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While Transit-Oriented Development (TOD) has gained currency in the United States as
a means of countering sprawl, promoting smart growth, vitalizing local economy and expanding
life choices over the last two decades, it is still not commonly practiced. One major challenge to
implementing a TOD is parking: well-managed parking can improve the performance of a TOD
in both transportation and financial perspectives; poorly-managed parking can undermine the
expected benefits of a TOD and even cause the initiative to fail. Currently, most jurisdictions use
“minimum parking requirements” to manage parking in general, but this highly-flawed practice
could easily lead to the oversupply of parking and thus impair the intended effects of TOD. The
main purpose of this study is to identify and then propose multiple specific parking management
strategies for successful TOD. Three other issues will also be addressed in this thesis: 1)
Definition of TOD, 2) Effects of parking on TOD’s success and 3) Defects of conventional
parking requirements. Finally, the thesis presents a “Parking Study” of 25 selected TOD housing
projects in King County and examines its main findings by reviewing the existing parking
provisions, and compares them with proposed parking management strategies. Implementation of
these innovative strategies is the real challenge of TOD’s parking management, and based on

that, the thesis provides several recommendations as well as potential issues for future research.
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Executive Summary

As the name implies, Transit-Oriented Development (TOD), refers to a development
oriented to its proximate high-quality public transportation services such as buses, trams and
light rail (Litman, 2009). As an alternative to conventional development, it is generally believed
that TOD has the potential to control and manage the negative environmental and social impacts
of dispersed growth patterns, such as traffic congestion, lengthy commutes, affordable housing
shortages, air pollution, and incessant sprawl (TCRP, 2002). What’s more, TOD can be used as a
land use strategy or a planning tool that promotes smart growth, leverages economic

development, and shifts housing market demands and lifestyle preferences (TCRP, 2004).

Over the past two decades, the idea of TOD has gained wide acceptance in most
metropolitan areas in the United States (TCRP, 2004) and numerous TOD projects (some poorly
planned) have been built all across the country. However, the actual performances of TODs are
uneven (Bae, 2002) and quite a number of them have failed to achieve their intended goals.
Among the various factors that can affect the fate of TOD, parking is one major issue that largely
determines its success and failure from both transportation and financial perspectives (Boroski,
2005).

Parking, as one essential amenity for consumer life, has been ample and free in the
United States for a long time and most authorities use “minimum parking requirements” as the
major parking management strategy to ensure a project’s availability and accessibility. Many
critics argue, however, that parking is generally oversupplied and underpriced and is particularly
harmful for TOD (Willson, 2005).

The main objective of this study is to explore the appropriate parking management
strategies for successful TODs. The thesis mainly consists of five sections and the following is

the thesis structure and content.

Chapter 1: Defines Transit-Oriented Development by reviewing its history and key
features. The discussion also offers a formal definition of TOD and mainly focuses on its four

essential components.



Chapter 2: Examines the parking effects on TOD’s success. This chapter enumerates
various potential benefits of TOD, identifies four primary goals that a successful TOD should

achieve, and then explicates the effects of parking on them.

Chapter 3: Reveals potential flaws of traditional parking management strategy and then
proposes appropriate ones for TOD. To understand the limitations of conventional parking
requirements, the chapter reviews its history and analyzes established mechanisms. Then the
chapter proposes twelve specific parking management strategies for TOD and explicates each of

them.

Chapter 4: Presents a Parking Study on twenty-five TOD housing projects in King
County, WA. The study describes the basic parking information of those selected TODs and
further discusses the findings by examining the existing parking strategies in King County,

particularly in Seattle.

Chapter 5: Conclusions derived from the research are stated, along with challenges

faced in the study and directions of future research.



Chapter 1: Define Transit-Oriented Development

Transit-Oriented Development (TOD), generally referring to development near or
oriented to mass-transit facilities such as bus or rail station, first appeared in late 19" and early
20™ centuries in some modern metropolitan areas in the United States, and then gained
popularity across the country over the past two decades (Hondrop, 2002). During its history of
nearly a hundred years, the concept and the form of TOD have evolved with the development of
transportation, urban planning, real estate, etc. Based on the article “Transit-Oriented
Development: Moving from Rhetoric to Reality ” (Belzer & Aulter 2002), the evolution of TOD
can be broadly divided into four phases:

1.1 History of Transit-Oriented Development

1.1.1 The Early 20™ Century: Development-Oriented Transit

Some of the very first TOD projects in the United States were railroad and streetcar
suburbs which can be dated back to the turn of the last century (Belzer & Aulter 2002). In the
San Francisco Bay area, for example, the San Francisco, Oakland & San Jose Railway, more
commonly known as the “Key System” developed a vast network of lines in the East Bay since
it began to operate in the 1870’s and led to the rapid settlement of new townships in previously
undeveloped areas (Hondrop, 2002). By the early 1900s, electric streetcar systems had emerged
in cities throughout the United States and according to Middleton, ““... more than any other

development, the electric streetcars contributed to the growth of America’s suburbs.”(Middleton,

1967)

The railroad and streetcar suburbs can be viewed as the earliest form of TOD. In this era,
however, transit lines were typically built by private developers to serve their real estate
development, so the phrase “Development-Oriented Transit” is more accurate to describe these

early projects (Belzer & Aulter 2002).
1.1.2 The Post-War Years: Auto-Oriented Transit

The boom of the automobile industry and the subsequent construction of the Interstate

Highway System after World War Il thoroughly changed the means of transportation for most



Americans and made the United States a country on wheels. In the mean time, the post-World
War Il period also saw a precipitous decline in transit use and the dismantlement and
abandonment of many rail systems (Belzer & Aulter 2002). As a result, bus systems became the
primary mode of transit in most of the regions at that time, and unlike the fixed-rail transit, bus
systems competed with the automobile, using the same streets, experiencing the same congestion

and had less influence on land use patterns (Belzer & Aulter 2002).

In the 1970s, a new generation of transit systems, including the San Francisco Bay Area
Rapid Transit (BART) system, Metropolitan Atlanta Rapid Transit Authority (MARTA) in
Atlanta, and Metro in the Washington D.C. area, were built with an entirely different rationale
(TCRP, 2004). The primary goal of these systems was to work with the automobile to relieve
congestion on a regional scale (VTPI, 2011). For example, those systems encouraged people to
drive to suburban stations rather than walking, biking or riding bus by providing large expanses
of surface parking or parking structures (Carlton, 2007).

While some of these systems achieved real success in terms of their importance in those
areas, they were not considered as the real Transit-Oriented Development. In particular, they
failed to promote and revitalize the neighborhood near their stations, they didn’t reduce
automobile dependency to the extent they could, and they didn’t encourage more efficient

regional land-use pattern as well as they might (Belzer & Aulter 2002).
1.1.3. The Late 20™ Century: Transit-Related and Transit-Supportive Development

During the Post-World War 11 period, most of the “Auto-Oriented Transit” systems
required extensive operating subsidies. A typical transit agency recovered less than one-third of
its costs in fare box revenues (NTA, 2005). Transit agencies and the federal government soon
realized the potential of large-scale real estate development on transit-agency-owned property as
a way to generate revenue, and to increase ridership by promoting intense development around
transit stations (Carlton, 2007).

This approach was referred to as “Joint Development” as it was often accomplished
through a joint partnership between the transit agency and a private developer (TCRP, 2002).
Throughout the 1970s and 1980s, this form of development received great attention as a revenue

generator. The “Joint Development” approach has been used successfully in some notable



locations around the country including downtown San Diego, CA, Washington D.C., and
Portland, OR, (Belzer & Aulter 2002).

Later in the 1980s, researchers discovered that “Joint Development” can yield many more
benefits than merely financial returns. These benefits include growing transit ridership,
increasing investment in transit, relieving traffic congestion and countering suburban sprawl
(TCRP, 2002). Therefore, many transit authorities began to look for such projects that could
bring more benefits than just revenue, including increasing pedestrian activity and promoting
transit ridership (Carlton, 2007).

These developments which were built after the 1980s could be considered as the
prototype of modern TOD. Most of them, however, still did not realize the full range of TOD’s
potential benefits. In “The New Transit Town” (Dittmar, 2004) and “Transit-Supportive
Development in the United States” (Cervero, 1993), these types of projects were ultimately

labeled as “Transit Related Development” or “Transit Supportive Development”.
1.1.4. Transit-Oriented Development in 21% century

The 20™ century saw the transition of TOD from the “Development-Oriented Transit” in
the early 1900s to the “Transit-Related Development” in the past few decades and much has
been written about TOD in recent years (Hondrop, 2002). However, there is still no single, all-

encompassing definition of TOD.

The term of Transit-Oriented Development (TOD) was codified by Peter Calthorpe
(1993) in his book The Next American Metropolis. His definition of TOD is as follows:

“A Transit Oriented Development is a mixed-use community within an average 2,000-
Jfoot walking distance of a transit stop and core commercial area. TOD'’s mix residential, retail,
office, open space and public uses in walkable environment making it convenient for residents to

travel by transit, bicycle, foot or car.”
(Calthorpe, 1993)

Based on Calthorpe’s definition, experts and scholars in the 21" century developed a new
recognition of TOD. Four quotations in the following table sample them.



Table 1Definitions of Transit-Oriented Development in 21* Century

“Transit Oriented Development (TOD) refers to Residential and Commercial Centers designed
to maximize access by Transit and Nonmotorized transportation, and with other features to
Encourage Transit Ridership. A typical TOD has a rail or bus station at its center, surrounded
by relatively high-density development, with progressively lower-density spreading outwards
one-quarter to one-half mile, which represents pedestrian scale distances.”
(Renne, 2009)
“Moderate to higher density development, located within an easy walk of a major transit stop,
generally with a mix of residential, employment, and shopping opportunities designed for
pedestrians without excluding the auto. TOD can be new construction or redevelopment of one
or more buildings whose design and orientation facilitate transit use”
(California Department of Transportation 2001)
“A place of relatively higher density that includes a mixture of residential, employment,
shopping and civic uses and types located within an easy walk of a bus or rail transit center.
The development design gives preference to the pedestrian and bicyclists, and may be accessed
by automobiles”
(Maryland Department of Transportation 2000)
“A mix of residential, retail and office uses and a supporting network of roads, bicycle and
pedestrian ways focused on a major transit stop designed to support a high level of transit use.
The key features of TOD include
(a) a mixed use center at the transit stop, oriented principally to transit riders and
pedestrian and bicycle travel from the surrounding area;
(b) high density of residential development proximate to the transit stop sufficient to
support transit operations and neighborhood commercial uses within the TOD;
(c) a network of roads, and bicycle and pedestrian paths to support high levels of
pedestrian access within the TOD and high levels of transit use”
(Oregon Revised Statues, Section 307-600-1)

Source: VTPI, 2011
Three common features can be extracted from these definitions (TCRP, 2002):

1. Mixed-use development
2. Development that is close to and well-served by transit
3. Development that is conducive to transit riding

Therefore, rather than a single definition, the best way to explain TOD is to discuss its

key features.



1.2 Key Features of True TOD

Based on Aseem Inam (2011)’s report “From Intentions to Consequences: San Diego
TOD Design Guidelines and Rio Vista West Project ” and Jeffery Tumlin (2003)’s article “How
to make transit-oriented development work ”, a true TOD should include most of the following

twelve features:

* The transit-oriented development lies within a five-minute walk of the transit stop, or
about a quarter-mile from stop to edge. For major stations offering access to frequent
high-speed service this catchment area may be extended to the measure of a 10-minute
walk.

* A balanced mix of uses generates 24-hour ridership. There are places to work, to live, to
learn, to relax and to shop for daily needs.

* A place-based zoning code generates buildings that shape and define memorable streets,
squares, and plazas, while allowing uses to change easily over time.

* The average block perimeter is limited to no more than 1,350 feet. This generates a fine-
grained network of streets, dispersing traffic and allowing for the creation of quiet and
intimate thoroughfares.

* Minimum parking requirements are abolished.

* Maximum parking requirements are instituted.

* Parking costs are “unbundled,” and full market rates are charged for all parking spaces.
* Major stops provide Bike Stations, offering free attended bicycle parking, repairs, and
rentals. At minor stops, secure and fully enclosed bicycle parking is provided.

* Transit service is fast, frequent, reliable, and comfortable, with a headway of 15 minutes
or less.

* Roadway space is allocated and traffic signals timed primarily for the convenience of
walkers and cyclists.

* Automobile level-of-service standards are met through congestion pricing measures, or
disregarded entirely.

* Traffic is calmed, with roads designed to limit speed to 30 mph on major streets and 20

mph on lesser streets.



The twelve features of TOD can be grouped into three aspects: Design Features, Density

Features and Proximity to Stations (Hondrop, 2002).
1.2.1. Design Features

With respect to design, TOD should promote walking and transit riding by having design
features such as landscaped sidewalks, parking in the rear, and retail street walls that make
walking and transit riding more enjoyable (Hondrop, 2002). Some commonly-accepted TOD

design features are presented in Table 2.

Table 2 Design Features of True TOD

e Continuous and direct physical linkages between major activity centers; siting of
buildings and complementary uses to minimize distances to transit stops.

e Street walls of ground-floor retail and varied building heights, textures, and facades
that enhance the walking experience; siting commercial buildings near the edge of
sidewalks. Integration of major commercial centers with the transit facility.

e Grid street patterns that allow many origins and destinations to be connected by foot;
direct sight lines to transit stops.

e Minimizing off-street parking supplies; where land costs are high, tucking parking
under buildings or placing it in peripheral structures; in other cases, siting parking at
the rear of buildings instead of in front.

e Providing such pedestrian amenities as attractive landscaping, continuous and paved
sidewalks, street furniture, urban art, screening of parking, building overhangs and
weather protection, and safe street crossings.

e Convenient siting of transit shelters, benches, and route information.

e Creating public open spaces and pedestrian plazas that are convenient to transit.

Source: Bernick and Cervero, 1997
1.2.2. Density Features

A fundamental feature of TOD is high density. Studies have shown a clear link between
increased density and increased transit ridership. For example, “TCRP Report 102 (TCRP, 2004)
examines the relationship between residential and employment density within one mile radius of

rail stations and the rail transit ridership, the results are summarized in Table 3:



Table 3 Density and Rail Ridership

Density of Residential Units Percentage of
(per Gross Acre) Rail Commuters
10 24.30%
20 43.40%
40 66.60%
Density of Jobs Percentage of
(per Gross Acre) Rail Commuters
5 11.00%
20 26.50%
60 52.10%

Source: TCRP Report 102 (TCRP, 2004)

In general, TOD requires at least 6 residential units per acre in residential areas and 25

employees per acre in Commercial Centers (Pushkareav & Zupan, 1977). These densities are

significantly higher than the average densities in most U.S. suburbs and help create adequate

transit ridership to justify frequent transit service, and stimulate active street life and commercial

activities, such as grocery stores and coffee shops.

Based on Pushkarev and Zupan’s work and other studies, an ideal TOD neighborhood

should have 5,000 to 15,000 residents located within a half-mile of a bus or rail station. This area

totals about 500 acres of land, or about 400 net acres assuming that about 20% of the land is

devoted to infrastructure such as roads, parks and schools (VTPI, 2011). Table 4 illustrates the

densities distribution in an ideal TOD neighborhood.

Table 4 Density of Typical TOD Neighborhood

Acres Units/Ac People_ Per Total People Total
re Unit [Acre People
High-density commercial and residential 50 50 15 75 3,750
Mixed medium-density 150 12 2.0 24 3,600
Lower density residential 200 8 3.0 24 4,800
Totals 400 15 2 30 12,150

Source: VTPI, 2011



1.2.3. Proximity to Stations

The majority of transit trips involve some degree of walking to access stops or stations;
therefore the proximity of residences and employment to stations is also vital to for TOD
(Hondrop, 2002). Research by Untermann (1984) on the walking behavior of Americans
suggests that 2,300 feet” is the maximum distance people are willing to walk for general
purposes. Specific studies on transit proximity and ridership in the Bay Area, Washington, D.C.,
and Toronto indicate that transit ridership is the highest within about one-third mile from the
station (Bernick & Cervero 1997).

1.3 Summary of Chapter 1

Transit-Oriented Development in the U.S. has been evolving for nearly a hundred years.
It first appeared as “Development-Oriented Transit” in the early 1900s shifted to “Auto-Oriented
Transit” after WWII, and finally began to realize its full potential as “Transit-Supported
Development” from late 1980s. In the new century, TOD became not only a narrow development
pattern, but a land- use strategy and a planning tool, aiming at promoting smart growth,
leveraging economic development, and catering to shifting housing market demands and lifestyle
preferences (TCRP, 2004). Therefore, rather to achieve a consensus of a single definition, a
reasonable way to define TOD is to recognize and understand its key features or essential
elements that compose the true Transit-Oriented Development. The key elements of TOD
described as most critical and essential are synthesized in Table 5.
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Table 5 the Essential Elements of a True TOD

Elements

Further Clarification

Compact Development

TOD locations within comfortable walking distance of
transit station or stop (about one-quarter to one-half mile).
Medium to high housing and employment density:
Minimum residential density of 10-15 Units/Acre (gross),
or 30 people/ acre (Net).

Minimum employment density of 25 Jobs/Acre (gross).
(Net is about 20% higher than gross)

Pedestrian Oriented Design

Grid street network connecting the transit stop or station
with TOD’s commercial, civic and residential areas.
Attractive pedestrian environment with landscaped
sidewalks, street-facing building, parking in the rear, etc.
Traffic is calmed, with roads designed to limit speed to 30
mph on major streets and 20 mph on lesser streets.

Balanced mix of land uses

Diverse and complementary high-activity uses such as
retail, professional services, public spaces, housing and
employment.

Horizontal (side-by-side) and vertical (within the same
building) mixed use.

Minimum of 20% land for housing.

Efficient Transit System

Fast, frequent, reliable, and comfortable transit service.
Transit facilities - rail and bus stations and stops — tailored
to the level of transit service.

Parking to accommodate transit users and TOD customers

Source: Author

11




Chapter 2: Effects of Parking on TOD’s success

Over the past two decades, TOD has gained popularity in most metropolitan areas in the
United States (TCRP, 2004) and numerous TOD projects have been built across the country.
Despite this interest, the actual performances of TODs are uneven (Bae, 2002) and quite a
number of them have failed to achieve their intended goals. Among the various factors that can
affect the fate of TOD, parking is one major issue that largely determines its success and failure.

The main purpose of this chapter is to study the effects of parking on TOD performance.
Therefore, the first task is to identify the success factors for TOD.

2.1 Successful TOD and its Potential Benefits

In general, a successful TOD should provide more transportation options, improve the
“livability” of communities and serve as a key force in local economic development or
revitalization of decayed neighborhoods and old city centers (Niles, 1999). Furthermore, people
who live and work in TODs should tend to own fewer vehicles, drive less, and rely more on
alternative transportation modes (TCRP, 1997). Successful TODs can provide numerous and

diverse benefits to individuals, communities, and regions. Table 6 shows a portion of them.

Table 6 TOD Benefits
1. Increase transit ridership.

Encourages use of non-motorized transportation

Increase mobility choices

Enhance economic development and Revitalize neighborhoods

Increase Land values, rents and real estate performance

Increases households’ disposable income

Increase public safety

Reduce road expenditures and other infrastructure costs

Reduce traffic congestion and Vehicle Miles Traveled (VMT)-related costs

10 Increase affordable housing opportunities
Source: NHHS 2011and Park 2002

© 0N kLN

As mentioned before, TOD should have the following essential components: 1) Compact
Development, 2) Pedestrian-oriented Design, 3) Balanced mix of land uses and 4) Efficient

transit systems, and a successful TOD needs to bring out the best of those four features.

12



According to “Moving from Rhetoric and Reality” (Belzer & Autler 2002), there are six

performance criteria of a successful TOD:

1. Location Efficiency: Successful TOD should be a pattern of development that
“improves accessibility between a variety of land uses and transportation” (location efficiency).
Key components of location efficiency are: 1) High Density, 2) Mix of Use, 3) Proximity to
transit and 4) Pedestrian-friendly design.

2. Value Recapture: Successful TOD can translate into direct savings for individuals,

households, regions and nations.

3. Livability: At its core, a successful TOD strives to make places safe, comfortable,

attractive, and convenient.

4. Good Financial Return: Typically, a successful TOD can generate substantial

financial return to both public and private sectors.

5. More Choices: A successful TOD can provide residents more options in terms of

housing types, places to shop and modes of transportation.

6. Efficient Regional Land-use Patterns: The successful TOD is one of the most

important tools for promoting “Smart Growth” by fostering more efficient land-use patterns.

13



The following table elaborates each of the six criteria with the specific benefits.

Table 7 Potential Benefits of Successful TOD

Features

Potential Benefits

Location
Efficiency

Increased mobility choices (walking and bicycling as well as transit).
Increased transit ridership.

Good transit connections to the rest of the city and region.

Reduced auto use and reduced auto ownership.

Reduced transportation costs to individuals and households.

Sufficient retail development (quantity, quality, and diversity) to satisfy
the basic daily needs of residents and employees working in the area.
Ability to live, work, and shop within the same neighborhood.

Value
Recapture

Increased homeownership rates or more adequate housing through:

o Increased use of location efficient mortgages.

o Creation of housing units with lower-than-average parking ratios
where the cost savings from parking reductions are passed on to
consumers.

Reduced individual and community spending on transportation and
therefore greater discretionary individual and community spending.

Livability

Improved air quality and gasoline consumption.

Decreased congestion/commute burden.

Improved access to retail, services, recreational, and cultural opportunities
Improved access to public spaces, including parks and plazas.

Better health and public safety (pollution-related illnesses, traffic
accidents).

Better economic health (income, employment).

Good Financial
Return

For local governments: higher tax revenues from increased retail sales and
property values.

For the transit agency: increased fare box revenues and potential ground
lease and other joint development revenues. For the developer: higher
return on investment.

For employers: shorter and more predictable commute times, easier
employee access.

More Choices

A diversity of housing types that reflects the regional mix of incomes and
family structures.

A greater range of affordable housing options.

A diversity of retail types.

A balance of transportation choices.

Efficient
Regional
Land-use
Patterns

Less loss of farmland and open space.

More suitable regional and sub-regional balance between jobs and
housing.

Shorter commutes.

Less traffic and air pollution.

Station areas as that can serve as destinations as well as origins.

Source: Belzer & Aulter 2002
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Table 7 includes most of the potential benefits that could be generated by a successful
TOD, and though it is hard for a single project to accomplish all of them, they can still be

utilized for the assessment of its success.
In general, a successful TOD should achieve the following four primary goals:

1. Increase Transit use, support other non-motorized transportation modes (walking,
biking) and Reduce auto dependency.

2. Enhance economic development and generate good financial return.
3. Maximize location and land-use efficiency.

4. Improve livability and enrich choices.
2.2 Effects of Parking on TOD’s Primary Goals

In order to make TOD successful, a number of factors must be considered. Despite a lot
of research, the appropriate level of parking for TOD has not been resolved.

Parking is a major urban land use. Its location, supply and price influence development
opportunities and can affect property values, urban form, and land use accessibility. In addition,
its availability is of significant importance to travelers making travel decisions such as mode
choice, trip destination choice, trip frequency, etc. (TCRP, 2005). For Transit-Oriented
Development, parking is especially important because it largely affects TOD’s four primary

goals as summarized previously.
2.2.1. Effects on Travel Behavior

Many studies have examined the relationship between parking and transit/auto use.
According to “Parking Strategies ro Attract Auto Users to Public Transportation” (Bianco,
1998), the key connection between parking and transit/auto use lies in the supply and price of
parking: “Where parking is scarce — typically in high-density areas — prices are normally
charged and transit ridership levels are relatively high. Where parking is ample — typically in
low density areas — there is usually no charge for parking, consequently, commuters have little

incentive not to drive and thus transit ridership levels are low” (Bianco, 1998).

15



In another study, the Victoria Transportation Institute concluded that parking fees
typically have highest impact on trip decision based on a review of several parking elasticity
studies (VTPI, 2011). For example, one study on commuter mode choice and parking demand in
Portland, OR, found that with the provision of free parking trips would be distributed in the
following manner: 62% drive alone, 16% carpool, and 22% on transit. The study concluded with
the implementation of a $6.00 daily parking charge, the same trips would be distributed in the

following manner: 46% drive alone, 4% carpool, and 50% on transit (STOD, 2011).

In another study “People, Parking, and Cities” (Manville & Shoup 2005), the authors
found that shifting from free to cost parking typically reduces automobile commuting 10-30%.
Similarly, in the article “Stated Response Analysis of the Effectiveness of Parking Pricing
Strategies for Transportation Control” (Kuppam, Pendyala & Gollakoti, 1998), reported nearly
35% of automobile commuters surveyed would consider shifting to another mode if required to

pay daily parking fees of $1-3 in suburban locations and $3-8 in urban locations.

In addition to the effects on transit and auto use, parking also influences other travel
behaviors such as walking, and bicycling.Trace (1999) provided detailed estimates of the
elasticity of various types of travel (car-trips, transit travel, walking/cycling, commuting,

business trips, etc.) with respect to parking price under various conditions as shown in Table 8.

Table 8 Elasticity of Various Travel Types with Respect to Parking Price

Car Public
Purpose Car Driver Passenger Transit Slow Modes*
Commuting -0.08 +0.02 +0.02 +0.02
Business -0.02 +0.01 +0.01 +0.01
Education -0.10 +0.00 +0.00 +0.00
Other -0.30 +0.04 +0.04 +0.05
Total -0.16 +0.03 +0.02 +0.03

* Slow Modes = Walking and Cycling
Source: Trace 1999

In conclusion, the availability and pricing of parking significantly affects transit ridership

and automobile use, thereby becoming a critical issue in the performance of TOD.
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2.2.2. Effects on Financial Performance and Economic Development

For a Transit-Oriented Development, parking can be very expensive which could
significantly influence its financial and economic performance. Therefore, understanding the
finance of parking and then making it cost-effective by applying appropriate parking
management strategy is critical for good financial performance of TOD and the local economic

development.

The major issue of parking’s finance is its costs. In general, Parking costs include Direct

costs (also referred as Financial costs) and Indirect Cost:
2.2.2.1 Direct Costs (Financial Costs)

The Direct Cost refers to the financial costs of providing parking facilities; there are four

common types of them:

e On-street parking consists of parking lanes provided within public roads right-of-way
e Off-street parking are parking facilities on their own land, not on road rights-of-way.
e Surface parking refers to parking lots directly on land.

e Structured parking (also called parkades or ramps) are parking facilities in or under

multi-story buildings.

The Direct Cost mainly includes parking facility land cost, construction cost and

operating & maintenance costs (VTPI, 2011).
1) Land Cost

A typical parking space is 8-10 feet wide and 18-20 feet deep, totaling 144-200 square
feet and off-street parking typically requires 300-350 square feet per space, including access
lanes and landscaping (Hunnicutt, 1982). Land costs can vary from thousands of dollars per acre
in rural areas to millions of dollars per acre in central business districts (CBDs), and since most
of the parking facilities are located near destinations, it often requires relatively high-value land
(VTPI, 2011).
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2) Construction Cost

The construction costs of parking are mainly driven by the following factors (VTPI,

2011):

e Size per space: cost more for bigger space.

e Shape of site: Irregular shaped sites increase unit costs.

e Number of levels: More levels will increase the costs.

e Topography: Slopes and poor soil conditions increase costs.

e Design: Exterior aesthetic treatments can increase costs

According to Carl Walker’s annual parking structure cost report, the national parking

Table 9 Median Parking Structure Construction Costs 2012

City Cost Per Space City Cost Per Space
Atlanta $15,399 Minneapolis $18,745
Baltimore $15,894 Nashville $15,023
Boston $19,701 New York $22,313
Charlotte $13,658 Philadelphia $19,326
Chicago $19,616 Phoenix $15,194
Cleveland $16,987 Pittsburgh $16,662
Denver $16,218 Portland $17,243
Dallas $14,580 Richmond $15,092
Detroit $17,618 St. Louis $17,567
Houston $15,075 San Diego $17,943
Kansas City $17,431 San Francisco $21,135
Los Angeles $18,489 Seattle $17,738
Miami $15,416 Washington, D.C. $17,021

National Average

$17,072 (Per Space)

Source: Carl Walker, 2012

structure construction costs are reported t