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Abstract
Air pollution has been considered as an influential environmental factor affecting both
local government policies and the general public’s decisions on housing within large
metropolitan areas. In the past few decades, the United States achieved excellent results
on a large scale. However, in some major industrial metropolitan areas, air pollution still
stays at relatively high levels. In related environmental studies, environmental justice is
often emphasized to eliminate or mitigate social imbalance among urban communities.
However, fewer studies have adopted quantitative methods to assess the effectiveness of
existing environmental policies. Taking the Houston region as an empirical case, this
study examines the impact of air pollution on local housing prices and racial
distributions, as well as the impact of regional environmental protection policies on local
housing prices. This study adopts Hedonic price model and employs housing prices in the
Houston area to quantify the impact of urban ozone pollution on local communities and
populations, as well as to test the responses of housing prices to governmental
environmental policies. First, it finds that housing prices in Harris County are negatively
correlated with house age, and positively correlated with variables such as floor area,
1
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school district quality, transportation accessibility, and household incomes, which are
consistent with the general principles of urban economics. Second, accessibility analysis
shows that housing prices are inversely related to the urban centers, which reflects the
spatial pattern of urban development in the United States. In addition, this study finds that
air pollution has an unbalanced impact on the urban communities where ethnic minorities
concentrate. Finally, the evaluation of the environmental standards released by the EPA
in three different years (1997, 2008, and 2015) shows that the environmental policies
have two major impacts. First, the policies have lagged effects on housing prices; second,
the implementation of the new environmental policies, in general, there has significant
positive effects on local housing prices. This study explores the relationship between air
pollution and the housing market in the Houston area, and in-depth discusses the
effectiveness of local environmental policies.

Keywords: air pollution, housing prices, environmental policies, population distribution,
urban centers
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CHAPTER 1: INTRODUCTION

Background
Beginning from the 1960s, environmental deterioration has been widely recognized in the
United States, and air pollution in many large metropolitan areas has become one major
public concern. Year 2020 was the 50th anniversary of the United States Environmental
Protection Agency (EPA) since it was established in December 1970 as a federal
government entity to monitor national environment conditions, investigate major
pollutants, regulate state pollution control activities, and provide financial and technical
support to state pollution control programs.
Air pollution not only harms people’s health, but also impairs economic development.
Many environmental studies (Anderson, 1971; Bayer et al, 2009; Hajat et al, 2015;
Hamilton & Phaneuf, 2015; Lang, 2015; Zabel, 2015) reported that air degradation has
impact on people’s choices on housing. For the general public, owning a residential
property is among the largest investment of a household (Kemeny, 2001). It takes a lot of
careful considerations and hard working for a home buyer to make the purchase. Home
buyers tend to measure and compare all important housing amendments before they make
their final offer. Therefore, housing price is often used as an indicator to evaluate local
economic development.
Housing prices have often been used as an indicator to evaluate the socio-economic
welfare of communities. Housing defines people’s life choices and therefore constructs
1
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the built environment (Kemeny, 2001).

People’s choice on different housing units

reflects their needs and preferences, such as the size of the house, the number of rooms,
distance from work, as well as environmental quality. After Rosen (1974) introduced the
Hedonic Price Modeling to study the impact of air pollution on housing prices, a large
number of studies have been conducted to examine the connection between air quality
and housing (Brasington & Hite, 2003; Schweitzer & Zhou, 2010; Brochu et al, 2011;
Gray et al, 2013; Chlark et al, 2014).
Over the past half century, under the regulation of EPA, many states have been able to
successfully reduce their levels of air pollution. EPA has reported that from 1970 to 2019,
the US gross domestic product (GDP) increased 285%, population increased 60%,
vehicles miles traveled increased 195%, energy consumption increased 48%, but carbon
dioxide (CO2) emission only increased 25% and aggregate air pollution reduced by 77%
(see Figure 1). The levels of all major air pollutants have been reduced in the past several
decades.
Table 1: Percent Change in Emissions
Pollutant
Carbon Monoxide
Lead

1980 vs 2019
-75
-99

1990 vs 2019
-69
-87

2000 vs 2019
-56
-76

2010 vs 2019
-27
-30

NOx

-68

-65

-61

-41

VOC

-59

-47

-27

-18

Direct PM10

-63

-30

-27

-17

Direct PM2.5

---

-36

-43

-20

Sulfur Dioxide

-92

-91

-88

-73

Source: EPA Air Quality - National Summary (https://www.epa.gov/air-trends/airquality-national-summary)
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Table 1 shows the significant reduction emissions from 1980, 1990, 2000, and 2010 to
2019. According to EPA’s air quality national summary, from 1980 to 2019, emission of
carbon monoxide reduced by 75%, emission of lead decreased by 99%, Nitrogen Oxides
(NOx) emission reduced by 68%, Volatile Organic Compounds (VOC) emission reduced
by 59%, Particle Matter 10 (PM10) emission reduced by 63%, Particle Matter 2.5
remission (PM2.5) reduced more than 36%, and Sulfur Dioxide emission reduced by
92%.
Figure 1: Growth Areas and Emissions, 1970-2019

Source: EPA, Air Quality – National Summary, https://www.epa.gov/air-trends/airquality-national-summary

The dramatic reduction of air emission is benefited from technology improvement and
deindustrialization in the US. Even though the overall air quality has been improved
nationwide, there are still a great number of populations suffering from bad air quality in
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certain areas. EPA has reported that by 2019, about 81.9 million people reside within
counties that have at least one air pollutant concentrations exceed the standard of
NAAQS. About 2.8 million people live in area that has 1-hour SO2 exceeds EPA
standard; 15.4 million people live in area that has annual/24-hour PM2.5 level over EPA
standard; and 22.5 million people live in area with 24-hour PM10 level above EPA
standard. But among all these pollutants, the most concerned is the ground level ozone
pollution. Currently, there are about 73.9 million American people living in the area with
high ozone level exceeding the NAAQS required level (see Figure 2).
Figure 2: Number of People Living in Counties with Air Quality Concentrations Above
the Level of the NAAQS in 2019

Source: EPA Ozone Trend, https://www.epa.gov/air-trends/ozone-trends
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Why Ozone?
Ozone can be found in different layers of the atmosphere, the upper level of ozone creates
protection for the earth ecosystem, but the ozone on the ground level is harmful to health.
The formation of ground level ozone is through a series of photosynthesis chemical
reactions stimulated by sun light. During the warm seasons, in late spring or summer,
high temperatures escalated this process that results in high ozone concentration on the
ground level. Meteorological factors could affect ozone level because dry and warm air in
urban areas can be more conducive to ozone formation. Also, the two necessary
substances, NOx and VOCs, can travel with wind. Therefore, ozone can influence large
areas that are far from the emission sources. Exposure to ozone is harmful to human
health, as it may cause respiratory diseases, such as coughing and asthma attack,
especially to seniors and toddlers. Industrial emissions include a large amount of Volatile
Organic Compounds (VOCs) and Nitrogen oxides (NOx), both can further form Ozone
with the presence of sunlight under suitable weather conditions. Therefore, when people
are comparing houses in different locations, air pollution can be a very important factor
to affect their decision making. In many non-industrialized cities, air quality may not be
an important factor affecting people’s residential housing decisions. But within some
large metropolitan areas, like Houston, where industrial emissions are the primary source
of air pollution, residents must choose carefully for a location with better air quality.
Hence, housing market is assumed to be affected by such consumer behaviors that make
lower socio-economic status population be unequally affected by air pollution.
According to EPA’s report, in 2019 there were over 70 million tons of pollutants
generated nationwide, most of them contributed to the formation of ozone and particles,
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acids, and smog. As ozone is generated from the chemical reaction of VOCs and NOx,
ozone is the most common pollutant within the urban area. Currently, there are currently
over 73 million population impact by ozone. The national ozone annual 4th maximum of
daily max 8-hour average trend (See Figure 3) shows that, ozone level was reduced from
0.09 parts per million (ppm) in 1990 to 0.075 ppm in 2019. However, the NAAQS
required ozone annual fourth-highest daily maximum 8-hour concentration level is 0.070
ppm. It indicates that the national ozone level is still above the required standard. Even
though the overall emission of air pollutants has been reduced largely, the ozone level has
not sharply dived, instead it shows a slowly decreasing trend.
Figure 3: Ozone Air Quality (1990 – 2019)

Source: EPA Ozone Trend, https://www.epa.gov/air-trends/ozone-trends
Based on the NAAQS, EPA has classified certain regions that have not met the required
air quality level as nonattainment areas. Most of these nonattainment areas are the centers
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of industrial productions (See Figure 4-6). In 2015, EPA reviewed the air quality criteria
for ozone and had made some revisions to its 2008 standard, including the ground level
ozone measurement standard, which was changed from 75 parts per billion (ppb) to 70
ppb. Based on the 1997 8-hour ozone standard, by year 2015 a big portion of state
California has extreme high level of ozone; the states in the northeast have serious to
moderate level of ozone presence; As for the two large metro are in Texas, Dallas shows
serious ozone concentration while Houston has severe level of ozone presence. The
condition was slightly lightened under the NAAQS 2008 standard, but more metro areas
are designated as nonattainment, including Chicago, Phoenix, and Denver. Even though
that state of California is still showing extreme ozone concentration, the northeast states
have some improvement, changing from serious to marginal level. In the state of Texas,
both Dallas and Houston are showing serious level of ozone. Though more metropolitan
areas are classified as nonattainment under the NAAQS 2015 standard, few have the
severe level of ozone, which shows widely improved cross the country.
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Figure 4: 8-Hour Ozone Nonattainment Areas (1997 Standard – Revoke)

Source: EPA Green Book, https://www.epa.gov/green-book/green-book-gis-download
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Figure 5: 8-Hour Ozone Nonattainment Areas (2008 Standard)

Source: EPA Green Book, https://www.epa.gov/green-book/green-book-gis-download
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Figure 6: 8-Hour Ozone Nonattainment Areas (2015 Standard)

Source: EPA Green Book, https://www.epa.gov/green-book/green-book-gis-download
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Figure 7: 8 Hour Ozone Nonattainment and Maintenance Areas (1997 Standard –
Revoked)

Source: EPA Green Book, https://www.epa.gov/green-book/green-book-gis-download
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Problem Statement
Even though the overall air quality has been greatly improved national wide since the
1970s, the number of nonattainment areas have increased. As an important indicator of
air pollution, ground level ozone has its concentration level largely reduced according to
EPA’s observation. On the other hand, the Clean Air Act (CAA) has been revised and
amended several times since it was fist passed in the 1960s. Several environmental
studies (Grineske et al, 2007; Marshall, 2008; Miranda et al, 2011; Clark et al, 2014;
Hajat et al, 2015) have addressed the US environmental policy, but none has used
quantitative method to evaluate the impacts of the revised Clean Air Act on housing
prices. This study intends to find out what kind of impacts the changes of the CAA have
imposed on local housing market through the analysis of the policy changes of the Clean
Air Act.
According to EPA, the first federal regulation on air pollution was the Air Pollution
Control Act (APCA) of 1955, which granted the federal government authority to provide
financial support on air pollution research. The first air pollution control related
legislation was the Clean Air Act of 1963 which administrated air quality monitoring, air
pollution controlling and research.

APCA
1955

CAA 1963

AQA 1967

CAA 1970

1977
CAAA

1990
CAAA
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To strengthen air pollution control, the Air Quality Act (AQA) was passed in 1967 as an
amendment to the CAA 1963. It empowers states to conduct more air monitoring
research and stationary emission regulation.
The Clean Air Act of 1970 is also a milestone for the federal government to regulate and
control air pollution. The 1970 CAA authorized the NAAQS, required state to establish
State Implementation Plans (SIPs), passed the New Source Performance Standards
(NSPS), and created the National Emission Standards for Hazardous Air Pollutants
(NESHAPs). In addition, the EPA was created in 1970 under the 1970 CAA to act as an
entity to administrate and implement these standards. Two more amendments were made
to the 1970 CAA, including Clean Air Act Amendments 1977 (1977 CAAA) and Clean
Air Act Amendments of 1990 (1990 CAAA) (see Appendix A).
There were three major revisions on the NAAQS for ground ozone level, the 1997 8Hour Ozone NAAQS, the 2008 8-Hour Ozone NAAQS, and the 2015 8-Hour Ozone
NAAQS. In 1997, the 1-hour ozone standard was replaced by the 8-hour ozone standard,
which became effective in September 1997. This ozone standard sets three-year average
of the annual fourth-highest daily maximum 8-hour average ozone concentration at 0.08
ppm. In March 2008, another revision was made to reduce the ozone standard to 0.075
ppm for both primary and secondary 8-hour ozone levels. The latest revision was made in
October 2015 to set the ozone 8-hour average as 0.070 ppm.
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1-Hour Ozone
NAAQS

1997 8-Hour
Ozone NAAQS

2008 8-Hour
Ozone NAAQS

2015 8-Hour
Ozone NAAQS

This study examines the impact of air pollution on housing prices and analyzes the
potential effect of these 8-hour ozone standards. It employs the hedonic price model and
quantify the policies by employing dummy variables to examine the impact of ozone
standards on the changes of local housing prices.

Research Questions
A large number of environmental justice articles concluded that lower socio-economic
population groups tend to suffer more from air pollution (Bae, 2007; Kim et al, 2010;
Gray et al, 2013; Hajat et al, 2015;), However, some studies claim otherwise (Jason et al,
2011; Brasington & Hite, 2005). The existing literature has not reached an agreement on
the issue. More empirical studies may help to quantify the effects of air pollution on
housing prices and enhance the understandings of the issue. This study tends to answer
the following three questions:
1) Is housing price influenced by ozone?
2) Are low socio-economic population groups more likely to suffer from air
pollution?
3) What kind of impact the Clean Air Act legislations have on local housing price?

15

Organization of the Study
Economists have developed profound statistical methods to study the rationalities of
individual behavior patterns by estimating the monetary value of demands. One popular
method is to use hedonic price function that converts common goods into implicit prices.
Based on this theory, housing prices can be treated as the sum of individual prices of
various internal and external amendments. The internal variables usually contain the
structural characteristics of a house, and the external variables include socio-economic
status, environment quality, transportation, accessibility, etc. Air quality can be treated as
an amendment to the housing units with implicit value. This study employs the hedonic
model as a linear regression function to examine the relationship between ozone level and
housing prices. Conclusions are drawn based on the regression results.
This study also has some limitations that environmental data used in this study is annual
mean, which may not be able to reflect the real ozone level during certain time of the
year. Another limitation is that site monitored ozone data is being interpolated using
statistical modeling to estimate regional ozone level. The interpolated ozone may not
represent the real ozone level in certain area. This study is constructed as follow: Chapter
I Introduction; Chapter II: Literature Review; Chapter III: Methodology; Chapter IV:
Results and Discussion; Chapter V: Conclusion.

CHAPTER 2: LITERATURE REVIEW
Air Quality Studies
Between 1960s to the 80s, many air pollution studies employed the US cities as empirical
cases. Ridker and Henning (1967) stated that the market value of a house is determined
by a set of attributes; they used St. Louis metropolitan area as case study, and concluded
that by certain improvement of air quality, property value would increase largely.
Sherwin Rosen (1974) developed a classic hedonic price model that incorporates the
housing characteristics as explanatory variables and regards air pollution as an implicit
factor to residential property values. Harrison & Daniel (1978) investigated the Boston
metropolitan area housing market and examined consumers’ willingness to pay for clean
air using the hedonic housing price model; Nelson (1978) used Rosen(1974)’s two step
model to estimate demand for urban air quality in Washington, D.C. Anderson and
Crocker (1971) studied ambient air concentrations in three metropolitan areas, including
Washington, Kansas City, and St. Louis.
Since 2000, many cities in Asian countries have become visible regarding air pollution.
Ahmad Shazrin Mohamed Azmi et al. (2012) study Bangkok using air quality index as
air quality indicator to study the relationship between air quality and property values.
When economy is booming dramatically, more environmental concerns have raised
within developing countries. During the past decade, more scholars have paid attention to
the effects of air quality in developing countries. Yang and Zhang (2018) studied the air
pollution related healthcare expenditure in China. Chen and Jin (2019) mentioned the
effects of PM2.5 concentrations on housing prices within 286 Chinese cities from 2005 to
2013. They incorporated a ventilation coefficient as the instrumental variable of PM2.5 in
16
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a two-stage least square regression. They found that the cities with higher pollution (PM
2.5) face lower housing prices while housing prices are largely affected by population
density, average wage, industrial structure, and level of public services, etc. Additionally,
the authors concluded that the coefficient of instrument variable is two times higher than
the coefficient of PM2.5 in OLS, thus ten percent increase in PM2.5 could cause 2.4%
decrease in average housing prices.
There are also empirical case studies of air quality in the European counties. French
scholars Le Boennec and Salladarre (2017) discussed the impact of air pollution and
noise on real estate market. Based on their findings, they argued that air pollution had no
significant impact on house prices, instead the real estate prices are more sensitive to
noise. Fecht et al. (2015) compared the air pollution inequalities between England and the
Netherlands to test the hypothesis that the deprived minorities population groups are
more likely to suffer higher air pollution levels.
Air Quality and Housing Prices
Housing and residential valuation is constantly an important topic in every aspect of our
society. Regardless of age, race/ethnicity, occupation, level of education, financial status,
and nationality, ownership of certain level of residential dwellings is the determination of
welfare and life quality. A house is the most important asset or investment of a family.
Consumers perform extreme careful examination and valuation of the potential amenities
on a dwelling unit. A house provides not only shelter or a sense of home, but also a
commodity on the market to be traded. By evaluating the housing market, the outcomes
can help us to understand the economic structure and to examine the efficiency of
policies.
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“Housing and residential construction are of central importance for determination of both
the level of welfare in society and the level of aggregate economic activities.” (Sheppard,
1999)
In the study of economics, the analytic methods to allocate housing prices have been
enhanced by many economists. Over nearly half a century, ever since Rosen (1974)
suggested that housing prices can be represented as a bundle of housing characteristics
with implicit prices. A wide ranges of housing amenities have been tested, including
green areas (Morancho, 2003), accessibility to CBDs/transit centers (Pan, 2013), hazard
sites (Brasing & Hite 2005), etc. As most of those characteristics have no specific market
value that can be traded between consumers, the term of implicit price was introduced
into economics to generate an estimated value for individual housing characteristic.
Frequently tested and modified from Rosen’s concept, hedonic modeling has been widely
adopted in relevant studies. It’s common knowledge that properties with good structural
characteristics and good accessibility to public services tend to have higher values.
Though the hedonic models make it possible to estimate the implicit price of air
pollution, few studies have examined the impact of air pollution on property value in
low-income neighborhood.
In the hedonic model, housing prices are expressed as a utility function of sum of
independent variables, including housing structural characteristics, neighborhood quality,
and other independent variables. Structural variables include size of home, number of
bedrooms, home age, and building condition, etc. Neighborhood quality variables include
measure as neighborhood safety, accessibility, school district ranking, as well as air
quality.

19

Table 2: Most Recent Studies on Air Quality
Author(s)

Year

Case Study
Shi Jia Zhuang,
China
Hamilton,
Ontario, Canada
Christchurch,
New Zealand

Pollutant(s)
SO2,
SO4,
Total
particulates (TSP)

Peng et al.

2002

Jerrett et al.

2005

Pearce et al.

2006

Grineske et al.

2007

Phoenix

NO2, CO, Ozone

Bae et al.

2007

Seattle
Portland

Ou et al.

2008

Hong
China

Marshall, Julian D.

2008

Arief Anshory Yusuf
2009
& Budy Resosudarmo
Bayer, P., Keohane,
2009
N., & Timmins, C.
Kim et al.
2010

and
Kong,

suspended

SO2, CoH
PM

Noise
PM10, NO2, SO2, and Ozone

California's South Benzene,
butadiene,
chromium
Coast Air Basin
particles, and diesel particles
PM10, SO2, CO, NOx, Pb, and Total
Jakarta, Indonesia
hydro carbon (THC)
US metro areas

PM10
Total suspended particles (TSP)

NO2, PM2.5, and Ozone

Su et al.

2010

Schweitzer & Zhou

2010

Miranda et al.

2011

48 United States
Vancouver
and
Seattle
80 metropolitan
areas
in
the
United States
United States

Jason et al.

2011

Los Angeles

Austin et al.

2012

Boston

Gaga et al.

2012

Eskişehir, central
NO2, SO2, Ozone, PM
Turkey

Andrea Sarzynski

2012

8038 cities world- Share of emissions from energy
wide
production

Fan et al.

2012

Gray et al.

2013

Jungho
Baek
&
2013
Guankerwon Gweisah

SO2
Ozone, Particulate
PM2.5, Ozone

PM2.5, particle number (PN)

Hong
Kong,
co, NOx, SO2, and PM10
China
North Carolina
PM2.5 and Ozone
United States

CO2

20

Author(s)
Carrier et al.

Year
2014

Case Study
Montreal

Pollutant(s)
CO, NOx, PM2.5, NO2

Clark et al.

2014

United States

NO2

King

2015

Chicago

PM10, Ozone

Corey Lang

2015

United States

PM10 (Annual mean)

Fecht et al.

2015

England and the
PM10 & NO2
Netherlands

Anjum
Hajat,
Charlene Hsia, Marie 2015
S. O'Neill
Timothy L. Hamilton
2015
& Daniel J. Phaneuf
Chen Lu, Yi Liu

2015

Rodriguez et al.

2016

Global Cities

PM, CO, SO2, NO2, Ozone, and
Lead

United States

PM 10

Northern
and
NO2 and SO2
central China
249 Large Urban
Zones
(LUZ) NO2, PM10, and SO2
across Europe

*Also see Appendix B with literature findings.
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Why Pay for Good Air Quality?
Since air pollution has great impact on people’s health, even at a low level, it can harm
vulnerable population, the elder and the young. Thus, residential location choice becomes
very critical to a household when dealing with air quality. Beside of health impact, air
pollution also imposes economic effect to our society. Harmful air pollutant substances
caused serious health issues with a large amount of economic costs. Pope et al (2015)
argued that increased air quality decreases life expectancy and income growth.
Laboratory tests have proven the fact that exposure to air pollutants cause fatal diseases.
DeMeo et al. (2004) measured the oxygen saturation with the exposure to particulate
matter and concluded that the reduction in oxygen level directly causes pulmonary
vascular and/or inflammatory changes. Dai et al. (2015) studied on the association
between ambient air pollution and out-of-hospital coronary deaths and concluded that air
pollution, as well as extreme temperatures, can increase the risk of coronary deaths when
the patients are not hospitalized. Their study filled the gap that the impact of air pollution
on public health is underestimated in developing countries, especially in those that are
experiencing rapid development and severe environmental problems like China.
Air pollution may cause cardiovascular diseases, which is one of many urgent concerns in
the general public since such diseases more likely lead to death. Liu et al (2015)
suggested that choice of proper travel mode can potentially reduce the risk of health
impact. According to the study, travel modes of private vehicle and public transportation
had lower level of air pollution exposure and walk had the highest. Air pollution
associated respiratory diseases is another important concept to discuss. Vulnerable
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population groups can be severely affected, especially during the extreme weather
conditions (Zhou et al, 2014). Respiratory mortality was discussed over thirty-two cities
in China by Zhou et al (2014), in which elderly respiratory mortality rate was proved with
positive relation to air pollution. The dependent variable used in their study was monthly
age-adjusted respiratory mortality rate. A finding is the seasonal effects on respiratory
mortalities. It concluded that when the heating season starts in winter, higher mortality
rate in the northern cities where hating was provided, but no difference during warm
seasons between the Southern and Northern parts of China (Zhou et al, 2014).
Some other health related studies as well adopted the aspect of health effects on
vulnerable population groups which contain the infants, the youth, the elderly, and
especially the pregnant female. Wu et al (2011) compared four methods by examining the
birth condition of newborns. In their study, land-use regression (LUR) model was used
to estimate the effects of NO, and the CALINE 4 was used to estimate NOX and PM2.5
levels based on the residence location of the newborn family. Their results indicated that
particulate matter is positively associated with increased risk to unfavorable birth
conditions (Wu et al, 2011).
In addition to data usage, we want to learn the different methods of air pollution
assessments. For example, the nearest station approach was used to assign pollution
record to nearby residential location in the ambient monitor-based assessment; LUR
models contain transportation, land use information; the air dispersion model can
estimate the effect of metrological factors, such as wind speed, and temperature. Other
explanatory variables include age, race, poverty, and insurance type (private/non private).
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Environmental Justice Studies
Environmental justice studies provided adequate number of evidences to prove that the
minority and low-income population are more vulnerable to air pollution.
“Environmental inequality is an outcome of social processes” (Brulle & Pellow, 2006).
Hajat et al. (2015) collected thirty-seven environment justice studies around the world to
test the tendency of air pollution effect on racial/ethnicity and Socioeconomic Status
(SES). Their study suggested that low SES population groups in the North America
countries are more likely to experience higher concentration of air pollutants. Moreover,
the study pointed out that while the air pollution has been decreasing over time, it is
essential to evaluate whether certain environment policies have generated impacts on the
unequal distribution of air pollution. Other theories claim market driven economy might
as well play a role in environmental inequality. For example, industrial facilities tend to
seek cheap lands, where low property value grants low SES population accessibilities. In
Grineske et al.’s (2007) study, those disadvantaged population groups were labeled as the
“marginalized populations”. When we rethink about the associations between exposure to
pollution and socioeconomic status of minorities, we can’t help asking whether it is
rooted in racial segregation or the market-driven economy development. And in which
way urban development contribute to environment injustice. Han & Neaher (2006)
conduct a study comparing the air pollution level in several Asian countries comparing to
the National Ambient Air Quality Standards (NAAQS) produced by the US
Environmental Protection Agency (EPA). Qiu et al (2015) raised the concerns on
population characteristics that associate the vulnerability of population groups with air
pollution. Death causes, especially non-external causes, such as cardiorespiratory
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diseases, are related to the daily concentrations of air pollutants, including PM, NO2, and
SO2. By incorporating population characteristics, such as age, gender, socioeconomic
status, etc., the increases of pollutant concentrations are proven to have a positive
relationship with the increase of mortality.
To explore the issues, it is also essential to understand the process of urban formation,
and its effects on air pollution. Urban form has been defined differently in a variety of
studies. Lu & Liu (2015) defined it as “the spatial format of urban built-up areas rather
than that of the overall administrative territory”. In order to assess the effects of air
pollution on population groups, many environmental justice studies (Grineske et al.,
2007; Schweitzer & Zhou, 2010; Miranda et al., 2011; Gray et al., 2013) examined the
demographics and their SES to understand the connections between air pollution and
neighborhood qualities. The findings of these studies amazingly are consistent with each
other that the marginalized population, low-income population, and ethnic minorities,
tend to experience higher level air pollution concentrations than the white population.
Miranda (2011) included race, age and poverty to test the impact of air pollution, as of
Ozone and PM2.5, on different demographics, especially on non-Hispanic black (NHB)
population. It concluded that NHB groups are consistently exposed to poorest air quality.
When exploring the connection between air pollution, race, and poverty, “it appears that
environmental justice concerns are more prominent along race/ethnicity lines, rather than
measures of poverty” (Miranda, 2011). Brochu et al. (2011) also examined certain SES
characteristics, including poverty, education level, and income, in their study of PM2.5
impact in the Northern US, and has concluded that lower SES population groups have a
higher exposure risk to air pollution. Carrier et al. (2014) also included income and
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minorities groups to test air pollution and income inequality. The study has concluded
that low income minorities more frequently reside close to major roads with higher level
of air pollution exposure.
Air Pollution and Urban Structure
Urban sprawl significantly changes the urban landscape and largely undermines
environmental improvement efforts (Lu & Liu, 2015). Existing studies on urban
formation and air pollution have concluded that sprawling urban areas have higher air
pollution than those compact and corridor urban areas. Lu & Liu (2015) examined the
correlation between urban development and air pollution using Chinese cities in their
case studies. Sarzynski (2011) argued that urban environmental degradation is highly
related to the development of economic with fast industrialization, advanced technology,
rapidly population increase, and urbanization.
The formation of urban structure contributes to the severity of air pollution (Rodriguez et
al., 2016). A majority of environmental studies highlight some common air pollutants,
including particulate matter (PM), carbon monoxide (CO), nitrogen dioxide (NO2),
volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), and
others (Han & Naeher, 2006;). High level of outdoor air pollutant concentrations has
health ruthless consequences to the general public. Many air pollutions associated
diseases, for instance respiratory diseases, cardiovascular diseases, and lung
dysfunctions, can directly lead to death. A great number of mortalities worldwide has
been caused by the high level of pollution of urban air (Rodriguez et al., 2016). Air
pollution not only threats human health, but also damages our economic development.
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In recent years, some popular concepts in urban planning have emerged quickly, such as
the green city concept, sustainable development, smart growth, etc., all of which are
trying to provide solutions to reduce the consumption of fossil fuels. Rodriguez et al.
(2016) has provided interesting findings on the relationship between air pollution and
urban formation that, first, fragmented urban structure results in more transportation
activities that contributes to more emission of PM10 and NO2; Second, SO2
concentration is found positively associate with population density; and the last, PM10
and SO2 have negative correlation with GDP per capita. The authors criticized that
fragmented urban structure encourages motor transportation for commuters and thus
increase the total consumption of gasoline in more transportation activities causing worse
air pollution. The contribution of Rodriguez et al (2016) is that they established a
function where pollution level for each pollutant is the dependent variable, and the
independent variables are the level of urban fragments, emission sources, land cover,
geo-meteorological variables, GDP per capita, and the size of Large Urban Zones. The
authors also introduced the Bayesian Model Averaging, in which the explanatory
variables are divided into two subsets, core variables and auxiliary variables, to test the
importance of different independent variables on each pollutant’s concentration.
Even through economic development with modernized technologies may mediate the
negative impacts of population growth on environment. It is unlikely to relieve the
pressure of environmental degradation (Sarzynski, 2011). It is meaningful to examine the
relationship between environment change and its affected variables, including population,
affluence, and technology. Lu & Liu (2015) suggest that policy should be made to the
development of polycentric cities with compact form instead of urban sprawl. Rodriguez
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et al. (2016) stated that besides the effort to improve the environment, continuous cities
forms could potentially benefit from energy saving, reduction of maintenance for
transport system, improvement of public service, and enhanced infrastructure
investments.
Air Pollution and Travel Behavior
Environmental studies related to travel behaviors agree on the findings that air pollution
level increases during rush hour due to vehicle emissions. Mian et al (2014) argued that
regardless of the mode of transportation, commuters generally have higher level of air
pollution exposure during rush hours. In this study, information of volunteers was
collected individually, travel distance was calculated, and the duration of exposure, or
travel time, was estimated and compared with the air pollution exposure level of noncommuters who do not travel regularly during rush hours. The study utilized the 1-OHP
level in urine as an indicator to evaluate the inhaled level of pollutants. Other explanatory
variables, including BMI, gender, income, smoking habits, distance from highway, and
mode of transportation were also taken into account in the regression. Even though, the
study used the first hand data by examining travel behavior of each sample unit, the
sample size is limited to 140, which may not represent the whole population of millions
of urban travelers’ activities.
An important issue in the planning field is commuting, measured as distance or time.
Garcia & Bergh (2014) listed that planner tend to propose journey related and
neighborhood related policies to encourage favorable transport mode choices based on
the characteristics of individual activities; while the economists are more likely to address
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the cost-benefit factor to analyze travel behaviors with housing locations, income, gender,
age, workplace, and other economic activities; and the behaviorists explain travel
behavior from a psychological angle that people are more influenced by the nature of
travel quality itself, for example, travel activities can be classified as for leisure, for
commute, or both. The goal of policy discussion is to find a solution to reduce air
pollution. To measure the effective of a policy, Garcia & Bergh (2014) mentioned the
three “e” criteria that include effectiveness, efficiency, and equity.
Generally, non-motor travelers, such like pedestrians and bikers, are considered to take
environmentally friendly modes of transportations. Their contribution to air pollution is
usually treated as minimal. However, the health effect of air pollution on those groups of
people shows no difference from the other commuters who travel by motors according to
Mian et al (2014). It is possible that people travel with personal vehicles have a closed
environment that separates them from exposure to the outside environment. However,
when people travel using public transportation, such like bus, when the windows are
open, passengers expose to the outside environment as well as the emission from nearby
vehicles. The same situation happens when private vehicle drivers open their windows
that they inhale air with pollutant from the road traffic. Therefore, such recognition
provides us with an idea for altered treatments to commuter exposed to different levels of
air pollution by different modes. We can predict that combining with the duration of
travel; modes of transportation distinguish the level of air pollution exposure.
During the past several decades, many social and economic studies have adopted and
modified the hedonic price method to estimate the implicit value of housing amenities.
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The estimation of air pollution impact on residential property values was firstly addressed
in the 1960s. Ridker and Henning (1967) assumed that many “detrimental effects of air
pollution” are priced in property value, which is consisted of a bundle of implicit market
prices. They also explained that in a non-discriminated market, the property value is
determined by the demand of all potential buyers instead of the demand of current
occupants. Additionally, in their study, income was treated separately as a proxy since it
generally correlates with some unmeasurable variables. (Ridker & Henning, 1967)
However, critiques on RH study pointed out that their treatment of income as a constant
is rather a serious short come (Anderson & Crocker, 1971).
During the process of estimating residents’ MWTP for clean air quality, Bayer et al.
(2009) incorporated the cost of moving into hedonic price method, and concluded that
high moving cost, including both monetary costs and psychological costs, offsets the
preference of housing amenities. Based on the result of a cross-sectional property survey,
they have found negligible estimates of MWTP for clean air.
Usually, local emissions correlate with local economic activities, the more activities
occurred, the higher level of pollution detected. However, when there are industrial
emissions nearby, pollution wafts and spreads in the atmosphere from one location to
another. The distant emissions, primarily from industrial, do not correlate with economic
activities. Thus, it could be incorporated as an instrumental variable to solve the
endogeneity problem of the hedonic model. (Bayer et al, 2009).
Based on Ridker and Henning (1967), the median family income variable as an owneroccupant character should not be treated as a potential determinant of buyers’ demand,
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however, the demand with market level of income is impossible to measure. Thus, the
hedonic model uses owner-occupant median income as a proxy. Median family income is
measured at the census tract level. Households within the same census tract share the
same median income level.
Air Pollution and Neighborhood Quality
To examine the connection between air pollution and neighborhood quality, Wen et al.
(2003) examined the variables of poverty, affluence, and income inequality, and analyzed
the neighborhood economic structure and its impact on health. It has been a common
belief in many environmental justice studies that economic status is one of the most
important variables correlated with air pollution. Wen et al. (2003) examined the impact
of neighborhood affluence on health outcomes and found evident to support the
hypothesis that residence in poverty neighborhood has negative effects for health-related
outcomes. Hassine et al. (2014) measured the quality of life satisfaction in Tunisia,
providing a reference for us to understand the linkage between the dimensions of air
pollution, economic development, and social structures.
Another important variable, income inequality, also needs to be taken into consideration
when testing the population economic status (Wen et al., 2003). Grineske et al. (2007)
and Carrier et al. (2014) concluded that the minority populations (lower income and
ethnic minority residents) are disproportionately experiencing higher level air pollution.
Gandelman et al. (2011) discussed the impact of public amenities, such as schools, within
neighborhoods on life satisfaction. They provided a point of view on the potential aspects
of what dimensions of neighborhood quality can be measured and improved.
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The major source of air pollution is the consumption of fuels, mainly coal and natural
gas. Regarding to the type of uses, two major emissions that cause air pollutant are the
transportation-related pollutant and industrial pollutant. Most academic studies on
outdoor pollution have been concentrated on these two types of air emissions.
Traffic related emission of air pollutant mainly comes from the major thoroughfares in
the urban area. Traffic congestion increases the emission of unfavorable gases that
contribute to ambient air degradation. One major emission of urban air pollution comes
from traffic. The health impact of sitting in traffic has been frequently discussed in many
environmental health studies.
Distance to freeway is one important variable that can be used to assess air quality levels.
Bae et al (2007) studied the air pollution exposures of vulnerable population groups
reside near to major highways. One primary finding in their study was that traffic
associated air emission disperses quickly when distance increase, thus people live near
freeways are mostly affected. The assessed substances include carbon monoxide, PM10,
PM2.5, ozone, sulfur dioxide, nitrogen dioxide, and lead. The buffer zone used was 500
meters. Traffic density was utilized in their study and was calculated “by multiplying the
length of road segment within the buffer by the annual average daily traffic count of the
specific roadway” (Bae et al, 2007). Another standard used to identify high volume
traffic roads with more than 100,000 vehicles daily.
Traffic related CO emission is produced by the incomplete combustion of gas. High level
of CO concentrations can be detected during traffic congestion (Han & Neaher, 2006).
Due to its harmful effect to health, measurements of CO emission level have been
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constantly examined. Urban areas with high population density usually have vast amount
of investment in public transportation to reduce energy consumption and air pollution.
However, the emission remains an issue to most urban environment.
Chan & Liu (2000) generated a study in Hong Kong, where majorities of population rely
on public transportation, to evaluate CO exposure on major commuting routes. Their
findings verified our assumption mentioned earlier that vehicle creates a closure which
separates the inside environment from traffic emitted pollution. Their study found that:
“The overall average in-vehicle CO level in air-conditioned bus, minibus and taxi were
1.8, 2.9, and 3.3 ppm, respectively.” (Chan & Liu, 2000)
Another interesting location they have tested is the tunnel, where higher level of CO
concentration was monitored. In lack of wind and other meteorological factors, tunnels
are a relatively closed environment containing high level of air pollution. Even though
some newly built tunnels have ventilation system that circulates air, the continuous traffic
accumulates a high level of air pollution.
Following their early study, Chan et al (2001) discussed the CO levels on major
commuting corridors in Hong Kong. In-vehicle level and out-vehicle CO levels were
compared on highways, tunnels, and urban street. Their findings indicated that under
different road conditions, the CO level varies. Also, the in-vehicle and out-vehicle levels
coefficient with each other, and the use of less quality diesel fuel results in a higher level
of CO concentration. Additionally, Chan et al (2002) measured the relationship between
quality of public transportation and CO exposure in Guangzhou, indicating that the mode
of transport has great influence on exposure to air pollution. Their results presented low
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air pollutant levels in subway transportation and well-ventilated road surface
transportation.
Controversial results found in the study by Duci et al (2003) on Athens. In this study,
private vehicle commuters had the highest level of exposure to CO level. But it agreed
with Chan et al (2002) that transport mode has significant influence on CO exposure.
However, this study did not provide a clear discussion on the possible reasons of high
exposure in private vehicle travel mode.
Based on the literature, major urban thoroughfares, where relatively large amount of
motor vehicles pass through daily, are the hot spots for CO concentration monitoring.
The primary duration of CO level that needs to be tested is the time of rush hours, during
which large amount of travel activities happen and causing traffic congestion. Also, high
traffic volumes on urban streets with traffic signals, traffic lights for instance, as well
produce high level of CO concentrations to the local environment. Thus, the primary
monitoring site for traffic related concentrations should be located on or close by
highways, major street intersections, and tunnels, if applicable, to capture accurate
reflection. An analysis should as well address the impact of rush hour contribution to air
pollution levels, besides of the effects of external forces, wind or rain, rush hour records
should be used as the peak level concentration of air pollution substance.

CHAPTER 3: DESIGN OF THE STUDY
Study Methods
It has been a common agreement that Ridker and Henning (1967) first introduced the
concept of hedonic method to analyze the impact of air pollution on property value
(Smith & Huang 1993). Another early contribution to hedonic housing prices was made
by Rosen (1974) who emphasized the connection between consumer behavior and market
equilibrium in economics. Early studies on air pollution and housing price have built a
theoretical foundation for later hedonic studies. The findings vary and different
conclusions are made along the way. Brasington & Hite (2003) indicated that
environmental hazards have relatively small relationship with average house prices.
However, it is undeniable that severe concentration of air pollutants burdens the property
valuation in the urban area. The hedonic model has been well established and frequently
employed to estimate the implicit value of amenities on housing prices. In the field of
economic studies, it has been widely adopted to estimate the potential effects of internal
(external) factors over property values. One popular method is to analyze the households’
marginal willingness to pay (MWTP) on environmental characteristics, such as air
quality.
As a pioneer, Rosen (1974) provided a strong theoretical base for the development of the
hedonic price models. It’s essential for researchers to fully understand the underlying
assumptions and concepts of the hedonic model for future improvement. Rosen (1974)
argued that producers act as intermediaries in the market and gain profits by assembling
goods to meet consumers’ final needs. Based on this point of view, markets are
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considered as a group of commodities with differentiated characteristics that can be
expressed as:
𝑍𝑍 = 𝑓𝑓(𝑋𝑋1, 𝑋𝑋2, 𝑋𝑋3, … )

In market z, each component has identical characteristics that are objectively measured
by consumers (Rosen, 1974). The assumption laying under this concept is that the total
market contains relatively large quantities of commodities embodied with various types
of characteristics. Use housing market as an example, each product, such as a house unit,
has its identical features that can be the size, location, style, or any other perceivable
characteristics. Since each commodity has a value, traded under the market price, its
associated characteristics obtain implicit prices. Therefore, Rosen (1974) constructed the
hedonic price regression as a function of individual implicit values that reveals consumer
shopping behavior that buyers seek for the lowest prices of similar products. The study
also claims that when sellers provide identical products, consumers tend to compare the
prices and characteristics to choose less expensive product, and the identity of the sellers
plays no influence in the transaction. Therefore, each feature of selling goods can be
measured as a single good. Between two or more similar commodities, with similar
prices, consumers can choose their more desirable characteristics with positive/negative
marginal prices (Rosen, 1974). However, as mentioned earlier, the establishment of the
hedonic function assumes that the bundled package of characteristics cannot be divided.
It assumes that arbitrage is not existed that consumers do not reassemble purchased goods
to obtain profit from a new product.
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The Hedonic Model
The assumption of hedonic price model is that limited number of housing attributes is
assumed to have impacts on property valuation (Rosen 1974; Nelson 1978). Nelson
(1978) estimated the demand for clean air in a two-step estimation model that is proposed
by Sherwin Rosen. The hedonic price is considered as a linear function at the marginal
value of each variable. Nelson proposed the log-linear model instead of linear and semilog models due to its superior summary statistics.
“In equilibrium, consumption optimality is achieved with a house for which the
marginal valuation of each attribute is equal to the implicit marginal price… At
the equilibrium location, the household’s loss in real income that results from a
short move away from the CBD (and higher commuting costs) must equal the real
income gain due to the household’s savings for a given quantity of land services.
Finally, implicit price variations for characteristics and locations arc
compensating only at the margin… In a perfectly functioning market--with
divisible quantities of housing services, an absence of tie-in and joint products,
and elastic demands and supplies-competitive behavior ensures that equilibrium
prices are parametric across individual consumers or producers. The hedonic
price equation for housing, which is an envelope of consumer bid and producer
offer functions, is linear.” (Nelson, 1978).
Harrison & Rubinfeld (1978) raised the presumption that people are willing to purchase
more expensive housing units accommodated within quality air neighborhoods other than
poor air areas. In their hedonic utility function, housing prices are considered to be
dependent on a bundle of attributes, rather than as a solo commodity. Then, they
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estimated the MWTP as the value of improvement of air quality by regress the marginal
housing prices on certain explanatory variables, including air pollution, income, and other
household characteristics. Their testing results indicated that the total MWTP varies
based on the level of air pollution and the level of incomes.
“Hedonic prices are defined as the implicit prices of attributes and are revealed
to economic agents from observed prices of differentiated products and the
specific amounts of characteristics associated with them” (Rosen 1974).
Can (1992) addressed two major attributes groups, the structural characteristics and the
external amenities. Peng et al. (2002) confirmed the seasonal changes of air pollution in
urban area due to the contribution of heat to ambient concentrations. Anderson and
Crocker (1971) used distance to center CBD as an Explanatory variable to estimate the
effect of air pollution on property value. To estimate the marginal willingness to pay,
Bayer et al. (2009) incorporated the concept that moving costs have significant effects on
the measurements of local amenities. In their study, air pollution was considered to be
correlated with potential local characteristics while distance to pollution sources was
introduced as an instrument variable.
To understand the influential elements of consumers’ demand for quality environment,
modifications have made to improve the accuracy of hedonic modeling. Brasington and
Hite (2005) used spatial statistics to estimate the demand curve. Their model resulted in a
negative value of the demand curve indicating the in-elasticity of demand on quality
environment. It explained that residents are insensitive to environment changes,
possibility due to the high costs on moving expenses. The study also concluded that
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house size can be a trade-off for the environmental quality that consumers are likely to
buy a larger housing unit in a less favorable environment.
Neighboring Effects
There are three reasons that neighboring effects cannot be captured by the traditional
hedonic model. First, the neighboring house prices can be a factor that affects the average
housing price in that neighborhood. For example, the prices of a house unit that resides in
a low-income neighborhood would be significantly lower than an identical one that
locates in a well-established neighborhood. Second, potential explanatory variables,
levels of income or access to public services, can have spillover effects on the
neighboring housing units. In a free market, when the income level increases, people tend
to purchase the dwelling units with higher quality of amenities, more green space, better
access to schools/CBDs, bigger and newer, or even better quality of air. The behavior of
abundance of old housing units results in the depreciation of market value within the old
neighborhood. Vivid examples can be seen in many U.S. cities, as urban sprawl has
caused the fading of downtown residential neighborhoods. Third, the spatial
heteroscedasticity that the residual errors exist in the hedonic model can be correlated. It
indicates that the error term for each house unit can have a spatial relationship making the
error term predictable instead of random. To simplify the calculations, the correlation of
the residuals is often excluded. In order to obtain unbiased results, Brasing and Hite
(2005) adopted the Durbin model, in which the factor of residual effects is not taken into
consideration. They indicated that using the least squares estimates the Durbin model was
able to assess the valuation of not only the structural and accessibility variables, but also
the presence of air pollution and other omitted variables.
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Spillover Effects
The spillover effect occurs when housing price is influenced by the characteristics of
neighboring house units. Can (1992) tried to capture the impact of spatial externalities
neighborhood and adjacency effects on housing prices. Kim et al. (2010) evaluated the
effects of air quality (NOx and SO2) on housing prices change in Seoul. The study
pointed out that NOx was primarily contributed by transportation, and SO2 was mostly
produced by industrial productions and heating sources. Primarily, air pollution data was
acquired from 20 monitoring sites over the metropolitan area. Then spatial interpolation
technology was adopted to assign estimated air quality levels to each zonal area.
“The spatial-lag model implicitly assumes that the spatially weighted average of
housing prices in a neighborhood affects the price of each house (indirect effects)
in addition to the standard explanatory variables of housing and neighborhood
characteristics (direct effects). In contrast, the spatial error model does not
include indirect effects but assumes that there is one or more omitted variable in
the hedonic price equation and that the omitted variable(s) vary spatially. Due to
this spatial pattern in the omitted variables, the error term of the hedonic price
equation tends to be spatially auto-correlated.” (Kim et al., 2010)
Incorporating the hedonic model as a tool, Ardeshiri et al. (2016) discussed the
connections between neighborhood quality, residential segregation, environmental
quality and life satisfaction. In their study, they stated that the quality of environmental
factors in the urban area have social impacts on population life satisfaction. The scholars
used a combined method of hedonic price and sample survey to estimate the implicit
prices of urban environment factors and their impacts on housing costs.
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The traditional hedonic model can be expressed as a maximum utility function, a
summation of household structural characteristics, such as number of rooms and lot size,
neighborhood amenities that includes accessibility to schools or other public services, and
environmental qualities (Nelson 1978; Brasing & Hite 2005).
Kim et al. (2010) proposed two spatial regression models to assess air pollution effects on
housing prices, the spatial-lag model, which helped to specify the spillover impacts of
neighborhood average housing prices, and the spatial error model that estimated the value
of potentially omitted variables within the neighborhood. However, instead of choosing
OLS estimate, the maximum likelihood (ML) was considered as a more accurate
estimator in the spatial error model.
By recognizing Ridker and Henning‘s (1967) remarkable cross-section study in real
estate, Anderson & Crocker (1971) pointed out that the former study failed to provide
explicit prices. Thus, they generated another empirical study on St. Louis, Kansas City,
and Washington, D.C. that reexamined the effects of air pollutants, in addition to SO2, to
both renter-occupied and owner-occupied housing units. For the sake of simplicity, their
study assumed that there is a linear relationship between consumer behavior/activities
and goods/Characteristics. The utility function was built as y (income) equals to the result
of quantities of goods x multiplying with the associated prices of those goods p.
When discussing the affecting factors to property values, there are two levels of concept
should be taken into consideration, the macro-level and the micro-level. Hamilton and
Phaneuf (2015) created residential sorting models to estimate the value of public goods
by examining the location decision which trades off certain household amenities. Their
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study is a good reference to understand the concept of marginal willingness to pay.
Usually, housing prices are affected by certain variables, such as regional economic
development. Yusuf & Resosudarmo (2009) argued that the housing demand cycle
coefficients with the economy cycle, which indicates that when the economy is booming,
the housing price will also correspondingly increase.
Other Evaluation Methods of Air Pollutants
Numerous measurements and assessing methods have been applied to assess the
concentration of air pollutants. In an environmental health study conducted in Dublin,
Ireland, McCreddin et al. (2015) applied the Monte Carlo simulation technique to test the
health effects of exposure to PM10. The scholars have preferred this method over the
artificial neural network modelling and time-activity based models that measure the mean
24 hours personal exposure to PM10.
Risk Assessment Methods: Zhang & Batterman (2013) argued that individuals living
close to major roadways have higher health risks. Two models were adopted and
compared in their study, the Comprehensive Modal Emissions Model and the Motor
Vehicle Emission Factor Model. The author adopted risk assessment methods to analyze
the potential health risks associated with traffic pollution exposures. In this analysis, the
authors only take exposure time in traffic congestion into consideration to simplify the
calculation. Comprehensive Modal Emissions Model (CMEM) and MOBILE 6.2 were
adopted to forecast the NOx level. In their study, emission is a function of fleet speed,
which was expressed as:
S=Sf/[1+a(V/C)b]
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Where S represents the predicted mean speed; Sf represents the free-flow speed; V
represents volume per hour; C represents practical capacity used (2000 vehicles for
freeways and 825 vehicles for urban arterial).
Zhang & Batterman as well introduced a dispersion modeling to estimate NOx
concentration using California Line Source Dispersion Model version 4 (CALINE4),
using 16 wind sectors and 15 wind speed classes. Annual mean NO2 was represented as:
NO2(road)=[(-0.068xln(NOx(road)+NOX(background))+0.53]*NOx(road)
Where, NO2(road) represents the annual mean NO2 concentration attributable to the road;
NOx(road) represents annual mean NOX concentration attributable to the road; and
NOx(background) represents annual mean background NOX concentration. Referenced to
Zhang & Batterman (2013), the NOx(road) was acquired from CALINE 4 predictions and
the NOx(background) concentration was set to 28.7µgm-3.
Network Analysis: Measurements for individual exposures to air pollutant is considered
not only the factor of pollutant concentrations, but also evaluate the inhaled volume of air
pollutant. Davies and Whyatt (2014) studied pedestrian travel routes to calculate
estimated PM2.5 exposure. In their study, the exposure level is estimated as the
multiplication of mean level of that air pollutant and duration. Pollutant concentration
was modeled using the dispersion model ADMS Urban V.3, which has been widely
tested. Data sets used include the point type sources from NAEI emissions inventory,
traffic flow and vehicle composition data, and meteorological data. Then network
analysis was adopted to compare the level of exposure between different travel routes
using origin destination cost matrices. Their results presented a positively skewed
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distribution towards journeys with low concentrations. The study also included the
physiological and speed factors in the study to improve the results.
Personal Monitoring: Air monitoring information can be obtained through fixed-site air
quality monitoring facilities. With certain assumptions, the fixed-site air quality data can
be interpolated and reallocated to each study area using spatial mapping technologies.
Steinle et al (2012) suggested personal monitoring modelling to improve estimation of
individual exposure to air pollution. In such methodology, duration of exposure is one
important variable that can be used to distinguish levels of exposure for different group of
population. However, such method is a complex system that requires information of GPS
tracks, 24 hours diary input, questionnaire of activities, outdoor and indoor modelling to
compose final exposure profile.
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Methodology
This study employs the hedonic price model to estimate the impact of air pollution on
housing prices. The linear regression model can be expressed as:

Where:

𝑌𝑌 = 𝛼𝛼𝛼𝛼1 + 𝛽𝛽𝛽𝛽2 + 𝛾𝛾𝛾𝛾3 + ⋯ 𝑛𝑛𝑛𝑛𝑛𝑛

Y represents the housing prices (log of sales prices);
Xn represents independent variables including structural variables, neighborhood
variables, air quality measures, etc.
α, β, γ, and n are the coefficients.
The hedonic price method has many advantages, first it can estimate values based on
given housing prices, and it has been very frequently applied in real estate market
analysis. With given conditions, it can adapt a good number of independent variables and
test the correlations between them. However, the method has its drawbacks, one short
come is that, the method can only be used to measure the values that are related to
housing prices. Another major drawback is that this method won’t be able to work with
external variables indirectly affecting housing prices, such as taxes and interest rates.
Also, the hedonic model requires large sample data to perform the regression analysis,
and heavily depend on model specification. Users need to have good statistical
knowledge to interpolate the regression results.
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Problems in the Model
It has been recognized that the linear regression model has some drawbacks, a major one
in the linear regression is the multicollinearity. Heikkila (1988) discussed
multicollinearity

concerns

between

spatial

variables

and

demonstrated

that

multicollinearity issue can be resolved by carefully examining observations. Pan (2012)
developed seven models with different sets of variables and step by step method to assess
the multicollinearity issue.
Dohoo et al (1996) discussed two common approaches to deal with multicollinearity
problems, include reducing the total number of independent variables and using step wise
regression method to investigate the associations between independent and dependent
variables. There are three major techniques to use in the first approach that can help to
resolve multicollinearity. Generally, the drop of certain variables can help to investigate
the multicollinearity problem within the model. Another technique is to create indices or
scores to combine multiple variables into a single factor. The last solution is to use
components analysis or factor analysis to reduce the number of variables used in the
model.
The second approach is to use statistical functions to examine the associations between
dependent variable and independent variables. In linear regression, step wise method can
exclude variables that have not significant relationship with the dependent variable. Also,
this technique regresses an additional variable against the dependent variable one by one
and therefore can help clearly show their association with the dependent variable.
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In this study, variables are carefully select and tested to avoid multicollinearity issue in
the regression model. For example, the percentage of one racial population shows high
collinearity with other racial populations. To run the regression analysis, the percentage
of white population is excluded. In vitro fertilization (IVF) values are being carefully
monitoring in the results to detect multicollinearity. Any variable with high IVF values
greater than 2 is carefully assessed or removed from the following regression.

CHAPTER 4: RESULTS AND DISSUSSION
The empirical study implemented the method to Harris county, Texas. The majority
urban area of City of Houston resides within Harris county, making this place a heavy
populated area. The empirical study relies on GIS analytical tools and statistical analysis
tools to conduct regression analysis on the impact of independent housing variables on
housing prices.
National Ambient Air Quality Standards (NAAQs)
The EPA sets National Ambient Air Quality Standards for six principal criteria
pollutants: ground-level ozone, lead, carbon monoxide, nitrogen dioxide, sulfur dioxide,
and particulate matter. Areas that do not meet the NAAQS are designated
“nonattainment.” Areas that meet the NAAQS are designated “attainment,” and areas that
cannot be classified based on the available information, “unclassifiable.” For ozone, the
federal Clean Air Act establishes nonattainment-area classifications ranked according to
the severity of the area’s air-pollution problem. These classifications—marginal,
moderate, serious, severe, and extreme—translate to varying requirements with which
Texas and nonattainment areas must comply to.
Texas Commission on Environmental Quality (TCEQ)
Under the direct lead of Texas governor, TCEQ is the environmental agency in the state
of Texas. This agency provides environmental monitoring and reporting across the entire
state. The air quality state implementation (SIP) plan is an enforceable plan developed at
the state level that explains how the state will comply with air quality standards according
to the Federal Clean Air Act. The Federal Clean Air Act is the legal foundation for the
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national air pollution control program. It requires each state to produce and regularly
update a state implementation plan. It also requires that state implementation plans
include a description of control strategies, or measures to deal with pollution, for areas
that fail to achieve national ambient air quality standards. Finally, this Act grants powers
of enforcement to the United States Environmental Protection Agency (USEPA).
Study Area

According to U.S. Census 2018 data,
“Harris County has total population of 4.7M people with a median age of 33.7 and a
median household income of $60,232. The 5 largest ethnic population groups in Harris
County are White (Hispanic) (32.1%), White (Non-Hispanic) (28.9%), Black or African
American (Non-Hispanic) (18.7%), Some Other Race (Hispanic) (9.52%), and Asian
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(Non-Hispanic) (6.99%). About 44.3% of the people in Harris County, TX speak a nonEnglish language, and 83.2% are U.S. citizens” (DATAUSA).

Houston-Galveston-Brazoria: Current Attainment Status
According to the EPA, in the HGB region, the only air pollutant that is considered
nonattainment is Ozone. Table below shows the required attainment deadline in the HGB
area. The other principle air pollutants are considered as unclassifiable/attainment,
including lad, CO, NO2, PM10, PM2.5, and SO2.
Table 3: HGB Area: Attainment Status by Pollutant

Pollutant

Primary
NAAQS
0.070 ppm
(2015
standard)

Averaging
Designation
Period

8-hour

Ozone
(O3)
0.075 ppm
(2008
8-hour
standard)

Counties

Attainment
Deadline

Brazoria,
Marginal
Chambers,
Fort August 3,
Nonattainment Bend,
Galveston, 2021
Harris, Montgomery
Brazoria,
Chambers,
Fort
Serious
Bend,
Galveston, July
Nonattainment Harris,
Liberty, 2021
Montgomery,
Waller

Source: TCEQ, https://www.tceq.texas.gov/airquality/sip/hgb/hgb-status

20,
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Air Pollution Data

This study utilizes data from various sources. The air pollution data is obtained from
Texas Commission of Environmental Quality (TCEQ). There are 28 active air monitoring
sites that record daily Ozone concentration in Harris County. 2018 annual ozone
monitoring data is obtained from TCEQ. This study uses the annual mean of ozone in
each monitoring site as a measurement of air pollution. ArcGIS is utilized to interpolate
point ozone level to estimate the overall ozone concentration annual mean of the entire
Harris County using Inverse Distance Weight (IDW) method (see Figure 8).
Since the study focuses on single-family dwellings only, structural variables are acquired
from InfoUSA data, including home age and home size.
External variables are produced using ArcGIS, including Distance to highways, distance
to central business districts (CBD), quality of school district and neighborhood median
income. Since the major population own private vehicle, and public transportation routes
do not cover the entire county, we have not included the variable for transit accessibility
measure.
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Figure 8: Ozone Monitoring Sites in Harris County

Author Calculation based on Data Source: US Census, TCEQ
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Figure 9: IDW Interpolation of 2018 Ozone Mean

Author Calculation based on Data Source: US Census, TCEQ
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InfoUSA Data
Housing information is obtained from 2018 InfoUSA database, which contains home
sales information with the HGAC region in a geodatabase. The InfoUSA data was
provided by the Houston Galveston Area Council (HGAC), which is the Metropolitan
Planning Origination (MPO) at the Greater Houston Area. The dataset contains the sales
prices of individual housing units, house address, square footage, year built, etc., but lack
of structural housing characteristics such like number of bedrooms, number of baths,
storage, lot size, and building condition classification. There are five files for the Harris
county. The total number of records is vast and beyond our capacity to perform
regression analysis. To clean up data, we select all single-family houses with transaction
values that are over 100K and sales transaction occurring after 1982. The sale prices are
adjusted by consumer price index (CPI). The structure of the InfoUSA geodatabase for
housing is described below: InfoGroup Consumers Harris 1 does not contain home
transaction information. InfoGroup Consumers Harris 2 contains effective transactions,
238,678 single family records. InfoGroup Consumers Harris 3 contains effective
transactions, 368,971 single family records. InfoGroup Consumers Harris 4 contains
effective transactions, 283,421 single family records. InfoGroup Consumers Harris 5
contains effective transactions, 909,317 single family records.
Since the first dataset does not contain home sales information, we exclude it from our
analysis. For the other data, we sort the records based on the transaction year, and then
adjust the sales price with Consumer Price Index (CPI) that is provided by the U.S.
Bureau of Labor Statistics (BLS).
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Variables
The independent variable is the log of CPI adjusted house selling price from the InfoUSA
data. The original sell prices do not follow normal distribution. Following the linear
regression assumption that the dependent variable follows normal distribution, we use the
logarithm of prices as the dependent variable.
Independent variables include three groups of variables: housing structural variables,
neighborhood variables, and demographics variables. Housing structural variables
include home age and home size. The neighborhood variables include school district
quality (Appendix D), distance to highway, and distance to CBDs. Additionally,
demographics variables are included, percent of African American population, percent of
Hispanic population, and percent of Asian population by census block group. To avoid
collinearity issue, percentage of white population is being excluded for this purpose.
To examine the impact of the Clean Air Act legislation’s impact on housing price, based
on the house transaction time, four dummy variables, “Before 1997”, “between 1997 and
2008”, “Between 2009 and 2015”, and “After 2015” were added, before 1997. Table 4
below shows the list of independent variables, data types, and data source.
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Table 4: Data Type
Category
Housing Characteristics

Neighborhood Qualities

Demographics

Ozone

Policy/Regulations

Variable Name

Variable Type Source

Home Size

scale

InfoUSA

Home Age

scale

InfoUSA

CBD Distance

scale

CTPP

Highway Distance

scale

US Census

Median Income

scale

US Census

ISD Ranking

scale

Niche.com

% of Asian Population

scale

US Census

% of Black Population

scale

US Census

% of Hispanic Population

scale

US Census

Ozone Level

scale

TCEQ

Before 1997

Dummy

InfoUSA

1997 to 2008

Dummy

InfoUSA

2009 to 2015

Dummy

InfoUSA

After 2015

Dummy

InfoUSA
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Data Processing
Because the total number of house transactions is relatively large within the county.
Certain conditions need to set up to help eliminate unnecessary data. First, select all data
that satisfy the following terms (Total 1,827,077):
1. Within Harris county
2. Actual home sale is not NULL
3. Property type is Single Family Dwelling Unit
In the dataset, each home has a unique home ID, location ID, and owner IDs. As one
house can be owned by more than one owner, using owner ID as identifier is not suitable.
A new ID was then developed to deal with duplicate records, select the combination of
“[HmSalDt] & [LocId] & [Latitude] & [Longitude]” as the identifier for each sale.
Perform delete identical function in ArcGIS using Identifier column. The remaining
records within the sample reduced to 728,314 sales.
Further cleaning the data
1. 23 were then deleted due to unrealistic sales number, i.e. actual sales appear as
$0,999,000;
2. 6807 were then deleted due to no records of square footage.
After the dataset is cleaned up, a total of 721,484 single family transaction records were
obtained for the entire county. CPI data is downloaded from the Labor of Statistics to
adjust the past sales price, using year 2018 housing values as the base.
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Study Design
Ground ozone point data is interpolated using IDW method to estimate the ozone level of
the entire Harris County (see Figure 8). Four buffers are used in this study to identify
single-family units, half mile radius from the monitoring site, half to one-mile ring, one
mile to two-mile ring, and two miles to three-mile ring. The number of single-family
units fall into each buffer zone is listed below (see Figure 9):
Buffer Zone
0.5 Mile Buffer
0.5 Mile to 1 Mile Buffer
1 Mile to 2 Mile Buffer
2 Mile to 3 Mile Buffer

Single-Family Units
5,928
18,896
71,562
90,997

Since this study is to examine the impact of air pollution on housing prices, only singlefamily housing units are selected as sample data. Within the half mile buffer, 5,928
single-family housing units are selected. In the half mile to one-mile buffer zone, the total
number of housing units tripled to 18,896 units. In the one mile to two-mile buffer,
71,562 single family units fall inside the ring. There are 90,997 single family houses
locate within the 2-mile to 3-mile buffer.
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Results and Findings
Based on the regression results, the R2 indicates good model fit. Table 5 illustrates the
descriptive statics of variables used in the regression analysis. To better fit the linear
regression model, certain adjustments are made to data format. Home age is divided by
100 for the data to show with two decimal digits. The mean age for all sample data is 35
years old. However, the sample is relatively large and home age range from 5 years old to
above 50 years old, and the standard deviation for home age is about 0.2 for all buffers.
The mean home size is between 2,200 square footage to 2,600 square footage for singlefamily units. Distance to Central Business District and Distance to nearest highways are
converted from feet to miles. Block group level median household income is applied to
each single family units within that block group, and then adjusted to decimal by dividing
by 100,000. Demographics variables are percentages of minority racial populations,
where the mean percentage of Asian population ranges from 6% to 8%, the mean
percentage of Hispanic population ranges from 31% to 46%, and the mean percentage of
African American population ranges from 15% to 16%. Ozone data uses unit in parts per
million (ppm) and is justify by dividing 100 with two decimal places, the mean value
ranges from 65ppm to 67ppm. Last, four dummy variables representing time period of
Before 1997, 1997 to 2008, 2009 to 2015, and After 2015 are incorporated indicating the
time when regional legislation on Ozone standards.
Figure 11 to 14 are histograms of the logarithm of housing transaction prices. The figures
indicate that the dependent variable used in the hedonic model follows normal
distribution.
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Table 6 shows the regression results. While running the regression, stepwise method is
selected. Each variable is added one by one to estimate their contribution to housing price
changes. The R square for Half mile buffer, half to one-mile buffer, one to two-mile
buffer, and two to three-mile buffer are 0.61, 0.598, 0.572, and 0.59 respectively.
Regardless of sample size, the variable with the highest contribution to housing price
change is the home size, about 40% in all four models. Home size shows positive relation
with housing prices, which indicates that the big square footage, the higher total sales
prices of the housing unit.
However, home age shows negative impact with price. But home age only contributes
0.3% to explain the housing price. Figure 10 shows median housing value by census tract
within Harris County. The red color indicates higher median housing value, most of
which are located close to city center, and along I-10 energy corridor. However, most
new constructions of single-family are in the suburbs and are more affordable. This
phenome indicates that residential units located proxy to urban centers are more
expensive than those construction locate far outside. Another explanation is that the land
value is higher in the city center, even though the houses were constructed many years
ago; it’s still less affordable than the new housing units. The regression results report that
accessibility measures, distance to CBDs and distance to Highway indicate negative
relationships with housing prices. It implies that the long distance to highway, the less
expensive of the housing units. Those houses located close to major highway benefit
from quick access to nearby transportation network. For daily commuters, it provides
convenience with less traffic. On the other hand, people live far from highway generally
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take long time to travel; therefore has low benefit from travel convenience. However,
distance to highway only contributes to 0.7% variation of housing prices.
Figure 10: Median Housing Values by Census Tract

Author Calculation based on Data Source: US Census
Distance to CBD shows negative impact on housing prices. Houses located close to urban
centers tend to be more expensive. This study first identifies these urban centers,
including downtown, Galleria, and Texas Medical Center (TMC). The reason to use these
three centers is because they all have high job density per acre and the total number of
employments is also high. The regression result follows this concept as the shorter the
distance to CBD, the higher of selling price.
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Neighborhood median incomes are positively related to housing prices in all models.
Residents making more incomes are more likely to afford more expensive housing units.
As the sample size increases, the contribution of income increased from 4.9% in the half
mile buffer to over 10% between two-three-mile buffer zone. Income is also a good
indicator to neighborhood quality.
Independent School District (ISD) ranking reports unexpected impacts on housing prices.
It shows positive impact within two-mile buffer but become negative outside the twomile buffer. This can be a flaw of the data set. As the Houston ISD is a very large ISD
residing in the center of city of Houston and the Harris County, however, this ISD is
ranked very low. Many sing-family households fall inside of the Houston ISD. Only a
few of buffer zone overlay with high ranking ISDs in the east.
Ozone as the indicator of air quality appears to be positively correlated with housing
prices. Figure 8 illustrates the estimated ozone distribution within Harris County that the
city center has high ozone concentration. This complies with people’s daily activities and
movements. Traffic cause high emission in urban area, with the sunlight, VOCs react
with SOx to produce high level of ground ozone. However, Ozone level only contributes
0.1% explanation to housing prices within one-mile buffer zone, its contribution slightly
increased to 0.7% between one to two-mile buffer zone, and 0.4% between two to three
buffer zone. The result indicates that housing units with high prices locate close to city
center where most daily activities occurs experience higher ozone pollution.
Demographic variables, such as percent of black population and percent of Hispanic
population, show negative impact on housing prices. Percent of Asian population shows
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positive relation with housing prices in a Half mile buffer but become negatively related
outside one mile, this change may happen due to the uneven distribution of Asian
population. In general, minority population are showing unfavorable impacts on housing
prices, which indicates that minority population groups are more likely living in poor
housing conditions.
Lastly, the evaluation of the Clean Air Act shows that before the NAAQS 2015, the CAA
has no significant impacts on housing prices within the study area. After the revision of
the NAAQS 2015, it reported positive impact on housing prices, the contribution
increased from 0.1% to 0.3% from half mile buffer zone to above 1-mile buffer. It barely
showed any impact before the 1997 CAA, and positive impact emerged after the 2008
ACC. It indicated that the EAP’s NAAQS revision has positive impact on housing prices
in the Harris County area.
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Table 5: Descriptive Statistics

Home Age
Home Size
Distance to
CBD
ISD Ranking
Distance to
Highway
Median
Income
Percentage of
Asian
Population
Percentage of
Hispanic
Population
Percentage of
African
American
Population
Ozone Level
Before 1997
1997-2008
2009-2015
After 2015

2 to 3 Mile
Std.
Mean
N
Dev.
0.35
0.2
90,997
0.26
0.11
90,997

Descriptive Statistics
1 to 2 Mile
0.5 to 1 Mile
Std.
Std.
Mean
N
Mean
N
Dev.
Dev.
0.35
0.21
71,562 0.35
0.21
18,896
0.26
0.12
71,562 0.24
0.11
18,896

0.35
0.22

0.1

0.06

90,997

0.11

0.06

71,562

0.12

0.07

18,896

0.13

0.08

5,928

0.78

0.09

90,997

0.78

0.1

71,562

0.78

0.09

18,896

0.76

0.09

5,928

0.11

0.08

90,997

0.11

0.08

71,562

0.11

0.07

18,896

0.1

0.05

5,928

0.86

0.45

90,997

0.83

0.46

71,562

0.8

0.4

18,896

0.75

0.37

5,928

0.08

0.1

90,997

0.07

0.09

71,562

0.06

0.07

18,896

0.06

0.08

5,928

0.31

0.22

90,997

0.37

0.25

71,562

0.44

0.25

18,896

0.46

0.25

5,928

0.16

0.18

90,997

0.15

0.2

71,562

0.14

0.18

18,896

0.15

0.17

5,928

90,997
90,997
90,997
90,997
90,997

0.65
0.07
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable

71,562
71,562
71,562
71,562
71,562

0.66
0.08
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable

18,896
18,896
18,896
18,896
18,896

0.67
0.08
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable

0.65
0.06
Dummy Variable
Dummy Variable
Dummy Variable
Dummy Variable

Mean

0.5 Mile
Std.
N
Dev.
0.22
5,928
0.09
5,928

5,928
5,928
5,928
5,928
5,928
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Figure 11: Half-Mile Data Histogram – Logarithm of CPI Justified Transaction Prices
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Figure 12: Half-Mile to One-Mile Data Histogram – Logarithm of CPI Justified Transaction Prices
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Figure 13: One-Mile to Two-Mile Data Histogram – Logarithm of CPI Justified Transaction Prices
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Figure 14: Two-Mile to Three-Mile Data Histogram – Logarithm of CPI Justified Transaction Prices
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Table 6: Regression Results
Half Mile
Independent Variables
(Constant)
Home Age
Home Size
CBD Proximity
Highway Distance
Median Income
ISD Ranking Score
Ozone
% of Asian Population
% of Black Population
% of Hispanic Population
Before 1997
1997 - 2008
2009 - 2015
After 2015

N
5,928

B
11.565
-0.235
2.252
-1.854
-1.214
0.232
0.536
0.296
0.566
-0.603
-0.569
-0.073

0.034

Sig
***
***
***
***
***
***
***
***
***
***
**

***

VIF

Half to One Mile
R2
0.61

2.313
1.682
2.752
1.854
1.671
1.834
1.772
1.819
1.808
2.584
1.015

1.043

Contrib.
0.006
0.417
0.020
0.007
0.049
0.004
0.001
0.074
0.019
0.012
0.000

0.001

N
18,896

B
11.573
-0.156
2.275
-2.223
-0.842
0.286
0.434
0.183

Sig

VIF

R2
0.598

Contrib.

***
***
***
***
***
***
***

1.614
1.565
1.650
1.487
2.247
2.097
1.686

0.003
0.436
0.040
0.007
0.089
0.002
0.001

-0.496
-0.434
-0.090

***
***
***

1.820
2.281
1.040

0.011
0.007
0.001

0.018
0.056

***
***

1.333
1.316

0.000
0.001

Notes: *p = 0.1, significant at the 0.1 level, ** p = 0.05, significant at the 0.05 level, and *** p = 0.01, significant at the 0.01 level.
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Table 6 continued
One to Two Mile
Independent Variables
(Constant)
Home Age
Home Size
CBD Proximity
Highway Distance
Median Income
ISD Ranking Score
Ozone
% of Asian Population
% of Black Population
% of Hispanic Population
Before 1997
1997 - 2008
2009 - 2015
After 2015

N
71,562

B
11.463
-0.258
2.351
-2.569
-0.448
0.178
0.195
0.763
-0.273
-0.536
-0.480
0.031
0.073
0.119

Sig

VIF

Two to Three Mile
R2
0.572
Contrib.

N
90,997

***
***
***
***
***
***
***
***
***
***

1.640
1.496
1.770
1.314
2.249
1.636
1.444
1.413
1.933
2.419

0.006
0.429
0.032
0.002
0.071
0.001
0.007
0.002
0.011
0.006

B
11.822
-0.399
2.196
-2.566
-0.423
0.174
-0.069
0.700
-0.419
-0.671
-0.510

***
***
***

10.965
11.457
8.849

0.000
0.001
0.003

0.063
0.114
0.163

Sig

VIF

R2
0.59

Contrib.

***
***
***
***
***
***
***
***
***
***

1.488
1.424
1.577
1.146
2.272
1.595
1.391
1.332
1.556
1.893

0.013
0.380
0.047
0.003
0.108
0.000
0.004
0.003
0.012
0.015

***
***
***

10.727
11.639
9.069

0.000
0.002
0.003

Notes: *p = 0.1, significant at the 0.1 level, ** p = 0.05, significant at the 0.05 level, and *** p = 0.01, significant at the 0.01 level.
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Result Validation
In order to validate the regression results, additional data is collected. Table 7 below lists census
block group data collected. Data collected include block group level:
1. Owner occupied median house value;
2. Renter occupied median gross rent;
3. Median income;
4. Demographics;
5. Median number of rooms;
6. Median home age.
To apply this data set to the hedonic model, two regression analyses are performed using owner
occupied median house value and renter occupied median gross rent as dependent variables
respectively. To make sure the dependent variables follow a normal distribution, logarithm is
applied to the independent variables.
As the data used in this section is the block group data, each block group within the Harris
County is considered as one independent sample unit, after removing 0s and null values, of 2,144
block groups in Harris County, there are 1,806 viable block groups selected for owner occupied
housing and 1,699 block groups viable block groups selected for renter occupied housing.
Demographics are included as percentage of racial populations over total population. The mean
percentages of African American population are 17.36% and 19.7% respectively for owner and
renter. The mean percentages of Asian population are 6.18% for owner and 6.03% for renter.
The mean percentages of Hispanic population are 42.49% for owner and 46.74% for renter.
Block group level median income is justified by dividing by 1000.
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To estimate ozone level for each block group, the centroid point of each block group is
considered as the representative of that block group. In GIS, the raster ozone layer is created, and
each centroid block group is applied with a unique ozone value extracted from the raster layer
(see Figure 15).
Table 7: Descriptive Statistics of Census Block Group Regression
Descriptive Statistics

Owner N=1806
Mean
Log Owner Occupied
Median House Value
Ozone
Block Group Median
Income
Percentage of African
American Population
Percentage of Asian
Population
Percentage of Hispanic
Population
Number of Rooms
Home Age

Std.
Dev.

5.23

0.3

28.79

4.68

73.14

45.43

17.36

21.78

6.18

8.87

42.49

28.1

6.41
40.97

1.27
16.04

Renter N=1699
Mean

Log Renter Occupied
Median Gross Rent
Ozone
Block Group Median
Income
Percentage of African
American Population
Percentage of Asian
Population
Percentage of Hispanic
Population
Number of Rooms
Home Age

Std.
Dev.

3.04

0.14

28.7

4.8

60.49

33.91

19.7

22.15

6.03

9.12

46.74

27.89

4.46
39

1.11
15.56

The regression results are presented in Table 8 as below. First, ozone show positive relation with
both owner occupied house value and renter occupied gross rent, even though the contributions
are only 0.9% to owner and 0.1% to renter, the results indicating significant relation between
ozone and owner occupied median house value. On the other hand, ozone is not significantly
related with median gross rent.
Second, both median income and number of rooms are positively related to median house value
and median gross rent, indicating that people live in higher median income block groups tend to
consume more expensive houses and pay higher rent and to consumer housing units with more
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rooms. Percentage of racial population shows interesting results that only Asian population
indicating a positive relation with median house value and median gross rent. But Percentage of
African American population and percentage of Hispanic population are both negatively related
to median house value and median gross rent. However, percentage of Asian only shows
significant relationship with owner occupied housing, but not with renter.
Table 8: Harris County Block Group Regression Results
R2: 0.715
(Constant)
Ozone
Median Income
Percentage of
African American
Population
Percentage of
Asian Population
Percentage of
Hispanic
Population
Number of
Rooms
Age

Owner
Coefficients Sig.
4.677
0.009
***
0.002
***

VIF
1.121
2.539

-0.004

***

1.774

0.001

**

1.301

-0.003

***

2.630

0.051

***

1.669

-0.001

*

1.271

R2: 0.666
(Constant)
Ozone
Median Income
Percentage of
African
American
Population
Percentage of
Asian Population
Percentage of
Hispanic
Population
Number of
Rooms
Age

Renter
Coefficients
2.909
0.001
0.001
-0.001

Sig.

VIF

***

1.148
2.448

***

2.188

0.000

1.351

-0.002

***

3.024

0.048

***

1.206

-0.002

***

1.213

*p = 0.1, significant at the 0.1 level, ** p = 0.05, significant at the 0.05 level, and *** p = 0.01,
significant at the 0.01 level.
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Figure 15: Harris County Ozone Distribution

Author Calculation based on Data Source: US Census and TCEQ

CHAPTER 5: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

In this study, ground ozone level is utilized as an indicator of air quality to examine the impact of
air pollution on housing prices. Harris county is selected as case study due to its unique
condition. The findings answer the questions proposal in chapter 1 that air pollution do have
significant impacts on housing prices. Ozone forms at location with high daily actives, and the
data shows that city centers always have high ozone concentration. This is also a common
phenomenon that as global economy grows, most major metropolitan areas are experiencing
urban expansion and population increase, therefore more consumption on natural resources.
Sarzynski (2012) discussed the critical environmental struggles that all the large metro area is
faced with over the global. It stated that the larger the urban area, the more human activities, and
the less quality environment amendments for everyone. The burden of population growth on
environment is likely to cause more severe pollution. The concept is that, consumption on natural
resources, including air, water, and food and energy, results in more waste production. When
population increases, total demand increase accordingly, therefore stimulates the industrial
production activities. One may argue that modern technologies could help to release or at least
ease the degree of environmental degradation, such as waste management and fuel efficiency
improvement. However, we can certainly not rely on advanced technologies to achieve
sustainable development. To reach the balance point, where natural environment can sustain
itself, and economy grows at an acceptable pace, environmental policy can help us to achieve
favorable outcomes.
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Contribution
Even though that the overall air quality has been improved in the past several decades in the
United States, a great number of populations are often concerned with their residential locations
and associated air pollution impacts (Depro and Timmins, 2020). In this study, the Houston area,
Harris County, is used as an empirical study to assess the impact of air pollution on local housing
prices and to evaluate the effectiveness of governmental regulations. A large quantity of
environmental justice literatures has concluded that the disadvantaged population in general
more likely to suffer from air pollution, but the results and findings in this study draws different
conclusions.
To examine the impact of air pollution, ground level ozone concentration is selected as the
representation of air pollution. According to EPA, in 2019, there were over 73 million people
live in counties with ozone level above the NAAQs. This study answer three questions: First,
ozone has significant impact on local owner-occupied housing units. Even though the regression
analysis shows ozone has relative low contribution to house transaction prices, it is significant
both on the census block group level and individual household level. However, it appears that
ozone has no significant impact on block group level median gross rent. Second, this study found
that governmental air quality regulations have lagged positive impact of housing prices. Using
the effective data as time series, four time periods are defined as dummy variables to evaluate the
impact of governmental legislations on house transaction prices. It is found that as the regulation
standards become stricter, air quality improves over time. Few environmental studies have paid
attention to quantify polices as potential explanatory variables and to assess their relationships
with local economy. This practice can be a reference for future research in policy discussion and
implementation.
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Policy Implications
When considering people’s choice on housing location selection, based on the scope of
landscape, whether it is a large region or relatively local, Hamilton and Phaneuf (2015) created
macro-level and micro-level analysis to seek the interrelationship in between. They explained
that macro-level choices such as relocation cross metropolitan areas might be affected by the
characteristics of labor markets or geographic variables. However, at the micro-level, decision
making is more specifically relying on the quality of and the individual’s demand for certain
public goods or amenities. Such as the quality of education, open space, safety, housing size,
accessibility to workplace, etc., all of which contain certain implicit values that individual is
willing to trade for. The hedonic pricing is the very tool helps to estimate the implicit prices.
Instead of looking at a specific type of population, this method is more likely to address the
overall level of economy conditions within a region.
Unlike economists, urban planners tend to draw conclusions based on the formation of urban
elements to emphasize the welfare of people for better policy making. In the field of urban
planning, scholars and practitioners are seeking a balance to resolve the conflicts between the
society economic development and the general public’s wellbeing. For example, in the master
plan of an urban area, land use types are always carefully examined and assigned with proper
functions for residential use, commercial use, industrial use, recreational use, transportation use,
and so on.
Limitation
However, this study also has its limitation. Due to the structure of the data, housing
characteristics are limited only to square footage and home age, other structural variables, such
as number of rooms, building material, and condition of the house were not taken into
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consideration. Also, accessibility measures used in the study were Euclidean distance instead of
network distance. In future research, network travel time will be adopted as a more accurate
variable to measure accessibility.
Another limitation is that the data interpolation method used point monitoring data, certain area
may not reflect the real time ozone level. But in generally this study was able to successfully
evaluate the impact of Clean Air Act on housing prices, which provides a base for future
environmental policy research using quantitative method.
The interpretation and findings of this dissertation are limited by the following factors:
•

Sample size problem. According to Sullivan and Feinn (2012), "the level of significance
by itself does not predict effect size. Unlike significance tests, effect size is independent
of sample size. Statistical significance, on the other hand, depends upon both sample size
and effect size. For this reason, P values are considered to be confounded because of
their dependence on sample size. Sometimes a statistically significant result means only
that a huge sample size was used."
In this dissertation, regression analysis was performed on a population, not a sample.
This increases the sample size problem even further. Performing regression on a
population will result in significant p-values for all variables, which is what this
dissertation found. For a population, interpretation based on significance alone is not
sufficient.

For this dissertation, the effect (contribution) of the variables is more

important than the significance. This should have been described in the dissertation.
•

Non-normality. Hedonic regression assumes a normal distribution. The four histograms
provided in the dissertation confirm that the data are not normally distributed, as they do
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not resemble a bell curve; rather they have extreme peaks (kurtosis). The P-P plots show
only a few spots of agreement, indicating significant skew and non-normality. Also,
many of the standard deviations are greater than the mean, which also indicates nonnormal data. The log transformation performed in the dissertation did not adequately
normalize the data. A box-cox transformation should have been attempted. Due to the
large number of parameters and based on the law of large numbers and central limit
theorem, the dissertation made use of the data as-is and ignored the non-normality. This
should have been described in the dissertation.
•

"Home Size" is the only finding. The regression analysis showed that only one variable
was associated with housing price; that is, home size.

Home size had a positive,

significant, and important relationship with housing price (effect size = 0.380-0.436).
Ozone did not (effect size=0.001-0.007). In light of the sample size problem noted
previously, the claims made in the dissertation about ozone should have focused briefly
on its trivial effect size. The only variable with strong effect was home size.
Caveats: The two ozone maps (Figures 11 and 12) clearly show two hotspots: one in the Third
Ward and one in Crosby. There is no hotspot located downtown. All of the claims in the
dissertation about downtown (also called city center or CBD) activity being associated with
higher housing prices, higher incomes, and higher ozone levels are not based on the information
provided. There were two hotspots, not one. Both hotspots were in areas where housing and
incomes were below median, not above. The actual effect of ozone was negligible, not high.
The Crosby hotspot, which is semi-rural, was never discussed or analyzed. The conclusions of
the dissertation - that ozone impacts housing prices in Houston's active city center - veer not only
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from the findings of the dissertation but also from the air pollution literature and from the
environmental justice field.
Future Research
Considering the limitation of this study, future research about air pollution and its impacts on
housing prices and can be improved. As there are only 28 monitoring sites used in the study,
obtaining more air monitoring data could increase the accuracy of air pollution. This study
adopted the IDW method to interpolate point level ozone data to the county region, acquiring
more real time air monitoring data would potentially improve the accuracy of the interpolation
model.
Additionally, this study used census block group level median gross rent and an indicator to
represent rent, in the future research, incorporate rent data can help to improve the regression
analysis.

APPENDIX
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A: Clean Air Act History
The Air Pollution
Control Act of 1955
Clean Air Act of 1963
Air Quality Act of 1967

Clean Air Act 1970

1977 Amendments to
the Clean Air Act of
1970

1990 Amendments to
the Clean Air Act of
1970

First federal air pollution legislation
Funded research for scope and sources of air pollution
Authorized the development of a national program to address air pollution related environmental problems
Authorized research into techniques to minimize air pollution
Authorized enforcement procedures for air pollution problems involving interstate transport of pollutants
Authorized expanded research activities
Authorized the establishment of National Ambient Air Quality Standards (NAAQS)
Established requirements for State Implementation Plans to achieve the National Ambient Air Quality
Standards
Authorized the establishment of New Source Performance Standards for new and modified stationary
sources
Authorized the establishment of National Emission Standards for Hazardous Air Pollutants
Increased enforcement authority
Authorized requirements for control of motor vehicle emissions
Authorized provisions related to the Prevention of Significant Deterioration
Authorized provisions relating to areas which are non-attainment with respect to the National Ambient Air
Quality Standards
Authorized programs for Acid Deposition Control
Authorized a program to control 189 toxic pollutants, including those previously regulated by the National
Emission Standards for Hazardous Air Pollutants

Established permit program requirements
Expanded and modified provisions concerning the attainment of National Ambient Air Quality Standards
Expanded and modified enforcement authority
Established a program to phase out the use of chemicals that deplete the ozone layer.
Source: EPA, https://www.epa.gov/clean-air-act-overview/clean-air-act-requirements-and-history
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B: Most Recent Studies
Author(s)
Peng et al.

Year
2002

Jerrett et al.

2005

Pearce et al.

2006

Grineske et al.

2007

Bae et al.

2007

Ou et al.

2008

Case Study

Pollutant(s)
SO2, SO4,
Total
Shi Jia Zhuang,
suspended
China
particulates
(TSP)

Findings/Results
Seasonal simulations indicate that the worst concentration occurs in
winter but clears up considerable in spring. This matches the seasonal
pattern observed in air quality monitoring data and confirms that space
heating contributes substantially to ambient concentrations in the city.

Increased mortality was associated with air pollution exposure in a
citywide model and in intra-urban zones with lower socioeconomic
SO2, CoH
characteristics; low education attainment and high manufacturing
employment in the zones significantly and positively modified the acute
mortality effects of air pollution exposure
Different social groups in the Christchurch population are exposed to
Christchurch,
different levels of both ambient air pollution and extreme air pollution
PM
New Zealand
episodes. Pollution is significantly higher among more disadvantaged
communities.
Census block groups with lower neighborhood socioeconomic status,
higher proportions of Latino immigrants, and renters are exposed to
higher levels of criteria air pollutants; The findings suggest that urban
NO2,
CO,
Phoenix
fragmentation is positively correlated with PM10 and NO2 concentration,
Ozone
which both result largely from transportation activity. Also, higher
population density is found to be associated with higher SO2
concentration.
The clustering of low income and minority population near freeways, and
the higher concentration of minority and poor students in FAPS. The
Seattle
and
residential choices of the minority and low-income population are limited;
Noise
Portland
locations within a FAPS are negatively associated with housing prices
when other negative environmental factors such as traffic noise are
account for.
PM10, NO2, PM10 and SO2 were associated with greater risk of mortality on people
Hong
Kong,
SO2,
and living in public rental housing than in private housing; The effects of all 4
China
Ozone
pollutants were significantly greater in blue collar workers than the never
Hamilton,
Ontario,
Canada
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Author(s)

Marshall,
Julian D.

Year

2008

Arief Anshory
Yusuf & Budy 2009
Resosudarmo

Case Study

Pollutant(s)

Benzene,
butadiene,
California's
chromium
South
Coast
particles, and
Air Basin
diesel
particles
PM10, SO2,
CO,
NOx,
Jakarta,
Pb, and Total
Indonesia
hydro carbon
(THC)

Bayer,
P.,
Keohane, N.,
2009
&
Timmins,
C.

US metro areas

Su et al.

Vancouver and
SO2
Seattle

2010

PM10

Schweitzer &
2010
Zhou

80 metropolitan Ozone,
areas in US
Particulate

Miranda et al.

United States

2011

PM2.5,
Ozone

Findings/Results
employed and white collar groups; But no compelling evidence of effect
modification by education attainment; The reduction of risks associated
with air pollution for socially disadvantaged populations should be a high
priority in public health and environmental policies
Exposure inequalities by ethnic and income group persist even after
accounting for population density, daily travel distance, and other
attributes

House structural characteristics and neighborhood qualities are strongly
associated with house rent. Air pollutants have a negative association with
property value.
This paper argues that mobility constraints hinder the use of conventional
wage-hedonic techniques to estimate household MWTP for local
amenities such as clean air. The estimates imply that the median
household would pay $149-$185 for a one unit reduction in PM10
concentration, in constant 1982-1984 dollars. These findings highlight the
potential importance of incorporating mobility constraints into hedonic
models
Median household income is the most consistent correlate of air pollution,
including their most polluted neighborhoods
Ozone concentrations are significantly lower in compact regions, but
ozone exposures in neighborhoods are higher in compact regions. PM
concentrations do not correlate significantly with regional compactness,
but exposures are also high in compact regions; Exposures to both ozone
and fine particulates are higher in neighborhoods with high proportions of
minority and low-income population groups
Non-Hispanic blacks are consistently overrepresented in communities
with the poorest air quality. It also appears that environmental justice
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Author(s)

Year

Jason et al.

2011

Austin et al.

2012

Gaga et al.

2012

Andrea
Sarzynski

2012

Fan et al.

2012

Case Study

Pollutant(s)

Findings/Results
concerns are more prominent along race/ethnicity lines, rather than
measures of poverty.
Although public parks had on average the lowest pollutant concentrations
of NO2 and PM2.5, they had relatively high O3 concentrations; Parkadjacent neighborhoods, had the highest NO2 and PM2.5, but the lowest
NO2, PM2.5,
Los Angeles
Ozone concentrations. Evidence of socioeconomic and racial ethnic
and Ozone
gradients was found in air pollution exposure and inhalation doses in and
around the urban parks in LA. Public parks in LA had lower traffic related
air pollution and fine particles than the entire region.
PM2.5,
particle
number (PN), The k means method proposed in this paper along with the methodology
ELEMENTA for selecting the optimal number of clusters, provides a systematic way of
Boston
L
AND selecting clustering solutions; Pollutant concentration relationships should
ORGANIC
be similar on days with similar meteorological condition
CARBON
(EC/OC)
Eskişehir,
NO2, SO2, Evaluation of air quality by passive and active sampling in an urban city
central Turkey Ozone, PM
in Turkey: current status and spatial analysis of air pollution exposure
Urban air pollution is associated primarily, but not exclusively, with
demographics. Urban pollution is likely to increase with population
Share
of growth and that economic modernization is unlikely to provide much
8038
cities emissions
relief from the pressures placed by coming population growth. The
world-wide
from energy findings suggest that policy makers must focus on reducing the emissions
production
intensity of production activities within cities, especially from the energy
sector, if they are to avoid rapid growth in urban air pollution in coming
decades
The results show more pronounced inequality among residents living in
CO,
NOx, private than in public housing estates. Elderly people and those of lower
Hong
Kong,
SO2,
and SES were found to be exposed to relatively higher levels of vehicular air
China
PM10
pollution compared with groups of higher SES; Highlights the importance
of government intervention in housing provision, through which the
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Author(s)

Gray et al.

Year

2013

Jungho Baek
& Guankerwon 2013
Gweisah

Carrier et al.

2014

Clark et al.

2014

King

2015

Corey Lang

2015

Fecht et al.

2015

Case Study

Pollutant(s)

Findings/Results
deprived groups in HK are inadvertently more protected from air pollution
exposure.
PM2.5 and Lower SES and higher proportion minority population were associated
North Carolina
Ozone
with higher levels of PM2.5
More equitable distribution of income in the US results in better
environmental quality in the short- and long- run. Economic growth has a
beneficial effect on environmental quality, whereas energy consumption
has a detrimental effect on the environment. Income has a significant
United States
CO2
negative relationship with CO2 emissions in the shot and long run,
indicating that economic growth in the US enhances environmental
quality; Energy consumption has a detrimental effect on the environment
in both the short and long run.
The low-income population and, to a lesser extent, visible minorities in
CO,
NOx,
Montreal
Montreal more frequently live near major roads and in areas with higher
PM2.5, NO2
pollutant concentrations
Non-whites are generally more exposed to residential outdoor NO2 air
pollution than whites; Property value differentials are determined by both
United States
NO2
air quality and tax differentials, and these differentials have opposite
effects upon differential property values.
Air quality is rated worse where minorities and poverty are concentrated,
even after extensive adjustment for objective pollution and built
PM10,
Chicago
environment measures; Perceptions of air pollution may thus be driven by
Ozone
neighborhood socioeconomic position far more than by respondents'
ability to perceive pollution
Owner-occupied units capitalize changes quickly, whereas rent prices lag
behind amenity levels. Owner occupied housing units capitalize changes
PM10
in air quality immediately, and capitalization rates and elasticities stay
United States
(Annual
fairly constant across time. On the other hand, renter-occupied housing
mean)
units show statistically insignificant and economically small price
responses shortly after air quality changes.
England
and PM10
& Higher concentrations in the most deprived 20% of neighborhoods in
the Netherlands NO2
England. Concentrations in both countries were higher in neighborhoods
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Author(s)

Year

Case Study

Pollutant(s)

Anjum Hajat,
Charlene Hsia,
2015
Marie
S.
O'Neill

Global Cities

PM,
CO,
SO2, NO2,
Ozone, and
Lead

Timothy
Hamilton
Daniel
Phaneuf

United States

PM 10

L.
&
2015
J.

Chen Lu, Yi
2015
Liu

Northern and NO2
central China
SO2

Rodriguez
al.

249
Large
Urban Zones NO2, PM10,
(LUZ) across and SO2
Europe

et

2016

and

Findings/Results
with non-White; Air pollution inequalities were mainly an urban problem
suggesting measures to reduce environmental air pollution inequality
should include a focus on city transport.
Relatively small increases in pollutants exposures associated with lower
SES; Most North American studies have shown that areas where low
socioeconomic status (SES) communities dwell experience higher
concentrations of criteria air pollutants, while European research has been
mixed
Macro sorting results specifics in a standard sorting model and a
conditional logit version of two stage sorting model (restricted and
unrestricted). The coefficient on pollution is significantly negative in all
three specifications. Important findings: it is important to account for
heterogeneity in moving costs in macro level sorting models. In the
homogenous moving costs specification the higher disutility of migration
among households with children manifests as a larger disutility of
pollution. Intuitively the homogenous migration cost model predicts that
households that remain in relatively clean MSAs do so to avoid pollution,
when in fact this may be partially due to their higher cost of migration.
Urban form has a significant effect on the urban air quality in China;
urban spatial regulations should favor a compact form and a polycentric
shape for most of the cities in northern and central China
Fragmented and highly constructed cities experience higher
concentrations of NO2 and PM10 and that densely populated cities suffer
from higher SO2 concentration; High income urban areas experience
lower concentrations of pm10 and so2.

87

C: Selected Population Profile
Label

Harris County

Texas

United States

TOTAL NUMBER OF RACES REPORTED
Total population

4,652,980

28,304,596

325,719,178

One race

97.60

97.40

96.70

Two races

2.20

2.50

3.00

Three races

0.10

0.20

0.30

Male

49.70

49.70

49.20

Female

50.30

50.30

50.80

Under 5 years

7.70

7.10

6.10

5 to 17 years

19.20

18.90

16.50

18 to 24 years

9.30

9.90

9.50

25 to 34 years

16.10

14.60

13.80

35 to 44 years

14.30

13.50

12.60

45 to 54 years

12.50

12.50

13.00

55 to 64 years

10.80

11.30

12.90

65 to 74 years

6.40

7.40

9.10

75 years and over

3.80

4.90

6.50

33.60

34.70

38.10

1,586,849

9,623,874

120,062,818

2,970,857

18,149,346

221,250,083

SEX AND AGE

Median age (years)
Households
EDUCATIONAL ATTAINMENT
Population 25 years and over
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Label

Harris County

Texas

United States

Less than high school diploma

18.90

16.40

12.00

High school graduate (includes equivalency)

23.30

25.10

27.10

Some college or associate's degree

27.00

29.00

28.90

Bachelor's degree

19.70

19.30

19.70

Graduate or professional degree

11.10

10.30

12.30

1,586,849

9,623,874

120,062,818

58,645

59,206

60,336

1,586,849

9,623,874

120,062,818

Owner-occupied housing units

55.00

62.00

63.90

Renter-occupied housing units

45.00

38.00

36.10

3.09

3.02

2.72

Median value (dollars)
174,000.00
Source: 2017: ACS 1-Year Estimates Selected Population Profiles

172,200.00

217,600.00

Households
Median household income (dollars)
Occupied housing units

Average household size of owner-occupied unit
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D: Texas School District Rankings
ISD
Tomball

# Elementary
School

#
Middle
School

# High
School

# Alt.
School

City

Score

10

6

2

2 Tomball

0.898

8

4

1

1 Deer Park

0.703

Cypress-Fairbanks

54

18

12

3 Houston

0.669

Klein

33

6

9

4 Klein

0.658

La Porte

7

3

2

1 La Porte

0.653

Humble

29

8

8

1 Humble

0.613

Waller

5

2

0

2 Waller

0.594

Huffman

2

1

1

0 Huffman

0.535

Spring Branch

32

9

6

3 Houston

0.481

Galena Park

15

4

3

2 Houston

0.478

5

1

2

2 Crosby

0.439

Pasadena

36

22

8

3 Pasadena

0.424

Goose Creek

16

5

6

2 Baytown

0.414

Channelview

9

2

2

1 Channelview

0.410

187

42

49

9 Houston

0.404

Alief

25

12

7

2 Houston

0.322

Aldine

41

21

9

8 Houston

0.290

Spring

26

7

5

3 Houston

0.260

Sheldon
7
2
3
1 Houston
Source: https://www.schooldigger.com/aboutrankingmethodology.aspx

0.222

Deer Park

Crosby

Houston
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E: TCEQ Organization Chart

Source: https://www.tceq.texas.gov/
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