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ABSTRACT 

 

  

This study explores the relationship between accessibility and congestion, and their 

impacts on property values. Three research questions are addressed: (1) What is the relation 

between accessibility and congestion both regional and neighborhood level? (2) Is there a trade-

off between accessibility and congestion? (3) What is the effect of accessibility and congestion 

on property value? To answer these questions, spatial analysis and econometrics are applied to 

four metropolitan areas in Florida: Miami, Tampa, Orlando, and Jacksonville. 

The spatial patterns of accessibility and congestion, and the possibility of trade-offs are 

analyzed using the Hot Spot analysis and correlation analysis. The hypotheses that accessibility 

has a positive effect and congestion has a negative effect on property value are tested using 

econometric models. The results show that the effects of accessibility and congestion vary by 

MSA because each MSA has different degrees of coordination between land use and 

transportation systems. Only neighborhood park accessibility and neighborhood congestion show 

a consistent result with the hypothesis regardless of metropolitan areas. Several possibilities of 

trade-off between accessibility and congestion are shown in the Miami and Tampa MSA. For 

instance, residents who reside in neighborhoods with low congestion might experience low 

regional job accessibility. In this case, residents should consider trade-off between neighborhood 

congestion and regional job accessibility in their residential choice. 
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EXECUTIVE SUMMARY 

 

 Accessibility and congestion are important factors considered in residential location 

choice. Based on the bid-rent theory developed by Alonso, residents decide their residential 

location by considering the balance between land prices and commuting cost within a given 

income. In addition to job accessibility, accessibility to regional and local amenities such as retail 

shops, parks, and transit stops coupled with travel preferences will also affect location decisions. 

Congestion also affects residential location choice because the level of congestion is associated 

with travel cost and community amenities. Specifically, congestion at the regional level increases 

travel cost in terms of time and money. At the neighborhood level, congestion generates negative 

externalities such as noise and pollution.  

The relative importance of the effects of accessibility and congestion, and their 

interaction in residential choice are still a matter of debate. Compact development can generate 

fewer trips by car and less vehicle miles traveled (VMT) because the dense and mixed land use 

decreases trip distance and facilitate travel by transit, walking or bicycling. However, compact 

development and interconnected street patterns generate higher accessibility and could increase 

trip frequency and create more congestion. All other things being equal, the increased 

accessibility through compact development may aggravate congestion since higher residential or 

population density results in more travel. In this way, accessibility and congestion represent a 

trade-off that could be internalized in property values as people weigh it in their residential 

choice.  

This study explores these relationships through three specific research questions: (1) 

What is the relation between accessibility and congestion at both regional and neighborhood 

level? (2) Is there a trade-off between accessibility and congestion? (3) What is the effect of 
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accessibility and congestion on property value? To answer them, spatial analysis and 

econometrics are applied to four metropolitan areas in Florida: Miami-Fort Lauderdale-Pompano 

Beach Metropolitan Statistical Area (Miami MSA), Tampa-St. Petersburg-Clearwater MSA 

(Tampa MSA), Orlando-Kissimmee-Sanford MSA (Orlando MSA), and Jacksonville MSA.  

Congestion and accessibility are operationalized both at regional and neighborhood level 

using various data sources such as property tax rolls, NAVTEQ road network, and transportation 

planning models. The spatial patterns of accessibility and congestion, and the possibility of 

trade-off are analyzed using the Hot-Spot analysis and correlation analysis. The hypotheses that 

accessibility has a positive effect and congestion has a negative effect on property value are 

tested using econometric models such as multilevel regression and spatial econometrics to 

address spatial autocorrelation and heteroskedasticity. 

The results show that the effects of accessibility and congestion vary depending on MSAs 

because each MSA has different land use and transportation coordination. Regardless of the four 

different metropolitan areas, only neighborhood park accessibility and neighborhood congestion 

is consistent results with the hypothesis. However, some variables such as regional shopping 

accessibility and neighborhood retail accessibility are shown insignificant. The other variables 

such as regional job accessibility, neighborhood transit accessibility, and regional congestion 

show mixed results across the four metropolitan areas. Several possibilities of trade-offs between 

the accessibility and congestion are shown in the Miami and Tampa MSA. For instance, 

residents living in less congested neighborhoods may have lower regional job accessibility. In 

this case, residents should consider trade-off between neighborhood congestion and regional job 

accessibility in their residential choice. However, Jacksonville MSA and Orlando MSA do not 

show possibilities of trade-offs between accessibility and congestion.  
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CHAPTER 1 BACKGROUND  
 

1.1. INTRODUCTION  

 
This report provides empirical findings about trade-offs between accessibility and 

congestion in residential location choice by examining their effects on single family property 

values. The concern of home buyers over the accessibility and congestion is reflected in property 

values when they make residential location choices. This property value effects are investigated 

in an expanding literature. However, little is known about the trade-offs between the accessibility 

and congestion, and their respective impacts on property values. 

Accessibility is one of the most important factors for residential location. For example, 

low income households may prefer inner city neighborhoods that have high transit accessibility 

or high accessibility to jobs because of transportation cost (Blair and Carroll, 2007; Glaeser, 

Kahn and Rappaport, 2008). In contrast, upper- and middle- households living in gentrified areas 

may put more emphasis on accessibility to cultural activity (Zukin, 1987) and residents in 

suburban communities may stress on amenities surrounded by natural resources and low density 

development (Colwell, Dehring and Turnbull, 2002; Kim, Horner, and Marans, 2005; 

Rouwendal and Meijer, 2001). 

Congestion also affects residential location choice because it generates negative 

externalities such as noise and pollution (Malpezzi, 1996; Li and Brown, 1980). For instance, if 

all other things are equal, highly congested areas, such as the inner city near downtown, 

experience lower housing prices. Therefore, low-income households could afford to locate in 

these areas because of higher housing affordability and high-income people who dislike 

congestion may prefer suburban communities. Indeed, congestion in central areas is one of the 
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main factors of migration to suburbs (Downs, 1999; Galster, et al., 2001; Mieszkowski and Mills, 

1993). In sum, congestion and accessibility can be important determinants of residential choice 

because of the effect on housing costs. 

However, the relative importance of the effects of accessibility and congestion, and their 

interaction are still a matter of debate. For example, some authors state that dense and mixed 

land uses generate fewer trips by car and less Vehicle Miles Traveled (VMT) since these urban 

configurations facilitate travel by transit, walking or bicycling (Cervero and Duncan, 2006; 

Chatman, 2008; Crane and Crepeau, 1998; Holtzclaw, Clear, Dittmar, Goldstein, and Haas, 2002; 

National  2009). However, compact development generates higher accessibility and could 

increase trip frequency and create more congestion (Boarnet and Crane, 2001; Chatman, 2008; 

Crane, 1996; Krizek, 2003; Sarzynski, Wolman, Galster, and Hanson, 2006; Shiftan, 2008). All 

other things being equal, since higher residential or population density results in more travel, the 

increased accessibility through compact development may aggravate congestion. In this way, 

accessibility and congestion represent a trade-off that could be internalized in property values as 

people weigh it in their residential choice.  

This study explores these relationships through three specific research questions: (1) 

What is the relation between accessibility and congestion at both the regional and neighborhood 

level? (2) Is there a trade-off between accessibility and congestion? (3) What is the effect of 

accessibility and congestion on single family property values? To answer them, spatial analysis 

and econometrics are applied to four metropolitan areas in Florida: Miami-Fort Lauderdale-

Pompano Beach Metropolitan Statistical Area (Miami MSA), Tampa-St. Petersburg-Clearwater 

MSA (Tampa MSA), Orlando-Kissimmee-Sanford MSA (Orlando MSA), and Jacksonville MSA.  
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The theoretical framework is summarized in the following section of this chapter. In 

chapter 2, the research approach, including data sources, operationalization of congestion, 

accessibility, and control variables, as well as the methods of analyses such as the spatial 

econometric models and multilevel regression model based on a hedonic price approach, are 

described. In chapter 3, results and findings from econometric models are summarized. Finally, 

implications and limitations of the study are discussed in chapter 4.  

1.2. THEORETICAL FRAMEWORK  

 

Accessibility at a regional scale has been the key variable in location models since 

Alonso (1964) introduced bid rent theories in the analysis of the urban space (Alonso, 1964). 

These models represent the location decision as a trade-off between accessibility and land area. 

According to these theories, households try to minimize distance to employment centers by 

locating in close proximity to central areas. However, these locations are more expensive, and 

therefore denser, creating a conflict with the second goal of households: maximize the amount of 

space consumed. In these models, a trade-off can be defined by an occasion associated with 

involvement of losing one aspect of quality for deciding residential location (land price paid), 

and in turn obtaining another quality in the location decision (land size consumed). Thus, from 

the perspective of these theories, residents decide their residential location considering the 

balance between land price and land size. 

For most of the 20th century the car altered this trade-off giving wealthy families the 

opportunity to access cheaper suburban land and choice among a broader range of residential 

locations over low-income households because of their less constrained income condition. This 

aspect of different income levels created an urban space in which poor households tended to be 

located closer to the city centers at higher densities. However, with the increase in affordability 
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of automobiles and the growth of commuting time, this advantage was eroded and the rich began 

to return to the city centers generating processes of gentrification (Leroy and Sonstelie, 1983; 

Skaburskis, 2005). In sum, from the perspective of the theories and location changes of wealthy 

and poor families due to advances in technology, residents decide their residential location 

considering the balance between land prices and commuting cost within a given income level.  

Furthermore, not only land price and income affect residential location decision but also 

individual preferences toward local services could affect location decision depending on spatial 

scale. At the neighborhood scale, accessibility to local services such as retail shops, parks, and 

transit stops coupled with travel preferences will affect location decisions. As noted earlier, for 

example, low income households could prefer neighborhoods having high transit accessibility or 

high accessibility to jobs because of transportation cost (Blair and Carroll, 2007; Glaeser et al., 

2008). Some might prefer to live in areas that have quality schools for their children (Holme, 

2002). Some residents on suburban areas may emphasize recreation opportunities including 

parks and open space (Colwell et al., 2002; Bhat and Guo, 2004; Bhat and Guo, 2007). In this 

way, accessibility to urban services at the neighborhood level is an important consideration in 

residential location choice. 

Recently, proponents of new urbanism argue that mixed land use could benefit residents 

by bringing more people who are amenable to high density closer to a mix of uses. 

Neighborhoods designed using new urbanism and smart growth principles that include mixed 

development, pedestrian friendly environment, transit-oriented development, and proximity to 

local services could encourage non-motorized travel behaviors like walking and bicycling, and 

thus improve the public health of the community (Cevero and Kockelman, 1997; Handy, Boarnet, 

Ewing, and Killingsworth, 2002). The residents living in mixed used communities can benefit 
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from increased accessibility through land use mix. In fact, new urbanism design features have 

positive impacts on property values, indicating that residents may be willing to pay a premium 

for mixed use and higher accessibility (Song and Knaap, 2003; Song and Knaap, 2004; Song and 

Quercia, 2008). For instance, people who like to walk, that has access to service to natural 

amenities, like park and mountains and other natural feature might want to live in well-designed 

pedestrian-oriented suburban community. In addition, people who like to participate in cultural 

activities, high density and high accessibility to local commercial services like retail, and 

restaurant may prefer to live in proximity to well-designed city center developed with transit-

oriented development. However, some people prefer not to live in neighborhoods with high 

density because they do not want high congestion with reduced local amenity (Churchman, 

1999).   

Nonetheless, high neighborhood accessibility does not necessarily mean high regional 

accessibility. Neighborhoods that have better accessibility to local services are not necessarily 

located near the city center or other major regional destinations. In fact, many communities with 

neo-traditional styles associated with new urbanism have been built in suburban areas rather than 

city centers or inner city neighborhoods (Cervero and Kockelman, 1997; Cervero and Radisch, 

1995; Khattak and Rodriguez, 2005). These suburban new urbanism communities can have 

higher neighborhood accessibility to retail and parks, but they may have lower regional 

accessibility to job centers. 

Congestion affects residential location choice in terms of transportation cost and negative 

externalities. From a metropolitan perspective, congestion increase transportation cost including 

time and money. According to the Texas Transportation Instituteôs (TTI), in 2007 the average 

peak-period traveler in the urbanized areas of the United States experienced an additional 36 
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hours extra in travel time and consumed an additional 24 gallons of fuel due to congestion 

(Schrank and Lomax, 2007). This represents an individual annual cost of $757 and an aggregate 

cost for the nation of $87.2 billion. Since congestion increases commuting time and cost, people 

would try to avoid travel in congested routes and locations connected by congested routes. 

Empirically, Bhat and Guo (2007) shows that high-income households are less likely to select 

neighborhoods that have high commuting time to the major employment destinations (Bhat and 

Guo, 2007). 

At the neighborhood scale, congestion increase traffic volume on the local road network. 

Accordingly, congestion affects residential choice directly since it generates negative 

externalities such as noise, barrier effects, pollution, and high risk of accidents (Malpezzi, 1996). 

Congested roads tend to be noisier because of the volume of traffic and the tendency of drivers to 

honk their horns impatiently. Congestion creates barrier effects in neighborhoods because of the 

higher number of cars crossing a point at any given time. Pollution increases with congestion 

because it raises fuel consumption per mile and because intermittent engine operation intensifies 

the volume of emissions per gallon. Congestion affects crash frequency (as opposed to severity) 

because congested conditions increase traffic density, cause people to switch lanes continuously, 

and raise the variability of speeds (Wells, 2006; Cambridge Systematics, 2008). These effects 

generate negative externalities for residents; noise generates stress and affects concentration. 

Barrier effects make crossing streets more difficult, limit mobility, and affect social interaction. 

Indeed, streets with significant traffic prevent neighborsô communication, restrict childrenôs 

street play, scare residents, and increase the likelihood of car crashes (Appleyard, 1981). 

Pollution affects human health. Frequent crashes affect the sense of safety and cause costly 

personal injuries and property damage (Bilbao-Ubillos, 2008). So, if all other things are equal, 
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highly congested areas, such as the inner city near downtown, may experience lower housing 

prices representing these negative externalities. Therefore, low-income households would tend to 

occupy these neighborhoods taking advantage of the higher housing affordability. In contrast, 

upper middle income people who dislike local congestion may prefer suburban communities that 

are designed to minimize the influx of traffic with cul-de-sac and loop road systems. Indeed, 

congestion in central areas has been identified as one of the main factors of migration to the 

suburbs (Mieszkowski and Mills, 1993) and as an important driver of neighborhood decline 

(Kennedy and Leonard, 2001). 

As noted in the introduction, the nature of the relationship between accessibility and 

congestion is a matter of debate in the specialized literature. On the one hand, higher 

accessibility could create incentives for less automotive travel decreasing congestion (Cervero 

and Duncan, 2006). In this case, accessibility and congestion would move in the same direction 

and their importance in location will be reinforced. On the other hand, higher accessibility could 

mean more trips increasing the frequency of travel and the congestion associated with it (Crane, 

1996; Krizek, 2003; Sarzynski et al, 2006; Shifttan, 2008). In this case, accessibility and 

congestion would represent a trade-off pulling households to different locations. 

In sum, the effect of accessibility and congestion on location choice is an important 

consideration for housing and transportation planners since, in the long term, accumulated 

householdôs decisions about residential location will change the land use and transportation 

configurations modifying the spatial structure of the city. Therefore, the role of accessibility and 

congestion, and their interactions in residential choice needs to be understood systemically. 
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CHAPTER 2 RESEARCH DESIGN 
 

This study analyzes four major metropolitan areas in Florida: MiamiïFort Lauderdaleï

Pompano Beach, FL MSA, Jacksonville, Florida MSA, Tampa-St. Petersburg-Clearwater MSA, 

and OrlandoïKissimmeeïSanford, Florida MSA. In this report, we use combined data from 

various sources like Florida Department of Revenue and Census, and use geospatial technique 

such as Moranôs I and hot-spot analysis. In order to see the effects of accessibility and 

congestion on sale price for single family housing, we conduct hedonic analysis with least square 

models, multilevel regression, and spatial econometric models. Then, z-scores of accessibility 

variable and congestion variable are estimated and plotted in a map if existence of trade-off 

between accessibility and congestion is confirmed. Lastly, we summarize the analysis results.     

2.1 STUDY AREAS 

 

As noted earlier, four largest MSAs in Florida are analyzed. The Miami MSA consists of 

three counties: Miami-Dade, Broward, and Palm Beach County. For this region, the Southeast 

Florida Regional Planning Model (SFRPM) is used to analyze regional congestion. The base 

year of the model is 2005. The Tampa MSA is composed of Hillsborough, Pinellas, Pasco, and 

Hernando counties. The Tampa Bay Regional Planning Model (TBRPM) with a base year 2006 

is applied for this region. The Orlando MSA is comprised of Orange, Seminole, Osceola, and 

Lake County. As a transportation model, the 2030 Long Range Transportation Plan model 

(LRTPM) with a base year 2004 is used. Finally, the Jacksonville MSA is made up of five 

counties: Duval, Clay, St. Johns, Nassau and Baker County. The Northeast Regional Planning 

Model (NERPM) with a base year 2005 is applied to measure regional congestion in the 

Jacksonville MSA.  
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2.2. OPERATIONALIZATION  OF DATA  

 

The observations for this study are the transacted sales of single family housing parcels in 

the four major metropolitan areas in Florida. The analyses were conducted to single family 

housing parcel because single family parcels contain individual data on sale price unlike 

multifamily housing that does not have sale price data for individual units. In order to control 

seasonal effect in housing price, only parcels that were transacted in January of the base year are 

selected. The information about the sale price and property characteristics, such as built year, lot 

size, and floor areas, is obtained from the property tax rolls from the Florida Department of 

Revenue (FDOR).  

Accessibility and congestion are operationalized into four categories: regional 

accessibility, neighborhood accessibility, regional congestion, and neighborhood congestion.  

Regional and neighborhood accessibility are operationalized using the road network distance 

based on the NAVTEQ road network of 2010. Because of the limitation of road network data set, 

this study assumes that road network of 2010 is the same as that of base year. In order to identify 

regional job centers, employment data of Traffic Analysis Zone (TAZ) from each transportation 

planning model, which provides traffic analysis based on the four steps transportation model, 

provided by the Florida Department of Transportation (FDOT), is used. The location of shopping 

destinations, such as regional and community shopping centers, is identified using the land use 

data from the property tax rolls. For measuring park accessibility, each countyôs GIS center 

information is used, and bus transit route information from the Florida Geographic Data Library 

(FGDL) is applied in measuring bus transit accessibility.  

For regional congestion, the skim matrix, which reports travel time between origin and 

destination TAZs, both at free flow and congested conditions from each regionôs transportation 
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planning model, is used. Finally, traffic count data from the FDOT is used to operationalize 

neighborhood congestion.  

In measuring proximity to water areas, the National Hydrography Dataset with 1:24,000 

scale is used. For intersection density, the location of intersections is identified using the 

NAVTEQ road network. The number of workers at the census block group level is calculated 

based on the Longitudinal Employer Household Dynamics (LEHD). Other relevant data such as 

socio-economic information from Census 2000, the American Community Survey 2005-2009, 

the Elementary School Attendance Boundary for each county and the Florida Comprehensive 

Assessment Test (FCAT) score from the Florida Department of Education (FDOE) are used to 

construct control variables representing neighborhood characteristics. 

 

2.2.1. OPERATIONALIZATION  OF ACCESSIBILITY  

 

This study operationalizes accessibility both at regional and neighborhood level. The 

regional accessibility to job centers (regional job accessibility) is measured using a gravity model 

as expressed in equation (1). For the purposes of this study, only job centers are included in 

calculating the regional job accessibility . As peak hour congestion mainly results from 

commuting to employment centers in the morning, job accessibility is measured only considering 

job centers in order to have comparable measurements. Also, the regional accessibility to job 

centers can reflect the urban form around the job centers. The gravity model is widely used for 

accessibility measure. K-factor is called a distance decay factor or an adjustment factor that is 

applied to normalize distance between origin and destination in the gravity model. The k-factor 

is typically linear (k=1) or negative exponential (k=2). Since the gravity model is highly 

dependent on local conditions and the road network, the model is likely to have non-linear 
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relationship with distance. Thus, this study uses 2 as decay factor to examine the non-linearity of 

distance. The regional job centers are identified by using ten workers per acre employment 

density threshold at the TAZ level. The ten workers per acre density is one of the most frequently 

used thresholds to identify employment sub-centers (McMillen, 2003).    

ὙὩὫὭέὲὥὰ ὐέὦ ὃὧὧὩίίὭὦὭὰὭὸώ έὪ Ὥ ὴὥὶὧὩὰ
Ὁ

Ὀ
 (1) 

 

Where  Ej : number of employee of a job center j 

Dij : network distance from a property i to a job center j 

N: number of jobs centers  

k: distance decay factor (k = 2) 

Similarly, regional accessibility to regional shopping malls (regional shopping 

accessibility) is measured using equation (2). The regional shopping centers, which are taken 

from the FDOR data, include the category of regional shopping centers and department stores.  

ὙὩὫὭέὲὥὰ ὛὬέὴὴὭὲὫ ὃὧὧὩίίὭὦὭὰὸώ έὪ Ὥ ὴὥὶὧὩὰ
Ὂ

Ὀ
 (2) 

 

Where  Fj = floor areas of a regional shopping center j 

Dij: network distance from a property i to a regional shopping center j 

N: number of regional shopping centers  

k: distance decay factor (k = 2) 

For neighborhood accessibility, three travel destinations ð retail, parks and bus transit ð 

are considered. First, neighborhood accessibility to retail use (neighborhood retail accessibility) 

is operationalized as an inverse of the shortest network distance from an origin single family 
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parcel to a shopping center. The shopping centers in this case include all neighborhood, 

community, and regional shopping centers. Second, neighborhood park accessibility is measured 

by total sum of land areas of public parks, including city parks, county parks and state parks, 

within a half mile from the origin single family property. A half mile distance is applied as a 

walking distance. Finally, neighborhood transit accessibility is operationalized as a sum of length 

of bus transit routes within a half mile from the origin single family housing parcel.  

 

2.2.2. OPERATIONALIZATION  OF CONGESTION 

 

Congestion is also operationalized at the two different geographical levels: regional and 

neighborhood congestion. The regional congestion is operationalized as the difference between 

weighted travel time to job centers at a congested condition and that of a free flow condition. As 

noted earlier, peak hour congestion mainly results from commuting to job centers; only the 

commuting time to job centers are considered in calculating the regional congestion. The travel 

time from the origin property to a destination job center is measured using the travel time from 

an origin TAZ, in which the single family housing parcel is located, to a destination TAZ where 

the job center is located based on the free flow time and congested time skim tables of the 

transportation planning model of each region.  

The number of job centers is used to weigh. Each MSA has different proportion of job 

centers compared to number of TAZ. The number of TAZ within the Miami MSA is 4,106, and 

the number of job centers in the Miami MSA is 709. The Jacksonville MSA contains 1,862 

TAZs of which employment centers account for 147. The Tampa MSA contains 2,251 TAZs 

while the number of job centers is 247. The number of TAZs in the Orlando MSA is 1,678, and 

the number of job centers is 163. A comparison of the employment in major job centers to the 
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overall MSA population found that Miami MSA has about 25%, the Jacksonville MSA has 14%. 

The Tampa MSA contains about 20%, and the Orlando MSA includes 27%. This suggests that 

the employment in each of these MSAs is de-concentrated.   

Conceptually, the measure for the regional congestion indicates the expected average 

travel time increase through congestion. The operationalization of regional congestion to job 

centers (regional congestion) is expressed by equation (3).  

ὙὩὫὭέὲὥὰ ὅέὲὫὩίὸὭέὲ έὪ ὥ ὴὶέὴὩὶὸώ Ὥ  
 =  В ὡ Ὕz  at a congested condition - В ὡ Ὕz  at a free flow condition   

(3) 

 

Where, Wj: number of employee within a TAZ j, in which a job center is located 

Tij : travel time from a TAZ i, in which a single family property is located, to a 

TAZ j, where job center j is located.  

N : number of job centers 

The neighborhood congestion is operationalized using the Roadway Congestion Index 

(RCI) based on Blanco et al. (2010) who applied the methodology suggested by the Texas 

Transportation Institute to Florida (Schrank and Lomax, 2007, and Schrank and Lomax, 2009). 

Based on the traffic count, number of lanes, and road length information for major roads, the 

neighborhood congestion is calculated using equation (4). All freeways, major and minor 

arterials classified by the FDOT within a half mile buffer from the origin single family housing 

property are aggregated to calculate the RCI. If the RCI is larger than one, the road capacity is 

not sufficient to maintain free flow speed. In other words, the road segments are in congested 

condition. If freeways and arterials do not pass through within a half mile buffer from a single 

family parcel, the value of RCI is assumed as zero.  
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ὔὩὭὫὬὦέὶὬέέὨ ὅέὲὫὩίὸὭέὲ έὪ ὴὶέὴὩὶὸώ Ὥ
ὊὶὩὩύὥώὠὓὝὴὩὶὒὲȢὓὭȢzὊὶὩὩύὥώὠὓὝὃὶὸὩὶὭὥὰίὠὓὝὴὩὶὒὲȢὓὭȢzὃὶὸὩὶὭὥὰίὠὓὝ

ρτȟπππzὊὶὩὩύὥώὠὓὝυȟπππzὃὶὸὩὶὭὥὰίὠὓὝ
 

(4) 

 

Where, VMT is vehicle miles traveled.  

2.2.3. OPERATIONALIZATION OF CONTROL VARIABLES  

 

As control variables, several property and neighborhood characteristics, as well as 

location information are used. First, property age, floor area, and lot size of a single family parcel 

are applied as property characteristics. Regarding the neighborhood characteristics, three density 

variables, ð intersection density, housing density, and job density ð, school quality, and 

neighborhood income and poverty level are used. Intersection density is measured as the number 

of intersections within a half mile buffer from a single family parcel. Housing and job density are 

measured by number of housing units (or jobs) per developable land acres at a census block 

group level. The developable land is calculated by subtracting area of water bodies from total 

land area of each census block group. Median family income and poverty rate of each census 

block group are used to control different economic status of neighborhoods. School quality is 

measured by averaging the FCAT score of reading and math for fifth grade. The FCAT score of 

each school is normalized by the Florida average score. Finally, water proximity and x, y 

coordination are used as locational information. Dummy variable for water proximity is created. 

If water areas such as beaches and lakes are located within a half mile distance from a single 

family parcel, the value is set as one and all other cases are set as zero. The x, y coordination of 

single family property is also included to minimize spatial autocorrelation and heteroskedasticity 

in hedonic price model. The measurement of variables and sources of data including 

transportation planning model of each MSA are summarized in Table 2-1. 
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Table 2-1. Variables and sources of data 

   

Factors  Measures Data sources Year considered 

Sale price 

 

Floor area (ft
2
) 

Lot size(acre) 

 

Transaction price at 

January of base year 

Total living area 

Land area of a single 

family parcel 

Property tax rolls from 

the Florida Department 

of Revenue 

Base year  
- 2004: Orlando 

- 2005: Miami, 

Jacksonville 

- 2006: Tampa 

 

Regional acc. to 

job centers 

Regional acc. to 

shopping malls 

Gravity accessibility 

(k=2)  

Gravity accessibility 

(k=2) 

 

NAVTEQ road network 

Number of employee of 

TAZs 

Land use from the tax 

rolls 

2010 

Base year 

 

Base year 

Neighborhood 

retail acc. 

Inverse distance to closest 

retail use 

NAVTEQ road network 

Land use from the tax 

rolls 

2010 

Base year 

Neighborhood 

park acc. 

Sum of park areas within 

a half mile buffer 

County GIS center 2012 

Neighborhood 

transit acc. 

Sum of bus transit routes 

within a half mile buffer 

FGDL 2008 

Regional 

congestion 

Diff erence between 

congested and free flow 

condition travel time to 

job centers 

Miami: SFRPM 

Tampa: TBRPM 

Orlando: LRTPM 

Jacksonville: NERPM 

2005 

2006 

2004 

2005 

Neighborhood 

congestion 

RCI within a half mile 

buffer 

Traffic count and road 

information from FDOT 

Base year 

Proximity to 

water areas 

Dummy 

(distance is shorter than 

0.5 mile, then 1, else 0) 

NHD water bodies 

1:24,000 

2010 

Intersection 

density 

Number of intersection 

within a half mile buffer 

NAVTEQ intersection 2010 

Housing density Housing units per 

developable acres 

Census 2000 

ACS 2005-2009 

2005, 2006 

Job density Number of workers per 

developable acres 

LEHD Base year 

School quality Average of math and 

reading score normalized 

by state average score 

FCAT score for grade 5 

School attendance 

boundaries  

Base year & 2010 

Median family 

income 

Median family income of 

a census block group 

Census 2000 2000 

Poverty rate Poverty rate of a census 

block group 

Census 2000 2000 
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2.3. METHODS OF ANALYSIS  

 

 This study analyzes the relationship between congestion and accessibility, and their effect 

on property value by four ways: (1) descriptive statistics, (2) correlation analysis, (3) spatial 

pattern analysis, and (4) regression models. First, descriptive statistics of variables are presented 

and the level of congestion and accessibility is discussed. Second, Pearson correlation analysis 

between accessibility and congestion variables is conducted to figure out their association, 

specifically focusing on the possibility of a trade-off. 

 Third, spatial pattern of accessibility and congestion are analyzed using Hot Spot 

Analysis. The hot spot analysis shows where a variable is spatially clustered with high or low 

value based on the Getis-Ord Gi* statistic (Getis and Ord, 1992). In the result maps of hot spot 

analysis, the red colored area is the hot spot of an event (a variable of interest) in which the 

variable has a very high value compared to nearby locations, and the blue colored area is the cool 

zone of an event in which the variable have very low value compared to adjacent areas. As a 

spatial weighting matrix for the analysis, the Delaunay triangulation method is applied to Miami, 

Tampa, and Orlando MSA. However, the k-nearest neighborhood method (k=14) is applied to 

the Jacksonville MSA because it generates more significant Moranôs I and Z-score than the 

Delaunay triangulation method. 

 Finally, this study applies spatial econometrics models to address spatial autocorrelation 

and heteroskedasticity in estimating the effect of accessibility and congestion on single family 

property values. Hedonic price modeling allows estimating attributing value or demand to 

differential characteristics of property (Sirmans, Macpherson, and Zietz, 2005). According to 

hedonic theory, the property is the composite goods that can be discomposed into several 
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attributes like property characteristics, and environmental characteristics (Sirmans et al., 2005; 

Cevero and Duncan, 2004). Especially, the hedonic pricing model is often used in estimating 

cost or pricing relevant to quality of air, pollution, accessibility to amenities like park, cultural 

center and local restaurant, accessibility to job centers and CBD, and congestion (Ottensmann, 

Payton, and Man, 2008; Shin, Washington, and Choi, 2009; Kawamura and Mahajan, 2005; 

Martinez and Viegas, 2009). This approach to valuation of housing price represents peopleôs 

utility or preference that people place on a certain property (Sirmans et al. 2005). Accordingly, 

considering the fact that peopleôs preference for location choice is monetized into property value, 

it can be assumed that the property value reflects peopleôs perception toward bundle of 

characteristics of property and surrounding neighborhoods. For instance, a negative effect on 

property value means negative perception from residents whereas a positive effect on property 

value indicates higher preference from residents. Thus, results of hedonic modeling could 

provide clues on trade-offs between accessibility and congestion.  

 In general, ordinary least squares (OLS) estimation is used for the hedonic price 

modeling. However, property value estimation using ordinary least square regression (OLS) is 

usually criticized in the literature because sale price tend to be spatially clustered and 

heterogeneous, characteristics that may result in bias in the estimation (Kim, Phipps, and 

Anselin, 2003; Paterson and Boyle, 2002). Therefore, this study applies multi-level regression, 

which is also called hierarchical regression, and spatial econometrics to address spatial 

dependence issue. Followings are conceptual model specifications for each regression. 

(1) OLS:  y = ɓX + Ů 

(2) Multilevel: y= ɓX+ɔZ + Ů 

(3) Spatial Autoregressive Model (SAR): y= ɟWy + ɓX + Ů 
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(4) Spatial Error Model (SEM): y= ɓX + ɚWɡ + Ů 

(5) Spatial Combo Model (SCM): y= ɟWy + ɓX + ɚWɡ + Ů 

Where, y is a dependent variable, X is a vector of independent variables, ɓ is a vector of 

coefficients of each variable including intercept, and Ů is residual. In the multilevel model, Z is a 

vector of variables for random effect, and ɔ is a vector of coefficients of variables for random 

effect. In the spatial regression models, ɟ is a coefficient of spatial autoregressive term, W is a 

spatial weighting matrix, ɚ is a coefficient of spatial error term, ɡ is a spatial error term. Like the 

hot spot analysis, the Delaunay triangulation and k nearest neighborhood method are applied to 

create spatial weighting matrix. Existence of spatial autocorrelation in residual is tested using the 

Moranôs I. 

 For the regression models, outliers of sample data are eliminated based on the Cookôs D 

statistics. The OLS is estimated based on the heteroscedasticity-consistent covariance matrix 

estimators suggested by MacKinnon and White (1985) to address the heteroskedasticity issue. 

Multi -collinearity is examined using the variance influence factor (VIF). Since all VIF values are 

less than five, multi-collinearity is not a problem of this data set. However, the OLS estimator 

does not satisfy the normality assumption of residual. Therefore, the estimated results of the OLS 

may have some bias.   

 In the multilevel model, housing submarkets are classified using K means cluster analysis 

based on housing and job density, poverty rate, median family income, school quality, and x, y 

coordination. The identified housing submarkets are used as a higher level group. The variables 

for lower level are the same as the OLS, but only the intercept variable is included for random 

effect in higher level. The multilevel regression is conducted using maximum likelihood method.  
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 Regarding the spatial econometric models, the models are estimated using the PySAL 

which is an open source library for spatial analysis developed by the GeoDa Center for 

Geospatial Analysis and Computation at the Arizona State University. The SAR model is 

estimated by two stage least square based on Anselin (1988) with White consistent estimator to 

address heteroscedasticity. The SEM and SCM are estimated by generalized method of 

momentum based on Arraiz et al (2010) which also address heteroscedasticity. For SAR and 

SCM, WX variables are included as instrument variables for spatial lagged term.  

The detailed conceptual model specification except spatial or random term is expressed in 

equation (5). 

Log Sale Pricei = Ŭi + ɓ0ȚRegional Accessibility+ ɓ1ȚLocal Accessibility+ ɓ2ȚRegional 

Congestion+ ɓ3ȚLocal Congestion+ ɓ4ȚControl + Ů 

(5) 

 The regional and neighborhood accessibility variables are expected to increase the 

housing price because households prefer areas that are more accessible to job centers, shopping 

centers, and parks. Regional congestion may reduce housing price because residents are expected 

to experience longer commuting times. Neighborhood congestion may decrease the property 

value by creating negative externalities such as pollution and noise. 

 Regarding control variables, the older and smaller housing may have lower property 

values. The density variables could have ambiguous results but, in general, they may negatively 

affect housing price because people tend to have higher preference for suburban communities 

characterized by auto oriented homogeneous low density residential communities. It is 

anticipated that the median family income increases the housing price, and the poverty rate 

reduces the housing price. In general, higher income or lower poverty rates means better 

neighborhood quality, and the quality is positively internalized into housing price. The school 
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quality is expected to affect property value positively because people are willing to pay more on 

housing in order to take advantage of higher education levels and safer schools. The proximity to 

water areas may positively affect property value because the areas can provide benefits to 

residents as open space and recreation places.    
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CHAPTER 3 RESULTS AND FINDINGS 

 
This section provides an overview of each major MSA and descriptive statistics of 

variables used in regression models. Additionally, results of hotspot analysis and regression 

models are presented. Finally, a summary of findings for each region will be presented.  

3.1. MIAMI MSA   

 

3.1.1. GENERAL OVERVIEW OF MIAMI MSA  

General map of Miami MSA is shown in Figure 3-1. The Miami MSA consists of three 

counties: Palm Beach, Broward, and Miami-Dade Counties with central cities like West Palm 

Beach, Fort Lauderdale and Miami, respectively. The Miami MSA has the largest population 

accounting for about 25% of the entire population in Florida. Because of Atlantic Ocean in the 

east and Everglades in the west, land development pattern is confined to a linear shape along the 

east coast. Five interstate highways serve traffic in the Miami MSA area including I-95 (north to 

south along the coast), I-75 (from Miami to the west), I-595 (Broward coast to I-75), I-195 and I-

395. US-27 also connects to the central city of Fort Lauderdale and the city of Miami.  

The spatial pattern of job centers and TAZs is presented in Figure 3-2. Job centers are 

largely distributed throughout the regions and many jobs are concentrated in Miami-Dade 

County. The spatial pattern of regional shopping centers in Figure 3-3 shows that regional 

shopping centers are located throughout the metropolitan area.  

The Spatial pattern of regional accessibility is shown in Figure 3-4. Single family parcels 

with high regional job accessibility are largely concentrated in the city of Fort Lauderdale, the 

City of Miami, and the I-95 corridor in Broward and Miami-Dade Counties. In particular, 

Hialeah which is located to the west of the City of Miami, and Coral Gables which is located to 
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Figure 3-1. General Map of the Miami MSA  
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Figure 3-2. Spatial Pattern of Job Centers and TAZ in the Miami MSA  
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Figure 3-3. Spatial Pattern of Regional Shopping Centers in the Miami MSA  
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the south, contain single family homes that have the highest regional job accessibility. 

Hollywood and Boca Raton in Broward County, and the West Palm Beach in Palm Beach 

County have single family parcels that are highly accessible to job centers. This pattern may 

occur because many employment centers are clustered in southern part of Broward County and 

several high-tech job centers like Boca Raton and Fort Lauderdale attracting more trips.  

Many single family parcels with high regional shopping accessibility are located in 

several southern cities in southern Miami-Dade County like Coral Gables. Single family homes 

in North Miami Beach, and Hialeah also have high regional shopping accessibility. This may be 

because regional shopping centers in south Miami are located along South Dixie Highway, US27, 

and main expressways that can be accessible easily from a variety of origins. Also, several major 

roads like Dixie Highway and I-95 that connect to the areas of job centers and shopping centers 

might play an important role in improving regional shopping accessibility.  

 
Figure 3-4. Spatial Pattern of Regional Accessibility in the Miami MSA  
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3.1.2. DESCRIPTIVE STATISTICS  

 

The descriptive statistics for the variables used in the econometric models are shown in 

Table 3-1. The regional accessibility to job and shopping centers seems to be low because they 

standardized by the square of network distance. The statistics for neighborhood accessibility 

show that there is a large spectrum of local accessibility values. On average, the minimum 

distance to retail services is about 0.63 mile,ð inverse of the neighborhood retail accessibility 

value ð, and approximately 0.023 square mile of park and about 3.4 miles of transit route length 

are located within a half mile from a single family housing. 

The level of regional congestion is not high. The mean of regional congestion of the 5706 

single family houses in 2005 indicates that on average residents of these housing spend more 

than 3 minutes in commuting at the congested condition compared to free flow condition.  The 

regional congestion ranges from 1.7 to 5.6 minutes. The neighborhood congestion ranges from 0 

to 6 with mean value of 2.1. The maximum value of 6 indicates the traffic volume is six times of 

the road capacity. 

Table 3-1. Descriptive Statistics for the Miami MSA  

 
Variables N Mean Std-Dev Min. Max. 

Ln(sale price) 5706 12.530 0.573 10.457 15.664 

Property age (year) 5706 25.856 19.764 0.000 105.000 

Floor area (ft
2
) 5706 2030.770 963.514 0.041 77.734 

Lot size (acre) 5706 2.129 2.937 0.0407 77.7344 

Regional job accessibility 5706 0.005 0.030 0.000 1.582 

Regional shopping accessibility 5706 0.028 0.054 0.001 3.021 

Neighborhood retail accessibility 5706 1.568 1.809 0.115 50.000 

Neighborhood park accessibility 5706 0.023 0.041 0.000 0.442 

Neighborhood transit accessibility 5706 3.416 4.267 0.000 33.985 

Regional congestion 5706 3.156 0.751 1.648 5.602 

Neighborhood congestion 5706 2.112 1.397 0.000 6.010 

Intersection density 5706 153.727 54.765 4.000 472.000 

Housing density (unit/acre) 5706 3.021 2.244 0.004 27.428 

Job density (workers/acre) 5706 1.878 3.301 0.000 101.905 

School quality 5706 0.998 0.063 0.842 1.145 
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Median family income (1,000$) 5706 59.106 26.047 7.222 200.001 

Poverty rate (%) 5706 0.104 0.095 0.004 0.779 

Water proximity (dummy) 5706 0.246 0.431 0.000 1.000 

X coordination 5706 775.908 10.155 730.660 793.630 

Y coordination 5706 246.228 42.759 164.370 335.506 
Note: X coordination and Y coordination do not necessarily ensure to be interpreted as results of this analysis. They 

are inserted to the regression model to control spatial bias that could be derived from locations of single family 

houses. 

 

3.1.2. CORRELATION ANALYSIS : TRADE -OFF 

 

The results of correlation analysis in Table 3-2 demonstrate the possibility of trade-offs 

between accessibility and congestion both at regional and neighborhood level. The regional 

congestion is positively related with the regional job and shopping accessibility. Also, as shown 

by accessibility to park and retail, neighborhood accessibility and neighborhood congestion are 

positively correlated. As the location with higher accessibility has higher congestion level, the 

trade-off in residential location choice between accessibility and congestion may exist when the 

accessibility positively affect property value and congestion negatively internalized into property 

value. 

Table 3-2. Correlation between Accessibility and Congestion in the Miami MSA  

 

 
ln(sprice) reg.job.acc reg.shop.acc retail parks transit Reg_con Nh_con 

ln(sprice) 1.000 
       

reg.job.acc 0.011 1.000 
      

reg.shop.acc 0.045 0.032 1.000 
     

retail -0.176 0.039 0.233 1.000 
    

parks 0.056 -0.005 0.070 0.002 1.000 
   

transit -0.236 0.109 0.131 0.249 0.041 1.000 
  

Reg_con 0.185 0.062 0.067 0.053 0.008 0.101 1.000 
 

Nh_con -0.145 0.062 0.109 0.157 0.027 0.362 0.102 1.000 

 

3.1.3. SPATIAL PATTERNS OF CONGESTION AND ACCESSIBILITY  

 

The spatial patterns of regional accessibility are shown in Figure 3-5. The properties 

having higher regional job accessibility are spatially clustered within CBD areas of City of 
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Miami and Ft. Lauderdale. The regional shopping accessibility is more dispersed than the 

regional job accessibility. In particular, properties with higher regional shopping accessibility are 

spatially clustered in southwest suburban areas of Miami Dade County.  

The spatial patterns of neighborhood accessibility are shown in Figure 3-6. In general, 

single family parcels having higher neighborhood retail accessibility are spatially clustered 

within central city or inner city areas. In contrast, houses with lower retail accessibility are 

spatially clustered in the urban fringe and rural areas. The hot spots of the neighborhood park 

accessibility are located along coast lines and in suburban areas. Inner city areas of Miami-Dade 

County and Broward County are the hot spots of the neighborhood transit accessibility, and 

suburban areas are cool zones of the neighborhood transit accessibility.    

 
Figure 3-5. Spatial Clustering of Regional Accessibility in the Miami MSA  

 


