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EXECUTIVE SUMMARY

In 1982, in the context of the Clean Air Act and national and local concerns about deteriorating
air quality, the City of New York adopted pioneering rules to manage the supply of off-street
parking in Manhattan’s Central Business District. The 1982 Manhattan Core parking zoning
amendments sought, in the words of the City Planning Commission’s report, “to institute land
use controls over off-street parking which are consistent with environmental policies and
sensitive to the concerns of business and development interests in the City.” While the 1982
amendments recognized the continuing need for limited amounts of parking for vehicles
associated with services, business, culture, and entertainment as well as residents, the strictest
limits were reserved for public parking. It was anticipated that these limits, together with the
redevelopment of sites with parking lots and garages, would, over time, reduce the overall
number of public parking spaces and that with fewer parking spaces available, fewer motor
vehicles would enter Manhattan’s most traffic-congested areas. These regulations continue to
be in effect today in Community Districts 1 through 8, comprising Manhattan below 96™ Street
on the East Side and 110" Street on the West Side. This area is referred to as the “Manhattan
Core” in the New York City Zoning Resolution and includes some of the City’s most populous
neighborhoods, major institutions,
parks and transit hubs, and the City’s
primary Central Business District
(CBD), defined as Manhattan below
60" Street.

Manhattan Core Community Districts

The most significant change in the
1982 parking regulations was a shift
from minimum parking requirements
for new residential development to
maximum parking allowances for
parking spaces that are limited to
residents of the development, known
as accessory spaces. Before 1982, off-
street parking was mandatory in
residential development in the
Manhattan Core; since 1982,
accessory parking is optional and
subject to strict limits on the amount
of parking that can be provided — no

more than 20 percent of the number






of residential units in Community Districts 1 through 6 and no more than 35 percent of units in
Community Districts 7 and 8. Accessory parking for other uses is also subject to maximums,
and the total number of spaces provided in a development is capped at no more than 225
spaces for any mix of uses. Under the 1982 regulations, only new developments and
enlargements may incorporate parking, whereas prior to 1982 the creation of new parking in
existing buildings was allowed. In addition, the 1982 regulations require special permits for
accessory parking exceeding the maximums as well as for new parking in existing buildings and
for all public parking facilities. New surface public parking lots are prohibited in prime
commuter areas such as Lower Manhattan and Midtown except by special permit.

Looking back after almost 30 years, these regulations have proven to be compatible with a
growing, successful Manhattan Core. The regulations allow limited amounts off-street parking
to be provided with new development and allow some developments to provide additional
parking by special permit. In doing so, the 1982 regulations strike a balance between
discouraging auto commuting in a highly traffic-congested part of the city where transit access
and walkability are excellent while recognizing that the need for off-street parking remains
even when auto commuting is restrained.

Since 1982, physical and demographic changes in the Manhattan Core and trends in CBD-bound
travel have altered the overall supply off-street parking and its utilization. While parking
facilities have been built as part of new developments since 1982, more spaces have been
eliminated — typically as public parking lots and garages have been redeveloped for other uses.
The total off-street parking supply in the Manhattan CBD has decreased from approximately
127,000 public parking spaces in 1978 to 102,000 spaces in 2010. At the same time, formerly
peripheral neighborhoods such as Tribeca and the Far West Side have seen the rise of a
significant amount of residential redevelopment occupied by higher-income residents and
families with children, characteristics highly correlated with car ownership. As a result, public
parking facilities in the Manhattan Core are increasingly used by residents rather than
Manhattan-bound commuters and other visitors, who are now choosing public transit over cars
more than in 1982. The Manhattan Core has thrived during this time, and its distinction as the
commercial, cultural, and residential center of the region is even stronger than it was.

It is on the basis of these changes that the Department of City Planning decided to investigate
how off-street parking in the Manhattan Core is currently used and to employ that information,
along with three decades of experience, to reexamine and update the Manhattan Core parking
regulations while retaining their basic framework.





Manhattan Core Parking Study

Certain deficiencies in the existing regulations have become apparent over the years since
1982, as has the need for additional data to better understand how off-street parking is utilized
within the Manhattan Core. In 2008, with the assistance of a Federal grant, the Department
launched a study to collect data about off-street parking in the Manhattan Core through a
survey of current users, to analyze that data to better understand user characteristics, and to
use that information to help in assessing the zoning regulations governing parking in the Core.
Much of this research was conducted through the Manhattan Core Public Parking Survey.

The Manhattan Core Public Parking Survey was conducted between March and May 2009.
Department staff collected almost 2,900 intercept surveys from 110 public parking facilities
spread throughout the Manhattan Core. The number of parking spaces in the surveyed
facilities represented approximately 15 percent of the 146,000 public parking spaces in the
Manhattan Core licensed by the New York City Department of Consumer Affairs (DCA).
Respondents included commuters, people conducting business, Manhattan residents, medical
patients, and those visiting for leisure. The survey included questions about trip purpose, home
ZIP code, reasons for not taking mass transit, frequency of respondents’ auto trips to
Manhattan, and respondents’ occupation. In addition to the survey of public parking users, the
Department also collected operator-provided data about the parking facilities, including the
percentage of spaces occupied by residential monthly parkers.

The Study also included analysis of Census and other data to furnish insight into how
demographic trends and changes in car ownership patterns relate to utilization of off-street
parking. Transportation data, including the annual reports on Hub (CBD)-bound travel issued by
the New York Metropolitan Transportation Council (NYMTC), were analyzed in order to
ascertain how travel into the Manhattan Core has changed since 1982. In addition to data
analysis, Department staff have closely reviewed the Manhattan Core regulations and the City
Planning Commission’s experience in recent years with review of parking special permit
applications, with a view toward identifying areas where the regulations may be obsolete,
inconsistent with current policies, or insufficient for a well-functioning special permit process.
Staff have also interviewed practitioners with experience in parking facility design. More
recently, the Department has conducted an ongoing survey of residential buildings constructed
since 2000 in the Manhattan Core to determine, among other information, whether these
buildings provided parking and whether the parking is public. Public parking facilities in New
York City, except for municipal facilities operated by the City, are licensed by the New York City
Department of Consumer Affairs (DCA).





Findings
The Manhattan Core study has yielded a number of key findings:

o The Manhattan Core parking regulations have proved to be compatible with population
and job growth and a thriving Central Business District. In almost three decades since the
Manhattan Core regulations were enacted, the Manhattan Core has added population and
jobs and has strengthened its position as the vital heart of a world city. Travel into the CBD
has shifted toward transit and away from private vehicles. While off-street parking is less
critical than it was in this respect, it still plays an important role in supporting economic
activity and provides a necessary amenity for residential neighborhoods in the Core.

e The supply of off-street parking in the Manhattan CBD has declined by about one-fifth
since the Manhattan Core parking regulations were enacted. With the redevelopment of
surface lots and garages, as well as the effects of the regulations in limiting the provision of
parking, the number of off-street public (DCA-licensed) parking spaces below 60" Street has
decreased from around 127,000 in 1978 to approximately 102,000 in 2010.

e Levels of car ownership and auto commuting in the Manhattan Core are relatively low.
Approximately 23 percent of Manhattan Core households own a car (compared with 46
percent Citywide), and only about one-fifth of those households commute to work by car.
However, since 1982, car ownership has increased at a faster rate in the Manhattan Core
than in Manhattan outside the Core.

e Public parking facilities serve a large number of Manhattan residents and fill
neighborhood needs for residential parking. In contrast with 1982, when most public
parking was utilized by commuters and other business parkers, a large portion of spaces in
public parking facilities were found to be utilized by Manhattan residents on a monthly
basis. In public parking facilities located in residential and mixed-use buildings,
approximately 60 percent of spaces were occupied by residential monthly parkers, most of
whom do not live in the building but come from the surrounding neighborhood. In more
residential neighborhoods such as the Upper East Side, over 70 percent of spaces in public
parking facilities in residential and mixed-use buildings were used by neighborhood
residents. To a much greater extent than in 1982, the supply of public parking is serving
neighborhood needs for long-term residential parking.

e Most new parking facilities in the Manhattan Core operate as public facilities, despite
zoning regulations that require permitted parking to be reserved for accessory use only. In
part, this is a result of the complexity of the zoning regulations, which require certain spaces
to be reserved for certain users (e.g., residents of the building, customers of the retail
stores in the building), some of whom are transient while others are not. These regulations

6





have proven cumbersome and difficult to enforce. The widespread practice of operating
new parking facilities, treated as accessory in zoning, as public facilities has resulted in a
straightforward and successful system of multiuse parking that expands options for parkers,
including residents seeking parking in their neighborhood. While the 1982 regulations
assumed that distinguishing between accessory and public parking is necessary to ensure
that there is parking sufficient to meet residential demand, today residents are able to
secure parking through the market for public parking.

Limited amounts of new parking are still needed. Many travelers into the Manhattan Core
who park in public parking facilities make all or most of their trips into the Core by car. New
investments in transit infrastructure and land use policies that encourage transit-oriented
development are expected to further the positive trend of the last 30 years, where people
traveling into the Manhattan CBD have come by transit in ever greater numbers. For the
foreseeable future, however, parking will still be needed to accommodate some share of
trips into the Manhattan Core, even if that share continues to fall. As the survey results
showed, people choose to drive for a variety of reasons ranging from the needs of their job,
because they are transporting goods or other people, or the inadequacy of transit where
they live. A population of car-owning households in the Manhattan Core will remain, in
part because residents of new housing in the Core tend to own cars at higher rates than the
residents of existing housing. Some new parking will be necessary to support economic
activity and accommodate residential demand.

On the whole, the Department concludes that the 1982 Manhattan Core parking regulations

have been successful and do not require fundamental changes. However, targeted

modifications could update the regulations to reflect contemporary conditions, improve their

functioning, and provide more clarity and predictability. Some possible modifications along

these lines are discussed in the concluding section, “Study Findings and Parking Policy Goals.”

In brief, the suggestions include:

Formalizing the current system of public parking;

Improving parking special permits for fuller consideration of the appropriateness of
proposed facilities;

Developing specific criteria for special generators and large sites;
Removing obsolete regulations that could hinder the provision of affordable housing;
Revising regulations to promote pedestrian-friendly streetscapes;

Establishing layout standards for new parking facilities that promote pedestrian safety and
well-functioning streets; and





e Providing for automated parking facilities.

This report consists of the following sections:

e Policy Background

e Manhattan Core Demographic Trends Since 1980
e Manhattan Core Public Parking Survey Findings

e Study Findings and Parking Policy Goals





PARKING POLICY BACKGROUND

Current parking policy in the Manhattan Core is embodied in zoning regulations, enacted in
1982, that restrict the development of new parking in Community Districts 1 through 8. Below
is a description of the background and content of the 1982 policy, effects of the policy, and
related studies.

Clean Air Legislation

In response to growing concern over air pollution and the effects of emissions from motor
vehicles, Congress adopted the Clean Air Act in 1970. The legislation required all states to draft
a federally-enforceable State Implementation Plan (SIP), which indicates how the state will
achieve compliance with National Ambient Air Quality Standards (NAAQS). In response, the
City adopted a Transportation Control Plan (TCP) in 1973, which included the goal of reducing
off-street parking in the Manhattan Central Business District (CBD), generally defined as
Manhattan below 60" Street, by 40 percent. The goals of the TCP shaped later zoning
regulations for parking in Community Districts 1 through 8, which cover the area from the
Battery north to East 96" Street and West 110" Street. This area encompasses Manhattan’s
densest residential areas, along with the Midtown and Downtown business districts.

1982 Zoning Text Amendment

In 1982, the City Planning Commission adopted an amendment to the Zoning Resolution (Article
I, Chapter 3) that aimed to reduce parking in the Manhattan Core in order to improve air
quality. It was widely believed that having less off-street parking, particularly in prime
commuter areas, would reduce driving in Manhattan and encourage the use of mass transit.
Goals of the 1982 amendment included:

e Areduction in the supply of off-street parking spaces in the Core
e A reduction in the number of motor vehicles entering the Core
e Improved air quality within the Core

Prior to 1982, the zoning resolution encouraged off-street parking in the Manhattan Core
through parking minimums (as opposed to maximums) and through permissive streetscape and
design regulations. Zoning required accessory parking for new residential developments and
allowed a significant amount of parking in association with commercial and community facility
development.! Zoning also allowed public surface parking lots (as distinct from public parking
garages) with a capacity of up to 150 spaces as-of-right in most commercial and manufacturing

! Accessory parking is available only to the users of the building, while public parking may be used by anyone,
regardless of their destination. A public parking garage may sometimes include accessory parking spaces for other
uses on the same zoning lot.





districts, in recognition that the vast majority of the users of public parking were commuters.?
Accessory parking could be provided as-of-right for conversions and existing uses and could also
be used by non-residents. Required parking could be unenclosed and located off-site, and curb
cuts on wide streets were allowed for required parking.

The most fundamental changes made with the establishment of the Manhattan Core parking
regulations were the elimination of parking requirements for residential uses and the
establishment of limits on the maximum amounts of accessory parking that could be provided,
a reduction in the amount of accessory parking that could be provided for commercial and
community facility uses, and the prohibition of as-of-right public parking lots in certain areas
where commuter parking was most prevalent. Furthermore, accessory parking regulations
were changed to require that parking be located on the same zoning lot to which it is accessory
and restricted to only those occupants of particular developments. New public parking facilities
required a special permit. New parking for conversions or existing buildings was no longer
allowed except by action of the City Planning Commission.

2 According to the 1981 Parking Management Study by the NYC Department of Environmental Protection,
approximately 85 percent of public off-street parking was used by commuters and other business-related parkers.
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Effects of the 1982 Parking Policies in the Manhattan Core

Traffic and Parking Supply

The number of off-street public (DCA-licensed) parking spaces in Manhattan has declined since
the Manhattan Core parking regulations went into effect in 1982. Below 60™ Street, the
number of parking spaces decreased from approximately 127,000 in 1978 to approximately
102,000 in 2010.2 The decline in the number of spaces is due to the redevelopment of sites
that formerly contained parking facilities as well as the effects of the Manhattan Core
regulations in limiting the provision of new parking.

Annual CBD-Bound Vehicles and Public Parking Spaces, 1978-2010
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Notes: Alldata for MN below 60th St. Through traffic is estimated to account for 20-40% of all traffic in the CBD.

During the morning peak period (7 am-10 am), when commuter entries are the highest,
combined auto, taxi, and truck entries into the CBD trended down, declining by about seven
percent from 154,000 to 143,000 between 1982 and 2009, with the decline concentrated since
2000. However, the total number of vehicles entering the CBD has not declined. In 2009, the
number of vehicles entering the Hub as measured on a fall business day stood at 750,000, an
increase of 49,000 from the 701,000 that entered in 1982.* The most recent figure, however,
represents a decline in CBD-bound vehicle entries since 1999, the highest year ever recorded

* New York City Department of Consumer Affairs and Department of Environmental Protection.
* New York Metropolitan Transportation Council (NYMTC) 2009 Hub-Bound Travel Report. www.nymtc.org.
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with 844,000 entries. In addition to any effects of the reduction in the number of parking
spaces, other factors such as the introduction of the MetroCard, free transfers between buses
and the subway, and improved safety on mass transit and in the city in general may have
encouraged commuters to choose an alternative to driving.

CBD-Bound Vehicles on a Fall Business Day, 7-10 AM
1978-2009
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Source: NYMTC Hub-Bound Travel Reports . .
Due to the 9/11 attacks, some data is no longer available. Vehicle Entries Into CBD

Employment

Factors other than parking supply, such as income and employment, have a stronger correlation
to the number of vehicles entering the CBD. The supply of high-paying jobs, particularly those
within the finance, insurance, and real estate (FIRE) and service sectors, seems to have a much
stronger correlation with driving trends than parking supply. As employment in these sectors
has increased or decreased, the number of cars entering the CBD has followed a similar pattern.

Air Quality

Although the number of vehicles entering the CBD has increased since the current parking
regulations were adopted in 1982, most of the air quality objectives of the Clean Air Act have
been achieved, according to the State Department of Environmental Conservation (DEC). The
annual average level of carbon monoxide (CO) has been decreasing since 1985 in the CBD and
other locations, according to the annual New York State Ambient Air Quality Reports issued by
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DEC. Factors likely contributing to a decrease in CO include the implementation of E-Z Pass and
improved technology in the auto industry, such as the use of catalytic converters, the removal
of lead from gasoline, and improved fuel efficiency.

Parking Cost

One significant effect of the decrease in the number of public parking spaces is that the cost of
parking in the Manhattan Core has become very high. Colliers International’s 2010 Global CBD
Parking Rate Survey (see chart below) determined that New York City’s average monthly
unreserved parking rate and daily parking rate are the highest in the nation.” Parking facilities
in Midtown Manhattan charged approximately $538 per month (5529 downtown) and $40 per
day ($31 downtown). The high parking rates in the CBD are a result of a limited supply of
spaces as well as continued robust demand. While the high cost and decreased supply of
parking has not resulted in a reduced number of vehicles entering the CBD compared with
1982, this is not to say that the high cost of off-street parking has not influenced choice of
travel mode. Manhattan-bound commuting has the highest transit mode share in the nation at
73 percent, according to the 2009 American Community Survey (ACS).

> Colliers International, 2010 Global CBD Parking Rate Survey.
http://www.colliers.com/Country/UnitedStates/content/globalcolliersparkingratesurvey2010.pdf
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COLLIERS MONTHLY UNRESERVED PARKING RATE

Monthly Parking Rates in US Cities, 2010
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Previous Studies Related to Manhattan Core Parking Policy

Off-street parking policies in New York City have been studied for several decades by the
Department of City Planning and other agencies. In 1981, the NYC Department of
Environmental Protection (DEP) published the Parking Management Study. The study surveyed
500 off-street parking facilities below 60" Street to examine the preferences and inclinations of
those parking in Manhattan. The purpose of the study was to help policymakers determine
how parking policy may be used to reduce traffic volumes and improve air quality in
Manhattan.

In 1995, under the guidance of the Department’s Transportation Division, a survey of public and
on-street parking users in Manhattan Community Districts 1 through 8 was conducted by
Hayden-Wegman Consulting Engineers. The sites surveyed for the study included both on-
street and off-street parking spaces throughout the city. The purpose for this study was to
examine the attitudes of drivers and determine the relationship between parking patterns and
land use. These findings, compiled in a report called Parking Facilities Users’ Survey and
Parking Needs Survey in Community Districts 1 through 8, were intended to help the City
predict parking needs for new developments based on the results for similarly zoned areas in
the study.
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MANHATTAN CORE DEMOGRAPHIC TRENDS SINCE 1980

Vehicle Availability

Since 1980, vehicle availability (the number of households with access to a vehicle) has
increased for Manhattan Core residents, which correlates with increased income and presence
of families with children. Census data indicates that between 1980 and 2009, the number of
vehicles in the Manhattan Core increased by 27 percent, from approximately 110,000 to
139,000, while the number of households increased by seven percent, from approximately
503,000 to 537,000. The ratio of vehicles to households in the Manhattan Core increased
sharply in the 1980s, from approximately 0.22 in 1980 to 0.26 in 1990 and has remained around
the same level since, declining slightly from 2000 to 2009.

Vehicles and Households in the Manhattan Core,
1980-2009
600,000
500,000
400,000
300,000 ® Vehicles
200,000 B Households
100,000
0
Sources:
1980 1990 2000 2009 US Census, ACS
Income

The increase in vehicle availability in the Manhattan Core may be largely attributed to increased
income. According to Census data, median household Income in the Manhattan Core (adjusted
for 2009 dollars) was $36,640 in 1980, $55,989 in 1990, $77,882 in 2000, and $87,625 in 2009,
for a total increase of 239 percent over the full period.

It was found that auto ownership rates increase with household income throughout the city.
This pattern holds true within the Manhattan Core. While 23 percent of all Manhattan Core
households reported having access to an automobile in 2009, high-income households owned
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vehicles at a much higher rate. According to the American Community Survey three-year
estimates for 2007-09, approximately 36 percent of Manhattan Core households with incomes
of $130,000 or more had at least one vehicle, while around half of households earning
$500,000 or more had vehicles.

Manhattan Core Households With Vehicles by Income, 2009
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Furthermore, as shown in the chart below, a large percentage of Manhattan Core households
are upper-income. According to the ACS data for 2007-09, 36 percent of households in the
Core had an annual income of $130,000 or more.
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Manhattan Core Households by Income, 2009
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Still, when controlling by income, a larger share of households citywide outside the Manhattan
Core own cars than do households within the Manhattan Core. This likely reflects factors such
as the excellent availability of transit options in the Core, very dense land use patterns that
make walking feasible for many trips, and the scarcity and high cost of parking.
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Families

The presence of children in a household is highly correlated with car ownership. As shown in
the chart below, in 1990 as well as 2008, Manhattan Core households with children owned
vehicles at around twice the rate as households without children.

VEHICLE OWNERSHIP BY HOUSEHOLDS AND FAMILIES WITH CHILDREN
(1990 AND 2008)
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Journey to Work

About 23 percent of Manhattan Core households have cars; of these, only about one-fifth use a
car as their primary means of commuting to work. Auto use as the primary means of travel to
work has declined in spite of the increased number and share of households owning vehicles.
In 1990, the share of Manhattan residents using a car as their primary means of commuting was
10.1 percent; in 2000, that percentage was 9.2 percent; and by 2009, it had declined further to
7.8 percent. Among Manhattan Core residents with jobs in Manhattan in 2009, approximately
69 percent traveled to work by transit, seven percent drove, and the remaining 24 percent
biked, walked, used another mode, or worked at home. Borough-wide, about nine percent of
workers who reside in Manhattan commute to work by car, including the four percent who
commute to jobs within Manhattan.
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Manhattan Core Residents Mode of
Transportation to Work, 2009

B Auto
M Transit

i Bike/Walk/Work at
Home/Other

Source: 2007-09 ACS

In terms of trips into the Manhattan CBD from outside the CBD, while the data indicate that
there has been an increase in the number of vehicles entering the CBD since 1982, it is
important to note that a large majority of people traveling into the CBD use transit both for
daily commuting (as measured by the share of trips during the morning rush hour period from 7
to 10 am) and for trips throughout the day, and that this share has increased since 1978. In
2009, 86 percent of people entering the CBD during the morning rush hour of a typical fall
business day used transit, while most of the remainder drove. Overall, from 1982 to 2009, the
total number of people entering the CBD by car on a typical fall business day decreased by
approximately 118,000, during a period when total trips into the CBD increased by
approximately 364,000.
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Person Trips Into the Manhattan CBD by Mode,
1982-2009

1982 33.1% 66.9%
B Auto, Taxi, Van,

1990 33.5% 66.5% Truck
B Mass Transit
2000 33.0% 66.8% |

i Bicycle
2009 \
® S & & &
S A S o b Bound Travel Report

In addition to having very low rates of auto commuting, Manhattan Core monthly residential
parkers generally use their cars infrequently. According to the Manhattan Core Parking Survey,
25 percent of monthly residential parkers at surveyed facilities in the Manhattan Core reported
making five or fewer vehicle trips per month; 38 percent reported five to 19 trips per month,
and 37 percent reported making 20 or more trips per month. (The survey methodology, which
captures respondents when using vehicles, likely over-represents frequent auto users and
under-represents infrequent auto users.)
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2009 MANHATTAN CORE PUBLIC PARKING SURVEY FINDINGS

The purpose of the Manhattan Core Parking Survey was to collect information about the use of
off-street public parking n the study area in order to inform policy decisions pertaining to public
parking.

DCP staff collected 2,871 intercept surveys from 110 public parking facilities for this study. The
number of parking spaces in the surveyed facilities represented approximately 15 percent of
the approximately 146,000 public parking spaces in the Manhattan Core licensed by the New
York City Department of Consumer Affairs (DCA). All New York City parking facilities with a
private operator are required by law to obtain a license from DCA. The survey included
guestions about trip purpose, home zip code, reasons for not taking mass transit, frequency of
auto trips to Manhattan, and occupation. Results were weighted to accurately compare the six
community district (CD) subareas and the three larger geographic zones: Uptown, Midtown,
and Downtown. The survey form is located in the Technical Appendix at the end of this report.

The results of the study yielded several major findings about parking garage users. The
conclusions below specify the different type of users who responded to the survey, how often
they need to drive into Manhattan, why transit is not an option for them, and their places of
origin and destinations.

Public parking users traveling into the Manhattan Core came from widely dispersed locations
across the New York City region and beyond with very little concentration coming from any one
zip code. Survey respondents lived in over 800 different zip codes, with no more than 25 (less
than one percent) living in the same zip code area.

There were four major groups of survey respondents based on their reported trip purpose:
Commuting/Business, Entertainment/Shopping, Residential Monthly Parkers, and All Other.
(Manhattan residents who were storing their car and parked on a monthly basis are defined as
Residential Monthly Parkers). It should be noted that the survey had some limitations, in
particular regarding residential monthly parkers. The survey methodology involved handing
surveys to parkers to fill out while they were waiting for their car to be retrieved; because
residential monthly parkers often pre-arrange pick up of their vehicle, these parkers frequently
could not be captured. In addition, residents who had cars in these facilities but were not using
them during the survey periods were obviously not surveyed. As a result, the survey results
underestimate the number of residential monthly parkers using the surveyed facilities, and so
the study has employed data provided by the operators to assess more accurately the presence
of residential monthly parkers in public parking facilities. Also, the survey was conducted
during the nationwide economic recession, a time of higher unemployment in the City and
region, which likely reduced utilization of public parking facilities.
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Questions about trip purpose, why different user groups chose to drive that day rather than
taking transit, and how frequently drivers use their car to drive in Manhattan were designed to
provide insight into the role of personal vehicles in mobility, economics, and quality of life.

TRIP PURPOSE (n=1,317)

W Store car here-Live inthe building (n=5)

B Commuting/Business (n=881) B Store car here-Live elsewhere (n=16)

W Visiting family or friends (n=33)
Pickup/Deliver Passengers (n=2)

W Pickup/Deliver Goods (n=2)

B Medical/Dental appointment (n=74)

B Other (n=60)
Missing Trip Reason (n=1)

M Entertainment/Shopping (n=160)
M Residential Monthly (n=82)

W AllOther (n=193)

While commuting/business users cited transit schedule most frequently as their reason for
driving into the Manhattan Core at the time of the survey, entertainment users reported
comfort as being their main reason. Manhattan residential monthly parkers most frequently
(23 percent) indicated “other reasons” for driving that day. Overall, 42 percent of all
respondents cited transit schedule, transit stations, and/or transit transfers as reasons why
they chose to drive.

Below are some additional observations about the four groups and their responses to the
survey. Responses to all survey questions for all respondents and for the four user groups can
be found in the Technical Appendix.
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Reasons for Not Taking Transit

Transit Schedule

Transit Stops

Transit Transfers

Need Car for Work
Multiple Stops
Carrying Packages
Passengers

Parking Cost Subsidized

Carpool

Comfort

Other

0% 5% 10% 15% 20% 25% 30% 35% 40%

Note: Thisis a
“check all that
apply” question

Work and Business-Related Users

At 67 percent, commuting and business-related users composed the largest segment of
respondents. Of this segment, over two-thirds were commuters, and the remainder were
parking for business-related purposes such as visiting clients or attending a business meeting.

A significant segment of workers, particularly those in sales and construction, reported
choosing not to take transit because they needed their car for work, either because they were
traveling to several locations in one day or because they needed to transport heavy tools or
equipment.

Entertainment and Shopping Users
The respondents in this group were more likely than other groups to travel during off-peak
hours and stay at their destination for short periods of time. Many respondents in this group
drove with other occupants in their vehicle. The largest share of this group — 25 percent — cited
comfort as a reason for not using transit.
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These findings indicate that this group of users may be relatively unreceptive to changing their
mode of travel and parking in the Manhattan Core. They are a user group which generates
revenue for the city, and since they are more likely to travel during off-peak hours and carpool,
they are less likely to add to peak-period traffic congestion. Lastly, the respondents in this
group park for short periods of time, so one parking space can accommodate several visitors in
one day.

Almost half of these respondents (45 percent) parked in Midtown, indicating a particular need
for parking in areas where there is a concentration of commercial and entertainment uses.

Residential Monthly Parkers

Manhattan residential monthly parkers were the smallest group of respondents, in part
because they were able to access their cars quickly and thus were far less likely to participate in
the survey. Many residents do not use their vehicles daily and were less likely to be surveyed
for this reason as well. Those residents who were surveyed indicated that they made fewer
trips by car in the prior month than Manhattan residents who were not monthly residential
parkers.

According to operator-provided data, 44 percent of all public parking spaces in surveyed
facilities were leased to residential monthly parkers. In residential study areas, the share was
much higher: over 70 percent in Community Districts 2 & 3 and 7 & 8. The following chart and
map indicate the percentages of spaces occupied by residential monthly parkers in residential
or mixed-use buildings and in all buildings.
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Share of Public Parking Spaces Used by Residential Monthly
Parkers, by Type of Building and Community District

B Residential or Mixed Use  m All Land Uses

CDs 1-8 (n=97)
CD1(n=9)

CDs 2&3 (n =13) 74%
CD 4 (n=15)

CD5 (n=28)

CD 6 (n=11)

CDs 7&8 (n = 21) 72%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Source: Operator-Provided Data
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Share of Public Parking Spaces in Residential and Mixed-Use
Buildings Used by Residential Monthly Parkers
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Community Districts 2 & 3 and 7 & 8 had the highest percentages of monthly residential
parkers, indicating a need for residential parking. This suggests that residents storing their
vehicles in public parking facilities in residential neighborhoods occupy a much larger share of
the parking spaces than was the case when the Manhattan Core parking regulations went into
effect. For example, the 1981 Parking Management Study mentioned above found that
approximately 85 percent of surveyed parking spaces were used by commuters and other
business-related parkers.

The Manhattan Resident Parking Tax Exemption, which reduces taxes on parking fees for
eligible applicants living in Manhattan, was another source of data used to obtain information
about residential monthly parkers. Drivers who park in Manhattan are charged an 18.375
percent tax on rental parking spaces. However, qualified filers for the Manhattan Resident
Parking Tax Exemption have this tax reduced to 10.375 percent. In order to be eligible,
Manhattan residents must own and register their motor vehicle to a Manhattan address and
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park in a long-term rented space for a month or more. The vehicle must be for personal use
only.

Residents who file for the exemption are required to notify the New York City Department of
Finance (DOF). According to records provided by DOF, on average only 10 percent of residents
who filed for the tax exemption lived in the same building where they parked their vehicles.
However, 63 percent of DOF filers lived either in the same building or within a quarter-mile of
the parking facility where they parked their vehicle, and 84 percent of filers lived either in the
same building or within a half-mile of the facility where they parked their vehicle.

Other Users

Survey respondents who did not fit into any of the three categories above reported several
different trip purposes. Among those listed were picking up or dropping off passengers and
goods, visiting family or friends, and going to a medical or dental appointment. A significant
share (38 percent) of this group selected a medical or dental appointment as their trip purpose
—another population of drivers with less flexibility in their transportation options.
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STUDY FINDINGS AND POLICY GOALS

Study Findings

The purpose of the Manhattan Core study is to better understand how existing supply of off-
street parking is used so as to advise stakeholders and decision makers on future parking
policies. These surveys, along with analysis of Census and other data, yielded the following key
findings:

The Manhattan Core parking regulations have proved to be compatible with population
and job growth and a thriving CBD. In the almost 30 years that the regulations have been
in effect, both the Manhattan Core and the New York City region have gained population,
while Manhattan has added almost 400,000 jobs.

Regional Population Manhattan Core Population Manhattan Employment

2010: 22,215,000 2010: 1,008,000 2010: 2,854,000

1980: 15,191,000 1980: 918,000 1980: 2,465,000
Residentswithin NYC31-County People employedinManhattan,
Metropolitan Area residinganywhere

Sources: US Census; Bureau of Economic Analysis, US Dept of Commerce

Even with more people and more jobs, the number of people entering the Manhattan CBD
daily by car has declined by over 100,000 since 1982, while the number using transit has
increased by almost half a million. This shift to transit is especially pronounced among
commuters. The transit-supported growth of the Manhattan Core has lessened the role of
off-street parking, though it remains important.

The supply of off-street parking in the Manhattan Central Business District (Manhattan
below 60" Street) has declined by about one-fifth since 1982, when the Manhattan Core
parking regulations were enacted. With the redevelopment of surface lots and garages as
well as the effects of the Manhattan Core regulations in limiting the provision of parking,
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the number of off-street public (DCA-licensed) parking spaces in the CBD has decreased
from around 127,000 in 1978 to approximately 102,000 in 2010.

Levels of car ownership and auto commuting in the Manhattan Core are relatively low.
Only 23 percent of Manhattan Core households have a car (compared with 46 percent
Citywide), and only about one-fifth of those households commute to work by car. Still,
given the large population in the Manhattan Core, these low percentages still mean that a
large number of households (approximately 127,000) own cars. The number of personal
vehicles in the Core increased substantially in the 1980s and has remained basically flat
since. Car ownership has increased at a faster rate than in Manhattan outside the Core.

Public parking garages serve a large number of Manhattan residents and fill neighborhood
needs for residential parking. Approximately 44 percent of spaces in 97 surveyed public
parking facilities throughout the Manhattan Core were occupied by Manhattan residential
monthly parkers (including residents who do not live in the building in which the parking
garage is located). This figure increased to 60 percent of spaces in public parking facilities in
residential and mixed-use buildings, and it was over 70 percent in public facilities in
residential and mixed-use buildings in more residential neighborhoods such as the Upper
West Side and Greenwich Village. In addition, 90 percent of parkers in the surveyed
facilities who filed for the Manhattan Resident Parking Tax Exemption parked in a facility
other than the building they live in, and 84 percent parked within a half-mile of home,
indicating that residents with cars often look beyond their building to facilities in their
neighborhood in order to find off-street parking. The wide use of public parking facilities by
Manhattan residents represents a major change from 1982, when public parking was
overwhelmingly used by commuters and other business parkers.

Most new parking facilities in the Manhattan Core operate as public, despite zoning
regulations requiring new as-of-right parking to be “accessory.”  Although not
contemplated when the current parking regulations went into effect, this widespread
practice has resulted in a successful system of multiuse parking that expands parking
options for neighborhood residents within a single market.

Limited amounts of new parking are still needed. While the survey results suggest that
some current drivers could be induced to use transit for more trips, particularly with
improvements in the extent and quality of transit service in the region, many people choose
to drive for a variety of reasons ranging from work demands to practical needs and personal
preference and are likely to continue to do so. The supply of existing off-street spaces in
which these cars can park is expected to continue to decline as surface lots and garages are
redeveloped. In order to support economic development and meet the needs of certain
uses, such as hospitals and sites of large public assembly, some new parking beyond as-of-
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right levels will be necessary. At the same time, new market-rate housing in the Manhattan
Core for the growing population tends to accommodate relatively high-income residents,
who own cars at significantly higher rates than lower-income residents but tend to use
them infrequently.

In summary, public parking in the Manhattan Core is increasingly utilized by residential monthly
parkers rather than commuters and other business-related drivers. While diminished, the role
of public parking in supporting economic activity in the Manhattan Core continues to be
significant and important to the city’s economy. The net result of new off-street parking
development and the redevelopment of existing facilities is expected to continue to result in a
gradual decrease in total supply of off-street spaces.

Policy Goals

The study found that conditions have changed in the almost three decades since the
Manhattan Core parking regulations were enacted. This period has provided extensive
experience with the regulations. Based on that experience, the following policy goals seek to
update and improve land use controls on off-street parking in the Manhattan Core that are
consistent with the Federal Clean Air Act, promote a high-quality pedestrian environment, and
support the City’s economy.

Formalize the current system of public parking. The zoning distinction between “accessory”
and “public” parking does not reflect the reality that public parking facilities, which are often
located in residential buildings, serve neighborhood needs for residential monthly parking as
well as for visitors and business-related trips. Most new parking facilities in residential
buildings, while required to be accessory under zoning, already receive DCA licenses and
operate as public without negative effects on neighborhoods. Instead of limiting certain
portions of facilities to residential accessory parkers, changing zoning regulations to conform
with this unplanned but beneficial outcome would preserve parking options for neighborhood
residents and create consistency in the way City agencies deal with public parking. The existing
zoning rules create unnecessary complexity that makes it more challenging to regulate parking
facilities and, if enforced, would prevent neighborhood residents’ use of many parking facilities.

Improve parking special permits to allow for fuller consideration of the appropriateness of
proposed facilities. When an applicant is seeking a special permit for parking spaces in excess
of what is allowed as-of-right, the City Planning Commission must evaluate whether the
proposed facility meets certain specific “findings” set forth in the Zoning Resolution. At
present, the findings are limited to ensuring that new facilities do not cause traffic congestion
or overwhelm the local street network. Other important factors, such as an assessment of
whether the number of spaces proposed is appropriate for the area in which it is located and
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consideration of pedestrian safety and streetscape conditions, are excluded. A more
comprehensive and tailored set of special permit findings would allow for consideration of the
full range of relevant issues while providing additional guidance and clarity for applicants.

Develop specific criteria for special generators and large sites. The current special permit
framework for applications for parking beyond permitted amounts does not adequately
address certain situations. Large-scale developments, which because of their size have the
potential to transform the parking landscape in the surrounding area, should be
comprehensively assessed, including factors such as proposed development and uses, capacity
in nearby parking facilities, and access to transit. In addition, “Special generators” — uses with a
demonstrable need for larger amounts of parking, such as a hospital, convention center, or
arena — also lack criteria that address these situations. A targeted set of findings would help
the Commission to assess whether a particular applicant qualifies as a special generator and
whether parking beyond as-of-right levels is justified.

Remove obsolete regulations that could hinder the provision of affordable housing. The
Manhattan Core regulations require minimum amounts of off-street parking for new affordable
housing, while the provision of parking is optional for every other use. This requirement is
unnecessary and places additional cost burdens on affordable housing developments. In
addition, there is currently no way for developments that remain subject to pre-1982 parking
requirements to modify those requirements, which may be necessary if, for example, an
existing parking lot is to be redeveloped as affordable housing.

Revise regulations to promote pedestrian-friendly streetscapes. The current regulations
contain some provisions that may be inconsistent with the type of attractive and safe
pedestrian streetscapes that are essential to the vitality of Manhattan Core neighborhoods and
the success of the CBD. For example, the floor area exemption for above-ground parking that is
available to all developments may encourage blank walls and displacement of active uses.

Remove unintended regulatory impediments to permitted parking. Zoning regulations limit
the area, in square feet, of new attended parking facilities in order to ensure that the physical
size of a facility is consistent with the number of spaces permitted. However, the current
square footage limit prevents some new facilities from actually incorporating the number of
spaces that they are otherwise allowed. Adjusting the maximum size to be more consistent
with the maximum number of spaces would remove an unintended inconsistency in the
regulations.

Establish layout standards for new parking facilities that promote pedestrian safety and well-
functioning streets. At present, there are few regulations dealing with such issues as queuing
space, adequate maneuverability, width of curb cuts, and safe pedestrian access. A limited set
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of layout standards based on industry best practices would help ensure that new parking
facilities are safe for users and pedestrians and do not interfere with pedestrian and vehicle
flow on the street.

Provide for automated parking facilities. Automated parking, in which a computer-controlled
system moves vehicles into vertically stacked slots, has been widely used in Japan and Europe,
and two facilities are currently in operation in the Manhattan Core with others planned. It has
several advantages for parking operators and users: Cars have less risk of damage or theft,
there are no exhaust fumes, and the facility uses considerably less space than a conventional
parking garage. For these and other reasons, it seems possible that automated facilities will
become more prevalent in coming years. Zoning regulations should be adjusted as necessary
so as to not to preclude this advance in off-street parking technology.

Next Steps

Beginning in Spring 2011, Department staff began to engage in a dialogue with a wide range of
stakeholders, including City agencies, elected officials, transportation and affordable housing
advocates, and representatives of the real estate and parking industries. In the coming months,
the Department hopes to present a draft proposal for a zoning text amendment incorporating
the recommendations above to Manhattan Core community boards and others.
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TECHNICAL APPENDIX FOR THE 2009 MANHATTAN CORE PARKING SURVEY

This appendix includes methodology details along with frequencies of all survey responses and
frequencies of the four groups of public parking users: commuting/business,
shopping/entertainment, residential monthly parkers, and all other. (Residential monthly
parkers were defined as Manhattan Residents who were storing their car and parked on a
monthly basis).

Outreach to Facility Operators

Department of City Planning (DCP) staff contacted public parking facility operators to obtain
their cooperation with this study. Several operators agreed to participate and provided a list of
their facilities within the Manhattan Core study area. In order to secure their cooperation, DCP
staff agreed to keep their identities, locations, and individual responses from their facilities
confidential. These operators provided a total of 156 facilities (about 15 percent of the total
DCA facilities in the Manhattan Core).

DCA maintains a database that contains all licensed public parking facilities in the city. By
obtaining this database, DCP was able to map how parking facilities are distributed throughout
the Manhattan Core study area. The DCA database for August 2009 listed 1,062 distinct
licensed facilities within CDs 1-8 with a combined total of 145,660 spaces. The 156 facilities
contained 28,135 parking spaces (about 19 percent of all DCA-licensed parking spaces in the
Manhattan Core).

Determining the CD Subareas

DCP divided the Manhattan Core study area into six CD subareas, since parking demands and
patterns differ according to neighborhood character and land uses. The subareas are: CD 1
(Lower Manhattan/Financial District), CDs 2 and 3 (West Village, Soho, Lower East Side), CD 4
(Clinton, Chelsea), CD 5 (Midtown), CD 6 (Gramercy Park, Murray Hill, Kips Bay), and CDs 7 and
8 (Upper West Side and Upper East Side).

Determining Number of Surveys to Administer

A target sample of 1,500 survey respondents was set for the entire study area to create a
statistically valid sample for each CD subarea. The target number of surveys to be administered
within each CD subarea was determined by the proportion of DCP database spaces in the CD
subarea to the DCP database spaces in the entire study area.

The DCP database contained 28,211 public parking spaces in Manhattan CDs 1-8 (as described
above, this is the number of spaces in cooperating operator facilities, not the total number of
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DCA-licensed spaces.) The target number of surveys for each subarea was established as
follows: Since nine percent of all parking spaces in the DCP sample were in CD 1, the study was
designed so that nine percent of all 1,500 surveys in the study would come from CD 1.
Therefore, a target of 132 surveys was set to be collected from CD 1. In order to ensure that
survey results could be analyzed in a statistically significant way by CD subarea as well as for the
study area as a whole, no fewer than 125 surveys would be collected in any CD subarea,
regardless of the ratio of spaces in the CD subarea to the total study area.

Selecting Facilities to Survey
Within each CD subarea, specific parking facilities were chosen for surveying based on the
number of parking spaces compared to others in the CD study area.

To calculate the number of surveys needed from each facility, all DCP database facilities within
each CD subarea were sorted in descending order by number of spaces. The number of spaces
in each facility as a percentage of all spaces in the DCP sample within that CD subarea was then
determined. For the largest facility in a CD subarea, a target number of surveys to collect at
that facility were calculated by multiplying the percentage of spaces within the CD subarea at
that facility by the total target number of surveys desired for that CD subarea.

After the largest facility was accounted for, each successively smaller facility’s targets were
determined by calculating the percentage of spaces at that facility relative to all spaces within
the DCP sample within that CD subarea, excluding the spaces from the larger facility. That
percent was then applied to the target number of surveys desired for that CD subarea.

This process was repeated for each successively smaller facility within the CD subarea until the
target number of surveys was reached. Any facilities remaining in the CD subarea after the
target number of surveys was achieved were not scheduled for surveying. In situations where
the assigned facility to be surveyed was deemed inappropriate to survey for reasons including
inaccessibility or poor ventilation, the facility was substituted with the next on the list.

Surveying Facilities

DCP staff surveyed a total of 110 facilities from March to mid-May 2009 in the six CD subareas.
In order to test the survey instrument, a pilot week of surveying was conducted January 26
through January 30, 2009; these pilot results were also used in this study. Each week, 15
facilities were scheduled Tuesday through Thursday, from 1-3 pm and from 4-6 pm. Friday was
considered a make-up date for inclement weather, particularly in cases of colder winter
weather and open lot sites. A small subset of the facilities was also surveyed Friday nights,
from 9-11 pm, to capture the characteristics of evening parkers in areas, such as the Theater
District, that have large concentrations of nighttime attractions.
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Generally, one staff member was scheduled for the 1-3 pm shift and two staff members were
scheduled for the 4-6 pm shift for each facility. However, the location and capacity of the
facility, along with any safety concerns and staff resources, helped to determine the number of
surveyors assigned to each shift. Facilities that were considered to be in high traffic areas, such
as Times Square, Herald Square, and Midtown, usually had two surveyors for each shift period
while facilities located in residential buildings or facilities further away from the CBD, such as
the Upper West Side and along the East River, usually had only one surveyor. Additionally,
operators provided input to the busiest times for their facilities to help determine the number
of surveyors needed.

At the commencement of each shift, DCP surveyors approached the facility manager with an
operator letter authorizing the surveying on the premises by their management. Surveyors
gathered data from the attendants such as occupancy data of the facility (either number of
vehicles or percentage estimate) and any other factors that may affect the parking levels for the
day, such as special events. Surveyors then approached parking users after they paid at the
cashier and were waiting for the attendants to retrieve their vehicles. The administering of
surveys was often completed by the time the attendants had retrieved the vehicle.

Survey Limitations

DCP staff intended for the survey methodology to capture a robust sample of public parking
facility users across Manhattan Community Districts 1-8, and within each CD subarea. While
DCP collected 2,871 surveys — and enough to analyze patterns at fairly local levels — the sample
of parking facilities from where surveys were collected was limited. Survey collection entailed a
physical presence at each facility, and DCP only obtained permission to enter facilities run by
cooperating operators. While the total number of parking spaces surveyed represented 15
percent of all DCA parking spaces in the study area, a larger number of cooperating operators
might have contributed to a more thorough study.

Furthermore, staff members conducting the survey were limited by logistics, timing and
available resources. The 1-3 pm, 4-6 pm, and Friday 9-11 pm time slots were chosen for survey
administration since DCP staff was unable to be present at any facility at all hours of operation.

While the survey methodology was able to capture a wide range of public parking users,
monthly parkers, especially residential monthly parkers, were very difficult to capture because
they typically call the facility in advance to have their vehicles ready upon arrival. Moreover, it
was discovered that residential monthly parkers use their cars less frequently during the hours
when the survey was conducted than other user groups. This observation was made by
surveyors who saw far less turnover in facilities with a high percentage of residential monthly
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parkers. To offset this issue, the cooperating operators provided DCP staff with a count of the
number of monthly parkers and residential monthly parkers in each of their facilities.

Surveyors also received imperfect data for the occupancy level of facilities during the shift
periods. While many managers were easily able to access the information requested on their
computers, others did not know the information or would make a general estimate based on
how full the facility may be at 1 pm and 4 pm based on 25 percent, 50 percent, 75 percent, or
100 percent occupancy.

In certain cases, DCA capacity for any given facility often varied from the actual capacity,
making occupancy percentages inaccurate.

Data Analysis

DCP staff surveyed 110 facilities and collected a total of 2,871 surveys, surpassing the 1,500
target survey number for the study area. In order to calibrate the number of surveys collected
at each facility with the original target numbers, the DCP staff weighted the surveys up or down
to match the target number for each facility within the subareas.

DCP staff verified the data by fixing data entry errors, inputting missing surveys into a database
and categorizing the most common “other” choices for Questions 3 and 7 on the survey
(reasons for not taking transit and reasons for parking at a certain facility, respectively).

DCP staff then compiled and analyzed the survey data using frequencies for the Manhattan
Core study area and by individual CD subareas. The DCP staff also analyzed frequencies for the
evening parkers and Manhattan residential monthly parker populations.

DCP staff used SPSS software to create cross tabulations of the survey data in order to find
relationships between different groups of respondents and their survey answers. All
frequencies and cross tabulation results use weighted numbers with the exception of
residential monthly parkers and evening parkers (i.e., n values do not represent the number of
respondents but the number of weighted survey responses collected).

In addition to the survey data, DCP staff also obtained monthly parker information from the
operators and DOF data of Manhattan residents who applied and received the Manhattan
Resident Parking Tax Exemption. The operators’ data on the number of monthly parkers and
the number of monthly parkers who were Manhattan residents in each of their facilities
provided DCP with an estimate of the percentage of spaces leased to residents on a long-term
basis. The Manhattan Resident Parking Tax Exemption allows Manhattan residents who own
and register a motor vehicle to a Manhattan address and park in a long-term rented space, to
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be eligible for a reduced rate of 10.375 percent. The DOF data gives an estimate of the number
of Manhattan residents who applied for the Manhattan Resident Parking Tax Exemption.6 ’ By
comparing operator provided data of the number of residential monthly parkers to the DOF
data, DCP was able to capture and approximate the number of Manhattan residential monthly
parkers that eluded its surveyors.

Questionnaire

The survey was designed by DCP, with input from NYC Department of Transportation, the Real
Estate Board of New York, and the cooperating parking operators. The final survey has twelve
guestions that include among others, asking the public parking users’ trip purpose, home ZIP
code, and reasons for not taking mass transit. The survey can be found on the following page.

®NYC Department of Finance. “Parking and Vehicles: Manhattan Resident Parking Tax Exemption.” Accessed 30
November 2009. < http://www.nyc.gov/html/dof/html/parking/park_manhattan_res.shtml>

’ The Manhattan Resident Parking Tax is 18.375%, which consists of the standard rate of 10.375% and an
additional 8% for Manhattan rental parking spaces. Only Manhattan residents who own and register a motor
vehicle to a Manhattan address and park in a long-term rented space are eligible to pay a reduced rate of 10.375%.
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CITY OF NEW YORK Manhattan Public Parking Survey
DEPT. OF CITY PLANNING

1.  Which of the following best describes why you are 6. Including yourself, how many people were in
parking at this location today? your car on this trip?
[0 a. Store car here
i. Live in the building 7. Why did you park at this location? (Check all that
ii. Live elsewhere apply)
0 b. Work or work-related O a.ltis close to where | live
i. Coming to work 0 b. ltis close to where | was going
ii. Here on business 0 c. Affordable price
[0 c. Entertainment (dining, museums, etc.) [0 d. It was the first place | saw
OO0 d. Shopping [0 e. | am reimbursed for parking costs at this
[0 e. Visiting family or friends particular garage
0 f. Pickup/Deliver Passengers O f. Other:
OO0 g. Pickup/Deliver goods
0 h. Medical/Dental appointment 8. How did you return to this parking location from
0 i. Other your destination?
0 a. Walked
2. What is your home zip code? 0 b. Biked
O c. Subway/Bus
3. What are your reasons for not taking mass transit O d. Taxi
today? (Check all that apply) O e. llive/work in the building
[0 a. Timing/Scheduling O f. Other:
i. Transit schedule did not fit my needs
ii. Transit stops did not fit my needs 9. How long did this take?
ii. My trip would require transfers [0 a. Less than 5 minutes
0 b. I need my car for work 0 b.5to 15 minutes
0 c. I need my car for other reasons 0 c. More than 15 minutes
i. 1 am making multiple stops
ii. 1am carrying packages 10. If you live in Manhattan, how many times did you
ii. 1am traveling with other people use your car in the last month?
0 d. Cost
i. The cost of my trip is subsidized 11. If you do not live in Manhattan, how many trips
ii. Icarpool did you make into Manhattan in the last month?
0 e. Comfort
O f. Other: [0 a. Of those trips, how many were by car?
4. Who is paying for your parking today? 0 b. How many were by another form of
[0 a. Ipaidthe cost transportation?
0 b. My parking is subsidized or fully paid by
one or more of the following (check all that 12. Which category best describes your occupation?
apply): O a. Construction/Maintenance
i. Employer 0 b. Management/Executive
ii. Client O c. Professional/Technical
iii. Merchant OO0 d. Sales
iv. Other: O e. Secretarial/Clerical/Administrative
0 f. Services
[0 g. Transportation/Materials Moving
5. Are you a monthly parker? If not, how long were you OO0  h. Student
parked at this location? 0 i. Other (including homemaker, not employed,
[0 a.lam a monthly parker or retired
OO0 b. Lessthan 1 hour
0 c¢. 1-3 hours
[0 d. more than 3 hours- less than 12 hours
[0 e. more than 12 hours- less than 24 hours
0 f. 24 hours or more, but not monthly
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FREQUENCIES

General Trends for Manhattan Core CDs 1-8

The following are survey results for all respondents captured in CDs 1-8.

Q1: Trip Purpose

e Respondents in CDs 1-8 parked in off-street public parking facilities for a variety of trip
reasons. The majority of respondents parked in a facility for work or business-related
purposes (67 percent). Of this group, 46 percent were here for work (commuters) while
21 percent were here on business such as a meeting or visiting a client (business-

related).

Store car here

Work (n = 605)

Business-related (n = 277)
Entertainment (dining, museums, etc.)
Shopping

Visiting family or friends

Trip Purpose

Pickup/Deliver Passengers
Pickup/Deliver Goods
Medical/Dental appointment

Other

5.69

5%

Trip Purpose, CDs 1-8 (n =1,315)

0%

5% 10%

15%

20%

25% 30% 35% 40% 45% 50%

Percent

Q2: Home ZIP Code and Home Region

Survey respondents who parked in the Manhattan Core lived in over 800 different ZIP codes
across the NYC region and beyond. There were no large concentrations of individuals coming

from any particular ZIP code.

The following figure condenses all ZIP codes by region in the New York City Area. Nearly two-
thirds of survey respondents lived in New York City or New Jersey (65 percent). Slightly over
one-fourth of survey respondents lived in New Jersey alone (26 percent). Nearly a quarter of
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respondents lived in NYC’s other suburbs, defined as Westchester, Long Island, and Connecticut
(24 percent).

Home Region, CDs 1-8 (n-1,300)
30% [26%]

24%

UO

25%

20%

15%
15%
10%

5%

0%

Of the 24 percent of survey respondents coming from another borough (outside Manhattan),
41 percent were from Brooklyn.

Percent

West r, 9%
Lon 11%
& ° 6%
5%
T .

NYC-Other NYC-Other New Jersey Upstate NY  Outside NY,
Four Boroughs  Suburbs NJ, and CT

Region

Four-Borough Breakdown
(n = 309)

Staten
Island
11%
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Q3: Reasons for Not Taking Mass Transit

Almost half of all survey respondents stated inadequate transit as the reason for driving
into the Manhattan Core (42 percent). These respondents chose at least one of three
transit-related reasons (transit schedules did not fit their needs, transit stops did not fit
their needs, or their trip would require transfers) when answering this “check all that
apply” question.

Transit schedules not meeting respondents’ needs and comfort were also the most
frequently cited reasons for not taking mass transit (35 percent and 24 percent,
respectively).

Reasons for Not Taking Mass Transit,
CDs 1-8 (n=1,305)

Transit Schedule 35%
Transit Stops
Transit Transfers
Need Car for Work
Multiple Stops

Carrying Packages

Reasons

Passengers
Parking Cost Subsidized
Carpool

Comfort
Other 19%

0% 5% 10% 15% 20% 25% 30% 35% 40%

Percent

DCP staff received over 545 reasons for not taking mass transit in the “Other” answer
choice. Staff analyzed these reasons and based on frequency, created five sub-
categories for “Other”. Of the 19 percent of “Other” reasons, “Medical reason” (8
percent), “long trip” (7 percent), and “less expensive” (5 percent) were fairly common
reasons for not taking mass transit. The remaining 78 percent of uncategorized “Other”
comments were a variety of personal reasons for not using mass transit.

Note: “Other” reasons percentages are rounded to the nearest whole.
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"Other" Reasons for Not Taking
Mass Transit, CDs 1-8 (n =250

H Less Expensive

M Long Trip

m Alt. Side Parking

M Medical Reason

H No Parking at Train

Station

m Uncategorized Other

Q4: Who Paid for Parking
e Approximately two-thirds of survey respondents paid for their own parking.

Who Paid for Parking, CDs 1-8
(n=1,302)

e Approximately 34 percent of survey respondents had someone else pay for their parking
fees. Of that group, employers paid for parking 90 percent of the time.
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Subsidized Parking, CDs 1-8

(n = 437)
Merchant
1% Other

Q5: Length of Time Parked

e Half of survey respondents parked their vehicle for between three and 12 hours in a
parking facility.

Length of Time Vehicle Parked, CDs 1-8
(n =1,290)
60%

50%

50%
40%
30% 4%
189
20% %
100 2
% a7 2% 2%
O% - ; ; ; | ; __|

Percent

Monthly Lessthan1l  1-3 hours morethan3- morethan 24 hoursor
Parker hour lessthan 12 12-less than more, not
24 monthly

Length of Time
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Q6: Vehicle Occupancy
e Almost two-thirds of survey respondents drove alone (65 percent).

Vehicle Occupancy, CDs 1-8

(n =1,271)

e Across CDs, similar vehicle occupancy patterns were observed, with the majority of

survey respondents driving alone.

Vehicle Occupancy by CD (n=1,271)

=

00

Percent
u
o

3

Vehicle Occupancy
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Q7: Reasons for Parking at this Facility
e QOver 80 percent of survey respondents said that they parked at this particular facility
due to its proximity to their destination, and 8 percent of respondents reported that
they parked at this facility because it was close to home.

Reasons for Parking at this Facility
CDs 1-8 (n=1,279)

Close to home 8%
Close to destination 81%

Affordable

Reasons

First place | saw

Reimbursed

Other 10%

0% 20% 40% 60% 80% 100%

Percent

e Survey respondents had 253 “other” reasons for parking at a particular facility in CDs 1-
8. DCP analyzed the “other” reasons and created additional categories for reasons with
the greatest frequencies: “nearby facility was full”, “discount”, “work account for
parking”, and “good service” from facility attendants. While 36 percent of reasons are
still in the uncategorized “other” category, 39 percent of survey respondents that
selected “other” parked at a particular facility due to good service from attendants.
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"Other" Reasons for Parking at this
Facility, CD 1-8 (n = 126)

B Nearby facility full
B Discount

1 Work account

H Good service

m Uncategorized Other

Q8: Mode Used to Return to Facility

e The overwhelming majority (97 percent) of survey respondents walked back to the
parking facility from their destination.

Mode Used to Return to Parking
Facility, CD 1-8 (n-1,282)
100% 97%
90%
80%
70%
e 60%
S 50%
& 40%
30%
20%
10% 0:2% 1% 1% 1%
0% T T T T 1
Walk or Bike Subway/Bus Taxi Other
Live/Work in
the Building
Mode
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Q9: Length of Time to Return to Facility
e Over three-fourths of survey respondents (79 percent) were able to return to their
facility in less than 5 minutes. As seen in Q7, proximity to the destination was the main
reason for choosing a parking facility. Therefore, travel time from the destination to the
parking facility would be short for most respondents.

Length of Time to Return to Parking
Facility, CD 1-8 (n=1,277)

2%

M Less than 5 min

W 5-15 min

M more than 15 min

Q10: Live in Manhattan and Monthly Vehicle Usage

e Of the Manhattan residents surveyed, slightly over half (52 percent) used their cars for
20 or more trips in the last month.

Note: Manhattan residents comprise 15 percent of total survey respondents. Because of
the way the survey was administered, it was more likely to intercept users who typically
use their cars more frequently.

Manhattan Residents' Car Trips
in the Past Month, CDs 1-8 (n=187)






Q11. Parkers who Lived Outside MN: Total Trips by All Modes and Monthly Vehicle Usage into
Manhattan

e Approximately 85 percent of survey respondents lived outside of Manhattan. Almost
half (45 percent) of the survey respondents who lived outside of Manhattan came into
the Manhattan Core for 20 or more trips in the prior month.

Non-Manhattan Residents: Total
Number of Trips into MN in the
Past Month, CD 1-8 (n=1,060)

e In the prior month, survey respondents who did not live in Manhattan were relatively
equally split in the number of vehicle trips made into Manhattan: less than 5 trips (37
percent), 5-19 trips (32 percent), and 20 or more trips (31 percent).

Note: Survey respondents who took 20 or more total trips into Manhattan in the past

month vary in their number of vehicle trips. Hence, vehicle trip totals for some
categories may be larger than total number of trips.
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Non-Manhattan Residents:
Number of Vehicle Trips into MN
in the Past Month, CDs 1-8 (n=1,039)

e Nearly three-fourths of survey respondents who lived outside of Manhattan made over
90 percent of their trips into Manhattan by car (73 percent).

Note: This chart shows the percent range of vehicle trips compared to total trips per
individual rather than the aggregate from the total number of trips.

Non-Manhattan Residents: Percent Range
of Vehicle Trips Compared to Total Trips
into MN in the Past Month (n = 1,009)

M Less than 10 percent of total
trips made by car

B 10-50 percent of total trips
made by car

1 51-89 percent of total trips
made by car

M 90-100 percent of total trips
made by car
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Q12: Occupation of Survey Respondents
e Over half of survey respondents (55 percent) categorized themselves in the
professional/technical or managerial/executive profession (32 percent and 23 percent,
respectively).

Occupation, CD 1-8 (n=1,267)
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User Group Survey Results

The following are survey results for all respondents captured in CDs 1-8 and are analyzed in four
user group categories.

Q1: Trip Purpose

Respondents in CDs 1-8 parked in off-street public parking facilities for a variety of trip reasons.
The majority of respondents parked in a facility for work or business-related purposes (67
percent).

e All other users made up 15 percent of survey respondents parked in a public parking
facility. Of this group, over a third of respondents’ trip purposes were for a medical or
dental appointment (38 percent).

TRIP PURPOSE (n=1,317)

M Store car here-Live in the building (n=5)

B Commuting/Business (n=881) B Store car here-Live elsewhere (n=16)

W Visiting family or friends (n=33)
Pickup/Deliver Passengers (n=2)

M Pickup/Deliver Goods (n=2)

B Medical/Dental appointment (n=74)

B Other (n=60)
Missing Trip Reason (n=1)

M Entertainment/Shopping (n=160)
M Residential Monthly (n=82)

W AllOther (n=193)
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Q3: Reasons for Not Taking Mass Transit

e Commuting and business users most frequently cited transit schedule, needing their car
for work, and comfort as reasons for not taking transit (25 percent, 16 percent, and 15
percent respectively).

e A quarter of entertainment and shopping users cited comfort as a reason for not taking
transit.

e Residential monthly users most frequently cited transit schedule and other as reasons
for not taking transit (18 percent and 23 percent respectively).

Percent
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20%
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10%

5%
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Reasons for Not Taking Transit by User Group (n=1,305)
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Q4: Who Paid for Parking

e Commuting and business users had the highest percentage of trips paid for or
subsidized by an employer or client (44 percent).
Who Paid for Parking by User Group (n=1,301)
100%
90%
80%
70% 1 Other Paid or
Subsidized
2 60%
S 50% ® | Paid
& 40%
30% ® Employer/Clie
20% nt Paid or
Subsidized
10%
0%
Commuting/Business Entertainment/Shopping Residential Monthly All Other (n=189)
(n=872) (n=158) (n=82)
Group

Q5: Length of Time Parked

e Seventy percent of commuting and business users parked their vehicles between three
and twelve hours in a parking facility.
e Almost half of the entertainment and shopping users parked their vehicles between one
and three hours in a parking facility.
Length of Time Vehicle Parked by User
Group, CDs 1-8 (n=1,054)
100% - 9
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Q6: Vehicle Occupancy
e Entertainment users had the lowest percentage of single occupancy vehicles and were
the most likely to travel in large groups.
e Over three-fourths (78 percent) of commuting and business users drove alone.

Vehicle Occupancy by User Group (n=1,271)
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Q7: Reasons for Parking at This Facility

e With the exception of residential monthly parkers, the majority of respondents in all
user groups said that they parked at this particular facility due to its proximity to their
destination.

e Ninety-two percent of residential monthly parkers said that they parked at this facility
because it was close to home.

Reasons for Parking at This Facility by User Group,
CDs 1-8 (n=1,279)
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Q8: Mode Used to Return to Facility

Over 85 percent of survey respondents in all user groups walked back to the parking
facility from their destination.
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Q9: Length of Time to Return to Facility

Over three-fourths of commuting and business users, residential monthly parkers, and
all other users were able to return to the facility in less than five minutes.

Entertainment and shopping users had the longest travel time from their destination to
the parking facility compared to the other user groups, with six percent taking more
than 15 minutes to return to the facility.
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Q10: Live in Manhattan and Monthly Vehicle Usage
e Of the residential monthly users surveyed, less than half (40 percent) used their cars for
20 or more trips in the last month.

Note: Residents who were intercepted and surveyed in this study are also more likely to
use their cars often than residents who used their cars infrequently.

Residential Monthly Parkers:
Number of Times Used Car in the
Past Month (n=30)

m 20 or more

m5to 19

I Less than 5

Q11. Parkers who Lived Outside Manhattan: Total Trips Monthly Vehicle Usage into Manhattan

e Most entertainment and shopping and all other users who lived outside of Manhattan,
made fewer than five vehicle trips into the Manhattan Core in the past month (80
percent and 55 percent respectively).

& Forty percent of commuting and business users who lived outside of Manhattan made
20 or more vehicle trips into the Manhattan Core in the past month.

Non-Manhattan Residents: Number of Vehicle
Trips into Manhattan in the Past Month (n=939)
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Q12: Occupation of Survey Respondents

Survey respondents in all user groups most frequently categorized themselves in the
professional/technical or managerial/executive profession.

Almost one-third of the commuting and business users categorized themselves in the
construction and sales professions (15 percent and 14 percent respectively).
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CITY PLANNING COMMISSION

March 16, 1982/Caiendar No. 3 . N 510276 IRM

Amendments oursuant to Section 200 ot the New York City Charter, ot
the Zoning Resolution of the City of New York relating to varicus
sections concerning off-street parking reguiations in Community Boards
1 through 8, Manhattan. .

1

Introduction

The City Planning Commission proposes a comprehensive
amendment to the New York City Zoning Resolution which modifies the
off-street parking regulations within Community 8oards 1 through 8 in
Manhattan.

The current Zoning Resolution, adootez in 1951, encourages
off-street parking in Mannattan by: requiring significant amounts of
accessory parxing for new residential development; permitting
substantial amounts of parking to be provided as accessory to
commercial uses; allewing public parking lots with a capacity of 150
spaces as of right in most commercial and manutacturing zones.

The proposed amendment is the latest attempt to institute
land use controls cver off-street parking which are consistent with
environmental policies and sensitive to the coﬁéérn§ OoT business and
development interests in the City. This proposed action is designed
to work together with the proposed midtown zoning revisions and is
cited as a "mitigating measure" in the Environmental Impact Statement

prepared for the midtown proposal.

History

The 1970 Clean Air Act as amended required the State and City
to implement programs and regulations designed to achieve and maintsin
federally-mandated air quaiity standards in New York City. In
response to this legislation the City and State adopted a
Transportation Control Plan (TCP) in 1973 which included several

measures to reduce automodile use in New York City. Among them was a
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Disclaimer

City Planning Commission (CPC) Reports are the official records of actions taken by the CPC. The reports reflect the determinations of the Commission with respect to land use applications, including those subject to the Uniform Land Use Review Procedure (ULURP), and others such as zoning text amendments and 197-a community-based  plans. It is important to note, however, that the reports do not necessarily reflect a final determination. Certain applications are subject to mandatory review by the City Council and others to City Council "call-up".





goal of reducing off-street parking in Manhattan's Central 3usiness
District (CBD) south of 60th Street by 40 percent.

When the City and State did not implement all of the measures
in the 1973 TCP they were sued by the friends of the Earth in federal
court. (Friends of the Earth et. al., v. Hugh L. Carey, =t al). In
Faebruary, 1977 a federal court order upheld the parking strategy in
the TCP and instructed the City to begin implementing a parking
management program. The court order required the City to prevent any
net increase in off-street parking spaces in the CBD by reguiring the
removal of existing spaces when new ones were added. Finding this
“tréde-in" procedure to be unworkable and counterproductive, the
State, which has final responsibility for implementing the overall
clean air plan and achieving federal air quality standards, imposed,
under its Indirect Source Regulation (6NYCRR Part 203), a moratorium
on all new parking south of 60th Street in Manhattan.

The moratorium proved unsatisfactory to a number of affected
parties who contended that a singular focus on air pollution overlooks
a broad range of important social and economic concerns, to the
detriment of the City. In response, the State requested a
modification of the federal court order to eliminate its "trade-in"
provisions, so that the moratorium could be 1ifted. Public interest
aroups which were plaintiffs in the suit agreed to permit the State to
1ift the moratorium provided that off-street parking facilities be
reviewed under stipulated guidelines and that by October 31, 1979
amendments to the City's Zoning Resolution reflecting such guidelines
be adopted to enable the management of parking to achieve the original
aims of both the clean air plan and the 1977 court order. In October
1978, the court order was so modified.

Following the guidelines in the 1978 court order the City
Planning Commission prepared a comprehensive amendment and held public
hearings on the proposal in September and Octcber, 1979. The reaction
was largely unfavorable. Opposition included the Real Estate Board of

New York, the Chamber of Commerce, the Metropolitan Parking
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Association, the Automobile Clubt of New York, Citizen's for Clean Air
and the State Department of Environmental Conservation. Only the
Naturai Resources Defense Councii (NRGC) and the City's Department of
Transportaticn supported the amendment.

Consequentiy, the Commission tabled the proposal and began
negotiations with several of the concerned organizatiocns in order to
forge land use controls on off-street parking that are consistent with
the Federal Clean Air Act, are satisfactory to the environmental
plaintiffs in the federal suit, are acceptable to the City and State
and can be supported by the business community. The current proposal
is a result of that effort.

Highlights of the Proposed Zonina Amendment

Following are the highlights of the proposed zoning amendment

as heard on September 16, 1981 and October 28, 19871.

Residential Parking

Unassisted housing:

The currrent zoning requires that accessory off-street
parking spaces be provided for at least 40 percent of the dwelling
units, primarily for the use of the tenants, either on site or off
site.

The proposed text removes the minimum requirement and allows
residential development to provide accessory parking for a maximum of
20 percent of the new units below 60th Street and a maximum of 35

percent of new units above 60th Street.

Assisted housing:

The current zoning requires that accessory off-street parking
spaces be provided for at least 12 percent to 30 percent of the
dwelling units depending upon the type of assisted housing. The
proposed text lowers the required parking to a minimum of 12 percent
to 20 percent of the dwelling units and eliminates required parking

for units designed for and occupied by the elderly.
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Parking for Community Facilities, Commercial and Manufacturing Uses

The existing zoning text allows these uses to provid2 a
maximum of 150 to 225 accessory off-street parking spaces as of right.

The proposed amendment reduces the number of as of right
accessory off-street parking spaces. Hospitals are allowed a maximum
of 100 spaces, notals are allowed parking spaces for 15 percent of the
guest vooms up to a maximum of 225 spaces. A1l other community
facilities, office buildings and manufacturing uses are limitad to one
space per 4,000 square feet of floor area up to a maximum of 100

spacsas.

Public Parking Lots

The existing zoning text allows public parking lots with up
to 150 spaces as of rignht in most C2, C4, £6, C8 and M zones except
where special purpose districts prohibit such use.

Under the proposed amendment pubiic parking lots are not
allowed in the following areas except by authorization from the City
Planning Commission:

Midtown Manhattan Core bounded by 60th Street, First Avenue,

32nd Street and 8th Avenue

Convention Center Study Area bounded by 8th Avenue, 30th

Street, Hudson River and 42nd Street

Downtown Manhattan Core Sounded by Worth Street, Centre

Street, Frankfort Street, South Street, Whitehall Street,

State Street, Battery Place, West Street, Morris Street,

Greenwich Street, Liberty Street, Church Street, Vesey

Street, West Broadway, Park Place and Church Street

In addition, public parking lots are not permitted except by
authorization in the M1-5 and MI-6 districts identified for industrial
preservation in the City Planning Commission's loft
preservation/conversion plan. However, public parking lots will now
be allowed in the manufacturing zones west of 10th Avenue in the

Special Clinton District where they were not allowed previously.
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Accessory Off-Street Parking Spaces - General Regulations

Appiicability

Under the existing text any existing use, new cdevelopment,
enlargement or conversion may provide off-street accessory parking as
of right.

The proposed amendment allows as of right parking for new

i8]

developments and enlargements only.

Location

The existing text allows permitted and required parking to
Tocate either on or off the site of the use to which it is accassory.
Under the proposéd amendment only required parking may be

provided off site. Permitted parking must locate on the site.

Use of Spaces

Under the existing fext accessory parking may be used
primarily by the occupants of the building. It may also be used by
non-occupants.

The proposed text restricts the use of accessory parking to
the occupants of the building with two exceptions: required parking

for assisted housing and hotel parking.

Size of Parking Spaces

The existing text requires a minimum of 300 square feet for a
self-parking space and 200 square feet for an attendant operated space.
Under the proposed amendment a parking space cannot exceed
200 square feet and therefore must be attendant operated, with two
exceptions: required parking and parking accessory to large community
facilities, commercial and manufacturing development. In the latter
category if the spaces are enclosed, exclusively accessory, free and

self-parking then the maximum size of the space may be 300 square feet.

Enclosure

The existing text allows accessory parking to be enclosed or
unenclosed.
The proposed amendment requires that all parking except that

provided for assisted housing and hospitals be enclosed.
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Curb Cuts

The existing text alliows curb cuts on wide streets.

Under the proposad amendment entrances and exits to permanent
narking facilities are not allowed on wide streefs except by
authorization of the City Planning Commission and on certain wide
streets the Commission must authorize curb cuts for as of right nublic

parking lots.

Special Permits and Authorizations

Under the proposed amendment the power to grant special
permits and authorizations listed below rests with the City Planning
Commission. Special permits are subject to approval by the Board of

Estimate.

Special Permits
a. Permit on site or off-site open or enclosed accessory
parking with any capacity for the occupants of the
orincipal use, in all zones.
b. Permit public parking lots and garages with a capacity
- of up to 100 spaces in Cl, and any capacity in C2, C4,

C5, C6, C8 and M districts.

Authorizations

a. Authorize accessory on-site, enclosed parking with a
maximum capacity of 15 spaces in existing buildings

b. Authorize public parking lots with a maximum capacity of
150 spaces in C2, C4, C§, C8 and M districts where
public parking lots are not allowed as of right as noted
above.

C. Authorize curb cuts on wide streets
Parking facilities allowed by authorization or special

permit will be for a fixed term of years and will require

renewals except for those authorized in existing buildings .
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Applications reviewed under the special permit or
authorization prccedur2 will be submitted to the Department
of tnvironmental Protection for a report on air guality and
to the Department of Transportation for a report on traffic

impact.

Public Hearings

The City Planning Commission held a public hearing on the
proposed text amendment on September 16, 1981 (Calendar #61). The
public hearing was continued to October 28, 1981 (Calendar #46) at
which time the hearing was closed. Following is a summary of the
testimony at the public hearings and additional comments which the
Commission received.

The Real Estate Board or New York, the Metrcpnlitan Parking
Association, the Natural Resources Defense Council and the Sierra Ciub
gave ungualified support, commending the Commissioners and the
Department's staff for developing a proposal that could gain the
approval of so many diverse interests.

The Citizen's Housing and Planning Council and the
Metropolitan Garage Board of Trade voiced general support, disagresing
only with that portion of the text which limits the amount of as of
right accessory parking spaces in new residential buildings to 20
percent of the dwelling units. CHPC thought that this ceiling would
prove inadequate for the needs of the tenants attracted to the new
buildings, adversely affecting marketability and sharpening the
competition for existing on-street parking spaces. The garage
spokesman thought that the 20 percent maximum would preclude accessory
garages of economic size and operation and therefore builders would
not provide them.

Community Board #8 sent a letter of total support for the
proposed text and Community Board #5 sent a resolution endorsing the
text with a request that the curb cut ban on new public parking lots
along 14th Street be extended to Irving Place instead of Fourth Avenue

and along 23rd Street from Avenue of the Americas to Lexington Avenue.
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The Automobilz Club of New York objected to the proposed
amendment or any attempt tc limit off-street parking in Manhattan,
alieging that restrictions on off-sirzet parking are increasing
congestion and air pollution and damaging the City's economy.

In its written resolution, Community Board #2, citing
Greenwich Village as a major tourist attraction as well as home to a
large hespital and several universities, requested that it be deleted
from the proposed legislation until a full traffic, parking and
environmental study be prepared for its area. The Board also
recommended that the authorizaticn procedure for public parking Tots
include consultation with the affected community board.

Community Board #4 appeared to oppose that portion of the
text whicn allows public parking lots as of right in the manufacturing
zones west of 3th Avenue in Chelsea and west of 10th Avenue in
Clinton. Referring to ongoing studies of the areas between 13th and
30th streets in Chelsea and between 42nd and 59th Streets in Clinton,
the Board said it would be inappropriate and counterproductive to
provide for de facto changes in land use before the studies are
completed.

A representative of the Printing Industries of Metropolitan
New York expressed concarn about the impact on the west side of the as
of right public parking lot provisions and requested more time to
study the issues.

Subsequently, the State DEC insisted that the CPC add
language that would not allow the grant of a special permit or
authorization for a parking facility if the DEP issued a negative
report on air quality. Consequently, the Commission is amending
Section 13-43 (Departmental Reports) so that: no special permit or
authorization may be granted if the proposed parking facility would
cause a violation in ambient air quality standards or exacerbate an

existing violation.
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fonsideration

The proposed amendment is a celicately balanced compromise
achizaved through long, arduocus negotiations with the Natural Resources
Defense Council (NRDC), the Metropolitan Parking Association (MPA),
the Real Estate Board of New York (REB), the City Department of
Transportation (DOT) and the State Department of Enviornmental
Conservation (DEC). As with ail nesgotiated settlements, none of the
parties is compietely satisfied with the results and there are those
who were not party to the negotiations wno have critcized portions of
the resulting compromise. Therefore, it is useful to identify and
explain the basic ingredients of the compromise.

The crucial issue in the negotiations concerned the
prchibition of as of right public parking lots of less than 1350 spaces
in the CBD. In the 1979 version of the text all pubiic parking Tots
required a special permit from the CPC and the Board of Estimate
(BOE), pursuant to the Uniform Land Use Review Procedure (ULURP). The
MPA and the REB argued that subjecting all public parking lots in the
CBD to the ULURP Procedure, would halt land assembly for new
development. With public hearings at the community boards, City
Planning Commission and Board of Estimate, it would no longer be
possible to acquire property confidentially and the cost of
acquisition wouid skyrocket or holdouts would block assembiage. ATso,
it would be difficult to obtain a special permit for parking through
the political process. Without parking as an interim use, it was
argued, assemblages could not be financed. They presented a 1ist of
post-war office and residential buildings which were erected on sites
which had been assembled using the parking lot as an interim use.

The MPA and REB urged that public parking Tots with not more
than 150 spaces be allowed as of right for a maximum term which ranged
from five to fifteen years. They said that assemblers must have the
guarantee of interim use parking befcre they would begin to assemble
sites. If the City wanted to control the Tocation and design of
parking lots, they concluded, then it should identify those streets
where parking should be prohibited and spell out the design standards

which it required.
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Responding to this advica tha Commission directed its starf
to draft a oroposed text which would:
1.  recognize tne use of public parking jots in the

assemblage process;

2. reflect CPC land use policies regarding the development
of the C3D;
3. assist DOT in its efforts to control and improve traffic

movement in the C3D;

4, satisfy the DEC on the maintenance of air quality
standards;

5. gain the support of the NRDC and other environmental

groups.

After reviewing the economic, land use, air gquality and
traffic conditions in the CBD and the current land use and traffic
planning efforts, the DCP staff prepared a map. It identified those
areas where pubiic parking lots with a maximum capacity of 150 spaces
could be allowed as of right because land use and traffic conflicts
are not severe and there is no reason to preclude assemblage and
development. Basically, the areas were: 1) the commercial and
manufacturing districts in the "Valley" between the midtown and
downtown cores where the predominant real astate activity is loft
conversion, and 2) the peripheral manufacturing zones on the west side
which are not clusters of a particular industry.

Conversely, the map, by excluding certain areas, also
reflected some basic land use policy decisions about the CBD. As of
right parking lots were not allowed in an expanded midtown core (8th
Avenue to the East River from 32nd to 60th Streets) and a reduced
downtown core (generally south of Worth Street and east of Church
Street). These areas have too many critical land use and traffic
problems to allow public parking as of right.

Also excluded were the graphic arts center, the meat market
and the garment center where the City wants to protect the existing

buildings for manufacturing or commercial uses and to stop residential
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conversion. Public parking lots shculd not be an alternative to
praserving these buildings nor shouid assemblage be encouragad.
Finally, the Conveniion center Study Arca (8th Avznue to the Hudson
River from 30th to 42nd Streets) was excluded because of the traffic
impact of the convention center. The consultant for the convention
center forecast a very severe iraffic problem in that area and
recommended that the convention center rely on shuttle bus service
from midtown instead of providing public parking spaces and
encouraging private automobile access.

Staff presented the map first to DOT and the NRDC and then to
the REB and the MPA. [t generated much discussicn. DOT wanted to
extend the midtown core to 23rd Street but was persuaded that control
over the two cores and the convention center area was a significant
achievement. The NRDC, apprehensive over the amount of potential as
of right parking in the "Valley", was finally convinced that loft
conversion would preciude the demolition of almost all of the
buildings. The REB and the MPA wanted as of right parking along
Eighth Avenue from 42nd to 59th Streets and in the Special Clinton
District. After due consideration the Commission agreed to allow
public parking lots as of right in the manufacturing zones west of
Tenth Avenue because a ban on as of right parking lots.in This area
was no longer needed or desirable. It is no Tonger the convention
center site; it is a mixed manufacturing area with many vehicle
related uses; it is an area where peripneral parking can serve both
the midtown core in general and the theater district in particular; it
is an area where the traditional land assemblage process should be
allowed to operate and will not interfere with the future development
of the area.

Thus, the manufacturing zones in Clinton west of 10th Avenue
were added to the map of areas where public parking lots with a
capacity of up to 150 spaces would be allowed as of right. In all
other areas of the CBD public parking lots would require either an

authorization or a special permit from the City Planning Commission
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with a review by both the DOT and the Department of Envircnmental
Protection (DER) required.

Having agreed to allowing public parking as of right irn some
areas of the CBD the NRDC scught to protect against a possibie
proliferation of parking spaces. ®MROC, supported by the State DEC,
proposed to set a c2iling on tne number cf off-sireet parking spacas
that could operate in the CED at any given time. However, there were
many problems with this approach. First, the task of deciding what
types of spaces to count and oF keeping tracx of all additions %o and
substractions from this agreed upon number of parking spaces would
have created a serious administrative probiem. Second, unless the
maximum was applied to blocks or small areas it could have led to
concentratiors in the more critical locations., Third, setting a
maximum on the number of off-street spaces in the C30 or sven by btlock
or small area would have deen interpreted in such a way that a certain
number of parking spaces couid be placed in the CBD without damaging
land use, traffic or air quality conditions and untii that number was
exceeded no review would be necessary.

The Department of City Planning (DCP) and DOT made several
attempts to place parking lot design and operating standards into the
proposed text to control as oTf right parking lots. The departments
realized, however, that such standards would be extremely difficult to
interpret and enforce. They settied for the satisfaction that at
least public parking Tots in the critical areas would be reviewed for
their land use, traffic and air quality impacts and thus their design
and operating characteristics would be assessed as well. Also, DCP
and DOT negotiated restrictions on curb cuts for as of right parking
lots along several key streets outside the midtown and downtown
cores. On such streets as Canal, Delancey and 14th, where pedestrian
and vehicular traffic are heavy, parking lots are allowed as of right
to help assemblage and development but curb cuts require authorization

from the City Planning Commission.
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The negotiations then turned to the proposed review process
fcr non-as of right parking facilities. DOT supported by the MNROC,
sought a veto power over parking facilities which required special
cermits or authorizations. The MPA would not accept any taxt that
gave 00T the power to deny an apolication, insisting that the CPC
should balance traffic considerations with other land use, economic
and social objectives. NRDC accepted this compromise. As for
community board involvement in the review of parking facilities
requiring an authorization, the MPA and the REB argued that formal
notification to the affected community board would prevent sites from
being assembled in confidencs and would impair the development
process. Since community board liaisons in the DCP would probably
discuss pending applications with members of the affected community
board anyway, this was not a major issue.

The final stumbiing block to an agreement was the provision
in the federal court order, and incorporated into the 1979 version of
the amendment, which prohibits new public parking facilities in the
midtown and downtown cores from opening before 10:30 A.M. on
non-holiday weekdays. While the MPA and REB sought to eliminate or
modify this restriction the NRDC and DCP defended it for two reasons.
First, forcing new public facilities to open after 10:30 A.M. would
prevent their use by commuters, which was a primary goal to be
achieved by restricting the growth of parking spacses. Second, those
spaces would be available for drivers who enter the CBD cores in
midday when the occupancy rates at off-street parking facilities are
highest. 0OT resolved the issue by objecting to the 10:30 A.M.
opening. If the new spaces in the CBD cores were filled by commuters
early in the day then they would not be available later for short-term
parkers, thereby discouraging vehicle entries during the midday period
when traffic is heaviest on the core streets.

The negotiations focused on the role of public parking Tots
in the assemblage/development process and answered the most severe

objections to the 1979 version of the parking amendment.
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There is, however, another guestion which has been argqueq
repeatadiy both in 1979 and acain in 1981. The proposed amendment
allows as of right accessory parking spacss for only 20 percent of the
new dwelling units in new residential constructon below 80th Street.
Additional spaces reguire a special permit. The CHPC and the
Metropolitan Garage Board of Trade, for different reascns, nave
criticized the ceiling as too Tow, implying that developers want and
need to provide more parking spaces as of right. Some architects and
developers have supported their position. Members of Community Board
#2 have informally argued for at least some required parking in both
new developments and conversions, alleging that deveiopers wiil not
provide them otherwise.

The NRDC, COT and the CPC oppcse reauirad parking in
residential buiidings. IF parking is mandated then the building ocwner
can c¢laim hardship if the spaces are not rented to tenants and can
convert the garage to transient use. This has been an important
source of new public parking facilities in the C&D. Further, these
facilities then attract additional cars to residential streets to the
detriment of the neighborhood. The Commission believes that, as a
matter of good land use planning, public parking facilities do not
belong in residential buildings or neighborhocds without a careful
review of their land use, traffic and environmental impacts.

The Commission is confident that developers will provide
parking if it will help market the apartments. Experience in the past
several years is inconclusive. Many residential buildings have been
constructed without parking and have rented or sold quickly. Other
developers have chosen to provide more than the minimum amount
required under the current Zoning Resolution.

At this time the NRDC opposes altering the proposed amendment
to increase the permitted 20 percent maximum below 60th Street.
Studies by the CPC indicate that no more than one family in four owns
an automobile in the CBD. While the Commission is not prepared to

change the proposed amemdment at this time, it is possible that, given
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the cost of new apartmenrts, a gr=2ater percentage of terants in new
buildings will own cars. The Commissicn will ccrntinue to monitor tnis
situation and rsact as necassary.

Community Board #2 recuested a specific study for its area.
The Commission recognizes that traffic and parking oroblems axist in
that area as tney do in many areas of Manhattan where apariments,
tourist attractions, nospitals, educational institutions and other
traffic generating uses intermingle. However, the impact of the
proposed amendment on 8 #2 is minimal for several reasons.

First, while the proposed text removes the parking
requirement for new residential construction, there is lTittle
notential for such development in CB #2 due to the current zoning, the
large number of nistoric districts and the value of =2xisting
structures. The text change may have a minor sffect: to encourage
the redevelopment of small sites which might have had orobiems
providing the required parking under the present Zoning Resolution.

Second, although the proposed text extends the prohibition on
as of right parking lots to the meat market and the graphic arts
center, public parking Tots are already proscribed in much of CB #2
under the existing zoning disrict regulations. They continue to be
allowed as of right in several areas of the CB but the extensive
historic district designations in CB #2 will continue to inhibit the
demolition of buildings for parking lots. Also, the values of
existing buildings are too great to warrant their replacement by
parking Tlots.

Third, even though the proposed text eliminates the parking
requirement of one space per ten beds for new hospital construction,
it allows a hospital to provide 100 spaces as of right which is the
equivalent required for 1,000 beds.

Fourth, although the proposed text removes the parking
requirement for many new non-residential developments in R6 districts,
the existing parking requirements apply only to new construction and
not to the conversion of existing buildings. There is little

1ikelihood that townhouses will be demolished for new non-residential
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construction in Greenwich Yillage and 1its historic districts. Even if
this were to occur, tne RO districts are so wall served by public
transportation that parking would net be necessary or desirable.

On the contrary, the proposed text, by closing the accessory
parking loophole, discourages the demoliton of structures to provide
parking accessory to another use. In so doing, the proposad fext
lessens the demolition threat in historic districts and reinforcss the
City's historic preservation etierts.

Finally, the streets in large portions of CB #2 were in place
before the gridiron system was laid out. Consequently, vehicular
traffic is frequentliy impeded by off-set interseciions, discontinued
and narrow streets, etc. It would be folly to encourage more public
parking and more traffic in CB #2.

CB #% requested that the curb cut ban on as of right public
parking iots be axtended to 23rd Sireet between the Avenue of the
Americas and Lexington Avenue and along 14th Street from Fourth Avenue
to Irving Place. These streets were discussed extensively during the
negotiations.

There are no serious traffic problems on 23rd Street in this
area. Despite several parking facilities and curb cuts on the south
side of 23rd Street, traffic moves relatively freely, perhaps because
there is little retail activity and vehicular and pedestrian traffic
is comparatively light. Furthermore, new curb cuts would be allowed
as of right only on the south side of 23rd Street from the Avenue of
the Americas to Park Avenue. The remainder of the frontage, including
the entire north side, is in zones that do not allow public parking
lots as of right.

Initially, DOT and DCP recommended banning curb cuts along
14th Street to Third Avenue, but the REB and the MPA argued
strenuously for curb cuts on 14th Street east of Fourth Avenue where
properties are being assembled for future development. Reluctantly,
DOT and DCP relocated the ban to Fourth Avenue, satisfied that it

covered the frontage with the most intense pedestrian and vehicular
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traffic. Also, drawing the line at Trving Place would be difficult
because it does not cross idth Street on the soutn.
The Automobile Club of New York onposad the proposad
amendment for several raasons:
1. it will reduce off-street parking in Manhattan;
2. it "buttrasses a city policy. . . passenger cars keep
out";
3. it will sap the vitality of the City;
4. it will cause more congestion and illegal parking;
5. it will lead to exorbitant parking rates;
6. it will worsen air quality;
7. it ignores a major purpose of zoning: to satisfy the
need for off-street parking in commercial areas and to
orotect retail, commercial and residential areas from

congestion by providing orT-street parking spacas.

The Commission has responded to similar arguments repeatedly
during the past several years.

First, the amendment does not eliminate or reduce existing
of f-street parking spaces. ATl existing spaces may remain as long as
the owner of those spaces wants them to continue.

Second, the amendment dces not keeo cars out of Manhattan.
In preparing and considering this proposal the Commission has assumed
that the automobile will continue to play a significant role in the
City's ecnomy and the life of its residents and cars will continue to
enter the CBD daily. The amendment does, however, allow the City to
plan for the automobile and its off-street parking needs in a more
rational manner than it has in the past. It closes the loophole which
allowed public parking facilities in the guise of accessory parking,
to locate virtually anywhere in the CBD regardless of land use,
traffic and air quality considerations.

Third, the amendment will not sap the vitality of the City.
During the bast several years Manhattan has undergone a remarkable

boom in every phase of business activity, except the growth of parking
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facilities. Obviously, private passenger cars are important but not
crucial to the economic neaith of the C3D0. Less than 5 nercent of the
employees arriving in the midtown and downtown cor=s beiween 7 A.M.
and 10 A.M. drive to work. Evean among the daily auto trips te miatown
cnly 6 percent are shopping trips. Most of the daily auto trips for
racrzation and antertainment occur in the evening when parking is
adeguate in most areas.

Fourth, the amendment will not cause congestion; but
unplanned and poorly Tlocated public parking facilities can cause
congestion and this proposal will prevent that from occurring in the
future. City control over public parking facilities in the twc cores
will also give the DOT a better chance to cope with existing
congestion through its traffic planning and str=et improvement
orograms.

Fifth, although parking rates may increase, in part because
of the restrictions on new parking spaces in the CBD, general
inflationary trends and the City's taxing policies are also major
contributors to the rising cost of parking. There are those, not
including the Commission, who advocate further steep increases in
rates as a disincentive to driving into Manhattan. They cite the
nidden public costs of orivate automobile driving as reflected in:

1. lost fares for public transportation;

2. more frequent street improvements/repairs;

3. more traffic control costs;

4. greater energy consumption and dependence on foreign o1l

sources;

5. increased air and noise pollution;

6. higher accident and insurance rates.

Sixth, the amendment will certainly not worsen air quality in
Manhattan. 1In fact, new public parking facilities will not be allowed
in the CBD if the DEP finds that the proposed facility will violate
ambient air quality standards or exacerbates an existing violation.

Furthermore, City review over public parking facilities will offer DOT
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the opportunity to pnlan 7vor strezet and traffic improvements to reduce
2xisting congestion. It is impnssible to estimate how much worse both
congesticn and air pollution would be if during this current business
boom, there had been unrastricted growth in off-street pubiic parking
faciiities in the cores.

Finally, the proposed amendment does not ignore the purposes
of zoning. The Automobile Club reflects 1950's values current when
the existing Zoning Resclution was adopted in 1861. But times and our
concerns have changed since then. Today, almost everyone agrees, and
the courts nhave made it law, that in Manhattan, at least, air quality
must become a critical nlanning goal. The Commission is confident
that the proposed amendment responds to environmental directives and
also protects the economic interests of the City.

In response fo the concerns of the State DEC, as notad above,

S

the Commission has amended Section 13-42 fo add the following: 1In no
case shall a special permit or auithorization be granted it the
proposed use would cause a violation of ambient air guality standards
or exacerbate an existing violation of such standards.

The Commission has determined that the amendment as modified
is appropriate and adopted the following resolution which is duly

7iled with the Secretary of the 2oard of Estimate pursuant to Section

200 of the New York City Charter.

RESOLVED, by the City Planning Commission that the Zoning
Resolution of the City of New York, effective as of December 15, 1961,
and as subsequently amended, is further amended by changes relating to
various sections concerning off-street parking regulations in

Community Boards 1-8, Manhattan, as follows:
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1 Introduction

A person’s residential neighborhood shapes their health, employment, and transportation
habits—indeed, almost every aspect of their lifestyle, identity, and opportunities. In turn,
the choices people make based on residential location also affect others, through externalities
such as pollution, road congestion, and traffic collisions. Thus, urban planners and policy-
makers increasingly face calls to promote walkability, raise allowable building heights and
densities, and reduce the amount of space dedicated to automobile parking. In principle,
policies that provide more flexibility for developers will promote a mixture of local amenities
and infrastructure that better matches the preferences of the community and allow more
households to move to their preferred locations, thereby reducing the implicit regulatory tax
imposed by many zoning regulations (Levine, 2005; Glaeser and Gyourko, 2018). In prac-
tice, the efficacy of these land-use policies in reducing transportation-related externalities
depends heavily on how the built environment ultimately affects people’s behavior.

A voluminous international literature in urban planning and economics considers how
neighborhood attributes such as public transportation access, residential density, and walka-
bility relate to automobile ownership, vehicle miles traveled, and emissions (e.g. Giuliano and
Narayan, 2003; Ewing and Cervero, 2010; Zegras, 2010; Salon et al., 2012; Stevens, 2017). To
a lesser extent, researchers have also investigated how the accessibility of job opportunities
correlate with employment and household income (Sanchez, 1999; Marinescu and Rathelot,
2018).

A significant challenge for understanding how location-based amenities such as public
transportation affect residents’ travel behavior and employment opportunities, however, is
that people choose where to live, and they do so based in part on local factors such as the
availability of parking and public transportation. This self-selection into residential (and
workplace) locations means that the vast majority of inferences from the transportation-
land use literature are susceptible to selection bias (van Wee, 2009).! Fundamentally, the
empirical concern is that residential location is a decision made by the residents, rather than
an assignment based on some external process. For instance, individuals who do not own
cars or otherwise prefer to commute via public transit are more likely to try to live nearby
to major rail or bus lines, biasing upward any observed correlation between transit access

and utilization (Glaeser et al., 2008). Individuals who prefer owning cars and driving, on

1Self-selection is also a major concern in the broader literature on neighborhood effects. For example,
non-random residential sorting typically confounds attempts to identify how factors such as racial segregation
and pollution impact social and economic outcomes (e.g. Graham, 2018; Christensen et al., 2020).





the other hand, will care more about the provision of parking. Thus, most estimates in the
literature that relate infrastructure features to travel behavior lack a straightforward causal
interpretation (Sampson et al., 2002; Salon et al., 2012).

A large body of research examines these self-selection challenges from theoretical, empir-
ical, and methodological perspectives. This literature includes a special issue in the Journal
of Transport and Land Use (Cao, 2014) and some excellent reviews to which we refer the
reader for more detail (Bhat and Guo, 2007; Mokhtarian and Cao, 2008; Cao et al., 2009; van
Wee, 2009; Cao and Chatman, 2016). One key finding is that the direction of self-selection
bias is difficult to predict, as it depends on the extent to which neighborhood characteris-
tics match residents’ travel preferences (Manaugh and El-Geneidy, 2015; Cao and Chatman,
2016). A related line of argument suggests that residential sorting is an important channel
through which development exerts an impact on travel, especially if it helps residents find
housing in neighborhoods that are consonant with their preferences (Levine, 1998; Chatman,
2014; Naess, 2014).

Often, however, a more specific causal interpretation is desired, particularly when seeking
to understand the impacts of non-marginal changes to the built environment, and how policy
changes will affect travel decisions in existing neighborhoods where few people will re-sort
(i.e., move) in the short term. Studies often attempt to correct for residential selection bias
using statistical controls, propensity score matching, instrumental variables, joint models
of residential location and mode choice, panel data, or related methods (see Mokhtarian
and Cao, 2008; Cao et al., 2009, for reviews). These bias-correcting techniques considerably
change quantitative results, including reducing the estimated impacts of land-use character-
istics like urban density on vehicle travel by fifty percent or more (Stevens, 2017).

All these methodological approaches, however, are only partial solutions. Longitudinal
studies of movers, for example, can better control for within-household characteristics, but
face the challenge that movers may be moving in order to better align their travel preferences
with neighborhood characteristics. Joint and structural models, meanwhile, require strong
assumptions, especially considering that the selection bias involves both observable and
unobservable factors (Pinjari et al., 2007). Because joint models estimate the choice of
residential neighborhood, they are also ill-equipped to assess the impacts of building-specific
attributes such as parking provision. Indeed, while residential parking provision might be
expected to have a major impact on travel behavior (Shoup, 2005; Manville and Shoup, 2005),
empirical studies are few in number and typically cannot consider biases from residential

self-selection (e.g Weinberger, 2012; Guo, 2013). In short, the empirical challenge is that





residential “self-selection leads to non-random heterogeneity in choices and behaviour” (van
Wee, 2009).

As in nearly all areas of social science research, randomized experiments are the gold
standard to identify causal effects. In principle, researchers could randomly assign house-
holds to different types of neighborhoods and then observe their behavior, but this is rarely
practical or ethical (Cao et al., 2009). Randomization has been successfully employed to
analyze how federally-subsidized housing vouchers via the Moving to Opportunity program
affect economic opportunities, crime, and public health outcomes (Katz et al., 2001; Ludwig
et al., 2001; Leventhal and Brooks-Gunn, 2003; Feins and Shroder, 2005; Kling et al., 2007;
Sanbonmatsu et al., 2011; Chetty et al., 2016). Similar lotteries for housing assistance or
public housing have also been used to analyze labor market and health outcomes in Canada,
Ethiopia, India, and the Netherlands (Adair et al., 2016; Barnhardt et al., 2017; Bowen et al.,
2018; Franklin, 2019; van Dijk, 2019). All of these studies, however, primarily evaluate the
effects of randomly moving households away from particular residential locations—such as
out of government-provided housing projects—rather than the effects of assigning people to
live in specific residential locations.

In this paper, we leverage the housing lottery programs in San Francisco to overcome
the aforementioned research limitations and provide causal interpretations of the impacts
of specific neighborhood characteristics and parking provision on households’ transportation
behavior and economic outcomes. In San Francisco, nearly all new housing developments
with ten or more residential units must offer a government-specified share of “inclusionary”
units at below-market-rate (BMR) prices, either directly on-site, directly off-site, or indirectly
off-site by paying a fee. As might be expected, demand for new BMR units substantially
exceeds the available supply—one recent lottery for 95 rental units attracted 6,580 household
applicants (Badger, 2018). Because of the very low odds of winning, eligible households
generally apply indiscriminately to many different housing lotteries. Those that are fortunate
to eventually win a BMR unit are thus effectively assigned to live in specific buildings and
neighborhoods. In essence, San Francisco’s housing lotteries provide as-good-as-random
assignment of people into homes.

Conceptually, our approach is most similar to Lin et al. (2017) and Manville (2017), who
study travel behavior among public housing residents who have limited choices of where to
live. In both of these studies, however, the as-good-as-random allocation was assumed rather
than being a primary characteristic of the setting—and this key assumption could not be
directly tested.





Our research design compares transportation behavior and economic outcomes across
households that won different BMR lotteries, which thereby provides effectively random
variation in their residential building characteristics like on-site parking availability and
neighborhood-level characteristics such as bicycle infrastructure and accessibility of public
transportation. In doing so, we provide the first evidence to our knowledge about transporta-
tion behavior and economic outcomes for a population that is in effect randomly assigned to
live in particular places. To validate our empirical strategy, we assess whether households
are selective in the types of BMR housing projects for which they apply, finding that lottery
participation decisions are indeed as-good-as-random. We then present findings from a sur-
vey that we conducted of about 2,700 of these households currently residing in BMR units,
asking them questions about their transportation choices and employment.

The responses to our survey confirm the importance of accessibility by walking, bicycling,
and transit in shaping household transportation choices. Even in a city such as San Francisco,
where walkable neighborhoods are the norm and public transit quality is quite high by U.S.
standards, accessibility substantially impacts people’s travel and commuting decisions. On-
site residential parking has even larger effects: increased parking causes more car ownership
and more driving while reducing transit use, regardless of a neighborhood’s transit accessi-
bility. Moreover, additional parking does not improve employment or labor market mobility
among households in our sample. In summary, the evidence from our study robustly sup-
ports that urban residents’ transportation behavior—but not their employment—is affected

by local features of the built environment, and particularly so by parking.

2 Setting: San Francisco affordable housing programs

San Francisco is often ranked as one of the least affordable cities in the United States (e.g.
NAHB, 2019). In response, the city has developed and implemented a range of programs to
increase the availability of affordable housing and to provide down payment assistance for
qualified home purchases. Most of these programs are administered by the Mayor’s Office
of Housing and Community Development (MOHCD). We focus on the Inclusionary Housing
program, under which a government-specified portion of units in most new residential devel-
opments must be made available at below-market-rate prices (or rent) to households whose
income is below specified thresholds. Given San Francisco’s high incomes, a two-person
household generally can qualify while earning up to $118,200, equivalent to 120 percent of

city median income.





For private developers, the BMR percentage requirements and thresholds have varied over
time since the Inclusionary Housing program was established in 2002, but as of December
2019, twelve to twenty percent of on-site housing units (depending on the project’s size) must
be set aside for low- or middle-income households. Alternatively, developers can directly
provide off-site affordable housing or pay a fee that is used to supply off-site affordable
housing. BMR housing projects are also developed using a mix of public and private funds
by the city’s Office of Community Investment and Infrastructure. Some projects cater to
specific groups such as seniors, people who are homeless, and people with disabilities.

Although specific eligibility requirements and funding sources vary between and within
these programs, a lottery mechanism is used to allocate all BMR units that we study in
this paper. First, would-be residents apply to each lottery; no fee is required at this stage.
Second, applicants are randomly assigned a rank. Then, eligibility is verified for those
receiving a sufficiently high rank. Finally, units are offered to eligible applicants in their
lottery rank order within certain priority groups. Applicants from higher-priority groups—
such as tenants displaced by no-fault eviction or fire—are more likely to win BMR units,
but about two-thirds of successful applicants are in the lower-priority group of residents who
live or work in San Francisco.

Projects also vary by the amount of parking that is provided. In the early years of the
BMR program, projects had a one-to-one ratio of parking spaces to units, and the cost of
parking was bundled in with the rent or sales price. In line with subsequent zoning reforms,
however, more recent projects have unbundled parking from the rent or sales price—i.e.,
residents are free to decline a parking space, but accepting it entails an added cost. At
the same time, parking ratios of less than one space per unit or even zero parking have
become more common. For projects that have a parking ratio of less than one space per
unit, spaces are offered in lottery rank order within each priority group.? For example,
in a project with ten BMR units and a parking ratio of 0.5:1, the first five lottery winners
would be guaranteed an offer of parking, but remaining lottery winners would only be offered
parking if higher-ranked applicants declined to take (and normally pay for) a parking space.
Developers are required to offer parking spaces to BMR units at the same ratio as they

provide for market-rate units.

2Parking intended for BMR units often goes unclaimed, even in buildings with less than one space per unit.
Winning housing lotteries is highly prized, but households seem less concerned about “parking lotteries.”





3 Methods and Data

3.1 Housing lottery applications

To validate our assumption that housing assignments are as good as random, we use a
dataset of all 107,310 applications to 59 BMR housing lotteries held between July 2015
and June 2018, which we call our applicant sample. Because the applicant sample is only
available for a three-year period, it excludes many housing projects that are included in our
primary survey sample.® However, the applicant sample also encompasses 14 projects which
are not present in our survey sample; these projects are currently managed by a nonprofit
housing organization or by another city agency, precluding survey distribution to these units.
In addition to lottery rank and priority group status, the applicant sample provides basic

demographic information from lottery applications such as income, gender, and race.

3.2 Household survey design

Our primary data survey sample consists of all BMR units for which we have occupancy
and parking data, and comprises 2,654 units in 197 projects that were occupied as of April
2019. Almost all (2,605) of these units were built under the Inclusionary Housing program.
We obtained data on project-level characteristics directly from MOHCD and supplemented
these data using land use permit approval records to fill in missing data such as parking
ratios. As shown in Figure 1 and Table 1, our survey sample provides meaningful variation
in households’ building-level and neighborhood characteristics. BMR units are distributed
throughout the city, giving a range of walking environments and proximity to public transit,
as well as substantial variation in on-site parking availability.? Units are roughly evenly
split between rentals (53 percent of units) and for-sale units; although more projects are
ownership (65 percent), these tend to be smaller in scale.

Our survey asked all BMR residents in our survey sample about their frequency of travel
by mode; car ownership; employment status; the location of the respondent’s workplace
or school (if any); and their interactions with neighbors. These survey questions are not
intended to calculate vehicle miles traveled or other common metrics of transportation usage,
which would require a substantially more complex survey instrument, impacting response

rates and increasing recall bias. Similarly, our employment questions allow us to create

3The application sample period is shorter due to changes in how MOHCD processes and retains data.
40ur survey sample is also spatially representative of San Francisco. See Appendix Figure Al.





coarse measures of labor market mobility.?

The survey questionnaire was mailed with a reply-paid envelope in June 2019 to 2,654
primary occupants of inclusionary housing units in the MOHCD database. Appendix Fig-
ure A2 shows the paper survey instrument. In addition, 1,693 of these (same) occupants
received an email version of the survey with a personalized link to an online survey plat-
form. Questions were provided in English, Spanish, Filipino and Chinese. As an incentive
for participating, respondents were eligible to win one of ten randomly-awarded $100 Visa
gift cards. After merging cases where we received both an online and a mail-back response,
we obtained 779 completed surveys, a response rate of 29.4 percent. We attribute this high
rate to our efforts to keep the survey very short (one side of an A9-size card), simple and

minimally intrusive questions, the pecuniary incentives, and the twin modes of distribution.

3.3 Transportation accessibility measures

Our analyses consider how four primary measures of transportation accessibility affect house-
hold behavior. We quantify private automobile accessibility using each building’s ratio of
parking spaces per residential unit. We use the Center for Neighborhood Technology’s
AllTransit performance score to measure transit frequency and quality, and we use the
WalkScore company’s Walk Score and Bike Score metrics to measure accessibility by walk-
ing and cycling, respectively. Walk Score and Bike Score were accessed via the API at
www.walkscore.com, and are based on accessibility to retail, services, and other destina-
tions, as well as neighborhood design factors such as block length and bike lane provision
(Manaugh and El-Geneidy, 2011; Hall and Ram, 2018; Osama et al., 2020).

Whereas many analyses of how land-use relates to transportation behavior focus on the
“D” variables such as density, land-use diversity (mix), and distance to transit (see Ewing
and Cervero, 2010, for a meta-analysis), our accessibility variables arguably provide a better
measure of household transportation choices in our setting (Handy, 2018). For one, each
of our measures is specific to a particular mode of transportation. In contrast, factors
like urban density and street connectivity can affect household decisions through multiple
channels, such as by making frequent public transportation service feasible and by providing
more direct travel paths for walking to local destinations (Barrington-Leigh and Millard-Ball,
2020). Accessibility is also the more proximate influence—households do not make travel

decisions directly in response to density, land-use mix, or connectivity, but in response to how

5We impute some missing responses for Question 1: where a respondent left one transportation mode
frequency blank but answered for other modes, we impute a response of “less often”—the lowest-frequency.





these factors affect accessibility. Finally, transit accessibility can be changed more directly
through policy, for example by changing service frequencies or routes. We therefore focus on
accessibility-oriented metrics rather than (for example) sheer density, because these proxies
more comprehensively reflect the variation in households’ abilities to access destinations
using particular travel modes.

As would be true for nearly any measures of transportation accessibility, our explanatory
variables are correlated through spatial variation. For instance, a location that has a rela-
tively higher Walk Score is also likely to have a relatively higher transit score, and buildings
with good transit accessibility tend to have less parking.® To address this collinearity, our
preferred regression specifications include the parking ratio and only one of the other acces-
sibility measures, an approach that captures the meaningful spatial variation in accessibility

while providing regression estimates that can readily be interpreted.

4 Results

4.1 Demonstrating as-good-as-random housing assignment

We begin our empirical analysis by demonstrating that assignment of lottery-winning house-
holds to housing units is as-good-as-random, which facilitates causal inference. To do so, we
examine the patterns of lottery participation and repeat-entrant behavior among households
in our applicant sample. While each lottery is itself random by design, households might
possibly choose to selectively enter only certain lotteries, for example by forgoing the chance
to rent or buy in a building without parking or in one that is distant from a transit stop.
A reasonable hypothesis is that households are not selective, given the low probability
of winning any lottery. As shown in Figure 2, BMR projects attract up to 6,575 applicants,
while the average lottery in our applicant sample offers only 27 units (median = 11 units;
maximum = 170 units). With the exception of a handful of projects that cater to seniors or
other specific populations, the odds of winning a rental unit lottery are extremely small—the
average success rate of these applications is only 1.2 percent. Lotteries for ownership units
attract a much smaller pool of applicants, likely because of the need to obtain a mortgage
down payment, but ownership lotteries still have an average success rate of only 12 percent.

Across all lotteries in our applicant sample, the average success rate is 1.5 percent.

6In our survey sample, the correlation between a building’s AllTransit performance score and Walk Score
is 0.76. The correlation between a building’s parking ratio and AllTransit performance score is -0.33.





We confirm our hypothesis that households are not selective using regression analysis.
Specifically, we estimate whether a household is more (or less) likely to participate in a
particular housing lottery depending on how the characteristics of that lottery differ from
those of the first lottery that the same household entered. For each household in the applicant
sample, we defined the set of relevant lotteries as those with a lottery date between that of
the first and last lotteries in our dataset that the household entered. We then estimate
whether a household’s decision to skip or enter each of these lotteries is explained by the
characteristics of the associated project. We measure project characteristics (such as the
parking ratio) in terms of their absolute differences from that of the first lottery in our dataset
that the household played, which we take to be the baseline preferences of the household. All
explanatory terms are first standardized using a z-transformation (mean = 0, sd = 1). We
control for household-specific fixed effects, as some households are more attentive in general
to lottery availability and participate more often overall. We also control for lottery-specific
fixed effects, as some lotteries are relatively better-advertised, have less restrictive eligibility
criteria, or otherwise attract entry from a broader section of the population.

We find no evidence that households skip lotteries based on project or neighborhood
characteristics such as parking and transit accessibility. Table 2 presents linear probability
models for lottery skipping using different subsamples of lottery-applying households. The
first column includes all households that we observe playing at least two lotteries (as there
cannot be skipping by households that played only a single lottery). If households were
selectively participating based on their baseline preferences, then we should see that an
absolute change in project characteristics—relative to those of the first lottery entered by
that same household—would be associated with a larger propensity to skip a particular
lottery. In contrast, the regression estimates indicate no evidence of lottery selectivity. For
instance, we find that a one standard deviation difference in the parking ratio of the building,
equivalent to 0.43 parking spaces per unit, is associated with a tiny 0.5 percentage point
decrease in the probability of the household participating in the lottery. We find similarly
small and almost always statistically insignificant relationships for the other explanatory
terms. The one significant estimate, for Walk Score, is quantitatively small and thus has
little practical import, further indicating a lack of selectivity in lottery participation.

The same null patterns continue to hold as we restrict the estimation samples in Column

(2) to use only households that (eventually) won a lottery, i.e. those that we surveyed, or





even further restrict in Column (3) to our survey respondents.” On the whole, the evidence
in Table 2 clearly supports that households—quite understandably—are not selective in their
participation in these low-odds housing lotteries. Nor do we detect any bias from differential
patterns of survey response—for example, if households in buildings with better transit access

or lower parking ratios are more or less likely to respond to the survey (Appendix Table A1).

4.2 Survey analysis for transportation

Having demonstrated as-good-as-random assignment of people into homes, the remainder
of our analysis focuses on the household survey that we fielded. We begin by examining
the relationship between household car ownership and a building’s parking provision and
neighborhood transportation accessibility. Figure 3 demonstrates a clear and substantive
trend: the more parking in a building, the more likely a resident household is to own a
car. In buildings with no on-site parking, only 38 percent of households own a car. In
buildings with at least one parking space per unit, more than 81 percent of households own
automobiles. Moreover, for buildings with intermediate amounts of parking, the pattern in
Figure 3 shows monotonically increasing car ownership rates.

A similar relationship between parking provision and car ownership is shown by the
regression models in Table 3. In Column (1), a minimal univariate linear specification
indicates that a one standard deviation increase in a building’s parking ratio—about 0.43
additional spaces per unit—causes a household to be 14 percentage points more likely to
own a car.® As discussed above in Section 3.3, parking ratios are correlated with the other
neighborhood-level factors such as transit-accessibility and walkability. However, Columns
(2) through (4) show very similar estimates (12 percentage points) using specifications that
also include regressors for accessibility by transit, walking, and bicycling, along with survey
respondent-level controls. That the estimate remains unchanged when adding the control
terms is further indirect evidence of the as-good-as-random assumption. Transit accessibility
emerges as a somewhat smaller influence on car ownership, and is insignificant in Column (4),
likely because of the strong collinearity noted above between transit, walking and bicycling

accessibility. On the whole, car ownership appears to be strongly influenced by features of

"These null results are similarly unchanged when further restricting the sample to include only the 45
lotteries for projects included in both our application sample and our survey sample, as well as for numerous
other sampling restrictions. Empirically, a given household’s lottery participation is highly unpredictable.

8We estimate linear probability models for all binary outcomes. Results from logistic regressions are
qualitatively very similar.
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the local built environment.”

In addition to impacting car ownership, parking ratios and transportation accessibility
also affect household transportation mode decisions. Figure 4 shows the raw correlations
between project- and neighborhood-level transportation availability characteristics (rows)
and surveyed households’ travel behavior (columns). As expected, the frequency of driving
(bottom row) increases with the building’s parking ratio and decreases with neighborhood
transit, walking, and cycling accessibility. The frequency of bicycling, walking, and transit
use (the top three rows) show the opposite relationship to that for driving. Across the board,
these correlations strongly support the conclusion that households choose between driving
and other modes of travel based on the quality and availability of modes of transportation.

The raw correlations provide compelling evidence that transportation choices depend on
features of the local built environment. To more formally estimate the importance of these
transportation availability measures in shaping households’ choices, we present multivariate
regression analysis in Table 4. In Panel [A], the dependent variables are a respondent’s self-
reported frequency of travel by single-occupant vehicle, public transportation, walking, and
bicycle, respectively. The survey asked how often the respondent travels by each mode, on a
1 to 4 ordinal scale where a value of 4 is “daily,” a value of 3 is “2-3 times a week,” a value of
2 is “2-4 times a month,” and a value of 1 is “less often.” As expected, increasing accessibility
by transit, walking, or bicycling increases the frequency of use of the corresponding mode,
even after controlling for respondents’ household characteristics, as well as for the building’s
parking ratio. Nearly all of the estimates are statistically significant at the five percent level
(the p-value for Transit Score in Column (2) is 0.055), and most magnitudes are nontrivial.
A one standard deviation increase in the building’s Walk Score, for instance, causes about a
24 percentage point increase in the likelihood that a household’s walking behavior falls into
a more frequent bin.

In the case of public transit use, a building’s parking ratio also has an effect—and one
that is more than twice as large as that of transit accessibility. More on-site parking reduces
transit use while increasing the frequency of driving by a similar amount. The parking
ratio also has a smaller but still statistically significant negative impact on the frequency of

walking. Our estimates show no detectable impact of on-site parking on bicycling, although

9Household decisions pertaining to car ownership are also likely to be affected by the price of residential
parking, which is strongly related to supply. In our applicant sample, 76 percent of successful lottery
applicants were offered a parking space, but only 28 percent of them accepted a space. Low acceptance rates
are unsurprising given the cost of parking ranges from $100 to $350 per month for the rental units in our
applicant sample, and from $33,000 to $138,124 as a one-time payment for the ownership units.
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bicycling frequency is low for this population—83 percent of respondents report bicycling
“less often” than 2-4 times a month.

The analysis above refers to all trips made by survey respondents. Similar patterns are
shown in Panel [B] of Table 4 for commute trips to work or school. Increased residential
parking leads to a higher probability of commuting by private car (driving alone or carpool-
ing) and a lower probability of commuting by transit. Greater transit accessibility has the
opposite effects, although these results are not always as statistically significant.

The impact of parking and transportation accessibility on commute mode choice appear
to be more muted than for non-work trips. This might be because commute trips are rel-
atively more constrained, for example by workplace parking options or transit proximity,
whereas non-commuting trips entail more choice of potential destinations for (say) shopping
or recreation. Another constraint relates to long distances that may preclude walking or bi-
cycling. For this reason, Column (5) of Table 4 restricts the sample to only commutes made
either by transit or private car. These estimates show even more clearly that commuters
substitute between driving and transit based on the building’s on-site parking availability.
Also note that the outcome measures for all trips and commute trips are not directly com-
parable. Panel [A] considers ordinal frequencies of use of all modes for all purposes, whereas

Panel [B] uses binary outcomes for respondents’ primary mode of commuting.

4.3 Survey analysis for employment

Finally, we evaluate employment outcomes and focus on two key transportation factors that
the literature suggests may affect labor market opportunities, particularly for low-income
workers. Access to public transportation and to private vehicles have both been found to
improve employment outcomes, although the evidence is mixed (Sanchez, 1999; Blumenberg
and Ong, 2001; Sanchez et al., 2004; Grengs, 2010; Blumenberg and Pierce, 2014).

For our surveyed households who are essentially randomly-assigned to a residential loca-
tion, Table 5 suggests that neither transit accessibility nor parking ratios have any impact
on the probability of a respondent being employed full-time (Column (1)). There is a similar
null relationship with other labor market outcomes in Columns (2) to (4).1° One possibility

is that these estimates are only indicative of the strong economy and minimal unemployment

10Two other measures of labor market outcomes are provided by employment turnover and commute
time. Greater availability of on-site parking has no detectable impact on either of these outcomes, although
greater transit accessibility appears to have a moderate influence on both (see Appendix). Responses for our
measure of social capital (survey question 7 in Appendix Figure A2) are largely unrelated to transportation
availability, other than a small and not very robust positive association with the building’s Walk Score.

12





in San Francisco at the time of our survey in 2019. An alternative explanation is that small
changes in car ownership and transit access have little relevance for employment prospects
after residential self-selection is fully accounted for via as-good-as randomization. For ex-
ample, residing in a low-accessibility neighborhood might be correlated more generally with
being unemployed because of some third factor such as discrimination in both housing and

employment markets.

5 Conclusions

In this paper, we use San Francisco’s residential housing lotteries to study how local parking
and transportation accessibility affect household behavior. Because the odds of winning any
specific lottery are low and there are no monetary costs of entry, households are understand-
ably quite unselective about which lotteries they enter. As we demonstrate, those who are
fortunate to win any lottery are thus as-good-as-randomly assigned into living in particular
residential locations. Our primary contribution is to present findings with a straightforward
causal interpretation, in contrast to nearly all research on the implications of transportation
accessibility for travel and employment outcomes, which is susceptible to selection bias from
residential sorting. We also demonstrate the importance to travel choices of on-site park-
ing provision, which has been ignored in most transportation-land use studies because of
data limitations and because this selection bias is likely to be even more acute. Finally, we
demonstrate the potential to use accessibility metrics to measure land use characteristics, in
place of density and other “D” variables which are one step removed in the causal chain.

The generalizability of our findings is qualified because our evidence is limited to a single
city, and to households that are eligible for affordable housing programs. In San Francisco,
however, these programs target a wide income range: households earning up to 120 percent
of median income ($118,200 for a two-person household in 2019) are often eligible for these
housing lotteries.

We find that neighborhood-level accessibility has statistically significant and quantita-
tively meaningful impacts on household decisions about car ownership and travel. In this
way, we confirm that the findings of the larger literature on the land use-transportation
connection (e.g. Ewing and Cervero, 2010; Stevens, 2017), and show that earlier findings are
not simply a product of selection bias.

Specifically, greater transit accessibility reduces the propensity to own and drive a car,

while increasing the propensity to ride transit. Greater walk and bicycle accessibility also in-
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crease the propensity to use those modes. These findings are not surprising, but confirm that
the land use-transportation relationships commonly shown in this literature are not simply
a product of self-selection and other biases. Even within San Francisco, transit accessibility
substantially affects car ownership and travel behavior—increasing transit accessibility from
the level of an outer suburban neighborhood (the 5th percentile) to the citywide median
would increase the share of those commuting by transit rather than by car by 6.5 percentage
points. San Francisco is a more walkable, bikeable, and transit-accessible city compared to
most locations, suggesting that even more substantial household responses to increased bus
scheduling, for example, might be expected in places where transit service is minimal at
present.

We also document a more novel relationship between the residential parking provided
in a building and transportation outcomes. Given that households who wish to own a car
likely have numerous external parking options—to park on-street, park in a public garage,
or rent a space in a nearby building—one might surmise that neighborhood-level rather than
building-level parking supply would most affect transportation outcomes. However, we show
that a building’s parking ratio not only influences car ownership, vehicle travel, and transit
use, but has a stronger effect than transit accessibility. Buildings with at least one parking
space per unit (as required by zoning codes in most U.S. cities, and in San Francisco until
circa 2010) have more than twice the car ownership rate of buildings that have no parking.
If parking is provided on-site for free or at a reduced price (typically, $100 per month), then
households appear to take advantage of this amenity. In contrast, households without access
to on-site parking are more likely to forgo car ownership altogether.

One natural concern about reducing required parking ratios is that this might limit
employment opportunities, particularly for lower-income households such as those we study
in this paper. Given that many jobs are inaccessible by public transit, access to a car can
theoretically improve employment outcomes and labor market turnover. However, we find
no evidence that this tradeoff exists.

Transit accessibility evolves over decades and a concerted effort to improve local infras-
tructure requires large amounts of public funding. Parking ratios, in contrast, require only
regulatory changes to zoning codes: removing minimum requirements from zoning codes and
possibly replacing them with maxima instead. Such zoning reforms could also yield other
benefits including reducing housing costs and increasing land available for new housing and
commercial development, as well as reducing motor vehicle trips and associated harms. Our

findings suggest that the potential for private automobile trip reductions is large and does
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not depend on car-free households relocating to car-free buildings. Moreover, reducing space
dedicated to parking appears to come without employment downsides. Where streets are
relatively walkable and transit service is frequent, parking emerges as the key factor shaping
household travel behavior—and parking is a factor that is highly amenable to low-cost policy

reforms that can rapidly provide benefits.
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Figure 1: Locations of surveyed below-market-rate residential projects in San Francisco
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Source: Authors’ analysis of Mayor’s Office of Housing and Community Development (MOHCD) data.

20






Figure 2: Number of entrants across BMR residential lotteries by application outcomes
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Source: Authors’ analysis of MOHCD data.
Notes: Available application data include lotteries held from July 2015 through June 2018. Each stacked
bar shows outcomes for a specific BMR residential lottery, ordered horizontally by date. “Other” lottery

outcomes include applications that were withdrawn, disqualified, or that have an unknown outcome.
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Figure 3: Survey responses for car ownership by residential parking ratio

100

75 1

50 1
) I I
0 -

Car ownership rate (percent)

No parklng 0- O 33 0. 34 0.66 0.67 - 0 99 lor more
On site parking spaces per residential unit

Source: Authors’ analysis of MOHCD data and authors’ survey.
Notes: Each bar contains a set of BMR projects binned by the on site residential parking space ratio,
with bars’ heights corresponding to the share of included survey respondents that own any automobiles.
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Figure 4: Survey responses for household transportation utilization: Correlation matrix
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Notes: Surveyed transportation utilization frequencies are measured in increasing order using a discrete

four-point scale of: “less often,” “2-4 times a month,” “2-3 times a week,” or “daily.”
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Table 1: Summary attributes of surveyed below-market-rate (BMR) projects

Mean  SD Range
Number of residential projects 197
Year completed 2008 6 1992 - 2018
Number of on-site BMR units 13.5 22.3 1-170
Total on-site residential units 86 105 10 - 540
Parking ratio (spaces per unit) 0.77 043  0.00 - 2.42
Distance to nearest rail stop (meters) 611 593 38 - 3203
AllTransit performance score 9.8 0.3 7.5-10.0
Walk Score 93 12 16 - 100
Bike Score 85 16 22 - 100

Notes: Table 1 shows statistics for San Francisco BMR projects. Walk
Score and Bike Score are measured on a 0-100 scale, and are obtained from
walkscore.com. The Transit Score refers to the AllTransit Performance Score
calculated by the Center for Neighborhood Technology. It considers frequency,

connectivity and access to jobs, and is measured on a 0-10 scale.
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Table 2: Identification tests for lottery skipping: Regression estimates

Dependent variable: I{skipped lottery}

(1) (2) (3)
Abs(A) in std. parking ratio 0.005 0.003 0.010
(0.005) (0.007) (0.015)
Abs(A) in std. Transit Score —0.001 —0.007 0.011
(0.005) (0.016) (0.022)
Abs(A) in std. Walk Score 0.014** 0.021 0.034
(0.005) (0.014) (0.019)
Abs(A) in std. Bike Score —0.004 0.003 —0.004
(0.005) (0.011) (0.015)

Sample

Average skip rate
Household fixed effects
Lottery fixed effects
Number of households
Number of lotteries
Observations

R2

All applicants

0.779
Yes
Yes

18,574
59
290,085
0.397

Winner occupants
0.759
Yes
Yes
481
59
10,165
0.345

Survey respondents
0.743
Yes
Yes
159
29
3,441
0.340

*p<0.05; **p<0.01; **p<0.001

Notes: Standard errors two-way clustered by household and lottery.

An observation is either a household application to a lottery (107,310 in total) or a household skipping of

a lottery (182,775). Each column presents estimates from a separate linear probability regression model.
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Table 3: Survey responses for car ownership: Regression estimates

Dependent variable: I{own any cars}

(1) (2) (3)

(4)

Std. parking ratio 0.143*** 0.121*** 0.121*** 0.118***
(0.023) (0.026) (0.025) (0.026)
Std. Transit Score —0.048***  —0.037* —0.021
(0.012) (0.016) (0.025)
Std. Walk Score —0.030
(0.029)
Std. Bike Score 0.014
(0.032)
Average car ownership 0.668 0.668 0.668 0.668
Controls No No Yes Yes
Observations 758 758 758 758
R? 0.075 0.086 0.137 0.138

*p<0.05; **p<0.01; ***p<0.001

Notes: Standard errors clustered by residential

project. Controls are residency duration, residency type (rent or own), household

income, household size, survey recipient gender, and survey recipient race. Each

column presents estimates from a separate linear probability regression model.
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Table 4: Survey responses for transportation utilization: Regression estimates

Transportation mode

Private car Transit Walking  Bicycling

(1) (2) (3) (4)

Car if car/transit

()

Panel [A] Frequency of use of transportation modes for all trips

Std. parking ratio 0.202** —0.242**  —0.178* —0.063
(0.059) (0.051) (0.060) (0.037)
Std. Transit Score —0.152** 0.097
(0.049) (0.051)
Std. Walk Score 0.235***
(0.061)
Std. Bike Score 0.090***
(0.023)

Panel [B] Primary mode of transportation for commute trips

Std. parking ratio 0.073* —0.069* 0.013 —0.004 0.115**
(0.030) (0.034) (0.029) (0.013) (0.041)
Std. Transit Score —0.086™** 0.001 —0.017
(0.016) (0.016) (0.019)
Std. Walk Score 0.059*
(0.015)
Std. Bike Score 0.029***
(0.007)
Controls Yes Yes Yes Yes Yes
Panel [A] dep. var. avg. 2.195 2.627 2.875 1.351 —
Panel [A] observations 766 766 766 766 —
Panel [A] R? 0.082 0.082 0.110 0.075
Panel [B] dep. var. avg. 0.384 0.314 0.211 0.068 0.550
Panel [B] observations 544 544 544 544 380
Pabel [B] R? 0.102 0.053 0.065 0.049 0.098

*p<0.05; **p<0.01; ***p<0.001 Notes: Standard errors clustered by residential project. Controls are residency

duration, residency type (rent or own), household income, household size, survey recipient gender, and survey

recipient race. For Panel [A], each dependent variable frequency measure is treated as a continuous outcome

formed from a four-point scale where a value of 4 is daily, a value of 3 is 2-3 times a week, a value of 2 is 2-4

times a month, and a value of 1 is less often. For Panel [B], dependent variables are binary indicators for primary

commuting mode and each regression includes only respondents who are either employed or a student. Each

column presents estimates from a separate linear regression model.





Table 5: Survey responses for employment status: Regression estimates

Dependent variable

Work full-time = Work part-time  Looking for work  Student

(1) (2) (3) (4)

Std. parking ratio —0.014 0.008 0.004 0.003
(0.017) (0.014) (0.007) (0.012)
Std. Transit Score 0.001 0.0004 0.0002 —0.004
(0.010) (0.008) (0.003) (0.008)
Dep. var. average 0.865 0.095 0.023 0.026
Controls Yes Yes Yes Yes
Observations 660 660 660 660
R? 0.075 0.028 0.029 0.046

*p<0.05; **p<0.01; ***p<0.001 Notes: Standard errors clustered by residential project. Controls are
residency duration, residency type (rent or own), household income, household size, survey recipient
gender, and survey recipient race. Each of these regressions includes only respondents who are either
employed, looking for work, or a student. Each column presents estimates from a separate linear

probability regression model.
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A Online Appendix

A.1 Additional detail on methods
A.1.1 Applicant data sample processing

The applicant sample consists of individual applications and does not link repeat applicants
across lotteries for different projects. Therefore, we first match people who apply to multiple
lotteries based on (i) their date of birth and (ii) any of the following: first name, last name, or
address. We also match applicants based on all of the following: first name, last name, and
address. We use a chained matching process that iteratively links groups of applicants who
are matched on each of the combinations. For example, a group that matches on first name
and date of birth would be combined with another group that matches on address and date
of birth, if the groups have overlapping members. The chained process, rather than relying
on matching specific fields or fields is necessary because of errors, spelling variations, and
missing data in the applicant dataset. Identifying information was hashed (scrambled) by
MOHCD prior to providing us the dataset, in order to safeguard individual privacy. Thus,
we are unable to clean errors and spelling variations manually.

A.1.2 Lottery success rates

As noted in Section 2 of the main text, many applicants have some “preference” in the strat-
ified lotteries, most often because they already live or work within San Francisco. However,
even households with a “Live-Work preference”—two-thirds of successful applicants—have
an average lottery success rate of only 1.7 percent. Current neighborhood residents, who are
given even more priority, have an average success rate of 2.6 percent.

A.1.3 Household survey

Figure 1 maps the location of surveyed below-market-rate housing developments, and Table
1 shows their summary characteristics. Together, the figure and table indicate that our
survey sample provides meaningful variation in households’ building-level and neighborhood
characteristics. BMR units are distributed throughout the city, giving a range of walking
environments and proximity to public transit, as well as substantial variation in on-site
parking availability.

Figure A2 shows the A9 postcard-size paper survey instrument that was mailed to house-
holds. The survey was also provided online using Qualtrics.

One potential source of bias is differential patterns of survey response—for example,
if households in buildings with better transit access or lower parking ratios are more or
less likely to respond to the survey. Table Al uses a linear probability model to evaluate
whether households’ propensities to respond to our survey vary with their project charac-
teristics, namely, the local transportation accessibility. As in the main text, all explanatory
variables are z-standardized. Thus, for instance, the interpretation of the first coefficient in
Column (4) is that, controlling for the local Walk Score, Bike Score, Transit Score, and the
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survey recipient’s income and demographic variables, a one standard deviation increase in
the building’s parking ratio causes a 0.3 percentage point increase in the likelihood of survey
response—a minuscule association. The estimates for the other independent terms likewise
support that there is no survey response selection bias, as do the less-saturated specifica-
tions in Columns (1) through (3). Overall, these null results strengthen our confidence that
possible bias in survey response rates is unlikely to be a factor for our subsequent findings.

Figure Al: Distribution of population density of surveyed projects

300 +

N
o
o

100 -

.| h\.L..JM l. .IJ...l AR A N T

0.00 0.25 0.50 0.75 1.00

Number of surveys sent

Population density percentile of Census Block Groups in San Francisco

Notes: The average population density of Census Block Groups in our sample is 11,208 people per square
kilometer—the 48th percentile—compared to an average of 11,236 for Block Groups in the city overall.
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Example of survey postcard

Figure A2

ﬁ ,ﬂ.s.wn.. oF O.-. FORNIA San Francisco ?r_v_cq.m

? v:z:._ _._=_._~ _H_ Office of Housing and
- Community Development
The University of California at Santa Cruz and the San Francisco
Mayor’s Office of Housing and Community Development are
conducting a research survey about your experience with transportation,
housing and employment.

Participation is completely voluntary. As a thank you, respondents will
be entered to win one of ten $100 Visa gift cards.

Take the survey online instead/Haz la encuesta en linea o llama/
T A B v G 1)y T INIE 73 W FE ) 45 / Sagutin ang pagsusuri
na ito gamit ang telepono o kompyuter:

sfsurvey.ucsc.edu 1-415-701-5622

1. How often do you use the following for transportation in
San Francisco?
Daily 2-3 times a week  2-4 times a month  Less often

Drive alone
Carpool
Uber, Lyft, or Taxi

Public Transit
(e.g. Muni, BART)

Walk
Bike

OO0 0 000
Ooo0Oo00oad
OO0 0af
Ooooogd

2. How many cars does your household own? [
3. Do you work or attend school?
"] Work full time [ ] Work part time [ | Looking for work
[T Student [] None of the above
4. How long have you been at your current work or school?
[7] 1-2years

[ ] Not in work or school

[ ] Less than a year ] More than 2 years

5. What is the ZIP code or neighborhood of your current and
previous work or school?

Current Previous

6. How do you usually get to work or school?
[ 1 Drive alone [ Carpool [ ] Uber, Lyft or Taxi

[ Public Transit [ | Walk [ |Bike [ ] Not in work or school

7. Did you talk to a neighbor in the last week?
[ Yes " INo

Thank you for completing the survey!
You will be entered into the raffle to win one of ten $100 Visa gift cards.

Notes: Figure A2 shows a postcard of the authors’ survey, which was also provided online via Qualtrics.
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Table Al: Identification tests for survey response: Regression estimates

Dependent variable: I{survey respondent}

(1) (2) (3) (4)

Std. parking ratio

Std. Transit Score

Std. Walk Score

Std. Bike Score

—0.0001 —0.005 —0.003  —0.014
(0.010)  (0.012)  (0.012)  (0.011)

—0.011 —0.013 0.015
(0.017)  (0.023)  (0.016)

—0.013  —0.011
(0.013)  (0.011)

0.022 0.022
(0.015)  (0.013)

Average response rate
Controls

Observations
RQ

0.294 0.294 0.294 0.294
No No No Yes
2,654 2,654 2,654 2,654
0.00000 0.0004 0.002 0.038

*p<0.05; **p<0.01; ***p<0.001  Notes: Standard errors clustered by resi-

dential project. Controls are residency duration, residency type (rent or own),

household income, household size, survey recipient gender, and survey recipient

race. Each observation is a household to whom we (e)mailed a survey. Each

column presents estimates from a separate linear probability regression model.
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A.2 Additional analyses of labor market impacts

The main text shows the impact of our transportation accessibility measures on employment
rates. Two other measures of labor market outcomes, which we discuss here, are provided
by employment turnover and commute times. Greater accessibility may enable workers to
change jobs, and in doing so increase wages, reduce commute time, or otherwise increase
employment satisfaction. Column (1) of Table A2 shows the impact of parking ratios and
transit accessibility on the share of employed/student respondents who have been at their
current job or school for less than two years; Column (2) does the same for a shorter one-year
period. The remaining columns measure the impacts on commute distance and time directly.

Greater availability of on-site parking has no effect on any of these labor market outcomes,
although greater transit accessibility appears to moderately promote employment turnover
and shorter current commute times. Estimates show no relationship between parking or
transit accessibility and former workplace/school commutes or with the change from former
to current workplace/school commutes, in time or distance. A one standard deviation im-
provement in Transit Score increases the share of respondents occupied at their current job
or school for less than two years by 3 percentage points—a meaningful effect given that only
22 percent of respondents have been at their workplace for such a short period. The results
are almost identical when limiting the sample to respondents in full-time work. Similarly,
we find that a one standard deviation increase in Transit Score reduces commuting times
by about ten percent—and reduces the likelihood of having a long (> 25 minutes) commute
by about 30 percent. In other words, greater transit accessibility increases the likelihood of
garnering new employment and reduces commute times.

Table A2: Survey responses for employment duration and commutes: Regression estimates

At current work/school Current commute via driving
< 2years < lyear  Distance (m) Time (min.) > 25 min.

(1) (2) (3) (4) (5)

Std. parking ratio 0.010 0.004 —742.9 —0.383 —0.007
(0.018) (0.017) (671.5) (0.631) (0.015)
Std. Transit Score 0.030** 0.024* —1,366 —1.369* —0.041**
(0.011) (0.011) (846.6) (0.668) (0.013)
Dep. var. average 0.222 0.110 6,748 13.05 0.11
Controls Yes Yes Yes Yes Yes
Observations 644 644 634 634 634
R? 0.066 0.047 0.052 0.063 0.051

*p<0.05; **p<0.01; ***p<0.001 Notes: Standard errors clustered by residential project. Controls are
residency duration, residency type (rent or own), household income, household size, survey recipient
gender, and survey recipient race. Each of these regressions includes only respondents who are either
employed or a student. The current commute distance is the estimated driving distance in meters and
the current commute driving time is estimated as of 8:00 AM on a weekday using Google Maps. Each

column presents estimates from a separate linear regression model.
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Body

ABSTRACT

Little research has been done to understand the effect of guaranteed parking at home—in a driveway or garage—
on mode choice. The research presented here systematically examines neighborhoods in the three New York City
boroughs for which residential, off-street parking is possible but potentially scarce. The research is conducted in two
stages. Stage one is based on a Google Earth© survey of over 2000 properties paired with the City’s tax lot
database. The survey and tax lot information serve as the basis to estimate on-site parking for New York City
neighborhoods. With parking availability estimated, a generalized linear model using census tracts as the unit of
analysis, is used to estimate the maximum likelihood parameters that predict the proportion of residents who drive
to work in the Manhattan Core.

The research shows a clear relationship between guaranteed parking at home and a greater propensity to use the
automobile for journey to work trips even between origin and destinations pairs that are reasonably well and very
well served by transit. Because journey to work trips to the downtown are typically well served by transit, we infer
from this finding that non-journey to work trips are also made disproportionately by car from these areas of high on-
site parking.

» Innovative use of GoogleEarthTM for data collection. » Private residential parking increases auto use for
Manhattan bound commute trips. » Minimum parking requirements encourage auto use.

FULL TEXT

1 Introduction

Transportation systems consist of rights-of-way, vehicles and terminals. Any one of these elements can represent
an upper bound on system capacity, i.e. limited terminal space or limited rights-of-way will create a bound on the
number of vehicles that can be accommodated; limited vehicles or rights-of-way will determine the extent to which
terminals are utilized. Congestion on just one of these elements suggests a system out of balance. The imbalance
can be addressed by increasing capacity of the congested element or by limiting the capacity of one of the other
elements. A better balance implies greater efficiency in resource allocation, as no one part of the system is
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excessively idle while other parts are constrained. In the context of the auto/highway system terminals are the
parking spaces where passengers and drivers embark and disembark. Unlike with shipping ports, airports or railway
stations, a peculiarity of the system, at least in the United States, is that decisions regarding the rights-of-way are
typically made at a regional level and in a context set by federal, state level and regional transportation policy,
decisions regarding terminal facilities—i.e. parking spaces—are made locally and proscribed in zoning or building
codes. Vehicle ownership and use decisions—such as how frequently and how far to drive—are made by private
citizens.

With three disparate decision makers, two of whom are public bodies making policy decisions that create a context
in which private citizens act and express their preferences, it is nearly guaranteed that the system will be
unbalanced. To further complicate the matter the two public bodies are rarely, if ever, coordinated in their goals and
decision processes. The importance of understanding and planning for land use and transportation interactions has
long been recognized, indeed for at least 100 years ( Brownetal, 2009, 162) Yet these two spheres are seldom
coordinated. Nowhere is the disconnection between land use and transportation policy more pronounced than with
respect to parking policy. A critical element of the transportation system is administered through zoning and building
codes which make limited, if any, reference to the overall transportation system in setting their requirements. The
title of this paper is an acknowledgement of this latter fact; zoning and building codes stipulate off-street parking but
with no understanding of the travel demand response to the requirement.

Parking supply and management is increasingly recognized as an important factor in mode choice (cf.
Vaca and Richard Kuzmyak, 2005Kuzmyak et al., 2003Shoup, 1995Ison and Rye, 2006)_ Until now, the vast majority of this research
has focused on central business district (CBD) and other “destination” parking. There has been extremely limited
research on parking at the “origin” or residential end of a trip; exceptions include Stbbs. 2002 \who |ooked at urban
design, but not travel, implications of residential parking requirements in Great Britain and
Weinberger et al., 2008aWeinberger et al., 2008bWeinberger et al., 2009 \yhq find that increased probability of commuting to work
in Manhattan by car is associated with greater incidence of on-site, off-street, residential parking in two
neighborhoods of New York City.

Brown et al., 2009 Brown et al., 2009. Jeffrey R. Brown, Eric A. Morris, Brian D. Taylor; Planning for cars in cities: planners,
engineers, and freeways in the 20th century; Journal of the American Planning Association; Vol. 75, No. 2; (2009), pp. 161-177.

Vaca and Richard Kuzmyak, 2005 \/gca and Richard Kuzmyak, 2005. Vaca, Erin, Richard Kuzmyak, J., 2005. Chapter 13—Parking Prices
and Fees. TCRP Report 95 Traveler Response to Transportation System Changes, Transportation Cooperative Research
Program. Transportation Research Board, Washington, DC.

Kuzmyak et al, 2003 Kyzmyak et al., 2003. Kuzmyak, J. Richard, Weinberger, Rachel, Pratt, Richard, Herbert, Levinson, 2003.
Chapter 18—Parking Managment and Supply. Transit Cooperative Research Program (TCRP) Report 95: Traveler Response to
Transportation System Changes. Transportation Research Board, Washington, DC.

Shoup, 1995 Shoup, 1995. Donald Shoup; An opportunity to reduce minimum parking requirements; Journal of the American
Planning Association; Vol. 61, No. 1; (1995), pp. 14-28.

Ison and Rye, 2006 [son and Rye, 2006. Stephen Ison, Tom Rye; Parking: parking; Transport Policy; Vol. 13, No. 6; (2006), pp. 445-
446.

Stubbs, 2002 Stybbs, 2002. Michael Stubbs; Car parking and residential development: sustainability, design and planning policy,
and public perceptions of parking provision; Journal of Urban Design; Vol. 7, No. 2; (2002), pp. 213-237.

Weinberger et al., 2008a \\/einberger et al., 2008a. Rachel Weinberger, Mark Seaman, Carolyn Johnson; Suburbanizing the City: How
New York City Parking Requirements Lead to More Driving; Transportation Alternatives, New York (2008), .

Weinberger et al., 20080 \\/einberger et al., 2008b. Rachel Weinberger, Mark Seaman, Carolyn Johnson, John Kaehny; Guaranteed
Parking—Guaranteed Driving: Comparing Jackson Heights, Queens and Park Slope, Brooklyn Shows that a Guaranteed
Parking Spot at Home Leads to More Driving to Work; Transportation Alternatives, New York (2008), .

Weinberger et al., 2009 \\/einberger et al., 2009. Rachel Weinberger, Mark Seaman, Carolyn Johnson; Residential off-street parking
impacts on car ownership, vehicle miles traveled, and related carbon emissions: New York City case study; Transportation
Research Record; Vol. 2118, (2009), pp. 24-30.
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The current paper extends and generalizes the findings of Weinberger et al, 20080 Ly studying New York City more
broadly. The paper systematically examines all neighborhoods in the three New York City boroughs for which
residential, off-street parking is possible but potentially scarce. The excluded boroughs are Manhattan where only
22% of households report having a vehicle available and Staten Island, which is extremely low density by NYC
standards, where 80% of households report availability of one or more vehicles (US Census Bureau 2000) and
residential parking availability is not scarce.

Satellite imagery from Google Earth ( ©°0dle.2008a)  Google Maps ( ©G°0dle.2008b) and Bing Maps (
Microsoft Corporation, 2008 \ya5 ysed to survey the lots containing one-, two- and three-family houses in the Bronx,
Queens and Brooklyn. From that data collection, a binary logit model was developed to predict the likelihood of a
garage or driveway on the property. This data was paired with information contained in the City's Primary Land Use
Tax lot Output (PLUTO) database which reports the square footage devoted to parking for residential buildings of
four-families and greater ( New York City Department of City Planning, 2007) - sing this information, the amount of parking
per dwelling unit was estimated for each census tract and regressed against journey to work mode split data as
reported in the Census Transportation Planning Package.

Controlling for median tract income, age of housing stock, vehicle availability, tract level transit accessibility, transit
served destination and other variables, we find that tracts with higher levels of on-site parking have higher levels of
drive mode share to the transit rich Manhattan Core. Thus we conclude that guaranteed parking at home is a
contributing factor to a worker's decision to drive to work. From this we infer that driving to other activities is also
likely to be higher.

In the short term, a better understanding of travel behavior consequences of residential parking policy can lead to a
better coordination of parking supply decisions on the part of land use planners and better network planning and
management by transportation planners. In the long term, integration of these two functions is the better strategy for
developing and maintaining a balanced urban transportation system.

The paper is divided into four primary sections: the first looks at previous research pertaining to parking; the next
section discusses the methodology and data used for the analysis; section three discusses the research findings
and policy implications; conclusions follow.

2 Previous research

The majority of previous research looking at parking and travel behavior is focused on sensitivity to parking price
(Cf. Hess, 2001Golias et al., 2002Beunen et al., 2006Newmark and Shiftan, 2007Kelly and Clinch, 2006Kelly and Peter Clinch, 2009)

Google, 2008a Google, 2008a. Google, “Google Earth”. Web page. Available at {http://earth.google.com/) (accessed 2008a).

Google, 20080 Gogle, 2008b. Google, “Google Maps”. Web page. Available at {http://maps.google.com/) (accessed 2008b).

Microsoft  Corporation, 2008 Microsoft Corporation, 2008. Microsoft Corporation, Bing Maps. Web page. Available at
<http://www.bing.com/maps// (accessed 2008).

New York City Department of City Planning, 2007 New York City Department of City Planning, 2007. New York City Department of City
Planning; Primary Land Use Tax Lot Output (PLUTO); New York City Department of City Planning, New York City (2007), .

Hess, 2001 Hess, 2001. D.B. Hess; Effect of free parking on commuter mode choice—evidence from travel diary data;
Transportation Research Record; Vol. 1953, (2001), pp. 35-42.

Golias et al, 2002Golias et al., 2002. John Golias, George Yannis, Michel Harvatis; Off-street parking choice sensitivity;
Transportation Planning & Technology; Vol. 25, No. 4; (2002), pp. 333-348.

Beunen et al,, 2006 Beynen et al., 2006. R. Beunen, C.F. Jaarsma, H.D. Regnerus; Evaluating the effects of parking policy measures
in nature areas; Journal of Transport Geography; Vol. 14, No. 5; (2006), pp. 376-383.
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comparisons between parking and road pricing as a method of travel demand management (cf.
Gillen, 1978Baldassare et al., 1998 Shiftan and Golani, 2005 Albert and Mahalel, 2006) or the effect on travel behavior of employer
paid parking at work (cf. Wlllson 1997Aldridge et al., 2006V0vsha and Petersen, 2009) There are some consistencies in this
research, e.g. parking cash-out options, in which employees are offered the cash equivalent of their parking
perquisites and allowed to choose the cash value or the “free” parking, appear to be universal in their effect of
decreasing solo driving ( Willson, 1997Aidridge et al., 2006Vovsha and Petersen, 2009; Shoup, 2005; Watters et al., 2006), but research on
parking pricing versus congestion pricing differ in the question of whether travelers are more sensitive to parking
pricing ( Baldassare et al., 1998) mgre sensitive to congestion charges ( Albert and Mahalel, 2006) gr rather insensitive, only
changing their parking location ( Gilen. 1978)

Among the studies of price sensitivity we identified only one, which considered neighborhood characteristics at the
origin end of a drive trip to downtown. The analysis shows that in Portland, OR, two land use variables, one, which
indicates proximity to a transit stop, and the other, indicating a measure of pedestrian friendliness, are insignificant
in mode choice to downtown destinations ( Hess 2001),

Additional efforts have looked at parking and “downtown destruction or regeneration”, i.e. where parking policy can
be used as regenerative and/or where parking restraint may be damaging to local economies. Marsden, 2006 reyjiews
the literature and concludes that there is little evidence to suggest that parking restraint in town centers is a major

Newmark and Shiftan, 2007 Newmark and Shiftan, 2007. G.L. Newmark, Y. Shiftan; Examining shoppers' stated willingness to pay for
parking at suburban malls; Transportation Research Record; Vol. 2010, (2007), pp. 94-103.

Kelly and Clinch, 2006 Ke|ly and Clinch, 2006. J.A. Kelly, J.P. Clinch; Influence of varied parking tariffs on parking occupancy levels by
trip purpose; Transport Policy; Vol. 13, No. 6; (2006), pp. 487-495.

Kelly and Peter Clinch, 2009 Ke|ly and Peter Clinch, 2009. J. Andrew Kelly, J. Peter Clinch; Temporal variance of revealed preference on-
street parking price elasticity; Transport Policy; Vol. 16, No. 4; (2009), pp. 193-199.

Gillen, 1978 Gjllen, 1978. D.W. Gillen; Parking policy, parking location decisions and distribution of congestion; Transportation; Vol.
7, No. 1; (1978), pp. 69-85.

Baldassare et al., 1998 Bg|dassare et al., 1998. M. Baldassare, S. Ryan, C. Katz; Suburban attitudes toward policies aimed at reducing
solo driving; Transportation; Vol. 25, No. 1; (1998), pp. 99-117.

Shiftan and Golani, 2005 Shiftan and Golani, 2005. Y. Shiftan, A. Golani; Effect of Auto Restraint Policies on Travel Behavior; Vol. 1932,
(2005), pp. 156-163.

Albert and Mahalel, 2006 Alpert and Mahalel, 2006. Gila Albert, David Mahalel; Congestion tolls and parking fees: a comparison of the
potential effect on travel behavior: parking; Transport Policy; Vol. 13, No. 6; (2006), pp. 496-502.

Wwillson, 1997 \\/jllson, 1997. R.W. Willson; Parking pricing without tears: trip reduction programs; Transportation Quarterly; Vol. 51,
No. 1; (1997), pp. 79-90.

Aldridge et al., 2006 Aldridge et al., 2006. K. Aldridge, M. Carreno, S. Ison, T. Rye, I. Straker; Car parking management at airports: a
special case? Parking; Transport Policy; Vol. 13, No. 6; (2006), pp. 511-521.

Vovsha and Petersen, 2009 \/gysha and Petersen, 2009. P. Vovsha, E. Petersen; Model for person and household mobility attributes;
Transportation Research Record; Vol. 2132, (2009), pp. 95-105.

Shoup, 2005 Shoup, 2005. Donald C. Shoup; The High Cost of Free Parking; American Planning Association, Chicago, Il (2005), .

Wwatters et al., 2006 \\/atters et al., 2006. Paul Watters, Margaret O'Mahony, Brian Caulfield; Response to cash outs for work place
parking and work place parking charges: parking; Transport Policy; Vol. 13, No. 6; (2006), pp. 503-510.

Marsden, 2006 Marsden, 2006. G. Marsden; The evidence base for parking policies—a review; Transport Policy; Vol. 13, No. 6;
(2006), pp. 447-457.
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contributor to economic decline, indeed other research shows that economic decline and CBD parking capacity
increases may track very closely and consistently ( Garrick and Christopher, 2009Nelson\Nygaard Consulting Associates, 2005)_

In addition, parking search behavior, better known as “cruising” and the congestion added due to cruising have
drawn some research attention. Amottandlnci, 2006 geyelop a theoretical model of curbside parking and traffic
congestion, Arnottand Rowse, 2009 axtend that work to develop a theoretical equilibrium model of cruising to equalize
price differentials between under-priced (per their argument) on-street and over priced off-street commercial

parking. Other research shows that cruising may account for as much as 30% of traffic in urban centers ( Shoup.
1995Shoup, 2006)_

Many of these efforts use Stated preference ( Golias et al., 2002; Shiftan and Golani, 2005; Albert and Mahalel, 2006) or Oplnlon Surveys (

- u -secti ilen, : u X- -
Baldassare et al, 1998) gome use cross-sectional data ( Gillen. 1978Hess, 2001) gnd others use ex- and post-ante data
Albanese and DiBella, 2009kelly and Peter Clinch, 2009)_

There are many ways to divide the literature; one can sort thematically, methodologically, based on data sources
and types, according to the type of destination—downtown, university, shopping center or nature recreational
facility—but the fact remains that very little research exists that even acknowledges residential or origin parking as a
factor in travel decisions or an area for review in transportation policy. Perhaps this disconnect is due to a view that
residential parking is an issue for housing and/or land use policy. This view is supported in research that identifies
parking as a component of housing and other development cost. Jia and Wachs, 1999 t5r example, looked at property
sales in six neighborhoods of San Francisco, California, and found that the presence of an off-street parking spot
increased the cost of a house by 11.8% and a condominium by 13%. Jung. Owen. 2009 tests the added value of
structured parking on condominiums in Edmonton, Canada, using two different datasets. In one analysis he finds an
implicit price on parking but notes that the market value for parking is less than the developer cost. In the analysis
of his second dataset he finds no implicit price. In both cases his finding suggests that the developer cost of parking
is not ultimately passed on to the consumer. Litman, 2010 5rqjes along the same lines as Jiaand Wachs, 1999 that minimum
parking requirements increase construction cost and present an obstacle to provision of affordable housing. He
estimates that requiring one on-site parking spot added 6% to the cost of construction, two parking spots added
16%, and three parking spots added 34%.

Garrick and Christopher, 2009 Ggrrick and Christopher, 2009. Garrick, Norman, Christopher, McCahill, 2009. Hartford: It's a Parking
Place—Tripling Space for Cars hasn't Helped City Prosper—It's Only Devalued Downtown. Hartford Courant (sec. on-line
version).

Nelson\Nygaard Consulting Associates, 2005 Nelson\Nygaard Consulting Associates, 2005. Nelson\Nygaard Consulting Associates, 2005.
Center City Parking Evaluation Final Report. Philadelphia City Planning Commission, Philadelphia, PA.

Amott and Inci, 2006 Arnott and Inci, 2006. Richard Arnott, Eren Inci; An integrated model of downtown parking and traffic congestion;
Journal of Urban Economics; Vol. 60, No. 3; (2006), pp. 418-442.

Arnott and Rowse, 2009 Arnott and Rowse, 2009. Richard Arnott, John Rowse; Downtown parking in auto city; Regional Science and
Urban Economics; Vol. 39, No. 1; (2009), pp. 1-14.

Shoup, 2006 Shoup, 2006. Donald C. Shoup; Cruising for parking: parking; Transport Policy; Vol. 13, No. 6; (2006), pp. 479-486.

Albanese and DiBella, 2009 Alhanese and DiBella, 2009. Massimo Albanese, Enrico DiBella; Possible impacts of parking pricing policies:
the case of blue lined area in Genoa; International Journal of Transport Economics; Vol. 36, No. 3; (2009), pp. 301-335.

Jia and Wachs, 1999 Jjg and Wachs, 1999. Wenyu Jia, Martin Wachs; Parking requirements and housing affordability: a case study of
San Francisco; Transportation Research Record; Vol. 1685, (1999), pp. 156-160.

Jung, Owen. 2009 Jyng, Owen. 2009. Jung, Owen. (2009) Who is Really Paying for your Parking Space? Unpublished Thesis.
University of Alberta. <{https://editorialexpress.com/cgi-bin/conference/download.cgi?db_name=CEA2010&paper_id=378)
(accessed 2008)

Litman, 2010 | jtman, 2010. Todd Litman; Parking Requirment Impacts on Housing Affordability; Victoria Transport Policy Institute,
Victoria, British Columbia (2010), .
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In spite of evidence that shows cost of parking is not fully borne by the consumer, which in turn implies a market
distortion in which greater car ownership and lower home-ownership result ( Weinberger et al., 20082) ' tyyg papers on
residential parking maintain that car ownership is independent of parking supply ( Stubbs. 2002Balcombe and York, 1993)

There is a dearth of information looking at residential parking and travel behavior. Balcombe and York, 1993 indjcate that
some of their research subjects indicated that they would walk for certain errands rather than give up a “good”
parking space. From this one must infer that never having to give up a good space, i.e. by having a private,
protected garage or driveway, would lead to additional auto trip-making, even for trips that are apparently walkable.
A study comparing two matched neighborhoods in New York City, suggests that residents in the neighborhood with
more on-site parking were 45% more likely to drive to work in Manhattan. A simulation of expected mode choice
based on income, home ownership and other [non-parking] factors associated with auto use suggested that the

neighborhood with more on-site parking should have had fewer drivers, ceteris paribus ( Weinberger et al., 2008bWeinberger et
al., 2009)_

In this study we add to the literature by examining the effect of private, on-site, residential parking on commute
behavior of New York City residents.

3 Methodology and data

The study is divided into two parts. The first combines New York City tax estimation data with the aerial data
collection described below, to estimate the probability that any given property has a private parking space. Spaces
are then aggregated to the census tract level. In the second part, the number of parking spaces per dwelling unit in
a given tract is examined as a predictor of auto commuting to destinations in the Manhattan Core.

3.1 Methodology

The study described here first uses a binary logit model to predict on-site parking and then a generalized linear
model (GLM) with a logit link function to explain the factors that increase or decrease the percentage of people
driving to transit accessible work destinations. The unit of analysis in the first part is dwelling units but ultimately the
analysis is relevant at the level of census tracts. Ideally a disaggregate mode choice model would be used to
estimate the probabilities of individual decision makers to drive with parking availability at the trip origin included as
an explanatory factor; however, in spite of the potential importance of this factor in mode choice it has not been
included in any household travel surveys and thus no data exist to estimate this factor. The aggregate mode choice
model is a reasonable second best approach to begin studying this question. All statistical analysis is done using
SPSS Version 17.0.0 ( SPSS Inc, 2008y

3.2 Data
Three data sources, including data collected specifically for this study were employed in the analysis.

The City of New York maintains a robust database called the Primary Land Use Tax lot Output (PLUTO) file which
contains 70 variables describing lot and building characteristics and identifying geographic/political divisions for
each tax lot in the city ( New York City Department of City Planning, 2008 ' p| UTQO data are updated annually to reflect
change in ownership, new construction and other changes that may have occurred. This analysis is based on the
2007c version of PLUTO. As noted in the introduction, PLUTO reports the amount of square footage on a given lot

Balcombe and York, 1993 Bglcombe and York, 1993. Balcombe, R.J., York, 1.O., 1993. The Future of Residential Parking. Project
Report. Transport Research Laboratory, Crowthorne, Berkshire, UK (Cited in Marsden (2006)).

SPSSnc, 2008 SPSS |nc, 2008. SPSS Inc., 2008. SPSS for Windows Release 12.0.0. Chicago, II.

New York City Department of City Planning, 2008 New York City Department of City Planning, 2008. New York City Department of City
Planning, 2008. Primary Land Use Tax lot Output (PLUTO) Data Dictionary. Ver. 2007c. New York City, New York City
Department of City Planning.
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that is devoted to garage area but only for buildings with a legal certificate of occupancy of four families or more
(DCP, 2008).

To gather necessary data on smaller buildings a random sample consisting of 2,328 one-, two- and three-family
buildings was selected from the PLUTO database. Using ArcGIS™, a keyhole markup language (KML) overlay was
created, (see sample in Fig. 1) which was then imported to Google Earth to identify the selected lots (Figs. 2—4).
Using Google Earth aerial and street views, supplemented with BING maps we were able to determine the
presence of a garage or driveway on each lot. Initial efforts included an attempt to estimate the number of vehicles
that could be accommodated but given the subjectivity of that determination we ultimately decided to count a
driveway or garage of any size as just one space. We were able to make determinations for 99% of the sample.
Approximately 69% of the sampled units had on-site parking spaces and 31% did not. Brooklyn properties, with the
highest average building age, had the fewest on-site parking spaces (57%), the Bronx was next with (71%) and
Queens properties were most likely to have on-site parking (79%).

The aerial photography data collection was validated by a field test. Sampling within the estimation dataset, one
“pivot” property in each of the three study boroughs was randomly selected. All properties that had been selected in
the original estimation set and fell within a three-quarter mile radius of the pivot property were checked in the field
and compared against the aerial photography determination. In all, 117 field observations were made; in 87% of
cases the field observation was consistent with the aerial determination. In some cases of conflict it was determined
that the field observation was in error and the google view correct. For example, the google views showed a
delineation of the property line whereas in the field it was sometimes difficult to determine whether the driveway
belonged to the subject property or to an adjacent property.

The second part of the analysis uses the 2000 Census Transportation Planning Package (CTPP) part lll. CTPP was
used to determine the number of workers from each tract who made their journey to work by car and by any means
to jobs in the Manhattan Core (MC). The Core is defined by the New York City Department of City Planning as the
area of Manhattan south of 110th street on the west side of Central Park and south of 96th Street on the east side
(NYC n.d.) For this analysis it has been modified as work sites south of 96th Street on both the east and west sides
of Central Park and it includes only those census tracts that fall within one quarter mile of a New York City Subway
station. The selected work destinations are indicated in Fig. 5.

3.3 Estimating parking per dwelling unit

Using the PLUTO and aerial data a binary logit’ model was developed to estimate the probability that a given
property had, or did not have, an on-site parking space. A parking space was defined as either a driveway or a
garage. The probability of a parking space was best determined by the building age, the built floor area ratio, the
number of buildings on the lot, the residential square footage, whether or not the building was in Brooklyn and a
variety of zoning designations. Surprisingly, there is no relationship between parking and the presence or absence
of a basement—in Queens, in particular, it is very common to have a garage in the basement of a building (see Fig.
6)—nor was there a statistical relationship between parking and distance to transit, building class, the ratio of a
building’s frontage to the lot frontage or the gap between the lot frontage and the building frontage (either of these
measures would, in theory, indicate a passageway for a vehicle onto the property). The variables used in the
parking prediction model are shown in Table 1.

On the estimation data set the model correctly predicts the presence or absence of a parking space 81% of the
time. It correctly predicts the presence of a space in 92% of cases and the lack of a space in 58% of cases. An
additional sample of 300 properties was surveyed to test the effectiveness of the model. Of those, 99% were
observable. The model correctly predicted just over 82% of cases.

1 Logit model belongs to a class of models that usually predict discrete choices, occasionally they are used to predict proportions
as used later in this paper. A binary logit predicts the probability of an event occurring or not occurring hence its applicability in
predicting the presence or absence of a on-site, off-street parking on any given parcel.
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For properties of four families and more the PLUTO database lists the square footage devoted to parking/garage.
To estimate the number of spaces per building the parking square footage was divided by 250 square feet. These
spaces were summed across the census tract and added to the estimated spaces for small buildings. Total parking
per tract was divided by the number of housing units in the tract to determine parking per dwelling unit. Parking data
are aggregated to the tract level so they can be consistently paired with Census Journey to Work data.

3.4 Modeling mode choice

A limitation of any ecological study is the inability to model individual behavior as a consequence of individual
circumstances. In the present case we are interested in knowing whether or not access to a protected, private
parking space contributes to the decision of whether or not to drive. Due to data limitations we model behavior
aggregated to the level of census tracts. Until we can model individual behavior we infer individual behavior from
the tract level findings. To compensate for the cases in which viable alternatives to driving are scarce at the
destination end of the commute trip—such as an outer borough to suburb origin and destination pair-we seek to
explain only the percentage of work trips from a given census tract to the Manhattan core (MC) that are made by
automobile. We expect these to be a function of several control variables such as tract median income level,
automobile ownership, distance to subway or commuter train and our study variable, the level of on-site parking per
dwelling unit. We posit the general relationship:(1) y=[fluwe,w,z,fy.0hwhere y is the percent of people in a given
tract who drive to work in the Manhattan core (i.e. number of people who drive to work in the Manhattan core
divided by number of residents who work in the Manhattan core), u is a vector of characteristics of the built
environment (e.g. median building age, transit accessibility), v is a vector of socio-economic and demographic
characteristics measured at the tract level, w is the study variable: on-site parking per dwelling unit,a,B,y,6 are the
estimated parameters, bold indicates vectors.

Generally, a suitable transformation to allow use of ordinary least squares (OLS) regression to model percentages
¥i
n| ——
is an aggregate logit model (cf. Small 2007 and Sen and Srivastava 1990):(2) 1=y _ where
y is the percentage of commuters to the MC as above and a,8,y,6 and u,v,w are also as above, In(y;/1-¥i) is the
log of the odds ratio or logit and e a residual, or error term, that captures the difference between the left hand side
(LHS) and what is systematically explained by the variables and estimated parameters.

) =a+ i+ v+ g

The logit transformation yields a functional form in which the LHS is never less than zero, nor does it exceed one,
regardless of the right hand side, thus mimicking the true nature of a measured percentage. Furthermore, the
transformation normalizes the dependent, or response, variable as illustrated in Fig. 7 thus ensuring compliance
with an important condition of linear model estimation.

However, because Eq. (2) is undefined at y=0 and y=1—i.e. the cases where all workers drive to work or when no
workers drive, it is of limited value for this analysis. In 103 of the 1,717 tracts under study there are no residents
driving to work in the MC.2 A difference of means test comparing parking per dwelling unit in tracts that have no
drivers to the MC relative to tracts with at least one driver to the MC shows that tracts with no drivers to the MC
have, on average 0.13 parking spaces per dwelling unit while tracts with drivers to the MC have, on average, 0.26
parking spaces per dwelling unit. The finding that the 103 tracts with no drivers to the Manhattan core have a lower
incidence of the study variable, suggests that their inclusion is critically important to the analysis.

To handle this problem we employ a generalized linear model (GLM) approach specifying logit as the link function
with a binomial distribution. The generalized linear model uses a maximum likelihood estimation. We posit two
specific models, in the first the study variable—on-site parking—is used in conjunction with auto ownership. This
introduces a new problem as we also hypothesize that both mode choice—as we model here—and car ownership
are functions of on-site parking availability and that car use and ownership may be jointly determined. Hence the

2There is one tract in eastern Queens for which no residents work in the Manhattan Core. This tract has been omitted from the
analysis.
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first model takes the form:(3) ¥ =& '(a+ Ui +7'Vi+dWiwhere £ ' is the inverse of the logit link function. The
second model is of the form:(4) ¥ =& (@ + Ui +7'vi+ dwi+hWiwith w representing parking per dwelling unit (as
before) and h(w) is car ownership as a function of w. Using a control function as a generalization of the instrumental
variable approach ( Guevaraand Ben-Akiva, 2006) \ve estimate auto ownership as a function of parking and other
explanatory variables including four instrumental variables, which are correlated with auto ownership but not mode
choice. The four variables are: the percent of the population who have recently moved from another metropolitan
statistical area, the percent who have moved from the central city of another metropolitan statistical area, population
density and the employed percent of the adult population. The former two have been shown to be associated with
auto ownership but not with mode choice ( Weinberger and Goetzke, 2010. Goetzke and Rachel, 2011y ' The |atter two are
intuitively obvious and were selected on theoretical grounds. In addition to actual auto ownership levels, we include
the residual of the first stage analysis as an explanatory variable in our second stage ( Guevara and Ben-Akiva, 2006)

Finally, because of the large number of zero observations we test whether that concentration affects the model. The
test is performed by including a dummy variable for no drivers to Manhattan. The dummy is insignificant and does
not substantially affect the other estimated coefficients. Hence we conclude the model as specified is sufficient.
Additional details of that test are omitted.

4 Model results

Several demographic variables were included in the initial modeling efforts. Ultimately, median income, median age,
average household size and percent of population reporting Black alone as race were statistically significant in
explaining tract level mode choice for trips to the Manhattan Core. Additional significant explanatory variables
include median year built (describing the housing stock), and the percent of car owning households. Home
ownership is not shown to be associated with auto commuting in this model. In the second model it is, insofar as it
is associated with auto ownership—a detail discussed below.

We include the percent of tract residents who work for any level of government as previous research on New York
City has indicated this is a predictor for driving ( Schaller, 2006weinberger et al., 20080) - Many government employees have a
parking placard as part of their perquisite package; this allows them far less restricted parking at their destinations
than most other drivers. Thus it is an incentive to drive. In this effort we confirm that finding: tracts with higher
percentages of government employees have higher percentages of auto commuters.

There is a transit control variable in the model. It is an accessibility index measuring the level of job opportunities
that can be reached by transit from each tract. The accessibility index, which relies on a straightforward gravity
model construction, measures the number of job opportunities accessible from each zone mediated by a distance
decay parameter. The measure was calculated and provided by the New York Metropolitan Transportation Council.
As expected, likelihood of driving decreases as transit accessibility increases.

Somewhat surprisingly, higher income is associated with lower levels of auto commuting, perhaps because
wealthier households in New York reside in some of the most transit rich neighborhoods—though this effect should
be controlled for by the transit accessibility index. There are no other surprises in Model 1 and the study variable,

Guevara and Ben-Akiva, 2006 Gyevara and Ben-Akiva, 2006. Christian Guevara, Moshe Ben-Akiva; Endogeneity in residential location
choice models; Transportation Research Record; Vol. 1977, (2006), pp. 60-66.

Weinberger and Goetzke, 2010 \\/einberger and Goetzke, 2010. Rachel Weinberger, Frank Goetzke; Unpacking preference: how previous
experience affects auto ownership; Urban Studies; Vol. 47, No. 10; (2010), pp. 2111-2128.

Goetzke and Rachel, 2011 Goetzke and Rachel, 2011. Goetzke, Frank, Rachel, Weinberger, 2011. Separating contextual from
endogenous effects in automobile ownership models. In: Presented at the Transportation Research Board Annual Meeting.

Schaller, 2006 Schaller, 2006. Bruce Schaller; Necessity or Choice? Why People Drive in Manhattan; Transportation Alternatives,
New York (2006), .
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off-street parking, shows up positive and statistically significant in explaining the proportion of commuters who travel
by car to the Manhattan Core. Complete results are given in Table 2.

As indicated in Section 3.4, for the second model we first estimate auto ownership, using population density,
percent of employed adults, percent of population who have moved from other MSAs and those who have moved
from other central cities, since the prior census as instrumental variables. As shown in Table 3, the variables that
are positively correlated with tract level auto ownership are income, age, household size, home ownership, white
population and off-street parking per dwelling unit. Variables that depress auto ownership are transit accessibility,
Black population and, curiously, government employees. This last observation potentially underscores the effect of
placards on the choice to drive. As a population that is less likely to own cars, other things being equal, proves to be
more likely to drive. The four instruments are significant with expected signs. Having moved to New York in the
recent past increases likelihood of auto ownership but having moved from a different center city decreases
likelihood of auto ownership. Higher population density is associated with lower car ownership, and higher
percentage of employed adults, which could indicate greater disposable income and a greater need for
automobility, is associated with higher car ownership.

The residual term in Model 2 is statistically significant indicating that the assumption of co-determination of auto-
ownership and auto commuting is correct, i.e. there exists some correlation between the percent of households
without cars and the error term of Model 1. The correlation implies some bias in the coefficients of Model 1 which is
therefore corrected in Model 2.

Consistent with Model 1, factors in the second stage of Model 2 that depress auto commuting are income, median
age, household size, transit accessibility and the percent of population reporting Black alone as their race.
Increased levels of auto and home ownership, more government employees and higher levels of off-street parking
contribute to higher levels auto-commuting even after the question of co-determined commute mode choice and
auto ownership is addressed.

The development of these models demonstrates a clear relationship between increased access to guaranteed
parking at home and a propensity to drive to work in the Manhattan Core. Off-street parking correlates to driving to
work both indirectly by its contribution to car ownership and directly by easing car use.

5 Conclusion and policy implications

While a true behavioral study with disaggregate data is preferred, the ecological study performed here provides
important insight regarding a little studied area of transportation infrastructure and travel behavior, namely origin
parking effects on mode choice. The research shows a clear relationship between guaranteed parking at home and
the greater propensity to use the automobile for journey to work trips even between origin and destinations pairs
that are reasonably well and very well served by transit. Because journey to work trips to the downtown are typically
well served by transit, we infer from this finding that trips for other purposes from these areas of higher on-site, off-
street parking are also made disproportionately by car.

In cities where on-site parking is relatively scare there is likely competition for curb-space which implies search
costs and additional effort to walk from the parking spot to the home or other destinations. With on-site, private
parking, the search costs and additional effort are eliminated thus travelers who have on-site parking face a
different utility constellation than commuters without access to such parking at home. The guaranteed spot makes
use of the automobile a more attractive option.

City planning departments across the United States make decisions with respect to the amount of parking to supply
in order to mitigate potential local spot shortages. The policy consideration does not take into account induced
behaviors demonstrated in this research, such as potential increased auto ownership or increased driving that can
result from the increased parking supply. In New York City, in particular, the policy is intended to appease existing
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residents making them more accepting of additional development ( Hormick, 2010y wjith the exception of most of
Manhattan and a small part of Queens, where parking provision is highly restricted as part of the City’s effort to
maintain compliance with the Clean Air Act, minimum parking requirements are stipulated for all parcels (
New York City Department of City Planning, 2009y ' The reasoning is that with the [false] security that parking demand
associated with new development will not create additional shortages, existing residents will find new development
less objectionable ( Homick. 2010) Tq the extent that additional driving is the product of increased parking supply these
residents may be trading parking ease for traffic congestion and additional energy consumption. Furthermore, on-
site parking requires curb access, which reduces existing parking supply ( Weinberger et al, 2008b)  Thys on-site parking
requirements, which require thousands of curb-cuts, far from protecting existing residents’ enjoyment of the street
system, compromise that enjoyment on two counts.

A potentially important technical question that has not been addressed in this research is that of location self-
selection. While it is highly conceivable that people who prefer to drive will self-select into districts that provide a
high level of service for auto use—including ample protected parking, the question is not actually very important for
policy considerations. For precisely this reason one could conclude from the research that parking should be more
restricted in transit rich zones. McDonnell etal., 2009 show, for example, that in the New York City case, more parking
per square foot of development is required in the most transit rich neighborhoods. From a policy perspective,
householders with a strong preference to drive should be discouraged from transit rich areas because they
potentially “waste” the transit resource.

Cities have long had the intuition that reducing parking requirements, indeed implementing parking maximums, will
have the effect of reducing auto use. This is the primary rationale behind implementing parking maximums as part
of several cities’ efforts to comply with Clean Air Act requirements. Until now, that intuition has not been verified.
Armed with new knowledge that minimum parking requirements will lead to additional driving, cities, particularly
those in non-attainment for air quality standards and those seeking to increase use of transport modes that are
more energy and space efficient than private automobiles, should consider this information when crafting their
residential parking policies.
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TABLES
Table 1
B S. Wald Si Exp(
E. g. B)
Constant -2.81 55 2540 .00 .060
0 7 7 0
Building age square -.001 .00 89.13 .00 .999
0 1 0

Hornick, 2010 Hornick, 2010. Hornick, Samuel, 2010. Parking Reform and Land Use Planning. Rudin Center for Transportation and
Policy Management: Thinking and Doing Breakfast Series.

New York City Department of City Planning, 2009 New York City Department of City Planning, 2009. New York City Department of City
Planning; Zoning Handbook; New York City Department of City Planning, New York City (2009), .

McDonnell et al., 2009 McDonnell et al., 2009. McDonnell, Simon, Josiah, Madar, Vicki, Been, 2009. Minimum parking requirements
and housing affordability in New York City. In: Presented at the Transportation Research Board Annual Meeting.
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B S. Wald Si Exp(

E. g. B)

Building age .058 .01 3643 .00 1.060
0 0 0

Brooklyn (0,1) -.244 12 3958 .04 .783
3 7

Residential sq. ft .001 .00 2791 .00 1.001
0 8 0

Built FAR -1.13 19 3345 .00 .321

7 7 4 0

Number of buildings on lot 1.149 .16 5128 .00 3.156
0 2 0

Zoning designation:

DR6B .844 .38 4.893 .02 2.326
2 7

DR6 .702 .30 5.256 .02 2.017
6 2

DR7_1 1115 35 9.705 .00 3.050
8 2

DR5B 1.364 .41 1095 .00 3.910
2 6 1

DM1_1 1.791 57 9.671 .00 5.995
6 2

DR3_1 771 .38 4.048 .04 2161
3 4

DR5 1312 .29 2019 .00 3.713
2 5 0

DR5A 1177 56 4396 .03 3.243
1 6

DR4_1 .996 .36 7.548 .00 2.709
3 6

DR4A 1.166 .43 7.097 .00 3.209
8 8

DR2 .902 .35 6.408 .01 2.465
6 1

DR3_2 1512 .33 20.77 .00 4.538
2 8 0

DR3A 1444 41 1236 .00 4.239
1 1 0

DR4 1.704 31 2946 .00 5.496
4 0 0

DR4B 1.624 56 8.280 .00 5.074
4 4

DR3X 1917 .82 5374 .02 6.803
7 0

DR2A 1.664 62 7.175 .00 5.283
1 7

Land use code one and two family 1441 25 3319 .00 4.226
0 3 0

Building class code three family 1417 26 2893 .00 4.125
3 8 0

On-site Parking Predictors.

Table 2
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Parameter Estimat  Std. Error Significance
e
(Intercept) -9.3 0.8386 ok
Median age (tract) -0.013 0.0012 *xx
Median year built (tract housing stock) 0.004 0.0004 xxx
Average household size -0.087 0.0131 il
Percent government employees 2.618 0.1722 rohk
Transit access index (000s) -0.306 0.0071 rkk
Percent households with at least one vehicle 2.294 0.0439 ek
Median income (000s) -0.011 0.0004 *xx
Percent population reporting Black Alone -0.227 0.016 xxx
Off-street parking per dwelling unit 0.725 0.0333 il

Parameter estimates Model 1.
Dependent: Percent drivers to Manhattan core.
Log likelihood —19136.256.

Statistically significant at a 0.01.

Table 3
Parameter First stage: Second stage: percent
auto drive to work in
ownership Manhattan
Estimate Std. Error Sig Estimat  Std. Error Sig
nific e nific
anc anc
e e
Constant/Intercept 0.145 0.044 *kk -1.161 0.1052 rorx
Average household size 0.036 0.008 xxx -0.089 0.0161 xxx
Percent housing owner 0.292 0.020 e 0.647 0.0610 i
occupied
Median age (tract) 0.002 0.001 i -0.012 0.0013 i
Percent population 0.041 0.015 il 0.128 0.0317 il
reporting race “White
Alone”
Percent population -0.043 0.013 i -0.188 0.0293 il
reporting race “Black
Alone”
Transit accessibility in -0.054 0.003 xxx -0.365 0.0100 xxx
thousands
Income in thousands 0.002 2.51E-04 rkk -0.010 0.0006 rkk
Percent government -0.125 0.073 O 2.317 0.1767 i
employees
Off-street parking per 0.140 0.018 il 0.740 0.0417 i
dwelling unit
Percent movers from 0.241 0.094 xx
different MSA
Percent movers from -0.952 0.175 e
different MSA center city
Percent employed adults  0.444 0.032 e
Population density -0.025 0.002 rkk
Percent households with 1.267 0.1294 ek
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Parameter First stage: Second stage: percent
auto drive to work in
ownership Manhattan
Estimate Std. Error Sig Estimat  Std. Error Sig
nific e nific
anc anc
e e
at least one vehicle
First stage residual 1.129 0.1420 il

Parameter estimates Model 2.
Log-likelihood —19813.561.
Statistically significant at a 0.1.
Statistically significant at a 0.5.
~DOStatistically significant at a 0.01.

CONTACT: [ Tel.: +718 622 4371, +215 746 4263; fax: +215 898 5731.
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Abstract

Parking policies have significant environmental and economic implications, which have
often been left unconsidered. This paper reviews the relevant literature to provide a deeper
understanding of the main environmental and economic consequences of common parking
policies, and suggest policy options to protect the environment and increase social welfare.

The environmental consequences of parking manifest themselves in open space and
biodiversity losses caused by the construction of parking space, and in emissions of
greenhouse gases and air pollutants occurring while cars are cruising for parking. Economic
consequences are reflected in the time costs incurred while cruising for parking, and in time
losses from traffic congestion caused by cruising. These costs come on top of construction
and maintenance costs, as well as the opportunity costs of alternative land uses. As long as
these environmental and economic costs are not reflected in parking prices and decisions
over parking supply, they cause social welfare losses. This is a common failure, which also
induces individuals to underestimate car use costs and, thus, travel more kilometres and
cause more emissions of greenhouse gases and air pollutants, and more congestion. In the
absence of road pricing schemes internalising these externalities, this additional travel
inflates welfare losses.

The environmental problems and welfare losses associated with parking are largely caused
by policies encouraging parking space oversupply and parking prices set lower than the
social costs of provision. This paper discusses policies in the context of on-street parking,
parking allocated to residents, parking provided by employers to employees, and parking
in shopping malls and commercial downtown areas. The discussion focuses on the
environmental, economic and social effects of these policies, as well as on examples of
good parking policy practices from a number of OECD cities.

Based on this discussion, the paper provides a set of suggestions for the development of
more efficient and environmentally sustainable parking policies. Key suggestions pertain
to: (i) appropriately pricing on-street parking and residential parking permits to prevent
both cruising and capacity underutilisation; (ii) reviewing, and if possible removing,
minimum parking restrictions for new residential and office buildings to eliminate parking
overprovision and increase housing affordability; (iii) reconsidering exemptions of
employer-paid parking from income taxation; and (iv) encouraging employers to offer the
cash equivalent of the parking subsidy to employees who do not receive free (or subsidised)
parking. Such policy changes may not only lead to economic efficiency gains and
environmental improvements, but also to higher government revenue. Most of the
suggested changes are also likely to lead to distributional benefits. In the cases where
vulnerable population groups are negatively affected by some of these changes, these
groups can be compensated through targeted complementary measures.

Keywords: Parking pricing, environmental impact, welfare effect, parking requirement,
employer-provided parking.

JEL codes: Q58, R48, R52.
Résumé

Les politiques de stationnement ont des implications environnementales et économiques
importantes, qui ont souvent été négligées. Ce document de travail passe en revue la
littérature pour mieux comprendre les principales conséquences environnementales et
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économiques des politiques de stationnement et suggére des options politiques pour
protéger l'environnement et accroitre le bien-étre social.

Les conséquences environnementales du stationnement se manifestent dans les pertes
d’espaces verts et de biodiversité causées par la construction de places de stationnement,
ainsi que dans les émissions de gaz a effet de serre et de pollution atmosphérique se
produisant lorsque les voitures roulent pour se garer. Les conséquences économiques se
reflétent dans les colits en temps liés a la recherche de place de stationnement, ainsi que
dans la perte de temps due a la congestion du trafic provoquée par cette recherche. Ces
colits s'ajoutent aux cotts de construction et d'entretien, ainsi qu'aux cofits d'opportunité
d'autres utilisations de 1’espace. Tant que ces colts environnementaux et économiques ne
sont pas reflétés dans les prix de stationnement et les décisions de fourniture de places de
stationnement, ils entrainent des pertes de bien-étre social. Il s'agit d'une défaillance de
marché courante, qui pousse les individus a sous-estimer les cotts liés a l'utilisation de la
voiture et, par conséquent, a parcourir plus de kilomeétres, a générer davantage d'émissions
de gaz a effet de serre et de polluants atmosphériques et davantage de congestion. En
l'absence de systémes de tarification routiére internalisant ces externalités, ces
déplacements supplémentaires gonflent les pertes de bien-Etre.

Les problémes environnementaux et les pertes de bien-Etre associées au stationnement sont
en grande partie causés par des politiques encourageant la surabondance de places de
stationnement et par des prix de stationnement inférieurs aux colts sociaux de leur
fourniture. Ce document traite des politiques dans les domaines du stationnement sur la
voie publique, du stationnement attribué¢ aux résidents, du stationnement fourni par les
employeurs aux employés et du stationnement dans les centres commerciaux et les zones
commerciales du centre-ville. La discussion porte sur les effets environnementaux,
économiques et sociaux de ces politiques, ainsi que sur des exemples de bonnes pratiques
en matiere de politique de stationnement dans plusieurs villes de 'OCDE.

Sur la base de cette discussion, ce document fournit un ensemble de suggestions pour
I’¢laboration de politiques de stationnement plus efficaces et plus respectueuses de
I’environnement. Les principales suggestions concernent: (i) la tarification appropriée de
stationnement sur la voie publique et des permis de stationnement résidentiels afin d'éviter
a la fois D’effort de recherche d’une place de stationnement et la sous-utilisation des
capacités existantes; (ii) revoir et, si possible, supprimer les restrictions de stationnement
minimales pour les nouveaux immeubles résidentiels et de bureaux afin d'éliminer la
surproduction de places de stationnement et d'accroitre I'abordabilité du logement; (iii)
Intégrer les avantages réels procurés par les employeurs a leurs employés en matiere de
stationnement dans le revenu imposable ; et (iv) inciter les employeurs a donner le choix
a leurs employés d’avoir une place de parking ou un paiement forfaitaire équivalent au
loyer de stationnement. De tels changements de politique peuvent non seulement conduire
a des gains d’efficacité économique et a des améliorations de I’environnement, mais
également a une augmentation des recettes publiques. La plupart des modifications
suggérées sont également susceptibles de générer des effets distributifs. Quand ces
mesurent affectent négativement la catégorie de population & faible revenus, il faut
envisager des mesures compensatoires complémentaires.

Mots clés: prix du stationnement, impact environnemental, effet de bien-étre, besoin de
stationnement, stationnement fourni par I'employeur.

Codes JEL: Q58, R48, R52.
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1. Introduction

Car travel causes important negative externalities, including emissions of greenhouse gases
and air pollutants, road congestion, noise and traffic accidents.! While the environmental
and other external costs of car travel have been the object of numerous research efforts,
much less attention has been paid to the investigation of the negative externalities
associated with another important dimension of car use: parking.

This is probably surprising given that the average car is parked roughly 95% of the time
and large amounts of land are consumed by parking (Inci, 201517). For instance, in the
United States, the land allocated to parking is roughly equal to the size of the state of
Massachusetts (Jakle and Sculle, 20042)). The estimated social cost of a parking spot varies
significantly across space, but it is particularly high in urban areas.

Provided its importance in terms of land use and its decisive role in car ownership and
travel decisions, parking deserves a much higher level of scrutiny than the one it has thus
far received. This also holds for parking policies: despite usually being developed at the
local level, their implications often extend beyond local — and sometimes also national —
administrative boundaries.

The objective of this paper is to fill this gap by providing a better understanding of the
environmental and economic consequences of parking policies in different parts of the
world, and propose a set of policy changes to tackle these consequences and increase social
welfare. To achieve this objective, the paper relies on an extensive review of the relevant
literature, drawing, as much as possible, on real-world policy examples from Europe, North
America, Oceania, and East and Southeast Asia. Despite most of the discussion focusing
on OECD cities, examples from parking policies in countries outside of the OECD, such
as Brazil, Singapore and Thailand, are also provided.

The environmental and economic consequences of parking occur through land-use change
and increased car use. Paving land to provide parking spaces entails open space and
biodiversity losses, which can be particularly important in suburban areas. Furthermore,
drivers parking in busy downtown areas cause a negative externality to other users who
have to continue driving around the vicinity of their destination in search of a vacant
parking spot. This activity, denoted by the term cruising for parking (Shoup, 20053,
implies significant time costs, aggravates congestion and pollution, and increases
greenhouse gas emissions. However, cruising is not the only channel through which
parking induces more car use, and therefore more congestion and emissions: abundant
supply of parking at low prices reduces the costs of car travel and induces more individuals
to drive — instead of using other transport modes — to reach their destinations.

The environmental and economic problems associated with parking are largely the result
of policies encouraging the oversupply of parking space and parking tariffs set at levels
lower than the social costs of parking provision. Common parking policies — and policy
failures — are reviewed in this paper along four types of parking: on-street (curbside)

External costs occur when a production or consumption activity imposes costs on others which are
not reflected in the prices of goods or services being produced or consumed. For example, in the
absence of corrective taxes, the emissions produced by a car are an external cost, as the environmental
and health damages they cause are typically ignored by the car driver.
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parking; parking allocated to residents (e.g. through special permits); parking provided by
employers to employees; and parking in shopping malls and downtown commercial areas.
The review also briefly alludes to interactions between parking and car-sharing, alternative
transport modes, street design, vehicles with low CO, emissions and autonomous cars.

The remainder of the paper proceeds as follows. Section 2 describes the main
environmental and economic consequences of parking. Section 3 reviews common parking
policies in urban areas, and discusses their main implications for the environment and social
welfare. Section 4 concludes and provides a set of suggestions for the development of more
economically efficient and environmentally sustainable parking policies.

2. The effects of parking on the environment

This section discusses the main environmental implications of parking. It first explains the
relationship between parking, car ownership and car use and describes its implications for
congestion and emissions of greenhouse gases and pollutants. The discussion then turns to
the effects of the provision of parking space for land use and the associated loss of open
space and biodiversity.

2.1. Effects of parking on car ownership and use

Parking accounts for a substantial share of the costs of car ownership and use. For example,
the total private costs of parking provision for a typical vehicle in U.S. urban areas have
been estimated to be about half of the annual generalised costs of car ownership and use.
These are the costs that drivers would incur in the absence of parking subsidies — without
taking into account the external costs of parking. However, drivers pay directly only 20-
25% of private parking costs (Litman and Doherty, 2018(4)). Employer-paid parking, on-
street parking subsidies, and parking provided for free at shopping malls and downtown
commercial areas induce them to underestimate the costs of owning and using a car by
about 40%. Parking subsidies, or alternatively the incorporation of parking costs in lower
wages, higher rents or higher product prices, have a simple adverse implication: individuals
buy more cars and use them more. So do also regulations requiring a generous supply of
parking spaces in residential and office buildings: excessive parking supply stimulates car
ownership and use.

Empirical evidence suggests that parking space availability has a significant impact on car
ownership. For example, residential parking space availability in New York City has been
shown to be a more important determinant of car ownership than income and other
household characteristics (Guo, 2013(s)). At the same time, the residential parking price
elasticity of car ownership in central Amsterdam has been estimated to be around -0.8: a
10% increase in residential parking prices is associated with an 8% reduction in car
ownership (De Groote, van Ommeren and Koster, 2016(6)). Even though the elasticity may
be lower in cities where parking is cheaper and where travelling by other transport modes,
such as public transport and bicycles, is not as a close substitute to car travel as in
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Amsterdam, this finding suggests that the underpricing of parking significantly contributes
to car ownership.

Some back-of-the-envelope calculations can provide further insights into the relevance of
implicit subsidies to parking for car ownership. For concreteness, it is useful to focus on
parking provided for free by employers to their employees. The costs incurred by firms to
provide parking in typical European and North American urban areas have been estimated
to be between EUR 5 and 10 per day per parking spot (Litman and Doherty, 20184;). To
be conservative, one can take the lower bound of this interval. Assuming 200 working days
per year, the implicit subsidy to a car commuter is EUR 1000 per year. Considering an
average vehicle lifetime of 10 years (and for simplicity neglecting discounting), the total
implicit subsidy is EUR 10 000. This value is almost as high as the retail price of a small
car. In fact, it is comparable to the size of taxes that many countries impose on car
ownership. In principle, these taxes serve the purpose of internalising some of the external
costs of car ownership, among other possible objectives. However, the above calculation
suggests that some of the implicit parking subsidies, such as the ones on employer-provided
parking, can completely undermine this purpose.

In addition to increased car ownership, the underpricing of parking space induces more car
travel. As already mentioned, a common cause of additional car travel is cruising for
parking, with estimates of the share of cars cruising in downtown traffic ranging from 8 to
74 percent depending on the city (Shoup, 2006(7;). Cruising is the result of an unpriced (or
underpriced) external cost: the time cost that a driver occupying a parking space imposes
on those who are in search of a vacant space in that vicinity. This external cost varies across
space and its magnitude increases with the attractiveness of the location where the parking
space is located (Small and Verhoef, 2007s)).

Cruising does not only imply more vehicle-kilometres travelled: cars cruising for parking
contribute to congestion and pollution disproportionately, as they slow down other vehicles
(Inci, 2015(17). These additional vehicle-kilometres travelled in slow speeds and congested
streets of urban areas have significant environmental costs. They considerably increase CO»
emissions and cause outdoor air pollution exactly where it is most harmful for human
health: at the core of urban areas.

The underpricing of parking space also leads to more car trips. For example, car owners in
New York City are more likely to commute by car when they have access to free parking
in proximity of their home (Weinberger, 2012(9;). Again, a simple calculation suggests that
the effect is important. Taking the conservative cost estimate of EUR 5 per day per parking
spot that was used above, and assuming that the cost of a commuting trip by car (excluding
parking) is about 2.4 times that value,? the supply of free parking to employees implies a
subsidy equal to around 30% of the private costs of the trip. Considering also a demand
elasticity of car use with respect to private costs equal to -0.5 (Litman, 2017}107), the demand
for car commuting is inflated by about 15% due to the provision of free parking at the
workplace.

This approximate calculation assumes an average length of a commuting trip of 18 kilometres and
duration of 25 minutes, consistent with the study by Pasaoglu et al. (2012[;5;) and the data provided in
United States Census Bureau (20177). It also assumes a value of in-vehicle travel time of USD 13
per hour, equal to about 50% of the average gross hourly wage (Bureau of Labor Statistics, 2018s33;
Parry and Small, 2009(57;), an average fuel economy of 24 miles per gallon (Federal Highway
Administration, 2016(;3)) and a retail price of gasoline of USD 0.63 per litre (IEA, 2018[¢2)).
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It is also possible to try to evaluate the environmental consequences of the supply of free
parking to employees, focusing e.g. on CO; emissions. Commuting trips account for about
21% of vehicle miles travelled in the United States and 95% of car commuters park for free
(American Association of State Highway and Transportation Officials, 2013113; Shoup,
2005(127). In 2016, passenger cars and light-duty vehicles travelled around 1.614 trillion
urban miles with an average vehicle fuel efficiency of 24 miles per gallon (mpg) (Federal
Highway Administration, 2016, pp. Table VM-1(;37). This implies that commuting trips in
2016 were responsible for 338.9 billion miles travelled and for the consumption of about
14.1 billion gallons of gasoline. Taking into account the estimate of 15% provided in the
previous paragraph, free parking at the workplace is responsible for the emission of at least
17 million tonnes of CO, annually in the United States alone.’

Given the lower fuel consumption of cars in Europe, the size of the effect of subsidised
parking on CO, emissions is likely to be smaller, but far from negligible. For instance,
assuming average passenger car emissions of 160 grams CO; per kilometre (Fontaras,
Zacharof and Ciuffo, 201714)), an average length of a (one-way) commuting trip of 18
kilometres (Pasaoglu et al., 2012157) and 200 working days per year, the average European
car used for commuting emits about 1.15 tonnes of CO; per year. Assuming a demand
elasticity of car use of -0.5, free parking at the workplace is responsible for the emission of
around 0.17 tonnes of CO; per car parking for free annually.*

The calculations above take under consideration only environmental consequences in terms
of greenhouse gas emissions. However, car travel is also responsible for the emission of air
pollutants, which poses important health risks, particularly in urban areas. Health risks from
additional car travel will be higher where population density is higher and cars are more
polluting. Given the popularity of (more polluting) diesel cars in Europe and the higher
density of European urban areas compared to American ones (OECD, 2018¢)), the air
pollution and health consequences of free parking at work are likely to be larger in Europe.

Parking policies interact with other instruments aimed at addressing the negative
externalities of car travel. Economic efficiency and environmental effectiveness require
that greenhouse gas emissions, air pollution, congestion, noise and road accidents from car
travel are internalised through targeted policy instruments, such as road pricing and motor
fuel taxes. However, road pricing has only been implemented in very few urban areas - and
in most cases in a way that does not fully account for the spatial and time variation of the
costs of car travel, while motor fuel taxes are in many cases set at lower than optimal levels.
In the absence of (optimal) road pricing and/or motor fuel taxes, parking tariffs can serve

Every litre of gasoline consumed creates about 2.32 kilograms of CO».

This calculation further assumes a value of in-vehicle travel time of EUR 10 per hour (Eurostat,
2018657; Parry and Small, 2009(57), a fuel efficiency of 6.9 litres/100 km (the equivalent of average
CO; emissions of 160 grams per kilometre), and a gasoline price of EUR 1.3 per litre (IEA, 2018[62)).
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the purpose of internalising the external costs of car travel to some extent.>® By the same
token, the implicit subsidies to parking aggravate the distortions related to excessive car
travel where road pricing and motor fuel taxes have not been introduced or are set at
suboptimal levels.

2.2. Effects of parking on land use

Parking is responsible for the consumption of enormous amounts of land worldwide. Road
infrastructure, including parking, covers between 1.8% and 2.1% of total land area in
France, Germany, and the United Kingdom, and 3.5% in Japan (Kauffman, 20017
Litman, 201215)). On-street parking space typically represents 20-30% of urban road space
(Litman, 2012[5)). As any other type of land use, parking implies opportunity costs of
unpursued alternative land uses, such as residential or commercial development, that are
typically reflected in land prices.” These costs are prominent in many cities and are
compounded by the loss of potential revenue for local governments that alternative land
uses would generate. This stresses the importance of pricing public parking space (e.g. on-
street or in public garages) at its marginal social costs of provision, of which the opportunity
costs of land use are an important component.

Building parking spaces has important environmental costs which, in the absence of
corrective taxes, are neglected by developers and not reflected in land prices. These costs
are due to the loss of open space and biodiversity and can be particularly high in certain
areas. For example, allocating large amounts of land at the edge of urban areas to parking
development can lead to important welfare losses if parking prices do not reflect the value
of the lost open space and biodiversity. More importantly, such development plans may
have never been realised, had these external costs been taken into account from the outset.

As will be discussed in more detail in Section 3, the costs of land consumption associated
with parking are to some extent related to inefficient policies. Generous minimum parking
restrictions are among the most important reasons behind the overallocation of land to
parking space. Such restrictions are often designed to cover peak demand for free parking,
entailing that developers have to provide much more parking than what they would under
efficient market conditions. Another policy leading to overconsumption of land to construct
parking spaces is the provision of free parking permits to residents of urban centres. As a
majority of parking spaces is allocated to permit holders, additional land needs to be

This holds mainly for the external costs of car travel at the very local level, i.e. in the vicinity of the
parking space. Nevertheless, parking tariffs cannot account for the distance driven by each car to reach
the parking space, and therefore for its exact contribution to congestion and pollution. Furthermore,
parking tariffs cannot be used to price the negative externalities caused by pass-through trips (Glazer
and Niskanen, 1992(s4;; Small and Verhoef, 2007, p. 1545)). Last, the effectiveness of parking tariffs
in internalising the external costs of car travel also depends on the availability and price of parking
spaces in locations nearby the driver’s destination. If parking supply in the neighbourhood (e.g. in
private garages) is high, parking tariffs will be even less effective in internalising these costs.

For a comparison of the effectiveness of an increase in daily parking fees and a hypothetical cordon-
based congestion charge in reducing car trips in Chicago, see Miller and Wilson (2015(¢s)).

Other alternative land uses in busy downtown streets are, for instance, manifested in the concept of
parklets, i.e. pavement extensions covering multiple parking spaces, which are intended to facilitate
the activities of pedestrians (e.g. walking or resting) or cyclists (e.g. if bike-parks are installed on
them), or to provide other urban amenities (e.g. green spaces).
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converted to accommodate demand from non-residents (e.g. shoppers). That space is costly
to build and is profitable only because the willingness to pay per hour of non-residents is
high.

Not only do parking subsidies and minimum parking restrictions have direct effects on land
consumption, they also indirectly lead to the conversion of more land. By inducing
commuters to underestimate the costs of car trips, such policies encourage households to
move further away from their job locations and live in low-density areas. This entails a
sprawled urban development and more land being converted to artificial areas (OECD,
201816); Willson, 1995;19)).

3. Parking policies

This section provides a review of parking policies commonly implemented in urban areas
and their implications for the environment and social welfare. It focuses on policies for on-
street (curbside) parking and parking in shopping centres and downtown commercial areas,
the provision of parking by employers to employees, and residential parking policies. The
discussion revolves around a number of parking policy instruments in the hands of local
and national (or state / provincial) governments, presented in Table 1. The table classifies
instruments by type, i.e. command-and-control regulation vs. pricing instruments, and
shows the parking type to which they apply. The section also briefly discusses interactions
between parking and car-sharing, alternative transport modes, street design, autonomous
cars and incentives for vehicles with low CO» emissions.

Table 1. Summary of discussed parking policies

On-street parking Residential Employer- Parking in malls
parking provided parking and downtown
commercial areas

Command-and-control regulatory policies

On-street parking supply = = =
Minimum and maximum parking = = =
restrictions r r o
Maximum duration restrictions = =
Market-based policies

Parking pricing = = =
Residential parking permits =

Fringe benefit taxation =

Parking cash-outs =

3.1. On-street parking

One of the most important aspects of parking in urban areas is its interaction with road
congestion, primarily due to cruising for parking (see Section 1 for a definition). A survey
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of early studies on cities in the United States and elsewhere finds that a non-negligible share
of cars in downtown traffic are searching for a parking spot, spending on average about
8 minutes cruising for parking per trip (Shoup, 2006).

Cruising for parking is essentially a side-effect of parking space underpricing. When the
price of parking is too low, demand for on-street parking exceeds supply and saturation of
parking space occurs. Thus, some cars must drive around looking for a free spot. This is
inefficient for two reasons. First, not only is cruising a negative externality per se, but it
also aggravates externalities from driving. In addition to the time costs incurred by drivers
searching for a vacant spot, cruising increases road congestion and environmental costs. As
cruising cars tend to drive slower than in-transit traffic, they contribute disproportionately
to congestion, greenhouse gas emissions and air pollution. Using data from Istanbul, Inci,
van Ommeren and Kobus (201720) show that the time costs of cruising for parking can be
of the same order of magnitude as the congestion costs generated in transit from origin to
destination. Second, parking users pay with their time, rather than with their money, thus
depriving governments of a non-distortionary source of revenue. Governments are then
more likely to seek to collect these forgone tax revenues from distortionary sources, such
as labour.

Analytical work based on stylised models provides further insights into the determining
role of efficient parking pricing for cruising. In their theoretical framework, Arnott and Inci
(2006(217) make a simple recommendation: because curbside parking capacity is fixed in
the short run, the optimal parking price should be so high that at least one parking spot is
always available. In other words, no cruising should take place in equilibrium. Inci and
Lindsey (2015227) analyse the interaction between curbside parking pricing and parking
garages. The issue is important because garages provide additional capacity that can
alleviate curbside parking congestion. However, privately owned garages have market
power, and may therefore charge inefficiently high tariffs. Nevertheless, under the
assumption of inelastic parking demand, the government does not need to regulate parking
garages if it sets curbside parking prices optimally.

In most cities around the world, on-street parking in busy downtown areas is saturated,
indicating that prices are too low. This is typically the case in North American cities,
although these cities impose certain maximum duration restrictions (e.g. one-hour parking).
In principle, optimal space- and time-varying pricing would make duration limits
unnecessary. However, when pricing of parking spaces is not optimal, duration limits can
eliminate cruising by discouraging long-term parking users (Arnott and Rowse, 201323)).
Recently, the city of San Francisco implemented a pilot system employing space- and time-
varying parking prices, called SFpark: the system is described in more detail in Box 1.
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Box 1. The SFpark system in San Francisco, CA, USA
The SFpark is a system for managing on-street parking, run by the San Francisco
Municipal Transportation Agency. It employs smart parking meters that change
prices according to location, time of day, and day of the week. Parking usage is
monitored via sensors placed in the asphalt, and users can check the availability of
parking and prices via the internet and on mobile apps. Prices are designed with the
objective of keeping an average occupancy rate between 60 and 80% in any given
block. The idea is to eliminate cruising by ensuring that drivers are always able to
find a parking spot.
In April 2013, prices ranged from USD 0.25 to USD 6 per hour during morning and
afternoon hours. In addition to on-street parking, fourteen city-owned garages are
included in the program (see (Pierce and Shoup, 201324;) for a detailed description
of the scheme). Ex-post evaluations of the programme not only indicate that parking
tariffs marginally decreased on average, but also that cruising declined by about 50%
in the first two years of implementation (Millard-Ball, Weinberger and Hampshire,
201425)). This means that, overall, drivers are better off thanks to the introduction of
the system.
The experiment has attracted attention from other cities (e.g. Mexico City and Milan).
Similar demand-response pricing approaches based on target occupancy rates have
been implemented in various areas of the cities of Calgary (Canada), Rotterdam (the
Netherlands), Auckland (New Zealand), and Los Angeles and Seattle (United States)
(GIZ and SUTP, 2016y)).
Sources: GIZ and SUTP, 2016; Millard-Ball, Weinberger and Hampshire, 2014; Pierce and Shoup,
2013.

The low curbside parking prices in American cities contrast sharply with the policy adopted
in several Asian cities (e.g. Seoul, Singapore, Tokyo), where on-street parking is severely
restricted (Asian Development Bank, 201127). Box 2 briefly draws on some aspects of
parking policy in Japanese cities. Curbside parking prices are also higher in several
European cities. For instance, in central Amsterdam, non-resident parking users pay
between EUR 20 to 40 per day for curbside parking.

Several cities try to coordinate the on-street and off-street parking prices and supply. The
French city of Strasbourg, for example, has implemented a harmonised pricing structure
with curbside parking in the inner city charging the highest hourly tariffs, and off-street
parking in the outer city charging the lowest ones. The implementation of the policy
required extensive negotiations and the establishment of public-private partnerships with
garage owners (Kodransky and Hermann, 2011 2s).

From a political economy perspective, increasing on-street parking tariffs is a challenging
task, likely to encounter the opposition of local communities. To increase public
acceptability of parking fee rises, it is possible — even though generally economically
inefficient — to earmark a part of the parking revenues for projects improving quality of life
in neighbourhoods facing parking tariff increases (Inci, 2015p;7). This idea underlies, for
example, the implementation of the ecoParg programme in central Mexico City, where
30% of on-street parking revenues are set aside for projects aiming at the regeneration of
local neighbourhoods. Projects are selected through a public consultation process (OECD,
2015p9); Rios Flores, Vicentini and Acevedo-Daunas, 201530)).
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Box 2. Japan's proof-of-parking rule

Japanese law requires motorists to prove that they have access to a local parking
space when registering a car, or when changing address. In both cases, motorists
need to obtain a "parking space certificate" ("garage certificate") from the local
police. The rule was enacted in 1962 and initially applied only to large cities
(Steiner, 196531;). However, it has gradually been extended also to smaller ones.
On top of requiring proof of parking, Japanese law puts stringent restrictions on
on-street parking. It essentially bans parking on streets. Exceptions allow some
daytime and evening on-street parking, but not overnight parking. Although these
measures are effective at curbing car use and ownership, their stringency may have
unintended consequences. For example, a side-effect of Japan's proof-of-parking
regulation was that it encouraged a market for off-street parking places for lease
(Asian Development Bank, 20117)).

Sources: Asian Development Bank (2011), Steiner (1965).

Enforcement of on-street parking policies

On-street parking regulation and pricing can only be effective if they are properly enforced.
Yet, enforcement is a challenge in many cities, owing to the lack of sufficient resources or
of strong incentives for local authorities. Where parking revenues are collected and
managed by local authorities, enforcement incentives are strong; in contrast, where
revenues are obtained by higher levels of government, incentives for enforcement are
weaker.

Better enforcement of parking policies can be achieved through a closer and more frequent
monitoring of parking space use, as well as through the establishment of higher fines for
violators. Closer monitoring implies devoting more resources to enforcement, which might
be very challenging for smaller and less affluent cities. Where resources are particularly
scarce, it might be worth concentrating efforts on areas where non-compliance causes the
greatest problems, such as arterial roads and busy downtown streets (Litman, 2016327).
Higher fines can be effective in discouraging parking violations in the short run, but long-
term compliance can only be ensured if the likelihood of being fined is perceived as
substantial by potential violators.

Some countries in Asia and Europe, such as Japan and the United Kingdom, have recently
taken measures towards better enforcement. These include outsourcing of enforcement
duties to private contractors and reforming the local public finance system to allow local
governments to keep a larger share of the revenue collected from parking, in a bid to
strengthen incentives. Some cities have adopted more direct enforcement mechanisms. For
example, Amsterdam has implemented a system where a van photographs and scans license
plate numbers using Automated Number Plate Recognition technology (Kodransky and
Hermann, 20112)). Such measures increase the efficiency of parking enforcement by
reducing, sometimes dramatically, the costs of monitoring parked vehicles.
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3.2. Residential parking

Minimum and maximum parking requirements

In numerous OECD cities, minimum parking requirements apply to residential and office
buildings. Historically, residential buildings had to include at least one parking space per
residential unit, and commercial and office buildings had to have a minimum number of
parking spaces per square meter. In the United States, minimum parking requirements have
usually been established with a view to satisfy peak demand for free parking (Shoup,
1997331; Shoup, 199934)). Instead of being tailored to the needs of the neighbourhood where
they would be applied, minimum parking requirements were widely determined by
consulting requirements in neighbouring cities (see e.g. Jakle and Sculle, 2004 2)).

Unfortunately, minimum parking requirements create a perverse incentive for developers
to build more parking than the market requires and stimulate car use. Empirical evidence
from Los Angeles and New York confirms that they lead to a higher parking supply, more
vehicles on the road and a lower population density (Cutter and Franco, 201235); Manville,
Beata and Shoup, 2013(36)). On top of distorting commuters’ mode choices, they cause
excessive land consumption (Brueckner and Franco, 201737). Minimum parking
requirements also harm housing affordability, as they decrease the costs of driving at the
expense of increasing development costs (Litman, 2016ps); Manville, 201339;; Shoup,
1999347). The effect can be significant, as it has been estimated that parking accounts for
about 10% of the development costs of a typical building (Litman and Doherty, 20184)).

Minimum parking requirements are ubiquitous in OECD countries, but also in emerging
economies. For example, the cities of Bangkok, Kuala Lumpur, Rio de Janeiro and Sao
Paulo have high requirements, averaging above 2 spaces per 100 square meters of floor
space (Asian Development Bank, 201127;; Rios Flores, Vicentini and Acevedo-Daunas,
2015307). However, these are still much lower than the very high requirements in some
suburban areas of Australia or the United States, which are in the order of 3 to 4.3 spaces
per 100 square meters (Asian Development Bank, 2011p7;; Shoup, 2005p31). A likely
explanation for such requirements is the concern over possible parking shortages (Shoup,
2005p3)), which is also related to the management of on-street parking spots. Cities that
handle on-street parking effectively, e.g. by providing it at prices high enough to ensure
low saturation levels, should also be less concerned about shortages of residential parking.
Therefore, they should be less prone to adopting high minimum parking requirements.

Instead of regulating minimum parking supply, several major OECD cities, including
Chicago, London, New York City, Paris, Seoul, Sydney and Toronto, have moved towards
adopting maximum parking requirements for particular land uses (Guo and Ren, 20134¢)).
Empirical evidence of the effectiveness of replacing minimum parking requirements with
maximum ones comes from London’s 2004 major parking policy reform. The reform led
to a remarkable 49% reduction of parking spaces in new residential developments, freeing
up space for other uses. The largest part of this reduction was attributed to the removal of
minimum parking requirements, particularly affecting developments in the area of Inner
London. Maximum parking restrictions were more impactful in suburban developments (Li
and Guo, 2014p17). In 2017, Mexico City also replaced its minimum with maximum parking
requirements, which amount to a maximum of three parking spaces per housing unit for
residential parking (Government of Mexico City, 201742); Institute for Transportation and
Development Policy, 201743).
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Residential parking permits

Many cities provide residents with preferential access to curbside parking space.
Specifically, they issue parking permits to residents (in the area in proximity to their home)
at much lower prices than the curbside rates charged to non-residents. Differences between
the two rates can be very large, especially in cities that charge high curbside parking fees,
such as London. For example, in the borough of Kensington and Chelsea, 86% of the
34 000 on-street parking spaces are allocated to residential permit holders only, and the
number of permits exceeds the number of street parking spaces (Royal Borough of
Kensington and Chelsea, 201444;). While residents pay on average slightly more than GBP
0.30 per day for a parking permit, the parking costs for non-residents are at least 40 times
higher, i.e. GBP 15 per day or GBP 1.2 per hour.?

Offering parking to residents at lower prices is often justified in residents’ financial
contribution to the construction and maintenance of local road infrastructure through local
taxes. However, incorporating parking provision costs in local taxes is both economically
inefficient and potentially regressive. This holds because resident households without cars
have to incur part of the financial burden of providing parking space to resident car users.
In such cases, revenue-neutral tax reforms where increases in the prices of residential
parking permits are accompanied by reductions in local taxes may lead to both economic
efficiency gains and distributional benefits.

There are at least two sources of inefficiency associated with underpriced residential
permits. First, in areas that attract substantial non-residential traffic, discounted residential
parking implies that parking space is potentially misallocated: residents’ willingness to pay
for parking might be much lower than the opportunity cost of occupying the parking space
(including the willingness to pay of non-residents and the external costs of cruising).
However, residents’ willingness to pay most likely exceeds the price they pay for permits.
For example, empirical evidence from Amsterdam shows that residents are willing to pay,
on average, about EUR 10 per day for a reserved curbside parking spot, although they pay
only EUR 0.4. Furthermore, the tariff charged to non-residents is much higher: between
EUR 20-40 per day (van Ommeren, Wentink and Dekkers, 201157). Given the presence of
cruising for parking in many areas, this implies that visitors are willing to pay much more
than residents for curbside parking. The reason is that visitors stay only for a few hours, so
their marginal willingness to pay per hour is larger than that of residents.

The second inefficiency caused by underpriced residential parking permits is that they drive
up the costs of providing parking space. Because curbside parking is granted to residents
for a very low price, additional parking space is needed to accommodate non-residents (e.g.
shoppers). Local authorities and private firms invest in downtown parking garages that are
costly to build and thus profitable only because of the extra demand by non-residents
(whose willingness to pay is high). Empirical evidence from Dutch shopping districts show
that residential permits are responsible for a 15% increase in parking provision costs, on
average, and the associated social loss is about EUR 275 per permit per year (van
Ommeren, de Groote and Mingardo, 2014 46)).

See www.rbkc.gov.uk/parking-transport-and-streets/residents/permit-charges, and
www.rbkc.gov.uk/pdf/Pay%20and%20Display%20Parking%20Tariff%20map-%20April%202015-
%2030010%20.pdf (accessed on 19 January 2018).
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Some European cities have pioneered radically different approaches to manage, rather than
accommodate, residential parking. An interesting example of such an approach comes from
Zurich, Switzerland, and is described in Box 3.

Box 3. Parking caps in Zurich

Since 1996, the city of Zurich in Switzerland, has adopted the “Historic parking
compromise”. This policy encompasses a series of measures, including a
progressive increase in on-street and off-street parking tariffs. However, perhaps its
most notable aspect is the overall cap on parking spaces inside the city centre: some
publicly accessible on-street parking spaces are allocated to other purposes (e.g.
bikeways) and replaced with an equal number of off-street spaces (in parking
garages). The total number of parking spaces may not be changed.

In less central areas, the city recognises the connection between parking
management and overall transport policy. Locations with good public transport
access must reduce the number of parking spaces allowed in new developments.
Furthermore, developers are allowed to construct new parking spaces only if it is
assessed that surrounding roads can bear additional car traffic without getting
congested. Parking caps are also considered as long as air pollution exceeds annual
limit values (Kodransky and Hermann, 201123)).

Source: Kodransky and Hermann, 2011.

3.3. Employer-provided parking

In most countries, employers provide parking to their employees for free or at very low
rates (Shoup, 200512; van Ommeren and Wentink, 201247)). For example, data from the
1995 U.S. Nationwide Personal Transportation Survey reveal that 95% of car commuters
in the United States park for free at work (Shoup, 200512). Estimates for cities in other
OECD countries are below this number, but it is rare that more than half of car commuters
pay for parking at work. In New Zealand, for example, stated preference data show that
76% of car commuters park for free in Auckland, 73% in Christchurch, and 58% in
Wellington (O’Fallon, Sullivan and Hensher, 20044s;). Furthermore, the fringe benefit of
free (or subsidised) parking at work is usually exempt from income taxation (Shoup,
2005;12).”

Just as for curbside parking, economics suggests that free provision (or provision at very
low rates) is inefficient. Although employers pay for the provided parking spaces, they give
them out at a cost that often exceeds commuters’ willingness to pay. This implies a welfare
loss, as parking spaces are developed at costs higher than consumers’ willingness to pay
for their use.

In addition, tax-exempt subsidised parking at the workplace distorts commuter choices and
encourages commuting by car. Employer-paid parking is a subsidy that commuters are

Employers have incentives to provide part of employees’ compensation in the form of such fringe
benefits, as they usually do not have to pay social security contributions on them, while employees
have incentives to welcome such benefits as they might be exempt from taxation or be taxed at lower
rates than their income.
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eligible for only if they drive to work. Furthermore, the benefit from the parking subsidy
decreases with the number of passengers in the car. Employer-paid parking not only
encourages commuting by car; it also discourages car-pooling for the benefit of single-
occupant driving. Results from case studies in the United States and Canada show that
employer-paid parking increases on average the number of cars driven to work (per 100
employees) by about 36% and the share of commuters driving to work by 60% (or 25
percentage points) (Shoup, 2005(12;)). Drawing on the results of a mode choice model
estimated on data for commuters to downtown Los Angeles (Willson, 199249)) and
assuming a parking price of USD 5 per day, Shoup (2005i2)) estimates that untaxed
employer-paid parking leads to an additional 1 311 vehicle miles travelled (VMT) per
employee per year.

Commuters drive to work instead of using more environmentally friendly transport modes
(e.g. public transport), increasing, thus, greenhouse gas emissions, air pollution, noise and
congestion. Unless all these external costs are internalised, this induced demand for car
travel aggravates the welfare loss discussed above.

Free provision of workplace parking is also encouraged by minimum parking requirements
for office buildings and other workplaces. The binding nature of such restrictions implies
that there is an excess supply of parking, incentivising free provision (Shoup, 20053)). Van
Ommeren and Wentink (201247)) quantify welfare losses from the exemption of employer-
paid parking from income taxation, and from minimum parking requirements, using Dutch
real estate data. They show that the tax exemption of employer-paid parking induces
deadweight losses equal to about 10% of parking resource costs. In addition, hypothetical
minimum parking requirements of the levels applied in the United States would induce
deadweight losses of around 18% of resource costs.

Recognising that perverse incentives may cause overprovision of parking, several cities
have considered taxing companies that provide free parking to employees. For instance, the
city of Nottingham in the United Kingdom recently adopted a tax of up to GBP 250 per
year per parking space provided by companies to their employees. Other cities are revising
their minimum parking regulations. For example, the city of Hamburg in Germany reduces
minimum parking requirements for companies that provide public transport passes to
employees (Kodransky and Hermann, 2011 2s)).

Parking cash-outs

From a policy perspective, removing free parking at work or its exemption from income
taxation is a challenging endeavour. Free parking at work is entrenched in commuters’
minds and policies to remove the relevant subsidies are likely to encounter opposition from
employees. A related policy often praised for its potential effectiveness and acceptability
is requiring employers to provide parking cash-outs. The idea behind parking cash-outs is
simple: instead of providing a subsidy (in the form of a rented parking space) only to
commuters who drive to work, provide the subsidy to all commuters and let them choose
whether they want to spend it on parking or other goods. In terms of implementation, a
parking cash-out policy requires employers to offer the cash equivalent of the parking
subsidy to employees who do not receive free (or subsidised) parking (Shoup, 2005;12)).
California’s parking cash-out requirements, briefly described in Box 4, are probably the
most extensively studied cash-out programme.
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Box 4. California’s parking cash-out requirements

California passed a law in 1992 requiring employers who provide free or
subsidised parking to their employees to also offer a cash-out programme. The
law specifies that the value of the cash-out should be equal to the value of the
parking subsidy provided by the employer (Shoup, 1992s0). Cash-out
requirements apply only to firms with more than 50 employees, and parking
spaces which are rented — not owned — by the firm (Shoup, 2005;12)).

Sources: Shoup (1992, 2005(121).

Parking cash-outs have multiple advantages discussed extensively in Shoup (2005[12). A
first advantage is that they make salient the costs of free parking to commuters who drive
to work, therefore inducing them to make an explicit trade-off between free parking and its
cash equivalent. As a result, it is very likely that at least some commuters will shift from
driving alone to public transport, car-pooling, or even cycling or walking when commuting
distances are short. This will lead to a reduction of vehicle-kilometres travelled and to
environmental benefits in terms of reduced emissions of greenhouse gases and air
pollutants.

Results from case studies in eight firms in Southern California show that commuting
behaviour shifts can be important: cash-outs led on average 13% of driving-alone
commuters to shift to other modes and to a decline of 12% in VMT. The latter translated
into a reduction of 652 VMT (about 1050 vehicle-kilometres travelled) per employee
annually (Shoup, 1997517). Estimates of the corresponding annual savings of emissions of
CO; and air pollutants per commuter are presented in Table 2. The estimates shown in the
table are based on the motor vehicle technology in 2017 and emission factors for gasoline
passenger cars provided by California Air Resources Board (2018s2)).!° Considering that
there are about six million parking spaces which could be cashed-out without major
difficulties in the United States alone (Shoup, 1997;s1;), the table also presents an
illustration of the potential annual emission savings from a hypothetical U.S.-wide parking
cash-out programme. The emission reductions from such a programme could be significant,
amounting to 1.25 million tonnes CO,, 402 tonnes NOy, 78 tonnes PM, s and 186 tonnes
PM,. These estimates are based on the assumption that the findings of Shoup’s (1997;s517)
case studies in Southern California could be generalised to other U.S. states and firms in
other sectors, so they should be treated with caution.

A second advantage of parking cash-out policies is that they are likely to be considered
equitable and therefore be welcomed by employees. A cash-out policy may well be viewed
as a step towards treating all commuters equally regardless of their income, possession of
a car, and commuting preferences. Parking subsidies may be considered particularly unfair
by low-income employees without access to a car. Not only do cash-outs address such
equity concerns, they also provide these employees with a valuable source of additional
income. Furthermore, cash-outs are not exempt from income taxation (as is usually the case
with parking subsidies) and in progressive tax systems the after-tax benefit will be higher
for employees with a lower taxable income.

10 Estimates of emission savings are much higher in (Shoup, 1997s51; Shoup, 2005(12)) as they are based on
emission factors for 1995, when cars were less fuel efficient and multiple times more polluting.
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Parking cash-outs can also lead to welfare gains and increases in tax revenues. Some
commuters are better off by obtaining the after-tax benefit of the cash-out instead of the
parking subsidy. The absence of a parking cash-out programme entails in these cases a
welfare (deadweight) loss, equal to the difference between the parking costs paid by the
employer and the employee’s willingness to pay for the parking space. A parking cash-out
programme eliminates this welfare loss and provides a valuable source of tax revenues,
which may be more difficult to obtain from other, potentially distortionary, sources.

An obvious concern with parking cash-outs is that they might lead to significant increases
in costs for employers. This ultimately depends on the number of employees driving alone
to work when the programme is offered, which is contingent, among other things, to urban
form, and the price, accessibility, comfort and quality of alternative modes. Commuters are
more likely to use public transport in areas where urban development is concentrated
around major transport nodes and where public transport is more affordable and
comfortable and the service is more frequent. In car-dependent cities, however, the share
of employees driving alone to work is very high. In the United States, for example, 91% of
workers commute by car. In such cases, increases in employer costs are not expected to be
substantial, especially if they already provide some form of public transport subsidy to
employees who do not commute by car. In addition, parking cash-outs may also make the
firm attractive to more workers, leading to possible benefits in terms of increased
productivity for the firm. Firms also have the option to reform their parking subsidy in a
way that the impact of parking cash-outs is cost-neutral to them. For example, if parking
cash-outs are offered to the 10% of the employees who do not drive to work, the firm can
reduce its parking subsidy to 90% of what it offered before (Shoup, 200512)).

Table 2. Potential savings of VMT and vehicle emissions from parking cash-outs

United States, 2017

Potential annual savings per commuter Potential annual savings for 6 million cashed-out
parking spaces

Vehicle-miles travelled (VMT) 652 3912 million
CO2 emissions (tonnes) 0.208 1.25 million
PM1o emissions (kg) 0.031 183 000
PM25 emissions (kg) 0.013 77000
NOx emissions (kg) 0.067 404 000
CO emissions (kg) 0.731 4.39 million

Note: Estimates of the potential VMT savings per employee are based on the findings of eight firm case studies
in Southern California. Estimates of savings of emissions of CO2 and air pollutants per commuter are derived
by multiplying the VMT and round-trip savings (for 252 trips per year) by the relevant emission factors
provided by the California Air Resources Board for gasoline passenger cars in 2017. Estimates of PMio and
PM25 emission savings also include non-exhaust emissions, i.c. emissions from tyre and brake wear.
Multiplying the potential savings per commuter by six million parking spaces (the number of parking spaces
which could be cashed-out without major difficulties) provides the estimates in the right column of the table.

Source: (Shoup, 1997;s517) for VMT, and own calculations based on California Air Resources Board (2018s27)
and (Shoup, 1997(517) for emission savings.

3.4. Parking in shopping malls and downtown commercial areas

Shopping is one of the main activities associated with parking. As Hasker and Inci
(2014s3)) argue, “other than money and credit cards, parking is probably the most important
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intermediate good in the modern economy”. Shopping malls are among the largest
contributors to the stock of parking space. For example, a typical shopping mall in the
United States (where there are over 100 000 shopping malls) has four to six parking spaces
per 1000 square feet of gross leasable area. This suggests that there is more parking space
in the average mall than space for stores (International Council of Shopping Centers and
Urban Land Institute, 2003547). At the same time, most malls provide free parking, whose
costs are embedded in the prices of the goods they sell. Can this behaviour be rationalised?
It has been shown that free parking in suburban malls is justified when consumers are
uncertain about the availability of the goods they are looking for (Hasker and Inci, 2014s37).
The authors also provide a rationale for minimum parking requirements for such
commercial buildings.

Although suburban malls are important, in European cities a substantial share of retail
activity takes place in downtown shopping districts. There are important issues with
downtown commercial parking. While in some cities parking tariffs for non-residents are
high, in many other cities they are low enough to generate substantial cruising. In
downtown shopping areas, this is often the result of local businesses’ lobbying efforts to
protect themselves from shopping malls (Inci, 20151;). De Borger and Russo (2017;ss))
rationalise these inefficiencies in a political economy framework: they show that the
conflicting interests of downtown retailers (who lobby for low parking charges) and
downtown residents can explain inefficient parking pricing.

To ensure high parking occupancy rates and prevent capacity saturation in main downtown
shopping areas in an efficient manner, parking should be allocated to shoppers through
time-varying parking tariffs (Small and Verhoef, 20075)). By contrast, cities usually
employ too low time-invariant parking prices and set maximum limits on the allowed
duration of curbside parking in those areas. While time limits can discourage drivers with
long visits from searching for on-street parking in the area, their design should ensure that
capacity does not end up being underutilised or saturated. Too lax duration limits, for
example, do not prevent long-term visitors from parking in the area and therefore do not
provide much relief to saturated capacity. On the other hand, introducing parking duration
limits in areas where capacity is not saturated (and therefore cruising is not an issue) or
employing too stringent limits can lead to capacity underutilisation, which also implies
social welfare losses.

3.5. Additional policy issues

Car-sharing

A sensible strategy to reduce the need for parking spaces is to decrease the number of cars
on the road. Car-sharing offers some promise in this sense. There is a two-way connection
here because several cities are using parking to incentivise car-sharing. In Amsterdam, as
in many other cities, car-sharing companies get dedicated parking spaces. In Antwerp,
Belgium, residents who are members of car-sharing schemes receive the equivalent of a
residential permit so that they can park shared vehicles near their residence. In London,
shared cars are permitted to park for free on the street (Kodransky and Hermann, 201123)).
In the German state of Baden-Wiirttemberg, the owners of buildings where the installation
of the required car parking spaces is not possible or too difficult, have the opportunity to
pay a fee to the municipality which will be used to finance the provision of dedicated car-
sharing parking spaces (European Environment Agency, 2017(s¢)).
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Public and non-motorised transport

Shortages in parking capacity can also be dealt with by providing alternatives to car travel.
These include public transport and cycling. Many of the cities mentioned in this paper are
gradually redesigning their transport systems in this direction. Although this topic is too
large to be treated exhaustively in this paper, it is worth noting that the economic literature
suggests that, while monetary subsidies are effective in stimulating a modal shift towards
public transport (Parry and Small, 2009(s57)), non-monetary incentives, such as the provision
of dedicated lanes for buses, trams and bicycles, can also be very important (Basso and
Silva, 2014;ss)).

Street design

Parking policies can also lend themselves to instruments for controlling urban road traffic
flow and improving road safety. For example, some cities have leveraged parking to
improve the safety of cyclists and pedestrians. Amsterdam has zones called woonerfs where
the layout of parking spaces forces vehicles to move at a very slow pace. Another example
comes from many neighbourhoods of Paris and Copenhagen where parked cars are used as
a barrier between cyclists and moving traffic.

Encouraging the use of vehicles with low CO; emissions

Some cities have started providing parking at preferential rates to drivers of cars with lower
tailpipe emissions. For example, the boroughs of Islington, Richmond, and Kensington and
Chelsea in London have adopted a policy of charging for residential permits according to
the type-approval CO2 emissions of the applicant’s car (Kodransky and Hermann, 2011 2s;;
Royal Borough of Kensington and Chelsea, 201444)). Richmond also experimented with
charging curbside parking fees based on CO2 emissions (Kodransky and Hermann,
2011ps)). The city of Amsterdam uses free parking as an incentive for the adoption of
electric cars. Parking a conventional car in front of an electric charging point is not allowed,
while electric vehicle users can park their car at any charging location, as long as their
vehicle is plugged in (City of Amsterdam, 2015(s97). In addition, they are granted priority
for residential parking permits which is particularly valuable given the lack of parking
spaces within the city (the waiting time for a parking permit can be of several years for
conventional cars). Although these policies incentivise residents to choose cars with lower
tailpipe emissions of CO», they do not address directly the problem of parking oversupply
in central areas, and their net effect on CO emissions is not ex-ante clear. Indeed, it is
possible that, by making access to parking cheaper, some of these policies induce car
owners to drive more, and cause more congestion and emissions.

Parking and autonomous cars

Automation of specific driving features is becoming increasingly common in new cars and
autonomous vehicles are expected to become widespread in the not-too-distant future. It is
hard to predict how this radical change will affect parking, and this is another topic that
would deserve a dedicated treatment. Nevertheless, it is possible to briefly discuss some of
the possible implications. Self-driving cars should essentially reduce the value of cruising
time to zero, because drivers would leave their car after reaching their destination, letting
the car find a parking spot on its own. On the other hand, autonomous cars should reduce
the need for parking space close to highly demanded destinations (e.g. office buildings),
because they could drive themselves to parking locations far from drop-off points. This
change could dramatically reduce the costs of providing parking, freeing up highly valuable
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space in cities. However, it may also increase the volume of traffic, with possible negative
consequences on congestion and the environment.

Future transport could also be based on shared autonomous cars, whose allocation to
individual trips would be based on smart mobility management systems. Shared
autonomous cars can lead to massive reductions of parking space needs. For example,
simulations based on a large-scale uptake of shared autonomous cars in a mid-sized
European city show that the need for on-street parking capacity could be completely
eliminated, while also up to 80% of off-street parking capacity could be freed up for other
uses. These estimates are based on relatively strong assumptions, i.e. that shared
autonomous cars would completely replace the whole fleet of cars and buses, and that their
uptake would have no effect on trip origin, destination and timing, but they illustrate the
potential of shared autonomous cars to reduce parking space needs (ITF, 201560)).

4. Conclusions

This paper provided an extensive discussion of the external costs of parking and the
implications of various parking policies for the environment and social welfare. The
implications of existing parking policies were analysed along four types of parking: on-
street (curbside) parking; parking allocated to residents (e.g. through special permits);
employer-provided parking; and parking in shopping malls and downtown commercial
areas. Interactions between parking and car-sharing, alternative transport modes, street
design, low-emission vehicles and autonomous cars have also been briefly considered.

Drawing on the lessons learned from experiences with various parking policies around the
world, the paper suggests a set of policy options to achieve environmental improvements
and social welfare gains. Providing parking policy recommendations for certain cities is
beyond the scope of the paper: a different set of policy options will be relevant in different
cities. It is important to note, however, that urban form, accessibility to public transport and
frequency of public transport service, and quality of infrastructure for non-motorised
transport vary significantly across cities and are important determinants of the
effectiveness, efficiency and distributional effects of parking policies. Parking policies
should be tailored to the specificities of the local context, but the suggestions outlined
below can help achieve more environmentally sustainable and cost-effective outcomes.

First, the prices of curbside — and, where applicable, public garage — parking should be set
at levels reflecting the social costs of parking provision. Parking prices should at least
account for the costs of parking space construction, the opportunity costs of alternative land
uses, and the external costs of open space and biodiversity losses and of time losses due to
cruising. Especially in busy downtown areas, setting efficient parking tariffs is necessary
to prevent parking capacity saturation and avoid cruising for parking, while also ensuring
high occupancy rates (80-90%). Given fluctuations in demand, achieving these rates
requires a dynamic parking pricing system, where tariffs vary over space and time using
information on occupancy in surrounding areas. For a smooth introduction of efficient on-
street parking pricing, a necessary condition is that local communities are well-informed
about the expected environmental and economic benefits of the policy.
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The second suggestion concerns the treatment of employer-provided parking, which is
mostly offered for free or at highly subsidised rates to employees and is exempt from their
taxable income. Employer-paid parking is essentially a subsidy for driving to work, which
strongly encourages commuting by car and has important consequences for congestion,
pollution and greenhouse gas emissions. It is thus important that exemptions of employer-
paid parking from employees’ taxable income are removed. It is also worthwhile to
consider requiring employers who rent parking spaces for their employees to offer parking
cash-outs, i.e. the cash equivalent of the parking subsidy, to employees who do not receive
free (or subsidised) parking. Parking cash-out policies are attractive, because in addition to
leading to welfare gains and environmental benefits, they are likely to be acceptable by
employees and increase tax revenues (as cash-outs are not exempt from income taxation).

Third, it is worth reviewing, and in many cases removing, minimum parking requirements
for new residential and office buildings. The review of minimum requirements should
follow a proper assessment of the actual parking needs of residents and account for the
perverse effects of overprovision on car ownership and use. Setting curbside parking prices
at levels achieving the occupancy targets mentioned above is likely in many cases to render
minimum parking requirements redundant. Maximum parking requirements can also be
leveraged to prevent excessive car use in some areas.

Another suggestion is related to the provision of free or underpriced parking permits to
residents of city centres. Free or underpriced residential parking permits have substantial
costs for society, as they increase the costs of parking supply and land use. They also induce
the provision of additional parking capacity for non-residents, thus entailing that funds
which could possibly be directed to improve the transport system are consumed for parking.
Residential parking permits should generally be priced at rates approximately equal to those
charged to visitors, with price discounts reserved only for a few special cases. When the
costs of parking permit provision are financed by local tax revenues, it is worth considering
implementing a revenue-neutral tax reform where increases in parking permit prices are
accompanied by reductions in local taxes.

Instead of using space-and time-varying parking tariffs to allocate parking to users in
downtown commercial areas, many cities employ low time-invariant parking prices and set
maximum parking duration restrictions. Maximum duration restrictions can be useful when
parking capacity is saturated and cruising for parking is substantial, as they prevent long-
term visitors from parking in the area. A critical factor for duration restrictions’ efficiency
is the length of duration allowed. Maximum duration restrictions should be set at levels
allowing users just enough time to carry out the activities normally undertaken at the
parking location (e.g. shopping).

Appropriate enforcement is key for the effectiveness of on-street parking regulation and
pricing. However, insufficient resources and incentives for local authorities often hamper
parking enforcement. To improve it, cities could leverage advances in digitalisation (e.g.
licence plate recognition technologies) which enable a close monitoring of parking space
use at lower costs. Higher fines for parking violations can also help increase compliance
with parking regulation. In public finance systems where parking revenues are collected by
state or national governments, it may be worth considering providing larger shares of the
revenues to local authorities to strengthen enforcement incentives.

Policies determining parking supply and pricing strongly influence developers’ decisions
on how much land to provide for parking, and individual choices of how many vehicles to
own and which transport modes to use to cover their daily travel needs. Those choices have
important implications for land use and open space conservation, traffic congestion, air
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pollution and greenhouse gas emissions. In that sense, parking policies are a key toolbox
in the hands of policy makers to achieve more environmentally sustainable urban mobility
patterns, protect valuable open space, and increase social welfare. Efficient parking tariffs
are also an important source of revenue for local governments, which can be used to finance
the supply of public goods and services, including public transport and infrastructure for
non-motorised transport. Additional income tax revenues from parking cash-outs and the
appropriate fiscal treatment of employer-paid parking can further contribute to state and
national government budgets.

Finally, it is important to highlight that many of the existing implicit subsidies to parking,
as well as minimum parking requirements, are regressive, in the sense that their benefits
are mainly reaped by higher-income groups. Efficient pricing and removal of implicit
subsidies might on average increase parking prices, but lower-income households will
probably incur only a small part of this burden. Where lower-income households and other
vulnerable population groups are negatively affected by parking policy changes, they can
be compensated through targeted complementary measures, financed by part of the
revenues raised from parking tariffs and parking cash-outs.
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ABSTRACT

» We measured residential parking supply in New York City using Google Streets. » We control the
endogeneity between parking supply and car ownership. » Residential parking supply is more important than
income and demographic attributes. » Garage, driveway, and street parking affects car ownership differently. »
Maximum standard, resident permits, and street cleaning affect car ownership.

This paper investigates the impact of residential parking supply on private car ownership, the relationship at the
heart of the debate on whether residential parking regulations could be used as a demand management strategy
to influence travel behavior. However, no empirical studies have sufficiently answered the question. Many believe
that parking has little or no effect on car ownership, while others disagree. The paper analyzes 770 households
randomly selected from a household travel survey in the New York City region, and measures their complete
parking supply, including garage size, driveway spaces, and on-street parking availability, using Google
Streetviews and Bing Maps. Results from a nested logit model show that parking supply can significantly
determine household car ownership decisions, even after controlling for the endogeneity between the two. Their
influence actually outperforms household income and demographic characteristics, the often-assumed dominant
determinants of car ownership. Different parking types also behave differently: driveway spaces are more
important to car_ownership than garages probably because many residents in the study region do not use a
garage for car storage. On-street parking is also important to households with off-street parking. Implications for
residential parking policies like the maximum off-street parking standard, resident parking permit, and street
cleaning are also discussed.
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Conventional parking policies have focused on accommodating travel demand but often overlook their social,
economic, and environmental consequences ( McShane and Meyer, 1982) = \vjjth the paradigm shift from supply
provision to demand management ( Meyer. 1999) " such policies have increasingly been criticized as ineffective,
inefficient, and unequal, and as contributing to ever-increasing auto dependency and traffic congestion (
Shoup, 2005y Mmany policy solutions have been proposed over the past decade ( -it™man.2006) though the future
direction of reform is still under heated debate ( Barter, 2010Shoup, 2011Cato Institute, 2011y

Residential parking has largely remained absent from this discussion ( Weinberger, 2012y “ compared to the large
number of studies on non-residential parking in urban centers, residential parking has attracted minimal
attention from both academics and practitioners. Many proposed solutions to parking issues are specific to non-
residential parking, and residential parking policy suffers from a dearth of research evidence ( Marsden, 2006y Fqr
example, Shoup. 2005 market-based approach, based on the effective pricing of on-street parking and the removal of
off-street regulations, is less feasible for residential parking due to the difficulty of charging for on-street parking
in residential neighborhoods. The maximum off-street parking standard often targets non-residential
developments (e.g., in Seattle, WA, and Gladstone, OR), or a small portion of multi-family homes in downtown
areas (e.g., Chapel Hill, NC, Burlington, MA, and Bellevue and Redmond, WA). In some cases, the standard is too
high (e.g., four spaces per unit in Madison, WI) to be effective. Given the importance of residential parking in the
entire parking market, this lack of research is unsatisfactory.

In addition to the political and practical concerns, a major reason why residential parking is neglected is the lack of
empirical evidence to support policy interventions, namely how residential parking policy could influence travel
behavior. Empirical evidence is needed to address at least three types of questions. First, does residential parking
supply have a causal influence on car ownership and usage? If the answer is "yes", is the parking effect large
enough, compared to other factors, to justify policy intervention? A statistically significant but relatively minor
influence is unlikely to help. Third, what is the relative importance among the different residential parking types,
such as garage, driveway, and on-street? The interrelationship matters to parking policy: the rule about minimum
off-street parking was adopted to prevent the overcrowding of on-street parking in the early days of motorization (

McShane and Meyer, 1982 \cShane and Meyer, 1982. M. McShane, M. Meyer; Parking policy and urban goals: linking strategy to
needs; Transportation; Vol. 11, No. 2; (1982), pp. 131-152.

Meyer, 1999 Meyer, 1999. M.D. Meyer; Demand management as an element of transportation policy: using carrots and sticks to
influence travel behavior; Transportation Research Part A; Vol. 33, 7/8; (1999), pp. 575-599.

Shoup, 2005 Shoup, 2005. D. Shoup; The High Cost of Free Parking; American Planning Association Press, Chicago, IL (2005), .

Litman, 2006 | jtman, 2006. T. Litman; Parking Management Best Practices; American Planning Association Press, Chicago, IL
(2006), .

Barter, 2010 Barter, 2010. P.A. Barter; Off-street parking policy without parking requirements: a need for market fostering and
regulation; Transport Reviews; Vol. 30, No. 5; (2010), pp. 571-588.

Shoup, 2011 Shoup, 2011. Shoup, D., 2011. Free Parking or Free Markets, Unbound Magazine, Cato Institute, Washington, DC.
<http://www.cato-unbound.org/2011/04/04/donald-shoup/free-parking-or-free-markets/> (accessed 17.07.11).

Cato Institute, 2011 Cato Institute, 2011. Cato Institute, 2011. Debate on Parking Policy by Shoup, D., Manville, M., O'Toole, R.,
Cowen, T., lkeda, S., Kuznicki, S., at Cato Unbound in April, 2011. Washington DC <http://www.cato-unbound.org/> (accessed
27.11.11).

Weinberger, 2012 \\/einberger, 2012. R. Weinberger; Death by a thousand curb-cuts: evidence on the effect of minimum parking
requirements on the choice to drive; Transport Policy; Vol. 20, (2012), pp. 93-102.

Marsden, 2006 Marsden, 2006. G. Marsden; The evidence base for parking policies: a review; Transport Policy; Vol. 13, No. 6;
(2006), pp. 447-457.
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Shoup, 2005) "gnd it still permeates the current policy debate, e.g., whether a maximum parking standard will spill over
into neighboring streets and whether a maximum standard is required when street parking is priced ( -€¢- 1987),

However, only a few studies have addressed the first question, much less the other two. One targets car usage (

Weinberger et al., 2009y and five focus on car ownership (
Wu et al., 1999HCG, 2000Kitamura et al., 2001Guo, 2006Cho and Baek, 2007Woldeamanuel et al., 2009) Residential parking is

assumed to have little influence on travel decisions, particularly car ownership. One clear example is in New York
City, where the Department of City Planning claimed that car ownership is determined primarily by household
income and demographic characteristics, not residential parking supply ( NYCDCP. 2009y Therefore, residential
parking policies can only respond to, instead of intervene in, car ownership demand. This policy stance is
supported by many demand management studies that target only car usage, not car ownership ( "HWA 2004y ‘ang
by car ownership studies that did not consider the parking effect ( Prevedouros and Joseph, 1992Bhat and Guo, 2007y

Lee, 1987| e, 1987. D. Lee; Streets as "Private" goods; A.V. Moudon Editor; Public Streets for Public Use; Van Nostrand
Reinhold Company, New York, NY (1987), .

Weinberger et al., 2009\\einberger et al.,, 2009. R. Weinberger, M. Seaman, C. Johnson; Residential off-street parking: car
ownership, VMT and carbon impacts (Case Study New York City); Transportation Research Record; Vol. 2118, (2009), pp.
24-30.

Wuetal, 1999 \Wy et al., 1999. G. Wu, T. Yamamoto, R. Kitamura; Vehicle ownership model that incorporates the causal structure
underlying attitudes toward vehicle ownership; Transportation Research Record; Vol. 1676, (1999), pp. 61-67.

HCG, 2000 HCG, 2000. HCG (Hague Consulting Group). 2000. Report 9009-3B, Sydney Car Ownership Models. Cambridge, UK
(Chapter 3)

Kitamura et al., 2001 Kitamura et al., 2001. R. Kitamura, T. Akiyama, T. Yamamoto, T.F. Golob; Accessibility in a Metropolis: toward a
better understanding of land use and travel; Transportation Research Record; Vol. 1780, (2001), pp. 64-75.

Guo, 2006 Gyo, 2006. Guo, Z., 2006. Developing a Disaggregate Car Ownership Model for London, Unpublished report to
Transport for London, London, UK.

Cho and Baek, 2007 Cho and Baek, 2007. Cho, S.K., Baek, S.R., 2007. The Built Environment, Car Ownership, and Travel Behavior
in Seoul, Working Paper, Seoul National University, Seoul, South Korea
<http://www.arch.chula.ac.th/asian_mega_cities/AMC%20Paper/Sang-Kyu%20Cho_Seoul.pdf> (accessed 03.03.11).

Woldeamanuel et al., 2009\\/gldeamanuel et al., 2009. M.G. Woldeamanuel, R. Cyganski, A. Schulz, A. Justen; Variation of
households' car ownership across time: application of a panel data model; Transportation; Vol. 36, No. 4; (2009), pp. 371-
387.

NYCDCP, 2009 NYCDCP, 2009. NYCDCP (New_York City Department of City Planning). 2009. Residential Parking Study:
Automobile Ownership Rates and Off-Street Parking Requirements in Portions of New York City: Manhattan CDs 9-12, the
Bronx, Queens and Brooklyn. <http://www.nyc.gov/html/dcp/pdf/transportation/residential parking.pdf> (accessed 27.11.11).

FHWA, 2004 FEHWA, 2004. FHWA (Federal Highway Administration). 2004. Mitigating Traffic Congestion — The Role of Demand-
Side Strategies. Report by Federal Highway Administration, Washington DC.
<http://www.ops.fhwa.dot.gov/publications/mitig_traf cong/index.htm> (accessed 13.04.11).
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and use; Transportation Research Record; Vol. 1364, (1992), pp. 152-160.
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The effort to provide behavioral evidence of the effects of residential parking policies is hindered by several
barriers. Data availability constitutes the first barrier. Residential parking supply is normally not monitored by
government agencies. In addition, residential parking supply is affected by multiple regulations, such as the
minimum standard, street width requirement, resident permits, and street cleaning, so the data collection process

could be time consuming and costly. The second barrier is endogeneity between parking supply and car
ownership; a household can choose to live in a residence with a parking supply level that meets its requirements

based on preferred car ownership status. Without controlling for this endogeneity, the parking effect on car
ownership could be either over- or under-estimated ( Mannering, 1986Chatman, 2009y

The objective of this paper is to provide empirical evidence to support a residential parking policy that goes
beyond traffic accommodation. Using 770 households randomly selected from a regional travel survey in New
York City, this research addresses all three of the issues described above. It addresses the data problem by using
online images, such as those available from Google Streetviews, 0000 5nq Bing Maps, to measure thoroughly the
quantity and types of parking available to individual households. It mitigates the endogeneity problem by dividing
the sample into relatively homogeneous groups. It compares the parking effect on car ownership with household
income and demographics, the two dominant forces behind car ownership decisions according to the existing
literature. Finally, it investigates the relative importance of garage, driveway, and on street parking — and offers
specific recommendations for three residential parking regulations: the maximum off-street parking standard,
street cleaning, and residential parking permits.

2 Literature

If residential parking were a normal market, the change of supply would affect the parking price-a shortage
would increase the price and an abundance of parking would reduce the price. Parking price should affect car
ownership cost, and subsequently the car ownership level. However, since residential parking is often bundled
with housing, there is usually no price for residential parking on- and off-street no matter how scarce or abundant
it is. Correcting this market distortion will certainly affect the car ownership level ( Shour. 2005) However, this paper
treats the current price system as given and focuses on the physical relationship between parking and car

ownership.

Studies on this perspective come from multiple literatures and so far have produced mixed results. Some could
argue that because a car is parked for 95% of its lifetime, the majority of which likely occurs at the home end of
travel, residential parking supply should affect car ownership decisions ( Kitamuraetal, 2001) 'However, others would
argue that because cars have become so important and ubiquitous, car ownership decisions are primarily based
on mobility needs and budget constraints ( €a° etal. 2007) ‘not policy interventions such as parking regulations (
Balcombe and York, 19931Stubbs, 2002y ‘Thjs section compares two opinions in the literature.

Mannering, 1986 Mannering, 1986. F.L. Mannering; A note on endogenous variables in household vehicle utilization equations;
Transportation Research Part B; Vol. 20, No. 1; (1986), pp. 1-6.

Chatman, 2009 Chatman, 2009. D. Chatman; Residential choice, the built environment, and nonwork travel: evidence using new
data and methods; Environment and Planning A; Vol. 41, No. 5; (2009), pp. 1072-1089.

Google Streetviews, 0000 Google Streetviews, 0000. Google Streetviews. <https://maps.google.com/>.

Cao et al, 2007 Cap et al., 2007. X. Cao, P.L. Mokhtarian, S.L. Handy; Cross-sectional and quasi-panel explorations of the
connection between the built environment and auto ownership; Environment and Planning A; Vol. 39, No. 4; (2007), pp. 830-
847.

Balcombe and York, 1993 Bglcombe and York, 1993. Balcombe, R.J., York, 1.O., 1993. The Future of Residential Parking. Project
Report 22, Transport Research Laboratory, Crowthorne, Berkshire, UK.
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2.1 Parking supply affects car ownership

The relationship between land use patterns and car ownership often suggests a parking effect on car ownership,
but only indirectly. Development density and dwelling types are good predictors of residential parking supply (
Holtzclaw et al., 2002) and can be used as a proxy to model the parking effect on car_ownership. For example,
Giuliano and Dargay, 2006 sed housing type (single family, apartment, row house) to proxy for parking type (garage
vs. others) and available spaces in their comparative car_ownership models for the US and the UK.
Potoglou and Kanaroglou, 2008 ;sed g housing-type dummy variable (single family or not) as a proxy to reflect parking
cost and availability constraints to model car ownership in Hamilton, Canada. Hess and Ong, 2002 ¢ Chu, 2002 5eq
the same dummy variable as a proxy for parking availability and cost to model car ownership in Portland, OR, and
New York City, respectively. In another study, RyanandHan, 1999 recognized the importance of cost and parking
inconvenience at home, but used household and job density as proxies. Most of these studies found statistically
significant but minor effects relative to household income and structure.

The same argument can be found in the parking and car usage literature because car usage and car ownership
are  highly correlated, as shown by many joint models of the two decisions (
Golob and Van Wissen, 1989Hensher etal., 1992y Therefore, if a certain level of parking supply encourages car usage, it is
likely to increase the utility of cars and, subsequently, car ownership. This assumption is partially proven by
Tam and Lam, 2000 j5 Hong Kong, who show that the availability of parking at workplaces also affects household car
ownership. The literature on parking effects on car usage tends to target the non-residential parking supply in
urban centers and generally finds that free or subsidized parking in urban centers affects mode choice (

Stubbs, 2002 Stybbs, 2002. M. Stubbs; Car parking and residential development: sustainability, design and planning policy, and
public perceptions of parking provision; Journal of Urban Design; Vol. 7, No. 2; (2002), pp. 213-237.

Holtzclaw et al., 2002 Holtzclaw et al., 2002. J. Holtzclaw, C. Robert, H. Dittmar, D. Goldstein, P. Haas; Location efficiency:
neighborhood and socio-economic characteristics determine auto ownership and use — studies in Chicago, Los Angeles and
San Francisco; Transportation Planning and Technology; Vol. 25, No. 1; (2002), pp. 1-27.

Giuliano and Dargay, 2006 Gjyliano and Dargay, 2006. G. Giuliano, J. Dargay; Car ownership, travel and land use: a comparison of the
US and Great Britain; Transportation Research Part A; Vol. 40, No. 2; (2006), pp. 106-124.

Potoglou and Kanaroglou, 2008 Potoglou and Kanaroglou, 2008. D. Potoglou, P.S. Kanaroglou; Modelling car ownership in urban areas:
a case study of Hamilton, Canada; Journal of Transport Geography; Vol. 16, No. 1; (2008), pp. 42-54.

Hess and Ong, 2002Hess and Ong, 2002. D.B. Hess, P.M. Ong; Traditional neighborhoods and automobile ownership;
Transportation Research Record; Vol. 1805, (2002), pp. 35-44.

Chu, 2002 Chy, 2002. Y.L. Chu; Automobile ownership analysis using ordered probit models; Transportation Research Record;
Vol. 1805, (2002), pp. 60-67.

Ryan and Han, 1999 Ryan and Han, 1999. J.M. Ryan, G. Han; Vehicle-ownership model using family structure and accessibility
application to Honolulu, Hawaii; Transportation Research Record; Vol. 1676, (1999), pp. 1-10.

Golob and Van Wissen, 1989 Golob and Van Wissen, 1989. T.F. Golob, L. Van Wissen; A joint household travel distance generation and
car ownership model; Transportation Research Part B; Vol. 23, No. 6; (1989), pp. 471-491.

Hensher et al, 1992 Hansher et al., 1992. D.A. Hensher, P.O. Barnard, N.C. Smith, F.W. Milthorpe; Dimensions of automobile
demand; a longitudinal study of automobile ownership and use; Elsevier Science Publishers, New York, NY (1992), .

Tam and Lam, 2000 Tgm and Lam, 2000. M.L. Tam, W.H.K. Lam; Maximum car ownership under constraints of road capacity and
parking space; Transportation Research Part A; Vol. 34, No. 3; (2000), pp. 145-170.
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Willson and Shoup, 1990Hess, 2001) and encourages overall car usage ( Feeney, 1989Topp, 1993McCabhill and Garrick, 2010)
Again, these results suggest a possible, though indirect, parking effect on car ownership.

To address this drawback, a few other studies have measured residential parking supply directly. Some started
with an aggregate measure. For example, Cho and Baek, 2007 ysed the average parking capacity per household within
a neighborhood (dong) to measure car ownership in Seoul, South Korea. Gt 2006 created a parking density
contour (for both on-street and off-street parking) in London using observations from 7500 zones surveyed by
Transport for London. He then used this variable to model household car ownership in London. HCG. 2000 gpecified
a parking cost variable at a zone level to model both household and company car ownership in Sydney,
Australia.

Other studies have defined a parking variable at the household level. For example, Wu etal. 1999 jncluded a parking
dummy variable (taking the value 1 if parking is available in the residence area and O otherwise) to model
household car_ownership in Xi'an, China. Woldeamanuel et al., 2009 included a 4-level rank variable of households'
perception of parking difficulty to model car_ownership in Germany. To model car ownership in Southern
California, Kitamura et al., 2001 defined two dummy variables indicating whether private and other parking spaces are
available to a household. Although both aggregate and disaggregate analyses tend to find a statistically significant
parking effect on car ownership, the measures are too coarse to offer specific policy recommendations, except for
the simple conclusion that parking matters. In many of these studies, parking is only a control variable instead of
the question of interest.

2.2 Car ownership independent of parking supply

The majority of car ownership studies actually denounce the parking effect on car ownership, directly or
indirectly. Most of them have found dominant effects of household income and demographic characteristics, but
marginal effects of other policy-relevant variables, such as density ( Letal.2010) ang transit accessibility (
Kitamura, 1989Deka, 2002y ' parking supply is thought to be no exception, even though it is rarely included in car
ownership models. For example, the car ownership forecasting literature often assumes that the change in car
ownership is primarily based on the change of income or per capita GDP (

Willson and Shoup, 1990 \W/jllson and Shoup, 1990. R. Willson, D. Shoup; Parking subsidies and travel choices: assessing the
evidence; Transportation; Vol. 17, No. 2; (1990), pp. 141-157.

Hess, 2001 Hess, 2001. D. Hess; Effect of free parking on commuting mode choice. Evidence from travel diary data;
Transportation Research Record; Vol. 1753, (2001), pp. 35-42.

Feeney, 1989 Feeney, 1989. B.P. Feeney; A review of the impact of parking policy measures on travel demand; Transportation
Planning and Technology; Vol. 13, No. 4; (1989), pp. 229-244.

Topp, 1993 Topp, 1993. H.H. Topp; Parking policies to reduce car traffic in German cities; Transport Reviews; Vol. 13, No. 1;
(1993), pp. 83-95.

McCahill and Garrick, 2010 McCahill and Garrick, 2010. C.T. McCahill, N.W. Garrick; Influence of parking policy on built environment
and travel behavior in two new England cities, 1960 to 2007; Transportation Research Record; Vol. 2187, (2010), pp. 123-130.

Lietal, 2010 j et al.,, 2010. J.P. Li, J.L. Walker, S. Srinivasan, W.P. Anderson; Modeling private car_ownership in China;
Transportation Research Record; Vol. 2193, (2010), pp. 76-84.

Kitamura, 1989 Kjtamura, 1989. R. Kitamura; A causal analysis of car ownership and transit use; Transportation; Vol. 16, No. 2;
(1989), pp. 155-173.

Deka, 2002 Deka, 2002. D. Deka; Transit availability and automobile ownership: some policy implications; Journal of Planning
Education and Research; Vol. 21, No. 3; (2002), pp. 285-300.
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Button et al., 1993Dargay and Gately, 1999Dargay et al., 2007y and follows the well-publicized "S" curve. The implied message
is that car ownership is deterministic and is bound to increase when personal income or per capita GDP increases.

The problem with this argument is that it overlooks the fact that passenger cars have nearly always been
affordable. For example, the average price of a Ford Model T in the 1920s was approximately $290 (equivalent to
$3258 today), less than one quarter of the average household income at that time ($1200-$1500) in the U.S. (
Ward, 1974y 'However, in 2009, the average price of a new car was approximately $28,966 ( NADA. 2010y ‘more than
half of the median household income ($50,233). In other words, without controlling for differences in quality, cars
were actually relatively cheaper in the 1920s than they are now in the US. Increased income and per capita GDP
definitely do not explain car ownership completely. Other factors, such as the interstate highway project, federal
housing programs, zoning regulations, and parking standards have also played important roles. Car ownership is
not deterministic - it has been heavily influenced by public policies, and it could be changed with policy
interventions. In Shoup. 2011 words, Americans' relationship with cars is not a love affair, but an arranged marriage.

Another argument against the parking effect on car ownership is that when income is fixed, people's demand for
cars remains inelastic because cars are essential for them. D293y, 2001 ghows that the income effect on car
ownership is not symmetrical: "car_ ownership responds more strongly to rising than to falling income-there is a
stickiness in the downward direction.” Weis etal. 2010 gydied car ownership changes after the economic crisis in
2008 and found inertia in both mode choice and mobility tool ownership. Price elasticities did not differ much from
previous studies.

Because of this inflexibility, residents' car_ownership could be insensitive to parking supply, and/or location
choice could be sensitive to car ownership demand. Both possibilities receive some support from empirical
evidence. For example, in the Netherlands, Coeveringand Snellen, 2008 fong that despite a high level of parking
annoyance, residents made very little effort to adjust their level of car ownership to the available parking space in
their residential area or vice versa. Even in extremely urbanized areas in major cities, parking pressure plays a
slightly more important but still marginal role in residential mobility. Balcombe and York, 1993 g ryeyed eight sites in South
England in the early 1990s and found that the convenience of finding an (on-street) parking space may affect the

Button et al, 1993 Bytton et al., 1993. K. Button, N. Ngoe, J. Hine; Modeling vehicle ownership and use in low income countries;
Journal of Transport Economics and Policy; Vol. 27, No. 1; (1993), pp. 51-67.

Dargay and Gately, 1999 Dgrgay and Gately, 1999. J. Dargay, D. Gately; Income's effect on car and vehicle ownership, worldwide:
1960-2015; Transportation Research Part A; Vol. 33, No. 2; (1999), pp. 101-138.

Dargay et al, 2007 Dargay et al., 2007. J. Dargay, D. Gately, M. Sommer; Vehicle ownership and income growth, worldwide: 1960—
2030; Energy Journal; Vol. 28, No. 4; (2007), pp. 143-170.

Ward, 1974 \Ward, 1974. |. Ward Editor; The World of Automobiles: An illustrated encyclopedia of the motor car; Orbis, London, UK
(1974), .

NADA, 2010 NADA, 2010. NADA (National Automobile Dealers Association). 2010. State of the Industry Report. McLean, VA.
<http://www.nada.org/Publications/NADADATA/2010/default.htm> (accessed 28.11.11).

Dargay, 2001 Dargay, 2001. J. Dargay; The effect of income on car ownership: evidence of asymmetry; Transportation Research
Part A; Vol. 35, No. 9; (2001), pp. 807-821.

Weis et al., 2010 \Wejs et al., 2010. C. Weis, K.W. Axhausen, R. Schlich, R. Zbinden; Models of mode choice and mobility tool
ownership beyond 2008 fuel prices; Transportation Research Record; Vol. 2157, (2010), pp. 86-94.

Coevering and Snellen, 2008 Coevering and Snellen, 2008. Coevering, P.V.D., Snellen, D., 2008. The Future of Residential Parking in
the Netherlands: The Impact of Increasing Car Ownership on the Character of Residential Areas. Paper Presented at the 2008
European Transport Conference, Noordwijkerhout, Nederland <http://www.Etcproceedings.Org/Paper/Download/3505>
(accessed 01.08.12).
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car type, but not necessarily the car ownership decision. Between 22% and 54% of residents surveyed said they
did not buy a better vehicle due to fear of vandalism. However, difficulties in finding a parking space might not
necessarily deter car ownership or the intention to acquire additional vehicles.

Other studies have described the effect of residential mobility on car_ownership levels. Beige and Axhausen, 2008
found that residential mobility is influenced by the ownership of different mobility tools and vice versa, which
enables households to keep their mobility tool ownership comparably stable over longer periods of time, Cao etal.,
2007 found that residential mobility and the associated personal preference largely explain household car
ownership. Effects of neighborhood attributes on car ownership become insignificant when personal preferences
are included in the model.

In addition to the ideological and political differences behind the two opinions, the disagreement is partly caused by
an inability to measure the parking supply and its effect on car ownership explicitly. A household with three cars
but a one-car garage is an example of a "small parking effect." However, if driveway and on-street parking spaces
are all considered, this could become a story of a "perfect parking effect." Defining and measuring residential
parking supply is a key task of this research.

3 New York City case study

Although car dependency is most severe in low-density suburban communities, this paper chooses a dense urban
setting, the New York City region, as a case study. This setting presents a diverse array of parking supplies and
street regulations, together with a large variation in car ownership, which is able to capture the full spectrum of the
parking effect on car_ownership. The study region includes three outside boroughs of New York City plus
northern Manhattan (north of 110th street) and 10 municipalities across the Hudson River in New Jersey (Fig. 1).
South Manhattan is excluded because the data collection approach does not work well with the large buildings that
dominate that area.

3.1 Residential parking supply: Definition and measurement

Just as non-residential parking has multiple options ( Axhausenand Polak, 1991Hensher and King, 2001) = residential
parking takes different forms, such as enclosed/structured garages, non-enclosed driveways, parking lots, and on-
street parking. Each has unique characteristics, is subject to different regulations, and basically forms a distinct
sub-market.

The availability of off-street parking is often clearly defined for a household, whereas the overall stock in the
market may change dramatically from neighborhood to neighborhood. In contrast, the overall stock of on-street
parking is often fixed by the street length, whereas residents may have access to an unlimited number of street
parking spaces depending on their acceptable walking distance and searching time. In terms of ease of access, for
off-street parking, the available space, location, and time are often guaranteed without uncertainty, whereas neither
the space, location, nor time is guaranteed for on-street parking. The intermediate case might be a shared parking
lot for an apartment where a tenant may have a guaranteed but not reserved spot. In terms of regulations, off-street
parking is generally defined by a minimum or maximum standard and by the set back and impervious area
requirements in the local zoning codes. Few regulations govern off-street parking after the lot is built out. In
contrast, on-street parking is continually affected by street regulations. Many communities have a 72-h maximum

Beige and Axhausen, 2008 Bejge and Axhausen, 2008. S. Beige, K.W. Axhausen; Long-term and mid-term mobility decision during the
life course: experiences with a retrospective survey; Journal of the International Association of Traffic and Safety Sciences; Vol.
32, No. 2; (2008), pp. 16-33.

Axhausen and Polak, 1991 Axhgusen and Polak, 1991. K.W. Axhausen, J.W. Polak; Choice of parking: stated preference approach;
Transportation; Vol. 18, No. 1; (1991), pp. 59-81.

Hensher and King, 2001 Hensher and King, 2001. D.A. Hensher, J. King; Parking demand and responsiveness to supply, pricing and
location in the Sydney central business district; Transportation Research Part A; Vol. 35, No. 3; (2001), pp. 177-196.
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rule to remove abandoned vehicles on public streets. Some ban overnight parking to prevent residents from using
public streets for car storage. Some governments limit where a resident or visitor can park. Santa Monica, CA, for
example, has a two-block rule stating that any resident's or visitor's car parked more than two blocks away from the
residence will be towed. In New York City, street cleaning occurs frequently and is often viewed as burdensome by
residents who rely on these parking spaces.

Unfortunately, most of these residential parking supplies are not monitored by local governments. Actually,
almost nobody knows how many parking spaces are available to a particular household except the household
itself. San Francisco comes close: the city completed an on-street and commercial off-street parking inventory for
35% of its neighborhoods ( SFPark 2011y '|n New York City, the tax lot database (PLUTO) records the square
footage of structured parking areas only for buildings with four or more housing units. The Certification of
Occupancy database from the Department of Building records structured parking areas for all buildings in New

York City, but it is only available in floor plans, making it difficult to extract parking information (
McDonnell et al., 2011)_

3.2 Measuring parking supply using street images

Street images like Google Streets have proven to be an efficient and reliable data collection instrument; for
example, to audit pedestrian environments in Chicago ( Carke etal. 2010y " examine the recovery of New Orleans
neighborhoods after Katrina ( Curtis etal, 2010y " coynt sprawling parking lots in Ohio ( Pavis etal., 2010y ‘anq jdentify
household off-street parking in New York City ( Weinberger, 2012)

The limits of this method are as follows: it does not provide the exact time when the photos were taken, and it does
not work well for large buildings where parking facilities may not be visible from either street-side or aerial photos.
The first limitation affects the measurement of on-street parking because its supply and demand fluctuate at
different times of the day. However, this limit may not be critical for the study region because only a few
employment clusters (e.g., Brooklyn downtown) exist in the study region and the evasion of commuter parking is
likely not prevalent. Therefore, the crowding levels on residential streets in the daytime and evening may change,
but the order among these streets is likely to remain’. To address the second limit, | targeted single-family homes
and small apartments (less than 20 units).

SFPark, 2011 SFPgrk, 2011. SFPark. 2011. SFpark Parking Census Summary. San Francisco, CA
<http://sfpark.org/resources/sfpark-parking-census-summary/> (accessed 27.11.11).

McDonnell et al., 2011 McDonnell et al., 2011. S. McDonnell, J. Madar, V. Been; Minimum parking requirements and housing
affordability in New York City; Housing Policy Debate; Vol. 21, No. 1; (2011), pp. 45-68.

Clarke et al., 2010 Clarke et al., 2010. P. Clarke, J. Ailshire, R. Melendez, M. Bader, J. Morenoff, Using Google Earth to conduct a
neighborhood audit: reliability of a virtual audit instrument; Health & Place; Vol. 16, No. 6; (2010), pp. 1224-1229.

Curtis et al., 2010 Cyrtis et al., 2010. A. Curtis, D. Duval-Diop, J. Novak; Identifying spatial patterns of recovery and abandoment in
the post-katrina holy cross neighborhood of new orleans; Cartography and Geographic Information Science; Vol. 37, No. 1;
(2010), pp. 45-56.

Davis et al., 2010 Dayis et al.,, 2010. A.Y. Davis, B.C. Pijanowski, K. Robinson, B. Engel; The environmental and economic costs of
sprawling parking lots in the United States; Land Use Policy; Vol. 27, No. 2; (2010), pp. 255-261.

1Two situations could change such an order: a relative empty residential street at day time is crowded by cars at night after
residents drive back from work, and a residential street crowded by non-resident commuters at day time becomes quite empty
at night after all commuters drive away. Both are unlikely to occur in the study region. In areas where many residents drive to
work, off-street parking is often plenty, and streets are not packed with cars at night. The dominance of non-resident
commuters on a residential street is also unlikely due to the lack of major employment centers in the study region. Commuter
parking may occur on occasions and at a small scale, but is not sufficient to change the order of street crowding in the sample.
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The data were collected according to the following procedure. First, a random sample of 770 households was
selected out of the 1995 available households in the study region from the household travel survey conducted by
the New York Metropolitan Transportation Council NYMTC. 1998 This number is the trade-off between the difficulty
of measuring parking supply and the aim to have a relatively large sample size. The NYMTC survey is a stratified
sample, including 10,971 households from the entire metropolitan area, but only 1995 households are in the
study region. The survey is a bit old, but still the most recent one available. However, the parking effect on car
ownership should not have changed much in 13years, given the slow change of parking stock. Second, the home
addresses of the 770 households were obtained from NYMTC after signing a confidentiality agreement. Third, for
each of the home addresses, the garage, driveway, and on-street parking supplies were measured using Google
Streets or Bing Maps.? Because the car ownership rate was collected in 1998 but parking supply was recorded in
2010, some housing units might have been renovated or rebuilt during this period of time. In most situations, a
visual check is sufficient to identify this situation. The average year of construction for buildings in New York City is
1941, and buildings built after 1998 only account for a very small portion of the housing stock. In addition to a visual
check, | examined local building permit databases and the Certificate of Occupancy database in New York City,
which records when a newly completed building is actually occupied by residents. Those buildings included in either
database between 1998 and 2010 were excluded and not counted in the 770 households.

For off-street parking, the data sources were used to identify the sizes of garages and driveways for single-family
(detached or attached) homes. For small apartments, one garage space was assigned when a built-in garage was
observed because tenants normally have access to garage parking. Driveway spaces for apartments were divided
by the number of units and then rounded up.

For on-street parking, the crowding level of on-street parking around a household's residence was taken as the
supply measurement. The crowding level measurement considers both sides of a 100-m street segment, with the
residence in the middle, because there is some evidence to indicate that most residents park within 50m of their
homes ( Balcombe and York, 1993) ' Thjs corresponds to a maximum of 30 parking spaces. Areas in front of garages and
driveway entrances, fire hydrants, "No Parking" signs, and construction sites were excluded. The crowding level
was ranked from 1 to 8. A rating of 8 indicates that all parking spaces are occupied by cars, and a rating of 1
indicates that only 1-2 cars are present or that there are more than nine empty spaces. This crowding measure
tends to underestimate the impact of on-street parking supply on car ownership because the more cars residents
have, the more likely they will be to park on streets, and the more crowded the streets will be.

In addition, traffic regulations, such as street-cleaning days and parking limits, were collected from various sources,
such as the Sign Traffic and Accident Terminal User System (STATUS), an inventory database of over one million
traffic signs in New York City, and field trips in New Jersey. More than 70% of streets in New York City have at
least one street-cleaning day per week (2days for streets with parking on both sides), and 40% have two or more
street-cleaning days per week (four or more days for streets with parking on both sides). New Jersey communities
normally have one or two street-cleaning days per week. Twenty-seven households (4%) are located on a street
where parking is prohibited on at least one side of the street at all times. The list of all variables, their descriptive
statistics, and data sources are summarized in Table 1.

3.3 Descriptive results

The 770 households are representative of the 1995 households in the original survey in the study region.
However, compared to the entire metropolitan area, the selected households have a larger minority population and

NYMTC, 1998 NYMTC, 1998. NYMTC (New York Metropolitan Transportation Council). 1998. Regional Travel Household Interview
Survey (RT-HIS), New York, NY .

2 QOccasionally, Google Maps may identify a building incorrectly. To solve this problem, the tax lot GIS file in New York City was
overlaid in Google Earth to assign exact street addresses to all buildings. For New Jersey households, Bing Maps and
MapQuest were used to ensure that the correct location/building was chosen. The two systems tend to produce consistent but
different results in cases when Google misidentifies a building.
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lower incomes. Sixty-two percent live in single family homes, similar to the entire metropolitan area. Sixty-six
percent owned at least one car, and the majority of them (62%) owned just one. The car ownership rate is 0.98
cars per household, less than the metropolitan average of 1.5 cars per household and the national average of
2.2 cars.

Parking supply is indeed complicated in the study region. Among the 770 households, 35% (267) have an on-site
garage, 18% (140) have a driveway but not an on-site garage, and 47% (363) have access only to on-street
parking. Among the 267 households with a garage, 79% have only one space, and none have three spaces
(Table 2). Ten percent of households with a garage (28) do not have a driveway because their garage opens
directly to the sidewalk, and 25% (67) have a small driveway with room for only one car. Among the 140
households with only a driveway parking area, 79% (111) can park two or more cars in that area.

Table 3 relates car ownership to parking supply. It is clear that households with a garage and driveway tend to
own more cars, whereas more than half of households without off-street parking do not own cars. It is also
interesting to note that 49 households (18%) with an on-site garage actually do not have a car. Most of them (32
out of 48) live in single-family homes on crowded streets close to a train station (60% are within .66miles of a train
station), and these households tend to have lower incomes and fewer employed household members. These
households most likely do not own a car due to the ownership cost, their convenient access to transit, and weak
car demand. They may convert their garages to other uses or keep the garage to retain the value of their property,
as described in Stubbs, 2002 On the other side of the spectrum, 44 on-street parking households (12%) have two or
more cars, although they only have on-street parking. Among these, 16 households have three or more cars.
These households tend to have a larger household size, higher income level, and more workers, and they tend to
live farther from a train station. Some of these residences are at the corner of a block or at a dead end. These
households definitely take advantage of free on-street parking.

These statistics show a relatively complex relationship between parking types and car ownership: households
with a garage may not have private cars, and residents without off-street parking may have multiple cars. The
correlations between car_ownership and the four types of parking supply are relatively weak: garage spaces
(0.27), driveway spaces (0.23), all off-street spaces (0.32), and on-street crowding (-0.24). The sub-samples for
households with on-street and off-street parking produce similar results. This result implies that residential
parking might not affect car ownership decisions. However, the true effect can only be captured with multivariate
statistics and after controlling for endogeneity.

4 Modeling car ownership

The endogeneity between parking supply and car ownership could cause the parking effect to be either
overestimated or underestimated, depending on whether the housing market offers ample options from which
households can choose ( Chatman. 2009) Households with distinct parking types (e.g., on street vs. garage) may
have distinct unobservable personal characteristics such as travel preferences, while households with similar
parking types may share similarities in their travel preferences. Note that endogeneity is caused largely by the
absence of unobservable characteristics. Therefore, comparisons of car_ownership across households with
distinct parking types may easily find a correlation between parking and car_ownership, but proving that this
correlation is causal is a challenge, while comparisons among households with similar parking types may not
even find a correlation due to the lack of variation, but if it does, such a correlation is more likely to be causal. The
first approach emphasizes the variation of treatment (parking) and the second approach emphasizes the similarity
of travelers. Typical models under the first approach include instrumental variables ( Khattak and Rodriguez, 2005y ' jgint-
choice models ( Cerveroand Duncan, 2002) - ang structural equations ( Bagdley and Mokhtarian, 2002) “ etc. Typical models

Khattak and Rodriguez, 2005 Khattak and Rodriguez, 2005. A.J. Khattak, D. Rodriguez; Travel behavior in neo-traditional neighborhood
developments: a case study in USA; Transportation Research Part A; Vol. 39, No. 6; (2005), pp. 481-500.
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under the second approach include market segmentation, longitudinal research ( Krizek: 2003) intervention design (
Boarnet etal,, 2005) ' and matched attitudes ( Schwane and Mokhtarian, 2004y \which approach is better depends on whether
the first can effectively control for unobservable personal characteristics, and whether the second can secure a
sufficient variation in parking supply given the parking type. Although the first approach is widely used in the built
environment and travel literature, G40 2009 found that the second approach tends to produce more consistent
results. This paper used a hybrid approach and developed a nested logit model to capture the causal effect of
parking supply on car ownership.

First, a Hausman test was performed for the full sample (770 households) and confirmed that several parking
supply variables were indeed endogenous. Then, the full sample was divided into two sub-groups: households
with off-street parking and households with only on-street parking. It is assumed that with a similar parking type
in the sub-groups, households may have similar unobservable attributes related to the car ownership preference,
so these missing attributes can be treated as fixed and endogeneity is controlled. This assumption was tested for
the sub-groups separately and confirmed. The results are summarized in the Appendix. Finally, the two sub-groups

are connected under a nested structure in a logit model to control the selection into the sub-groups (
Ben-Akiva and Lerman, 1985)_

4.1 Overall modeling results

The dependent variable is the household car ownership level. For off-street households, it has four levels: zero,
one, two, and three or more cars. For on-street households, only three levels are defined (zero, one, and two or
more cars) because very few households have three or more cars. The control variables include household
attributes and built environment factors such as population and job density, accessibility to transit, and land-use
mix. A job density variable was included to capture the intrusion effect of commuter parking in a neighborhood
because New York City does not have a residential parking permit program. Following the typical specification in
the car_ownership modeling literature ( £€9'as. 2010y ' 5| independent variables are specified with three or four
alternatives. The zero-car cases for both on-street and off-street households are the basis for comparison. The
estimation results are presented in Table 4.
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