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The subjects of this comparative case study are Orenco Station, a transit-oriented development (TOD) in the
Portland region, and Station Park, a transit-adjacent development (TAD) in Salt Lake City region. The peak
parking demand at Orenco Station is less than one half the Institute of Transportation Engineers (ITE) suburban
parking supply guideline. Also, vehicle trip generation rates are about half what is suggested in the ITE
guidelines. Vehicle trip generation rates at Station Park show a smaller reduction but still substantial due to the
mixed-use nature of Station Park. Parking generation rates are also lower than the ITE guidelines. In terms of
metrics often associated with transportation performance, the large-scale TOD dramatically outperforms the
large-scale TAD. The adjacent rail station appears to have little effect on the performance of the TAD, but a
substantial effect on the performance of the TOD.

1. Introduction
This paper presents a comparative case study of transit-related development. A comparative case study is defined as “the analysis and
synthesis of the similarities, differences and patterns across two or more
cases that share a common focus or goal in a way that produces
knowledge that is easier to generalize about causal questions” (Goodrick,
2014: 1). One subject of this comparative case study is Orenco Station, on
the west side of the Portland metropolitan area in the suburban city of
Hillsboro, OR. Transit-oriented developments (TODs) are widely defined
as compact, mixed-use developments with high-quality walking environments near transit facilities (Cervero, Murphy, Ferrell, Goguts, &
Tsai, 2004, pp. 5–7), and Orenco Station meets this definition. Orenco
Station may be the most acclaimed freestanding TOD in the nation.
Another subject of this comparative case study is Station Park, a mixeduse development abutting a commuter rail station on the north side of
the Salt Lake City region in the suburban city of Farmington, UT. Station
Park labels itself a TOD, but projects as a giant shopping center with a
commuter rail station at one corner and a pedestrian-oriented village
core in the center. We label this a transit-adjacent development (TAD).
TAD is defined as the land adjacent to the transit stop that fails to capitalize on transit access through compact mixed-use development, in
particular in terms of station access or site design.

⁎

The first research question addressed in this paper is: how much
vehicle trip and parking demand reduction occurs in mixed-use TODs
relative to conventional suburban development? Everyone agrees that
there should be some reduction, but is it 10% or 20% or 30% or more?
The second research question addressed in this paper is: Does a mixeduse TAD provide any transportation benefits relative to conventional
suburban development? Again, there should be some reduction in vehicle trip and parking generation due to the mixed-use character of the
development, but the existing literature does not provide an answer of
how much.
To our knowledge, this is only the second study to conduct a complete trip and parking generation study on a TOD, the first to conduct
such a study on a TAD, and the first to compare the results for these
distinct development types. In quantifying the transportation benefits of
TOD and TAD in a case study format, this provides tentative justification for the literally hundreds of such developments planned across the
United States. It also validates earlier research on the transportation
benefits of TODs. Cronbach identified four possible pathways through
which knowledge is accumulated: testing new units, new treatments,
new outcomes, and new settings (different contexts). This paper is
aligned well with contributions around new settings. The new TOD
setting, Orenco Station, is a much larger development than heretofore
studied and suggests that transportation benefits scale up nicely. The
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Table 1
Net and gross residential densities, and floor area ratios for commercial uses, for the first five TODs studied and Orenco Station.
TOD

Region

Gross Area
(acres)

Gross Residential Density
(units per gross acre)

Net Residential
Area (acres)

Redmond TOD
Rhode Island Row
Fruitvale Village
Englewood
Wilshire/Vermont
Orenco Station (study
area)
Station Park (study
area)

Seattle
Washington, D.C.
San Francisco
Denver
Los Angeles
Portland

2.5
6
3.4
30
3.2
60

129
46
14
15
140
32.4

2.5
6
3.4
10.7
3.2
60

129
46
14
41
140
32.4

0.11
0.27
0.94
0.25
0.27
0.10

Salt Lake City

115

4.1

20

23.3

0.23

new TAD setting, Station Park, is literally the first such development to
be compared to a similarly sized and located TOD (Table 1).

Net Residential Density
(units per net acre)

Gross Commercial FAR (for retail
and office uses)

distance to transit, where they are low), which affects the utilities of
non-auto modes, which in turn affect mode choices and ultimately
vehicle trip generation and vehicle parking generation.
A TAD would not be expected to produce the same reductions in
vehicle trip rates and parking demand as a TOD, because the D variables, particularly site design, do not differ as much from typical suburban development. Comparing Orenco Station to Station Park, the
density of the former is greater, particularly near the transit station, the
balance of residential and commercial uses is more in line with prescriptions in the literature, and the design of streets and parking areas
favors the pedestrian over the automobile.

2. Theoretical framework
The potential to moderate travel demand by changing the built
environment may be the most heavily researched subject in urban
planning. A meta-analysis found more than 200 individual studies of
the built environment and travel (Ewing & Cervero, 2010).
In travel research, influences of the built environment on travel
have often been named with words beginning with D. The original
“three Ds,” coined by Cervero and Kockelman (1997), are density, diversity, and design, followed later by destination accessibility and distance to transit (Ewing & Cervero, 2001). Demand management
(parking management) is sometimes included among the Ds. While not
part of the environment, demographics are a seventh D, controlled as
confounding influences in travel studies.
A number of studies, including Cervero and Kockelman (1997),
Boarnet and Crane (2001), Zhang (2004), and Cao, Mokhtarian, and
Handy (2009), provide economic and behavioral explanations of why
built environments might be expected to influence travel choices. Basically, the first five Ds affect the accessibility of trip productions to trip
attractions, and hence the generalized cost of travel by different modes
to and from different locations. This, via the consumer choice theory of
travel demand, affects the utility of different travel choices. For example, destinations that are closer as a result of higher development
density or greater land use diversity may be easier to walk to than drive
to. As the D values increase (except distance to transit, with an inverse
relationship), the generalized cost of travel by alternative modes decreases, relative utility increases, and mode shifts occur.
Fig. 1 illustrates these relationships. Compared to conventional
suburban development, TODs are high in the D variables (except

3. Literature review
In practice, vehicle trip generation for different land uses is guided
by the ITE Trip Generation Manual. While ITE provides a mass of data
points for dozens of different land uses, the manual readily acknowledges its limitations: “[d]ata were primarily collected at suburban locations having little or no transit service, nearby pedestrian amenities,
or travel demand management (TDM) programs” (ITE, 2012, pp. 1).
The manual goes on to state: “At specific sites, the user may wish to
modify trip-generation rates presented in this document to reflect the
presence of public transportation service, ridesharing, or other TDM
measures; enhanced pedestrian and bicycle trip-making opportunities;
or other special characteristics of the site or surrounding area” (ITE,
2012: 1). This kind of modification is seldom made in practice.
The idea that TOD reduces demand for vehicle travel is widely accepted, but almost no studies have measured trip-generation and
parking rates at individual TODs in a way that is comparable to ITE, and
none have examined TAD sites. As a result, it has proven difficult to
predict the impact of specific TODs on travel behavior. A 2017 World
Bank report titled “Transforming the Urban Space Through Transit-

Fig. 1. Theoretical framework.
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Oriented Development” is typical in that it recommends TOD as a
planning strategy for cities (especially cities in developing countries)
but is unable to provide quantitative information about expected trip
and parking reductions in TOD precincts. Instead, the authors simply
assert that TOD will substantially change travel behavior in ways that
will make cities more sustainable (Salat & Ollivier, 2017). Pointing out
the dearth of studies quantifying trip and parking generation rates at
individual TODs is not to deny there is strong evidence that TOD can
influence travel behavior, though. For example, Curitiba, Brazil encourages “bus-oriented development,” also called BOD, around stations
in its bus rapid transit system, which has resulted in 27 million fewer
automobile trips each year and about 27 million fewer liters of fuel
annually (Goodman, Laube, & Schwenk, 2006).
Similarly, Copenhagen, Denmark's Finger Plan; Stockholm,
Sweden's Planetary Cluster Plan; and Singapore's Constellation Plan all
call for TOD that integrates transit and regional development by emphasizing rail transit along with TOD that mixes land uses and creates a
balance of jobs and housing around transit stations (Cervero, 2009).
Changes to transit ridership and car ownership suggest that these plans,
which are all decades old, have largely been successful in reducing
automobile use. In Singapore, for instance, average public transport
ridership (including mass rapid transit, light rail, and bus) has increased
constantly over the past years, while the number of registered motor
vehicles has dropped significantly since 2013 (Department of Statistics
et al., 2017; Singapore Land Transport Authority, 2015).
Cities around the world have seen similar shifts in travel behavior
around TOD sites. In Shanghai, China, for instance, people who work
and live in TOD areas travel by automobile at substantially lower rates
than people living and working in non-TOD areas: 2.3 average daily
vehicle kilometers traveled (VKT) vs. 9.2 daily VKT, respectively (Chen,
Wu, Chen, & Wang, 2017).
A study comparing car-based travel at three different sites along a
new railway in Perth, Australia, found that average daily VKT dropped
from 31.39 to 28.84 following the completion of the TOD site (Olaru &
Curtis, 2015). Another study in Perth found that the share of work
commutes made by car dropped from 57.3% to 39.2% after TOD around
Subiaco Station. In Brisbane, Australia, a pair of studies using quasiexperimental research designs to compare transit-oriented neighborhoods to non-transit-oriented neighborhoods found that people living in
both TODs and TOD-style neighborhoods are more likely to use public
transit and to choose active-transportation modes than people living in
conventional suburban neighborhoods (Kamruzzaman, Baker,
Washington, & Turrell, 2014; Shatu & Kamruzzaman, 2014). Note that
the above international studies are silent about both trip and parking
generation rates. In U.S. focused research, one study found that vehicle
trips generated by housing projects near transit were 44% lower than
estimated using the ITE Trip Generation Manual (Cervero & Arrington,
2008). Other studies found that vehicle miles traveled (VMT) generated
by residents living near transit were 20% to 50% less than their nonTOD or rural counterparts (Nasri & Zhang, 2014; Park et al., in press;
SFBAMTC, 2006).
Part of the vehicle trips and VMT reduction may be due to mode
shifts – a shift from automobile to transit and walking or biking. Studies
have found that residents living in developments near transit have
higher rates of transit use than residents living at greater distances
(Faghri & Venigalla, 2013; Olaru & Curtis, 2015; SFBAMTC, 2006;
Zamir, Nasri, Baghaei, Mahapatra, & Zhang, 2014). Particularly, many
studies report more transit use made by residents living close to transit
for commuting purposes (Arrington & Cervero, 2008; Cervero, 1994;
Faghri & Venigalla, 2013; Lund, Cervero, & Wilson, 2004; Lund,
Willson, & Cervero, 2006) and one study reported both more active and
transit trips made by new residents in TODs for amenities and leisure
(Langlois, van Lierop, Wasfi, & El-Geneidy, 2015). However, all these
results are specific to multifamily housing developments, not mixed-use
developments near transit. Mixed-use was part of the original definition
of TOD (Calthorpe, 1993), and has been considered an important

element for TOD success (Cervero et al., 2004). To our knowledge,
there are only two studies of vehicle trip generation at TODs (defined as
mixed-use developments – Handy, Shafizadeh, & Schneider, 2013;
Ewing, Tian, Lyons, & Terzano, 2017), and the Handy study has a single
example.
Likewise, in practice, parking generation is guided by the ITE
Parking Generation manual. While this manual also provides a mass of
data points for dozens of different land uses, the manual is subject to the
same limitations as the ITE Trip Generation Manual. The land uses are
not transit-served, pedestrian-oriented, or mixed use. The ITE Parking
Generation manual notes that study sites upon which the manual is
based are “suburban sites with isolated single land uses with free
parking” (ITE, 2010: 2). Again, the existing literature tells us surprisingly little about the parking generation characteristics of transit-related developments. Studies show that vehicle ownership is lower in
transit-served areas, compared to their non-transit-served counterparts
(Faghri & Venigalla, 2013; Zamir et al., 2014). A study found that there
is an oversupply of parking for housing projects near transit, sometimes
by as much as 25–30% (Cervero, Adkins, & Sullivan, 2010). Oversupply
of parking spaces may result in an increase in vehicle ownership
(Cervero & Arrington, 2008). This is supported by the strong positive
correlation among parking supply, vehicle ownership, and automobile
use (Chatman, 2013; Guo, 2013; Weinberger, 2012; Weinberger,
Seaman, & Johnson, 2009). Again, these studies were conducted for
residential developments near transit. To our knowledge, there is only
one study of parking demand at mixed-use TODs (again, with mixed use
as part of the definition of TOD – Ewing et al., 2017).
Simply put, Ewing et al.'s case study TODs—even the most autooriented one—were found to create significantly less demand for
parking and driving than do conventional suburban developments.
With one exception, peak parking demand in these TODs was less than
one half the parking supply guideline in the ITE Parking Generation
manual. Also, with one exception, vehicle trip generation rates were
about half or less of what is predicted in the ITE Trip Generation Manual.
Automobile mode shares were as low as one - quarter of all trips, with
the remainder being mostly transit and walk trips. But do the benefits of
TOD, in the form of vehicle trip and parking reductions, scale up as the
scale of development increases? Obviously, larger developments at
transit stations cannot cluster development as tightly around transit
stations. Average transit modes would be expected to be lower, while
walk mode shares might be higher due to internal capture of trips
within the mixed-use development. Building on our previous efforts, the
current study differs in three respects: in terms of larger project scale
(60 acres for Orenco Station and 115 acres for Station Park), inclusion
of TAD, and more in-depth analysis as a comparative case study.
4. Study areas
Like the first five case studies, Orenco Station is more or less exemplary of the D variables featured in the built environment-travel
literature (Ewing & Cervero, 2010) (see Fig. 2(a)). It contains a diverse
land use mix, with residential, commercial, and public uses. It has
public spaces, ample sidewalks, street trees, curbside parking, small
building setbacks, and other features that make it well designed from a
pedestrian standpoint. It minimizes distance to transit, literally
abutting a light rail transit (LRT) station. It is served by one of the best
transit systems in the nation, giving it exemplary destination accessibility via transit. It provides affordable housing, and thus attracts the
demographics most likely to use transit and walk. It has high residential density relative to the region in which it is located. And some
of its buildings have parking management policies that can be considered progressive, these falling under the heading of demand management.
Station Park does not perform as well as the other developments
with respect to the Ds (see Fig. 2(b)). It can be classified a couple of
ways. In terms of land uses, Station Park is probably most similar to a
50
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(a) Orenco Station Study Area Outlined in Red and Looking North (Source: Google Maps)

(b) Station Park Study Area Outlined in Red and Looking East (adapted from CenterCal
Properties website)
Fig. 2. Study areas.

lifestyle center, defined as a shopping center that combines the traditional retail functions of a shopping mall with leisure amenities oriented toward upscale consumers. However, it does have three other
uses that are not common in lifestyle centers, those being a supermarket, a hotel, and a medical facility. And it has a pedestrian-oriented
village core.

Classified by its transit connection, Station Park is more of a TAD
(transit adjacent development) than a TOD. Huge parking lots dominate
the space between the commuter rail station and other components of
the development. The big box component of Station Park literally turns
its back on the commuter rail station. It was not that way in early
versions of the site plan, when the most walkable components were
51
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oriented toward the commuter rail station. Station Park does not contain residential development within its main development boundaries,
though it abuts. Transit accessibility to the rest of the region via commuter rail and bus is limited compared to the transit accessibility of
Orenco Station via its light rail line. All parking at Station Park is
abundant and free.
Nevertheless, Station Park has succeeded commercially and is contributing to the local economy, mainly thanks to its location near three
highway exits at Interstate 15, Highway 89, and the Legacy Parkway.
Salt Lake City International Airport is a short 20-minute drive from
Station Park. It is a quick in and out for anyone who visits the area. It
supports thousands of jobs on-site.

way to ensure that TOD principles were built into the plan. The costs of
the plan were partially paid for by a grant from the Oregon
Transportation and Growth Management (TGM) program. In July 1995,
PacTrust filed papers with the Hillsboro Planning Department for a
planned unit development including apartments, single family homes,
and a retail town center.
Public/private partnership was a key to success. The planners and
developers sat down together and wrote a new zoning ordinance for the
site. The ordinance allowed for a number of significant innovations,
including “skinny” (20 ft) streets, close maximum street setbacks (19 ft),
side yard easements (allowing high privacy windows for one home
while the adjacent home has full use of the side yard), “granny flat”
accessory dwellings, live/work homes, and alley-loaded garages. In the
Town Center, buildings were required to line the streets, with parking
in the rear—a rule-breaking retail formula that has worked in practice
surprisingly well. Mixed uses were allowed and in some cases even
required. The developers were full participants in writing the new
zoning and working out the vision of the community, based on the
market research, study of precedents, private-sector expertise and entrepreneurial vision (Mehaffy, 1998).
Orenco Station is served by TriMet's light rail and a standard bus
route. The station is the 14th stop westbound on the Blue Line from
Downtown Portland. The Blue Line generally runs every 10 min between 5 am and 1 am. The Blue Line is part of an ever expanding network of LRT lines (see Fig. 3).
The station is connected to a bus line #47, connecting Hillsboro and
Willow Creek/SW 185th Ave, also run by TriMet. In 2015, a free shuttle
called North Hillsboro Link was introduced by Ride Connection (a nonprofit), Washington County, the City of Hillsboro and the Hillsboro
Chamber of Commerce. It connects the Orenco Station neighborhood to
major employers such as Intel, Radisys, FEI and Reser's Fine Foods,
among many others (Ryan, 2015).
For the purposes of this trip and parking generation study, the TOD
study area is the approximately 60 acres south of the original Orenco
Station neighborhood. This is the portion of the Orenco Station community within a quarter mile of the LRT station. The rough boundaries
are Cornell Road on the north, the LRT station on the south, the Nexus
Apartments on the west, and Northwest 67th and Northeast Century
Boulevard on the east (see Fig. 1). Orenco Station Parkway runs northsouth down the center of the study site. We did counts and intercepts in
the 8-acre Town Center (“main street”) just north of Cornell Road, and
will be referring to mode shares for visitors to this area. But the rest of
the analysis focuses on the section of Orenco Station south of Cornell
Road.
The TOD study area is made up of the six different development
projects – Platform district, Club 1201, Q Condos, Nexus, Orchards at
Orenco I & II, and Alma Gardens. It consists of 56,730 square feet of
commercial space and 1944 residential units. The total number of
parking spaces in the study area is approximately 2979 off-street and
on-street parking spaces. Right next to and north of the LRT station sits
a 0.8-acre public plaza.

4.1. Orenco Station TOD, Hillsboro, OR
One hundred years ago, Orenco Station was the site of one of
Oregon's first planned communities—the historic town of Orenco. The
name “Orenco” is a nickname for the Oregon Nursery Company, a nowdefunct enterprise that was once the largest nursery on the U.S. west
coast. Founded in 1867, the company offered fruit and nut trees as well
as a wide variety of ornamental shrubs and plants. In 1896 the nursery
relocated its 1200-acre (4.9 km2) operations to the site of Orenco Station.
The former town of Orenco and the surrounding unincorporated
areas remained relatively rural for almost 100 years. In the 1950's,
much of the land surrounding Orenco was subdivided and sold without
utilities or roads, but the subdivision failed and the area became known
primarily as an area for illegal dumping (Apalategui, 1994).
During the early 1980s, the city of Hillsboro created an urban renewal district (URD) in order to consolidate the lots, provide necessary
infrastructure and allow large parcels to be sold off to commercial developers. A 300-acre URD was formed in 1989, and the city began
buying up lots from willing sellers. By 1994 the city had agreements
from about 90% of property owners. The city then worked out agreements with Pacific Realty Associates (PacTrust), one of the Pacific
Northwest's largest developers, to trade and/or sell lots in order to
consolidate ownership and enable planned-unit development to begin
(Charles & Barton, 2003).
On July 28, 1993 the TriMet board formally approved a 6.2 mile
LRT alignment between SW 185th Avenue and downtown Hillsboro
that would run through Orenco Station. The U.S. Congress approved the
$75 M federal funding for the westside light rail extension to Hillsboro,
with one catch: regional and local governments had to commit to higher
residential density near the new light rail stations. The area near the old
town of Orenco was labeled a “Town Center” by Metro in its 2040 plan
for the region (Mehaffy, 1998). The Westside Blue Line, completed in
1998, is 18 miles long, and includes 20 stations, including the Orenco/
NW 231st station.
The original Orenco Station neighborhood, north of our study area,
was built in the last half of the 1990s. It is the portion of the Orenco
Station site more than one quarter mile from the LRT station. The original developer, PacTrust, assumed that, despite the rail station along
its southern boundary, the community would remain largely auto-oriented and therefore focused early development on Cornell Road.
PacTrust would have been more comfortable with the kind of hightech development that was occurring around the Orenco Station site,
with Intel to the north and Toshiba to the southeast. PacTrust lacked
residential development experience, and therefore partnered with Costa
Pacific Homes, a homebuilder. Through visual preference surveys and
focus groups, PacTrust and Costa Pacific ultimately became convinced
that people, particularly those working in high-tech jobs nearby in what
was dubbed Silicon Forest, would pay to live in a relatively dense,
amenity-rich community modeled after Portland's older neighborhoods.
Working with planners at Hillsboro and two other nearby property
owners, PacTrust and Costa Pacific developed a master plan for a 195acre parcel straddling Cornell Road just north of the LRT station. This
master planning process was encouraged by government planners as a

Fig. 3. Portland's LRT network.
(Source: https://trimet.org/max/).
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Excluding the two condominium projects, there are 1672 apartments and 1689 parking spaces reserved for residents, for an average
parking ratio of approximately 1.0. The peak parking occupancy rates
range from 30 to 90% for residential-only parking, 40–100% for public
parking including park-and-ride and commercial users.
Hub 9 has surface-level parking lots for the public in addition to
residents-only parking on the first and second floors. Rowlock (east
podium) has residential parking on the first two floors and some shared
retail/residential stalls on the first floor. Also, it has a bike-n-ride area.
Vector has park-and-ride parking (open to retail customers between
2 pm to 12 am) and public parking (shared retail/residential stalls) on
the first floor. Its second floor is residents-only.
In the Platform district, resident parking costs $75/month for a
single space and $125 for tandem parking. All parking is unbundled,
meaning separate from and in addition to the basic rent payment. Nexus
has three parking options. Open parking lots (n = 300) are free for
renters holding parking permits and their guests. Covered car ports
(n = 125) are $35/month. And single car garages (n = 110) are $135.
We would consider this parking bundled. Orchards I and II and Alma
Gardens have no parking charges. Free parking is required for the lowincome housing tax credit program, which was used to finance both.

words of Dave Peterson, Planning Director of Farmington, the tenants
“wanted to place the buildings where they wanted to place them.” They
were able to do so under the then-current zoning. The city agreed to the
changes in the site plan because it wanted the pedestrian-oriented village core so much that it was willing to accept the auto-oriented power
center. You can see the progression in the series of site plans prepared
by Civitas. What would have qualified as a TOD morphed into a TAD.
The Farmington station is the 11th stop northbound on
FrontRunner, three stops from Salt Lake Central station (Fig. 3). Commuter rail serves the Wasatch Front region from Provo in Utah County
to Salt Lake City, and to Ogden in Weber County and generally runs
every hour (or every 30 min during peak hours) between 5 am and
12 am. The station is connected to bus lines 455, 456, 473, and 667,
also run by UTA, reaching downtown Salt Lake City and Ogden. Bus
route 667 is the Lagoon/Station Park Shuttle, delivering the Station
Park visitors to an amusement park, Lagoon, across Interstate 15.
A bus rapid transit line is proposed from the suburban community of
Bountiful to downtown Farmington and ultimately to Station Park.
When completed, Station Park will have unmatched (in this general
area) transit and highway accessibility to the rest of the region (Fig. 4).
Station Park is anchored by a Harmons grocery store and a Cinemark
movie theater. In 2009, Harmons and CenterCal Properties executed an

4.2. Station Park TAD, Farmington, UT
Farmington is a small community in the Salt Lake region north of
Salt Lake City. The town has a population of 22,000 residents. The town
is bounded on the east by the Wasatch Mountains, and on the west by
the Great Salt Lake. The town is bisected by Interstate 15 and the
Frontrunner commuter rail line, which run north-south along the entire
Wasatch Front.
The community's 1994 general plan envisioned limited growth and
minimal commercial development. That changed with the economic
recession following 9/11. The recession frightened the city council.
Without growth and commercial development, and resulting sales tax
revenues, how could the city ever afford a fire department and other
public services? The city went from anti-commercial development to
pro-commercial development.
The land on which Station Park sits was formerly a dairy farm.
Developer Rich Haws and his company, The Haws Companies (THC),
began to buy land for Station Park in 1996. THC assembled 136 acres
for mixed-use commercial and residential development in and near the
Station Park area. From 2000 to 2006, they worked with Farmington
city and other public agencies including Davis County, the Utah
Department of Transportation, and Utah Transit Authority to plan for
development of the land (Dougherty, 2008). Haws's initial design for
the site was loosely based on a TOD template from the Utah Transit
Authority, the transit operator for the region. It was a good base template for TOD, and TOD zoning would have been appropriate. However,
when developers got involved, the final zoning adopted for the site was
a “watered down” version of the template. Good planning principles
succumbed to the potential for easy money.
In 2007, Haws sold a 64-acre core area to CenterCal Properties.
CenterCal Properties, LLC. is a California-based retail and mixed-use
development company founded in 2004, as a joint venture with the
California State Teachers Retirement System (CALSTRS). Two pivotal
events occurred early in CenterCal's tenure. First, CenterCal flew the
Farmington City Council to Oregon to see good examples of TOD, which
made them more supportive of the concept. Second, CenterCal hired the
design firm Civitas to develop a series of plans for the site, the earliest of
which were examples of TOD. The final development agreement, coupled with design standards, a site plan, and TMU (transit mixed use)
zoning, were adopted in 2007. Development of Station Park began in
2008.
It was the beginning of the Great Recession, and under pressure
from potential tenants, the site plan subsequently morphed into what it
is today, the eastern portion consisting of a big-box power center. In the

Fig. 4. UTA rail system map.
(Source: http://i4.rideuta.com).
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agreement to build a new 68,015 sq. ft. Harmons store in Station Park.
However, the project was postponed due to the Great Recession of
2008–09. CenterCal Properties sent its request to Farmington city's
Redevelopment Agency in 2009 for an extension of the project, specifically delaying tax increment financing (Roberts, 2009). After a two-year
delay in development, the Harmons grocery store opened in May 2011.
Then a 42,000 sq. ft. Ross apparel store and a Cinemark movie theater
with 14 screens opened in July 2011, followed by many retail shops in
the same year. In the year after Station Park opened, Farmington saw an
exceptional 22% increase in sales tax revenue, according to Farmington
City Manager Dave Millheim (Wood, 2012).
A 324-unit apartment complex, Park Lane Village Apartments, was
completed in 2012. It is northwest of Station Park, separated by a sixlane road, but will be treated as part of the study area. The apartment
complex has such community facilities as a fitness center, a pool, a
playground, and a basketball court. A highway underpass connects Park
Lane Village Apartments directly to the commuter rail station.
Recently, in August 2016, a 108-room Hyatt Place hotel opened
within the existing shopping center with an additional 35,000 sq. ft. of
commercial space. Then, in October 2016, University of Utah Health
Care opened Farmington Health Center on the far west side of the development. The 136,000 sq. ft. health care facility accommodates > 60
providers and 150 staff.
Most recently, an apartment development, Avanti at Farmington
Station, went up nearly adjacent to Station Park, only a couple hundred
feet from the Chase Bank branch at the southeast corner of the shopping
center. A kicker in the 2007 development agreement with CenterCal
was that (1) $80 million in assessed valuation had to be built up before
a penny of the $18.5 million (over 20 years) in tax-increment financing
would be provided by the Redevelopment Authority, a condition that is
now easily met and (2) that no fewer than 50 to 200 housing units had
to the built before the tax-increment financing would begin to flow.
Avanti at Farmington Station meets this requirement.
In the center of the pedestrian-oriented village, Fountain Square
works as a public space for entertainment and rest, in front of the movie
theater. The square has a show fountain, an event lawn, a playground,
outdoor fireplace, shaded patios, and sculptures. The fountain becomes
an ice-skating link during the winter season.
With recent expansion, the Station Park area has come to comprise
over 100 acres of retail, office, residential, and service providers. Taken
as a whole, our study area does not have much residential development
relative to other TODs studied. The city has not wanted residential
development to “consume the project,” again quoting Dave Peterson.

travel data: (1) full counts of all persons entering and exiting the
buildings that make up the TODs, (2) brief intercept surveys of samples
of individuals entering and exiting the buildings that make up the
TODs, and (3) parking inventory and occupancy surveys of all off-street
parking accessory to the commercial and residential uses of the TODs.
The intent of this approach was to develop an accurate measure of
total trip generation associated with the commercial and residential
uses at the site, as well as complementary travel survey and parking
utilization data that provide a picture of the mode of travel, origin/
destination, parking location – if applicable – and purpose for all trips
to and from the buildings throughout the course of the day.
As a first step, surveyors noted whether the subject was observed
“coming” or “going” to/from the buildings and the type and location of
entrance/exit used, and recorded the time of intercept by checking a
box on the data collection form associated with one of four 15-minute
periods per hour.
People leaving the building were asked: (1) “How do you plan to get
to your next destination?” (e.g., by what mode of travel?), (2) What is
the purpose of your trip? (e.g., “Going home,” “Going to work,”
“Shopping,” or “other”), and (3) How many destinations are you visiting while in Orenco Station/Station Park.
People arriving at the building were asked: (1) “How did you get
here?” (e.g., by what mode of travel?), (2) What is the purpose of your
trip? (e.g., “I live here/coming home,” “coming to work,” “shopping,”
or “other”), and (3) How many destinations are you visiting while in
Orenco Station/Station Park.
Surveyors counted and attempted to intercept only individuals observed walking to or from an entrance to the TOD or TAD buildings.
Individuals waiting for the bus or train, or walking between the station
and park-and-ride lot, were not counted or surveyed.
6. Results
6.1. Mode shares
The final mode shares for Orenco Station TOD are 45.8% walk, 2.5%
bike, 3.9% bus, 16.0% rail, and 31.4% auto. According to the 2011
Oregon Household Activity Survey, the regional mode shares for
Portland metropolitan area are 17.6% walk, 2.8% bike, 5.6% transit,
and 70.9% auto. Compared to the regional mode shares, Orenco Station
TOD has a significant mode shift, a shift from auto to walk and transit.
Orenco Station TOD has 2.6 times higher percentage of walk trips than
the regional average, and 3.6 times higher percentage of transit (bus
and rail) trips than the regional average.
As one would expect, the mode shares vary across the study area
(Table 2; see Fig. 1(a) for reference). In Zone 1, closest to the LRT
station, the transit mode shares are highest (21.1% for rail, and 5.3%
for bus). In Zone 3, farthest from the LRT station and sitting right on
Cornell Road, the auto mode share is highest (61%). In Zone 2, in the
center of the study area, the walk share is highest (56.7%).

5. Data collection
For Orenco Station, the data were collected between 7:30 am and
9:00 pm on Tuesday, May 23, 2017. For Station Park, the data were
collected between 7:30 am and 9:00 pm on Tuesday, May 9, 2017.
Parking occupancy counts were conducted even later than that to
capture peak residential parking demand. We scheduled data collection
for a time when Portland State University and the University of Utah
were still in session and before final exams, as we made a decision early
on to use urban planning students for the counts and surveys. That was
a wise decision. Not only were students less expensive than random
part-time employees hired through a temporary employment agency
(which would charge a fee for service on top of hourly wages), but the
students were more conscientious in their data collection because, as
urban planning students, they understood the value of the study.
Forty-eight students from PSU were employed at Orenco Station for
up to 14 h on that one day, at a total one-day cost of almost $12,000.
Twenty-four students from U of U were employed at Station Park for up
to 14 h on that one day, at a total one-day cost of almost $6000.
The multimodal transportation planning firm of Fehr & Peers developed a data collection plan and protocols. The firm also managed
data collection in the field and subsequent data entry for three types of

Table 2
Mode shares in Orenco Station TOD.
Entrance

Count

Mode share (%)
Walk

Intercept survey
Zone 1
Zone 2
Zone 3

54

Bike

Bus

Rail

Auto

Other

361
247
41

43.5
56.7
19.5

1.7
2.4
4.9

5.3
1.6
7.3

21.1
14.6
7.3

28.0
24.3
61.0

0.6
0.4
0.0

Trip generation counts
Zone 1
5998
Zone 2
7096
Zone 3
2401
Final mode shares
15,495

2609
4022
468
45.8%

100
172
117
2.5%

316
115
176
3.9%

1263
1034
176
16.0%

1678
1724
1464
31.4%

33
29
0
0.4%
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analogous (in our judgment) ITE land use category. A difficult match,
for example, was the Kumon Math and Reading Center at Orenco
Station. We assumed its trip generation pattern across the day, hours of
operation, and daily trip totals would be very different from the ITE
school categories such as “530 High School.” The best match we could
find in this case, and it is approximate at best, is the trip generation
associated with the category “590 Library.”
Based on ITE's trip generation rates, the Orenco Station TOD (60acre study area) would be expected to generate 10,859 daily vehicle
trips if it were a typical suburban development without transit (see
Table 5). The actual vehicle trips we observed on the survey day totaled
6358, which is 58.6% of the ITE expected value.

Table 3
Mode shares in Station Park TAD.
Entrance

Count

Mode share (%)
Walk

Bike

Bus

Rail

Auto

Other

143
141
157
145
23
52

2.1%
5.7%
0.0%
16.4%
12.6%
7.2%

1.4%
0.7%
1.3%
0.9%
4.5%
1.9%

0.0%
1.4%
1.9%
9.5%
0.0%
0.0%

2.1%
3.5%
0.6%
39.1%
0.0%
0.6%

93.7%
87.2%
96.2%
34.1%
82.8%
90.3%

0.7%
1.4%
0.0%
0.0%
12.6%
7.2%

Trip generation counts
Circle
16,651
East Lot/Harmons
10,454
NW Retail/U health 10,439
Train station
2413
Avanti
443
Park Lane Village
1772
Final mode shares
42,172

349
593
0
395
56
128
3.6%

233
74
133
22
20
34
1.2%

0
148
199
230
0
0
1.4%

349
371
66
943
0
10
4.1%

15,603
9119
10,040
823
367
1600
89.0%

116
148
0
0
0
0
0.6%

Intercept survey
Circle
East Lot/Harmons
NW Retail/U health
Train station
Avanti
Park Lane Village

6.2.2. Station Park TAD
For Station Park, our trip generation counts from the survey distinguished residential trips from commercial trips, but not retail trips
from office trips. To compare the actual trip generation with ITE's
benchmarks, we will separate residential trips and combine all commercial into a total that can be compared to ITE.
There were 42,172 person trips and 30,692 vehicle trips observed
for the whole day of the survey. 2215 person trips and 1515 vehicle
trips were generated by the occupied residential units, 450 total units.
39,957 person trips and 29,177 vehicle trips were generated by the
commercial spaces, which occupy 1,037,340 sq. ft.
For the trip generation rate of some commercial uses at the Station
Park TAD, we used “630 Clinic” for the medical center (Farmington
Health Center), “715 Single Tenant Office Building” for the stand-alone
office building (Vista Outdoor), and “310 Hotel” for the hotel (Hyatt
Place) from the Trip Generation Manual.
We considered all the other commercial uses (including retail and
restaurant, smaller offices, theater, and bank) as a whole as a shopping
center and used “820 Shopping Center” for its trip generation rate. We
treated the other commercial uses as a shopping center because there
are so many lessees, some occupying very little space, and many
without appropriate ITE land use categories. Station Park meets the
basic ITE definition of a Shopping Center:
“Shopping centers, including neighborhood centers, community
centers, regional centers and super regional centers, were surveyed for
this land use. Some of those centers contained non-merchandizing facilities, such as office buildings, movie theaters, restaurants, post offices, banks, health clubs and recreational facilities…”
It would have made no sense to treat the individual commercial uses
separately when they are obviously part of an integrated whole.
Based on ITE's trip generation rates, the residential uses in the
Station Park study area would be expected to generate 1939 daily vehicle trips. The actual vehicle trips for the residential we observed on
the survey day was 1515, which is 78.1% of the ITE expected value.
Based on ITE's trip generation rates, the commercial uses at Station Park
would be expected to generate 39,138 daily vehicle trips. The actual
vehicle trips for the commercial uses we observed on the survey day
was 29,177, which is 74.5% of the ITE expected value. This is the
highest percentage of the ITE value of any development studied by the
authors (Ewing et al., 2017). Station Park is a TAD, not a TOD. The
effect of transit on vehicle trip reduction is limited.

Interestingly, in Zone 3, the bike mode share is significant at 4.9%.
This is not too surprising since the neighborhood to the north and east is
very bicycle-friendly, and distances are great enough to make bicycling
to the Town Center an attractive option. The bike mode share for this
portion of Orenco Station is higher than the shares recorded at the
previous five TODs studied (AUTHORS, XXXX).
The final mode shares for Station Park TAD are 3.6% walk, 1.2%
bike, 1.4% bus, 4.1% rail, and 89% auto (Table 3). According to the
Utah 2012 Household Travel Diary survey data, the mode shares in
Wasatch Front region are 3.1% walk, 1.9% bike, 4.5% transit, and
90.2% auto. Compared to the regional mode shares, Station Park TAD
has very similar mode shares.
6.2. Trip generation
6.2.1. Orenco Station TOD
The actual trip generation counts from the survey did not distinguish residential trips and commercial trips. It is not possible to distinguish them when land uses are as mixed, both vertically and horizontally, as they are at Orenco Station. To compare the observed trip
generation with ITE's benchmarks, we combined all estimated trips for
different uses into a total that could be compared to ITE.
At Orenco Station, there were 13,094 person trips and 6358 vehicle
trips observed in Zones 1 and 2 for the day of the survey (7:30 am til
9:00 pm). Those trips were generated by the occupied residential units,
1841 units (115 units occupied in Hub 9 Apartment, 239 units occupied
in Rowlock Apartment, 193 units occupied in Vector Apartment, 167
units occupied in Platform 14 Apartment, 284 units occupied in Tessera
Apartment, 210 units occupied in Club 1201 Condominium, 62 units
occupied in Q Condos, 413 units occupied in Nexus Apartment, 113
units occupied in Orchards at Orenco I & II Affordable Apartment, 45
units occupied in Alma Gardens Affordable Apartment), and
48,261 sq. ft. leased commercial space. The occupied residential units
were computed by multiplying occupancy rates, provided by the
property managers, times the total number of units.
For trip generation rates of the residential and commercial uses in
our study area, we used the most appropriate ITE land use categories.
For example, by reviewing the ITE land use definitions, and perusing
restaurant menus on-line, we placed the many restaurants on-site in one
of three categories—“931 Quality Restaurant” or “932 High-Turnover
(Sit-Down) Restaurant” or “933 Fast-Food Restaurant without DriveThrough Window”—and then assigned them the corresponding daily
trip generation rates from ITE's Trip Generation Manual.
The matches were not always perfect or even close, so in those
cases, we assigned the Orenco Station commercial use the most

6.3. Parking generation
6.3.1. Orenco Station TOD
Residential parking supply and demand recorded for the Orenco
Station TOD project were compared to the number of parking stalls as
well as occupancy rates from the 2010 ITE Parking Generation manual.
There are 10 apartment and condominium projects at Orenco Station
TOD. Each of them has its own parking garage, parking lot, or designated on-street parking.
The average actual parking supply for all residential units in the
apartments and condominiums of the Orenco Station TOD is 2098
55
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spaces total or 1.08 parking spaces per unit. The average parking supply
for the residential uses at Orenco Station TOD is lower than the average
by ITE guidelines (1.59 spaces per unit). Note that these numbers exclude shared residential-public parking spaces both on-street and in
parking garages. Also note that we have included only spaces in parking
garages for Club 1201 condos, even though many residents park in their
driveways, often using their garages for storage. If we included driveway space as well as garage space, the parking ratio for the Orenco
TOD would increase to 1.21 parking spaces per unit.
The peak occupancy of parking spaces in all the residential parking
areas is at 10:00 pm. We were not able to get permission to collect
parking occupancy data for Nexus Apartments and Q Condos. These
two residential complexes are excluded in the parking demand analysis.
For the residential component of the Orenco TOD, the peak parking
demand relative to occupied units is 0.63 spaces/occupied unit. The
actual demand (860 spaces) is much lower than both the ITE estimate of
1770 (occupied units only) based on the average parking generation
rate and the ITE estimate of 1537 (occupied units only) based on the
ITE regression equation. Based on the latter, residential uses in Orenco
generate only 56% of the ITE peak residential rate. Note that these
numbers exclude shared residential-public parking spaces both onstreet and in parking garages.
If ITE guidelines were followed, the public uses at Orenco Station
would be supplied with 419 parking spaces and would occupy 240
spaces at peak times. A comparison of ITE supply and demand to actual
supply and demand for public uses at Orenco Station is not possible,
unless we assume that all of the shared parking is occupied by public
(commercial) users. That seems to violate the basic idea of shared
commercial-residential parking. Therefore, we refrain from making this
calculation.
While we cannot estimate public parking supply and demand due to
shared parking arrangements, we can get very accurate values for total
parking supply and demand, including shared parking. Meeting ITE
supply guidelines, the TOD, excluding Nexus and Q Condos for which
we do not have parking demand data, would have a total of 2849
parking spaces. The actual number of parking spaces, again excluding
these two projects, is 2326 spaces. Therefore, public parking at Orenco
Station TOD is supplied at 81.6% of the ITE guideline.
We cannot compute a meaningful peak period demand value for
Orenco Station TOD from ITE data because residential and public
(commercial) uses peak at different times of day. We can, however,
determine the total demand for parking at the single hour when parking
occupancy is highest, which turns out to be at 10 pm. At that time, 1190
spaces were occupied in the portions of the Orenco Station TOD for
which we have demand data, excluding Nexus and Q Condos.
Therefore, at that particular hour, about half (51.2%) of all parking
spaces at Orenco Station were occupied. Orenco Station is actually
oversupplied with parking relative to its theoretical shared parking
potential. The actual peak demand is only 41.8% of the ITE supply
guidelines. If Orenco had been built to ITE guidelines, parking would
have been oversupplied by more than 100%.

The peak occupancy of parking spaces is 11:00 pm (the time of the
last count). The numbers of spaces filled at that hour are 74 for the
Avanti Apartment Complex parking lot with an occupancy rate of
90.2% and 362 for the Park Lane Village Apartment Complex parking
lot with an occupancy rate of 81.5%. Thus, for the residential uses at
Station Park, the peak parking demand relative to occupied units is 0.97
spaces/occupied unit. The actual demand (436 spaces) is lower than the
ITE estimate of 540 (occupied units only) based on the average parking
generation rate and higher than the ITE estimate of 418 (occupied units
only) based on the regression equation.
As with most shopping centers, parking at Station Park is free and
unassigned. Different uses share parking at different times of day. For
example, office uses occupy most of the parking spaces at the southwestern lot during the day, while entertainment uses (restaurants and
the movie theater) occupy most of these same spaces in the evening.
Under a parking easement, evening users can overflow into the parking
lot directly in front of the health center. Under another parking easement, shoppers can overflow into the park-and-ride lot directly in front
of the rail station.
There is a total of 1,150,140 sq. ft. of commercial space at the
Station Park TAD, 1,037,340 sq. ft. of which were leased at the time of
this study. The total number of parking spaces for the entire Station
Park development (including the health center but excluding the parkand-ride lot, which was not being used by shoppers on our visits to the
site) is 4348.
The closest analogs to the Station Park commercial uses in the ITE
Parking Generation manual are “630 Clinic” (Farmington Health
Center), “701 Office Building” (Vista Outdoor), “310 Hotel” (Hyatt
Place), and “820 Shopping Center” (all the other commercial uses at
Station Park). According to the ITE manual, the parking supply for these
commercial uses would be 5004 spaces. The actual parking supply at
the Station Park TAD is 4348 total spaces for all commercial uses. The
actual parking supply is 86.9% of ITE parking supply guideline.
According to the ITE's guideline, the average total peak period
parking demand for the commercial uses would be 2572 spaces, only
for leased spaces. The actual peak period parking demand of the commercial uses at the Station Park TAD was 1848 occupied spaces during
the 1 h with the highest parking demand on the survey day, which is
71.9% of the ITE's peak parking demand estimate.
7. Comparative results
Table 4 compares the final mode shares for the Orenco Station TOD
and Station Park TAD to those of the previous five TOD sample (Ewing
et al., 2017). Orenco Station TOD has a higher walk mode share than
the others, something we anticipated due to the size of the site and
exchange of trips within the site. Its transit mode share is at the low end
of the sample range, something we also anticipated. Overall, Orenco
Station TOD's auto share of trips compares favorably with the others.
Station Park TAD has the lowest walk and transit mode shares among
the seven sites we studied. This is not surprising for a TAD. The effect of
transit on the mode shares is limited by the distance from the rail

6.3.2. Station Park TAD
At Station Park, parking at Park Lane Village is essentially bundled,
that is, covered by the rent. Designated covered parking spots can be
rented for $25/month and there is no limit on how many one unit can
rent. Otherwise, residents and guests can park for free in unassigned
spaces, either on-street or in parking bays.
Parking at Avanti is also essentially bundled. Some units come with
garages, some with covered spots, and some with no parking. For units
coming with parking spots, no additional parking charge is levied beyond the basic rent. For units without parking spots, assigned carports
can be rented for $50/month and assigned garages can be rented for
$150/month. Otherwise, residents and guests can park for free in unassigned spaces, either on-street or in parking bays.

Table 4
Average mode shares for TODs studied.
TOD

Redmond
Rhode Island Row
Fruitvale
Englewood
Wilshire/Vermont
Orenco Station
Station Park
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Count

1981
8451
16,558
14,073
11,043
15,495
42,172

Count for modes
Walk

Bike

Bus

Rail

Auto

Other

18.9%
16.6%
28.3%
19.2%
27.4%
45.8%
3.6%

1.7%
0.3%
4.3%
3.8%
2.2%
2.5%
1.2%

13.0%
9.3%
15.2%
3.3%
21.1%
3.9%
1.4%

NA
27.2%
26.1%
13.6%
20.1%
16.0%
4.1%

64.9%
42.5%
23.0%
59.7%
25.9%
31.4%
89.0%

1.5%
4.0%
3.1%
0.2%
3.4%
0.4%
0.6%
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Table 5
Average vehicle trip reductions relative to ITE rates.
TOD
Redmond
Rhode Island Row
Fruitvale
Englewood
Wilshire/Vermont
Orenco Station
Station Park

ITE vehicle
trips

Actual vehicle
trips

1767
5808
5899
13,544
5180
10,859
41,077

661
2017
3056
9460
2228
6358
30,692

% of ITE
trips

Table 7
Aggregate parking supplies as a percentage of ITE supplies, and aggregate peak
parking demand as a percentage of actual supplies.

% reduction

37.4%
34.7%
51.8%
69.8%
43.0%
58.6%
74.7%

TOD

62.6%
65.3%
48.2%
30.2%
57.0%
41.4%
25.3%

Aggregate peak parking
demand as % of ITE
guideline

Redmond
Rhode Island Row
Fruitvale
Englewood
Wilshire/Vermont
Orenco Station
Station Park

station to the core of the development and the only passable quality of
transit service (with limited available routes and service frequency).
Table 5 compares vehicle trip reductions for the Orenco Station TOD
and Station Park TAD to those of the previous five TOD sample. The
actual vehicle trips we observed to/from/within the Orenco Station
TOD on the survey day totaled 58.6% of the ITE expected value. This is
not as deep a discount as in some of the smaller TODs studied originally, but is deeper than the discount for Englewood, the largest and
most auto-oriented TOD in our original study. As posited above, the size
of the site and mix of housing types may militate against a very low
vehicle trip generation rate. The actual vehicle trips we observed to/
from/within the Station Park TAD on the survey day totaled 74.7% of
the ITE expected value. This is the lowest vehicle trip reduction among
the seven sites we studied. Still, it achieves a 25.3% vehicle trip reduction as a mixed-use development. It provides an opportunity to
drive and park once, and then walk to multiple destinations within the
development.
Table 6 compares residential parking supply and demand for the
Orenco Station TOD and Station Park TAD to those of previous five TOD
sample. The parking generation rate for Orenco Station, on a per
dwelling unit basis, is the lowest of all TODs studied except Rhode Island Row. It reflects the character of the residential development right
next to the LRT station. It is mid-rise apartments. Parking is shared and
unbundled. Note, again, that the calculations for Orenco Station only
include reserved spaces for residents. Additional parking is available in
shared parking arrangements. The parking generation rate for Station
Park, on a per dwelling unit basis, is the lower than the ITE guideline. It
reflects the character of the residential development and the mixed-use
nature of the setting, more than the presence of the commuter rail
station at a considerable distance.
Finally, Table 7 compares total parking supply and demand for the
Orenco Station TOD and Station Park TAD to those of the previous five
TOD sample. As with the rest, peak parking demands for both sites are
less than half of the ITE supply guideline. However, comparing actual
parking supply and demand at Orenco Station and Station Park, peak
parking demands are lower (relative to supply) than the original five
TODs. Only Englewood even comes close. Put another way, Orenco
Station and Station Park are the two most over-parked of the seven
sites.

41.6%
32.7%
19.0%
45.8%
33.0%
41.8%
35.5%

Aggregate peak parking
demand as % of actual supply
73.5%
63.6%
84.0%
58.3%
66.8%
51.2%
41.2%

8. Discussion
The research gap filled by this paper is the estimation of the reduction in vehicle-trip and vehicle-parking rates associated with largescale, mixed-use transit-related developments compared to conventional suburban development. The large-scale TOD dramatically outperforms the large-scale TAD according to commonly used transportation performance metrics. The adjacent rail station appears to have
little effect on the performance of the TAD but a substantial effect on
the performance of the TOD.
The statistics we present in Tables 4–7 represent default values for
predicting mode share, trip generation, and parking generation at TODs
that can be used to supplement the data collected by ITE for rates at
conventional suburban development. With some caution, they also
could be used to supplement trip- and parking-generation manuals
outside the U.S. None of the standard manuals used in the United
Kingdom and Ireland (The Trip Rate Information Computer System, or
TRICS), New Zealand (the Trips and Parking Database Bureau or
NZTPDB), and Australia (the New South Wales Roads and Traffic Authority's Guide to Traffic Generating Developments) include trip- and
parking-generation rates for TODs. This lack of guidance for planning
TODs is a significant gap considering the widespread interest in TOD in
cities around the world. (see, for instance: Chen et al., 2017;
Mamdoohi, Farzin, & Gholi, 2017; Nakamichi, Hanaoka, Mogi, &
Satiennam, 2015; Ogra & Ndebele, 2014; Pongprasert & Kubota, 2018).
For planned TODs, the trip-reduction rates in Tables 5 & 7 may be
used in tandem with regional travel model forecasts for a particular
TOD or its respective traffic analysis zone. Regional travel models can
capture some of the effects of transit service on travel demand at a
particular site, but typically do not capture the full effects of the D
variables. By D variables, we mean development density, land use diversity, street design, destination accessibility, and distance to transit
for a particular TOD. These are known to affect travel choices (Ewing
et al., 2010; Ewing & Cervero, 2010; Tian et al., 2015). By contrast, the
rates we have calculated for mode share, trip generation, and parking
generation are actual (not modeled) values that reflect all the D variables of particular TODs. However, it is important to note that these

Table 6
Residential parking supplies as a percentage of ITE, and residential peak parking demand as a percentage of actual supplies.
TOD
Redmond
Rhode Island Row
Fruitvale
Englewood
Wilshire/Vermont
Orenco Station
Station Park

ITE supply (spaces per
unit)
2.0
1.4
1.4
1.4
2.0
1.6
1.4

TOD supply (spaces per
unit)

TOD peak demand (occupied spaces
per unit)

1.19
0.81
NA
1.6
1.10
1.08
1.13

0.86
0.44
1.02
1.29
0.81
0.63
0.97
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TOD supply as % of ITE
supply
59.5%
57.9%
NA
114.3%
55.0%
68.0%
80.7%

TOD peak demand as % of TOD
supply
72.3%
54.3%
NA
80.6%
73.6%
51.2%
82.9%
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values are particular to these developments and their contexts. Whether
they apply to TODs with different D variables and different contexts
will always be debatable. That is why we say that both modeled regional travel forecasts and actual trip- and parking-generation rates for
TODs should be considered in the planning of other TODs.
The conservative approach to using our trip- and parking-generation
rates in practice might be to set a floor on alternative mode shares and
percentages of trip and parking reductions equal to the minimum values
for the six TODs or to set a cap on these equal to the maximums for
these TODs. An alternative approach might be to look for the best
match to a proposed TOD from among the sample of TODs. As an example, a TOD proposed for a Salt Lake station area might be matched to
Englewood TOD in Denver because the metropolitan regions are similar
in size and regional context, and both have light-rail transit (LRT) rather than heavy rail transit (HRT). This would be particularly appropriate if the planned TOD were large and relatively auto-oriented, like
Englewood TOD. Conversely, if the TOD were compact and pedestrianoriented, largely commercial, and inclusive of affordable housing, one
might match to Fruitvale Village, despite differences in rail systems
(LRT vs. HRT) and metropolitan regions (Salt Lake City vs. San
Francisco). Obviously, any application of these statistics would ideally
involve triangulation in light of regional travel demand model forecasts
and MXD model estimates.
We acknowledge the following limitations to this study. The first
and most important is the small sample size. These are truly case studies, as opposed to a cross-sectional sample. Due to the labor-intensiveness of data collection (two people at each entry point to a TOD,
one to count and the other to survey), the sample is limited to six TODs
and one TAD.
Related to this is limited external validity. External validity is the
extent to which the results of a study can be generalized to other situations, in this case, to other TODs. The TODs we studied, in particular
Orenco Station TOD, represent best-case scenarios for TOD (with the
possible exception of a downtown setting) in that they meet the definitional criteria we established at the outset related to the D variables.
These characteristics, and the fact that they literally abut transit stations, make them best-case exemplars of best practices for TOD. Suffice
it to say that, unless a planned or proposed TOD shares essential
characteristics with a TOD in this sample, generalization will be hazardous. Generalization to international examples of TOD will be particularly risky, as the U.S. is more auto-centric than other developed
countries, and far more than developing countries (McIntosh, Trubka,
Kenworthy, & Newman, 2014). It is for this reason that we call for replication of our results in international case studies. As suggested in our
literature review, we could find no example of our ilk of study in another country's context. For instance, Sung and Oh (2011) argue that for
TOD to be successful in high-density cities such as Seoul, Korea, local
governments should prioritize improvements to the transit network,
increasing land-use mix, and encouraging walkable urban-design interventions rather than increasing the intensity of development as in
the North American context.
A third limitation is an inability to account for internal capture of
trips within these TODs. Internal trips are trips that begin and end
within a mixed-use development. Such trips obviously have much less
impact on the environment and are generally subtracted from total tripgeneration rates in traffic-impact studies. The majority of the TODs
studied are small and, we argue elsewhere, likely have small internal
capture rates. It is hard to imagine, except perhaps at the three largest
developments: Englewood, Orenco Station, and Station Park, anyone
doing anything but walking within the sample of TODs. Actually, we
did ask a third question in our intercept surveys at Orenco Station and
Station Park. We asked how many destinations were visited within the
development. The results show that 40% of visitors to Station Park have
more than one destination within the development; the average number
of stops within the development on a single visit is 1.95, or almost two.
The results show that 15% of visitors to Orenco Station have more than

one destination within the development; the average number of stops
within the development on a single visit is 1.19. For predicting internal
capture, other methodologies exist (Fehr & Peers, undated; Bochner,
Hooper, Sperry, & Dunphy, 2011; Ewing et al., 2010; Tian et al., 2015).
A fourth limitation is related to the phenomenon of residential selfselection. Residential self-selection occurs when people who would use
transit anyway elect to live in a TOD. The literature strongly suggests
that not everyone living in a TOD does so for the transit connection. But
many probably do. If there is ever a case where self-selection is likely to
be powerful, it is at developments that offer immediate, high-quality
transit options. While the transportation statistics from these case studies can be used to plan individual TODs, which will likewise benefit
from self-selection, these statistics probably (due to self-selection)
overstate the benefit to the region as a whole of having TODs. Again,
these self-selectors would be inclined to use transit anywhere, so there
is not as much impact on regional mode shares or vehicle trips or
perhaps even parking demand as the statistics imply.
We call for additional research on trip and parking generation at
TODs. TODs, as we have defined them, are an increasingly common
development type. In our home region of Salt Lake City alone, there are
plans for nine TODs similar to those studied, including adjacency to rail
stations. One might wonder if there is a more economical way of
gathering data for such large TOD/TAD sites, perhaps something more
automated like driveway tube counts that underlie the ITE Trip
Generation Manual. While automated technology would work for vehicle counts, we were interested in total person counts and parking
occupancy counts. We were also interested in mode shares for the two
developments, which cannot be deduced from any new technology.
Automatic counting often results in the collection of inaccurate –
usually undercounted – data (Greene-Roesel, Diogenes, Ragland, &
Lindau, 2008; Schneider, Arnold, & Ragland, 2009). Some of the authors in this paper have recently used drone technology or unmanned
aerial vehicles, to conduct total person counts, and have looked into
automated pedestrian counting technology (Park & Ewing, 2017; Park
& Ewing, in press). But, again it is hard to see how one could do everything we have done in this study without the help of human counters/surveyors.
Ultimately, our goal is to expand and validate the findings for the
first six TOD sites and one TAD site in our sample, and we have plans
for follow-up studies. But creating a respectable sample of TODs with
trip and parking data is too large a task for us to undertake alone, and
we encourage others to join in.
Acknowledgement
This work was supported by the Utah Department of Transportation,
United States (UTRAC 2016 16.05.02).
References
Apalategui, E. (1994). Hillsboro strikes deal on lots. Hillsboro Argus1994 April 7.
Arrington, G. B., & Cervero, R. (2008). Effects of TOD on housing, parking, and travel (TCRP
report 128). Washington, DC: Transportation Research Board.
Boarnet, M. G., & Crane, R. (2001). The influence of land use on travel behavior:
Specification and estimation strategies. Transportation Research Part A, 35(9),
823–845.
Bochner, B. S., Hooper, K. G., Sperry, B. R., & Dunphy, R. T. (2011). Enhancing internal trip
capture estimation for mixed-use developments. Vol. 684. Transportation Research
Board.
Calthorpe, P. (1993). The next American metropolis: Ecology, community, and the American
dream. Princeton architectural press.
Cao, X., Mokhtarian, P. L., & Handy, S. L. (2009). The relationship between the built
environment and nonwork travel: A case study of northern California. Transportation
Research Part A, 43(5), 548–559.
Cervero, R. (1994). Transit-based housing in California: Evidence on ridership impacts.
Transport Policy, 1(3), 174–183. https://doi.org/10.1016/0967-070X(94)90013-2.
Cervero, R. (2009). Public transport and sustainable urbanism: Global lessons. Transit
oriented development: Making it happen (pp. 23–35). USA: Ashgate Publishing
Company.
Cervero, R., Adkins, A., & Sullivan, C. (2010). Are suburban TODs over-parked? Journal of

58

Cities 87 (2019) 48–59

R. Ewing et al.

planning: evidence from Kashan, Iran. In M. Schrenk, V. V. Popovich, P. Zeile, P.
Elisei, & C. Beyer (Eds.). Panta Rhei: A world in constant motion - 22nd international
conference on urban planning and regional development in the information society (pp.
301–308). Vienna, Austria: Vienna University of Technology.
McIntosh, J., Trubka, R., Kenworthy, J., & Newman, P. (2014). The role of urban form
and transit in city car dependence: Analysis of 26 global cities from 1960 to 2000.
Transportation Research Part D: Transport and Environment, 33, 95–110.
Mehaffy, M. (1998). Orenco Station in Hillsboro, Oregon: UnSprawl case study. Retrieved
from http://www.terrain.org/unsprawl/10/, Accessed date: 28 May 2017.
Nakamichi, K., Hanaoka, S., Mogi, S., & Satiennam, T. (2015). Estimation of CO2 emissions for low-carbon urban freight transport in Khon Kaen, Thailand. Journal of the
Eastern Asia Society for Transportation Studies, 11, 799–818.
Nasri, A., & Zhang, L. (2014). The analysis of transit-oriented development (TOD) in
Washington, DC and Baltimore metropolitan areas. Transport Policy, 32, 172–179.
https://doi.org/10.1016/j.tranpol.2013.12.009.
Ogra, A., & Ndebele, R. (2014). The role of 6Ds: density, diversity, design, destination,
distance, and demand management in transit oriented development (TOD). In S.
Bahga, & A. Singla (Eds.). Neo-international conference on habitable environments (pp.
539–546). Chandigarh, India: Indian Institute of Architects.
Olaru, D., & Curtis, C. (2015). Designing TOD precincts: Accessibility and travel patterns.
European Journal of Transport and Infrastructure Research, 15(1), 6–26.
Park, K., & Ewing, R. (2017). The usability of unmanned aerial vehicles (UAVs) for
measuring park-based physical activity. Landscape and Urban Planning, 167, 157–164.
Park, K., Ewing, R., The Usability of Unmanned Aerial Vehicles (UAVs) for pedestrian
observation. Journal of Planning Education and Research, (in press).
Park K., Ewing R., Scheer B. and Khan S., Travel behavior in TODs vs. non-TODs: Using
Cluster analysis and propensity score matching, Transportation Research Record:
Journal of the Transportation Research Board, (in press).
Pongprasert, P., & Kubota, H. (2018). The influences of built environment factors on
mode switching of TOD residents from car use to transit dependence: Case study of
Bangkok, Thailand. International conference on transportation and development.
Pittsburgh, Penn: American Society of Civil Engineers.
Roberts, S. (2009). Farmington's Station Park delayed until 2011. The Davis Clipperhttp://
davisclipper.com/view/full_story/4007131/article-Farmington-s-Station-Parkdelayed-until-2011, Accessed date: 30 August 2017.
Ryan, J. (2015). No fare necessary: New bus service connects Orenco Station and North
Hillsboro. The Oregonian/OregonLive. November 16 (pp. 2015). .
Salat, S., & Ollivier, G. (2017). Transforming the urban space through transit-oriented development: The 3V approach. Washington, DC. © World Bank: World Bank. https://
openknowledge.worldbank.org/handle/10986/26405 (License: CC BY 3.0 IGO).
San Francisco Bay Area Metropolitan Transportation Commission (SFBAMTC) (2006).
Characteristics of rail and ferry station area residents in San Francisco bay area: Evidence
from the 2000 bay area travel survey. Oakland: Metropolitan Transportation
Commission. Retrieved from http://www.mtc.ca.gov/planning/smart_growth/stars/
Executive_Summary_BATS2000_Station_Area_Residents_Study.pdf.
Schneider, R., Arnold, L., & Ragland, D. (2009). Methodology for counting pedestrians at
intersections: use of automated counters to extrapolate weekly volumes from short
manual counts. Transportation Research Record: Journal of the Transportation Research
Board, (2140), 1–12.
Shatu, F. M., & Kamruzzaman, M. (2014). Investigating the link between transit-oriented
development and sustainable travel behavior in Brisbane: A case-control study.
Journal of Sustainable Development, 7(4) (ISSN 1913-9063).
Singapore Land Transport Authority (2015). Statistics in brief. Retrieved from https://
www.lta.gov.sg/content/ltaweb/en/publications-and-research.html.
Sung, H., & Oh, J.-T. (2011). Transit-oriented development in a high-density city:
Identifying its association with transit ridership in Seoul, Korea. Cities, 28(1), 70–82.
https://doi.org/10.1016/j.cities.2010.09.004.
Tian, G., Ewing, R., White, A., Hamidi, S., Walters, J., Goates, J. P., & Joyce, A. (2015).
Traffic generated by mixed-use developments—13-region study using consistent built
environment measures. Transportation Research Record: Journal of the Transportation
Research Board, 2500, 116–124. https://doi.org/10.3141/2500-14.
Weinberger, R. (2012). Death by a thousand curb-cuts: Evidence on the effect of
minimum parking requirements on the choice to drive. Transport Policy, 20, 93–102.
https://doi.org/10.1016/j.tranpol.2011.08.002.
Weinberger, R., Seaman, M., & Johnson, C. (2009). Residential off-street parking impacts
on car ownership, vehicle miles traveled, and related carbon emissions: New York
City case study. Transportation Research Record: Journal of the Transportation Research
Board, 2118, 24–30. https://doi.org/10.3141/2118-04.
Wood, B. (2012). H&M coming to Farmington as retail center continues to grow. Deseret News
Utahhttp://www.deseretnews.com/article/865563176/HM-coming-to-Farmingtonas-retail-center-continues-to-grow.html, Accessed date: 30 August 2017.
Zamir, K., Nasri, A., Baghaei, B., Mahapatra, S., & Zhang, L. (2014). Effects of transitoriented development on trip generation, distribution, and mode share in
Washington, DC, and Baltimore, Maryland. Transportation Research Record: Journal of
the Transportation Research Board, 2413, 45–53. https://doi.org/10.3141/2413-05.
Zhang, M. (2004). The role of land use in travel mode choice: Evidence from Boston and
Hong Kong. Journal of the American Planning Association, 70(3), 344–361.

Public Transportation, 13(2), 47–70. https://doi.org/10.5038/2375-0901.13.2.3.
Cervero, R., & Arrington, G. B. (2008). Vehicle trip reduction impacts of transit-oriented
housing. Journal of Public Transportation, 11(3), 1–17. https://doi.org/10.5038/23750901.11.3.1.
Cervero, R., & Kockelman, K. (1997). Travel demand and the 3Ds: Density, diversity, and
design. Transportation Research Part D, 2(3), 199–219.
Cervero, R., Murphy, S., Ferrell, C., Goguts, N., & Tsai, Y. (2004). Transit-oriented development in the United States: Experiences, challenges, and prospects (report no. 102)
Transit Cooperative Research Program, Washington, DC.
Charles, J. A., & Barton, M. (2003). The mythical world of transit-oriented development: Light
rail and the Orenco neighborhood, Hillsboro, Oregon. Portland, OR: Cascade Policy
Institute. Retrieved from http://cascadepolicy.org/pdf/env/I_124.pdf, Accessed date:
24 May 2017.
Chatman, D. G. (2013). Does TOD need the T? On the importance of factors other than rail
access. Journal of the American Planning Association, 79(1), 17–31. https://doi.org/10.
1080/01944363.2013.791008.
Chen, F., Wu, J., Chen, X., & Wang, J. (2017). Vehicle kilometers traveled reduction
impacts of Transit-Oriented Development: Evidence from Shanghai City.
Transportation Research Part D: Transport and Environment, 55, 227–245.
Department of Statistics, Ministry of Trade & Industry, & Republic of Singapore (2017).
Year book of statistics Singapore. Retrieved from https://www.singstat.gov.sg/-/
media/files/publications/reference/...2017/yos2017.pdf.
Dougherty, J. M. (2008). Work on Station Park gets under way: $200M center will have 6story hotel, shops, restaurants. Deseret News Utahhttp://www.deseretnews.com/
article/700250697/Work-on-Station-Park-gets-under-way.html?pg=all, Accessed
date: 30 August 2017.
Ewing, R., & Cervero, R. (2001). Travel and the built environment. Transportation
Research Record, 1780, 87–114.
Ewing, R., & Cervero, R. (2010). Travel and the built environment: A meta-analysis.
Journal of the American Planning Association, 76(3), 265–294.
Ewing, R., Greenwald, M., Zhang, M., Walters, J., Feldman, M., Cervero, R., ... Thomas, J.
(2010). Traffic generated by mixed-use developments—Six-region study using consistent built environmental measures. Journal of Urban Planning and Development,
137(3), 248–261.
Ewing, R., Tian, G., Lyons, T., & Terzano, K. (2017). Trip and parking generation at
transit-oriented developments: Five US case studies. Landscape and Urban Planning,
160, 69–78.
Faghri, A., & Venigalla, M. (2013). Measuring travel behavior and transit trip generation
characteristics of transit-oriented developments. Transportation Research Record:
Journal of the Transportation Research Board, 2397, 72–79. https://doi.org/10.3141/
2397-09.
Fehr, & Peers (2018). MXD+ quantifying mixed_use development trip generation (undated) http://www.fehrandpeers.com/project/mxd.
Goodman, J., Laube, M., & Schwenk, J. (2006). Curitiba's bus system is model for rapid
transit, race. Poverty & The Environment, 12(1), 75–76. Retrieved from http://www.
jstor.org/stable/41555247.
Goodrick, D. (2014). Comparative case studies: Methodological briefs-impact evaluation no. 9
(no. innpub754). UNICEF Office of Research. Retrieved from https://www.unicef-irc.
org/publications/754, Accessed date: 11 September 2017.
Greene-Roesel, R., Diogenes, M. C., Ragland, D. R., & Lindau, L. A. (2008). Effectiveness
of a commercially available automated pedestrian counting device in urban environments: Comparison with manual counts. Safe Transportation Research &
Education Center.
Guo, Z. (2013). Does residential parking supply affect household car ownership? The case
of New York City. Journal of Transport Geography, 26, 18–28. https://doi.org/10.
1016/j.jtrangeo.2012.08.006.
Handy, S., Shafizadeh, K., & Schneider, R. (2013). California smart-growth trip generation
rates study. University of California, Davis for the California Department of
Transportation. Retrieved from http://nacto.org/docs/usdg/smart_growth_trip_
generation_rates_handy.pdf.
Institute of Transportation Engineers (ITE) (2010). Parking generation (3rd ed.).
Washington, DC: ITE.
Institute of Transportation Engineers (ITE) (2012). Trip generation manual (9th ed.).
Washington, DC: ITE.
Kamruzzaman, M. D., Baker, D. C., Washington, S., & Turrell, G. (2014). Advanced transit
oriented development typology: Case study in Brisbane, Australia. Journal of
Transport Geography, 34, 54–70.
Langlois, M., van Lierop, D., Wasfi, R. A., & El-Geneidy, A. M. (2015). Chasing sustainability: Do new transit-oriented development residents adopt more sustainable modes
of transportation? Transportation Research Record: Journal of the Transportation
Research Board, 2531, 83–92. https://doi.org/10.3141/2531-10.
Lund, H. M., Cervero, R., & Wilson, R. W. (2004). Travel characteristics of transit-oriented
development in California. Sacramento, CA: California Department of Transportation.
Retrieved from http://staging.community-wealth.org/sites/clone.communitywealth.org/files/downloads/report-lund-cerv-wil.pdf.
Lund, H. M., Willson, R., & Cervero, R. (2006). A re-evaluation of travel behavior in
California TODs. Journal of Architectural and Planning Research, 23(3), 247–263.
Mamdoohi, A., Farzin, I., & Gholi, H. (2017). Integrated TOD and urban land use

59

