/c/iNxOcZ/sBJi
https://paperpile.com/c/iNxOcZ/sBJi
https://paperpile.com/c/iNxOcZ/sBJi
https://paperpile.com/c/iNxOcZ/sBJi
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the United States. According to the 2019 Urban Mobility Report, an “auto commuter” is defined 

as “people who commute in private vehicles in the urban area” (Lomax et al., Urban Mobility 

Report 2019 21). This data was included in the study to understand the part of the population that 

would be affected by potential transportation effects associated with urban sprawl. 

 

Freeway Daily Miles of Travel 

 Freeway daily miles of travel data was from the Texas A&M Transportation Institute 

Urban Mobility Report. In the study, “freeway” is defined as “roads with a free-flow (baseline) 

speed more than 55 mph” (Lomax et al., Urban Mobility Report 2019 Appendix A: Methodology 

7). Freeway daily miles of travel per MSA were included to understand how far individuals have 

to travel and if that travel distance changed from 2000 to 2010. 

 

Total Gallons of Excess Fuel 

 Total Gallons of Excess Fuel was included to compare if there was a difference between 

the 2000 and 2010 data. An increase in total gallons of excess fuel could correlate with various 

degrees of urban sprawl in an MSA based on increased travel distances and increased delay 

hours. This variable was taken from the Texas A&M Transportation Institute Urban Mobility 

Report, where they define it as “Extra fuel consumed due to inefficient operation in slower stop-

and-go traffic” (Lomax et al., Urban Mobility Report 2019 1). 

 

Total Delay Hours 

This variable was also taken from the Texas A&M Transportation Institute Urban 

Mobility Report. They defined “delay” as “extra travel time compared to some standard” (Lomax 

https://paperpile.com/c/iNxOcZ/BTSQ/?locator=21
https://paperpile.com/c/iNxOcZ/BTSQ/?locator=21
https://paperpile.com/c/iNxOcZ/BTSQ/?locator=21
https://paperpile.com/c/iNxOcZ/BTSQ/?locator=21
https://paperpile.com/c/iNxOcZ/tcbD/?locator=7
https://paperpile.com/c/iNxOcZ/tcbD/?locator=7
https://paperpile.com/c/iNxOcZ/tcbD/?locator=7
https://paperpile.com/c/iNxOcZ/tcbD/?locator=7
https://paperpile.com/c/iNxOcZ/HZbZ/?locator=1
https://paperpile.com/c/iNxOcZ/HZbZ/?locator=1
https://paperpile.com/c/iNxOcZ/HZbZ/?locator=1
https://paperpile.com/c/iNxOcZ/k1cL
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et al., “Glossary of Mobility-Related Terms”). The report makes note that the “standard values 

used in the Urban Mobility Report are supplied with the speeds from INRIX” (Lomax et al., 

“Glossary of Mobility-Related Terms”). Total delay miles of travel were defined and calculated 

by “establishing a congestion threshold,” and a “delay” is calculated by analyzing the “time 

period once the speeds are lower than the congestion threshold” (Lomax et al., Urban Mobility 

Report 2019 Appendix A: Methodology 13). Total delay hours are relevant to this study because 

the difference between the 2000 to 2010 data could be correlated with the degree of urban sprawl 

in an MSA. 

 

Percent Who Drive an Automobile to Work 

 Including the percentage of the population that drives an automobile to work was based 

on the idea that less compact cities would have an increased travel distance to get from point A 

to point B, which means that a larger percentage of the population may choose to travel by 

automobile. This data was taken from both the 2000 and 2010 United States Census in the 

“Journey to Work” data tables. This section focuses on the commuting trends of the population 

in each MSA. 

 

Population that Commutes 20+ Minutes 

 This variable was analyzed to compare the change from 2000 to 2010 to see if a larger 

portion of the population was commuting for a longer time than before. The data was sourced 

from the 2000 and 2010 United States Census in the “Journey to Work” data tables. Under the 

Census, this variable is called “Travel time to work.” It is sorted in increments based on the 

duration of the commute, such as the number of people that traveled 10-14 minutes to work, 15-

https://paperpile.com/c/iNxOcZ/k1cL
https://paperpile.com/c/iNxOcZ/k1cL
https://paperpile.com/c/iNxOcZ/k1cL
https://paperpile.com/c/iNxOcZ/tcbD/?locator=13
https://paperpile.com/c/iNxOcZ/tcbD/?locator=13
https://paperpile.com/c/iNxOcZ/tcbD/?locator=13
https://paperpile.com/c/iNxOcZ/tcbD/?locator=13
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19 minutes to work, 20-24 minutes to work, 25-29 minutes to work, 30-34 minutes to work, etc. 

For this report, the data points were combined to create the variable of those who drove 20+ 

minutes to work. There is a change in how the Census presented the data from 2000 to 2010. In 

2000, the number of employed people age 16+ was displayed, and the percentage of that 

population traveling X minutes in their commute was shown. In 2010, the Census displayed this 

by stating the total number of people in the population who worked that traveled X minutes in 

their commute to work. To make the data points more consistent, the 2000 percentages were 

converted to whole numbers by multiplying the percentage of the population that traveled for X 

minutes. Then each portion of the people traveling X minutes to work was added together to 

create the variable of the number of people who commute 20+ minutes to work. 

 

Study area  

         This study focused on 60 different metropolitan statistical regions (MSAs) located in the 

United States. These regions were chosen based on the sprawl indices data published in 2002 and 

2014, based on data from the 2000 and 2010 Census. The indices of the original 83 MSAs in the 

2002 study to the 2014 study were compared, and 29 MSAs were chosen based on having the 

largest negative change in their index, meaning that the MSA had become more sprawling. 

Allentown- Bethlehem-Easton, a control MSA, was also included, which was the MSA that 

showed the least amount of change in compactness over the 14 years. An additional 30 MSAs 

were also included based on their sprawl indices having the largest positive change over the 10 

years, which means they had become more compact. 



Ries 16 

 

Understanding MSAs 

The United States Office of Management and Budget (OMB) has published standards to 

understand each type of metropolitan area, MA, the overarching, general term used to refer to 

metropolitan areas. However, four subcategories are more specific, including MSA. According 

to the OMB, the general concept of an MA is “that of a core area containing a substantial 

population [≥50,000] nucleus, together with adjacent communities having a high degree of 

economic and social integration with that core” (United States Census Bureau, “About”; “How Is 

a Metropolitan Area Defined?”). 

 Underneath the category of MA is MSA, consolidated metropolitan statistical area 

(CMSA), primary metropolitan statistical areas (PMSA), and core-based statistical areas 

(CBSA). There are also New England county metropolitan areas (NECMAs) which are an 

alternative set of areas defined for the six New England States. 

 The following definitions were taken from the Geographic Areas Reference Manual 

published by the United States Census Bureau. Each of the different MSAs in the study are 

classified by one of these terms. 

Metropolitan Statistical Area (MSA)- one or more counties that contain a city of 

50,000 or more inhabitants, or contain a Census Bureau-defined urbanized area (UA) and 

have a total population of at least 100,000 (75,000 in New England). Counties containing 

the principal concentration of population—the largest city and surrounding densely 

settled area—are components of the MSA. Additional counties qualify to be included by 

meeting a specified level of commuting to the counties containing the population 

concentration and by meeting certain other requirements of metropolitan character, such 

https://paperpile.com/c/iNxOcZ/zRRk+PJfQ
https://paperpile.com/c/iNxOcZ/zRRk+PJfQ
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as a specified minimum population density or percentage of the population that is urban. 

MSAs in New England are defined in terms of cities and towns, following rules 

concerning commuting and population density. 

Consolidated Metropolitan Statistical Area (CMSA)- An area that meets the 

requirements to qualify as an MSA and also has a population of one million or more 

becomes a CMSA if component parts of the area are recognized as PMSAs. 

Primary Metropolitan Statistical Areas (PMSA)- Subareas may be defined within an 

area that meets the requirements to qualify as an MSA and also has a population of one 

million or more. The definition of these subareas, called PMSAs, requires meeting 

specified statistical criteria and having the support of local opinion. A PMSA consists of 

a large urbanized county or a cluster of counties (cities and towns in New England) that 

demonstrate strong internal economic and social links in addition to close ties with the 

central core of the larger area. Upon the recognition of PMSAs, the entire area of which 

they are parts becomes a CMSA. All territory within a CMSA is also within some PMSA 

(United States Census Bureau, Geographic Areas Reference Manual). 

Over the years, changes have been brought to the definitions and guidelines of the 

different types of MAs. There was a delineation that occurred in 2003 that changed how the data 

in this study is approached. While the specific details of the change do not need to be discussed, 

the changes restructured some of the core North American MSAs including the area surrounding 

New York City, Los Angeles, and the Miami area. To summarize the effects of the change, some 

large areas were divided into multiple separate PMSAs. Additionally, three MSAs merged to 

become one MSA. This change affected this study because some of the 2000 MSAs were not the 

same in 2010 (Ottensmann 5). This issue was mediated by finding a new index that took into 

https://paperpile.com/c/iNxOcZ/fE1T
https://paperpile.com/c/iNxOcZ/fE1T
https://paperpile.com/c/iNxOcZ/fE1T
https://paperpile.com/c/iNxOcZ/kQrU/?locator=5
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account the changes in MSAs and adjusted the sprawl indices accordingly for the MSAs affected 

by the issue.  

Figure 2. Map of MSAs analyzed in this study.  
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MSAs analyzed 

MSAs marked with * were affected by the restructuring.

Albany-Schenectady-Troy, NY MSA 

Albuquerque, NM MSA 

Allentown-Bethlehem-Easton, PA-NJ MSA 

Anaheim-Santa Ana, CA PMSA* 

Atlanta, GA MSA 

Austin, TX MSA 

Baton Rouge, LA MSA 

Birmingham, AL MSA 

Bridgeport-Stamford-Norwalk-Danbury, CT NECMA 

Buffalo, NY PMSA 

Cincinnati, OH-KY-IN PMSA 

Colorado Springs, CO MSA 

Columbia, SC MSA 

Dallas, TX PMSA 

Denver, CO PMSA 

Detroit, MI PMSA 

El Paso, TX MSA 

Fort Lauderdale-Hollywood-Pompano Beach, FL PMSA* 

Fresno, CA MSA 

Gary-Hammond, IN PMSA 

Grand Rapids, MI MSA 

Greensboro-Winston-Salem-High Point, NC MSA 

Hartford-New Britain-Middletown-Bristol, CT NEC* 

Houston, TX PMSA 

Indianapolis, IN MSA 

Jacksonville, FL MSA 

Kansas City, MO-KS MSA 

Las Vegas, NV MSA 

Los Angeles-Long Beach, CA PMSA* 

Memphis, TN-AR-MS MSA 

Miami-Hialeah, FL PMSA* 

Milwaukee, WI PMSA 

Minneapolis-St. Paul, MN-WI MSA 

New Haven-Waterbury-Meriden, CT NECMA 

New York, NY PMSA* 

Newark, NJ PMSA* 

Norfolk-Virginia Beach-Newport News, VA MSA 

Oakland, CA PMSA* 

Omaha, NE-IA MSA 

Orlando, FL MSA 

Oxnard-Ventura, CA PMSA 

Philadelphia, PA-NJ PMSA 

Phoenix, AZ MSA 

Pittsburgh, PA PMSA 

Portland, OR PMSA 

Providence-Pawtucket-Woonsocket, RI NECMA 

Raleigh-Durham, NC MSA 

Riverside-San Bernardino, CA PMSA 

San Antonio, TX MSA 

San Francisco, CA PMSA* 

San Jose, CA PMSA* 

Seattle, WA PMSA 

St. Louis, MO-IL MSA 

Syracuse, NY MSA 

Tampa-St. Petersburg-Clearwater, FL MSA 

Tucson, AZ MSA 

Tulsa, OK MSA 

Vallejo-Fairfield-Napa, CA PMSA 

Washington, DC-MD-VA MSA 

West Palm Beach-Boca Raton-Delray Beach, FL MSA*

.  
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Results 

 Multiple ANOVAs on the data were run that focused on the relationship between the 

level of sprawl and average change in pollution variable; see Figure 1 in the Methods section for 

a visual on how the data was organized to run the ANOVAs. 

Figure 3. Chart depicting the average change in PM2.5 levels in MSAs with increasing and decreasing 

levels of sprawl from 2000 to 2010. Margin of error bars are included. 

Table 1. Table depicting the results of the ANOVA comparing the levels of change in PM2.5 in MSAs 

with increasing and decreasing levels of sprawl from 2000 to 2010. 

 

The first relationship analyzed was between the Change in PM2.5 levels in MSAs that 

became more compact (decreasing) and MSAs that became more sprawled (increasing). MSAs 

SUMMARY

Groups Count Sum Average Variance

Increasing 30 -90.35 -3.011812186 4.189899297

Decreasing 23 -101.2 -4.399646368 2.280827121

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 25.0754295 1 25.07542952 7.448786135 0.008689589 4.030392595

Within Groups 171.685276 51 3.366377966

Total 196.760706 52
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in the decreasing category saw a larger decline of average PM2.5 levels over ten years, -4.40 on 

average. Increasing MSAs saw a smaller decline of PM2.5 levels over the ten years, -3.01. An 

ANOVA found this relationship to be statistically significant (p < 0.01). For MSAs that saw less 

sprawl and more density, we observe significantly (p < 0.01) higher rates of decreasing PM2.5 

between the periods than those MSAs that become more sprawling. This was the most relevant 

finding that supported the hypothesis and helped answer the research question: air pollutants in 

sprawling cities are decreasing at a slower rate than less sprawled cities. 

Figure 4. Chart depicting the average change in percent change PM2.5 levels in MSAs with increasing 

and decreasing levels of sprawl from 2000 to 2010. Margin of error bars are included. 

Table 2. Table depicting the results of the ANOVA comparing the levels of percent change in PM2.5 in 

MSAs with increasing and decreasing levels of sprawl from 2000 to 2010. 

SUMMARY

Groups Count Sum Average Variance

Increasing 30 -6.642 -0.221393621 0.014551902

Decreasing 23 -7.295 -0.317189658 0.005904248

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.1194726 1 0.119472597 11.04025695 0.001654625 4.030392595

Within Groups 0.55189861 51 0.010821541

Total 0.67137121 52
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The percent change of PM2.5 in MSAs that became more compact and MSAs that 

became more sprawling was also analyzed. More compact MSAs had a greater decrease of 

percent change of PM2.5, -0.32, and more sprawled MSAs had a smaller decrease of -0.22. An 

ANOVA was run and proved that there was a significant difference (p < 0.01). This also supports 

the hypothesis and shows that PM2.5 is decreasing in a more compact MSA faster than in cities 

that have sprawled. There is not as big of a difference in percent change of PM2.5 as there was in 

the change in PM2.5, but this is a more nuanced variable that factors in the specific degree of 

change in each MSA and not just absolute change. 

Figure 5. Chart depicting the average percent change in Daily AQI levels in MSAs with increasing and 

decreasing levels of sprawl from 2000 to 2010. Margin of error bars are also included. 

 

Percent change in the rest of the pollution variables was then selected to further refine the 

data analysis to factor in more specific change variables. Percent change in the average daily 

AQI was analyzed as well. The initial findings found that MSAs categorized as increasing 

decreased an average of -0.08, which the more compact MSAs decreased only by -0.005. An  
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ANOVA was run and proved the statistical significance of p = .015. This is an interesting finding 

because it does not support the hypothesis. It also shows that the average percent change of AQI 

levels does not appear to behave similarly to the average percent change of PM2.5 levels in the 

same test. 

Table 3. Table depicting the results of the ANOVA comparing the levels of percent change in average 

daily AQI in MSAs with increasing and decreasing levels of sprawl from 2000 to 2010. 

Figure 6. Chart depicting the average change in percent change of ozone levels in MSAs with increasing 

and decreasing levels of sprawl from 2000 to 2010. Margin of error bars are also included. 

 

The average percent change in average ozone was also analyzed. Similar to the 

relationship between MSAs with increasing and decreasing urban sprawl and average percent 

SUMMARY

Groups Count Sum Average Variance

Increasing 30 -2.513 -0.08375389 0.009982944

Decreasing 22 -0.114 -0.005202515 0.015452705

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.07831558 1 0.078315581 6.377363802 0.014774867 4.034309707

Within Groups 0.61401218 50 0.012280244

Total 0.69232776 51
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change in AQI, MSAs that were considered to be increasing decreased their percent change in 

ozone levels on average by -0.02 over 10 years. While MSAs that were classified to be compact 

increased their average of percent change ozone by 0.34. These are both very small integers of 

change. However, it was very surprising to see that the percent change in ozone in more compact 

cities had increased instead of decreased at a slower rate. An ANOVA was run and found that 

this relationship is statistically significant with p = .015. 

Table 4. Table depicting the results of the ANOVA comparing the levels of percent change in average 

ozone in MSAs with increasing and decreasing levels of sprawl from 2000 to 2010. 

 

To further analyze the PM2.5 variable, which is performed differently than the other 

pollution variables, the percent change of days of exceedance was investigated. An ANOVA did 

not detect a significant difference, (p > 0.05), but the chart can be observed anecdotally still. The 

MSAs that had become more compact still had an increased amount of percent change in days of 

exceedance of PM2.5, 0.07, while MSAs that had increased in level of sprawl saw a larger 

increase of 0.27. The decreasing margin of error bar that overlaps 0 is an indication that although 

there was a positive increase, it is not significantly different from 0. The increasing MSAs do not 

see that overlap in the MOE bar with 0, which means that it is significantly more than 0. Again, 

SUMMARY

Groups Count Sum Average Variance

Increasing 30 -0.636 -0.021192709 0.005079436

Decreasing 23 0.8035 0.034935908 0.008447889

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.04101492 1 0.041014924 6.278601239 0.015453873 4.030392595

Within Groups 0.33315718 51 0.006532494

Total 0.37417211 52
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the ANOVA did not prove that the relationship was significantly different, but there is 

identifying evidence that there is a significantly greater change for increasing MSAs than 0. 

Figure 7. Chart depicting the average change in percent change of PM2.5 days in exceedance levels in 

MSAs with increasing and decreasing levels of sprawl from 2000 to 2010. Margin of error bars are also 

included. 

 

Table 5. Table depicting the results of the ANOVA comparing the levels of percent change of PM2.5 

days in exceedance in MSAs with increasing and decreasing levels of sprawl from 2000 to 2010. 

 

 

SUMMARY

Groups Count Sum Average Variance

Increasing 30 8.1323 0.271076887 0.438084008

Decreasing 23 1.697 0.073781517 0.383082815

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 0.50676546 1 0.506765461 1.223013571 0.273959637 4.030392595

Within Groups 21.1322582 51 0.414358003

Total 21.6390236 52
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Discussion 

 Figure 8. Chart depicting pollutants are emitted by a variety of sources. “National Emissions By 

Source Category.” United States Environmental Protection Agency, 2018. 

 

Out of the relationships analyzed, the average change of PM2.5 and the average percent 

change of PM2.5 were the only relationships that supported one of the hypotheses. The 

overarching theme in the findings of this study is that the relationships are more complex than 

initially thought. There are so many different factors that can influence air pollution outside of 

urban sprawl and transportation variables that could not be explored in the scope of the study. 

Data was produced for the pollution variables through multiple sensors spread out over each 

MSA- not all metro areas are consistent. There are industrial areas that could produce more air 

pollution, there are less populated areas that could produce significantly less, and because the air 

pollution variables were taken from the averages of all of the sensors, there may be skewed 

values that are offsetting the averages. Figure 7 on the previous page, taken from the EPA’s trend 
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report on the Clean Air Act passed in 1970, shows the national makeup of emission sources and 

their averages. 

Figure 9. Chart depicting different levels of emissions between the years 1990 to 2018. “National 

Emissions By Source Category.” United States Environmental Protection Agency, 2018. 

 

While the PM2.5 data analysis does support the hypothesis, the next question is, why is it 

the only air pollution variable performing this way? Another chart, Figure 8, produced by the 

EPA Clean Air Act trend report, shows that PM2.5 had one of the faster declines in the nation 

overall than other pollution variables, which helps to support the data analysis that there was an 

overall decrease in PM2.5 levels.  

There, again, could be many reasons, is there a more aggressive approach to reducing 

PM2.5 levels compared to the other pollutants? One regulation that was introduced in 2005 as a 

part of the Energy Policy Act of 2005 is the Diesel Emissions Reduction Act (DERA) that 

provides funds to retrofit diesel-powered vehicles with emission reduction systems  (United 

States Environmental Protection Agency). According to a California Air Resources Board report, 

it is predicted that diesel emissions contribute to 8% of the PM2.5 emissions (“Overview: Diesel 

https://paperpile.com/c/iNxOcZ/Joiy
https://paperpile.com/c/iNxOcZ/Joiy
https://paperpile.com/c/iNxOcZ/RaBC


Ries 28 

Exhaust & Health”). DERA is one of the major legislations passed that could explain some of the 

significant changes in PM2.5 emission levels. There could be other federal regulations as well as 

individual state regulations. 

 

Recommendations 

 The discussion of the study’s findings posed that this was scratching the surface, and 

there are many other avenues and multiple questions that could not be explored within the 

timeframe given for the study. One of the biggest findings is that the relationships between these 

variables may be more complex than the current linear models are structured. A recommendation 

to further analyze and try to answer these research questions is to determine if the variables are 

non-linearly related. Also, it was suggested to explore if there are other ways in which the 

variables might be defined and aggregated or disaggregated. An example of this is how “Days in 

exceedance of PM2.5” was calculated (see the explanation of the variable in the methods). There 

could have possibly been a better way to calculate that that was a more comprehensive indication 

of the effect or sprawl. Dr. Currans suggested an alternative way of calculating that specific 

variable, perhaps within each MSA, each air quality sensor can be incorporated as one data point 

(multiple data points for each sensor). A future analyst can append density information about the 

area/neighborhood around the sensor as a way to capture the hotspot effect of air quality. 

 

Limitations 

 The study’s biggest limitation was discovering the 2003 restructuring of MSAs by the 

Office of Management and Budget. There was a severe lack of information regarding the 

changes that made them extremely hard to understand. The Census deleted all the records 

https://paperpile.com/c/iNxOcZ/RaBC
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regarding the change, so other reputable, consistent sources had to be found. The restructuring 

issues were centered around the Miami, West Palm Beach metro area, the Los Angeles, Long 

Beach metro area, the San Francisco, Oakland metro area, and the New York City, Newark, 

Greenwich metro area. The restructuring caused the PMSAs in the Miami metro area to be 

merged into one PMSA instead of three PMSAs. The other metro areas were divided into smaller 

PMSAs. To remedy the problem, a 2010 composite score index was found that factored in the 

changes to overcome this issue and allow for comparisons between years. It took a significant 

amount of time to thoroughly understand the differences and definitions of the different types of 

metro areas to establish the problem and the different types of variables involved. The new 

composite scores were able to take the restructuring process into account, so the change in 

sprawl variable was calculated accurately, which is the variable that helped to pick the specific 

MSAs studied in this report. 

 

Conclusion 

 Before starting this study, it was known that urban sprawl is a very complex and 

interconnected issue. This research aimed to shed light specifically on the relationship between 

urban sprawl and declines in air quality. Using the sprawl indices established by two Smart 

Growth America studies as a foundation, the project focused on analyzing how different air 

pollution and transportation variables, two potential areas that are affected by urban sprawl, had 

changed over the 10 years between the original sprawl indices studies. 

The results highlighted the outlier of PM2.5 levels that had decreased and decreased more 

rapidly in areas that were considered to have become more compact. This was able to answer one 

of the research questions posed at the beginning. The rest of the pollution variables did not 
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perform as hypothesized, but this could help shed light on the complexity of the causes of air 

pollution and the level of regulations in the United States that influence the levels of air 

pollution. There is a great base with a ton of already organized data that other researchers can 

easily expand on. Due to time limitations not, every single question posed over the last two 

semesters of research was able to be answered, but there are still plenty of avenues that can be 

explored that have been defined by this research.  
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