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Abstract

This dissertation contains three essays that are related to property values and urban

corridors. Urban corridors are loosely defined as public infrastructures that promote

economic activities. The first essay describes a procedure for estimating household

willingness to pay (WTP) for housing and location attributes using a hedonic pricing

model of property values with spatial autocorrelation. To model taste heterogeneity, I

consider household-specific utility coefficients for parcel-level attributes. The application

provides a way to determine the price impact of urban corridors on residential homes.

In particular, separate analyses are used for single-family and multifamily parcels in

Minneapolis. Ultimately, this essay addresses the question of how much do households

residing in different types of properties value different neighborhood development and

housing characteristics.

The other two essays involve applications of the hedonic price model to light rail

transit (LRT). Light rail transit (LRT) alignments are chosen because there are multiple

transit extensions planned for the Twin Cities region.The second essays are coauthored

by Ed Goetz and Aaron Hagar. Together, we analyze the property value impacts of the

Minneapolis Blue Line LRT. Impacts are assessed in terms of the accessibility effect of

proximity to an LRT station and the nuisance effect of proximity to the LRT track. We

estimate the proximity effect on sales prices for single-family and multifamily homes

using parcel data predating construction and postdating completion of the line. The

findings confirm our expectations about the differential impacts of light rail completion

and location. Accounting for regional fluctuations in the housing markets, we find the

housing premiums generated after completion of the line.

Using parcel data from Saint Paul, Minnesota, a study of the residential property

value impact of the Metro Green LRT is conducted. The goal of the third essay pa-

per is to test for benefit transfer of results found in previous studies that assess the

property value impact of the Metro Blue Line LRT. The essay compares the property

value impacts in Saint Paul and those found in Minneapolis. The found similarities in

return of investment specific to station area economic development can inform regional

transportation planning and funding strategies that concern value capture.
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Chapter 1

Introduction

The cliché “Location. Location. Location.” is more than a common starting point

for discussing the housing market among real estate agents and potential homebuy-

ers. For urban and transportation planners, as well as transportation economists, such

an expression has become fundamental in research related to land use, transportation,

housing, population, and employment. From a consumer demand standpoint, residential

property construction and land use zoning impact travel behavior. At the same time,

transportation infrastructure (such as highway and transit) creates amenity (or accessi-

bility) and nuisance effects for nearby households, and housing prices and affordability

affect population that in turn changes demand for goods and services as well as employ-

ment opportunities. Ultimately, the reciprocal relationships are manifested spatially

and they determine how different neighborhoods spur different economic development

and command different housing premiums.

One way to understand the spatial relations of local economic activities is by study-

ing the role of urban corridors in shaping people’s lives through home prices. Urban

land development and infrastructure such as highway, recreation, commercial use, in-

dustrial use, and public transit corridors- the five types of urban corridors being investi-

gated in this paper- are physical structures by themselves. However a well-planned and

well-governed system of urban corridors can help grow and sustain various small-scale

community networks and is essential in connecting people intellectually, socially, and

economically. If people value the opportunities that are provided by urban corridors,

then they will place higher values on living closer in proximity to those opportunities.

1
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To validate such a claim, I investigate household willingness to pay (WTP) for prox-

imity to urban corridors through a utility maximization problem that accounts for home

prices and property structural characteristics. The mechanism relies on the assumption

that WTP is capitalized or priced into property values. The concept of pricing proper-

ties with respect to proximity to destinations is similar to that of the monocentric city

model developed by urban economists, in which home prices and land use densities are

derived as functions of proximity to downtown or to the central business district (CBD).

Essentially, such a framework shows how employment, land use, and housing are allo-

cated in an urban setting in which transportation infrastructure is created to improve

accessibility. When the model is extended to analyze urban corridors that create both

accessibility improvements and nuisances, the variations in home prices arising due to

proximity to different infrastructure can be better understood.

Using the framework to assess property values, I conduct two analyses with a focus

on light rail transit (LRT). The first assesses property value impacts of the Minneapolis

Hiawatha LRT alignment (later named the Blue Line) in terms of the accessibility effect

of proximity to an LRT station and the nuisance effect of proximity to the LRT track.

In order to estimate the respective proximity effect on sales prices for single-family

and multifamily homes, I use data predating construction and postdating completion of

the line. The findings confirm expectations about the differential impacts of light rail

completion and location. Accounting for recent fluctuations in the housing markets, I

find housing premiums generated after completion of the line.

In the third study, I test where property value impacts from the Blue Line LRT are

cross-jurisdictional. Using the newly-opened Green Line LRT as a case study, I compare

hedonic price estimates from models using data from Minneapolis as well as Saint Paul.

The Green Line model for property values in Saint Paul also accounts for proximity

to Interstate 94 highway. The comparison relies on hedonic price estimates from two

separate price models for each LRT line. The hedonic price estimates are obtained with

separate models and data, and with the best modeling specifications possible, regardless

of the objective of testing for equivalence of impacts. If the Green Line is found to be

have similar impacts to the Blue Line, this means if a practitioner of benefit transfer had

applied the found impacts from the Blue Line in a planning study for the Green Line,

the practitioner would have been accurate. Ultimately, the accuracy of this hypothetical

benefit transfer in this ideal setting where the two lines share many similarities, rest

on whether the property value impact from the Green Line is numerically close to the
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impact from the Blue Line. Since there has not been a study to date that provides

side-by-side comparisons of the two LRT lines, the results can provide answers to the

hypothesized return on investment of the new line as well as the incremental impact to

the entire system as the region plan for future transit extensions.



Chapter 2

Home Prices and Urban

Corridors

To investigate household willingness to pay (WTP) for proximity to urban corridors, I

use a utility maximization framework that accounts for home prices and property struc-

tural characteristics. The mechanism connects home prices and household preferences

for housing and location attributes, while highlighting the role of spatial dependence

of neighboring home prices. The approach begins with a traditional hedonic pricing

model for consumer demand, which is then generalized to capture spatial dependence.

The word hedonic is defined by the Oxford English Dictionary as ”relating to, charac-

terized by, or considered in terms of pleasant (or unpleasant) sensations”. In a model

for consumer demand, pleasure (or displeasure) is measured in terms of utility. In the

consumer demand model with housing that I specify, housing supply is fixed and each

household is characterized by a utility function that depends on its preferences for var-

ious housing and location attributes. Willingness to pay is derived through a utility

maximization objective and an income constraint that depends on residential property

sales. Through the property pricing function (which is part of the income constraint), a

set of monetized marginal willingness to pay (MWTP) measurements under the partial

housing market equilibrium for observable housing and location characteristics is esti-

mated. 1 Willingness to pay estimates for accessibility and nuisance (or social benefits

and costs) of the various urban corridors are captured using distances to each home.

1 This is the reason for such function also being referred to a hedonic pricing function, so that
household taste preferences in the utility maximization problem for pleasure or displeasure in terms
implicit WTP can be inferred.

4
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The other component of the model concerns spatial dependence of neighboring home

prices. To account for the effect of any spatial spillover of a property that may arise

during real estate appraisal and transaction, I add weighted comparable sales of neigh-

boring homes to the hedonic pricing function. The addition assumes that the price of

a home also depends upon the prices of nearby properties that have recently been sold.

The resulting specification of the pricing function allows for heterogeneous preferences.

It permits WTP to be estimated at individual household level and the spillover effects

to be removed from the error term of the estimated pricing function. The error term

contains other important information, including what is sometimes referred to as unob-

served characteristics. This is because there are housing and neighborhood attributes

that are observed by household residents, but not by econometricians. For example

for any given residential property, only the household residents observe the view and

quality of the home, and the neighborhood demographics and economic conditions. By

definition, unobserved attributes are product or consumption characteristics that are

only known to the consumers and not to econometricians. In the context of residential

properties, there may be some amount of spatial correlations and differences that are

also only observed by the households. Consequently it is only natural to extend the

utility maximization problem with a traditional hedonic pricing estimation for residen-

tial homes to separately account for spatial correlation and the unobserved aspects of

properties.

In addition to estimating the accessibility and nuisance effects of various urban

corridors while accounting for the spatial correlation of comparable sales, I investigate

the relationship between WTP for urban corridors and neighborhood demographic and

socioeconomic factors. In particular, the resulting changes in WTP may suggest how

value capture of public investment in greenways and mixed-use commercial development

can be integrated into more innovative financing strategies that involve other funding

sources from private partners (known as Public Private Partnerships, or P3). The

exercise can potentially address how neighborhood dynamics affect urban planning and

development policy regarding infrastructure investment and financing.

Empirically, the findings of this study connect to research areas in hedonic pric-

ing model and spatial econometrics, with potential applications in financial planning

exercises for transit infrastructure such as transit-oriented development (TOD) study

and benefit-cost analysis (BCA). The estimated WTP can be used to inform how home

prices change with respect to location attributes. Additionally, the resulting coefficients
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from the pricing function can explain whether the tested attributes are complementary

in consumption, and if the different attributes have opposing effects on prices. As the

extension of the traditional hedonic pricing model involves incorporating spatial au-

tocorrelation to estimate household WTP for spatial externalities generated by urban

corridors, the resulting preferences over spatial differences generate adjacency as well

as neighborhood variations in housing demand, which are beyond the capabilities of

many existing studies that only consider a single corridor (such as transportation or

commercial). As suggested earlier, urban corridors provide the critical link to studying

and understanding household preferences for certain housing and location attributes. If

applied properly, the results of this study can improve the robustness of BCA and other

related feasibility studies. Furthermore, the study here could have implications on how

regional transportation policies, urban planning, and local economic development have

affected home prices and neighborhood heterogeneity in the United States.

The rest of the essay is organized as follows. The next section introduces some of

the recent work on the hedonic pricing model for consumer demand and for housing

characteristics. Section 2.2 discusses the data and the study area. Section 2.3 describes

the model formulation for the pricing function and the underlying preference structure.

It also presents the econometric estimators that are based on the model formulation.

Section 2.4 presents the results and Section 2.5 offers concluding remarks. Appendix

A details the utility maximization problem and Appendix B provides the probability

density functions estimated of WTP for each housing and location attribute.

2.1 Related Literature

The relationship between proximity to desirable destinations and property values is well-

established in growth and development economics and it is widely utilized in regional

and urban economics applications. Economists have derived models to capture the

relationships among the amenities that are offered by locations such as work and home,

under a general assumption that people are rational- that people optimally choose work

to earn an income for consumption and to leisure otherwise. In the simplest setting,

a home is used for leisure-related consumption and not for investment. To link the

choices of work and home, transportation cost based on commute distance is taken into

account in net income, which includes land and other consumption costs. The optimal

choices people make are those that are most beneficial to themselves and ultimately to
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the society as a whole. The choices also provide information on the price that people

are willing to pay for consumption (housing) and willing to accept for compensation

(work).

The same rationale also applies to models of commercial properties. Consider a

firm’s decision to maximize profits given an output price and the input costs. Rent

and location-/ distance-based transportation cost are factored into firm’s profit as they

are part of total cost being subtracted from total revenue. The closer the firm is to

its customers, the lower the transportation cost. However competition from other firms

drives up land prices and rents because of greater value of transportation access. The

optimal location of the firm is therefore one that maximizes revenue and minimizes costs.

While these are private decisions, public welfare can be maximized when people make

optimal decisions that are most beneficial to themselves. This is because individuals

are assumed to make rational choices of housing, employment, and transportation that

make themselves (and ultimately everyone else) better off. Altogether these optimal

choices provide information on the prices that people are willing to pay for consumption

(housing) and willing to accept for compensation (work), as well as on the prices that

firms are willing to pay for production (labor, leasing cost, and transportation costs).

The decision framework for location is introduced by von Thunen (1826) and is discussed

in Jacobs (1961) as residents and industries “unconsciously cooperating economically”.

It serves as the backbone of the modern bid-rent (or WTP) theory developed by Alonso

(1964) and Muth (1969).

Location choice models have led to advances in understanding home price dynam-

ics. Rider and Henning (1967), however, is the first to apply hedonic pricing methods

to analyze residential property prices, with a view to assess the value of air quality.

The authors define the hedonic function so that the value of a property can be deter-

mined from aggregating the “implicit prices” of multiple structural and neighborhood

characteristics. Following other well-established hedonic pricing literature for consumer

demand (Griliches (1961), Rosen (1974), Bartik (1987), Epple (1987)), this paper pro-

vides estimates for implicit prices for housing and neighborhood attributes.

There are many recent studies that have improved upon the hedonic pricing model

because of the issues of identification. Following some of the semiparametric approaches

for random coefficients model (Berry et al. (1995), Berry (1994), Petrin (2002), Nevo

(2001), to name a few, in the applied industrial organization literature), Bajari and
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Benkard (2005a) generalize Rosen’s two-step approach to account for unobserved prod-

uct characteristics under any form of competition by omitting any restrictions on the

aggregate distribution of consumer preferences. They also relax the assumption of a

continuum of products by including the case of discrete product space. In terms of

identification of the price function, they prove the existence of a bijection from the

vector of product characteristics to prices under different assumptions for unobserved

product characteristic. Applying some of the developed theories, this paper assumes

that housing and neighborhood characteristics are independent of the unobserved hous-

ing characteristic (the modeling error in the hedonic price function) so that the home

prices are identified.

There are other papers that use a semiparametric style to account for preference

heterogeneity and unobservable attributes (Bajari and Kahn (2005), Bajari and Benkard

(2005b), and Bajari and Kahn (2008)). In particular, Salvi (2007) derives demand for

housing attributes in the Greater Zurich area and recovers the MWTP for proximity

to CBD. The key extension between current hedonic pricing literature and this study,

although complementary, is that this paper takes spatial correlation into account using

neighborhood comparable home sales. In terms of estimation, this added element of the

model provides a different way of generating individual household preference parameters

that are parcel-specific.

A number of authors have studied spatial externalities and the related issues with

home prices. Following from the work of Anselin (1988), Anselin (2002) revisits the

assumptions, constraints, and implications of using regression models involving spatial

lag (LAG) and spatial autoregressive residual (SAR). The LAG specification allows for

comparisons of spatially lagged values of the dependent variables, while SAR involves

adjusting errors that arise from inadequacies in geographical differentiation measure-

ments. In application, Can and Megbolugbe (1997) develop a spatial hedonic model to

capture the spillover effect of home sales by introducing a SAR term as an explanatory

variable. In this manner the prices of the most recent sales of similar properties are

considered in estimating the market value of a property, while differences in their struc-

tural attributes and neighborhood characteristics are being controlled for. Comparing

the SAR result to traditional hedonic regression, they find that the explanatory power

of the model increases by at least 14 percent points in terms of R-Square statistic (R2).

Haider and Miller (2000) apply the same SAR technique in their analysis, but they first

use Moran’s I autocorrelation statistics to detect existence of spatial autocorrelation by
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following the techniques outlined by Can (1992). In the end, they find that the SAR

model improves the non-spatial model by about 5.3 percent, based on comparisons of

adjusted R2.

In a study concerning housing properties and air quality, Beron et al. (2004) inves-

tigate the issues involved in estimating housing prices with spatial spillover. Using year

dummies and their interactions with census demographic variables as instruments, they

compare estimates from ordinary least squares (OLS) and SAR and conclude that SAR

performs 2−16 percent points better than OLS. However, even with such improvements

in R2, the errors from their models account for at least 60 percent of the variations in

households’ MWTP. Many authors attribute such lack of explanatory power to measure-

ment error in the data but neglect to offer any further investigation on their sources.

Therefore it seems that even with the increasing popularity of SAR, addressing the

inherit issues in using housing data may not be as thought out as it can be in under-

standing household demand.

Related studies also include those on sorting equilibria (based on socioeconomic

factors) in application to studying the relationship among home prices and housing

attributes. Ortalo-Magńe and Rady (2008) incorporate income mixing, moving time,

and tenure choice in a dynamic stochastic model to draw inferences on household WTP

for neighborhood attributes. Bayer et al. (2005) study the impact of income inequality

on housing market equilibrium based on demand estimates, using data on household

income, race, education, and family structure. Using the same research strategy, Bayer

and Ross (2008) estimate the effect of individual and neighborhood characteristics on

labor market outcomes. Much like these other studies, the current study utilizes socioe-

conomic data to connect the decision of home purchases related to urban corridors and

neighborhood characteristics.

The added dimension of urban corridors allows for estimation of WTP for access

to public infrastructure such as transportation alignments and leisure facilities. In

the planning literature, much attention has been given to public transit in particular

because of agency funding cuts as a result of the most recent economic recession. An

exhaustive list of an annotated bibliography of the effects of transit on property values

can be found in annual report conducted by the Victoria Transport Policy Institute

(Smith and Gihring (2014)). A list of older studies that have used travel time as a

measure of access can be found in a review conducted by Ryan (1999). However hedonic

studies of greenways on home prices are limited even though parks are considered part
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of the street fabric that “intensify and knit together” the complexity of city streets

(Jacobs (1961)). Unless parks are environmentally sensitive, WTP for greenways are not

analyzed. Rather than focusing on only one type of infrastructure, this paper addresses

three forms of public infrastructure. The assessment accounts for how household may

choose one type of infrastructure over another and the resulting decision may then

inform planners and local agencies on their programming and funding priorities. The

last corridor being studied concerns mainly private business, therefore the analysis on

the commercial corridor can have potential impacts how P3 can be structured.

There are many studies of how different neighborhoods command different housing

premiums. The key value-added of the approach provided in this study is the assessment

of urban corridors using hedonic pricing model with spatial econometrics techniques that

account for parcel level taste parameters. The results can explain interconnectedness of

issues surrounding land use, urban policy, and infrastructure planning. Although the

idea of positive human interactions in enhancing social capital and ultimately sustain-

able long term growth is originally argued by Jacobs (1961) and then reiterated later

by Lucas (1988) in modeling growth and development, the current study provides a

framework in which the value of those positive human interactions can be estimated

and can have wider applications in local and urban planning.

2.2 Data and Study Area

The empirical analysis of the proposed framework is applied to residential properties in

South Minneapolis, Minnesota. The data include property parcels sold between 2004

to 2008 obtained through the Metropolitan Council by Transitway Impacts Research

Program of the Center for Transportation Studies at the University of Minnesota and

any missing structural data purchased from Multiple Listing Service (MLS) by the

research program.2 The data characterize each parcel by tax identification number,

land use, lot size, building size, number of bedrooms and bathrooms, and year built.

The corresponding price of each property is provided by the Minneapolis City Assessor

Office. The dataset contains parcel identification, owner, address, assessment date and

2 A drawback of this data set is the lack of sales and structural information of condominium homes
in the study area. Given that there has been significant condominium development and transactions in
the multifamily homes market between 2004 and 2006, excluding such a data subset drastically affects
the robustness of the estimation involving multifamily properties. Indeed, in a related study of the
Hiawatha LRT line on residential property values, Goetz et al. (2010) attribute the lack of fit of their
model for multifamily homes to the exclusion of condominium data.
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value (land and improvement), and prior sale date and value. The data sets are joined in

ESRI ArcMap through parcel identification for spatial references defined by geographic

coordinates.

South Minneapolis is geographically interesting in several ways. First, this area is a

cul-de-sac (Goetz et al. (2010)) in a sense that it is bounded by downtown Minneapolis

and the University of Minnesota on the north side, the Mississippi River on the east, and

the Minneapolis/ Saint Paul International Airport (MSP) as well as the Fort Snelling

national cemetery on the south. As a result, housing turnover in this area is relatively

low compared to the industrial based Northeast Minneapolis and other communities that

are in close proximity to the Chain of Lakes. Second, the city of Minneapolis has been

planning and recently started implementing major reconstructions and streetscaping on

Lake Street, a major thoroughfare of consolidated commercial facilities that is essentially

the ”Main Street” of South Minneapolis. Since the community revitalization projects are

estimated to cost around $30 million, the state and county officials anticipate a return

on the city’s investment based primarily on higher taxes (on both retail and property)

generated through the re-energized area. Therefore, the findings from this study may

provide a foundation for understanding and evaluating the impact of relevant local urban

planning policy, as they can be valuable to Hennepin County and community stakeholder

involved in future planning for South Minneapolis and other nearby areas alike. Lastly,

the study area encompasses the first light rail transit in Minneapolis that costs over

$700 million in construction along the industrial corridor. The findings here add to

the limited literature regarding the impact of the first modern transit infrastructure in

Minneapolis on residential properties and other local economic development.

The study area is defined as half-mile buffer zones created for each corridor alignment

and a property is included in the study area if and only if it is within one-half miles of any

of the corridors. The defined distance buffer (of one-half miles) is a common specification

and is well-tested in the transportation economics literature. It is the maximum distance

within which real estate properties are impacted by transit infrastructure. Incidentally,

the specification separates the potential effect of nearby lakes and the Mississippi River

on property values. Figure 2.1 is a map of the study area.

On the west side of the study area is the Interstate 35W (western route of Interstate

35), a 39-mile long, eight-lane interstate highway that runs through the study area from

the south of the city and crosses the Mississippi River about two miles further north. On

the north side is Lake Street, a commercial thoroughfare that runs east-west to connect
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Figure 2.1: The Study Area - Minneapolis Neighborhoods and Buffers for Urban Cor-
ridors.
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the north end of the Lake of the Isles and the Mississippi River, and has undergone

multiple phases of urban development reinvestment in the past 10 years. On the east

side is Minnesota State Highway Hiawatha 55, an industrial/ transit corridor, which

runs between downtown Minneapolis and MSP. This corridor has a high concentration

of old industrial infrastructures such as grain elevators and freight rail tracks on its

east side and a light rail transit (LRT) line on its west. The LRT runs from downtown

Minneapolis to the Mall of American and it parallels Hiawatha 55 north of MSP. On

the south side of the study area is Minnehaha Parkway, a greenway/ recreation corridor

that connects the south end of the Lake of the Isles to Minnehaha Park, which overlooks

the Mississippi River.

The geospatial data needed is created in ArcMap in several ways. Firstly, shapefiles

for each urban corridor are created and only parcels that are within a half-mile buffer

from them are included in the analysis. Secondly, distances between housing parcels

to urban corridors are measured so that potential accessibility and nuisance impacts

(benefits and costs) of each corridor can be estimated. Lastly, “comparable sales” are

selected within the buffer area. Specifically, neighboring home sales are considered

comparable to a home when they are sold within four months prior to the sales date of

the home in question and are within a three-quarter miles radius.3 ArcMap is used

to identify the comparable sales to each of the parcel in buffered-data and compute the

distance between each pair of comparable sales. All distance measures are computed in

the Euclidean space and are in meters.

The potential accessibility and nuisance impacts of urban corridors are measured

differently. To measure the accessibility impacts of urban corridors, direct distances

are calculated from parcel center of mass (or centroid in ArcMap) of each home to

the nearest access points (transit stations, freeway on-/off-ramps, and major traffic

intersections). Essentially I assume that the amenities offered by these corridors can

only be enjoyed through direct access. On the other hand, the nuisance effect (when

applicable) is measured by each home’s shortest distance to each corridor, rather than

access points. This is because I assume that pollutants in the air travel through the

shortest path (which is a straight line) like noise. However I measure the potential

of wellness benefits to greenways using direct distance because of the large number of

3 A shorter than the usual six-month time frame for comparable sales is chosen here because of
the recent fluctuations in the housing market. The distance restriction here is typical in the real estate
market practice.
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access points. As the recreational corridor is a combination of streams, greenways, and

bike trails, it offers both tangible and intangible benefits that can be reached without

restrictions. In such a case, its accessibility effect on a home is measured by its shortest

distance to the property. No nuisance is assumed from the greenway.

The study separates the estimation for single-family homes and for multifamily

homes as I expect that the various urban corridors will affect the pricing of single-family

and multifamily homes differently. Due to differences in land use, transportation infras-

tructure, and neighborhood demographics, there are two separate markets for these two

types of residential properties. For each type of homes, the same set of housing charac-

teristics are used in the study. The set of housing characteristics that is used as inputs

to the analysis described in the following section include:

• Transaction V alue: Last transaction price of the home, in year 2000 dollars;4

• Y ear Built: Year built of the home;

• Lot Size: Size of the lot on which the home is located in terms of square footage;

• Gross Building Size: Total building area of the home in square footage;

• Number of Bedroom: Total number of bedrooms in the home;

• Number of Bathroom: Total number of bathrooms in the home;

• Distance to CBD: Distance to downtown Minneapolis (7th Street and Nicollet

Avenue) from the home, in meters;

• Distance to LRT Station: Distance to nearest LRT station/ major traffic inter-

section of Hiawatha 55 from the home, in meters; 5

• Distance to LRT Track: The shortest distance to LRT track/ Hiawatha 55 from

the home, in meters;

• Distance to Interstate Highway: The shortest distance to Interstate 35W from

the home, in meters;

4 All monetary terms are deflated to year 2000 values using the United States Bureau of Labor
Statistics Consumer Price Index.

5 These stations (from north to south) are Franklin Avenue, Lake Street, 38th Street, 46th Street,
and 50th Street/Minnehaha Park.
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• Distance to Interstate Highway on/off − ramp: The distance to nearest Inter-

state 35W on/ off-ramp from the home, in meters;6

• Distance to Greenway: The shortest distance to Minnehaha Parkway from the

home, in meters;

• Distance to Commercial Thoroughfare: The shortest distance to Lake Street

from the home, in meters; and

• Distance to Commercial Thoroughfare intersection: The distance to nearest

traffic intersection of Lake Street from the home, in meters.7

While there are many other variables to consider, collinearity between the explana-

tory variables suggests potential modeling issues with additional variables such as com-

mute time to CBD, neighborhood name indicators, distance to banks and grocery stores,

etc. Housing characteristics are kept to a minimum to include those commonly found in

the literature and those tested in Goetz et al. (2010) using Variance Inflation Factor (of

less than 11). All distance variables are kept to preserve the applicability of the model to

analyze the specific urban corridors. For modeling simplicity, quadratic distance terms

that test the maximum accessibility/ nuisance distance impact in another similar study

(Goetz et al. (2010)) are not used.

Table 2.1 reports the summary statistics of the data used in this study. In terms of

housing characteristics, multifamily homes in this area are on average more expensive

than single-family homes and are larger in terms of gross building size, as they contain

multiple housing units and usually include common areas, laundry facilities and parking

lots (which are not observed). The data show that the average sale price of multifamily

homes is 14.5 percent higher than single-family homes and are 66.5 percent larger.

Also, multifamily homes have more bedrooms on average (over 40 percent higher in

numbers) because multifamily homes contain multiple residences by definition.8 The

two types of homes are however comparable in terms of lot size. Overall, variations

within multifamily homes are larger as each of the variables investigated carries higher

variances.
6 The on/ off-ramps (from north to south) are Interstate 94 East, Interstate 94 West, E 33rd Street,

E 38th Street, E 46th Street, and E Diamond Lake Road.
7 These intersections (from east to west) are Lyndale Avenue, Nicollet Avenue, Portland Avenue,

Park Avenue, Chicago Avenue, 11th Avenue S, Bloomington Avenue, Cedar Avenue, and Minnehaha
Avenue.

8 Unlike condominiums, where each unit/ residence has separate parcel identification.
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Table 2.1: Summary Statistics of Data Used.

Mean Std. Dev. Mean Std. Dev.

Sale Value $159,894.90 $58,066.14 $183,106.10 $58,743.01

Year Built 1923 17 1917 23

Lot Size 5,465.36        1379.05 5344.26 1604.67

Gross Building Size 1,238.80 394.07 2,062.57 636.46

Number of Bedroom 3 1 4 1

Number of Bathroom 2 1 2 1

Distance to CBD 5,967.68        1,356.13        4,642.74        1,389.93        

Distance to LRT Station 2,141.28 1,328.92 2,080.53 1,130.20

Distance to LRT Track 2,042.07        1,389.92        1,979.42        1,184.76        

Distance to Interstate Highway 1,922.82 1,446.64 1,375.74 1,125.92

Distance to Highway On-/Off-Ramp 2,052.92        1,371.72        1,558.15        1,023.63        

Distance to Greenway 1,554.64 1,098.12 2,656.30 1,202.11

Distance to Commercial Thoroughfare 2,391.38        1,266.92        1,324.16        1,175.66        

Distance to Commercial Thoroughfare Intersection 2,444.25        1,258.99        1,368.77        1,171.77        

SFH MFH
Variable

In terms of proximity to urban corridors, single-family homes on average are slightly

further away from the transit corridors as well as from the commercial corridor, while

they are much closer to the recreation corridor. In particular, these homes are 28.5

percent further away from the CBD than the average multifamily home, over 30 percent

further away from the highway, and about 80 percent further away from the commercial

thoroughfare. These estimates suggest that proximity to urban corridors is positively

correlated to housing density, a finding that is likely to be a result of local urban planning

and design to enhance mobility of residents.

To evaluate if and how WTP estimates change with respect to changes in neigh-

borhood demographic and socioeconomic factors, I use the following Census 2000 tract

level demographics variables to support the analysis:

• Percentage of unemployment;

• Percentage of population 25 years and over with bachelor’s degree or higher;

• Percentage of owner-occupied housing; and

• Percentage of African Americans and Hispanics (used as a proxy for non-white

population).

In addition to the above exogenous variables, I include in the regression tract level
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housing foreclosure rate (2005-2008 average) from the Hennepin County Sheriffs Depart-

ment as well as tract level median federal adjusted gross income (2004-2006 average, in

year 2000 dollars) from the Minnesota Department of Revenue. Essentially these vari-

ables are considered demand shifters, so that the resulting regression coefficients suggest

how WTP for each urban corridor varies with different demographic and socioeconomic

characteristics in different census tracts.

2.3 The Model

The following section describes the hedonic pricing model used to analyze residential

property prices. There are two stages of estimation. In the first stage I estimate WTP.

In the second I assess how WTP changes with respect to socioeconomic and demographic

information.

The following describes the economy. Assume that there is a fixed supply of housing

products and households in this setting trade without any transaction costs. Let all

households have monotone preferences in all characterizing attributes and define the

resulting utility representation of each household i ∈ I for I = {1, . . . , I}, to be ui. Each

household derives utility from consuming a numeraire good ci ∈ R+, a home i with a

set of K = {1, . . . ,K} observed housing attributes xk ∈ RK+ , as well as an unobserved

idiosyncratic household-specific characteristics ξi ∈ R. The utility for each household i

is:

ui = ui(c,x; ξ) (2.3.1)

Taking household i fixed income at Ei, the price of a home i with pi = pi(xk; ξ) that

maps all housing attributes into price, and the price for the numeraire commodity as

given, each household solves the following problem

max
c,x

ui(c,x; ξ) s.t. p+ c ≤ E (2.3.2)

To account for taste for each household, I define the utility function ui as an additively

separable log-linear function

ui(c, xk; ξ) = βi1ln xi1 + · · ·+ βiK ln xiK + βiξ ln ξi + c (2.3.3)

where βi = (βi1, . . . , βiK , βiξ) is the set of random taste coefficients that represents

household i’s preferences for all observed and unobserved attributes. I rewrite the first
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order condition (detailed in appendix equation A.3) as

βik = xik
∂pi
∂xik

∀ k = 1, . . . ,K (2.3.4)

in order to estimate the vector of household i’s preference parameters involved in house

i, given that each household pricing function pi and unobserved characteristics ξi are

known.

The pricing function is defined in terms of spatially weighted sale prices of com-

parable properties, as well as a set of observed and unobserved housing attributes.

Specifically, for property price pi with attributes (xik, ξi), the formulation for adding a

spatially autoregressive term into the traditional hedonic pricing model is,

pi = α0 +
K∑
k

αkxik + ρ
N∑
n6=i

winpn + ξi (2.3.5)

Following Bajari and Benkard (2005a), I assume that the unobserved product char-

acteristics are independent of the observed product characteristics so that the hedonic

price function is identified. Together with linearly additive utility function that is twice

differentiable, the solution to the utility maximization problem is well-defined. The

set of parameters αk specifies prices to be a linear combination of observed housing

characteristics xk. The term ξ represents the error plus unobserved housing charac-

teristics. Its unit is normalized to dollars and is treated symmetrically with the com-

posite good c in equation (2.3.3). The parameter ρ in equation (2.3.5) measures the

strength of spatial dependence among pi and comparable property prices {pn}Nn 6=i. The

set N = {1, . . . , I}\i is the maximum number of neighbors of home i and therefore

cannot exceed the total number of homes I in the sample. The significance of prior

sales is specified by weights wn, which are determined by the locations of properties

with {pn}Nn 6=i. Specifically, I assume that the closer in proximity two sales are, the more

influence one sale has on the other. The type of inverse spatial dependency can be

captured by a set of constants, win ∈ [0, 1) such that

win =
1/dn∑N

n6=i 1/dn6=i
(2.3.6)

and this defines a multidimensional time and distance-decay/ lag matrix. This matrix

describes the inverse distance between a parcel and all its neighbors. It has zeros on
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the diagonal, since a parcel does not neighbor itself. Also, if parcel i has a neighboring

parcel, say l, with a prior sale older than certain months of interest, then l is not a

comparable sale and therefore wil = 0. Similarly, even if l’s sales date is within certain

months, if it is not within a defined radius of interest, it is not considered a comparable

sale.

Given equation (2.3.5), the estimation for (2.3.4) reduces to

β̂ik = xikα̂k (2.3.7)

β̂iξ = ξ̂i ∀ i = 1, . . . , I (2.3.8)

The formulation provides household-specific taste parameters βi = (βi1, . . . , βiK , βiξ)

for various housing attributes. Specifically, the coefficients from the pricing function help

find the taste parameters from the utility function (to be formally defined later in Sec-

tion 2.3.1) for each housing attribute (the exogenous variables in the pricing function

(2.3.5)). The identification process does not rely on knowing ξ because of the assumed

additive separability. The taste parameters are the product of the consumption level

and their associating MWTP, where MWTP is the derivative of the pricing function

with respect of the attribute. Unlike in a traditional spatial correlation model where es-

timated coefficients are functions of the weighted inverse distances as well as the overall

strength of spatial dependency, the use of comparable sales means the resulting esti-

mates of WTP for housing attributes are not directly proportional the specified spatial

elements ρ and w.

Given the above assumptions of the household utility maximization problem, I pro-

vide the estimations of WTP and how they vary in different neighborhoods in the

following sections.

2.3.1 Methods and Procedures

The formulation outlined so far leads to two stages of analysis. The first stage is the

estimation of taste parameters and WTP, which are fed into the second stage for further

analysis of neighborhood influence on WTP. Using South Minneapolis, Minnesota, as a

case study, I estimate WTP for housing characteristics and proximity to urban corridors

during the first stage of estimation. At the second stage, I evaluate how WTP vary with

respect to changes in demographic and socioeconomic factors.
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Estimation of Willingness to Pay

For estimating the hedonic pricing function pi of equation (2.3.5), a linear regression

is used. The inclusion of spatial dependence normally creates an simultaneity problem

within a model as dependent variable {yi, y−i} create a feedback loop. In particular,

y−i are used to determine yi and yi is used to determine y−i. In this study the issue

is avoided when comparable sales are used and the simultaneity is eliminated as repeat

sales are not used in the study.

As the simultaneity problem is avoided, βi = (βi1, . . . , βiK , βiξ) are free of ρ̂W.

However the resulting MWTP are not independent of the impact of comparable sales,

as the regression coefficients are estimated through ρWp.

To calculate household WTP, I first collect the coefficients obtained from the first

stage of estimation. Since there is no standard definition for WTP, I then define WTP

for a particular attribute as the change in household utility, subject to a percentage

change in that attribute, holding everything else constant.9 Without loss of generality,

I compute WTP for each k characteristic based on a ten-percent change in consumption

following:

∆uik =

{
β̂ik [ln (1.10× xik)− ln xik] , β̂ik ≥ 0

β̂ik [ln xik − ln (0.90× xik)] , β̂ik < 0
(2.3.9)

⇒ WTPik =

{
β̂ikln (1.10), β̂ik ≥ 0

−β̂ikln (0.90), β̂ik < 0
(2.3.10)

This standardization puts all WTP estimates to be nonnegative, which provides a

consistent way to compare WTP for the various housing and location attributes. The

specification is essentially a semi-elasticity measure that yields the monetized amount

that each household is willing to pay for a ten percent increase (or decrease) in the

consumption of a desired (or undesired) attribute.

Evaluation of Neighborhood Characteristics on Willingness to Pay

Infrastructure investment impacts different communities differently and for public infras-

tructure, performance-based evaluations are increasingly used to prioritized and allocate

9 The definition of WTP is adapted from Bajari and Kahn (2005). The difference here is that I use
a reduction in the consumption of the attribute when it is an undesirable good- households are willing
to pay to consume less of that attribute. The specification distinguish attributes that increase utility
with higher consumption from those that decrease utility.
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funding. To assess how value-capture of infrastructure investment changes in different

neighborhoods, I test the responsiveness of WTP for location characteristics with re-

spect to changes in neighborhood demographic and socioeconomic factors. Essentially

I ask how different groups of people can have different WTP. The results impact how

funding mechanisms can be structured, based on the potential return of the investment

that is capitalized in property values. For completeness, I also test the responsiveness

of WTP to structural characteristics.

To test if and how WTP changes, I follow a regression exercise used in Bajari and

Kahn (2008) to specify:

WTPxg = dg · θg + ηg (2.3.11)

where d ∈ RS+ is a set of S neighborhood demographic and socioeconomic attributes,

which are not available at the parcel level. Instead of individual i, consequently, the

subscript g = 1, . . . , G is used to denote groupings derived from random enumerations

of properties in various census tracts. The random enumeration is used to remove the

effect of other neighborhood-specific factors that are not accounted for (or available)

in this exercise. By assigning each i into G groups using a random number generator,

grouped WTP and tract information pertaining to each property i are computed using

simple averages. The grouped WTP averages are regressed on a set of mean tract level

neighborhood data, averaged over all properties within each g ∈ {1, . . . , G}. θ is the set

of regression coefficients and η is the error term with mean zero and independent from

any neighborhood characteristics.

2.4 Results

The following sections report the findings. I expect that the results for the two types of

homes I investigate to vary significantly as different types of family in different stages

of their lives consider and prioritize different housing and location options. Also, in

the market for multifamily homes, there are differentiable types of properties (such

as apartment homes and duplexes) that may be further classified as different housing

products. Consequently, the estimated WTP for the different housing and location

attributes may vary (in terms of both magnitudes and variance) noticeably among the

two types of properties.
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2.4.1 First Stage Estimation

The outcomes of first stage of estimation show how much households are willing to trade

one aspect of their home for another, given the same percentage change in consumption

of each characteristics to allow for comparisons. The relative change in WTP illustrate

how much households value different aspects of their homes while choosing optimal hous-

ing locations. The reported WTP findings are in terms of simple summary statistics and

statistical correlations. Empirical statistical distributions of WTP for urban corridors

are also computed so that their statistical properties can be further investigated. In

particular, the results for urban corridors are displayed using cumulative distribution

functions (CDF) (reported in Appendix B), so that the likelihood of a WTP exceeding

a certain value can be examined.

Estimates from Hedonic Pricing Function

Recall from equation (2.3.5) that the set of parameters to be estimated is α = (α0, . . . , αK)

and ρ. To account for the price trends during 2004-2007 prior to the economic recession,

mean price of each year is subtracted out of every transaction (of that same year) to

leave only variations in relative prices. In the linear regression of the pricing function

specified, I assume that the error term, which includes unobserved housing characteris-

tic, is not correlated with any of the exogenous variables used. The coefficients estimated

here are can be as MWTP because as they reflect incremental amenity values of each

housing-related attribute. The MWTP values are then used to compute WTP based

on a ten percent change across all attributes. The same percentage change is applied to

allow for more consistent comparison of the WTP.

The results reveal the power of each of the housing and location characteristic in

explaining home prices. Housing attributes with positive coefficients indicate that in-

creases in the amount of the attributes can drive up home prices, holding everything else

constant. On the other hand, location attributes with positive coefficients indicate that

prices increase as distance increases. In other words, location variables with negative

coefficients are associated with positive amenity values and households are willing to

pay positive amounts to be near them. Nuisance location variables have positive coef-

ficients, which suggest that people are willing to pay to be further away (or consume

less) for “peace and quiet”. Table 2.2 reports the estimates for the respective pricing

function for the two types of residential properties.
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Table 2.2: Regression Coefficients from Hedonic Pricing Function

Coefficient Std. Err. Coefficient Std. Err. 
Spatial Correlation 0.55 0.03 0.17 0.05
Building Age -172.48 30.12 -182.67 81.06
Lot Size 5.89 0.38 4.08 1.04
Gross Building Size 59.93 1.83 34.91 3.49
Number of Bedroom 1323.85 715.78 4228.15 1380.68
Number of Bathroom 11,021.88 864.60 13,420.67 2839.37
Distance to CBD -17.21 3.15 -22.30 9.21
Distance to LRT Station 6.57 4.39 30.89 16.34
Distance to LRT Track 17.23 4.42 2.49 16.28
Distance to Interstate Highway 23.04 3.42 27.92 8.59
Distance to Highway On-/Off-Ramp 5.09 2.93 7.79 6.48
Distance to Greenway -13.92 1.56 -5.58 6.73
Distance to Commercial Thoroughfare 101.00 12.32 115.88 35.15

Distance to Commercial Thoroughfare Intersection -100.58 12.86 -103.08 36.32

Constant -86,641.89 13,281.99 -137,326.80 47,844.52
Number of obs    
F( 14,  .)
Adjusted R-sq.
Prob > chi2  

SFH MFH

4,708
762.33
0.69
0.00

841

Variable

54.50
0.47
0.00

Notes: The dependent variable is transaction price minus median value of the year during which
a parcel is sold. Bold fonts indicate statistical at five percent.

The results suggest strong spatial dependence among home prices and comparable

sales. Specifically, the estimated spatial correlation, ρ̂, between a typical single-family

home and its neighbors is about 0.55. This suggests that if the distance-weighted prices

of comparable sales of a single-family home increase by $1, then the price of that home

will increase by $0.55, with everything else held constant. Such an estimate is much

stronger than the correlation found under the analysis for multifamily homes and this

may be the result of how comparable sales are examined in the real estate market.

During the early stage of property search, it is common practice for realtors to discuss

initial pricing strategies with new buyers or sellers of single-family properties merely

based on visual inspections of the property from MLS data. On the other hand, the

same cannot be done for multifamily properties that are located in multi-level buildings,

since amenities in multifamily properties, such as view, property management, fitness

center, swimming pool, etc. are often not immediately observed. Another contributing

factor to the difference in ρ̂, may be the nature of the data set (multifamily homes

include several different structural dwelling types).

As reported in Table 2.2, coefficients of housing attributes have the anticipated signs
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and plausible magnitudes.10 Overall, newer and larger homes seem to command higher

price premiums. The findings suggest new construction is more important for multi-

family homes, as newer buildings often offer more modern amenities such as exercise

room and patios or balconies. Lots size plays a bigger role in determining the prices

of single-family homes, presumably because of the importance of ground level parking

space and yard space. Also, total number of bathrooms and bedrooms are key important

key factor in driving multifamily property values. The value-added of extra bathroom

validates many homeowners’ priority of having this addition in their home improvement

projects.

The coefficients of location variables for single-family homes suggest that there are

accessibility benefits associated with access to downtown, as well as recreation and com-

mercial activities. Such impacts can be inferred from the negative sign of the coefficients.

The most significant location factor in driving home prices is found to the traffic in-

tersections of commercial corridor, where activities cluster. The estimated accessibility

benefit of various economic activities of commercial clusters is over eight times larger in

magnitude that those of the CBD or the greenway. There is a nuisance associated with

proximity to industrial activities/ transit, commercial street, as well as highway, based

on the positive signs on the estimates. Proximity to LRT stations is not found to impact

property values. This is expected as accessibility effect is found only on the West side

of Hiawatha 55 by Goetz et al. (2010). The result suggests that without controlling for

location orientation, noise and traffic congestion can negate site-related amenities. In

particular, the unsightly view of grain elevators and freight rail train tracks along the

industrial corridor within the study area can be overwhelming (Goetz et al. (2010)).11

As for the commercial corridor, demolition of older buildings and road construction

projects can also be nuisance. Overall, the residents in single-family homes in South

Minneapolis substitute among living in newer homes with more living area, greater

number of bathrooms, proximity downtown and the greenway, and distance from Lake

Street, Hiawatha 55/ LRT, and 35W.

10 The magnitudes of the coefficients are reasonable in the sense that they do not contradict results
found in Smith and Gihring (2014).

11 To test for the sensitivity of the model with respect to proximity to LRT stations, I added variables
that separate out parcels that are within and outside 800 meters from LRT stations. The regression
results report statistically significant nuisance impacts (at five percent) associated with the stations for
parcels outside of the 800-meter station area buffer. For parcels within 800 meters, accessibility impacts
are found with 10 percent confidence. The tests suggest that nuisance impacts on parcels outside of the
800-meter buffer counteracts the accessibility impacts on parcels within the buffer.
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The fit of the model for multifamily homes is far poorer and the regression coefficients

carry much larger standard errors. Since multifamily homes include structures that are

very different (apartments versus duplexed), their characteristics heterogeneity may be

contributing to the modeling errors. Even so, households in multifamily homes value

the amenities offered by some of the urban corridors while they discount the nuisance

associated with congestion and noise. The estimated coefficients that are statistically

significant imply potential substitutions between proximity to downtown and to major

intersections of the commercial thoroughfare, as well as to the structural aspects of

homes. The nuisance impacts of the highway and the commercial corridor remain strong

in this case. While transportation corridors offer access to the city’s network of economic

activities, they do not seem to add value because the parcels in the analysis are too far

away from these corridors. On the other hand, the parcels are on average twice as far

away from CBD, yet there is a positive price impact found.

Taste Coefficients

The interpretation of the taste coefficients depends on whether or not the structural

and location characteristics are considered amenities or nuisances (desirable goods or

unwanted ”bads”). Recall that in the previous section preferences are established based

on the signs of the regression coefficients. The signs of the regression coefficients are

carried through the WTP calculations, as specified by equation (2.3.10).

Table 2.3 displays the WTP mean and quartile results for households in single-family

homes in the study area. Among the structural attributes of a home, the estimates

suggest that preferences are more sensitive to changes in gross building square footage.

The mean is estimated at about $7, 075.4 per ten percent increase in size, which amounts

to about $5.7 per square foot and is about four percent of the mean home price per

mean square footage reported earlier in Table 2.1 of Section 2.3.1. Also, the range of

WTP for the number of bathrooms is the widest among housing attributes. The finding

suggest that extra bathrooms can cause relatively more price variations.

The most valuable location amenity is the proximity to the major intersections of the

commercial thoroughfare, despite the associated nuisance found. In particular, traffic

and congestion along the corridor can be overwhelming and this is the reason for the

resulting nuisance effect being almost as large as its accessibility effect, in absolute value.

At the mean, WTP for access of the street is estimated at over $25, 000, which is just
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over $10.6 per meter, whereas WTP for less nuisance from the street is around $23, 000,

which is about $9.6 per meter. A low amount of uncertainty surrounds the WTP of

this urban corridor, as the interquartile ranges are estimated at over $21, 000, where the

75th percentile estimates are just over twice that of the 25th percentile.

Table 2.3: Willingness to Pay (or Avoid) from Ten Percent Change in Attributes- Single-
family Homes

At around $10, 000, or $1.8 per meter averaging over the mean distance for all

households in this area, WTP for proximity to downtown may seem low. Potential

factors contributing to this low estimate are the lack of parks, health clubs, museums,

and entertainment facilities within walking distance. But this estimate is expected

to have risen considerably if the study accounted for prices after the opening of the

new baseball stadium in downtown.12 For transportation infrastructure, variations

in WTP to avoid nuisance from highways and transitways demonstrate a high degree

of uncertainty. On average, households are willing to pay much more for avoiding the

congestion and noise generated by the two corridor alignments, than for their access

points. Mean WTP for distance away from LRT track is about $2, 000 higher than

mean WTP for proximity to LRT stations. Willingness to pay for distance away from

highway is also significantly much higher than WTP for on- and off-ramps- the difference

in mean WTP is estimated to be over $3, 000 and is larger than four folds. These

results are somewhat consistent with those in Goetz et al. (2010).13 Additionally, the

12 At the time of the study, Target Field was still under construction and the area was being
redeveloped, with no other major infrastructures aside from empty lots being used for parking.

13 In Goetz et al. (2010), the authors find that the opening of the LRT line has only ameliorated some



27

75th percentile WTP estimates are at least 3.5 times higher than the 25th percentile

estimates, which suggest that home prices are very sensitive to changes in proximity to

transportation corridors.

To understand how these taste coefficients correlate with one another, I compute the

pairwise correlations among these variables. If the coefficients are statistically signifi-

cant, then they imply that the amenities and nuisances jointly determine home prices.

The WTP estimates for attributes of single-family homes are reported in Table 2.4.

The correlations among structural characteristics are not large (less than 0.65 in abso-

lute value). The strongest relations suggested here are between gross building square

footage, the number bedrooms, and the number of bathrooms, with coefficients esti-

mated at around 0.50. The signs of these estimates confirm that they are complements

in housing consumption. The correlations between structural and location characteris-

tics are all less than 0.31 in absolute value. This suggests that there is almost no linear

relation among the valuation of structural and location attributes and that households

may not trade between private and public goods. The lack of dependency between the

two sets of WTP reflect the timing of which housing decisions are made: typically the

preference or need for particular housing attributes is determined before the choice of

location as household size is known.

The reported WTP correlations among the variables distance to CBD, Greenway,

Commercial Thoroughfare, and Commercial Thoroughfare Intersection are relatively

high. Each of the estimates is over 0.9 in absolute and is statistically significant.

The signs of the distance to CBD-Greenway and distance to commercial Thorough-

fare-Greenway coefficients are negative, meaning that WTP access to business and

entertainment opportunities is offset by the WTP for access to outdoor recreational

trails. Another possible tradeoff can be observed through the negative correlation be-

tween WTP for proximity to LRT and to highway. This suggests that households in

the study area are substituting one transportation mode for the other. Moreover, the

correlations between access to these modes and proximity to greenway are negative,

which may imply that bicycling can be a competing mode of transportation with light

rail and automobile. However the magnitude of correlation is not as high as one may

expect, especially given that Minneapolis is one of the cities with the highest percentage

of the negative impact of the industrial corridor in the case of single-family homes. For multifamily
homes, they find that the LRT line has created an accessibility effect for this type of properties, while
adding to the negative impact of the corridor in general.
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Table 2.4: Correlation of Willingness to Pay- Single-family Homes
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of commutes by bicycle.14

Table 2.5 reports the summary statistics of WTP of households in multifamily homes.

In this case, WTP for the number of bedrooms and bathrooms are higher than those es-

timated for single-family homes, as the additional amenities may translate to additional

rent on extra units. The results for proximity to urban corridors reveal that households

in multifamily homes place relatively different values on proximity to transportation

infrastructure than to economic activities near downtown and the commercial thorough-

fare. Households in this case place higher value on avoiding nuisance of LRT stations

than on the alignment. So households in multifamily homes are more averse to the LRT

stops and nearby traffic intersections. This finding also holds for the highway-related

attributes. Overall the interquartile ranges of the WTP estimates for LRT alignment

and highway routes are lower than those found for single-family homes, which suggest

that households in multifamily homes are more averse to the nuisance impacts of the

access points of the corridors, being that many multifamily homes are clustered around

those access points by urban design. The estimated WTP for the commercial thorough-

fare (both measures) are significantly lower and may be the result of other aspects of

homes (such as condominiums) not captured in this study.

Table 2.5: Willingness to Pay (or Avoid) Estimates from Ten Percent Change in
Attributes- Multifamily Homes

14 The League of American Bicyclists’ analysis of the 2010 United States Census American Commu-
nity Survey reports that 0.53 percent of the U.S. commutes to work by bike while this estimates reaches
3.5 for commuters in Minneapolis, which is forth highest ranking city in the nation.
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Table 2.6 reports if and how the estimated WTP for structural and location at-

tributes correlate, under preferences of the households in multifamily homes. The

reported relations here are very similar to those reported for households residing in

single-family homes, in terms of sign, significance, as well as magnitude. As before,

the correlations among WTP of multifamily households for structural and location at-

tributes are weak. The tradeoffs made among housing attributes and relative proximity

to various corridors are not prominent. Altogether, households residing in different

types of properties vary in terms of their WTP for urban corridors, yet their preferences

reveal that low degree of tradeoffs (among housing characteristics and urban corridors)

is made when they purchase their homes. In particular, these correlations suggest other

property characteristics that are not included in this study, such as dwelling type, den-

sity and view, may be important in driving WTP.
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Table 2.6: Correlation of Willingness to Pay- Multifamily Homes
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2.4.2 Second Stage Estimation

In this section I investigate how different neighborhood demographic and socioeconomic

factors can affect WTP for urban corridors, as measured in terms of monetized dollar

amount of utility gained from ten percent increases in location attributes, using regres-

sion equation (2.3.11). The outcomes inform how different premiums for urban corridors

can be generated in different neighborhoods based on value-capture of infrastructure in

property prices. For consistency, the analysis is also replicated for WTP for housing

attributes.

Taste Coefficients and Neighborhood Variations

For estimating equation (2.3.11), I use a set of demand shifters to characterize and

distinguish the neighborhoods that are included in the study area. In particular, I

regress WTP estimates on percentage of foreclosure, median household income (in units

of $1, 000), percentage of unemployment rate, percentage of college graduates, percent-

age of Hispanic, Latino, and African American population (which is also a proxy for

non-white population), and percentage of owner-occupied housing. After testing for

multicollinearity using variance inflation factor, percentage of college graduates is re-

moved from the analysis. The results presented in this section are from two sets (for

households in each type of the residential homes) of 13 regression analyses- eight of

which concern location while the remaining five concern structural aspects of housing.

Table 2.7 and Table 2.8 report the regression results of WTP for housing attributes

of households in single-family homes and in multifamily homes respectively. Each col-

umn represents a regression equation estimated and each row reports the resulting

coefficients for the respective explanatory variable in the row heading. The results sug-

gest that WTP estimates for structural attributes are not very sensitive to the specific

changes in the neighborhood characteristics as the explanatory power of each regression

is extremely weak. For households in single-family homes in general, the results in Table

2.7 suggest that those with higher income place higher value on space. Controlling for

everything else, an increase of median income of $1, 000 increases WTP for lot size,

gross building square footage, number of bedrooms, and number of bathrooms by $42.1

(1.4 percent of average WTP for lot size), $158.1 (2.2 percent of average WTP for gross

building square footage), $3.2 (0.9 percent of average WTP for number of bedrooms)

and $38.0 (2.4 percent of average WTP for number of bathrooms) respectively. Higher
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Table 2.7: Housing Attributes WTP and Neighborhood Factors for Single-family Homes
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population diversity and rental rates also suggest higher WTP for gross building size

and for number of bathrooms.

For households in multifamily homes, Table 2.8 reports an increase of median in-

come of $1, 000 increases WTP for newer buildings and more bathrooms by $28.8 (1.6

percent)and $37.9 (1.3 percent) respectively. Other variables such as percentage non-

white and owner-occupancy rate also show positive relationship with WTP for newer

construction. Overall the model fit suggests that WTP for structural attributes may

not be explained by the set of neighborhood characteristics specified. The results for

models of urban corridors tell a different story. Explanatory power of the regression

models increases dramatically when neighborhood characteristics are used to explain

changes in the location attributes.

The regression results of WTP for urban corridors are reported in Table 2.9 and

Table 2.10. The results suggest that neighborhood characteristics can impact WTP for

various infrastructure and development. Generally speaking variables such as median

household income, percentage of non-white population, and owner-occupied housing

rate, are influential factors of driving WTP for urban corridors. The first column of

results in Table 2.9 suggest that for households in single-family homes, WTP for CBD

can be driven upward by higher income and home ownership rate, while it can be driven

downwards by higher percentage of non-white population. Additionally, the percent-

age of housing foreclosure seems to have a positive relationship with WTP for CBD. A

$1, 000 increase in median income can bring up WTP for CBD by $71.1 (1.7 percent

of average WTP for CBD). Usually higher percentage of foreclosure filling is associated

with higher unemployment rate and higher crime rates. It may be that lower affordabil-

ity of single-family homes translates to higher value being placed on the opportunities

offered by the economic activities in the downtown area. For WTP stemming from

multifamily units, Table 2.10 reports that changes in median family income and owner-

occupied housing rates can drive up WTP for CBD. Holding everything else constant,

a $1, 000 increase in median income and one percent point increase in owner-occupied

housing rate increase WTP for proximity to CBD by $138.9 (1.3 percent) and $62.5

(0.6 percent) respectively.

In terms of WTP against proximity to LRT stations (the major traffic intersections of

the industrial/ LRT corridor) of homebuyers of single-family homes (reported in second

and third columns of Table 2.9), $1, 000 increase in median income and one percent

drop in unemployment rate can increase WTP estimates by $84.0 (6.3 percent)and
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Table 2.8: Housing Attributes WTP and Neighborhood Factors for Multifamily Homes
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Table 2.9: Location Attributes WTP and Neighborhood Factors for Single-family Homes
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Table 2.10: Location Attributes WTP and Neighborhood Factors for Multifamily Homes
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$122.7 (9.2 percent) respectively. Higher percentage non-white population and lower

owner-occupied housing rate also have positive impact on WTP against proximity to

LRT stations, but the estimates are relatively smaller ($42.4 (3.2 percent) and $11.8

(0.9 percent) respectively). The same variables have similar (in terms of both sign

direction and magnitudes in percentage) impacts on WTP against proximity to LRT

track alignment (industrial/ LRT corridor). A $1, 000 increase in median income and

one percent drop in unemployment rate can increase WTP estimates by 6.8 percent

and 9.8 percent respectively. Aside from unemployment rate, the same set of variables

seems to have the same impact on WTP against transit of households in multifamily

homes. The second and third columns of Table 2.10 report that a $1, 000 increase

in median income can increase either measure of WTP against transit by at least 7.5

percent. Overall the estimates suggest that WTP against transit are lower given slimmer

earning opportunities, lower population diversity, and lower rental rates.

Interestingly the regression coefficients for WTP against highway have opposite signs

but similar magnitudes (in percentage points) when compared to those for WTP against

transit. For households in single-family homes, the forth and fifth columns of Table 2.9

report that a $1, 000 drop in median income, one percent increase in unemployment rate,

and one percent decrease in non-white population can increase WTP against highway

route estimates by $256.0 (6.1 percent), $404.7 (9.6 percent), and $200.0 (4.7 percent)

respectively. The impacts that these variables have on WTP for highway access points

are slightly smaller (differences are within one percentage point). Altogether the esti-

mates suggest that WTP against highway are lower with higher earning opportunities

and higher mix of racial compositions. Similar to the previous discussion on changes

in WTP for transit, aside from unemployment rate, the same set of variables seems to

have the same impact on WTP against highway of households in multifamily homes.

Results in Table 2.10 report that a $1, 000 decrease in median income can increase either

measure of WTP against highway by at least 7.0 percent. Also, one percent decrease

in non-white population can positively influence WTP by at least 4.4 percent. The re-

sults of WTP for the two modes of transportation suggest that value capture of different

transportation modes can be very extreme within a neighborhood with certain socioeco-

nomic and demographic characteristics. Moreover, there may be opposing effects when

the mode choices, such as automobile and transit, are substitutes.

The results of WTP for recreation corridor are reported in column seven in 2.9
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and 2.10. For households in both types of housing properties, lower income and owner-

occupied housing rates suggest higher WTP for greenways. The findings may be because

of the lesser commitment to work and mortgage and therefore greater appreciation for

outdoor activities. In particular, WTP for greenways of households in single-family

homes increases by about 2.5 percent when either income drops by $1, 000 or when

owner-occupied decreases by one percent. Similar impacts are found based on pref-

erences households in multifamily homes, with estimates of around 1.3 percent. The

results also suggest that the selected socioeconomic and demographic factors are less

successful in explaining changes in WTP for local leisure activities.

The last set of results in Table 2.9 and Table 2.10 (reported in columns eight and

nine) concerns changes in WTP for commercial corridor. For households in single-

family homes, changes in WTP for major intersections of the commercial corridor can

be driven upward by increases in foreclosure rate, income, employment rate, and owner-

occupied housing rate. The estimated coefficients for each of the aforementioned factors

are $2, 533.0 (9.8 percent), $752.2 (2.9 percent), $1, 208.8 (4.7 percent), and $170.8 (0.7

percent) respectively. The findings suggests that households with greater earning op-

portunities and with properties as assets are likely to value economic activities that

cluster near the intersections of the commercial corridor. Consistent with the result

of WTP for CBD, lower affordability of single-family homes translates to homebuyers

placing higher value on the opportunities offered by economic activities in the area.

For households in multifamily homes, increases in WTP for major intersections of the

commercial corridor may be explained by higher income, non-white population rate,

and owner-occupied housing rate. The finding on non-white population suggests that

neighborhood population diversity can bring about greater valuation of WTP for eco-

nomic activities. The same set of factors also has opposing effects on WTP against the

commercial corridor. While certain aspects of the community composition can impact

the value capture of economic development near major intersections of the commercial

corridors, they have almost the same (in terms of magnitudes) impact on the WTP

against the nuisance generated by the commercial corridor.

The regression results suggest that the selected socioeconomic and demographic

characteristics are more successful in explaining WTP for location attributes than for

structural attributes. However, WTP for greenways and trails may not be explained by

the same set of variables. From a urban planning point of view, the most relevant finding

is perhaps the tradeoffs found in WTP for highway versus transit, and commercial
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clusters versus commercial corridor.

Utility Distributions

In this section I map the estimated utility levels of the respective types of household,

modulo a numeraire good. The results are specific to the study area and are not gener-

alized to infer preferences of households in other areas. The area with the highest utility

is the lower west side of the Interstate 35W, in the neighborhood of Tangletown. This

is somewhat surprising since this is not the only neighborhood that is in close proximity

to the Chain of Lakes, where properties tend to be more valuable. A contributing factor

of this result can be that there are higher number of good schools and lower number

of rental properties in the area. The area with the lowest utility is concentrated in the

middle of the study area, where home prices are among the lowest. Utility estimates

are increase as proximity to greenways increases.

The area with the highest utility is the upper west side of the Interstate 35W, in

neighborhoods such as Lowry Hill East, Lyndale, and King Field. This is not surprising

since these properties are in close proximity to the Chain of Lakes. But the area with

the lowest utility is concentrated near Lake Street, where home prices are around the

entire study area’s median. This can be the direct result of the streetscaping along

this commercial corridor, where congestion and road construction can be a prominent

dis-utility factor.
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2.5 Concluding Remarks

In this paper, WTP for four distinct urban corridors and for various housing attributes

in Minneapolis are estimated. Furthermore, I test how WTP can be influenced by

neighborhood socioeconomic and demographic characteristics. The questions I address

are particularly timely for planning economic development in South Minneapolis, given

that the city expects a return from investing in a currently operating light rail transit

line (with a newly opened extension from Minneapolis to downtown St. Paul) and from

the redevelopment of a major commercial corridor that connects the Twin Cities. The

results suggest how different neighborhood can support different infrastructure invest-

ment and therefore inform the interconnectedness of land use, urban renewal policy,

funding strategies, and infrastructure planning.

In terms of modeling, WTP for location amenities are assumed to be capitalized into

property prices. The estimations of WTP rely on a traditional hedonic pricing function

for housing properties. A spatial element is added in the function for home prices to

account for comparable sales. The impact of comparable sales is found to be more

prominent on single-family homes as the indirect impacts of other households WTP

are more influential than those on multifamily homes. Consequently prices of single-

family homes are much more responsive to changes in proximity to urban corridors, as

added variations are stemming from neighboring housing transactions. The estimates

support the principal of conformity in real estate appraisal- that property tends to

reach its maximum value when located in a neighborhood that is homogenous in social

and economic activity. However, the results suggest that perhaps “keeping up with

the Joneses” or “Not In My Backyard” does not play a key role in how households

in multifamily homes derive utility from housing and neighborhood attributes. Indeed,

their preferences for proximity to urban corridors are not as strong and they do not place

high value on the corridors when purchasing their homes. The reason for such a finding

may be due to the lack of dwelling type information that differentiates properties such

as apartments from duplexes. With additional information and sufficient data points, a

repeated exercise can separate the different dwelling types for further analysis.

The results from the first stage of analysis reveal that overall, households in single-

family homes in South Minneapolis substitute between living in newer homes with

more living area, more bedrooms and bathrooms, being closer from downtown and

the greenway, and further away from the Lake Street, Hiawatha 55/ LRT, and 35W.
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The results for multifamily homes suggest mobility and accessibility offered by the

urban corridors investigated are not major factors that impact prices, as compared to

property size. Nonetheless, the estimated coefficients are statistically significant and

they explain potential substitutions between proximity to downtown as well as to the

major intersections of the commercial thoroughfare, and the structural aspects of homes.

The nuisance impacts of the highway and the commercial corridor are also strong in this

case. Overall, the results suggest that the parcels are far enough from the transportation

corridors to not be impacted by their access values. To truly understand the impacts

of these corridors on property values, restricting the study area to assess impacts that

are more localized may be necessary.

The findings on WTP for urban corridors also inform about location choices and re-

turn on investment in public infrastructures. By comparing WTP for different corridors,

the estimated amounts suggest how households in the study area substitute the benefits

gained (or costs incurred) from proximity to one corridor from another. Results from

linear correlation analysis suggest that households in the study area are substituting

one transportation mode for the other. Moreover, the correlations between access to

transportation and proximity to greenway are negative, which suggests that bicycling

can be a competing mode of transportation with transit and automobile.

Uncertainties around WTP are also examined. Perhaps due to the architectural

differences in the two types of properties, households in multifamily homes are more

exposed to noise and have greater variation in how much they discount distance to

traffic intersection than in how they discount distance to traffic in general. Households in

multifamily homes are also found to more certain about the amenities and disamenities

associated with the commercial corridor.

The second stage of analysis involved investigating how WTP changes with respect

to neighborhood characteristics. While the set of socioeconomic and demographic vari-

ables used do not seem to impact changes in WTP for structural attributes, they carry

significantly more explanatory power for urban corridors. Generally speaking variables

such as median household income, percentage of non-white population, and owner-

occupied housing rate, are influential in explaining WTP for urban corridors. In partic-

ular, the estimates suggest that slimmer earning opportunities (income and employment

rate), lesser population diversity, and lower rental rates translate to lower WTP against

transit yet higher WTP against highway. The results of WTP for the two modes of

transportation suggest that value capture of different transportation investments can
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be very extreme in different neighborhoods. Moreover, there may be opposing effects

when the mode choices are substitutes. In terms of WTP for greenways, the results

suggest that the selected socioeconomic and demographic factors are less successful in

explaining changes in WTP for local leisure activities. However there may be evidence

suggesting that lesser commitment to work and mortgage leads to greater appreciation

for outdoor activities. Lastly, the findings of WTP for commercial corridor suggests that

households facing greater earning opportunities, with properties as assets and living in

diversely populated neighborhoods are likely to value economic activities that cluster

near the intersections of the commercial corridor.

There are four separate yet related studies that illustrate the applicability of the

methods considered in this essay. Two studies (Goetz et al. (2010)- refer also to Chap-

ter 3 and Ko and Cao) consider direct applications of the first stage hedonic analysis, in

which a time and distance-decay function from the Hiawatha LRT stations is derived.

The studies are conducted primarily to estimate property premium of the transit invest-

ment and to inform return of investment of other LRT extensions. Two other studies

(Chapter 4 and Ko (2013)) consider the application of property premium estimated

using benefit transfer. The approach described is intended for estimating transit return

of investment when a hedonic analysis is either time or cost prohibitive.



Chapter 3

Differential Impact of the

Hiawatha Light Rail Line on

Property Values in Minneapolis†

In this paper we examine the effect of proximity to light rail transit (LRT) on residen-

tial property prices in Minneapolis. Our study is modeled on the rich body of research

on the impact of LRT on property values, but it contains several unique elements in

terms of the analytic approach. First, we analyze home sales over an extended period

(10 years) that includes time prior to construction of the line and several years post-

construction. Second, because of the alignment of the light rail line in Minneapolis

along a highway and industrial corridor, we expect and test for differential impacts east

and west of the line. We use a spatial hedonic pricing model that controls for several

structural and location aspects of the residential properties in our sample. On the west

side of the LRT in particular, we find both an accessibility effect of proximity to stations

and a nuisance effect of proximity to the track. Through comparing our treatment area

to a control area to adjust for recent fluctuations in the housing markets, we are able

to recover the housing premiums generated post-completion of the line.

The light rail line in Minneapolis, originally called the Hiawatha Line, was com-

pleted in 2004. Construction began in 2001, shortly after final financing was secured

from the Federal Transportation Agency. The Hiawatha Line extends for 12 miles be-

tween downtown Minneapolis and the Mall of America in Bloomington, Minnesota, a

† This paper is coauthored with Ed Goetz and Aaron Hagar
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first-ring suburb to the south. The four northernmost stations are located in the down-

town Minneapolis area. The six southernmost stations are located at the Minneapolis-

Saint Paul International Airport, the Bloomington corporate center, and the Mall of

America. These station areas at either end of the line are dominated by large scale com-

mercial development or institutional land uses with few, if any, residential properties.

Furthermore, structure attributes were unavailable for areas outside Minneapolis and

are excluded from the analysis. We focus our analysis on the seven station areas that

contain the majority of residential properties and are located at the mid-section of the

line, along Hiawatha Avenue- State Highway 55.

The southeast part of Minneapolis that contains the neighborhood stations of the

Hiawatha line constitutes a separate housing sub-market within the Twin Cities. This

area housed Scandinavian immigrant settlers before 1900, and it retains its character as

a working class and lower-middle-class area of modest housing and quiet tastes (Adams

and VanDrasek (1993)). The sub-market is a cul-de-sac, dead-ending at the river, the

airport, and the Fort Snelling national cemetery. Because of this, argue Adams and

VanDrasek, the movement of population out toward the suburbs has been constrained

and housing turnover has been minimal. Thus, we consider the residential sales activity

throughout this sub-market (defined as southeast Minneapolis from the river on the east

to Chicago Avenue on the west, Franklin Avenue to the north and south to the city

limits) as a type of control area, against which to compare housing premiums within

station areas.

Consistent with the current literature, station areas are defined as land within a

one-half mile radius from the LRT stations, each equal to 0.79 square miles (506 acres)

in size. However, the spacing of the station areas along the Hiawatha line is such that in

all but three cases the half-mile station areas overlap each other. In those cases without

overlap there is less than one-quarter mile distance between station areas.

3.1 Literature Review

Depending on the data available, various studies show that LRT systems can increase

property values if they increase riders accessibility to work and leisure. However, they

may decrease property values if they generate pollution and induce crime. Accordingly,

there have been mixed findings related to the direction and magnitudes of the externality

on home prices that LRT generates.
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3.1.1 Property Values: Single-Family Homes

The impact of a LRT system on property value has been the largest in St. Louis

County, outside St. Louis. Garrett (2004) distinguishes the nuisance and accessibility

effects of the LRT system within a one mile radius of station areas between 1998-2001,

by measuring distance to track and to station respectively. Within 445 meters of the

LRT station, he finds that there is a $45.91 per meter decrease away from the station. He

further concludes that the accessibility effect of the LRT system outweighs the nuisance

effect.

Using mainly census data, Dueker and Bianco (1999) use an ex post facto multiple

group pretest-posttest design. The treatment group used is the Portlands east-side

LRT corridor, and the control group is a parallel bus corridor. In order to measure

price effect changes in each corridor, census years 1980 and 1990 are used as the pre-

and post-periods, with the 1986 opening date of the LRT as the studys treatment. They

estimate that a single-family house valued at median sample of $82,800 would decrease

in value starting at $34.80 per meter, at a decreasing rate. Furthermore, they show that

the effect of LRT alone on multifamily homes is not significant.

Other studies have also illustrated significant decline in price gradient. Chen, et

al. (1998) show both the positive accessibility effect and negative nuisance effect in

Portland, using home prices between 1992-4. Specifically, at 100 meters away from

stations, there is a $32.20 per meter decrease in price for an average price house at

$85,724.

Al-Mosaind, et al. (1993) also studied LRT impacts on single-family homes in the

Portland area. Using sale prices of homes during 1988, two years after the opening of

LRT, they first estimate home prices that are within 1000 meters of the stations and

find that a $4,324 premium within a 500 meter radius. In a second model, using a

500 meter boundary of Manhattan distance, they find that home prices drop at rate of

$21.75 per meter away from the station.

The magnitude of the impact of LRT systems is not always as profound as demon-

strated by the previous studies. In a recent analysis of the Buffalos Metro Rail, Hess

and Almeida (2007) use 2002 assessed values and find that property values increase

by approximately $7.58 per meter closer to the stations. Distinguishing Euclidean and

Manhattan distances away from the stations, they find that straight-line distance from
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the stations is a more significant predictor of property values than accessibility as mea-

sured by walking distance.

Landis, et al. (1993) analyze three light-rail systems in California: Sacramento,

San Diego, and San Jose, using 1990 sales prices. They argue that the value of the

LRT system is underestimated due to the lack of accessibility and land use diversity.

Also, they note that since Sacramentos system is less efficient and that its freeways are

less congested, it is not surprising that it has no significant impact on property values.

Similarly, Lewis-Workman and Brod (1997) acknowledge that there is a smaller property

value effect of distance to station in Portland than for BART (in the San Francisco Bay

Area) or MTA (in New York City). They attribute this to the low-performance service

in Portland and the lower property values generally in the Portland region compared

with San Francisco and New York City.

Cervero and Duncan (2002a) separately analyze the impact of light, heavy, commuter

rail transit, and bus rapid transit in Los Angeles on multifamily housing, condominiums,

single-family housing, and commercial property, using 2000 data. They find mixed

results and in their subsequent study for San Diego (2002b) they find that LRT has

very little positive impact on single-family homes, as compared to multifamily homes.

3.1.2 Property Values: Multifamily Homes and Condominiums

In terms of sales prices of apartments and other multifamily housing units in Los An-

geles, Cervero and Duncan (2002a) find no evidence of significant price premiums or

discounts from the presence of the LRT system. According to the same study, they find

that condominiums within a one-half mile radius of the Blue Line suffer a 6.2 percent

discount, equivalent to a $14,174 reduction in value due to proximity to the LRT line.

As for San Diego, Cervero and Duncan (2002b) find the opposite; multifamily homes

and condominiums near the East Line command a 17.3 percent premium (equivalent to

a value-added of $104, 827) and a 6.4 percent premium (equivalent to a value-added of

$11, 917), respectively.

Cervero and Duncan (2002c) conduct an additional study using 1999 data to analyze

the effect of LRT proximity to residential (including rental properties and condomini-

ums) sales prices in Santa Clara County. For parcels that are within one-quarter mile

of the stations, there is a $9 per square foot price premium, which translates to a 45

percent premium on average.
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3.1.3 Functional Form of Model in Transportation Studies

Hess and Almeida (2007) conduct a similar but less sophisticated analysis, through

which they study the impact of the LRT system by census income groups, by location

separated by the LRT track, and by station. They then group the stations with sig-

nificant results into three groups based on median household income, from which they

conclude that proximity to LRT stations has a positive impact on property values in

higher income station areas, whereas it has a negative impact in lower income areas.

Also, the authors separate impact of the location and the proximity of the stations

(using Euclidean and Manhattan distance respectively).

Many other studies use dummy variables for distance bounds to LRT stations instead

of measuring distance directly.1 In an attempt to reduce computation complexity

while improving upon the robustness of the hedonic pricing function, Chen, et al. (1998)

use two direct distance variables to separate the accessibility effect and the nuisance

effect after separating out observations within and beyond 700 meters of LRT stations

with a dummy variable in a preliminary regression. Al-Mosaind, et al. (1993) use a

similar two-stage analysis distinguishing properties within and beyond 500m of walking

distance. Interestingly, they find that when using actual distance in their second stage

of estimation, the explanatory power of the model is somewhat reduced.

There are relatively few hedonic pricing applications that are non-stationary, in the

sense that spatial or temporal functional interdependence are taken into consideration.

Can and Megbolugbe (1997) modify a spatial hedonic model to capture the spillover

effect of sale of a home by introducing a spatially autoregressive (SAR) term as an

explanatory variable, using single-family housing transactions for Dade County, Florida

data in 1990. In this manner the prices of the most recent sales of similar properties

are considered in estimating the market value of a property, controlling for differences

in their structural attributes and neighborhood characteristics. In comparing the SAR

result to traditional hedonic regression, they find that the explanatory power of the

model increases by at least 14 percent. Following Can and Megbolugbe (1997), Haider

and Miller (2000) apply the same SAR technique in their analysis, but they first use

Morans I autocorrelation statistics to detect existence of spatial autocorrelation. Using

freehold property in Greater Toronto Area sold in 1995, they find that the SAR model

improves the non-spatial model by about 5.3 percent. The analytic approach that we

1 Recent work include Can and Megbolugbe (1997), Cervero and Duncan (2002a,2002b,2002c,2002d),
and Weinberger 2001.
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take in this study follows our research objectives and expands upon the most recent

literature in terms of methodology. The purpose of the analysis here is to examine

the impact of proximity to LRT pre- and post-completion, making distinctions between

distance to its stations as well as to its track. Our approach here is more general, and

therefore more flexible, than previous ones because we account for spatial dependence

and its associated endogeneity, as well as interactions between distance measures, time,

and location.

3.2 Methodology and Data

Typically, the estimation of a hedonic pricing function is straightforward, as defined

earlier by equation (2.3.5). But the robustness and flexibility of the regression model

depends on the number of observations available, the quality of the data, and the ex-

ogenous variables available, so that the specification of the model is determined after

we examine the raw data. The residential property data set includes information on in-

dividual parcels from the Metropolitan Council of the Twin Cities, and structural data

on residential buildings from the City of Minneapolis. The parcel data and structural

data are joined in ArcMap 9.2 (ESRI) and analyzed for spatial references. All monetary

values are adjusted to constant year 2000 dollars.

Table 3.1 summarizes the number of observations in the dataset. We take repeat sales

into consideration and distinguish the data on single-family homes from multifamily

homes. Taking data inconsistencies into account, the number of observation we end up

using is dramatically different than what is available.

Table 3.1: Hiawatha Area Residential Sales Volume.

Residential Data Total Sold* Sold After 1997** Sold After 2001
Sub Market 28,167 18,808 13,674 10,029
Hiawatha East 8,915 5,693 3,946 2,825
Hiawatha West 19,252 13,115 9,728 7,204
Station Area 6,750 4,396 3,269 2,413

Notes: * This is the number of parcel with non-zero sale year and sale price greater than $1,
and it does not include repeat sales. ** This is the number of parcel sold in 2000 and after and
it does not include repeat sales.

Since the impact of proximity to the LRT pre- and post-completion is our research

focus, we only include properties that were sold between 1997 and 2007. Also, we
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distinguish the treatment area of our study, the station area, from our control area,

the sub-market. But as our study area overlaps the Minneapolis-St. Paul International

Airport, it is impossible for us to separate nuisances related to noise generated by the

LRT and the airport. A four-lane highway and an adjacent industrial corridor parallel

to the Hiawatha LRT line add an additional and more prominent complicating spatial

factor to our analysis. Together the Highway 55 (Hiawatha Avenue) and industrial land

uses create a separation of 200 meters between the station platforms and the nearest

residential properties on the east side. Residential properties on the west side of the

track are directly adjacent to the light rail tracks and stations without significant spatial

separation. The closest single-family residences west of the Hiawatha line are only 20

meters from light rail tracks compared to 194 meters on the east.

Given that the highway and industrial barriers may significantly diminish any posi-

tive accessibility effects that might be generated by proximity to the LRT stations, we

expect to find a significant nuisance effect of proximity to the highway and the industrial

corridor both prior to and after construction of the LRT line. Thus, in the analysis to

follow, we estimate separate effects for properties east and west of the Hiawatha LRT,

as well as for pre and post opening of the line. In Figure 3.1 we plot the average sale

price of single-family homes against time from 2000 to 2007. We observe that prices are

about $10,000 higher in our control area (the sub-market), and that deviation within

the treatment (station) area is small. Prices of these home continues to rise until 2005

when the market turns downward due to the mortgage and credit crisis. The market

peak for multifamily homes occurs much earlier. Figure 3.2 shows that prices of multi-

family housing begin to fall in 2003 and prices on the east side of Hiawatha have been

higher than the sub-market average (possibly due to the amenity effect of the Mississippi

River) until 2005. Overall, the variation in prices within the station area is dominated

by the fluctuation of homes prices on the west side of Hiawatha.

Following the general functional form of equation 2.3.5, we have:

sale vali =
β0 + β1 year built + β2 lot size + β3 gross buil

+ β4 total bath + β5 total bedr + β6 home + β7 post 04

}
Si

+
β8 ·W · coms + β9 dist to st + β10 dist to track

+β11 dist to cbd + β12 wst hiwtha

}
Li

+ α ◦ (Si × Li × Li) + ε (3.2.1)

where the set of β and α are coefficients, and ε is the error term. With slight abuse of
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Figure 3.1: Prices of Single-Family Homes (in $2000).

 
Figure 3.2: Prices of Multifamily Homes (in $2000).
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matrix notion, the operator ◦ specifies the element-wise multiplication. In particular,

the set of structural variables Si in equation (3.2.1) includes structures year built (yr

blt), total land area squared footage (lot size), total building area (gross buil), number

of bathrooms (total bath), number of bedrooms (total bedr), homestead status (home),

and a dummy for the property being sold after 2004 (post 04 ). The set of location

variables used, Li, includes comparable sales of properties sold within the past four

months and are within 0.75 miles radius to a particular property (coms), distance to

closest LRT station in meters (dist to st), distance to LRT track (dist to track), distance

to central business district (dist to cbd), and a dummy for the property located on the

west side of Hiawatha (wst hiwtha). The matrix W is the set of weighted distances of

comparable sales and β8 is the spatial correlation coefficient, as defined in Chapter 2.

In addition, we include quadratic distance terms as well as their interactions with the

dummy variables to increase flexibility of the model.

Using comparable sales creates an endogeneity problem in the model and therefore

a maximum likelihood estimator (MLE) is used. To provide the iteration with an

initial coefficient vector, we perform iterated feasible general least square (FGLS) for

the sub-market and fixed effect general least square (GLS) for the station area. The

purpose of using these methods instead of ordinary least square is to mitigate the effects

of heteroskedasticity in the error structure. In the GLS estimation, we impose group

heterogeneity of the stations that are captured by constant terms instead of pooling

together the observations. Due to the small size of the sample, instead of a by-station

fixed effect analysis, we perform a station-region fixed effect analysis. The first region

is Downtown, the second is Cedar-Riverside Station to Lake Street Station, and the

last is 38th Street to VA Station. The reason for this division is based primarily on

land use composition (Goetz et al. (2010)). The downtown station areas contain very

few residential properties and are instead dominated by large commercial office-space

properties. The three station areas from Cedar-Riverside to Lake Street have more

residential properties, but contain a wide mix of land uses, housing tenures, ethnic/racial

demographics, and income. The stations areas from 38th to the VA station are more

homogeneously single-family residential, middle-income, and white.

Lastly, we tested variations of the model above. First we include time fixed effect

dummy variables for sale year, and find that estimates for structural attributes yield

incorrect signs. This is true for both sub-market and station area data. Second, we test

the alternative of using a random effect model for the station area data, and find that
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individual station area fixed effects are correlated with the other regressors. As a result,

we use a fixed effect model for the first stage initial estimation for the station area.

3.3 Results

3.3.1 Single-Family Homes

Sub-Market

We now describe our data that is free of any observable errors. There are 14,943 sales

in the sub-market between 1997 and 2007, 4,405 are from the region east of Hiawatha

Avenue and 10,538 are from the western region. Thus, we expect that the results of

the sub-market analysis would be dominated by the results from the west. In general,

home prices in our control area are about 13 percent lower than the overall city average

of $175,632 while being about 6.5 percent smaller in gross building square footage and

10 percent smaller in terms of lot size.

Following the initial estimates of the pricing equation (3.2.1), we test the ordinary

least squares (OLS) estimates (not displayed here) of this study area for heteroskedastic-

ity and multicollinearity using Breusch-Pagans and Cameron-Trivedis tests, and vari-

ance inflation factors (VIF) respectively. Such problems of OLS are indeed present,

meaning that the robustness of our model should increase with a different functional

form, as well as by removing some dummy variable interaction terms. But in order to

allow intuitive interpretation of the marginal effects of the estimates, we keep all our

exogenous variables and estimate the model with FGLS rather than using a Box-Cox

transformation. The resulting maximum likelihood (ML) estimates are displayed in

Table 3.2.

The estimated structural coefficients here are all statistically significant with plausi-

ble magnitudes and the hypothesized signs. This means that our results are consistent

with household preferences since the coefficients measure households marginal willing-

ness to pay for the corresponding housing attributes. Note that most of the variables

added for curvature and interactions are not statistically significant. This insignificance

is as expected because those terms are only included in the model to improve the ex-

planatory power of other exogenous variables, they provide very little information on

the impact of the LRT since we anticipate it to diminish outside the station area.

The effects of proximity to LRT station and track (evaluated at means of all the
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Table 3.2: Parameter Estimates: Sub-Market Single-Family Homes.

Variable Coef. Std. Err. z
weights 0.59 0.01 57.93*
year_blt 255.98 19.24 13.31*
lot_size 4.65 0.25 18.54*
gross_buil 55.73 1.15 48.3*
total_bedr 1,366.98 417.33 3.28*
total_bath 9,512.97 542.85 17.52*
home 15,234.18 1,058.77 14.39*
dist_to_station -33.70 12.84 -2.62*
dist_to_station2 0.02 0.01 2.98*
dist_to_track 11.17 9.94 1.12
dist_to_track2 0.00 0.01 -0.73
dist_to_cbd 2.63 0.20 12.95*
west_hiawatha -9,276.41 3,849.13 -2.41*
west_track -1.60 10.53 -0.15
west_track2 0.00 0.01 -0.38
west_station 23.75 13.45 1.77
west_station2 -0.01 0.01 -1.84
post_2004 20,755.93 2,714.36 7.65*
track_2004 -4.47 8.54 -0.52
track2_2004 0.00 0.00 0.64
station_2004 3.56 10.37 0.34
station2_2004 0.00 0.01 -0.49
constant -569,896.30 36,446.09 -15.64*
Number of obs =   14943
Wald chi2 = 21369.25
Prob > chi2      =  0.0000
* Significant at 5% level

exogenous variables using above estimates) are displayed in Figure 3.3 to substantiate

our hypotheses of the impact of LRT. Specifically, home prices are graphed as functions

of distances, holding all other exogenous variables at their mean values. The positive

price gradient (which is equivalent to a negative rate of change in home prices or negative

marginal effect of distance) of the accessibility effect extends to about 800 meters away

from the station, while the nuisance effect persists 100 meters longer. This finding

supports our choice of the size of our treatment area, since the impact of the LRT line

dissipates after 800 meters away from the stations and the track. We observe that the

accessibility effect is dominating because its curvature and extreme value are imposed

on the graph for the aggregate distance effect. From the graphs of the respective price

gradients (derivatives of the home price functions) we see that the accessibility effect of

the LRT stations starts at around $30 per meter while the nuisance effect of the LRT
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track starts at $-16 per meter.

 
Figure 3.3: Comparisons of accessibility and nuisance effect in sub-market.

For a property located east of Hiawatha, the respective graph for the effect of prox-

imity to LRT station and track exhibits curvature similar to that of the sub-market.

However, the magnitude of the corresponding price gradient for proximity to station is

much larger. We attribute this to an upward bias caused by proximity to the amenity

value of the Mississippi River and the recreational parkway alongside. The two price

gradients for west Hiawatha, in terms of magnitudes and persistence, resemble closely

to those of the sub-market. As mentioned earlier, data from the west carries more

explanatory power because of the number of observations in the area.

Station Area

To provide more meaningful estimates and more robust inferences for the impact of

proximity to the LRT line, we now focus on properties within the half-mile radius from

station areas. In the station area, there are only 3,514 sales and 2,429 are from the west

side. Here, homes are about 8.7 percent lower in value than in the sub-market while
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being about 5.5 percent smaller in terms of squared footage. We initialize our analysis

for this study area by exploiting the panel structure of our data using GLS, in order

to eliminate the problem of groupwise heteroskedasticity that arises from neighborhood

heterogeneity. All the structural coefficients from ML (see Table 3) are again statistically

significant, with plausible magnitudes and the anticipated signs. Since these are the

estimates for the station area, some of the distance-location-time interaction terms

have become significant, adding to the explanatory power of the model. Comparing the

coefficients for the post LRT dummy variable from the two study areas, the realized

housing premium is $5229 per home, which then translate to about $18,374,284 for the

entire area. Accordingly, the perceived housing premium is $29,422,908, when we take

all single-family housing units into account.2

In this case, we find that the LRT has the most significant impact on the west side

of Hiawatha. In Figure 3.4, we display the separate distance effects in this area in two

graphs. Here, we observe a positive price gradient for the accessibility effect (see top

graph) of the LRT station. Interestingly, this gradient exists both before and after the

opening of the LRT line. Specifically, the gradient starts at $140 per meter before LRT

and lowers to $45 per meter after (the gradients of these graphs are directly comparable

because they are on the same scale). However, the gradient is more persistent after

the opening of rail service extending at least 300 meters further away from the station

(beyond the treatment area restriction) than they did prior to the opening of the line.

Also, we observe a negative price gradient for the nuisance effect (see bottom graph) of

the LRT track in both periods. Indeed, this effect extends beyond the station area after

the LRT line opened, but its rate of change (in absolute value) is much lower after the

opening, starting at -$28 per meter rather than at -$110 per meter. We believe that this

is because the LRT line actually acts as a buffer in between residential properties and

Hiawatha Avenue. We interpret this as evidence that the line mitigates the negative

externality of traffic by reducing automobile consumption and congestion.

To the east of the Hiawatha line we find a nuisance effect for proximity to the track

and to the stations prior to 2004 (results not graphed). Since neither track nor station

existed in this period, we interpret these as the negative effects of proximity to the

highway and the industrial corridor. Post 2004 there remains a strong nuisance effect

for proximity to the track. The existence of the LRT line does not alter or reduce the

2 This is the difference between the station area and the sub-market coefficients (post 2004 ), mul-
tiplied by the number of observations sold in the station area.
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Figure 3.4: Comparisons of accessibility and nuisance effect for West Hiawatha- Pre and
Post LRT.
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Table 3.3: Parameter Estimates: Station Area Single-Family Homes.

Variable Coef. Std. Err. z
weights 0.54 0.02 27.21*
year_blt 308.92 33.34 9.26*
lot_size 1.62 0.45 3.61*
gross_buil 38.72 2.11 18.36*
total_bedr 3,724.17 785.07 4.74*
total_bath 8,297.78 1,040.58 7.97*
home 14,457.00 1,812.94 7.97*
dist_to_station 214.21 53.36 4.01*
dist_to_station2 -0.17 0.05 -3.48*
dist_to_track 20.69 31.96 0.65
dist_to_track2 -0.01 0.04 -0.34
dist_to_cbd 1.99 0.32 6.2*
west_hiawatha 74,627.18 13,293.44 5.61*
west_track 36.91 33.64 1.10
west_track2 -0.05 0.04 -1.36
west_station -282.78 55.69 -5.08*
west_station2 0.23 0.05 4.61*
post_2004 25,984.81 10,252.37 2.53*
track_2004 -49.75 26.79 -1.86
track2_2004 0.06 0.03 1.97*
station_2004 46.24 44.37 1.04
station2_2004 -0.07 0.04 -1.56
constant -706,454.50 64,664.13 -10.92*
Number of obs =   3514
Wald Chi(22)= 3361.75
Prob > chi2      =  0.0000
* Significant at 5% level

nuisance effects associated with the highway and the industrial corridor.

3.3.2 MultiFamily Homes

Sub-Market

We now repeat above methodology to analyze multifamily residential properties. There

are 2,041 sales in this case. Again, we expect that our results will be dominated by the

west side because there are only 537 sales from the east. Home prices in our control

area are about 11 percent lower than the overall sub-market average, and properties

are about six percent smaller in gross building square footage. Also, the average age

of a home is at least five years younger on the east side of Hiawatha. It should be

noted that at the time of data analysis, available parcel and structure datasets did
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not include recent condominium developments that had been completed during the

condominium boom of 2004-2006 in Minneapolis. There are three problems caused by

the lack of condominium data. The first is that most of the new condominiums in

southeast Minneapolis have been built in close proximity to the light rail line and we

are unable to analyze the proximity benefit of new sales. Second, the price premium

placed on new construction built close to light rail is not captured in this analysis.

Third, prices of older properties may be depressed due to competition effects of new

construction. Consequently, we expect that this analysis significantly underestimates

the impact of numerous existing and newly constructed condominium developments in

the study area (Goetz et al. (2010)).

The estimates (not displayed here) of structural coefficients are all statistically sig-

nificant with plausible magnitudes and the anticipated signs. Similar to the case of

single-family homes, we again find that almost all of our location characteristics vari-

ables are not statistically significant.

We find similar accessibility effects on multifamily family homes to those of our

previous findings on single-family homes. Since the curvatures of these effects are sim-

ilar, we omit the corresponding graphs. On the west of Hiawatha where most of our

observations are located, the accessibility effect is similar to that of the sub-market but

the nuisance effect is more striking yet less persistent. In particular, within 900 meters,

the negative price gradient due to proximity to track diminishes from -$40 per meter.

Unlike the results for single-family homes on this side of Hiawatha, LRTs nuisance ef-

fect is dominating over the positive price gradient generated from the amenity effect

of the LRT stations. Such difference might be attributed to the fact that households

in attached and multi-level units are more sensitive to air and noise pollution. The

patterns for the east side of the line defy intuitive interpretation. Prior to 2004, we see

a positive price gradient for proximity to those traffic intersections that later became

the site of LRT stations. After construction was completed in 2004, there is a negative

price gradient towards LRT stations, yet the nuisance effect for distance to track does

not begin until 600 meters away. These findings may reflect inefficient estimates drawn

from small sample size, or the bias induced by the lack of available data on new and ex-

isting condominium properties. Another possible reason for lack of fit of the regression

model is the problem associated with omitted unobserved housing attributes such as

view and noise. As suggested previously, these variables are even more relevant in this

case because any negative externality might become much more visible and audible for
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those in multi-story apartment building than for a single-family home. Although these

issues are also pertinent to the data from the station area, the results from the east side

of that case are somewhat less confounding.

Station Area

In the station area, there are only 438 sales and among these, 272 are from the west side.

Here, home prices are about 2.5 percent lower than in the sub-market and properties

are about 5 percent larger in terms of lot size. Almost all structural estimates are

statistically significant, except for lot size. Comparing the coefficients for the post

LRT dummy variables, the realized housing premium is $15,755 per home, which then

translates to about $6,900,598 for all properties sold in the area. Accordingly, the

perceived housing premium is $16,731,586, when we take all multifamily housing units

into account.

Similar to the results from single-family homes, we again find that the LRT has the

most significant impact of the west side of Hiawatha (estimates not displayed here).

From Figure 4 we observe a positive price gradient for the accessibility effect of the

station after LRT, starting at a rate of $350 per meter towards 550 meters away from

the stations. Contrary to the case of single-family homes, there is a new nuisance effect

of the LRT track, from $60 per meter to -$210 per meter.

Although there is no price premium found on the east side of Hiawatha, the LRT

line has mitigated some of the negative impact on the areas major traffic intersections

(results not graphed). The negative price gradient for proximity to station has reduced

by half to -$400 per meter. The same cannot be said about its impact on the highway

and the industrial corridor. In fact, the negative price gradient to track has actually

increased from -$180 per meter to -$400 per meter. Combining both proximity effects,

the overall impact of the line on the preexisting negative aggregate price gradient has

been significant, given that there is a drastic nuisance reduction starting at a rate of

$150 per meter after LRT. These set of results are encouraging considering that the line

has no such impact on single-family homes in the side of the study area.

3.4 Concluding Remarks

In this paper we demonstrate that the Hiawatha LRT line in Minneapolis has had

predictable impacts on residential property values. The implicit impact of the LRT line
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Figure 3.5: Comparisons of accessibility and nuisance effect for West Hiawatha- Pre and
Post LRT.
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on property values is a function of time, proximity and location, evaluated though a

spatial hedonic pricing model. We demonstrate that the significance of the positive and

negative externalities of the LRT line depends on land use at the location studied. The

alignment of the Hiawatha line is such that a four-lane highway and industrial corridor

overwhelm any positive effects of the placement of the LRT stations east of the line.

West of the line the story changes, with significant positive gradients (of accessibility

effect for distance to station) extended outward from the stations. This general pattern

holds for both single-family and multifamily residential sales.

By extending our study period to several years prior to the opening of the line,

however, we find that in most cases these patterns existed prior to the completion of the

LRT. The completion of the line altered the basic pattern slightly, extending the positive

price gradient in the case of single-family homes on the west side of Hiawatha and

mitigating the nuisance effect. For multifamily homes this side of the line, completion

of the LRT created an accessibility effect where one had not existed previously. Overall,

the completion of the LRT line has generated $18,374,284 worth of housing premium

for single-family homes, and $6,900,598 for multifamily homes over a three-year period.



Chapter 4

Case Study of Benefit Transfer

Public infrastructure investment requires justification in terms of economic impact as it

concerns spending significant amount of tax dollars. Proposals of large transit systems

that compete for federal funds in particular, must demonstrate economic and financial

worthiness through rigorous benefit and cost assessment. In justifying investment in

transit systems, transit agencies and planning organizations often argue for the positive

impacts of transit on property values. While direct user benefits such as travel time

and vehicle operating cost savings are typically used to inform the return of investment,

additional benefits stemming from station area development that are capitalized in

property values measure another dimension of the value-added of public transit.1

Station area development, together with improvements in network access, can en-

hance social interactions and community livelihood because they promote mixed land

use for diverse activities that accommodate residents, workers, and visitors. Moreover,

station area development is designed to be walkable, which brings about greater togeth-

erness of ideas, enthusiasm, and money (Jacobs (1961)) through in-person interactions.

Empirically, the social and economic benefits of enhanced social interactions and

network access are found to increase property values near transit stations (Smith and

Gihring (2014)). The research can be used to demonstrate how the value increase

translates to greater tax revenue, which can then be allocated for general transportation

capital and operations. Such a financing mechanism of transportation investment is

referred to as value capture. For example, if transit benefits are captured through

higher property values, then transit investment can be funded through debt service on

1 Station area development benefits can include both user and non-user benefits. User benefits are
usually already captured under travel time savings.
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bonds that are paid with a predefined transit taxing districts property tax receipts.

In addition, the research can support the case for transit projects that compete for

performance-based federal grants. To secure competitive federal transportation grants

such as Transportation Investment Generating Economic Recovery (TIGER), station

area development benefits can be instrumental in demonstrating investment worthiness

in benefit-cost analyses.

There are three methods used to assess station area development impacts on property

values. Hedonic pricing and contingent evaluation (survey-based) methods are well

documented in transportation economics research (Smith and Gihring (2014)). Benefit

transfer is a third method that is commonly used in project planning as it is less time

consuming but it is regarded as the least rigorous. Benefit transfer is the practice

of applying results from one or more existing analyses to another. The approach is

usually used to inform potential impact of an action that has not taken place because

the resulting impact has not occurred. When the action concerns transit investment,

benefit transfer involves applying previously found impacts of existing transit systems

to one that is newly proposed.

The practice is often used at early stages of planning of a proposed transit system

to communicate with stakeholders the investments economic and financial worthiness

as well as funding opportunities. Applications of benefit transfer related to station area

development can be quantitative or qualitative and they draw from existing studies

that have provided regression estimates of station proximity impact on property values.

Quantitative benefit transfer involves taking percentage price increase from one station

area analysis and applying to properties within station areas of a proposed system. The

application assumes that different transit systems can generate the same amount of sta-

tion area development benefits. Therefore, the average percentage change in property

values resulting from one system is multiplied by property values from elsewhere to

provide the needed estimates. Qualitative benefits transfer does not involve any com-

putations but it also assumes that benefit estimates may be applied across different

jurisdictions. As part of public outreach, property value impacts from existing systems

may be cited qualitatively in community or stakeholder meetings to communicate the

effects of a new transit system.

Guidelines of conducting quantitative benefit transfer are loosely defined. For reg-

ulatory impact analysis, the Office of Management and Budget (2010) requires benefit
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transfer to be based on similar population demographic of the impacted, types of infras-

tructure, market size, and availability of alternatives. For rail impact analyses relating

to property values, the requirements may extend to parcel data definitions, relative

locations of other competing or complementary transportation infrastructure, and real

estate market trends of properties within station areas. When these parallel are not

present, benefit transfer can lead to inaccurate benefits being assumed for a proposed

investment. Moreover, when benefits are overestimated, it may result in an alternative

being wrongly selected and the misuse of public funds. As the outcome concerns in-

efficient and/ or ineffective use of tax dollars, the OMB stresses that benefit transfer

should be treated as a last-resort option as the approach of benefit transfer in general

is inherently speculative.

Despite the concern with how benefit transfer is practiced, there have not been any

transportation studies that assessed its validity or robustness. To investigate benefit

transfer of transit impact on property values, I conduct a comparative study of the

Minneapolis/ Saint Paul Metro Transit Light Rail (LRT) Blue and Green lines. Since

the Green Line opened after the Blue Line, I test the benefit transfer of station area

development of the Blue Line as if the Green Line did not exist. The two lines are similar

in many ways and offer an unique opportunity for a comparative study. They are of the

same transit network and serve the metropolitan areas of Minneapolis and St. Paul.

Ridership of the Blue Line has far exceeded expectations and studies have found that

the station area development impacts of the Blue Line LRT are capitalized in property

prices in Minneapolis (Goetz et al. (2010) and Ko and Cao). During planning phases

of the newly opened Green Line LRT, which extends the Blue Line from Minneapolis

to downtown Saint Paul, local planning communities had speculated similar impacts

to take place.2 Stakeholders and planners of nearby communities have been looking

for answers to the hypothesized return on investment of the new line as well as the

incremental impact to the entire system as they plan for future extensions.

The test for benefit transfer in this study involves comparing property value impacts

from the Blue Line and the Green Line. The comparison relies on hedonic price estimates

from two separate price models for each LRT line. The hedonic price estimates are

obtained with separate models and data, and with the best modeling specifications

possible, regardless of the objective of testing for benefit transfer. If the Green Line is

2 Blue Line property value impact results presentation taken place in 2008 at a Green Line planning
meeting.
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found to be have similar impacts to the Blue Line, this means that a practitioner of

benefit transfer who had applied the found impacts from the Blue Line in a planning

study for the Green Line would have been as accurate as conducting an ex-post hedonic

analysis. Moreover, any resulting value capture strategies would have been accurately

implemented. Ultimately, the accuracy of this hypothetical benefit transfer in this ideal

setting where the two lines share many similarities, rest on whether the property value

impact from the Green Line is different from the impact from the Blue Line.

In terms of results, the comparison suggests that the Blue line model is specified

correctly for the Green line but the two LRT impacts are different and estimated with

low statistical precision. Specifically, the test conclusion is drawn from the lack of

precision in the modeling coefficients. When heterogeneity in prices from the Green

Line model is removed, the statistical test for the impacts being the different becomes

less ambiguous. The results reveal that precision of benefit transfer requires specific

data restrictions on the econometric modeling and intimate local knowledge about the

investment. The results also suggest benefit transfer is appropriate under very limiting

circumstances.

Moreover, the findings without imposing data restrictions indicate that potential ex-

aggerated claims about the Blue Line may have caused quicker and larger price response

to the extension to St. Paul. Also, the greater impact found in the Green Line model

suggests a wider network effect of the LRT extension. When more data is available for

St. Paul in the future, a test about whether the hype or a greater network effect has in

fact generated relatively greater price impact can be conducted in another study.

The essay is organized by the following sections. Following this introduction, a brief

literature review is provided. Next, I discuss the similarities of the two LRT lines and

then describe the data for the comparative study. The subsequent section recalls the

estimation used in section 2 in an analysis applied to residential property values in

Minneapolis and provides the procedure of assessing benefit transfer. The following

section reports the results and the last section offers concluding remarks.

4.1 Related Literature

Hedonic pricing is developed through a series of studies on consumer demand (Bartik

(1987), Epple (1987), Griliches (1961), Rosen (1974)) in which a pricing function en-

ters a representative consumers utility maximization problem. Most recently, it has
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been developed for housing to assess demand for housing amenities (Bajari and Kahn

(2005), Bajari and Benkard (2005a), Bajari and Kahn (2008)). Assuming that proxim-

ity to transportation investment is a location amenity of real estate properties, many

empirical studies have examined the impact of highway, commuter rail, light rail, etc.

on commercial and residential properties. Evidence of transit impacts on residential

property values is documented in Smith and Gihring (2014). While there are numer-

ous hedonic pricing studies relating to transit investment, validity of benefit transfer

applications is not tested. Although hedonic pricing estimates are often cited to inform

economic development impacts of transportation projects, empirical studies on justify-

ing the use of benefit transfer of hedonic pricing estimates do not exist. Debrezion et al.

(2007) provide a meta-analysis of the impact of transit stations on property values from

existing hedonic pricing studies. They use results from the studies as data sample for

a meta-analysis regression and find that property type (residential versus commercial),

transit mode, and regression specifications (of the original studies) are the most influ-

ential factors of the magnitudes of station impacts. Boyle et al. (2010) cite a number

of empirical applications of benefit transfer outside of transportation economics, but

caution readers that the validity of the practice due to data and econometric issues

used in meta-analysis regressions. The study echoes the OMB guidance in terms of

using benefit transfer as a last resort in estimating economic benefits. This comparative

study offers an opportunity to test for benefit transfer of LRT station area development

impacts. The results from the Green Line model provide information on the benefit

transfer of the Blue Line benefits. To date, there is no other study that tests for benefit

transfer and the study can offer insights to circumstances in which benefit transfer is

accurate or precise.

4.2 The Case for a Comparative Study

In a recent capital planning study, Minnesota Twin Cities planning organization, the

Metropolitan Council, reports that the 2030 transit ridership forecast is expected to

reach 147 million trips a year, an estimate that doubles the 2003 figure of 73 million

(Council (2014)). To meet the projected demand for transit, nine extensions of the re-

gional system are planned. Specifically, the regional plan proposes an extension to the

existing Metro Green Line LRT alignment to open by 2020. The extension will operate
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from downtown Minneapolis to the southwestern communities of Saint Louis Park, Hop-

kins, Minnetonka, and Eden Prairie. The project has entered preliminary engineering

and is projected to cost over $957 million. Another LRT line, the Blue Line Extension,

is to open following the Green Line Extension. The line will operate northwest from

downtown Minneapolis through north Minneapolis. The plan also anticipates that a

third transit alignment to be built by 2030. The locally preferred mode and alignment

is to be determined.

Given the extensive transit plans, there is a need to address potential funding issues

and community impacts. To date, no quantitative study has addressed whether existing

station area development impacts can be transferred to new alignment corridors to

inform planning policy. Furthermore, no study has tested the accuracy of any benefit

transfer. The unique opportunity to conduct a comparative study is timely. The newly

opened Green Line (formerly known as the Central Corridor Line) runs 11-mile long

between the Twin Cities; seven miles of which is in Saint Paul. Construction of the

extension began in 2010; six years after the opening of the Blue Line (formerly known

as the Hiawatha Line), and operation began in 2014. Since the Green Line became

operational relatively soon after the Blue Line, regional socioeconomic and demographic

characteristics, as well as travel patterns, may not have changed dramatically so to

inhibit a comparative assessment of the real estate markets.

The two LRT lines provide the best case for testing benefit transfer. Operationally,

the two lines are alike. They are both owned by the Metropolitan Council and operated

by Metro Transit. The Blue line is about 12 miles and carries over 27,600 riders daily,

on average. The Green line is approximately 11 miles long. It carries over 34,500 riders

per day, and it has 23 stops, which is four more than the Blue Line.3 The two

LRT alignments serve the metropolitan areas of Minneapolis and Saint Paul. Each line

traverses through residential as well as commercial developments with destinations such

as universities, medical centers, sports arenas, and music venues.

Despite the operational similarities, there are differences between the two lines that

can influence benefit transfer. While the Blue Line connects to the Minneapolis/ Saint

Paul International Airport, the Green Line connects to both downtown Minneapolis and

Saint Paul. South of the West Bank area of the University of Minnesota (Minneapolis

campus), the Blue Line runs adjacent to the state route Hiawatha 55. On the other

3 Ridership estimates between 2012 and 2014 are obtained from the National Transit Database and
Metro Transit.
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hand, the Green Line runs parallel to and north of the Interstate 94 from the East Bank

of the university campus towards Saint Paul. The LRT alignment and I-94 are about

one quarter miles apart. Also, most of the Green Line alignment runs on undedicated

guideway and is therefore closer to traffic than the Blue Line. Unlike the Blue Line,

the Green Line stations are not supported by complementary infrastructures to transit

such as park and ride lots. In term of locations, both lines run through residential as

well as commercial areas. But the Green Line is about half a mile north of two National

Historic Districts. The districts contain a number of historic landmarks and places, as

well as many Victorian style single-family homes/ mansions. The Blue Line is not in

close proximity to any neighborhood with notable expensive homes.

4.3 Data

The comparative study relies on comparing the station area development impacts of

the two LRT lines. The comparison is based on two separate hedonic price models of

residential property values. Each hedonic price model includes property structural as

well as location characteristics. The property parcel data are provided by Hennepin and

Ramsey County Assessors Office. Traditionally hedonic price analyses of transit systems

are conducted within a few year of service launch. Therefore, I use the 2008 Hennepin

County data for parcels sold after 2000 and 2015 Ramsey County data for parcels sold

after 2009.4 A number of data filters are used to remove parcel observations with

incomplete information. The filters include transaction date, transaction price, dwelling

type, lot size, gross building square footage, and number of rooms. Many of the variables

are consistently named and defined bewteen the two datasets, aside from information

on the number of rooms.

The Ramsey County parcel data contain a field called Total Rooms that includes all

rooms except the number of bathrooms. The information for the number of bathrooms

is provided by a separate source from the County Assessor Office. The Ramsey County

data also contains information of the garage size. To provide the most comprehensive

information for modeling property values, each model uses as many characteristics as

possible and the specifications are not necessarily confined to the need for assessing

benefit transfer.

4 Another reason for choosing the 2008 dataset is to allow for comparisons with results from Goetz
et al. (2010).
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The software ESRI ArcMap is used to provide the needed geospatial data and ref-

erence. Using the LRT and roadway alignments, half-mile spatial buffers from the

transportation alignments as well as stations are created. Given that the Green Line

stations are close in proximity to each other (about 0.5 miles on average), alignment

buffer is used instead of the traditional station buffers, which are used for the Blue Line.

Residential property parcels are included in the comparative study if they fall within the

spatial buffers. Technically, a parcel is included if its centroid (ArcMaps name for center

of mass) falls within the predefined buffer. The study area is also limited to avoid ma-

jor points of interest such as downtown, airport, university LRT stations. By avoiding

station areas near those attractions, the focus of the study remains on the transit and

highway corridors. ArcMap is also used to provide spatial information of comparable

sales. The software computes the distances between every parcel that are subsequently

used to determine whether parcels are considered comparable. As discussed in Goetz

et al. (2010), comparable sales (weighted by distance) can capture the effect of recent

transactions of nearby properties.

Transportation corridors can generate both accessibility (amenity and livability)

and nuisance (congestion and noise) effects. To measure the accessibility impacts of

the two corridors, direct distance measures are calculated from property centroid to

the nearest access points (stations point file is obtained from County while a highway

on-/off-ramps point file is created in ArcMap). On the other hand, the nuisance effect is

measured by each parcel’s shortest distance to each corridor (both transit and highway

alignment shape files are obtained from County), rather than access points. Nuisance

may also capture existing congestion and noise from existing roadways along which

transit alignments are located. All distance measures are computed in the Euclidean

space in ArcMap.

Two types of residential parcels are used in the analysis: single-family and multifam-

ily. For each type of residential parcel, the hedonic price function of property value is

specified as a liner combination of parcel-specific variables and hedonic price coefficients.

The variables included for the hedonic price functions are:

• Transaction Price: Transaction value of the residential parcel, with median price

of the transaction year subtracted as dependent variable in the hedonic price

models;5

5 In year 2010 values using Moodys Analytics Home Price Index for Minneapolis/ Saint Paul
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• Year Built: Year built of the parcel- used to compute building age as of 2015 in

the models;

• Lot Size: Size of the land on which the parcel is located in terms of square footage;

• Gross building/ Living Area: Total gross building/ living space of the parcel in

square footage;

• Number of Bedroom: Total number of bedroom in the parcel;

• Number of Bathroom: Total number of bathroom in the parcel;

• Distance to Central Business District (CBD): Distance center of downtown from

the parcel, in meters;6

• Distance to LRT Station: Distance to nearest LRT station in meters;7 and

• Distance to LRT track: Shortest distance to LRT alignment in meters.

Additional variables available for the Green Line analysis include:

• Garage Space: Parking space in square footage;

• Distance to Interstate Highway/ State Route: Shortest distance to roadway from

the parcel, in meters; and

• Distance to Interstate Highway On-/ Off-Ramp/ Major State Route Intersection:

The distance to nearest on-/ off-ramp or intersection from the parcel, in meters.8

The following tables provide summary statistics of the two sets of county parcel

data. Table 4.1 shows that on average, single-family properties within the station areas

Metropolitan area.
6 The intersection of 7th Street and Hennepin Avenue in Minneapolis is used as the center of CBD

for the Blue Line while the Wells Fargo Place in St. Paul.is used for the Green Line.
7 The stations included in the Green Line analysis (listed from west to east) are Westgate, Raymond

Avenue, Fairview Avenue, Snelling Avenue, Hamline Avenue, Lexington Parkway, Victoria Street, Dale
Street, Western Avenue, Capital/ Rice Street, and Robert Street. Stations included in the Blue Line
study (listed from north to south) are Cedar-Riverside, Franklin Avenue, Lake Street, 38th Street, 46th
Street, and 50th Street.

8 The ramps leading to I-94 (listed from west to east) include Raymond Avenue, Cretin Avenue/
Vandalia Street, Snelling Avenue, Hamline Avenue, Lexington Parkway, Dale Street, Western Avenue,
and Summit Avenue/ John Ireland Boulevard.
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in Minneapolis are six percent more expensive (in 2010 values) and five percent larger

(in terms of parcel lot size) than those in St. Paul. However, the properties are over

20 percent smaller in terms of living area square footage. Also, single-family properties

within the station areas in Minneapolis are over forty percent further away from down-

town while being almost ten percent closer to the stations as well as 25 percent closer to

the LRT track alignment. For properties within the Green Line station areas, they are

seven percent closer to LRT stations than to interstate highway on/off-ramps. They are

also 13 percent closer to LRT track alignment than to the interstate highway.

Table 4.1: Summary Statistics of Single-Family Parcels.

Mean Std. Dev. Mean Std. Dev.
Transaction Price $152,449 $37,775 $143,850 $112,517
Year Built 1923 17 1918 27
Lot Size 5,549 1,315 5,281 2,522
Living Area 1,105 336 1,427 598
Bedroom 3 1 3 1
Bathroom 1 1 1 1
Garage Space 340 208
Distance to CBD 6,377 1,681 4,404 1,818
Distance to LRT Station 580 167 641 305
Distance to LRT Track 425 194 563 328
Distance to Highway 648 323
Distance to Highway On/ Off Ramp 686 298

NA
NA

Green Line SFH

NA

Variable
Blue Line SFH

Overall, standard deviations of the data in St. Paul are greater, which show that

single-family properties within the Green Line station areas are more heterogeneous in

terms of the characteristics discussed. Transaction price in particular, carries a standard

deviation that is about 78 percent of its mean. The spread in the price data, as I later

show in this study, plays a key role in assessing benefit transfer as it directly affects the

size of the regression coefficients as well as their standard errors.

Multifamily parcels are summarized in Table 4.2. Station area property values are

over 30 percent higher and parcels are 11 percent larger in Minneapolis than St. Paul.

Yet, living space in Minneapolis is almost 8 percent smaller. On average multifamily

parcels are closer to downtown than single-family parcels but they are not necessarily

further away from LRT. Parcels in Minneapolis are about two percent and 18 percent

closer to LRT station and track alignment respectively than those in St. Paul. In terms
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of overall proximity to transportation, multifamily properties are on average 16 percent

closer to LRT stations than to highway access.

Table 4.2: Summary Statistics of Multifamily Parcels.

Mean Std. Dev. Mean Std. Dev.
Transaction Price $181,316 $55,847 $137,728 $101,627
Year Built 1919 24 1904 18
Lot Size 6,089 1,860 5,453 1,673
Living Area 1,942 570 2,104 615
Bedroom 4 1 4 1
Bathroom 2 1 2 1
Garage Space 302 253
Distance to CBD 4,861 2,057 3,862 1,746
Distance to LRT Station 589 155 598 298
Distance to LRT Track 427 182 520 325
Distance to Highway 677 301
Distance to Highway On/ Off Ramp 712 282

NA
NA

Blue Line MFH Green Line MFH

NA

Variable

The following charts illustrate the median transaction price (without any price ad-

justments that are applied in the hedonic price models to remove regional price trends)

of the station area properties. The charts show that median values differ significantly

between the two cities. Additionally, values in Saint Paul demonstrate relatively greater

fluctuations over time. Figure 4.1 shows that in Minneapolis, except in 2007 and 2008,

prices for single-family parcels fluctuated within two percentage points a year. On the

other hand, prices in St. Paul for single-family parcels dropped 19 percent after the eco-

nomic recession and then increased by 16 percent between 2010 and 2012. Overall, the

average annual percentage change in price for single-family parcels is about 2.4 percent

in Minneapolis and -1.5 percent in St. Paul.

Multifamily property median values are depicted in Figure 4.2. In Minneapolis, an-

nual percentage change in price fluctuated between -9.4 to 10.3 percent and the average

annual percentage change is about -0.8 percent. In St. Paul, prices increased by over 50

percent between 2010 and 2012 and the overall average annual price increase has been

over eight percent.

With the data presented in this section, I use linear hedonic price models to evaluate

the proximity impact of LRT stations on property prices. Model estimation and the

method to evaluate the possibility of benefit transfer are discussed in the next section.
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Figure 4.1: Median Transaction Price by Year - Single-Family Property (in $2010).
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Figure 4.2: Median Transaction Price by Year - Multifamily Property (in $2010).
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4.4 Estimation and Benefit Transfer Methodology

The estimation of the hedonic price models is introduced in 2.3. Based on the specifica-

tion of equation 2.3.5, I estimate four sets of regressions- one for each type of residential

parcel in each city. The goal is to evaluate benefit transfer of station area impact on

property prices by comparing the regression coefficients on proximity to LRT stations.

To account for system openings, each model accounts for the year during which LRT

passenger service began so that the incremental impact of system opening can be as-

sessed. To test whether the two models generate different station area impacts, I use the

model standard errors. After each regression is run, the test statistics are formed using

the standard errors (with covariance being zero since the coefficients are obtained from

two separate and independent models) and the hypotheses that station area impacts

are different. The test results point to whether the estimated impact of LRT station

proximity on property values can be transferred from one site to another.

4.5 Results

In this section, I first present the linear hedonic price regression estimates specified by

equation 2.3.5. There are four sets of results as there are two LRT systems and two types

of property parcels. Next, I present the results of the hypotheses testing on whether

the station area impacts are different enough to limit benefit transfer.

4.5.1 Linear Hedonic Price Regressions

Unlike Goetz et al. (2010), in which the authors use a non-linear distance specification

to determine the capture area of the LRT impact, I use a linear function for simplicity.

Median values are subtracted from prices (by year) to remove regional trends of the

housing market between 2001 and 2015.

To test for price responsiveness to the LRT service openings, dummy variables are

added to the price functions to identify parcels that are sold before or after operational

starts. The variables represent a one-time price response to LRT opening regardless of

proximity to stations. The variables also are used to interact with station proximity

variables to indicate the existence of the stations. The added variables enable the

separation of timing and proximity effects in the regressions. Variable for proximity

to LRT stations without LRT opening interaction are not modeled as they are not
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statistically significant. Removal of the variables do not impact other coefficients or the

overall fit of the models.

For the LRT opening dummy variables, the opening year, 2004, is used for the Blue

Line while the year 2012 is substituted for opening year of 2014 for the Green Line. For

data in Minneapolis, I tested each year between 2002 and 2005 and found that 2004

is the first year during which the estimated incremental impact becomes statistically

significant. The finding is consistent with that of Goetz et al. (2010). For data in

St. Paul, the year 2012 (two years earlier than the 2014 opening of the Green Line) is

tested to be statistically significant in determining prices; unlike the year 2013 or 2014.

Perhaps due to the success of the Minneapolis Blue Line, the expected benefits of the

Green Line had started to be capitalized in property prices, even two years prior to its

service opening. Ultimately, the LRT opening effect of the Green Line is not estimated.

The opening of Green Line is found to dramatically increase the standard errors of

the LRT proximity variables while without being statistically significant. The LRT

Indicator variable is therefore removed from the Green Line model. The 2012 indicator

variable is only used to interact with station area proximity to indicate station area

plans/ existence.

Table 4.3 reports the regression coefficients for single-family parcels; one set for

each LRT line. Both Comparable Sales coefficients are statistically significant (at five

percent) and they indicate that a one-dollar increase in average transaction price can

have a 28 cents impact on the next neighborhood property sale. Since the coefficients

from the two models are the same, the results suggest that neighborhood transaction

history is equally important in determining prices in the two different study areas. Out

of all the structural characteristics included in the models, property age is found to

be the only variable that negatively impacts price. For station area development, in

general, new construction is often associated with better amenities so new properties

may command higher prices. However, age has lower negative price impacts in Saint

Paul, as the data includes about ten properties located in the historical districts that

are valued over $750,000. These properties are deemed historic and are therefore valued

higher with age.

In terms of property size, almost all the structurally related regression coefficients

carry numerical signs that imply large properties can fetch higher prices. But size (land

or lot) itself is relatively less valuable, unless it is associated with specific amenities. For

example for properties near the Green Line, an additional bathroom can drive prices
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up by more than $9,000 while it takes about 100 square feet of extra living space to

produce the same premium. Also, an extra foot of garage space in the St. Paul study

area is valued about five times more than lot size. Since specific amenity of a parcel can

add to the explanatory power of the hedonic price models, additional information, such

as kitchen size, can be very useful as it can further differentiates multifamily parcels.

The coefficient for the number of bedroom in properties within the Green Line station

areas carries a negative sign. As the exclusion does not affect the overall model fit, it

is removed from the regression. The coefficient in the Blue Line model is statistically

significant and carries the expected sign, but it commands four times less than an

additional bathroom.

Table 4.3: Linear Hedonic Price Regression of Single-Family Parcels.

Mean Std. Error Mean Std. Dev.
Comparable Sales 0.28 0.05 0.28 0.06
Age -296.64 44.61 -100.26 60.35
Lot Size 0.27 0.66 7.60 3.36
Living Area 50.18 4.64 88.07 5.91
Bedroom 2,644.11 1,143.71
Bathroom 11,298.29 1,489.65 9,186.32 3,152.85
Garage Space 35.78 9.58
Distance to CBD 4.33 0.55 9.12 1.29
Distance to LRT Station x LRT Dummy -8.99 2.72 -15.25 6.32
Distance to LRT Track 15.12 3.36 82.74 8.97
LRT Opening Year Dummy 3,521.76 1,755.77
Distance to Highway -54.27 17.05
Distance to Highway On/ Off Ramp 45.56 16.23
Observations 1,778.00 1,816.00
R-Squared 0.47 0.69
Adjusted R-Sq. 0.47 0.69
F-statistic 155.99 365.70

Not Modeled 

Not Modeled

Variable
Blue Line SFH Green Line SFH

Not Modeled

Not Modeled

Not Modeled

Notes: The dependent variable is transaction price minus median value of the year during which
a parcel is sold. Bold fonts indicate statistical significance

With respect to location, single-family parcels on average gain in value as distance

from downtown increases. Consistent with the results from the previous chapters, single-

family properties command higher premiums as they locate further away from down-

town. In terms of the opening of the Blue Line, properties gain a fixed amount of

$3,500 in value since 2004. Additionally, the opening of LRT stations has added value
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to properties within the station areas. After LRT services commence, properties tend

to increase in value as distance towards stations shortens. The overall price impact of

LRT is computed as as the product of Distance to LRT Station and average distance to

LRT station, plus LRT Opening Year Dummy, all divided by average parcel transaction

price. Using the sample average of distance to LRT stations of 580 meters, the overall

LRT impact on single-family properties is about $8,700, which is 5.7 percent of sample

parcel transaction value of $152,499. The LRT alignments themselves, while located

on major roadways with heavy industrial and commercial activities, are found to have

negative impact on properties prices, regardless of the timing of LRT openings. There-

fore, the coefficients of Distance to LRT Track variables are not estimated with LRT

Indicator interactions.

Similar to the Blue Line model, the Green Line station areas contribute to a prox-

imity value impact on single-family properties. In terms of overall impact, the effect

is about 6.8 percent, which is computed using average distance to stations of 641 me-

ters and average transaction value of $143,850. The percentage estimate is 18 percent

greater than the Blue Line, which may be due to the success of the Blue Line, or the

fact that the Green Line connects the two cities and therefore offers a wider network

accessibility impact. As for proximity to the alignment, the effect is found to be nui-

sance (as it carries a positive sign) and it is over five times that of the Blue Line. Since

the study only includes data up to 2015, it is likely the community is still adjusting to

the new alignment that brings about additional congestion and noise.

Lastly, access to highway is found to have positive impacts on property prices and

it is at least four times more influential than the impact of LRT station access. The

results points to the relative importance of transportation access. For single-family

properties, proximity to highway is valued significantly higher than proximity to transit.

Additionally, congestion and noise of the highway is estimated to be less costly than

that of the LRT.

Table 4.4 reports the regression coefficients for multifamily parcels. Overall, the fit

of the models are poor with fewer statistically significant variables. Only total living

area square footage and the number of bedrooms are found to be explaining property

prices. The results are consistent with the findings in Chapter 2, that the lack of model

fit may be a consequent of heterogeneity in structural types. It is likely if sample size is

sufficiently large, separating apartments from other homes may improve the model fit.

In terms of location, properties gain value as distance from downtown as well as LRT
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Table 4.4: Linear Hedonic Price Regression of Multifamily Parcels.

Mean Std. Error Mean Std. Dev.
Comparable Sales 0.09 0.12 -0.07 0.07
Age 21.16 201.29 -127.17 230.74
Lot Size 1.37 2.07 4.24 3.06
Living Area 21.43 7.52 40.45 10.86
Bedroom 11,119.02 2,887.17 8,316.81 3,740.38
Bathroom 12,563.90 7,406.86 4,506.72 7,362.83
Garage Space 21.15 18.24
Distance to CBD 9.03 2.13 10.42 2.32
Distance to LRT Station x LRT Dummy -8.11 13.49 -28.75 10.52
Distance to LRT Track 40.49 17.09 93.40 15.28
LRT Opening Year Dummy 5,853.00 7,680.46
Distance to Highway 17.82 41.03
Distance to Highway On/ Off Ramp -58.66 47.22
Observations 277 370
R-Squared 0.30 0.35
Adjusted R-Sq. 0.27 0.33
F-statistic 11.19 15.84

Not Modeled 

Not Modeled

Variable
Blue Line MFH Green Line MFH

Not Modeled

Not Modeled

Notes: The dependent variable is transaction price minus median value of the year during which
a parcel is sold. Bold fonts indicate statistical at five percent.

alignments increase. As in the case for single-family homes, LRT Indicator is removed

from the model when there is a lack of explanatory power and potential multicollinearity.

Again, the opening of LRT does not add a fixed premium on properties in Saint Paul.

However, per meter access to LRT station is found increase property values within the

Green Line station areas. The results show that incremental access to transit increases

property values while access to highway does not.
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4.5.2 Precision of Benefit Transfer

Benefit transfer is a way to provide potential impact of transit infrastructure to justify

the investment. Since the justification must be in place prior to the investment taking

place, a hedonic analysis is not possible and a survey of willingness to pay may to too

costly to conduct. As introduced earlier, the practice of benefit transfer often involves

taking coefficients from hedonic price models directly from one study and using them in

another study to compute the expected impact. In the case of the Green Line, benefit

transfer of station area development impact involves using the 5.7 percent from the Blue

Line model (for single-family parcels) to provide a station area impact estimate for the

Green Line.

To test for benefit transfer of Metro Transit LRT Blue Line impact on residential

property values , I form a hypothesis based on the station proximity and LRT open-

ing from the single-family parcels hedonic price models: Price Impact from Blue Line

model is not different from the Price Impact from Green Line model. Price impacts are

computed as introduced earlier, as the product of Distance to LRT Station and average

distance to LRT station, plus LRT Opening Year Dummy, all divided by average parcel

transaction price. With a t-statistic of 1.77 (p-value of 0.08), the null hypothesis that

the impacts are equal cannot be rejected. The test statistic suggest that benefit transfer

of the Blue Line station area proximity impact on single-family parcels to the Green

Line is imprecise, as the evidence against benefit transfer is weak. Figure 4.3 depicts

the 95 percent confidence intervals of the value impacts in percentage points.

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%

Green Line

Blue Line x

x

Figure 4.3: Confidence Interval of Property Value Impacts.

The graphical representation of the confidence intervals suggests that the test con-

clusion of not rejecting benefit transfer may have happened by chance. The standard

error on from the station proximity coefficient of the Green Line model is so large that

the confidence interval is wide enough to completely overlap the interval from the Blue
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Line. Since property values for the Green Line model exhibits relatively high standard

deviations, I removed the ten observations with transaction price over $750,000 from the

Green Line model (some of the observations include the historical properties discussed

in the introductional sections of the essay). The new model yields an estimate of -$10.71

per meter away from the station, a standard error of 5.13, and a percentage impact of 4.8

percent. The test statistic based on the new estimates suggests that the null hypothesis

cannot be rejected (t-statistic is 1.34 and p-value is 0.18) and the corresponding con-

fident intervals are depicted in Figure 4.4. The Green Line interval has narrowed, but

it is still wide enough to completely overlap the Blue Line’s. The exercise shows that

benefit transfer can be improved upon, when the practitioner has intimate knowledge of

the study area to understand how price heterogeneity can distort the results of benefit

transfer. Additionally, when applying benefit transfer, the practitioner should remove

properties that deviate from others (in terms of price and structural characteristics) so

that the application only account for relevant properties.

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%

Green Line

Blue Linex

x

Figure 4.4: Confidence Interval of Property Value Impacts - Price Restriction.

Next, I test for accuracy of benefit transfer by changing the specifications of the

hedonic price models, as different models are used in different studies. While modeling

spatial correlation using comparable sales has become the norm, some older studies

do not apply such spatial regression techniques. Here, I test if benefit transfer works

without the comparable sales variable in the Blue Line (relatively older) model. When

the variable is removed from the analysis, I find a station area impact of 6.9 percent.

Compared to the unadjusted Green Line station area impact, the t-statistic is 1.88, with

a p-value of 0.06. Despite the impacts being not so different, the confidence intervals

(depicted in Figure 4.5) provide weak evidence of a precise benefit transfer.

Another variation in model specification is the inclusion of highway access. Some-

times hedonic price studies of transit impacts do not account for access to highway.

Removing the I-94 proximity variables in the Green Line analysis yields a station area



82

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%

Green Line

Blue Line x

x

Figure 4.5: Confidence Interval of Property Value Impacts - Variable Restriction (Com-
parable Sales).

impact estimate of 6.1 percent. The corresponding t-statistic is 1.55 and the p-value is

0.12. The confidence intervals (Figure 4.6) again, does not provide strong evidence for

benefit transfer as being precise.
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Figure 4.6: Confidence Interval of Property Value Impacts - Variable Restriction (Prox-
imity to I-94).

Lastly, model specifications differ depending on data availability. For example, the

Hennepin County data does not have sufficient information on garage size of each parcel

and that this variable is not often used in hedonic pricing studies (due also to data

limitation), therefore the variable is not included in the Blue Line models. So I test the

hypothetical scenario of Ramsey County not having garage size information in the data.

By removing the garage size variable in the Green Line model, the Green Line station

are impact becomes 6.30 percent (t-statistic becomes 1.60 and p-value is 0.11), which

provides weak evidence against benefit transfer. But the wide range of the confidence

interval (Figure 4.7) does not indicate precision in benefit transfer.

The coefficient from the Blue Line multifamily parcels model is not statistically

significant. Given that I cannot be certain whether proximity to station has a positive,

negative, or zero impact on property prices, there is nothing quantitative that can be

learned from the Blue Line to be transferred to the Green Line. If benefit transfer is
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Figure 4.7: Confidence Interval of Property Value Impacts - Variable Restriction
(Garage Size).

to be used, a 5.8 percent station area impact from the Blue Line would be used; as

compared to the 12.5 percent found from the Green Line model. The results suggest

that benefit transfer from a model with poor fit and/ or coefficient with large standard

error should not be conducted, as estimates are imprecise.

4.6 Concluding Remarks

A comparative study for the newly opened Green Line is conducted to address whether

station area impact on residential property prices can be expected from the new exten-

sion. Consistent with previous studies on the Blue Line, a geospatial hedonic pricing

model is used to assess the associated impacts. In particular, the model suggests that

2012 is the year during which the benefits of the LRT segment began capitalizing prop-

erty prices. The finding shows that given the success of the Blue Line, the improvements

in access and social interactions can be generated even before the 2014 system opening.

The hedonic pricing model results suggest strong spatial dependence in single-family

property values. The models also confirm that larger properties command higher premi-

ums. In terms of location characteristics of single-family parcels along the Green Line,

access to LRT stations and highway brings about positive price impact. However, the

LRT alternative to automobile seems to be less valuable. For multifamily parcels, access

to stations has positive impact while access to highway does not. The results suggest

stronger automobile dependency from households exists in single-family parcels only.

In assessing benefit transfer, the Green Line comparative study of single-family

parcels indicates that station area impacts different by 18 percent. However, the lack

of precision of the Green Line coefficient prevents any firm conclusion about benefit

transfer. When the price heterogeneity in the Saint Paul data is removed to reduce
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regression coefficient standard errors, the estimates are numerically less different and

less imprecise. The transfer is further tested with different modeling scenarios. The

tests with different modeling specifications suggest that precision of benefit transfer is

not necessarily about data availability or choice of variables to model. Additionally,

the regression results from multifamily homes show that benefit transfer should not be

performed from models with imprecise estimates. Overall, the results point to circum-

stances under which benefit transfer of station area benefits might be accurate. If the

practitioner of benefit transfer has intimate local knowledge of the investment, then the

precision of the exercise can improve. Such knowledge can guide the practitioner of

benefit transfer to appropriately capture the impacted parcels and transfer the benefits.



Chapter 5

Conclusion and Discussion

There are three questions that I try to answer in my dissertation: 1) what impacts

do public infrastructure, such as urban corridors, have on property values; 2) to what

extent are the impacts in terms of distance and location; and 3) can the found impacts

on specific corridors be generalized for applications to other similar public investment.

Using a utility maximization problem that involves prices of residential homes, I

connect the property values and proximity impacts of four urban corridors using data in

Minneapolis, Minnesota. By using a hedonic modeling framework, I estimate the values

of access and nuisance of transitway, commercial thoroughfare, highway, and greenway.

The specific corridors are chosen because they form a network that promotes economic

activities and are part of an urban core of a vibrant city. The model provides the

associated benefits of each corridors on a parcel level and how the benefits may change

with respect to changes in neighborhood characteristics. The results suggest that the

lack of dwelling type information hinders the modeling fit. With such information and

sufficient observations, the exercise can be repeated for more detailed analysis of the

impacts on multifamily properties.

One application of the hedonic model is an investigation of how far the impacts of

urban corridors extend. A light rail transit (LRT) alignment is chosen because there

are multiple transit extensions planned for the Twin Cities region. The findings on

differential impacts based on land use and parcel types can inform the City’s ongoing

transportation plans. In assessing whether the impacts of urban corridors are unique,

I test for benefit transfer of the property value impact of LRT in a comparative study.

The study addresses whether results from one alignment can be generalized to apply to
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others so that similar station area impact on residential property prices can be expected

from new extensions. I find essentially no evidence favoring benefit transfer of station

area impacts for single-family parcels. Additionally, I find that benefit transfer can only

be more accurate with intimate knowledge about the alignment and data, and not nec-

essarily with the different hedonic price function specifications. The results emphasize

that the impacts of urban corridors are sensitive to data driven modeling errors and

that erroneous benefit transfer can mislead urban planning and major infrastructure

decisions. For benefit transfer to be successful, a practitioner should be more than an

observing econometrician; he or she must have local knowledge and understand the

investment.

Overall, the results suggest the potential rankings or preferences for travel time sav-

ings from driving, livability benefits from transit-oriented development, health benefits

from biking and walking, and social exchange from commercial activities. The LRT

applications provide the extent of the resulting property value impacts- locally, as well

as regionally. The differentiation in the different types of benefits, as well as the bound-

aries of impacts, have special implications on infrastructure investment decisions. The

results of the three essays can be useful in assessing the effectiveness of federal, state,

and/ or local sustainable development strategies and policy development. For example,

the Sustainable Development Partnership of three agencies, United Stated Department

of Transportation (USDOT), Department of Housing and Urban Development, and En-

vironmental Protection Agency (EPA), are seeking to establish guidelines to conduct

economic evaluation of development strategies. In particular, the three agencies are

interested in assessing how housing and infrastructure development can work together

to promote affordable housing and sustainable transportation choices. Although these

essays does not address the idea of smart growth, an initiative developed by the EPA to

promote middle class job growth, the results here identify the factors that are important

in housing decisions in relation to employment opportunities.
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Appendix A

The Model

The following describes the economy. Assume that there is a fixed supply of housing

products and households in this setting trade without any transaction costs. Let all

households have monotone preferences in all characterizing attributes and define the

resulting utility representation of each household i ∈ I for I = {1, . . . , I}, to be ui. Each

household derives utility from consuming a numeraire good ci ∈ R+, a home i with a

set of K = {1, . . . ,K} observed housing attributes xk ∈ RK+ , as well as an unobserved

idiosyncratic household-specific characteristics ξi ∈ R. The utility for each household i

is:

ui = ui(c,x; ξ) (A.1)

Taking household i fixed income Ei, the functional form a hedonic pricing function

pi = pi(xk; ξ) that maps all housing attributes of a home i into price, and the price for

the numeraire commodity as given, each household solves the following problem

max
c,x

ui(c,x; ξ) s.t. p+ c ≤ Ei (A.2)

Assuming an interior solution to the above maximization problem exists and that both

ui and pi are twice continuously differentiable functions, the first order conditions for

above maximization problem for all household i = 1, . . . , I is

∂ui
∂xk

=
∂pi
∂xk

∂ui
∂c

∀J, k = 1, . . . ,K (A.3)

so that at the chosen bundle of goods, the rate at which a housing attribute is traded for

the numeraire must equal the marginal rate of substitution between the two. Assuming
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that the numeraire good c is independent of both ξi and x, the second order condition

is

∂2ui
∂x2k

− ∂2pi
∂x2k

∂uj
∂c

< 0 (A.4)

Applying the Implicit Function Theorem for a unique solution, there exist functions

xk = x∗k(c,x−k; ξi) for all attributes k and c = c∗such that (A.3) can be rewritten as

∂uij
∂xk

=
∂pi
∂xk

∂ui
∂c

∣∣∣∣
xk=x

∗
k(c
∗,x∗i ;ξi)

⇒ uxk(c∗,x∗jk; ξ) = pxk(x∗k; ξ)uc ∀ k = 1, . . . ,K (A.5)

Taking the total derivative of (A.5) with respect to ξ, the marginal contribution of the

unobserved housing characteristic to demand of x∗k is,

∂x∗k
∂ξ

=
pxkξuc − uxkξ
uxkxk − pxkxkuc

(A.6)

Together with (A.4), this condition suggests that changes to an observed housing char-

acteristic given a change in the unobserved attribute, is an increasing function if and

only if pxkξuc < uxkξ, where uc can be viewed as the per dollar marginal utility of x

as defined by (A.3). This means that the demand for a particular attribute rises with

an unobserved characteristic when, the unit cost of marginal utility of the attribute in

question subject to the change in unobserved characteristic is greater than the unit of

the marginal utility of that attribute independent of the unobserved characteristic.



Appendix B

Distributions of Taste

Coefficients for Urban Corridors

The estimated WTP measure increases in utility with respect to changes for the quan-

tity of the structural and location attributes, accounting for both direct and indirect

effects of the changes in the housing attributes due to spatial correlation. Moreover

these are household specific and therefore the range represent the differences in house-

hold preferences and uncertainty in the data as well as in the estimation. To investigate

the variations within each WTP estimate for households in the two types of residential

homes, the results summarized in the previous section are used to produce cumula-

tive density charts. Aggregating all households, the empirical cumulative distribution

function is

F̂β =
1

I

I∑
i

1[β̂<b] (B.1)

where 1[·] denotes the indicator function. The density charts show the likelihood of each

WTP estimate not exceeding a certain amount and they reveal the level of confidence

that households have in valuing the location amenities of their homes. Since the cur-

rent study focuses on urban corridors, here I only present the results for the respective

corridors.

Figure B.1 and Figure B.2 display the distributions of WTP for proximity to the high-

way from households residing in the two types of residential properties. In terms of

the nuisance impact of the highway access, WTP of households residing in both types
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of properties are clustering near the mean, with at least 90 percentile likelihood of not

exceeding $2, 000. Uncertainty around WTP to pay to avoid this corridor altogether

(highway route)is much higher as both charts display relatively wider ranges, along with

90 percent likelihood that WTP will reach $8, 000. Overall, around over forty percent

of households are willing to pay more than the average amount of $3, 500 − $4, 500 to

be further away from this corridor.
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Figure B.1: Willingness to Pay against Proximity to the Highway- Single-family Homes.
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Figure B.2: Willingness to Pay against Proximity to the Highway- Multifamily Homes.
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The shapes (or concavity) of the WTP distributions for the commercial thoroughfare

differ significantly for households in the two different types of residential properties.

According to Figure B.3 and Figure B.4, there seems to be less uncertainty surrounding

estimates from households in multifamily homes. There is about a 50 percent likelihood

that WTP (for both amenity and nuisance) will be under $25, 000 for households in

single-family homes; while the likelihood of the same amount reaches 80 percent for

those in multifamily homes. This suggests that owners of multifamily homes are less

price sensitive to changes in proximity to the commercial thoroughfare. Furthermore,

external factors that create uncertainty in home prices, such as streetscaping on Lake

Street, may lead to higher fluctuations in prices of single-family homes in the study area.
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Figure B.3: Willingness to Pay for Proximity to the Commercial Corridor- Single-family
Homes.
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Proximity to the industrial/ light rail corridor and its major intersections are found to

be nuisance for households in either types of homes. The distributions of the related

WTP estimates (displayed in Figure B.5 and Figure B.6)), however, show that those in

different types of homes differ in their preference uncertainties against this particular

corridor. For those in single-family homes, the first chart shows that household aversion

to the alignment may be more uncertain than that to the corridor’s intersections. This

is suggested by the result of more than ten percent likelihood that households will pay

at least $7, 000 to be further away from the line, while the likelihood of them paying

the same amount to be further away from the stations is almost zero. The opposite

finding seems to hold for households in multifamily homes. Figure B.6 shows that there

is about 25 percent likelihood that WTP for distance away from the transit stations

to reach over $8, 000, while their aversion for proximity to the track seems to be less

uncertain- there is almost a 100 percent chance that WTP for distance away from LRT

track will remain under $2, 000. Perhaps due to the architectural differences in the two

types of properties, households in multifamily homes are more exposed to noise and

have greater variation in how much they discount distance to traffic intersection than

in how they discount distance to traffic in general.
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The results displayed in Figure B.7 and Figure B.8 are consistent with earlier explana-

tion that if households in single-family homes are more likely to have children, then they

may have less uncertainty in how they value changes in distance from the parkway. In

particular, there is less than a five percent probability than households in multifamily

homes are willing to pay over $2, 500 to be closer to the greenway, while this increase

to about 30 percent for households in single-family homes. Moreover, there is about 45

percent likelihood that this type of households will be willing to pay over $4, 000.
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Figure B.7: Willingness to Pay for Proximity to the Recreational Corridor- Single-family
Homes.

In terms of the distributions of the taste coefficient for the unobserved product char-

acteristic, I find no particularly interesting results. For households in both types of

housing, the distributions seem to be symmetric around zeros on their valuations on

this attribute. This is reassuring in a sense that since no stringent restrictions have

been placed on this attribute, there should not have been any particular distribution

pattern.
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