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Abstract: Recently, the improvement of job accessibility and the encouragement of mixed land use
have been gaining popularity in the planning field. However, little is known about whether these two
factors are able to meet housing consumers’ needs. This study aims to analyze how job accessibility
and mixed land use satisfy housing consumers’ needs. Particularly, this study investigates housing
consumers’ willingness to pay for these two features by using housing prices and rents in the Chicago
metropolitan area. In order to deal with endogeneity between land use and housing prices and spatial
autocorrelation between housing prices, spatial econometric models are used with instrumental
variables. Interestingly, our findings show that an increase in job accessibility leads to an increase
in housing prices, whereas it is not related to rents. We also found that mixed land use decreases
housing prices, but increases rents.

Keywords: job accessibility; mixed land use; housing price; rent; spatial effects

1. Introduction

Today’s land use planning and policies are intended to preserve values of cultural resources
and enhance sustainable communities and neighborhoods. Among various specific components to
achieve these goals in planning practice, the improvement of job accessibility and the encouragement
of mixed land use have gaining popularity in the planning field. This is because successfully designing
and utilizing these two features through land use and transportation planning not only can reduce
individual vehicle mile travel (VMT) and urban traffic congestion [1] but can also provide lively urban
environments [2]. In addition, both higher job accessibility and mixed land use have been considered
as signature features of smart growth, because increasing these two components makes more workers
live near their workplaces. Living closer to jobs and locating closer to workers would have great
benefits for workers as well as employers by reducing commuting costs and making employers easier
to find. However, although these two elements improve the balance of jobs and housing, they are
different in other ways. For example, job accessibility is a global concept encompassing an entire
city [3,4], while mixed land use is a local concept related to neighborhoods [5]. Hence, they may
have different socioeconomic impacts, and should be differently and carefully investigated. However,
few studies have examined the differences between these two concepts in housing markets.

In past decades, numerous studies have provided empirical evidence of their effectiveness;
for example, a reduction of the physical distance between jobs and housing through these two
components increases public transportation use, walking, and bicycling [6]. However, little attention
has been paid to the demand side of the land use components. Particularly, little is known about
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which land use features are more important for different demanders. Previous studies have shown
that different age groups or different income groups have different preferences regarding their
residential locations [7,8]. That is, while some people prefer locations closer to jobs, others choose
locations relatively far from their workplaces. For example, single young groups prefer downtown
or employment sub-centers because these places provide better urban amenities such as cafés,
restaurants, museums, or shopping centers, while households with children prefer single-family
housings or neighborhoods with higher safety, better schools, or better natural amenities [8]. In addition,
scholars have recently pointed out that rental markets have significantly different characteristics in
the US housing markets [9], which suggests that in-depth analysis is necessary for understanding
the relationship between housing submarkets and demanders’ needs (i.e., housing demanders and
renters). Nevertheless, our understanding of whether land use features really meet residents’ needs is
still limited.

Some scholars have pointed out that most previous studies have only focused on supply-oriented
policies or planning [10,11]. Using smart growth features, policy makers have tried to reduce vehicle
use and encourage walking and biking commutes. However, in order to create sustainable urban
places and better living environments given the limited amount of urban land, land use planning or
policies carefully reflecting demanders’ needs are essential. Koster and Rouwendal [10] argued that
the preferences of residents or housing consumers should be carefully considered in land use planning,
because their preferences do not play a role in decisions of local government. If housing consumers do
not respond to the contemporary land use policies (e.g., Smart Growth or New Urbanism), the planning
strategies are not desirable. In contrast, if they have a willingness to pay for mixed land use or land
use with higher job accessibility, such policies would be appropriate as well as economically effective.

Hence, an investigation of the impacts of key land use features is necessary for suggesting
implications for future land use planning. Traditionally, housing demanders’ preferences can be
identified through survey or interview by asking them if they want to live near neighborhoods with
higher mixed land use or better job accessibility [12]. However, because of limitations of survey data
collection, it can also be indirectly captured by demanders’ willingness to pay for housing prices or
rents. For example, if land use with high job accessibility and well-mixed activities increases housing
values or rent prices, housing consumers are regarded as preferring those land use planning [11].
On the other hand, if such land use elements do not increase housing values, housing consumers are
regarded as having no preference for the land use features. Although previous studies have examined
their relationships, it remains to be seen which land use features are more related to housing prices or
rents. Additional empirical research is necessary to fill this gap.

Taking this into perspective, the objective of this study is to examine whether housing consumers
prefer mixed land use and higher job accessibility. Particularly, we focus on housing consumer’s
willingness to pay for housing values in the Chicago metropolitan area. This study has three unique
contributions. First, we attempt to use an appropriate index for mixed land use and job accessibility.
Job accessibility and mixed land use can be measured differently by different researchers. Therefore,
employing a more proper method to calculate the index is important to figure out its impact. Second,
we compare whether housing consumers’ and renters’” land use preferences are the same. Since they
have different socioeconomic characteristics with respect to income or age, we presume that they have
different preferences. Third, we consider an endogeneity issue occurring between housing prices and
land use as well as spatial autocorrelation between housing prices. For example, while higher job
accessibility and higher mixed land use are likely to affect housing prices, higher housing prices also
can affect job accessibility and mixed land use development simultaneously. In addition, housing
prices are generally affected by neighboring housing prices or neighboring unobserved characteristics.
Therefore, this relationship should be carefully considered in the estimation of parameters.

This study is organized into six sections, including this introduction. Following this introduction,
the next section represents literature reviews relevant to land use and housing prices by focusing on
job accessibility and mixed land use. In Section 3, study area and data are presented. Section 4 explains
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a methodological framework to examine the effects of job accessibility and mixed land use on housing
prices. Section 5 provides empirical evidence of the relationship between land use and housing prices.
In Section 6, we discuss our findings and suggest policy implications.

2. Literature Review

Although a number of studies on the effects of neighborhood spatial characteristics on housing
prices have been conducted, little is understood about how the two important land use features related
to smart growth strategies—mixed land use and job accessibility—influence housing prices and rents,
respectively. In other words, few studies have examined which one is more important for increasing
housing and/or rent prices that reflect housing demanders’ preferences. Because housing market
consists of different sub-markets (e.g., rental markets and housing markets), housing prices and rental
prices should be differently investigated for efficient land use policies [9]. Previous studies have shown
that renters and housing buyers have different preferences [13]. Generally, low-income households
choose rental housing, but middle- or high-income households prefer single-family housing units.
Also, this can vary by different age groups; sometimes young adults choose high price rental housings
that are located downtown because they prefer neighborhoods that provide urban amenities such as
cafés, museums, restaurants, and shopping centers [8].

There are two possible reasons of lack of these studies. First, there is no definitive measurement
of these two land use components. Scholars have focused more on an appropriate way to measure
these land use characteristics. For example, different measurements have been applied in different
previous studies [10,11,14-16]. Second, as mentioned above, most previous studies on land use
planning have disregarded consumers’ preferences focused on supply-oriented sides. For example,
while numerous studies have examined the effects of land use on sustainable commuting patterns,
especially focusing on travel behaviors and commute distance [1,15-17], there have been relatively few
empirical studies supporting that these land use patterns really meet housing consumers’ needs. In this
section, we review two research issues regarding job accessibility and housing prices, and mixed land
use and housing prices, by focusing on the empirical research as well as methodological approaches
for measurement of job accessibility and mixed land use index.

2.1. Job Accessibility Measures

Scholars in the urban planning field have long recognized the relationship between accessibility
and property values. They have used a hedonic price model developed by Rosen [18] to investigate
the relationship between accessibility and property values by controlling for other factors. The hedonic
price model explains the composition of housing prices by disentangling the bundle of housing
services, and accessibility is one of the most important spatial characteristics explaining housing prices.
A number of studies have used the hedonic price model to explore the effect of accessibility on housing
values. For example, scholars have considered accessibility to rail station [19,20], actual ridership
level [21], and system street network connectivity [22] as determinants of housing prices. However,
the concept of accessibility, which is measured by distance to bus stops or light rail stations, cannot
deal with entire levels of urban traffic congestion or traffic speed caused by the spatial distribution of
population and employment, because the accessibility measures do not account for where people go
and where they come from.

According to the urban economic theory, the study of the relationship between job accessibility
and housing prices has been developed by Alonso’s [23] monocentric model, which explains residential
activities are determined by a tradeoff between the accessibility of being close to the central business
district (CBD) and property values. This theory has been further developed by Muth [24] and Mills [25],
and the concept of accessibility has been measured by distance from the CBD. However, as employment
began to disperse from central cities to suburban areas, diverse polycentric models emphasizing the
importance of employment subcenters have been suggested [26-28]. In reality, large population and
employment subcenters have emerged outside of central cities in large metropolitan areas. As a result,
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major cities have become increasingly polycentric. This phenomenon has been driven by job clusters
that emerge where there is a good transportation network and suburbanization of labor force [27].
Therefore, accessibility is no longer simply measured by distance to the CBD.

Alternatively, various accessibility measures have been developed by several scholars for
investigating the effects of multiple centers. For example, Hansen [29] first developed a gravity
model to measure job accessibility. Noland [30] used simple job accessibility using total jobs across
employment centers weighted by the inverse of distance to each center. Waddell [31] used job
accessibility measured by travel time instead of distance. Shen [3] suggested a refined gravity-based
model by arguing that job accessibility should be measured with consideration of the composition
of employment by occupation and industry. The refined gravity-based model has recently been
used in some studies that show its applicability and usefulness [15,32]. In addition, scholars have
used the gravity-based labor market accessibility that deals with polycentric tendencies in the spatial
structure [3,32,33]. For example, Osland and Thorsen [32] showed that this gravity-based labor
market accessibility considering spatial distribution of population and employment can explain
spatial variations of housing prices. Jin and Paulsen [34] have shown that this refined gravity-based
accessibility measure is appropriate to examine the relationship between job accessibility and labor
market outcomes. Although its applicability has been proved in several examples of research, it has
not been used to investigate its effect on housing prices. We employ the refined gravity-based model
in our research, which will be explained in detail in Section 4.

2.2. Mixed Land Use and Housing Price

The concept of mixed land use has been raised by the New Urbanism movement. Since the 1960s,
U.S. zoning ordinances have regulated land use development by isolating commercial, industrial,
shopping, and services employment from residential housing, which has resulted in residential
neighborhoods being developed separately from jobs and services. Scholars have argued that the
spatial separation of jobs and housing causes traffic congestion, air pollution, and inefficient energy
consumption. As an alternative method of land use development, it is argued that mixture of
complimentary land use types including housing, service, office, industrial use, and retail will provide
significant benefits in solving these problems.

Although the claims of mixed land use have been a starting point to generate numerous studies
examining the effects of mixed land use on commuting patterns, only a few studies have investigated
the effects of mixed land use on housing prices. Cao and Cory [35] addressed the importance of the
relationship between mixed land use and residential property values. Using the hedonic regression
model accounting for the reverse causality between mixed land use and housing values, Song and
Knaap [14,36] showed that housing prices are higher in neighborhoods dominated by single-family
residential land use, while housing prices decrease with proximity to multi-family residential units.
Mattews and Turnbull [22] found that the effects of mixed land use on housing prices depend on
development characteristics of neighborhoods. For example, while there is a positive effect of mixed
land use on housing prices in pedestrian-oriented neighborhoods, there is no significant effect in
automobile-oriented neighborhoods.

More recently, Koster and Rouwendal [10] investigated how households value mixing of housing
and jobs, focusing on the Rotterdam city region. They found that mixed land use increases housing
prices. For example, households are willing to pay about 2.5 percent more for a house located in a
neighborhood with mixed land use. They also compared the effect of mixed land use on housing prices
of single-family housing and apartments. Their findings demonstrated that apartment occupiers are
willing to pay for mixed land use development, whereas households living in a single-family housing
are not willing to pay for mixed land use development. Moreover, with his theoretical discussion of the
effects of mixed land use on the quantity of affordable housing, Aurand [37] provided evidence that
neighborhoods with a greater variety of housing types and residential density offer a greater quantity
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of affordable housing for low-income renters. He suggested that planners and policy makers should
specify the goals of housing types.

In sum, although mixed land use development and efforts for providing better job accessibility
through urban planning have been conducted, little attention has paid to the relationship between
the two features and housing prices. Particularly, little is known about which one is more related to
housing prices or rents. If planners want to make a sustainable community through the mixed land use
development and integration of jobs and housing in a neighborhood, more investigations regarding
how housing consumers feel about the two components are necessary. Particularly, exploring the effect
of land use on housing prices differentiated by characteristics could have important policy implications.

3. Study Area and Data

Our study area is the Chicago metropolitan area, including nine counties such as Cook, DuPage,
Lake, McHenry, Kane, DeKalb, Kendall, Grundy, and Will. We use various datasets. Specifically,
we use median housing price and median rent in 2009-2013 ACS (American Community Survey).
Figure 1 shows the spatial distribution of the housing prices and rents in the Chicago metropolitan area.
The housing prices in the northern part of Chicago are relatively higher than those in the southern part.
The spatial distribution of rent prices looks little different from that of housing prices, but rent prices
in the northern part of Chicago are relatively higher, which is similar to the distribution of housing
prices. Additionally, we obtain other data, such as housing characteristics, household characteristics,
and socio-economic characteristics by census tracts from 2009-2013 ACS. In order to measure the
index for mixed land use and job accessibility, we use 2013 LEHD (Longitudinal Employer-Household
Dynamics) LODES data. The LEHD data provide spatial information on the employees” work places
and residential locations at the census block level, which allows us to combine LEHD with ACS at
the census tract level. Hence, we first aggregate the LEHD at the census tract level, and combine
LEHD and ACS, and then calculate job accessibility and mixed land use indices based on the equations
explained in the next section.
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Figure 1. Spatial Distribution of the Housing Price (a) and Rent (b) (Median Values: $).
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4. Methodology

4.1. Analytical Framework(Generalized Spatial Two-Stage Least Square: GS2SLS)

Hedonic price model has been developed and widely used to identify the factors explaining
housing prices [38]. In this study, we deal with additional two statistical issues: endogeneity between
land use and housing price, and spatial autocorrelation between housing prices. First, endogeneity
should be carefully accounted for when measuring the effect of land use on housing prices because a
simultaneous relationship between land use and housing prices exists. For example, better accessibility
or high levels of mixed land use increase housing prices because such land use features bring about
more activities—firms are encouraged to move in, and thus more facilities are constructed. This
increases the housing demand in surrounding areas, and thus raises housing prices. This relationship
can be expressed as the following equation:

P=f(LX)+e, )

where P denotes housing prices, L denotes land use characteristics, X denotes exogenous factors
affecting housing prices, and € denotes error terms. However, as the land use characteristics
affect housing prices, the increased housing prices simultaneously bring about more demand for
development. Thus, increased housing prices lead to increased commercial development. This
relationship can be expressed as the following equation:

L=f(P,X)+u @)

In order to account for endogeneity, instrumental variables can be used. The instrumental
variables are associated with land use characteristics (L), but are not related to the error term (¢€) in
Equation (1). Generally, two-stage least square (25LS) estimator is used when estimating the parameter
using instrumental variables. In the first step, we estimate the expected values of land use using
instrumental variables with control variables, and then we estimate the empirical housing price model,
which is depicted as follows:

First-stage
L=f(1X)+u ®G)

Second-stage
P=f(LX)+e 4)

Through the instrumental variables with 2SLS, we can control for endogeneity. However, this approach
cannot deal with spatial autocorrelation between housing prices. Previous studies have demonstrated
that housing prices can be spatially affected by neighboring housing prices or unobserved neighboring
factors. If we do not control for spatial autocorrelation, the estimated values can be biased and
inefficient [39]. In order to account for this issue, we use generalized spatial two-stage least square
(GS2SLS) model that accounts for endogeneity and spatial autocorrelation together, which is expressed
as the following equations:

P =AWP+al +BX +u,

u=pWu+e ©)

Because the hedonic price model generally uses a log form of housing prices, our final empirical
model used in this study is expressed as the following equations:

In(P) = AW[In(P)] +aL + BX +u,

u=pWu+e ©)
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A spatial weight matrix presents the pairwise spatial relationship between two any spatial units.
It has two different types such as contiguity-based weight matrix and distance-based weight matrix.
We simply use the contiguity-based weight matrix, which is measured by the queen criterion.

4.2. Measurement of Variables

4.2.1. Job Accessibility

Among the various job accessibility measures, Hansen’s [18] gravity-based model has been widely
used. The basic gravity-based model is as follows:

A; =Y Eje %, ?)
j

where A; denotes job accessibility index in census tract i, E; denotes the number of employment in
census tract j, v denotes an impedance parameter, and d;; denotes the distance between census tract
i and j. The main advantage of the gravity-based model is that it provides a simple and accurate
single parameter measurement of actual commuting patterns [33]. However, Shen [3] argued that
demand potential should be accounted for when measuring job accessibility because job opportunities
are differentiated between locations with different levels of demand potential. He suggested the
formulation of refined gravity-based model as follows:

Ejeiydif —d;
A; = Z D] , D] = ZPke K (8)
] ]

where D; denotes demand potential in a location j, and P, denotes the number of people in location
k seeking the job opportunities, k =1, 2, ... ., N. In this equation, potential job seekers are defined
as persons 18-64 years old. This refined accessibility model has been employed in current several
studies [4,32] and proved its applicability (see [34]). Hence, we measure job accessibility based on
Equation (8). An impedance function using an empirically derived impedance coefficient enables
the formula to assign a lower weight to jobs located farther from the household residential location.
In this study, distance is bound to incorporate only the interzonal pair for which distances are less
than 45 miles since the attractiveness of employment opportunities declines as travel distance or time
increases [33]. Recently, Hu [3] estimates a decay parameter of 0.105 for Chicago, which is based on
2000 Census Transportation Planning Package (CTPP) Part 3 data. We employ Hu's parameter to
calculate the job accessibility.

4.2.2. Mixed Land Use

There is no definitive way to measure mixed land use, and it has been differently measured
among researchers. Previous studies have frequently used the concept of entropy as a mixed land use
index, which captures the diversity degree of land use within a certain area. Particularly, Song and
Knaap [14] measured the mixed land use index based on the concept of entropy by considering the
proportion of areas by land use types. For example, if the mixed land use index is equal to 1, it means
only single type land use exists in the location. In contrast, the value of 0 in the mixed use index
indicates that all types of land use have equal proportions in the given area. The equation is as follows:

_ — X2 (P)In(P;)

H In(S) ’

©)

where H denotes the mixed land use index, S denotes the number of land use types, and P denotes the
proportions of each of the land use types. However, this index does not tell what kinds of activities are
really performed in a given area. Moreover, it is not easy to obtain land use data including all types
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of land use in a specific time period. Alternatively, others used mixed land use index measured by
the number of households and the number of employees in every sector [10,40]. Koster et al. [10] and
Duranton et al. [40] have pointed out that mixed land use can be measured based on the combination
of different employment sectors with residential units, and this index can be compatible with mixed
land use. The index is based on the Hirshmann-Herfindahl index and the equation is as follows:

1
Dy, = (10)
Tve (szh) +P3
where E
H
Py= ——=  and Py, = —— (11)
Hy + Yvg (Egh) Hy + Y vg (Egh)

D, denotes the mixed land use index for house i, which is defined as the inverse of the
Hirschmann-Herfindahl index; Hj, denotes the number of households in a neighborhood of house #;
and Eg;, denotes the number of employees in sector g. If there are employees of only one sector in a
certain area, Dy, is equal to 1. Additionally, if economic activities become more diverse in the area,
the mixed land use index Dy, goes up. Although this index does not show which types of mixed land
use exist in a certain area, it shows how much different employment sectors based on the 20 NACIS
codes (e.g., retail, manufacturing, real estate, etc.), including residential units, exist in a certain area.
In this study, we adopted the formulation of the latter.

4.2.3. Instrumental Variables

As described in the analytical framework, we use instrumental variables to account for
endogeneity occurring between housing prices and land use characteristics. Applicability of the
instrumental variables that are associated with land use characteristics but not related to error term
should be supported theoretically and statistically. We emulate previous studies that have used
instrumental variables [14]. Specifically, we use two instrumental variables—distance to the major
roadways (including every interstate highway, state highways, and arterial roadways) and distance—to
subcenters. These two variables are exogenous, but they are not correlated with job accessibility and
mixed land use since they potentially influence the spatial distribution of jobs [34]. In general, firms are
likely to locate near major roadways and subcenters for reducing transportation costs and obtaining the
benefits of agglomeration economies. Empirical studies have demonstrated the relationship between
job growth and the location of subcenters [27,41,42].

One might worry about the condition of exclusion restriction, because the distance to employment
subcenter and major roadways may affect housing prices. However, these two variables do not affect
housing prices directly. Specifically, unlike interstate highways or national highways, major roadways
are spatially dispersed in the Chicago metropolitan region as shown in Figure 2, thus, everyone can
easily access the major roadways. This is supported by the fact that the average distance from each
neighborhood to the nearest major roadway is less than 0.5 miles (see Table 1). Therefore, housing
prices would not be spatially sorted by the major roadways. Likewise, distance to employment
subcenter is not directly related to housing prices because the simple geographical distance to the
employment center does not guarantee higher property values.
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Figure 2. Spatial Distribution of Subcenters and Major Roadways in Chicago.

Table 1. Descriptive Statistics and Data Source.

Variable Mean S.D. Data Source

Dependent Median Housing Price  266,371.02 137,715.70 ACS 2009-2013
Median Rent 912.06 347.67 ACS 2009-2013
Independent Land Use Job Accessibility 1.01 0.13 LEHD LODES
Mixed Land Use 2.57 1.66 LEHD LODES
Control Housing Bedrooms 2.64 0.57 ACS 2009-2013
Built Year 61.68 145.90 ACS 2009-2013
Socioeconomic  Housing Costs 1368.28 500.72 ACS 2009-2013
Average Age 36.21 7.01 ACS 2009-2013
Household Size 2.66 0.54 ACS 2009-2013
% Black 0.21 0.33 ACS 2009-2013
% Hispanic 0.21 0.24 ACS 2009-2013
Geographic Residential Density 7.25 16.14 ACS 2009-2013
% Single Housing 0.50 0.31 ACS 2009-2013

Distance to Park (m) 615.98 909.91 Info USA
Vacancy Rate 0.10 0.08 ACS 2009-2013
Dummy variable 0.65 0.48 2013 Tiger/Line

(Cook County) Shapefiles

Instrument Distance to main road 047 041 NHS

Distance to subcenters 6.12 5.18 McMillen, 2003

4.2.4. Control Variables

Additional control variables that may affect the housing prices are included. Such variables are
chosen with consideration of housing characteristics, socioeconomic characteristics, and geographical
characteristics. The number of bedrooms and the average building age are used as housing
characteristics. Higher number of bedrooms is expected to be associated with higher housing
prices, and higher average building age is expected to be negatively associated housing prices.
For socioeconomic characteristics, we include five variables. We expect that higher housing costs will
be related to higher housing prices. In order to capture the effect of average age of households and size
of housings in the neighborhood, we include the average age of households and household size. The
proportion of African-American and Hispanic households is included to examine racial segregation
in the neighborhoods. In order to capture geographical characteristics of the neighborhoods, we use
residential density, the proportion of single-family housing units, distance to park, and Cook County
dummy variables. Particularly, we include Cook County as a dummy variable because it includes
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Chicago downtown and large subcenters related to economic activities, and thus relatively higher
housing prices are expected in the area.

5. Empirical Results

5.1. Descriptive Statistics

Table 1 presents the descriptive statistics of variables used in this study. Based on the ACS
2009-2013, the median housing price and median rent in the Chicago metropolitan area are $266,371
and $912, respectively. The average values of job accessibility and mixed land use are 1.01 and
2.57, respectively. Figure 3 presents a Kernel distribution of job accessibility and mixed land use,
which shows that they have different distributions. Average room is 2.64, and average year built
is 61. Average housing cost is $1368. Average age and average household size are 36 and 2.66,
respectively. The proportions of black and Hispanic are about 20%. Average residential density is
7.25 (housing/mile2), and the proportion of single housing is about 50%. The average distance to
nearest park is 0.38 miles (615 meter), and the average vacancy rate is 10%. As discussed above,
our unit of analysis is census tract, and 2014 census tracts are used in this study.

45 050

0.40
0.35
0.30

0.25

Density

0.20

0.0 02 0.4

0.6 0.8 6 8
Job Accessibility Index Mixed Land Use Index

Figure 3. Density of Job Accessibility Index and Mixed Land Use.

Figure 4 presents the spatial distribution of job accessibility measured based on Equation (8) and
mixed land use measured based on Equation (10). Job accessibility decreases as distance from the
CBD increases, but interestingly job accessibility in the northern part from the CBD is high. Although
many reasons may affect this spatial distribution of job accessibility, this can be simply explained
that job supply is higher than job demand. This pattern of job accessibility seems to be related to the
spatial distribution of housing prices as shown in Figure 1. The mixed land use pattern looks different
from the job accessibility pattern, and thus it is expected that the influence of mixed land use and job
accessibility may play a different role in explaining housing prices or rents.
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Figure 4. Spatial Distribution of Job Accessibility and Mixed Land Use.
5.2. Empirical Results

Table 2 provides the estimated coefficients of our empirical models. As discussed above, in order
to deal with endogeneity and spatial autocorrelation together, we apply GS2SLS estimator with
instrumental variables. To verify the validity of instrumental variables, Hansen’s over-identification
test with the null hypothesis that the instrumental variables are orthogonal to the regression error is
conducted. As shown in the bottom of Table 2, the null hypothesis cannot be rejected, meaning that
the instrumental variables used in this analysis are associated with land use characteristics such as
job accessibility and mixed land use but are not related to the error terms. Therefore, the estimation
results are reliable. The R-squares of the first-stage regression are 64% and 16%, respectively, which is
provided in Appendix A.

In addition to the instrumental variables, Moran’ I as well as the estimation results of both spatial
lag terms (A) and error terms (p) are statistically significant at the 1% level. This indicates that both the
median housing price and rent in a neighborhood are affected by median housing price and rent in
surrounding neighborhoods and are also affected by unobserved neighboring factors. Particularly,
the positive signs present that an increase in housing price and rent as well as unobserved factors in
neighboring census tracts lead to an increase in a housing price and rent in a given census tract. These
statistical results of instrumental variables and spatial variables support the necessity of using the
GS2SLS estimator in this analysis. In order to compare the results of our models (GS2SLS) that deal
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with spatial autocorrelation and endogeneity with the results of models (SAC) that only deal with
spatial autocorrelation, we provide the results from SAC models in Appendix B.

Table 2. Estimation Results on the Effects of Job Accessibility and Mixed Land Use.

Housing Price Rent
GS2SLS (1) GS2SLS (2) GS2SLS (3) GS2SLS (4)
Job Accessibility 1.5406 *** 0.3853
(0.3508) (0.3332)
Mixed Land Use —0.1479 *** 0.1273 **
(0.0502) (0.0528)
Bedrooms 0.0446 0.1171 0.2333 * 0.1706
(0.1114) (0.1184) (0.1209) (0.1289)
Year Built —0.0016 *** —0.0015 *** —0.0009 *** —0.0009 ***
(0.0001) (0.0002) (0.0002) (0.0002)
Housing Cost 0.0007 *** 0.0008 *** 0.0003 *** 0.0003 ***
(0.0001) (0.0001) (0.0001) (0.0001)
% Single-Family Housing —0.7218 *** —1.1379 *** —0.3277 * —0.4057 ***
(0.1636) (0.1524) (0.1683) (0.1560)
% Black —0.1034 —0.2347 * 0.0302 0.1397
(0.1176) (0.1274) (0.1042) (0.1233)
% Hispanic 0.1947 0.2330 0.1846 0.2359
(0.1726) (0.1758) (0.1659) (0.1794)
Average Age 0.0689 *** 0.0804 *** 0.0292 *** 0.0263 ***
(0.0044) (0.0049) (0.0047) (0.0053)
Household Size 0.6714 *** 0.7125 *** 0.2421 ** 0.2667 ***
(0.0933) (0.0957) (0.0957) (0.1018)
Housing Density 0.0036 ** 0.0021 * —0.0002 0.0024
(0.0015) (0.0013) (0.0016) (0.0019)
Distance to Park 0.0001 0.0001 0.0001 0.0001
(0.0000) (0.0000) (0.0000) (0.0000)
Vacant Rate —0.2463 —0.0156 —0.7766 *
(0.3659) (0.3810) —0.8107 **) (0.4134)
Cook County 0.1436 ** 0.1505 ** —0.0307 0.0522
(0.0728) (0.0647) (0.0608) (0.0632)
Constant 3.2049 *** 4.3759 *** 2.8919 *** 3.4592 ***
(0.7297) (0.7268) (0.8665) (0.9488)
A 0.2325 *** 0.2602 *** 0.2920 ** 0.1884 ***
(0.0558) (0.0572) (0.1313) (0.0429)
0 0.2057 *** 0.1434 ** 0.2073 ** 0.1642 **
(0.0566) (0.0589) (0.1190) (0.0541)
N 2014 2014 2014 2014
Wald chi2 641.49 *** 115.88 *** 648.9 *** 126.6 ***
Hansen’s Over-identification Test 0.7037 1.2791 2.5996 2.6109
First-Stage R2 0.6413 0.6413 0.1616 0.1616
Moran’s I 0.4379 *** 0.4379 *** 0.3743 *** 0.3743 ***

Note: ***,** and * indicate significance at the 0.1%, 1%, and 5% levels, respectively; std. errors are in parentheses.

5.2.1. Estimation Results of Median Housing Price Model

As shown in model 1 and 2 in Table 2, our key variables (job accessibility and mixed land use) are
significantly associated with median housing prices, meaning that housing demanders’ preferences
of the land use characteristics are reflected in the housing prices. Interestingly, the directions of the
effects are different. Specifically, an increase in job accessibility causes an increase in housing price,
whereas an increase in mixed land use causes a decrease in housing price. The results suggest that
housing consumers are likely to pay more for the neighborhood with higher job accessibility, but they
are not willing to pay for the neighborhood with higher mixed land use. Specifically, a one increase
in job accessibility leads to a 1.5 percentage increase in housing prices, but a one increase in mixed
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land use index leads to a 0.14 percentage decrease in housing prices. These results are consistent
with the evidence of previous studies that higher job accessibility increases housing values [32].
Our control variables show the expected results. For example, higher building ages, higher proportion
of African-Americans, and higher proportion of single-family housing are negatively associated with
housing prices. Surprisingly, the variable of single-family housing has a negative effect on housing
prices. This may be because areas with higher proportions of single-family housing are located in
suburbs where the housing prices are relatively lower. In contrast, the variables of average age,
household size, and housing density are positively associated with housing prices. Dummy variable
of Cook County is positively associated with housing prices, probably because the census tracts in
Cook County are closer to downtown; furthermore, Cook County includes census tracts with a greater
number of economic activities.

5.2.2. Estimation Results of Median Rent Price Model

Generally, housing markets and rental housing markets have different characteristics with respect
to the demand, and the demand varies by age, income, and characteristics of households. Hence,
it is expected that consumers of housing and rental housing have different preferences for land use.
The results of models 3 and 4 are interesting. While job accessibility is not statistically associated with
rent, mixed land use is statistically and positively associated with rent, indicating that higher index
of mixed land use increases rental prices. This result implies that renters are willing to pay more for
mixed land use. Specifically, one unit increase in mixed land use index leads to an increase in housing
prices of 0.13 percentage. The effects of job accessibility and mixed land use on rent are different from
those on housing prices, which suggests that housing consumers have different preferences compared
to renters with respect to neighborhood land use characteristics.

We also briefly summarize the results of our control variables. The coefficients of year built and
the proportion of single-family housing are negatively associated with median rents. This may be
because census tracts with a higher proportion of single-family housing generally locate suburban
areas where prices of rental housing and apartments are relatively lower. The variables of average age
and household size are positively associated with rents. Finally, as expected, an increase in vacancy
rates leads to a decrease in rents.

6. Conclusions and Discussion

Since land use planning is closely related to urban spatial structure and the housing market,
more appropriate and effective policies are necessary to make our communities better. Although
it is argued that job accessibility and mixed land use are essential elements in land use planning,
evaluations of their effects have not been comprehensive; most studies have been conducted based on a
supply-oriented perspective, and only a few studies have focused on housing consumers’ demand for
neighborhood land use characteristics. Therefore, our understanding of which land use features meet
renters’ and housing buyers’ preferences is limited. In order to fill the void, we explored consumers’
demand for land use types by examining how job accessibility and mixed land use affect housing prices
and rent prices. Particularly, we employed a spatial two-stage least square model with instrumental
variables to account for the endogeneity occurring between land use and housing prices, as well as
spatial autocorrelation between housing prices.

Interestingly, our findings clearly demonstrated that job accessibility and mixed land use have
different effects on housing prices and rents at least in the Chicago metropolitan area. For example,
while job accessibility positively affects housing prices, it is not associated with rent prices. By contrast,
mixed land use is negatively associated with housing prices, whereas it increases rent prices.
The results indicate that housing demanders and renters have different preferences with respect
to the neighborhood land use types. Specifically, housing demanders are likely to pay more prices for
houses in the neighborhood with good accessibility. On the other hand, renters are willing to pay more
for houses in neighborhoods with higher mixed land use.



Sustainability 2019, 11, 938 14 of 18

In general, housing consumers are more likely to live in single-family neighborhoods that
provide a better living environment (e.g., less noise, less air pollution, and better education services)
because they earn relatively higher incomes than renters and thus can buy single-family housing [21].
In addition, they prefer neighborhoods with good job accessibility because most of them may have
a car and use it for commuting. In contrast, renters are not likely to relocate to neighborhoods with
higher job accessibility, but they are willing to pay for housing in areas with higher mixed land use
because they prefer to live close to areas providing various services because of lower commuting
costs, shorter shopping trips, and good accessibility to retail. Previous studies have shown that lower
rates of home ownership are mostly due to lower incomes, lower wealth, and younger age [43]. Also,
the homeownership gap can be larger between racial and ethnic groups [44]. One of the problems raised
by scholars is that lower job accessibility may produce negative economic consequences such as higher
unemployment rates and lower household incomes [34]. To reduce these unintended consequences,
these two land use features that increase access to jobs should be encouraged in planning practice.

However, as our findings have demonstrated, mixed land use development does not meet
the housing consumers’ preferences, at least in the Chicago metropolitan area, which calls into
question the contemporary smart growth policies arguing that consumers value greater walking
accessibility. Planning and policies should reflect the heterogeneity of the preferences between the
housing demanders and renters. That is, land use practices for smart growth consider preferences of
renters who have lower incomes, and minorities and housing buyers. Although this study does not
examine the different preferences of housing demanders, our results suggest that there are differences
between demanders’ preferences. Further analysis combined with residential location choice theory
could be used to ascertain the differences.

Our findings suggest important policy implications. First, land use policy should be carefully
implemented with consideration of different demanders’ different preferences. Although mixed land
use development has been conducted, there are supply-oriented and comprehensive evaluations that
have not been followed. More studies are necessary to understand who prefers and who does not
prefer mixed land use. Second, policies for increasing job accessibility via the spatial integration
of jobs and housing are necessary. Although there is no simple way to achieve it, utilizing spatial
distribution of employment subcenter can be an alternative way. Particularly, functional differentiation
and integration of employment subcenters would be helpful to provide a better job accessibility at the
metropolitan level. However, more studies examining the relationship between the spatial distribution
of the employment subcenter and housing prices are necessary. Third, the housing markets consist of
different submarkets [9]. People react in the submarkets based on their different preferences. As shown
in our results, land use features can differently affect housing and rental markets. City planners and
land use policy makers should consider that more appropriate land use policies are necessary for
meeting different needs between renters and housing demanders.

There are several limitations in our research. We use only one job accessibility and one mixed
land use index, but these indices can be developed in a variety of ways. Particularly, by categorizing
employment sectors, they can be developed for measuring retail-oriented, service-oriented, education-
oriented, or other types-oriented job accessibility and mixed land use [4]. With these various indices,
therefore, we can figure out which types of job accessibility or mixed land use are much more important
for housing markets and housing demanders. More in-depth quantitative analysis should be followed,
and future work should continuously investigate the relationship between land use and housing prices
with consideration of the heterogeneous housing market. In addition, we suggest that disaggregate
data such as individual housing prices and rents would be helpful to obtain a better understanding of
the effects of land use on housing prices. Additionally, we acknowledge that we cannot control for all
the endogenous variables related to housing prices through our models. For more precise estimation
on the relationship between land use and housing prices, advanced econometric techniques with
additional variables should be developed and applied in future research.
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Appendix A

Table Al. Estimation Results of the First-Stage Regression

Accessibility Mixed Land Use
Subcenters —0.0077 *** —0.0200 *
(0.0004) (0.0078)
Major Roadways —0.0291 *** —0.6192 ***
(0.0047) (0.0909)
Bedrooms 0.0202 ** —0.5039 ***
(0.0092) (0.1788)
Year Built 0.0001 *** —0.0003
(0.0000) (0.0002)
Housing Cost 0.0001 *** 0.0005 ***
(0.0000) (0.0001)
% Single-Family Housing —0.2020 *** —0.2450
(0.0118) (0.2284)
% Black 0.0065 —0.9204 ***
(0.0087) (0.1685)
% Hispanic 0.0588 *** —0.2603
(0.0135) (0.2620)
Average Age 0.0031 *** 0.0402 ***
(0.0004) (0.0069)
Household Size —0.0021 —0.0709
(0.0078) (0.1508)
Housing Density 0.0007 *** —0.0177 ***
(0.0001) (0.0024)
Distance to Park 0.0000 *** 0.0007 ***
(0.0000) (0.0000)
Vacant Rate 0.1762 *** 0.8931
(0.0307) (0.5953)
Cook County 0.0904 *** —0.3975 ***
(0.0046) (0.0885)
Constant 0.8151 *** 2.9839 ***
(0.0194) (0.3763)
N 2014 2014
R2 0.6413 0.1616

Note: ***,** and * indicate significance at the 0.1%, 1%, and 5% levels, respectively; std. errors are in parentheses.
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Appendix B

Table A2. Estimation Results of SAC models
Housing Price Rent Price
Job Accessibility 4.7407 *** 1.0541
(0.4181) (0.6442)
Mixed Land Use 0.0196 0.0347 ***
(0.0129) (0.0153)
Bedrooms —0.0723 —0.1631
(0.1128) (0.1336)
Year Built —0.0014 *** —0.0009 ***
(0.0001) (0.0002)
Housing Cost 0.0006 *** 0.0002 ***
(0.0001) (0.0001)
% Single-Family Housing —0.4029 ** —0.3237 *
(0.1622) (0.1904)
% Black —0.3814 ** 0.0548
(0.1562) (0.1729)
% Hispanic 0.1409 0.2441
(0.2085) (0.2388)
Average Age 0.0599 *** 0.0197 ***
(0.0046) (0.0053)
Household Size 0.5820 *** 0.1984 *
(0.0983) (0.1136)
Housing Density 0.0006 —0.0001
(0.0014) (0.0016)
Distance to Park 0.0001 0.0001
(0.0000) (0.0000)
Vacant Rate —0.4784 0.6003
(0.3458) (0.4109)
Cook County —0.2303 —0.3190
(0.1209) (0.2282)
Constant 8.4991 *** 6.8423 ***
(0.7412) (0.5565)
A 0.4008 *** 0.3431 ***
(0.0559) (0.0709)
0 0.3167 *** 0.2437 ***
(0.0319) (0.0419)
N 2014 2014
Log-Likelihood —2606.47 —2967.31
Moran’s I 0.4379 *** 0.3743 ***

16 of 18

Note: ***,** and * indicate significance at the 0.1%, 1%, and 5% levels, respectively; std. errors are in parentheses.
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