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The (Overlooked) Association between Express Bus Station/Stop Proximity and Multifamily
Rents with a Surprise about Transit Mode Synergism and Implications for Transit and Land
Use Planning

ABSTRACT

Despite hundreds of studies into the association between real estate value and proximity to
fixed route transit (FRT) systems, none has assessed the association with respect to express bus
transit (XBT) stations/stops. Ours is the first to do so. Using a static, cross-section quasi-
experimental research design, we evaluate CoStar multifamily (MF) rent per square foot to
estimate the difference in rent with respect to proximity to (XBT) stations/stops. However, we
are also interested in knowing whether there are synergistic price effects at the intersection of
XBT and other FRT systems such as light rail transit (LRT). In this article, we estimate the MF
rent premium with respect to XBT and LRT (XBT+LRT) station/stop proximity separately, rent
premiums for combined XBT and LRT stations/stops, and for those MF cases that are more than
1.0 mile beyond the nearest LRT station. In all cases, whether separately or combined with LRT
stations or away from LRT stations, with find positive associations between MF rent and
proximity to XBT stations/stops. However, we also find evidence of negative externalities at or
near XBT, LRT, and XBT+LRT stations/stops. Express bus transit and land use planning

implications are offered.
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OVERVIEW

Cities emerge largely because agglomeration economies create economic development
synergies: the larger and more densely developed, the more jobs are created (1, 2). This can
stress transportation systems as congestion may lead to inefficient economic interactions that
reduce advantages of agglomeration (3). In the US, one solution is to build new highway
networks connecting downtowns to suburbs, suburbs to each other, and even metropolitan
areas to one another (4). Opening vast amounts of cheap land for development allowed people
to move outward where housing was cheaper (per square foot) which in turn attracted firms to
locate near its labor supply (5). But these highway networks also became congested, arguably
undermining overall metropolitan economic performance (6, 7).

During the last quarter of the 20" century, dozens of metropolitan areas built and
expanded fixed route transit (FRT) systems, in part to overcome the diseconomies of
congestion (8). Indeed, studies have shown that overall metropolitan economic performance
improves with the presence of FRTs (9, 10). Studies attributing economic development
outcomes to specific modes of public transit have focus mostly on rail services such as heavy or
third rail transit (HRT), light rail transit (LRT), commuter rail transit (CRT) and streetcar transit
(SCT), with some extension to bus rapid transit (BRT) (11, 12, 13). Higgins and Kanaroglou (14)
synthesize research to show the contribution of rail transit and BRT to property values, which is
a proxy for economic development (15). Yet, no study has explored the relationship between
express bus transit (XBT) and economic outcomes. This article helps close this gap in research.

Before proceeding, we need to differentiate between types of bus service. The most
common is conventional bus service where standard buses make numerous stops along routes
that can change frequently.

Then there are bus rapid transit (BRT) and express bus transit (XBT) systems. The
Metropolitan Atlanta Rapid Transportation Authority (16, 17), provides a useful way in which to

distinguish between XBT and BRT systems as paraphrased below:
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Express Buses (also known as commuter bus service) is intended to run faster than
normal bus services between the same two commuter or destination points. Express
bus service usually has a limited number of stops to decrease the travel time. It uses

flexible stop locations with various design options

BRT is a fixed-route bus mode that is characterized by operations primarily in dedicated
right-of-way during peak periods and features that emulate rail fixed guideway services,
including: (a) defined stations/stops, (b) traffic signal priority, (c) short headway, (d) bi-
directional services, (e) pre-board ticketing, (f) platform level boarding and (g) separate
branding. BRT may include portions of service that are fixed-guideway and non-fixed-
guideway. It typically uses fixed stations/stops with a pre-boarding payment. Some

systems have flexible stop locations.

We acknowledge that there are important differences between types of express busses
from conventional busses to modern, sleek busses designed for express bus purposes (see
Figure 1). We provide further details on XBT systems below.

Our article is comprised of four sections. In the first, we review theory, pose the
research questions and outline a research strategy. The second section describes our research
plan in terms of the research design, the general model that will be used to guide data and
analysis, our choice of functional form, the study area, the specific model and data, and
identification of transit data challenges. The third section presents our results and offers
discussion. The final section offers our implications for express bus transit and land use

planning.

INSERT FIGURE 1 ABOUT HERE
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1. THEORY AND RESEARCH QUESTIONS

Conventional urban location theory developed by Alonso (18), Mills (19), and Muth (20)—also
known as the AMM theory—shows that where all jobs are in the central business district (CBD),
the cost of transportation increases with respect to distance from the CBD at a declining rate.
Transportation costs reduce land value as distance from the CBD increases. Where
transportation costs are lowest, in the CBD, land prices are highest. There is thus competition
for location near CBDs considering the land use needs among competing office, retail,
institutional, residential and other land uses. Only those land uses that generate the highest
economic exchanges win the most central locations. Land uses that cannot compete for CBD
locations are pushed outward to areas where they can outbid other land uses, a process called
land use invasion and succession based on ecological principles (21).

As one relaxes constraints of the AMM monocentric city model, it is possible to imagine
the same principles are at work only at smaller scales in a more distributed fashion (22). In
particular, rail transit stations/stops can become localized, smaller versions of CBDs.
Accordingly, economic activities will bid up land prices close to rail transit stations/stops; lower
value activity is pushed away from stations/stops to locations where they may outbid
competing land uses. Dozens of studies confirm negative real estate bid-rent gradients with
respect to distance from rail transit stations suggesting these local level outcomes. That is, real
estate falls with respect to distance from transit stations, ceteris paribus. Yet none address the
proximity effects of XBT stations/stops on real estate value (14).

Given XBT systems are primarily a commuting service for suburban residents and in the

context of theory and prior research, our research question is:

Do multifamily rents increase with respect to proximity to XBT stations/stops?

There is another context that we want to explore: the extent to which the interaction
between XBT and other types of FRT stations/stops also affects real estate value. Many XBT
stations/stops connect to FRT stations/stops either directly or nearby. Indeed, many XBT lines

terminate at FRT stations/stops.
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Our particular study area includes 16 light rail transit (LRT) systems operating in the US
excluding major metropolitan areas of the Northeast and Great Lakes regions (defined as more
than five million residents) as well as the Los Angeles and San Francisco metropolitan areas.
Those metropolitan areas are excluded because their complex web of different types of transit
systems makes it difficult to tease out difference effects attributable to any given transit mode.
Our data thus allows us to estimate synergistic or value added association. In particular, we can
estimate whether and the extent to which XBT and LRT systems sharing the same stations areas
add real estate value because they improve the accessibility of nearby property to more
residents in the metropolitan area. We call these combined XBT+LRT stations/stops. Consistent
with theoretical expectations, we should find rent positive rent premiums with respect to

XBT+LRT station/stop proximity. Our second research question is thus:

Do multifamily rents increase with respect to proximity to combined XBT+LRT

stations/stops?

We proceed with our research plan. This is followed by results with interpretations. We

conclude our article with implications for XBT stations/stops and land use planning.
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2. RESEARCH PLAN
This section presents our research plan including research design, general model, functional

form, study area, and specific model and data.

Research Design

We apply theory through a static, cross-section quasi-experimental research design. That is,
using one period of time (2018), we test for the effect of XBT station and combined XBT+LRT
station/stop proximity on multifamily rents across multiple metropolitan areas with XBT and
LRT systems. Though analysis is not causal, associations can be used as guidance for transit and
land use planning purposes. For reasons noted below, we use rent instead of sales as a proxy

for real estate value (23).

General Model

Using these theoretical and research design foundations as a guide, we develop the following

general model to test the theory. It is adapted from Nelson (8):

R = f (Si, SESj, Uj, Cj,, DBj, Mj)) (1)

Where:

R is the asking rent per square foot for property i;

S is the set of structural attributes of property i including its architecture, mass, height,

age and effective age, interior amenities, flow efficiencies and so forth;

SES is the set of socioeconomic characteristics of the vicinity of property i such as

population features, income, education;
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U is a set of measures of urban form of the vicinity of property i such as the nature of
surrounding land uses, terrain, physical amenities (such as parks), street

characteristics and related;

Cis a set of centrality attributes of property i such as distance to downtown and

distance to the nearest freeway/expressway ramps;

DB is the distance band (see below for specification details) of property i to an XBT
station/stop as well the distance band of the same property to an XBT station
within one-half mile of another kind of FRT station, being LRT stations in this case;

and

M is a set of metropolitan area controls. As metropolitan area conditions and markets
vary between them, identifying the location of property i within its respective

market helps control for metropolitan-specific influences.

Functional Form
The AMM theory posits that land value will decline with distance from the CBD or other high
activity nodes. Linear, semi-log, and double-log functional forms are the dominant forms
reported in literature (14,23, 24).

The linear functional form assumes a straight line deduction in property value with
respect to distance away from a node, such as a transit station.

The semi-log functional form—where the dependent variable is logged—estimates the
percent change in value associated with a unit change in an independent variable.

The double-log functional form generates elasticities—continuously measured variables
on both sides of the equation are logged although categorical and binary variables are not.

In our view, none of these functional forms are very useful to transit and land use
planners who need to know how to arrange transit investments and land use policies to

maximize the economic benefits of transit station proximity. Lacking guidance from studies
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using these conventional functional forms, planners tend to settle on quarter-mile and half-mile
planning areas around stations/stops, with very little empirical justification.

A less-used approach, the quadratic functional form, is specified such that the linear
distance term is squared and both terms are included in an analysis. This equation has the
potential to pinpoint the break point in the transit station distance curve. In the context of FRT
stations/stops, the concern is that rail stations/stops themselves can be nuisances such that
real estate values and rents may be dampened very near them (25).

As Nelson and McClesky (25) theorize, the market capitalizes both amenity effects of rail
station proximity as well as negative externality effects, for instance those associated with
noise (such as dispatching broadcasts at station platforms), and congestion (such as when
vehicles use park and ride lots during peak hours) (26). So long as amenity effects outweigh
negative externalities, the bid-rent gradient will slope downward and away from rail transit
stations/stops. However, in theory it is possible for negative externalities to outweigh
amenities. But quadratic functional forms may not be very useful either, especially if both signs
are in the same direction (increasing or decreasing value at a faster rate with respect to
distance). Even where signs are different, the smaller the second term relative to the first the
flatter the slope. For example, if the second term above is 1.00, the minima is 10 miles which
may not be very useful to planners crafting plans around stations/stops.

Figure 2 shows numerous potential relationships between rail stations/stops—as both
sources of amenities and negative externalities—and real estate value, in our case being

multifamily rents (see below):

The line R? shows the land rent (R) curve with amenity (“a” for amenity) value from a rail
transit station, uo, outward to a point, ui, where the amenity effects of rail transit
proximity disappear, beyond which the overall market rent, unaffected by the presence

of the rail transit station, R™ is revealed.
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Negative externality effects of rail transit stations/stops are shown in line R" (“n” for
negative externality). As distance from the rail station increases, the negative externality

effects are reduced until they become zero at u?.

Amenity and negative externality effects interact in the market leading to overall
positive or negative bid rent curves with respect to distance from rail transit
stations/stops to ui. Line R? + R"1 is revealed where overall amenity effects outweigh
negative ones. Line R? + R",is revealed where overall negative externality effects
outweigh positive ones. Overall effects disappear at u1 beyond which market rent, R™, in

the absence of amenity and negative externality is revealed.

Distance bands offer a practical middle ground between knowing whether and the
extent to which real estate markets respond to transit stations/stops within discrete distances
of FRT stations/stops. They also provide statistical significance test results for each band
separately. Unfortunately, most distance-band studies use only one-quarter or one-half mile
distance bands, (14) or occasionally two bands (27). But that assumes all relevant interactions
which are useful for planners to know occur only within those distance bands, and that those
bands apply to all transit modes in all metropolitan areas. Following Hibberd et al., (23) and
Nelson and Hibberd (24) this article uses the distance band functional form described in more

detail below.

INSERT FIGURE 2 ABUOT HERE
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The foregoing discourse has important implications for evaluating the price or rent
effects of transit systems on multifamily real estate. Rail transit usually runs on dedicated tracks
that can generate negative externalities in terms of noise, vibration and sometimes glare,
among others. For their part, express busses usually operate along collectors, arterials and
limited access highways that also generate negative externalities for the same reasons plus
exhaust. One would expect that, between stations and stops, real estate value would be less
along both tracks and XBT-serving highways because of negative externalities. On the other
hand, amenity effects of transit stations/stops occur only proximate to them.

There is still another compounding issue. Income-producing real estate usually
depends on access to major highways even if they generate negative externalities. Higher
density commercial development is especially dependent on major highway access which is
why they cluster along them. Nonetheless, highway related negative externalities may dissipate
some distance away from highway which may be revealed in rents or prices. On the other hand,
the only amenity effect of rail access is with respect to station/stop proximity. These particular
nuances of highway and rail proximity are not addressed directly in this research but are part of
our longer term agenda.

Finally, we note the following interpretive strategy. The theory on which Figure 2 is
based concedes that all we can see are the revealed effects, not the disaggregated ones.
However, the rise of values away from a station/stop outward to a peak, followed by declining
values forming an inverted U would be a tell-tale sign of externality effects of the station/stop

on rents. We will elaborate on this later.

11
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Study Area

For prior research, we created a dataset comprised of 16 metropolitan areas with LRT
systems (see Figure 3). These metropolitan areas also have XBT systems which we identified
through assembly of General Transit Feed Specification data reported by local transit agencies
(see below for more detail). We matched these data against those for BRT systems used in
another analysis (13) to check for duplications, finding none. This is not to say that one or more
XBT systems could in fact be considered BRT systems but none are identified as such in any
inventory of which we are aware, including our own from prior research. (See below for
elaboration.)

We apply our model to these metropolitan areas. However, we exclude specialized bus
services such as “airporters.” We note that sometimes XBT bus routes runs parallel with
conventional buses but we mapped only XBT stations/stops. We took advantage of another
opportunity: Because they include both LRT and XBT systems, we can evaluate interaction
effects where or near where they interconnect. We discuss this is more detail below.

Finally, we note that some metropolitan areas served by LRT systems are also served by
other forms of FRT systems such as BRT, street car transit, and commuter rail transit systems.
Only two metropolitan areas in our dataset have all systems (Dallas and Salt Lake City) while
others have one or two of those systems but not all of them. Future work will extend the
analysis presented in this article to the interaction of XBT systems with all those other modes
considering all metropolitan areas in which they operate, as well as between other modes such
as LRT and BRT systemes. In this respect, our article establishes a proof-of-concept for those

extended analyses.

INSERT FIGURE 3 ABOUT HERE
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Specific Model and Data

We operationalize the general model dimensions and functional form here. Notably, we
report the statistical association between rent per square foot for multifamily properties with
respect to XBT station proximity as well as combined XBT and FRT stations/stops using one-
eighth mile distance bands to one-half mile, holding other factors constant.

R is the asking rent per square foot for property i reported by CoStar during 2018.
(CoStar has the largest, national commercial property data base where data are collected using
a standardized protocol.) Rents are monthly per square foot. Normally, statistical analysis is
applied to samples of a universe. In this case, the study includes the universe of all multifamily
properties reported by CoStar in our study area. As CoStar data come from real estate
brokerages participating in its network, the data exclude non-participating brokerages or
entities and properties not for rent such as owner-occupied properties. By logging the
dependent variable, the semi-log model allows for coefficients to be interpreted approximately
as the percent change in rent attributable to a one unit change in an independent variable such
as an individual distance band.

S is the bundle of structure and lease restriction attributes for property i reported by

CoStar. This includes occupancy characteristics noted below. For all properties, this includes:

Gross leasable area in building square feet with the expectation that there will be a
positive association between building area and rent because larger buildings

presumably include more amenities than smaller ones.

Effective year built which is the later of the year of construction or the year of
renovation as reported by CoStar with the expectation that newer buildings will

command more rent than older ones.

Vacancy rate with the expectation that the higher the vacant rate the lower the rent.
However, this may not always be the case as high demand markets could result in high

vacancy rates as owners wait for higher paying tenants. Accordingly, signs may not be
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predictable especially considering that the study area is comprised of stable to rapidly

growing central counties.

The number of Stories is also included with the expectation that the taller the building
the higher the mean rent. However, for retail, Stories are excluded because of scant

variation among retail structures.

Occupancy restrictions are also included, notably Senior or Student housing with Market
Rate housing being the referent. The expectation is that relative to Market Rate
multifamily units, rents for Student housing will be lower because average annual rents
will be based on occupancy during only part of the year. Rents for Senior housing will be
higher assuming that seniors will be willing to pay more for apartments where other
seniors live and thus enjoy similar services tailored to them. These are binary (yes =1,

no=0) variables.

The SES dimension is comprised of Median Household Income from the five-year sample

of the 2016 American Community Survey (ACS) for the block group within which a CoStar

property is located, for which a positive association is expected with respect to rent (28).

Two variables comprise the U dimension: One for a version of jobs-housing balance and

the other for employment mix as an indirect measure of land use mix.

Workers-per-labor-force-member is our calculation of jobs-housing balance, being the
number of jobs in a census block group (BG) from the Longitudinal Employment-
Household Dynamics database divided by the number of residents of labor force age
(being 15 to 65 years old). The higher the ratio the more people work in the BG relative
to those who live there. As such, more pressure is put on rents so we expect a positive

association (29).

14



371
372
373
374
375
376

377

378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

Employment mix, is patterned after Ewing and Hamidi (30). The greater the mix, the
higher rents should be because of efficiencies gained in the interaction between land

uses.

A normalized employment mix measure is applied as follows:

w3 (B 1N (R)) /1N ) @
where:

i is the enumeration unit—in this case census block groups, n equals the number of units
per county, j equals the number of employment sectors, and Pj = proportion of jobs in
sector j. This measure denotes the degree of land use similarity or dissimilarity in each
enumeration unit. The normalizing weight is the natural log of the number of sectors.
The employment mix variable is interpreted as follows: the higher the number, which is

between 0 and 1, the more evenly mixed the land uses are by employment sector.

Two variables comprise the C dimension: one for downtown distance and the other for

freeway ramp distance.

The first location control is Distance from Downtown for which a negative association is
expected based on the AMM theory. Using Google Earth, we identified the central most

point of each downtown.

The second location control is Distance from Freeway which is defined as the nearest

freeway or expressway ramp. Because freeway ramps can be considered nuisances in

addition to being an accessibility benefit, no signs of association are predicted.

15
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DB is used in two ways, one for location in a distance band from the nearest XBT station

and the other for the distance band nearest to a combined XBT and another FRT station.

For XBT location, distance band is the location of the multifamily property within 0.125-
mile (1/8™ mile) distance bands of the nearest XBT station to 1.00-mile. We note this as
the DXBT variable. We use closest distance, calling it the “front door”, assuming that,
over time, structures will orient themselves to be close to transit stations/stops. (We
anticipate future research will address network distance.) We also measure straight line
distance; future research will measure network distance. The 1.00-mile distance is used
because that is the distance within which the largest share of market premiums

associated with FRT station proximity occurs (31, 32).
The same 0.125-mile distance band measures are used for multifamily properties within
0.50 mile of where XBT and other LRT stations/stops intersect. These are called

DBXBT+LRT, stations/stops.

Both sets of DB variables are binary for 0.125-mile to 1.00-mile mile distance bands with

cases beyond 1.00-mile DB being the referent.

The M dimension is comprised of the individual metropolitan areas within which the LRT

systems we used for the XBT analysis operate. As these are controls which account for
idiosyncrasies of metropolitan markets, no direction of associations is predicted. We use San

Diego as the referent.

We used the General Transit Feed Specification (GTFS) platform to identify XBT systems

(33). It is the most commonly used format for specifying public transit systems. We also double
checked XBT systems identified in the GTFS with a review of transit agency web sites to

confirm.

Though XBT and BRT services are different, as we note above, prior BRT research can shed

light on our research expectations. For the most part, prior research has found positive albeit small

16
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associations between single family residential values and proximity to BRT stations/stops (13, 14,
34). Prior research found that multifamily rents were 3.0 percent higher than the regional mean
within the first one-half mile of BRT stations/stops and 1.7 percent higher in the next one-half mile
distance band (8). Using a much larger database, however, more recent research has found that
multifamily rents rise with respect to distance from BRT stations/stops suggestion the presence of
negative externalities at BRT stations/stops (35). Prior research on BRT influences on nearby
multifamily rents is thus mixed.

We address the research questions with three sets of regression analyses. We first
estimate the association between multifamily rents per square foot and proximity to XBT and LRT
stations/stops in the same equation. We then estimate the association between rent and
proximity to combined XBT+LRT stations/stops. We finally estimate the association between rent
and distance from XBT stations/stops for those cases more than 1.0 mile from the nearest LRT
station. Table 1 reports our variables, data sources, measurement type, and predicted association
between the dependent variable (logged rent per square foot) and the independent ones.

We acknowledge that our model does not include any transit service-related factors
such as the number of bus routes at a station, station spacing, headway, service span and so
forth. These quality of service measures may reveal incremental willingness to pay higher rent
with respect to distance to specific stations/stops. It is an area ripe for future research mostly
because it has never been done in the context of real estate transit value added. Part of that
research may include efforts to improve open data standards to meet the needs of
transportation researchers, as discussed below. Second, as in all prior real estate value transit
added research, our theory is based on incremental change in value (rents) with respect to
transit station proximity, not with respect to level and quality of service. Finally, like all real
estate transit valued added research, our aim is to determine central tendencies, directions of
association, and proximate as opposed to precise estimates of value added with respect to
transit station proximity.

With 27,847 cases, our model includes many times more data than used in most prior
studies (see 14 for comparison). While we have no a priori expectations of goodness of fit

outcomes, literature suggests that ordinary least squares hedonic (regression) analysis usually

17
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explain about one fifth to two-thirds of the variation in the observed rent for cases. Some
analysts may be preoccupied with achieving high levels of regression model explanation. Yet,
too many variables can lead to over-specification. It is best to emphasize the variables most
relevant to the question along with relevant controls sufficient to avoid serious omitted
variable bias (a form of endogeneity) in the model. Our model is based on both theory and a
large body of prior empirical work.

Our key interest is the association between rents per square foot and distance band with
respect to the nearest XBT station/stop as well as nearest combined XBT+LRT station/stop. While a
positive association is expected between DBs and XBT stations/stops, negative associations can
signal externality effects noted above. For instance, areas very near stations/stops may have
nuisances such as traffic, noise, and poor urban design that offset positive effects of proximity. But
DBs farther away may reveal positive rent coefficients. Finally, the DB approach allows us to
estimate how far away from transit stations/stops the market values proximity, which is important
for transit and land use planning. In the regression results reported below, significant DB
coefficients, where p < 0.10 of the two-tailed test, are noted in bold in Table 1. Theory allows
for both positive and negative signs, with negative signs indicating negative externalities

associated with XBT and LRT stations/stops and nearby MF real estate.

INSERT TABLE 1 ABOUT HERE
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Transit Data Challenges

Use of secondary data is considered an easy, low resource way to quantitatively analyze social
phenomena. Yet data quality issues frequently arise due to lack of adherence to best practices,
or due to need for further development of those practices. Challenges appear when the original
design of the data standard does not anticipate and thus serve the needs of diverse
researchers. The GTFS data model and standard — a revolutionary source in expanding general
access to transit data — has provided a remarkable tool for the present study. More than 2,000
transit agencies have provided data through the GTFS. However, the agencies and app
developers do not always format and manage it consistently, notwithstanding the standard’s
underlying paradigm of uniformity of data (36).

The present study is a representative case, in which the GTFS standard fails to require
consistent categorization of bus systems to distinguish between “bus rapid transit” or “express
bus” among the vaguely defined “bus” category in the standard. When that information is
provided, it is because the transportation authority decided to provide it, rather than the GTFS
standard requiring it. The current relational model for the GTFS further increased the challenge
of its use through greatly compounding data size and processing time, reducing computational
capacity given the size of the resulting tables.

Finally, GTFS could be augmented with additional data describing transit system funding
sources, boarding and alighting counts, headway, and station operational start dates. The
former data would be of great value in such research efforts as discerning the market’s
involvement, response to, and investment return on various funding sources. The latter is often
used in the literature to analyze temporal patterns of development around transit, such as how
the market responds to the announcement of a new transit route.

Nonetheless, we matched the XBT routes reported in Table 1 with the inventory of BRT
systems reported in other research (13) and found no overlap between them. We invite readers
to identify any XBT systems in Table S-1 that may function as BRT systems to refine future
research. Nonetheless, because of the size of our database, even if some XBT lines may function
as BRT systems, central tendencies and directions of association are not likely to change and

approximate orders of magnitude will not change appreciably.
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3. RESULTS AND DISCUSSION
Table S-2 reports the descriptive statistics for the first two regression analyses. (Because the
descriptive statistics relevant to the third analytic approach—XBT stations/stops that are more
than 1.0 mile from the nearest LRT stations—were substantially the same, those statistics are
not reported for brevity.)

Table 2 reports results the three regressions used to address the two research questions

as follows:

The first regression estimates the association based on proximity to XBT stations/stops

that includes LRT stations in the same equation.

The second regression reports the estimates of rent premium proximity with respect to
XBT and LRT stations/stops in the same location, which we hypothesize as creating a

combined XBT+LRT interaction.

The third regression tests for proximity associations for only those cases that are more
than 1.0 mile from the nearest LRT station. This avoids potential interactive associations

that are addressed in the second regression.

Future research will explore different ways in which to control for interactive effects between
transit modes based on types of modes, distances between stations/stops, and types of
stations/stops such as park-and-ride versus a downtown multimodal center.

For all three equations: the coefficients of determination (R?) show that the equations
explain more than half of the variation of rents and the F-ratios show the equations outcomes

to be considerably beyond chance.
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We now review results for the control variables first and then those for the station/stop

proximity treatment variables. As expected among the control variables (excluding

metropolitan controls):

Rent increases as the size of a multifamily complex increases reflecting amenities that

are more commonly offered in larger complexes than smaller ones;

Rent decreases as the average size of an apartment unit increases reflecting declining

marginal value to renters;

As building height increases reflected by the number of floors or stories, mean rent
increases reflecting elevation away from the hustle and bustle of the ground level as

well as views and perhaps improved air flow;

As the effective year in which the structure was built (or renovated) increases (more

recent years have a higher value than earlier years), rent increases;

As the structure vacancy rate increases rent also increases though only slightly—
normally, higher vacancy rates might be associated with lower rents but in many
markets landlords will push rents as units turn over as they capture renters’ increasing

willingness to pay for housing;

On average rents for units restricted to seniors decrease in part because subsidies may
limit rents but also in part because seniors may impose less wear and tear on units

which is reflected in lower rents;

On average rents for units restricted to students decreases in part because their high
turnover and large periods of vacancy during summer months lowers the annual

average monthly rent;
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As the median household income of the block group (BG) in which the multifamily

structure is located increases, so does rent;

As the ratio of jobs located in the block increase proportionate to the number of BG

residents who are in the labor force, the higher the rent;

Rent increases as employment mix also increases;

As distance from the downtown increases rents fall; and

As distance from the nearest freeway ramp increases rents also fall.

We note that as controls for metropolitan-specific market characteristics, the
coefficients for the metropolitan variables are not directly relevant to the interpretation of
results with respect to transit stations/stops. Since we use Virginia Beach as our referent, the
coefficient for Seattle indicates only that the mean rent per square foot in the Seattle market is
33.6 percent higher than the mean rent in Virginia Beach. In contrast, the mean rent for the St.
Louis market is actually 14.0 percent lower than the mean rent in the Virginia Beach market.

Results for proximity effects on MF rent per square foot are reviewed next. Figure 4

illustrates all four of the proximity-related rent associations that are estimated:

Distance from XBT stations/stops and Distance from LRT stations (XBT, LRT in
Table 2);

Distance from combined XBT+LRT stations/stops (XBT+LRT); and

Distance from XBT stations/stops for those cases beyond 1.0 mile from the

nearest LRT station (XBT-1mile-LRT).

INSERT FIGURE 4 ABOUT HERE

INSERT TABLE 2 ABOUT HERE
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XBT Station/Stop Rent Proximity Associations

We first look at the rent premium with respect to XBT station/stop proximity. All
distance band coefficients are positive and statistically significant. Rents rise from 4.6% above
the mean in the first (0.125-mile) distance band to 6.7% in the second (0.25-mile) distance
band, then decline gradually to 1.0 mile. Because rents rise from the XBT station/stop outward
to the second distance band, the implication is that negative externalities affecting MF rents
may exist at or near the XBT station/stop. Externality sources can be noise, traffic, and poor

urban design.

LRT Station Rent Proximity Associations

Relationships are somewhat different with respect to proximity to LRT stations. Here we
find an ambiguous (though positive) premium relationship in the first (0.125-mile) distance
band with bumpy, positive premium relationships through the remainder of the study area,
from 4.0% in the second (0.25-mile) to about the same premium at 3.9% to the last (1.0-mile)
distance band. Although the ambiguous effect at or near LRT stations is contradictory to
theory, it was found in more than half of all LRT stations studied individually by Nelson et al.
(35). They surmised that inadequate planning and/or urban design may be the cause, as we do

here.

Combined XBT+LRT Station/Stop Rent Proximity Associations

We next consider synergistic effects; that is, we test for the association between MF
rents per square foot with respect to proximity to combined XBT+LRT stations/stops. Three
observations are offered:

Firstly, all rent premium coefficients are statistically significant and for the most part are
the highest of all rent premiums estimated for each distance band. Indeed, the rent premium
at the second (0.25-mile) distance band is 14.0% higher than the mean, the highest estimated
in our study.

Secondly, like all other relationships we found, the rent premium rises from the first
(0.125-mile) distance band to the second (0.25-mile) distance band before falling steady to the

study area boundary at 1.0 mile. The persistence of this upward rent premium from the first to
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the second (0.125- to 0.25-mile) distance bands signals the presence of negative externalities
that may be addressed in future transit and land use planning in ways that we outline below.
Third, we surmise that there is an important synergistic effect between XBT and LRT
stations/stops sharing the same area or platform. Reasons may include that presence of these
two modes, XBT and LRT, provide accessibility to more destination opportunities throughout
the metropolitan area than just one would, and potentially even if both modes serve the same

destination, scheduling options are expanded.

XBT Station/Stop Rent Proximity Associations beyond 1.0 Mile of LRT Stations

We now consider XBT rent premium effects when XBT stations/stops are at least 1.0
mile from the nearest LRT station. We note than the number of cases is reduced from 27,847
observations to 18,929, reflecting the elimination of cases falling within the 1.0-mile LRT station
buffer area. Here we see that compared to the mean rent among those cases, the XBT rent
premium proximate to XBT station/stops starts at 2.2% at or near the station/stop in the first
(0.125-mile) distance band, rises to 2.3% in the second (0.25-mile) distance band, then after an
ambiguous though positive coefficient for the third (0.375-mile) distance band, peaks at 3.9% in
the seventh (0.875-mile) distance band before falling to 2.4% in the last (1.00-mile) distance
band. This is an interesting finding because the analysis removes much of the potential
influence of LRT station proximity on MF rents, leaving bare underlying associations. MF rent
proximity associations are smaller than the others but they also rise mostly through the study
area before falling farther away. We surmise that though XBT proximity is valued, negative

externalities at or near XBT stations/stops are evident.

We observe that more than half of the coefficients for the metropolitan controls are
significant. That may be an indication that those metropolitan areas are different enough from
the referent (Virginia Beach) to warrant individual examination. For instance, recall from Figure
1 that there can be vast differences in the types of express busses used between metropolitan
areas. This may affect real estate values and rents. Our ongoing research will disaggregate the
data into metropolitan area specific analyses to include the kind of rolling stock used among

other factors we raise in the next section.
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In review, we produce three sets of estimates for XBT proximity effects on rent. In all
cases, the outcomes were similar; that is, rent rises with respect to distance from XBT (and
XBR+LRT) stations/stops to some distance away before declining. We infer that the inverted U
reveals the presence of negative externalities at or near stations that dissipate at some distance
(usually by the second, 0.25-mile distance band). This leads to implications for express bus

transit and land use planning that we discuss next.

4. IMPLICATIONS FOR EXPRESS BUS TRANSIT AND LAND USE PLANNING

Until now, research into the effects of transit on commercial property such as multifamily rental
real estate has been limited to rail transit and BRT stations/stops (12, 13, 14). In this study, we
extend analysis to assess how multifamily rents may be influenced by proximity to express bus
transit (XBT) stations/stops. We also analyze how XBT stations/stops combined with light rail
transit (LRT) stations influence multifamily (MF) rents. Several lessons are offered for express
bus transit and land use planning.

We note overall that the market is signaling the desirability of proximity to XBT
stations/stops. That is, after controlling structural, socioeconomic, urban form, centrality and
metropolitan location influences, multifamily rents capitalize proximity to XBT stations/stops
positively. As no literature advances the real estate benefits of XBT systems, perhaps transit
and land use planners may have unwittingly overlooked an opportunity to maximize economic
returns to XBT investments.

We also note that MF rents rise as distance from XBT stations increases between the
first (0.125-mile) and second (0.25-mile) distance bands, signaling that externalities may be
present at or near XBT stations/stops. This is also the case for combined XBT+LRT stations.
However, for XBT stations more than 1.00-mile away from LRT stations, the externality effect
may extend beyond 0.50-mile. Finally, externality effects appear in the first (0.125-mile)
distance band from LRT stations in the form of a statistically ambivalent coefficient (though still
positive). While, on the one hand, this is inconsistent with theoretical expectations for only a
smoothly declining slope with respect to transit station distance using linear, semi-log or

double-log functional forms (14), on the other it is consistent with theoretical expectations for
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negative externalities that are revealed only through quadratic or, in our case, distance band
functional forms (25, 26).

There are two key lessons from these results for express bus transit and land use
planning. First of all, more might be done to encourage multifamily residential development
close to XBT stations/stops. One reason this might not be happening is the assumption among
policy makers that proximity to XBT stations/stops does not convey the kind of market
premiums studies that have shown for other types of FRT systems (12, 13, 14). This assumption
may be especially prevalent in suburban jurisdictions where XBT service is the only long-
distance transit option for many thousands of workers.

The other lesson is that more might be done to reduce negative externalities associated
with transit stations/stops. While our analysis applies only to XBT and LRT and combined
XBT+LRT stations/stops, externality effects have been found in other studies (14, 35). There
may be station planning and urban design ways in which to minimize station/stop externalities.
Nelson and McClesky’s (25) insights for heavy rail transit stations in Atlanta, Georgia in

residential areas suggest such XBT station/stop features as:

e Planting extensive landscaping around the perimeter of stations/stops and their
parking lots, especially adjacent or near to residences.

e Directing lighting, which can be crucial for safety, onto the station areas directly.
Although stations/stops might be visible, the glare or illumination into nearby
residences can be avoided.

e Designing sound systems (if needed) to broadcast into the platforms and not into
parking areas or nearby residences. This may not completely eliminate sound effects
but it can reduce them.

e Designing traffic flow to avoid residential areas, or design new residential

developments to orient away from station traffic flows where feasible.

More comprehensive station/stop urban design features relating to transit streets,

transit oriented development, context-sensitive urban design, and related design features are
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offered by the Center for Transit Oriented Development (37) and the National Association of
City Transportation Officials (38).

These lessons may also be applied to other combinations of XBT with such systems as heavy
rail transit, street car transit, bus rapid transit, and commuter rail transit. Indeed, this is the
focus of ongoing research.

Our over-arching perspective is that future economic returns to local economies and
local government resources may be maximized by increasing development opportunities near
XBT stations/stops. For instance, while there has been a concerted effort to create transit
oriented developments (TODs) across the nation, they tend to focus on rail systems, and
recently bus rapid transit systems. We are not aware of any express bus TODs—maybe the time
has come. In any event, transit and land use planners would be advised to assess the
development potential for multifamily investment and other land uses near XBT stations/stops.
Transit and land use planners might also consider rethinking drop-off/park-and-ride lots for
their development potential while retaining those options.

Our analysis suggests that because of positive market responsiveness to XBT
station/stop proximity, transit agencies may consider expanding XBT services as well as creating
more synergies between XBT systems and other transit modes. Though our analysis was of XBT
stations/stops within metropolitan areas served by LRT systems, our research suggests that
more US metropolitan areas may benefit from them, and those with XBT systems may consider
adding to their inventory.

We concede that more research is needed to understand how to maximize the real
estate market benefits of XBT systems. In-depth, longitudinal case study research could be
especially useful to understand the nature of ridership and land use changes associated with
features of particular XBT systems, such as frequency of service, features of origin (typically
suburban) and destination (typically urban or suburban activity center) stations/stops, and even
comforts (seating, Wi Fi, food and beverage, and related).

The bottom line is that express bus transit systems may have been overlooked for their
role in influencing real estate markets and by extension development patterns. It is time to

reconsider their role in shaping metropolitan development patterns.
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FIGURES

Figure 1

Wide Spectrum of Express Busses

Express busses come in many different types. The top image is an express bus operating in
Tucson, Ariz. It is little more than a conventional bus with express bus routes. (Image courtesy
of Koren Manning.) The bottom image is an express bus (with one trailing in the distance)
operating in Seattle, Wash. It is an articulated bus that is designed for customer convenience
such as comfortable high-back reclining seats, overhead storage, and other amenities. (Image
from https://www.soundtransit.org/get-to-know-us/our-brand/photography.)

Figure 2

Amenity (R®) and Negative Externality (R") influences of transition stations/stops on proximate
property values

Source: Nelson and McClesky (25).

Figure 3

Metropolitan study areas with both light rail transit and express bus transit Systems used in
analysis.

Source: Authors.

Figure 4

Percent multifamily rent per square foot change from mean with respect to proximity from Express
Bus Transit (XBT) station/stop, Light Rail Transit (LRT) station, combined XBT+LRT and XBT
station/stop more than 1.00-mile from LRT stations.
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TABLES

Table 1

Variables, Data Sources, Measurement Type, and Predicted Association with Respect to Rent per

Square Foot

Variable
Rent
Rent per Square Foot (logged)
Structure Controls
Gross Leasable Area, Square Feet
Unit Size, Square Feet
Stories
Effective Year Built
Vacancy Rate
Occupancy Control
Senior
Student
Socioeconomic Control
Median Household (HH) Income
Land Use Mix Controls
Workers per Labor Force Member
Employment mix
Location Controls
Distance Downtown Center
Distance Freeway Ramp
Distance Band
1/8 mile bands to 1.0 mile
Metropolitan Area
Metropolitan Area Location

Data Source
CoStar
CoStar
CoStar
CoStar
CoStar

CoStar

CoStar
CoStar

Census ACS

LEHD, ACS
LEHD

Computed
Computed

Computed

Census

Measure
Continuous
Continuous
Continuous
Continuous

Continuous

Binary
Binary

Continuous

Continuous

Continuous

Continuous

Continuous

Categorical

Binary

Predicted Sign

na

na
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