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ABSTRACT 

The paper introduces environmental economics, and its role in the study of public 

goods and externalities. Without definable property rights, other methods must be used in 

order to value the environment. In particular, this paper considers the value of quiet 

associated with property values by looking at causes of noise pollution, which is often the 

dominant effect observed in these studies regarding construction projects; however, it is 

not the only possible outcome. It introduces a number of environmental valuation 

techniques, with emphasis on the hedonic approach – which utilizes marketable goods as 

a proxy for environmental value. The author outlines significant literature that applies the 

hedonic approach in the study of noise pollution using property values as the marketable 

good, namely Nelson (2008) and Palmquist (1982). It is important to note that most 

environmental papers discuss the concept of willingness to pay or willingness to accept. 

In the following paper, however, a more general microeconomic analysis is presented. 

That is, we look more explicitly at consumer preferences than prices. A case study of two 

zipcodes in Mesa, Arizona is performed. One zipcode is directly bisected by a freeway, 

while the other is not. The two zipcodes are considered to be homogeneous. Arguments 

and demographics are presented in order to support this key assumption. The first 

approach uses Maricopa County Assessor’s Office assessed home values. Using a 

dummy variable in a multiple regression, it is observed that – from the assessor’s point of 

view – the positive externalities associated with the freeway outweigh the negative 

externalities. The second approach uses sale prices instead of assessed values, but the 

same result is observed from the home buyer and seller’s perspective. In these types of 

studies we typically see a dominant effect by the negative externality, as in the Nelson 
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and Palmquist literature. However, it is the case in this study that a positive externality, 

likely reduced commute times to work and entertainment, is dominant. These results, 

along with some deficiencies and possible improvements are discussed in detail.  

Keywords: construction, hedonic regression, property values 



Texas Tech University, Andrew Doumakes, August 2013 

vi 

LIST OF TABLES 

1.1. Nelson (2008) Results .................................................................................................. 9 

1.2. Palmquist (1982) Results ........................................................................................... 11 

2.1. FRED Data on Arizona Housing Price Index, by Year ............................................. 19 

2.2. Summary of Results from Model 1 without Outliers (Robust Regression 

Coefficients and ANOVA F-statistics) ...................................................................... 28 

A.1. Zipcode Demographic Profile ................................................................................... 40 

A.2. Zipcode Housing Profile ........................................................................................... 41 



Texas Tech University, Andrew Doumakes, August 2013 

vii 

LIST OF FIGURES 

2.1. Google Earth Image of AZ Loop 202 ........................................................................ 12 

2.2. Mesa, Arizona Zipcode Regions ................................................................................ 13 

2.3. FRED Time Series on Arizona Housing Price Index ................................................ 18 

2.4. Model 1, Year 2003, STATA Robust Regression Results ........................................ 20 

2.5. Model 1, Year 2003, ANOVA ................................................................................... 20 

2.6. Normal Probability Plot: Untransformed Model 1, Year 2003 ................................. 22 

2.7. Normal Probability Plot: Transformed Model 1, Year 2003 ..................................... 23 

2.8. Residual vs. Fitted Values Plot, Model 1, Year 2003 ................................................ 24 

2.9. Residual vs. Square Footage Predictor Plot, Model 1, Year 2003 ............................. 24 

2.10. Residual vs. Age Predictor Plot, Model 1, Year 2003 ............................................. 25 

2.11. Residual vs. Fitted Values Plot, Model 1, Year 2003 (Corrected) .......................... 26 

2.12. Residual vs. Square Footage Predictor Plot, Model 1, Year 2003 (Corrected) ....... 26 

2.13. Residual vs. Age Predictor Plot, Model 1, Year 2003 (Corrected) ......................... 27 

2.14. Model 1, Year 2003, STATA Transformed Robust Regression Results ................. 27 

2.15. Model 1, Year 2003, ANOVA for Transformed Model 1 ....................................... 27 

2.16. Normal Probability Plot, Model 2............................................................................ 30 

2.17. Residual vs. Fitted Values Plot, Model 2................................................................. 31 

2.18. Residual vs. Square Footage Predictor, Model 2 ..................................................... 31 

2.19. Residual vs. Age Predictor Plot, Model 2 ................................................................ 32 

2.20. Robust Regression Results, Model 2 ....................................................................... 33 

2.21. ANOVA Results, Model 2 ....................................................................................... 33 



Texas Tech University, Andrew Doumakes, August 2013 

1 

CHAPTER I 

INTRODUCTION 

Economics as a social science is most often associated with concepts like money, 

taxation, and growth. More generally, though, economics is the study of interactions 

within and among different kinds of markets which allocate scarce resources. Among 

these scarce resources is the environment. The branch of environmental economics often 

deals with the grey area surrounding the property rights for public goods. A public good 

is defined as one that exhibits “both consumption indivisibilities and nonexcludability” 

(Tietenberg, 2003). Nonexcludability is a circumstance occurring when “even those who 

fail to pay for [a resource] cannot be excluded from enjoying the benefits it confers” 

(Tietenberg, 2003). Indivisible consumption occurs when “one person’s consumption of a 

good does not diminish the amount available for others” (Tietenberg, 2003). 

Consumption indivisibility is frequently referred to as the nonrivalrous quality of a 

resource. Public goods can often produce externalities, or any unintended result – good or 

bad – of market operations. Without definitive property rights, it becomes difficult to 

determine the value associated with externalities, be they positive or negative. 

The most prominent negative externality considered in environmental economics 

is pollution. This paper will consider noise pollution in particular, as this is a common 

(though not exclusive) unintended result of construction projects. The fact that noise 

pollution cannot be seen, tasted, or smelled explains partly why it is not as popular a topic 

as water or air pollution.  According to the Environmental Protection Agency, noise 

pollution is loosely defined as “unwanted or disturbing sound” (EPA). Noise is 

considered unwanted when it “interferes with normal activities such as sleeping, 
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conversation, or disrupts or diminishes one’s quality of life” (EPA). The unwanted sound 

can, in fact, induce major consequences on one’s overall health. According to the EPA, 

there are studies that have shown noise pollution causing problems such as “stress related 

illnesses, high blood pressure, speech interference, hearing loss, sleep disruption, and lost 

productivity” (EPA). Noise pollution can occur in the home, school, workplace, or 

community. Some sources of noise pollution include motor vehicles, aircrafts, home 

appliances, construction projects, railroads, and heating, ventilation, and air-conditioning 

(HVAC) systems. 

Prior to 1981, the Environmental Protection Agency had a regulating body that 

was responsible for noise abatement which was established under the Clean Air Act 

(CAA) in 1963. In fact, this piece of legislation was enacted in 1955 and then added as 

Title IV of the Clean Air Act’s original passing in 1963. After the amendments to the 

CAA in 1970, the Title IV relating to noise pollution was replaced with Title IV relating 

to acid deposition control. The original legislation established the Office of Noise 

Abatement Control (ONAC). The goal of ONAC was to “reduce noise pollution in urban 

areas, to minimize noise-related impacts on psychological and physiological effects on 

humans, effects on wildlife and property (including values), and other noise-related 

issues” as well as being the body responsible for conducting any noise pollution studies 

(EPA). Furthermore, since the Clean Air Act the EPA has helped establish additional 

legislation related to noise pollution under The Noise Control Act of 1972 and The Quiet 

Communities Act of 1978. The former is the more significant of the two; its goal was to 

regulate noise pollution with special regard to protecting human health. The 1972 

legislation established noise emission standards for motor vehicles, aircrafts, and home 



Texas Tech University, Andrew Doumakes, August 2013 

3 

appliances. It also highlighted local government’s role in emphasizing noise mitigation as 

a component of land planning. In 1981, Congress ended funding for all federal legislation 

related to noise pollution and closed ONAC. Today, these acts are guidelines for state and 

local government noise control laws.  However, the EPA still retains the ability to 

analyze noise pollution and distribute information to the public regarding noise 

pollution’s adverse health effects. 

Valuing the Environment 

The environment as an asset typically doesn’t undergo any sort of market 

transactions, so it becomes incredibly difficult to measure environmental value directly 

by observation (i.e. pricing). It is possible, however, to measure the value directly by 

hypothetical means – like a survey. In environmental economics, we refer to this as the 

contingent valuation method. More commonly, the study of environmental value involves 

indirect methods. This paper will emphasize the hedonic approach to determine 

environmental value, but other methods include the travel cost approach, defensive 

expenditures, and the dose-response method, among others. The typical approach with 

these methods is to establish some estimate either of willingness to pay (WTP) or 

willingness to accept (WTA). Here, consider a demand curve for an environmental 

commodity or positive externality, or perhaps a demand curve for avoiding a negative 

externality. A given point on the demand curve represents the price that is willing to be 

paid for the last unit. Therefore, total willingness to pay is the area under the demand 

curve (Tietenberg, 2003). This area is precisely what these indirect methods discussed in 

the following sections are seeking to estimate in most environmental literature. Whether 

we examine WTP or WTA depends on the context: WTP is a measure of how much 
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society is willing to pay to preserve a commodity, or prevent an externality; WTA is a 

measure of how much society is willing to accept to lose a commodity or tolerate an 

externality. However, in the case study which follows later we take a more general 

microeconomics approach that focuses on revealing preferences. 

The Hedonic Approach 

The hedonic approach to valuing the environment uses multiple regression in 

order to acquire an estimate of environmental value. To do this, some environmental 

component must be included in the regression. Ideally, the regression models will be of 

the log-log form so that each coefficient is an economic measure of elasticity. The basic 

idea is that goods which don’t have market values – like the environment – can actually 

affect the prices of goods that do. Two common goods that fit nicely into a hedonic 

model are property values and labor values (e.g. wages). In a hedonic study of property 

values, the model might include variables like number of bedrooms, number of 

bathrooms, square footage, age of the home, quality of schools, and also distance from a 

pollution source such as a chemical plant. In this case, we expect property values closer 

to the source of pollution to be lower than property values far from the source, ceteris 

paribus (Tietenberg, 2003).  The hedonic wage approach uses labor value to extract 

willingness to pay. It is well known that labor in environmentally degraded workplaces 

demand higher wages for taking on the health risks associated with the environmental 

contamination (Tietenberg, 2003). For example, the multiple regression could compare 

wages at two plants; one uses state-of-the-art technology to reduce sound emissions of 

their plant, and the other uses older equipment that produces a high level of noise 

pollution that has been shown to affect employees’ hearing over time. In each case, it can 
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be important to include variables that measure an individual’s preferences toward the 

environment. For example, including variables for age and education might help 

categorize individuals who value the environment more than others (e.g. older, more 

educated persons might be expected to hold a higher value of the environment). 

Other Approaches 

Under very few circumstances can environmental value be measured by observed 

behavior. Suppose some kind of pollution spill impacts the amount of catch in a fishery. 

This would be a situation where the loss of catch revenue essentially measures the cost of 

the pollution spill. Where market observation is difficult or impossible, studies invoke the 

contingent valuation method. There are two ways to conduct a contingent valuation 

survey: 

1. Ask the sample how much they are willing to pay to avoid a negative

environmental change, or to preserve a positive environmental quality 

2. Ask respondents if they are willing to pay X amount, slowly increasing (or

decreasing) the X in order to determine an upper (lower) bound 

The contingent valuation method can be expensive to conduct simply because of the 

scope of the survey. An additional concern with this method is “the potential for survey 

respondents to give biased answers” (Tietenberg, 2003).  Such a survey was piloted in 

1990 to ask whether preservation of forests in the Pacific Northwest was an efficient 

choice. The contingent valuation method was “conducted to estimate the nonuse value of 

preservation” (Hagen, 1992). The survey of 1,000 households was conducted by mail, 

and the result determined that the “benefits of preservation outweighed the costs by at 

least three to one” (Hagen, 1992). Hagen, et al, also point out that while the benefits are 
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widely dispersed, the costs are extremely concentrated. This is often a dilemma faced in 

environmental policy. In this particular example, it was addressed by levying a tax on all 

beneficiaries in order to reduce the burden where the costs were concentrated (Hagen, 

1992). 

Another method of determining willingness to pay is using travel costs as a proxy. 

The travel cost method uses information on how much a visitor spends to get to the 

location of an environmental resource to estimate willingness to pay. Given a varied 

enough sample, a demand curve can be constructed from this information (Tietenberg, 

2003). Included costs might be things like gasoline, entrance fees, and of course 

opportunity costs. The travel-cost method was used to determine use value of Lake 

Nakuru National Park in Kenya. This method indicated that the “annual value of 

recreational viewing in this park in 1991 was ($US) 13.7 to 15.1 million” of which the 

majority was from nonresidents (Navrud, 1994). The results were much higher than any 

fees rendered to enter the park, and consequently the Kenyan government “raised 

nonresident entrance fees by 310% in 1993” (Navrud, 1994). 

Similar to the hedonic approach, in that it uses goods sold in a market, is the 

defensive expenditures approach. Here, a user takes action to avoid negative effects of 

environmental contamination. For example, an area observes a high number of air 

purifiers purchased because it has a high level of air pollution; or an area sees an increase 

in the amount of bottled water purchased after contamination of the local drinking water 

supply. A study was conducted in 1992 to determine the value of groundwater 

contamination in Perkasie, Pennsylvania. Results of the study showed that “residents 

spent from $61,313.29 to $131,334.06 over the 88-week period of the contamination” 
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(Abdalla, 1992). The costs associated with purchasing bottled water, home treatment 

systems, boiling water, or hauling water from outside sources were all included in the 

estimations (Abdalla, 1992). 

The dose-response method is most commonly used in the evaluation of drugs in 

the medical field, but can also be used in environmental economics where this method 

can be applied to doses of pollution, rather than doses of a chemical drug. For example, a 

study might be conducted on a crop of cotton by exposing portions of the crop to 

different levels of air or water pollution. For each dosage level, an effect on the cotton 

crop – probably a reduction in the yield – is measured in order to obtain a dose-response 

curve. Some studies have used the dose-response method to measure a relationship 

between mortality and air pollution. In Mendelsohn (1979), it was determined that in the 

U.S. “approximately 140,000 deaths a year may be associated with air pollution.” Some 

pollutants, like sulfate, exhibit strong association with death while others, like ozone or 

nitrogen dioxide, have little or no effect (Mendelsohn, 1979). 

Hedonic Approach Literature 

The following two papers study various transportation construction projects’ 

impacts on property values, which is the topic of the case study that follows. The hedonic 

methods used in these studies were highly influential in the development of the 

approaches seen in the case study. Jon P. Nelson outlines a number of results in his 2008 

paper titled “Hedonic Property Value Studies of Transportation Noise: Aircraft and Road 

Traffic.” As indicated in the title, Nelson (2008) considers two specific sources of noise 

pollution: airport noise and highway noise. The studies utilize regression “to unbundle 

housing prices and calculate an implicit hedonic price for quiet” (Nelson, 2008). Many of 
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the studies cited in the paper measure the sound in decibels at the location of the property 

to determine whether or not it falls within a specific annoyance threshold. He notes that 

housing market segmentation can be a problem when studying entire metropolitan areas. 

That is, it is important that the sample of properties have similar characteristics, 

otherwise indicator variables will need to be included in the regression model. For this 

reason, the earliest hedonic price studies related to noise pollution “often used small 

samples that covered limited geographic areas, such as residential areas in close 

proximity to a major airport or busy highway. In these settings, segmentation is less 

likely to arise due the homogeneity of the sample of houses, neighborhood attributes, and 

occupants” (Nelson, 2008). This is an important concept used in the case study that 

follows later in this paper. Nelson also brings to light the value of stated preferences 

methods – like the contingent valuation method mentioned above – as a supplemental 

source when making policy recommendations. According to Nelson (2008), hedonic 

price studies on property values and noise pollution lead to three major policy 

applications: 

1. A tool to use in cost-benefit analyses of noise abatement projects, such as

airport expansions, curfews, quieter aircraft development, traffic noise 

barriers, and highway improvement 

2. A method of determining the full social costs of noise pollution

3. Helping to evaluate policy instruments for noise pollution, like noise and

congestion taxes. 

Table 1.1 summarizes the results given in Nelson (2008). All values are noise 

depreciation index (NDI) per decibel (dB). 
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Table 1.1: Nelson (2008) Results 

Summary of Results Listed in Nelson (2008) 
Values are NDI / dB 

Study Value Aircraft Noise Traffic Noise 

E
ar

ly
 

E
st

im
at

es
 

Min 0.50% 0.40% 

Max 0.70% 0.60% 
R

ec
en

t 
E

st
im

at
es

 
Mean 0.92% 0.57% 

Median 0.74% 0.54% 

Recent estimates according to Nelson (2008) indicate a median decrease in 

property values of 0.74% per increase in decibel of aircraft noise, and a median decrease 

in property values of 0.54% per increase in decibel of traffic noise. Recent estimates are 

higher than earlier estimates, which “may reflect rising real incomes as well as 

differences in econometric techniques” (Nelson, 2008). 

For the methods detailed in the case study that follows later in this paper, another 

noteworthy piece of literature on the effects of noise pollution on property values is 

Raymond B. Palmquist’s 1982 publication, titled “Measuring Environmental Effects on 

Property Values without Hedonic Regressions.” Palmquist tweaks the standard hedonic 

regressions, instead opting to use repeat sales of properties – one sale before the 

introduction of a significant element of noise pollution, and one sale after. Palmquist’s 

goal with this technique is to “eliminate the large data requirements of hedonic 

regressions” (Palmquist, 2008). When referring to large data requirements, Palmquist 

specifically notes that regressions of property values may include 30 or more 

characteristics of the structure and location in order to ensure unbiased estimators simply 
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because “real estate properties are heterogeneous capital goods” (Palmquist, 1982). 

Furthermore, such characteristics may need to be obtained from multiple sources, or 

obtained from an aggregate source – and data aggregating sources face their own 

problems. That is, aggregate data sources may be limited (due to confidentiality 

agreements or otherwise), while disaggregate sources imply high data collection 

expenses. Using the repeat sales technique, the only data needed are the age of the home, 

a measurement of the environmental change, depreciation in the home value, a measure 

of the change in general real estate price level, and possibly some indicator of significant 

renovations that might affect home value (although, if the data sample is large enough, 

these specific properties can be removed to simplify the overall model). The case study 

that follows in the next section examines the expansion of a highway that occurred 

simultaneously with the housing bubble bust in the United States. The fact that this 

technique is able to account for this economic shock by extracting the change in general 

real estate price levels allows for a more understandable and interpretable set of 

indicators. Of course, the repeat sales technique is not applicable to every area of interest 

with an element of noise pollution. The properties in the area of interest must have 

undergone a minimum of two sales. This can restrict data to older or more established 

neighborhoods. In other words, it may be unlikely to find data on multiple sales if the 

homes are new builds to begin with. Seeking out multiple sales in newer neighborhoods 

may significantly limit the size of the sample. Table 1.2 below summarizes the results 

from Palmquist (1982). The study uses repeat sales on properties to determine the loss of 

value associated with the construction of a major highway. 
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Table 1.2: Palmquist (1982) Results 

Summary of Results from Palmquist (1982) 

Parameter OLS GLS 

NDI / dB 0.58% 0.77% 

t-statistic -1.7121 -1.9869 

The OLS model predicts a decrease in property value of 0.58% per increase in 

decibel of noise pollution, while the GLS model predicts a slightly higher decrease of 

0.77% per increase in decibel of noise pollution. Palmquist’s repeat sales results were 

nearly identical to an extensive hedonic regression study that used data on 49 variables. 

The repeat sales technique requires some strict assumptions be made, but even if these 

assumptions are not met, the repeat sales technique is “an efficient means of estimating 

equilibrium prices to provide the basis for the second-stage estimation of the demand for 

environmental quality” (Palmquist, 1982). Here, efficient is used to describe the simpler 

data requirements of this method. These estimates can be used to determine the effects of 

environmental change on property owners. 
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CHAPTER II 

CASE STUDY 

Modeling 

In 1985, voters in Maricopa County, Arizona passed Proposition 300 voting to 

construct State Loop 202, a beltway that encompasses the entire Phoenix metropolitan 

area. A portion of this beltway passes through a neighborhood in the eastern part of 

Mesa, Arizona. See Figure 2.1 below for a Google Earth image of the area of interest. 

Figure 2.1: Google Earth Image of AZ Loop 202 

In the image, the actual freeway is highlighted by a dotted green line. As you can 

see, the freeway is adjacent to a significant number of properties in this neighborhood. 

Figure 2.2 is an image that maps zipcode zones in Mesa, Arizona. 
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Figure 2.2: Mesa, Arizona Zipcode Regions 

Again, the actual freeway is highlighted in green. Given the previous literature 

summarized in the prior section, this paper seeks to compose two models to estimate the 

loss (or gain) of property value associated with externalities caused by the construction of 

Arizona State Route 202, taking specific consideration of the neighborhood shown in 

Figure 2.1. The construction of the beltway in this specific area occurred between 

January 2003 and June 2005 (Loop 202 Timeline). 

The first model (hereby referred to as Model 1) will use a modified hedonic 

regression approach. Seen in Figure 2.2, the source of construction passes through 

zipcode 85215. By comparison, the 85205 zipcode remains untouched. Homes in these 

two areas appeal to the same group of consumers with similar preferences, incomes, and 

so on, so the 85205 district serves as a convenient control group. In other words, these 

 85215 
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two zipcodes can be considered homogeneous in home buyer/seller preferences. The 

Appendix provides some demographic (Table A.1) and housing (Table A.2) data on each 

zipcode in order to support this key assumption. The data is taken from various census-

related surveys recently conducted. A brief discussion of the data is given as well. Model 

1 will include a dummy variable for zipcode. The goal is that this dummy variable will 

give some measure of the value of the building of the freeway. Since the 85205 and 

85215 areas represent such similar preferences, there is no need to complicate the 

regression model with variables that measure amenities like park and school quality, or 

differences in the consumers themselves. Consider the following hypothetical hedonic 

regression: 

� = 	�� +	���� + �	�	 + �
�
 + ���� + ���� +  (1) 

�� = ������	��	��������;	�	 = ������	��	���ℎ�����;	�
 = ������	������� 

�� = ���	��	ℎ���;	�� =	
0	��	 �� ����	��	!� "��� 85205

1	��	 �� ����	��	!� "��� 85215

In this case, the ��' will measure the difference, in dollars, between a home in 85205 and 

a home 85215, ceteris paribus. Model 1 will follow a similar multiple regression setup, 

and will also use analysis of variance (ANOVA) in order to compare home values 

between the two zipcodes. 

The second model (Model 2) will use a modified version of Palmquist’s repeat 

sales technique on the 85215 zipcode. The properties here are fairly new, so the sample 

of homes with repeat sales may not be large enough to obtain unbiased estimators. 

Instead, we will examine a group of sales before the construction of the freeway, and a 

group of sales after – so this approach will not measure multiple sales on each property in 
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the sample, as Palmquist did. Model 2 will use ANOVA to compare sale prices before 

and after the construction of the beltway in the 85215 zipcode. 

Data Collection and Refinement 

The data for this case study was obtained from the Maricopa County Assessor’s 

Office. Through Arizona State University’s library services, we have access to 11 years 

(2002-2012) of property data, including fields like property value, improvement value, 

construction year, square footage, sale prices and years, and even detailed characteristics 

of the properties like types of walls, what type of heating and cooling systems they have, 

and whether there is an onsite swimming pool. The files include all types of properties 

categorized by a property use code (PUC). The use codes are divided into categories like 

single-family, commercial, or industrial and each of those categories is divided even 

further1. For the purpose of this study, we eliminate all of the observations that are not 

part of the single-family residential PUC2. This is when we begin to see some problems 

with the provided data: years 2002 and 2008 do not have a field for PUC, making it 

impossible to distinguish single-family residential properties from laudromats, banks, and 

so on. The next step in the data refinement was to narrow by zipcode, so we eliminate all 

observations whose zipcode is not 85205 or 85215. The data for year 2006 did not have a 

field for zipcode, so it was not possible to know which observations were of interest to 

this study. Narrowing by PUC and zipcode shrunk the data files from over 600,000 

observations in each year to around 15,000 observations in each year. Through this 

refinement process we also come down to 8 years of data from the initial 11 years 

because 2002, 2006, and 2008 were not usable because of the aforementioned reasons. 

1
 The PUCs range from 00XX for vacant land to 99XX for tax exempt districts. 

2
 The single-family residential PUCs range from 0101 for grade 010-0 urban subdivided to 0171 for grade 

010-7 urban subdivided and beyond 
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With the refinement complete, we begin to set the data up for analysis. First, we create a 

new column to calculate the age of the property by subtracting the construction year from 

the data year. For example, in the file of data from 2003 all of the property ages are 

calculated by subtracting the construction year from 2003. Next, we translate the zipcode 

field into a dummy variable using an if-statement: 85205 becomes 0 and 85215 becomes 

1. Saving the file in XML format finishes the refinement process for the first analytical

approach, Model 1. 

The data for the second analytical approach, Model 2, is from the same source. 

The second approach does not require observations of properties in the 85205 zipcode, so 

all of those entries were eliminated. Using sale dates and sale prices in the data file for 

20123 gives a sample of around 3,500 properties to analyze. In this approach, we sort the 

sales in the 85215 zipcode into two categories: before the construction of the freeway, 

and after4. First eliminate all of the sales that occurred between these two categories. Any 

sales in 2002 or earlier have a value of 0 for the dummy variable, and any in 2006 or later 

have a value of 1. Eliminating sales that occurred in 2003-2005 pre-emptively removes 

the confusion that these specific sales cause when it comes to interpreting the results. For 

this approach, we calculate the age at the date of the sale by subtracting the construction 

year from the year of the sale. Again, saving the file in XML format prepares the data to 

be imported into STATA. 

It is worthwhile to note that initially we approached the data as a panel analysis. 

In order to do a panel analysis, each home value needs a unique identifier to measure how 

3
 2012 is the only applicable file because any sales listed in the data from prior years will also be listed in 

the 2012 file 
4
 Again, the exits in 85215 opened in January 2003 (Val Vista, Greenfield, and Higley) and June 2005 

(Recker and Power). Dates taken from Arizona Department of Transportation website 
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it changes over time. The Maricopa County Assessor’s office data files assign a parcel 

number to each home. We used this parcel number as a unique identifier. However, the 

STATA output from the panel analysis was not able to answer the question we pose with 

this specific case study: do the property values in the 85215 zipcode change as the 

freeway exits in this area open for public use? Hence, we used the multiple regression 

methods which have the much simpler data requirements discussed above. 

Expected Results 

In each model, there are 3 possible scenarios that the data may support. 

1. The indicator variable for zipcode is significant and has a negative sign

2. The indicator variable for zipcode is significant and has a positive sign

3. The indicator variable for zipcode is insignificant

Scenario 1 designates that the construction of Arizona State Route 202 decreased 

property values in the 85215 zipcode. A decrease in property value would be related to 

negative externalities such as noise or scenic pollution, and the negative health impacts 

associated with those discussed earlier in the paper. Scenario 2 indicates that the 

construction of Loop 202 had a positive impact on property values. This would likely be 

because this freeway opened up a valuable route for commuters heading to and from their 

locations of employment closer to downtown Phoenix. Scenario 3 is another possibility 

that shows the negative impact from scenario 1 may be nearly equal to the positive 

externality result from scenario 2, or that there was not a measurable impact to begin 

with. 
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Experimental Results 

Model 1 

In Model 1, we will generate a regression for each of the eight years of data: 

2003, 2004, 2005, 2007, 2009, 2010, 2011, 2012. For each year of data, the regression 

will take the following form: 

(�)���*+�, =	��'+ ��' ∗ !� +	�	' ∗ ���� + �
' ∗ ��� (2)

The Value1980 variable takes the Maricopa County Assessor’s Office estimate of the 

property value in the data year and converts it into 1980 dollars. This conversion is done 

using data from the Federal Reserve Bank of St. Louis database of economic data, known 

commonly as FRED. The data source contains time series data on the housing price index 

in Arizona. Figure 2.3 and Table 2.1 below show the time series data used in this case 

study. 

Figure 2.3: FRED Time Series on Arizona Housing Price Index 
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Table 2.1: FRED Data on Arizona Housing Price Index, by Year 

AZ HPI (base year 1980) 
Year Housing Price Index 

1993 2.3 

1994 5.0 

1995 5.7 

1996 4.8 

1997 4.0 

1998 5.3 

1999 4.9 

2000 6.1 

2001 6.7 

2002 5.4 

2003 5.8 

2004 12.5 

2005 29.5 

2006 18.5 

2007 -1.0 

2008 -13.6 

2009 -15.5 

2010 -12.1 

2011 -10.7 

For example, the housing price index (HPI) in Arizona in 1993 was 2.3% higher 

than in 1980. In order to convert a home whose value was assessed as $100,000 in 1993 

to 1980 dollars, we divide $100,000 by 1.023. This home’s assessed value in 1980 dollars 

is $97,751.71. The zip variable is a dummy variable equal to zero if the property is in the 

85205 zipcode, and equal to one if the property is in the 85215 zipcode. The age variable 

is calculated by taking the data year and subtracting the year the property was 

constructed. For example, in the data for year 2003, suppose a home’s construction year 

is recorded as 1950. The age value for the corresponding data point is 2003 – 1950 = 53 

years. Lastly, the sqft variable is a measurement of the living square footage of the 

property. 
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All regressions in this case study will utilize robust standard errors because of the 

presence of heteroskedasticity, which is nearly always present in econometric data5. By 

running a regression on each year of data, we can examine the value of ��' from year to 

year. Additionally, we will use analysis of variance (ANOVA) to test whether the mean 

property value in the 85205 zipcode is significantly different from the mean property 

value in the 85215 zipcode. More specifically, we want to examine the value of the F-

statistic, as this will measure whether the two means are becoming more different after 

the introduction of access to the Loop 202 freeway. Consider Figures 2.4 and 2.5 which 

show a robust linear regression and corresponding ANOVA table from the 2003 data: 

Figure 2.4: Model 1, Year 2003, STATA Robust Regression Results 

Figure 2.5: Model 1, Year 2003, ANOVA 

The ANOVA table is examining the following hypothesis test: 

.�:	0+�	�� =	0+�	�� (3) 

.1:	0+�	�� ≠	0+�	�� 

5
 The author has verified, using STATA tests, that heteroskedasticity is present in the data used in this case 

study 
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The reason we do not conduct a directional ANOVA test (i.e. use greater than/less than 

instead of not equal to) is because the coefficient present on the zip variable in the robust 

regression tells us whether the properties in the 85215 zipcode are generally higher 

(positive coefficient) or lower (negative coefficient) than the properties in 85205. In other 

words, the sign of ��' conveys the same information as a directional ANOVA test. 

Before interpreting the results from the above output, it is important to first verify 

that the assumptions underlying regression analysis are not violated. The assumptions we 

will examine are: 

1. Existence

2. Independence

3. Normality

4. Constant variance

5. Presence of outliers

Existence is obvious and each mean is denoted as µ85205 and µ85215 (it may be helpful to 

consider each zipcode as a treatment, as in medical studies, in order to understand better). 

For the purpose of this case study, we will assume independence because the collection 

method of the assessor’s office is out of our control. Figure 2.6 is the normal probability 

plot output from STATA. Ideally, we want the data to fit as tightly as possible to the 45° 

line, so in the figure there is room for improvement via transformation. 
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Figure 2.6: Normal Probability Plot: Untransformed Model 1, Year 2003 

Econometric data often benefits from a natural log transformation, both to encourage 

normality and for interpretation purpose. The transformed version of Model 1 is: 

ln	((�)���*+�), =	��'+ ��' ∗ !� +	�	' ∗ ���� + �
' ∗ ��� (4) 

As seen in Figure 2.7, this transformation does improve normality of the data. 
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Figure 2.7: Normal Probability Plot: Transformed Model 1, Year 2003 

In order to verify the assumption of constant variance and to test for the existence 

of influential outliers, we will examine residual plots. In Figures 2.8, 2.9, and 2.10 

(residual vs. fitted value, residual vs. square footage predictor, and residual vs. age 

predictor, respectively) there is evidence of non-constant variance and the existence of 

outliers. In both cases, it looks as though the deviation is caused by multiple input errors 

in the data. This is best observed in the residual vs. age predictor plot (Figure 2.10). In 

this plot, we see some of the homes have an age around 2000 years, which is much higher 

than the rest of the data as well as simply beyond the scope of possibility. Let us remove 

these observations and re-examine the residual plots. 
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Figure 2.8: Residual vs. Fitted Values Plot, Model 1, Year 2003 

Figure 2.9: Residual vs. Square Footage Predictor Plot, Model 1, Year 2003 
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Figure 2.10: Residual vs. Age Predictor Plot, Model 1, Year 2003 

Figures 2.11, 2.12, and 2.13 are the same three residual plots with the erroneous 

observations dropped. It is clear removing these observations improves the constant 

variance assumption, and eliminates the most influential outliers. It is true that there are 

still some deviant outliers, but they are often accompanied by an equal but opposite 

outlier. 
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Figure 2.11: Residual vs. Fitted Values Plot, Model 1, Year 2003 (Corrected) 

Figure 2.12: Residual vs. Square Footage Predictor Plot, Model 1, Year 2003 

(Corrected) 
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Figure 2.13: Residual vs. Age Predictor Plot, Model 1, Year 2003 (Corrected) 

Now that all of the assumptions underlying regression analysis are adequately met, we 

can re-run the robust regression, Figure 2.14, and ANOVA, Figure 2.15. 

Figure 2.14: Model 1, Year 2003, STATA Transformed Robust Regression Results 

Figure 2.15: Model 1, Year 2003, ANOVA for Transformed Model 1 
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This process was repeated for the remaining seven years of data. A summary of 

the output of interest to this case study is given below in Table 2.2. The constant, 

zipcode, sqft, and age columns show the coefficients from the robust regression output 

and the F-statistic is from the ANOVA output. 

Table 2.2: Summary of Results from Model 1 without Outliers (Robust Regression 

Coefficients and ANOVA F-statistics) 

Year Constant Zipcode Sqft Age F-statistic 

2003 10.9068900 0.0991250 0.0004586 -0.0084884 2075.31 

2004 10.9981800 0.1026758 0.0004236 -0.0067482 2128.02 

2005 10.8619500 0.1047714 0.0004308 -0.0071235 2258.19 

2007 11.2832700 0.1018362 0.0004252 -0.0087950 2315.93 

2009 11.5497800 0.1192157 0.0004225 -0.0096551 2720.87 

2010 11.3452900 0.1623459 0.0004203 -0.0102796 3382.66 

2011 11.2219500 0.1948438 0.0004180 -0.0113558 3933.27 

2012 10.9303700 0.1844421 0.0004478 -0.0102196 3371.94 

Now we can consider the implications of the data. Model 1 is posing this 

question: As the Loop 202 freeway exits located in zipcode 85215 open for public use, 

does this affect the property value in the area positively (commuting convenience), 

negatively (noise / scenic pollution), perhaps both occur and negate each other, or there is 

no effect at all? Specifically, we want to observe the changes in the difference between 

property values in zipcodes 85215 and 85205. In each year, we observe that the property 

value in 85215 is, on average, higher than in 85205 according to the coefficient on the 

zipcode dummy variable. In year 2003, property values in zipcode 85215 were about 

9.9% higher. In 2012, they were about 18.4% higher, and the years in between follow this 

general increasing trend. This result is reinforced when we examine the values of the F-

statistic. In each year, we reject the null hypothesis and conclude that the mean property 
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value between zipcodes is different. More importantly, we examine the magnitude of the 

F-statistic to observe whether or not the means are becoming more different over time. As 

with the coefficient on the zipcode dummy variable, the F-statistic generally increases 

from year to year, suggesting that the mean property values between zipcode do become 

more different over time. These results suggest that assessors value the positive 

externality of decreased commute time, whether that is to work or entertainment, 

provided by the freeway access more than the negative externality of noise / scenic 

pollution. 

Model 2 

Model 2 takes a slightly different approach, looking at sale prices instead of 

assessed property values and only using data from the 85215 zipcode. This time, we 

examine sale prices before the opening of the exits in the 85215 zipcode compared with 

sale prices after the last exit in the 85215 zipcode opened. As with Model 1, all prices are 

converted to 1980 dollars using the same method as before, we will use the natural 

logarithm of the sale price to encourage normality, and we will use robust standard errors 

because of heteroskedasticity.  Therefore, the general form of Model 2 is: 

ln(��)� �7"��*+�)
, =	��'+	��' ∗ ����� +	�	' ∗ ���� + �
' ∗ ��� (5) 

The saleprice1980 variable uses the sale price in the data from Maricopa County 

Assessor’s Office and does the conversion identical to Model 1, but using the sale year 

instead of the data year to obtain the HPI. The after variable is a dummy variable to 

capture whether the property sold before or after the exits on the Loop 202 freeway 

opened in the 85215 zipcode. The after variable equals 0 if the property sold in 2002 or 

earlier, and it equals 1 if it sold in 2006 or later. The sqft variable is a measurement of the 
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living square footage of the property. The age variable is calculated by subtracting the 

construction year from the year of the sale. 

As with Model 1, we verify the assumptions before discussing the results. The 

assumptions are verified in the same manner as Model 1. Existence is obvious, and the 

means here are represented by µbefore and µafter. We will assume observation independence 

for the purpose of this case study, because the sampling method used by Maricopa 

County Assessor’s Office is beyond the control of this study. First, we check the normal 

probability plot in Figure 2.16: 

Figure 2.16: Normal Probability Plot, Model 2 

We see in Figure 2.16 that the data is reasonably normal. Next, we will examine the 

residual plots to check for constant variance and the presence of outliers with the use of 

Figures 2.17, 2.18, and 2.19. 
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Figure 2.17: Residual vs. Fitted Values Plot, Model 2 

Figure 2.18: Residual vs. Square Footage Predictor, Model 2 
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Figure 2.19: Residual vs. Age Predictor Plot, Model 2
6

In Figures 2.17-2.19, we see very similar results to Model 1. There are some observations 

that might be considered outliers, but they are usually met with an equal but opposite 

outlier. 

Now let’s consider the implications of Model 2 by examining the results. 

Consider the following robust regression results in Figure 2.20 and ANOVA output in 

Figure 2.21: 

6
 In Figure 2.19, you will see some negative values for age. This indicates the property was sold before 

being recorded as built. This is not uncommon with new construction homes. 
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Figure 2.20: Robust Regression Results, Model 2 

Figure 2.21: ANOVA Results, Model 2 

In Figure 2.20, we see a positive coefficient on the after variable that indicates sale prices 

in the 85215 zipcode were about 62.7% higher after the opening of the freeway exits. 

Although the HPI data from FRED should capture most, if not all, of the price 

fluctuations due to the housing bubble and bust, this coefficient may still reflect some 

lingering bubble effects because it is so high. Regardless, this study is more concerned 

with the sign of the coefficient than the magnitude. This result is confirmed in the 

ANOVA table, which tests the hypothesis: 

.�:	089:;<9 =	01:=9< (6) 

.1:	089:;<9 ≠	01:=9< 

Since the p-value is zero, we reject the null hypothesis and conclude that the mean sale 

price in the 85215 zipcode is different before the opening of freeway than after. As with 

Model 1, we do not conduct a directional ANOVA test, because the direction is captured 

by the coefficient on the dummy variable. In this case, sale prices appear to be higher 
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after the freeway opens, suggesting that home buyers and sellers value the positive 

externalities associated with the freeway more than the negative ones. 

Conclusions 

As mentioned in the previous section, both approaches to the analysis indicate 

that assessors (Model 1) or home buyers and sellers (Model 2) placed more value on the 

positive externalities associated with the introduction of the freeway than they placed on 

the negative externalities. Positive externalities in this case surely include shorter 

commute times to the city-center, as well as easier access to entertainment districts and 

other suburbs of the Phoenix Metropolitan area. Negative externalities might include 

noise and/or scenic pollution and the corresponding health and productivity effects 

discussed earlier in the paper. It is vitally important to note that, although the coefficients 

seen in the results exhibit positive value derived from the introduction of the freeway, 

this result applies to the 85215 zipcode as a whole. Referring back to Figures 2.1 and 2.2, 

there is a small group of properties immediately adjacent to the freeway. It is likely that 

these specific properties would reveal a negative coefficient, but because the group is so 

small relative to the whole sample, it is not observable in the results. 

There is room for some improvement in the analysis. First, the analysis would 

benefit from having complete data; that is, if it were possible to obtain corrected data for 

the years 2002, 2006, and 2008. The year 2002 is particularly important because it is the 

only year of data that is actually before any of the freeway exits open for public use. 

Years 2006 and 2008 are important because they reside in the middle of the data – for 

continuity purposes – and because they would exhibit the strongest effects of the huge 

home value inflation (2006) and bust (2008) in Arizona. 
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Additionally, in the Modeling section we acknowledge that location, square 

footage, and age are not the only significant variables in predicting property value (be it 

assessed values or sale prices). Some years of the data did have additional information on 

the characteristics of the properties that might be significant in determining value such as 

heating and cooling specifications and whether the home has a pool, in addition to the 

standard variables in property regressions: number of bedrooms and number of 

bathrooms. Unfortunately, these characteristics were not available for all of the data 

years, and so they were not usable in the scope of this study. Since the experiment is set 

up to examine two adjacent zipcodes, we argue that it is not necessary to include 

predictors that measure distance to schools or entertainment, or ones that measure the 

preferences of the residents in these zipcodes (income, wages, education, etc.). The 

underlying assumption here is that we consider the two zipcodes to be homogeneous. 

However, for some apprehensive audiences the experiment would benefit from including 

all of these additional variables. 

There is also room for expansion in the study. Now that significant effort has been 

put toward measuring changes in home values due to the construction of the freeway, a 

second-stage demand curve that measures, perhaps, reduced commute times, can be 

constructed. Additionally, for comparative purposes, another pairwise zipcode 

comparison could be made. This could include two more zipcodes like the two in this 

case study, where one is bisected by the freeway and one is not, in order to see if the 

results are consistent. But it could also observe two zipcodes entirely unrelated to this 

freeway. As with the Nelson and Palmquist literature, this experiment could benefit from 

incorporating distance from the freeway and a measure of noise pollution in decibels. In 
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particular, this would address the concerns brought up earlier regarding the small number 

of properties immediately adjacent to the freeway. 
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APPENDIX 

ZIPCODE DEMOGRAPHIC AND HOUSING PROFILES 

Table A.1 presents a demographic profile of the 85205 and 85215 zipcodes. It is 

observable that the 85215 zipcode has a slightly older, wealthier, and more educated 

population than the 85205 zipcode. However, none of the differences seem drastically 

significant. Table A.2 presents some specific housing characteristics in each zipcode. We 

see here that the homes in 85215 are a bit newer and larger. The size difference also 

translates to a slightly higher monthly cost. Again the differences are not significant 

enough to cause concern about the results of the case study. The most noteworthy 

difference between the zipcodes is that 85215 is smaller both in population and in number 

of households. However, the zipcode still provides an abundant sample size. The minor 

differences confirm some of the underlying reasons why the mean property values are 

different between zipcodes – which we have shown in the analytical portion of the case 

study – but it is still plausible that the increasing gap over time between the means is due 

to the opening of the Loop 202 freeway. 
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Table A.1: Zipcode Demographic Profile 

Zipcode Demographic Profiles7 

Demographic 85205 85215 

Population 39,858 15,963 

Age 19 or younger 22.5% 19.3% 

Age 20-29 9.9% 7.0% 

Age 30-39 9.2% 8.0% 

Age 40-49 11.4% 12.1% 

Age 50-59 13.6% 15.5% 

Age 60+ 33.4% 38.1% 

Educational Attainment (persons age 25 or 
older) 

No HS diploma 10.4% 5.1% 

HS diploma 28.5% 27.9% 

Some college 28.9% 27.5% 

Associate's degree 8.1% 9.1% 

Bachelor's degree 15.6% 18.9% 

Graduate degree 8.4% 11.4% 

Household Income 

$49,999 or less 52.5% 42.5% 

$50,000 - $99,999 31.9% 32.9% 

$100,000 - $199,999 13.6% 20.8% 

$200,000+ 2.1% 3.7% 

Median $47,741 $57,397 

Mean $61,010 $73,650 

7
 The Population category data is from the 2010 Census; the rest of the data is from the 

2007-2011 American Community Survey 5-Year Estimates 
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Table A.2: Zipcode Housing Profile 

Zipcode Housing Profile8 

Characteristic 85205 85215 

Total households 22,964 8,731 

Occupied 79.7% 80.6% 

Vacant 20.3% 19.4% 

Year built 

1969 or earlier 11.3% 5.1% 

1970 - 1989 60.2% 35.9% 

1990 - 1999 18.8% 46.8% 

2000 or later 9.7% 12.1% 

Number of bedrooms 

0 1.5% 0.10% 

1 27.9% 6.0% 

2 31.3% 42.0% 

3 25.4% 34.1% 

4 10.6% 14.2% 

5+ 3.3% 3.6% 

Monthly costs, mortgage 

Total units with mortgage 7,576 3,731 

$499 or less 2.9% 3.8% 

$500 - $999 22.9% 15.4% 

$1,000 - $1,499 30.8% 26.6% 

$1,500 - $1,999 19.1% 21.7% 

$2,000+ 24.4% 32.5% 

Median $1,400 $1,584 

8
 All data from the 2007-2011 American Community Survey 5-Year Estimates 




